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In this study, analyses of a high-resolution, three-dimensional seismic reflection dataset 

and well-log data were combined to describe stratigraphic architecture, morphological 

evolution of turbidite systems and evaluate their reservoirs potentials in the deep-water of Kribi-

Campo sub-basin. The results revealed a submarine channel system and submarine fans with 

good quality reservoirs that developed during the Late Cretaceous. The submarine channel 

system consisting of an early and a late-stage channel. Morphologically, the submarine channel 

system has a NE-SW trend and is U-shaped in cross-section with a length of 56 km within the 

study area. The early-stage channel has a relatively straight morphology and varies in width 

and depth from 3 to 5 km and 89–197 m, respectively. However, the late stage of the channel 

is characterized by a narrower (1–3 km) and shallower (41–103 m) incision, with sinuous 

morphology carved into the early channel infill. The submarine fan is characterized by a high 

amplitude seismic facies exhibiting a stacked pattern with parallel and continuous reflectors. 

The stacked fan-shaped morphology is up to 500 m thick, extends over an area of 600 km2 and 

oriented NE-SW, near the Kribi High. Analysis of the fan architecture reveals the presence of 

well-defined internal structures such as overbank, a sinuous distributary channel and an 

elongated depositional lobe whose beds are made up of sand, silt and mud. The changing 

interaction of differential local tectonic, relative sea level, source sediment supply and change 

in slope gradient are the major control on the geometry and internal characteristics of the 

submarine channel system and submarine fans. Six potential reservoir intervals with thickness 

ranging between 27 and 105.7 m were delineated from analysis of well logs within turbidite 

systems. Lithological analysis of these reservoir intervals indicates a heterogeneous reservoir 

matrix comprising sand, limestone, and dolomite. These major reservoir encountered have 

porosity ranging from 15.5 to 21.3%, permeability ranging between 5.65 and 75.09 md and a 

water saturation of 34.5 to 74.2%, while hydrocarbon saturation is between 65.5 and 25.8%. As 

a result, the reservoirs have good porosity, low to moderate hydrocarbon saturation and, overall, 

good reservoir quality. However, both wells were water-bearing with non-mobile hydrocarbon 

residuals and did not contain commercial quantities of hydrocarbons. The results from this study 

is crucial information for successful hydrocarbon exploration in deep-water environments.  

 

Keywords:  Seismic geomorphology, Submarine channel, Submarine fans, Petrophysical 

properties, Kribi-Campo sub-basin. 
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Dans cette étude l’analyse des données de sismique réflexion 3D et de diagraphies de 

puits ont été combiné pour décrire l’architecture stratigraphique, l’évolution morphologique des 

systèmes de turbidites et évaluer leurs potentiels réservoirs en eaux profondes dans le sous-

bassin de Kribi-Campo. Les résultats ont révélé l'existence d'un système de chenaux sous-

marins et une série d'éventails sous-marins qui se sont développés au cours du Crétacé 

supérieur. Le système de chenaux sous-marins se compose de deux stades de chenaux. D'un 

point de vue morphologique, le système de chenaux sous-marin a une orientation NE-SW et 

une section en forme de U, d'une longueur de 56 km dans la zone d'étude. Le premier stade de 

chenal présente une morphologie relativement rectiligne et varie en largeur et en profondeur de 

3 à 5 km et de 89 à 197 m, respectivement. Cependant, le second stade du chenal est caractérisé 

par une incision plus étroite (1-3 km) et moins profonde (41-103 m), avec une morphologie 

sinueuse creusée dans le remplissage du premier chenal. L'éventail sous-marin est caractérisé 

par un faciès sismique de grande amplitude présentant un motif empilé avec des réflecteurs 

parallèles et continus. La morphologie empilée de l’éventail a une épaisseur allant jusqu'à 500 

m, s'étend sur une superficie de 600 km2 et est orientée NE-SW, près du Horst de Kribi. 

L'analyse de l'architecture stratigraphique de l'éventail révèle la présence de structures internes 

bien définies, telles que des berges, un chenal de distribution sinueux et un lobe de dépôt allongé 

dont les lits sont constitués de sable, limons et boue. L'interaction changeante de la tectonique 

locale, le niveau relatif de la mer, l'apport de sédiments et le changement de gradient de pente 

sont les principaux facteurs de contrôle de la géométrie et des caractéristiques internes du 

système de chenaux et de l’éventail sous-marin.  Six intervalles potentiels de réservoirs d'une 

épaisseur comprise entre 27 et 105,7 m ont été délimités à partir de l'analyse des diagraphies de 

puits dans les systèmes de turbidites. L'analyse lithologique de ces réservoirs indique une 

matrice de réservoir hétérogène comprenant du sable, du calcaire et de la dolomie. Ces 

principaux réservoirs ont une porosité comprise entre 15,5 et 21,3 %, une perméabilité comprise 

entre 5,65 et 75,09 mD et une saturation en eau comprise entre 34,5 et 74,2 %, tandis que la 

saturation en hydrocarbures est comprise entre 65,5 et 25,8 %. Par conséquent, les réservoirs 

présentent une bonne porosité, une saturation en hydrocarbures faible à modérée et dans 

l'ensemble, une bonne qualité de réservoir. Cependant, les puits sont remplis d'eau avec des 

résidus d'hydrocarbures non mobiles et ne contiennent pas de quantités commerciales 

d'hydrocarbures. Les résultats de cette étude constituent des informations cruciales pour la 

réussite de l'exploration des hydrocarbures dans les eaux profondes.  

 

Mots-clés : Géomorphologie sismique, Chenal sous-marin, Eventail sous-marin, Propriétés 

pétrophysiques, Kribi-Campo sous-bassin. 
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Research Context 

Deep-water turbidite systems are important submarine features formed by the erosion, 

diversion, and deposition of turbidity currents and other sediment loads and flows (Shepard, 

1981; Peakall and Sumner, 2015; Chiang et al., 2020; Tek et al., 2021). Submarine channels are 

a vital component of ancient and modern deep-water settings and play an essential role in 

transporting sediments into the deep sea (Stow and Mayall, 2000; Normark and Carlson, 2003; 

Posamentier and Kolla, 2003; Mayall et al., 2006; Posamentier and Walker, 2006; Shanmugam, 

2006; Gamboa et al., 2012; Chima et al., 2019). Deep-water sediments within these channels 

record paleoclimatic and oceanographic information and are crucial in understanding the 

geological evolution of sedimentary basins (Marsset et al., 2009; Jobe et al., 2015; Picot et al., 

2016; Hansen et al., 2017; Niyazi et al., 2018; Chima et al., 2020). Deep-water sediments 

transported by submarine channels are a potential host for significant hydrocarbon 

accumulations (Mayall et al., 2006; Wynn et al., 2007; Di Celma et al., 2010; Jobe et al., 2015). 

Previous studies have focused on the origin, depositional processes and factors 

controlling the emplacement, composition, and morphological evolution of submarine channels 

(Kane et al., 2008; Babonneau et al., 2010; Covault et al., 2014; Li and Gong, 2016; Sylvester 

and Covault, 2016; Li et al., 2020). Also, the increased availability of marine geophysical data 

has significantly improved the understanding of the architecture, morphometry and processes 

leading to submarine channel development (Abreu et al., 2003; Deptuck et al., 2003, 2007; 

Kolla et al., 2007; Sylvester et al., 2011; Mitchell et al., 2021). High-resolution 3D seismic 

reflection data has been used in many studies to investigate the geomorphologic character of 

deep-water systems, and their implication for hydrocarbon exploration in the offshore settings 

(Deptuck et al., 2007; McHargue et al., 2011; Jobe et al., 2011; Qin et al., 2016; Covault et al., 

2019; Mitchell et al., 2021). 

Turbidites systems in the deep offshore West Africa (e.g., Niger Delta, Congo, and 

Gabon) are well studied using high-quality seismic reflection and borehole datasets provided 

by hydrocarbon exploration companies operating in these regions (Abreu et al., 2003; Le et al., 

2014; Jolly et al., 2015; Huang, 2018; Chima et al., 2019, 2020; Chen et al., 2021). These 

turbidite systems include channel levee systems, terraces, intraslope fans and lobes, and are 

important for hydrocarbon exploration. Submarine channel systems form major repositories for 

coarse-grained sediment (reservoirs) deposited along channel axes and for fine-grained sands 

and silts deposited on levees (seals/traps). These are the primary targets of interest during 

hydrocarbon exploration (Mayall et al., 2006). In addition, hydrocarbon reservoirs (e.g., 
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Okume, Oveng, Ebano and Ceiba oil fields) in similar geological settings within the offshore 

West African Basins, have been found in the Santonian-Maastrichtian turbidite sediments in 

offshore of Equatorial Guinea (Dailly et al., 2002; Sterling, 2010). Along the Cameroonian 

margin, various Miocene channels, and fan systems across the Douala/Kribi-Campo Basin are 

also proven to be hydrocarbon-rich (SPT/Simon Petroleum and Technology, 1995; Loule et al., 

2018). 

Many submarine channels and fans occur in the Late Cretaceous and Tertiary in the 

Kribi-Campo sub-basin (Le, 2012, 2021; Loule et al., 2018). During the Late Cretaceous in the 

study area, there are relatively low sinuosity channel systems and several distinctive large 

compound channel systems (Loule et al., 2018). These compound geobodies formed from the 

superposition of separate channel-fill phases having individual channels which have similar 

widths to the low sinuosity channels (1000–1500 m). These two types of channels are controlled 

by the local tectonics (Loule et al., 2018). Also, in the Early Pliocene, deep-water channels 

occurring in the study area are characterized by high amplitude reflections with bi-directional 

downlap on the base of the Pliocene (Le, 2021). These Pliocene channels flowed from east to 

west in the High Gradient Slope (HGS). The occurrence of striated unconformity at the base of 

the Pliocene sequence, overlain by the channels suggests a period of slope failure and high 

sedimentation rate which is possibly the result of a major tectonic uplift event or significant 

climatic changes (Le, 2021). 

The Kribi/Campo sub-basin hosts the South Sanaga and Kribi oil fields in deep-water 

turbidite sediments (Pauken et al., 1991; Pauken, 1992; Nguene et al., 1992; Ackerman et al., 

1993; Tamfu et al., 1995; Brownfield and Charpentier, 2006; Ndonwie Mahbou, 2007). In 

contrast to the well-studied submarine channels, fans and their implications for hydrocarbon 

exploration in the West African basins (e.g., Niger Delta, Congo, and Gabon), those in the 

Kribi/Campo sub-basin are poorly understood in terms of their architectural elements, 

morphological variations and factors controlling the distribution of turbidity sands (see Iboum 

Kissaaka et al., 2016; Loule et al., 2018; Yugye et al., 2021). 

Research Aims and Objectives 

The overarching goal of this research is to investigate the architectural and 

morphological evolution of deep-water turbidite systems (channels and fans) in the Kribi-

Campo sub-basin and its implication for deep-water hydrocarbon prospectivity. Alongside 

evaluating the reservoir potential within these turbidite systems. The Kribi-Campo sub-basin is 

well suited for this research as evidence of turbidite systems is documented. Importantly, 
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features are well-imaged in the high-resolution subsurface geophysical dataset available from 

this basin. 

The aims of the research were achieved by answering the following research questions: 

• What are the geometries and spatio-temporal distribution of the turbidites systems in 

the study area? 

• What are the factors that control the sedimentation of turbidite systems? 

• What are the depositional architectural characteristics of the reservoirs encountered? 

channel sands vs submarine fans? And how do they control or influence the reservoir 

quality in terms of petrophysical properties? 

• What are the implications of the evolution and spatiotemporal distribution of the 

depositional elements on deep-water hydrocarbon prospectivity in the study area?  

 Research Objectives 

• Describe seismic stratigraphic architecture of the Late Cretaceous succession; 

• Describe and analyze the geometry and internal configuration of a newly mapped well-

developed Late Cretaceous submarine channel system in the study area; 

• Access the fan internal architecture, lobe stacking pattern, and channel morphology of 

the Late Cretaceous (Campanian) in the study area;       

• Provide a detailed petrophysical analysis of the reservoir intervals within systems 

(channels and fans) in the study area; 

• Develop a conceptual model reconstructing turbidites systems in the Late Cretaceous 

succession; 

• Understand the implication of the submarine fans and channels on deep-water 

hydrocarbon exploration and production. 

All these objectives have been addressed in the following four chapters (from Chapter 4 to 

Chapter 6) by using an integrated workflow to interpret the available 3D seismic dataset and 

borehole data provided by the National Hydrocarbon Company (NHC) Cameroon. 

Thesis outline 

This thesis is presented in an alternative format consisting of seven chapters. 

Chapter One presents the background of the research, focusing on the synthesis of work on 

deep-water processes and depositional environment.  
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Chapter Two presents the geological settings of the Kribi-campo sub-Basin. It highlights the 

location, tectonostratigraphic evolution and Petroleum system of the study area. 

Chapter Three presents the subsurface geophysical datasets analysed, as well as 

methodological workflow adopted to achieve the objectives of the thesis. 

Chapters Four to Six consists of papers based on findings from the research. Chapter four and 

five have been already published and chapter six has been submitted for publication. 

Chapter Seven is a discussion of the factors controlling the submarine channels, and fans and 

provides the conceptual model of these turbidite systems. It also focus on the reservoir quality 

within turbidite systems. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 1:  Literature Review 



 

 

This chapter explores key aspects of sedimentation in marine environments, with a 

particular emphasis on the processes governing exchanges between deep and shallow marine 

settings, as well as the concept of stratigraphic architecture within turbidite systems. 

1.1. Deepwater processes 

1.1.1. Turbidity flows 

Turbidites are sediments formed as a result of turbidity currents and by density flows. 

Turbidity currents are sediment gravity flows in which particles are mainly suspended by fluid 

turbulence (Fig. 1) (Kneller and Buckee, 2000). These sediment gravity flows can be generated 

by different mechanisms, such as failures on the 30 shelf and slope, or river flood (i.e. 

hyperpycnal flows) (e.g., Piper et al., 1988; Piper and Savoye, 1993). Turbidity currents can be 

classified as low- and high-density types based on the near-bed sediment concentration (Fig. 

1). Low-density turbidity currents are characterised by fully turbulent near-bed conditions with 

low sediment concentration, associated with relatively low sediment fallout rates and the 

development of traction structures such as ripple cross-lamination and planar lamination (Fig. 

1) (Mulder and Alexander, 2001; Talling et al., 2012). In comparison, turbidities deposited from 

high-density flows (from high sediments concentrations) typically form thick-bedded 

successions containing medium to coarse-grained sands, while turbidities resulting from low 

sediments concentrations are made up of largely clay, silt and fine to medium-grained sand-size 

particles that are supported in suspension entirely by turbulence mentioned by (Boggs, 2006). 

1.1.2. Debris flows 

Debris flows are sediment gravity flows in which particles are predominantly supported 

by the matrix strength (Iverson, 1997; Talling et al., 2012). Debris flow deposits form many of 

the same features of that turbidite sands express and also form in mass by abrupt freezing 

(Talling et al., 2012). Debris are therefore, usually ungraded, structureless, and poorly sorted 

because of the absence of grain segregation during deposition (Talling et al., 2012). These range 

from low-sinuosity channel fills, narrow elongate lobes, and sheets and are characterized 

seismically by contorted, chaotic, low-amplitude reflection patterns (Posamentier & Kola, 

2003). Where the flows are unconfined, divergent striation patterns probably reflect the flow 

direction and behavior. Debris flow can extend at least as far basin ward as turbidites, and 

individual debris-flow units can reach 80 m thick and commonly are marked by steep edges 

(Posamentier & Kola, 2003). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Deep-water sediment gravity flow processes and resultant sedimentary products 

(Haughton et al., 2009). Composite/Co-genetic flows are similar to transitional flows. 

1.1.3. Mass-transport deposits 

Mass-transport deposits (MTDs) comprise sediment packages emplaced during a single 

event of slope failure. In turn, the term mass-transport complex is used where multiple slope 

failures have coalesced into a larger unit or package (Posamentier and Walker, 2006; Gamberi 

et al., 2011). Mass-transport deposits are ubiquitous features on submarine slopes, and in all 

geological settings, including rift and transform margins, convergent and passive continental 

margins (Hunerbach et al., 2004). They occur at all water depths, especially in areas where soft 

sediments predominate (Morgan et al., 2009). Large MTDs usually cover tenths to hundreds of 

kilometres, they are formed by shelf break or mid-slope failure, in contrast to smaller scale 

MTDs formed by collapse of canyon walls or elevated gradients on the flanks of salt diapirs 

(Posamentier and Walker, 2006).  

T= Turbulent 

L= Laminar 



 

 

1.2. Deep-water depositional environments  

1.2.1. Submarine Channels 

Submarine channels are long-term conduits for sediments transport from the continental 

shelf to the basin floor (Mutti and Normark, 1991; Abreu et al., 2003). Depending on their 

spatial and temporal setting, they can be straight or sinuous and involve variable amounts of 

confinement (Wynn et al., 2007; Gee et al., 2007; Janocko et al., 2013). Flow confinement is a 

keyway in which flow efficiency is maintained (Kneller, 2003), enabling channels to develop 

run-out lengths up to 4000 km (Chough and Hesse, 1976). Sediment gravity flows are focused 

down deep-marine channels and can enhance confinement through erosion of the channel 

thalweg or aggradation in overbank levees (Pirmez et al., 2000; Kneller, 2003; Georgiopoulou 

and Cartwright, 2013). The equilibrium profile of a deep-marine channel is similar to that of a 

fluvial channel; both tend to erode up-dip and deposit down-dip developing an overall concave-

up geometry and reducing gradient down-dip (Fig. 2; Ferry et al., 2005; Georgiopoulou and 

Cartwright, 2013). In channels with negative accommodation (i.e., when the slope profile lies 

above the equilibrium profile), flows will be incisional in nature, eroding the substrate and 

increasing flow confinement. When the slope profile lies beneath the equilibrium profile, 

channels will be in a setting of surplus accommodation, where they can become depositional, 

resulting in channel aggradation (Kneller, 2003). Aggradational channels maintain their overall 

aspect ratio by depositing in overbank areas as well as along the channel thalweg, creating 

depositional features known as levees. These levees build up on either side of the aggrading 

channel and thus, confinement is created and maintained (Fig. 3; Kane et al., 2007; Kane and 

Hodgson, 2011). As levees develop and channel walls become steeper, slope instabilities often 

cause sliding and slumping from the channel walls to the base of the channel. This leads to a 

significant alteration of the channel geomorphology by widening at the sides and partially 

filling the channel base (Mayall et al., 2006). If the slope profile matches the equilibrium 

profile, the channel is said to be in a state of equilibrium (Pirmez et al., 2000). Under these 

conditions, channels will neither erode nor aggrade, and all sediment will be bypassed to deposit 

in the deeper basin (Hodgson et al., 2016; Stevenson et al., 2015). 

Overall channel morphology is dictated by repeated cut-fill cycles whereby the 

channel’s geomorphic surface at any one time can differ significantly from the stratigraphic 

surface preserved in the rock record (McCaffrey et al., 2002; Sylvester et al., 2011). Through 

this process of incision, deposition, and re-incision, terraces can be developed and preserved 



 

 

and have been documented in several modern and ancient settings (Janocko et al., 2013; Hansen 

et al., 2015; Hansen et al., 2017). 

 

Figure 2. Schematic illustration of subaerial and submarine equilibrium profile in relation to 

actual slope profile and predicted zones of erosion and deposition (Georgiopoulou and 

Cartwright, 2013). 

Terraces are topographically flat areas located above active submarine channels but 

confined to inside the channel-belt (Babonneau et al., 2004). They may be formed by overspill 

of sediments from the channel thalweg, or by the collapse of external levee deposits into the 

channel-belt (Fig. 4; Hansen et al., 2015). Depositional terraces are developmentally and 

architecturally similar to internal levees (Kane et al., 2007; Fig. 3). However, internal levees 

only tend to develop when the channel is deep enough to limit overspill to the uppermost 

fraction of the flow, and where there is enough space in the channel belt for the flow to gradually 

decelerate and leave characteristic wedge-shaped deposits (Hansen et al., 2015, 2017). 

Deep-marine channels appear very similar in appearance to sub-aerial fluvial channels 

in terms of their planform and geometry. However this similarity is mostly superficial as the 

processes that establish them are fundamentally different (Peakall et al., 2000). Riverine flows 

are approximately one thousand times denser than their surrounding air whereas the density 

difference between a sediment gravity flow and its ambient water is almost purely dependent 

upon the sediment concentration of the flow. 



 

 

 

Figure 3. Schematic diagram illustrating the key architectural elements of a classical deep-

marine channel-levee system (Kane et al., 2007) 

Despite these physical differences, sinuosity is common in both settings and despite 

channel bend cut-offs reportedly being less common in deep-marine channels than in 

meandering fluvial systems, they have been documented and observed (Peakall et al., 2000; 

Babonneau et al., 2004; Babonneau et al., 2010). 



 

 

 

Figure 4. Schematic of a typical channel-levee cross-section showing the range of potential 

facies and facies associations (Hansen et al., 2015). 

➢ Submarine Channel Hierarchy 

Gardner and Borer (2000) proposed a model to explain observed depositional geometries 

and stacking patterns of deep-water deposits based on hierarchical concepts (Fig. 5). This 

Deepwater Hierarchy and comprises: Submarine Fan Conduit Complex, Submarine Fan 

Conduit, Channel System Complex and Single-Story Channel. The deep-water stratigraphic 

hierarchy is based on the principles of sequence stratigraphy, which is the recognition of 

genetically-related strata packages and their bounding surfaces (Mitchum, 1977). In the 

constricted salt province of the Gulf of Mexico and the West Africa continental 

slopes sheet sand and channel-levee systems are vertically inter-layered. This is caused by 

changes in the gradient of micro-basins or the locally scoured and uplifted basin surface and 

fluctuating rates of sediment supply as the basin fills and sediment spills into the next basin 

downslope. The four elements that fill the confined basins are: leveed channel sands; 

amalgamated channel sands; amalgamated and layered sheet sands; and slumps, debris flows, 

and marine shales (Steffens, 1993). In (Fig. 5) the black color is the organic rich siltstone, 

and white color is inter-bedded sandstone and siltstone with beds thinning from channel margin. 

Also the yellow color is heterolithic channel fill with rip-up clasts and red structure less 

sandstone with horizontal laminated cap and last one the red line is the erosional surface. 

1.2.2. Submarine lobes 

Submarine lobes are the dominant architectural expression of sediments deposition in the 

deep-marine environment (Mutti and Normark, 1987). They are convex-up deposits of sediment 



 

 

gravity flows and tend to form in intraslope and basin floor settings, down-dip of submarine 

channel mouths (Etienne et al., 2012). 

 

Figure 5. Channel form hierarchy (Gardner and Borer 2000). 

Beyond channel mouths, flows become relatively unconfined and spread out in an 

approximately radial fashion, creating their lobate shape (Fig. 6, Kneller, 1995; Kane et al., 

2017). As flows spread, they progressively lose energy, depositing sand-rich high density 

turbidites in proximal locations, and mud-dominated low density turbidites and hybrid beds in 

distal lobe environment (Fig. 6, Kane et al., 2017; Fonnesu et al., 2018). Three main lobe sub-

environments have been identified through outcrop-based studies using facies associations. 

These include: 1) the lobe axis, which is found towards the centre of the lobe and is generally 

characterised by structureless, thick, amalgamated, sand-rich high density turbidites (Terlaky 

et al., 2016); 2) the lobe off-axis, which features more common low density turbidites composed 

of mudstone interbedded with structured sandstone (Prélat et al., 2009); and 3) the lobe fringe, 

which represents the outermost deposits of the lobe and contains the highest proportion of thin-

bedded mud-rich low density turbidites and hybrid beds (Fig. 6, Hansen et al., 2019). Small 

distributary channels that expand in an arborescent style from the main feeder channel across 

the top surface of lobe deposits commonly convey sediment to distal parts of submarine lobes 

(Fig. 6; Normark et al., 1979; Posamentier and Walker, 2006). 



 

 

 

Figure 6. a) Schematic representation of a submarine lobe (Fan 3, Karoo Basin, South Africa), 

its associated sub-environments. b) Distribution of different types of hybrid event beds are 

indicated (Kane et al., 2017). 

Like channels, lobe development is system specific and strongly influenced by 

underlying seafloor topography (Piper and Normark, 1983). The total volume of sediments 

accumulation within lobe deposit is determined by available accommodation space, which is 

variably dependent upon the sea-surface level, seafloor topography, and changes in sediment 

supply rates (Kneller et al., 2016). Basin topography has a substantial effect on the routing of 

sediment gravity flows and subsequent architecture of associated lobe deposits (Booth et al., 

2003). This topography can be generated by mud or salt diapirism (Gee and Gawthorpe, 2006; 

Doughty-Jones et al., 2017), tectonic events (Hodgson and Haughton, 2004; McArthur et al., 

2019), and depositional and erosional relief (Normark et al., 1979; Ortiz-Karpf et al., 2015). 

Flow interaction with this topography can result in highly heterogeneous and complex onlap 

geometries as flows can be redirected, transform, or run up-topography to variable degrees (Fig. 

7, Soutter et al., 2019). A relatively restricted basin may confine flows to the point where lobe 

deposits are generally thick and amalgamated, stacking aggradationally (Marini et al., 2015). 

In relatively unconfined settings, lobes spread out laterally, preferentially depositing within 

topographic lows adjacent to preceding lobe deposits; stacking compensationally (Fig. 8, Prélat 

et al., 2009, 2010; Marini et al., 2015). Over an extended period of sedimentation, lobes grow 

and build basin-wards in a progradational fashion (Morris et al., 2014). When sediment supply 



 

 

begins to wane, the system will retreat, resulting in complex lobe stacking geometries (Prélat 

and Hodgson, 2013). A deep-marine lobe will cease development once sediment supply has 

been cut-off either by internal (e.g., up-dip avulsion event) or external (e.g., sea-level rise and 

reduced sediment input) means and subsequently be overlain by hemipelagic deposits (Prélat 

et al., 2010). 

 

Figure 7. Styles of onlap termination, and relationship between flow concentration and onlap 

geometry (Soutter et al., 2019). 

➢ Lobe Hierarchy 

 

Like submarine channels, several hierarchical schemes have been developed to aid 

characterisation of submarine lobe systems (Gervais et al., 2006; Deptuck et al., 2008; Prélat et 

al., 2009). The terminology of Prélat et al. (2009) is used in this thesis because it is well-defined 

and has been widely used in previous studies (Collins et al., 2015). Their outcrop work 

established a four-level hierarchical scheme for lobe deposits based upon the internal 

stratigraphy of ‘Fan 3’, a basin floor lobe succession in the Karoo Basin, South Africa (Fig. 9). 

The fundamental building block of this scheme is the ‘bed’ which represents a single flow event. 

Owing to excellent outcrop exposure within the Karoo Basin these beds can often be traced 

laterally for hundreds of metres and have been observed to have an average thickness of 0.5 m 

(Prélat et al., 2009). One or more beds may stack into amalgamated 1-3 m thick ‘lobe elements’ 

which are bounded by laterally extensive siltstones that are <0.02 m thick (‘interlobe 

elements’). Lobe elements are sand-prone and may be laterally traced for several kilometres 

(Prélat et al., 2009). One or more lobe elements may stack to form a 4-10 m thick ‘lobe’, 

bounded by 0.2-2 m thick units of thin interbedded siltstone and very fine-grained sandstone 



 

 

(‘interlobes’) (Prélat et al., 2009). Genetically related lobes stack into 30-60 m thick ‘lobe 

complexes’ bounded by 2-20 m thick hemipelagic mudstones (‘interlobe complexes’). Whilst 

exact width and thickness values for these measurements will vary from system to system, they 

provide a means to visualise the scaling of this hierarchical scheme. 

 

Figure 8. Submarine lobe initiation and development (Prélat et al., 2010). (A) Lobe initiation. 

(B) Lobe Growth. Gradient between top of channel and top of lobe reduced. (C) Avulsion event. 

System seeks lowest topography. (D) New lobe growth. 

The origin of interlobe components is dependent on whether they formed by external or 

internal mechanisms (Fig. 10). If externally controlled, it is inferred that interlobes are the result 

of a waning of sediments supply to the system and an extended period of deposition by 

hemipelagic fallout (Prélat et al., 2009). If controlled internally, they represent the marginal 

expression of other laterally deposited lobes (Prélat et al., 2009). 



 

 

 

Figure 9. Hierarchical scheme for the Fan 3 lobe complex in the Karoo Basin (Prélat et al., 

2009). Four main elements are presented: Beds stack into lobe elements, which make up lobes, 

which in turn are the building blocks of lobe complexes. The sand-rich lobe components are 

separated by mud-rich ‘interlobe’ components. 

Interlobe complexes are more likely an externally triggered response to a reduction, or 

termination, of sediments supply to the deep basin (Fig. 10; Prélat et al., 2009). Interlobes (Fig. 

9) are suggested to be the result of compensational stacking, having been locally observed to 

pass laterally into larger sandstone units (Prélat and Hodgson, 2013). This interpretation is 

supported by recent work by Boulesteix et al. (2019), which has highlighted that many deep-

marine mudstones intervals associated with submarine lobes are the product of sediment gravity 

flows, rather than hemipelagic fallout. 

 

Figure 10. Schematic cross-section through a lobe complex of external (allogenic) vs. internal 

(autogenic) interlobe formation (Prélat et al., 2009). Note compensational stacking of lobes. a) 

If interlobes are interpreted as externally derived, they are deemed to be regional drapes that 



 

 

bound lobe deposits at their tops and bases, representative of a period of reduced flow-derived 

sediment supply to the system. b) If interlobes are formed by internal processes, they represent 

the marginal or distal fringes of other offset lobes.  

 

In conclusion, this chapter has presented a comprehensive overview of the fundamental 

sedimentary processes namely turbidity flows, debris flows, and mass-transport deposits that 

shape deep-water environments. It has also outlined the key depositional settings, particularly 

submarine channels and lobes, which play a critical role in the development of deep-marine 

stratigraphic architectures. This foundational understanding is essential for interpreting 

sedimentary records and guiding further analysis in subsequent chapters. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Chapter 2: Geological Setting of the Kribi-

Campo Sub-Basin 
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This chapter provides a review of previous scientific research conducted in the Kribi-

Campo sub-basin, along with a summary of internal reports made available by the National 

Hydrocarbon Corporation (NHC). It covers the location of the study area, the tectonic 

framework, the stratigraphic evolution of the Kribi-Campo sub-basin, and an overview of its 

petroleum system. 

2.1. Location of the study area 

The study area is located along the continental slope of the Kribi-Campo sub-basin 

approximately 25 km to the coast of Cameroon (Fig. 11). It is situated in water depths ranging 

from 20 to 2000 m (Fig. 11). The Douala/Kribi-Campo Basin is one of a series of continental 

shelf basins extending in West Africa from the edge of the Niger delta in Cameroon to the 

Walvis ridge near the Angola–Namibia border (Brownfield and Charpentier, 2006; Ntamak-

Nida et al., 2008). The basin is divided into two sub-basins, namely the Douala sub-basin in the 

northern part and the Kribi-Campo sub-basin in the south (Fig. 11). The Kribi-Campo sub-basin 

extends over 6150 km2 offshore and 45 km2 in a triangular onshore area (Ntamak-Nida et al., 

2010). This sub-basin is limited to the south by the Campo high, which formed as a rift basin 

that deepened to the northeast (Meyers et al., 1996), and it separates the Kribi-Campo sub-basin 

and Equatorial Guinea Rio Muni Basin. Its northern limit corresponds to the Kribi Fracture 

Zone, which stops the extension of the Douala sub-basin. At the east, the Precambrian basement 

outcrops occur close to the shoreline (Nguene et al., 1992; Ntamak-Nida et al., 2010). The 

offshore part of the basin, which was investigated in this study, covers an area of approximately 

1500 km2, between 2◦20′ and 3◦00′N, and 9◦00 and 9◦50′E (Fig. 11). 

2.2. Tectonic framework and stratigraphic evolution 

Like most sedimentary basins in the South Atlantic, the tectono-stratigraphic evolution 

of the Kribi-Campo sub-basin can be divided into four broad stages: a pre-rift stage (Late 

Proterozoic to Late Jurassic), syn-rift stage (Late Jurassic to Early Cretaceous), transitional 

stage (mid-late Aptian), and post-rift stage (Late Cretaceous to Holocene) (Pauken, 1992, 

Lawrence et al., 2002, Brownfield and Charpentier, 2006) (Fig. 12).  

Pre-rift stage (Precambrian) 

The eastern boundary of the Douala/Kribi-Campo sub-basin is represented by the 

present-day coastline where a series of north-south en echelon faults form a boundary with the 

Pre-Cambrian metamorphic basement which is exposed at the surface (Nguene et al., 1992).  
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Figure 11. Superimposed relief and bathymetric map of Cameroon, showing the location of the 

study area. Insert map on the left-hand corner of the map shows the location of Cameroon in 

the Gulf of Guinea. The 3D block, which we studied is outlined in red box, while the red circles 

with black outlines labelled W1 and W2, represent well locations. 
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This basement of high-grade gneisses and granites continues westwards, where it 

underlies the Douala/Kribi-Campo sub-basin up to the boundary with the NE-SW trending 

Kribi Fracture Zone. The initial pre-rift sedimentary sequence deposited in the Douala/Kribi-

Campo basin is interpreted as a continental succession laid down in a N-S trending intracratonic 

depocentre referred to as the Afro-Brazilian Depression (Fusion Oil & Gaz NL, 2002). The 

Jurassic age sequence is interpreted to extend across the Gabon and Douala/Kribi-Campo 

basins. However, true continental and lacustrine sediments have not been proved by drilling 

(Pre-Lower Aptian) in Douala but are likely to exist with depth. By analogy with the Gabon 

basin, where drilling has proven a succession of scattered aeolian deposits, redbeds, fluvial and 

lacustrine deposits, then it is reasonable to assume that these types of sediments are preserved 

along the Kribi-Campo High, are yet to be reached by drilling. 

Syn-rift stage (Barremian-Aptian) 

In Late Jurassic- to Early Cretaceous (Barremian) time, the South American and African 

continental plates began to separate with the opening and ‘unzipping’ propagation of 

these plates from south to north from the Walvis Ridge/Rio Grande Rise to the Benue 

Trough (Fusion Oil & Gaz NL, 2002). The ‘unzipping’ or rifting was compartmentalised by 

major transfer structures with their own unique extensional and subsidence histories for each 

compartment. This is reflected in a series of syn-rift depocentres of different ages with 

the South Gabon Basin being Neocomian-Barremian in age and the North Gabon and 

Douala/Kribi-Campo Basins being Barremian-Aptian in age (Ntamak Nida et al., 2008, 2010; 

Sterling, 2010; Le et al., 2014). 

The early rift phase was characterised by extensional fault blocks (i.e., horst and 

graben structures) that remain parallel to the present-day coastline and average 5 km in width 

with the main faults sub-parallel to the coastline and displacements of up to 2 km. The horst 

fault blocks underwent erosion in which sediments then accumulated in the neighbouring 

grabens that formed deep narrow lakes of thick muddy lacustrine, deltaic facies and freshwater 

shales. 

In the Douala/Kribi-Campo Basin, the only syn-rift deposits of Aptian age that have 

been discovered are those found east of the town of Douala and which consist of fluvial-

lacustrine sequence overlying a narrow band of attenuated continental basement. Evidence in 

the offshore of Aptian age syn-rift deposits (e.g., below the Cameroon coastal plain and shelf 

along the Kribi-Campo High Trend) is based solely on seismic data because wells drilled to 

date have Total Depth (TD) only in younger post rift sediments.  
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Figure 12.  Stratigraphic column of the Kribi-Campo Sub-basin showing the tectono-

sedimentary phases and global mean sea level (Modified from Pauken, 1992; Lawrence et al., 

2002; CGG Robertson, 2015; Iboum Kissaaka et al., 2016). 
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Any preserved syn-rift sequence in the study area will be restricted to the southeastern 

corner, between the Kribi Fracture Zone and Kribi-Campo High. The late syn-rift phase (Late 

Barremian to Early Aptian) was characterised by transpressional uplift within the Douala/Kribi-

Campo sub-basin with subsidence shifting whereby rift structures were infilled and draped by 

calcareous organic shales and marls of shallow saline lakes to fluvial-deltaic clastics, lagoonal 

to restricted marine sediments (Gibbs, 2003; Meyer et al. 1996). 

In the study area, the syn-rift sediments are part of the Lower Mundeck Formation 

(Ntamak Nida et al., 2010; Sterling, 2010; Le et al., 2014). 

Transition stage (mid-late Aptian) 

Syn-rift basin development and deposition was soon followed by a transitional phase 

of post rift thermal subsidence and marine sedimentation in Late Aptian-Coniacian. A 

thick succession of intercalated salt, sandstone and dark shale with turbiditic clastics 

and carbonate rocks became the dominate form of rock types deposited in Douala 

sub-basin. Turner (1999) described it best with his documented work on neighbouring Rio 

Muni basin of Equatorial Guinea to the south of study area. He interprets an unconformity 

bounded Late Aptian-Coniacian early drift sequence that separates a Barremian-Aptian syn-rift 

sequence from a Santonian-Recent post-rift sequence. A combination of an end-rift to early 

post-rift uplift of the basin margin coupled with a rapidly subsiding deep offshore bathymetry 

led to a gravitational collapse of the basin margin with the translation of thick rafts of shelf 

carbonates down the slope during the Cenomanian (Fusion Oil & Gaz NL, 2002). As Turner 

(1999) indicated in his paper, this is particularly evident to the south of study area along the Rio 

Muni High. 

Fusion Oil & Gaz NL (2002) stated that in the Kribi-Campo High and study area, any 

gravity sliding of early post-rift sediments is interpreted to have been initiated as early as the 

Cenomanian, resulting from a combination of salt withdrawal and the existence of tectonically-

induced high relief along the cratonic margin (Fusion Oil & Gaz NL, 2002). The translation of 

thick rafted blocks has yet to be unequivocally proven in the Douala/Kribi-Campo Basin, that 

is, little physical evidence exists for a Late Cretaceous allochthonous rafts in the study area 

vicinity that are observed in the Rio Muni High basin area to the south. However, in reviewing 

previously published work (Pauken, 1992, Meyers et al., 1996, Coward, 1999) and Sterling’s 

own proprietary work there does appear to be reasonably good seismic and well (Kribi Marine-

1) evidence to explain the salt presence and quite possibly an Albian sediment ‘raft block’ in 
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study area as being allochthonous in nature and hence a rafted segment not too dissimilar in 

formation from that seen in Rio Muni Basin to the south. 

In addition, other observations made from both seismic and wells drilled (and cored) is 

the presence of a series of Aptian-Albian tilted fault blocks along the Kribi-Campo High 

which are thought to be the consequence of a second phase of rifting. An alternative 

interpretation of these tilted fault blocks is a zone of gravity sliding (Fusion Oil & Gaz NL, 

2002). For all practical purposes, Sterling (2010) does not possess a sufficient database of 

closely spaced, high quality seismic and well data to arrive at a firm independent interpretation 

for this transitional to early drift sequence present in the Kribi-Campo High and study area. 

However, the 2D and 3D data that it does have plus the support of published papers gives 

Sterling some confidence that gravitational slide (raft) blocks are present in the eastern area of 

study area. 

In regard to the multi-well appraisal drilling programmes (including extensive cores) 

carried out on the Kribi-Campo High in the 1980’s, this has shown the individual 

Aptian-Albian sandstone sequences encountered to show good correlation between 

wells drilled in separate sealing fault blocks. This has been proven through recorded 

dynamic reservoir pressure and fluid data in Kribi wells. This indicates that the faults 

were either syndepositional to the emplacement of sandstone sequences (i.e., syntectonic clastic 

wedge) or the faults were post-depositional. Cores taken in this area are interpreted to be 

composed of high-density gravity flow clastics and turbidites. 

Post-rift stage (Albian - present) 

A major regional drift unconformity developed across the Douala/Kribi-campo Basin in 

the Early Senonian marking the complete cessation of lithospheric extension and the onset of 

continental divergence (or ‘drifting’) with the development of the passive margin. The 

unconformity is characterised by the discordant erosion of Early Cretaceous sequences along 

the uplifted eastern margin of the Douala/Kribi-Campo Basin as well as south of the Kribi 

Fracture Zone where the foot-wall was subject to in excess of 1 km of uplift. Formation of the 

drift unconformity is bracketed between 92 and 86 Ma and it is conjectured that a minimum of 

660 m or eroded section occurred (Turner, 1999; Fusion, 2002). 

Following the end Santonian uplift event, the basin returned to rapid thermal sag 

subsidence (SPT/Simon Petroleum and Technology, 1995). As a result, a thick succession of 

Campanian-Maastrichtian sediments (Logbaba Formation) drapes the underlying structures and 
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lie slightly unconformably over the Santonian (Logbadjeck Formation). The rapid subsidence 

caused a significant phase of halokinesis along the margin of the Kribi-Campo High (Nguene 

et al., 1992; SPT/Simon Petroleum and Technology, 1995). This Santonian tectonic event with 

its associated uplift led to the deposition of thick late Cretaceous clastics characterized by slope 

and basin floor fans containing multiple channel complexes (Sterling, 2010; Le, 2012, 2021). 

A series of eustatic lowstands during the Campanian-Maastrichtian and the Santonian uplift 

facilitated the episodic transport of major clastic sequences across the relatively narrow shelf 

into the deeper basin to the west (i.e., in the study area) (Fig. 12). Sterling (2010) estimated that 

an excess of 1500–2000 m of Senonian deep-water clastic sediments were deposited in the 

study area during this phase of post-rift sedimentation. Sag subsidence during the Campanian 

led to basin deepening and the widespread development of basinal sediments. Continued 

halokinesis in the south of the basin may have led to complex turbidite sand distribution. 

Eustatic sea-level fall during the Maastrichtian (Nguene et al., 1992; Seiglie and Baker, 1984) 

resulted in the progressive westward progradation of the shelf. Sand appears to have been fed 

to the basin by the palaeo-Ntem, palaeo-Sanaga and palaeo-Nyong Rivers, with sand rich 

aprons developed were these rivers debouched into the basin (SPT/Simon Petroleum and 

Technology, 1995). During the Early Tertiary, relative sea-level fall resulted in slumping and 

collapse of shelf-slope sediments and deposition of mounds on the Kribi-Campo sub-basin floor 

(Iboum Kissaaka et al., 2016 and Le, 2021). An intra-Miocene unconformity marks an incision 

surface, with the development of canyons cutting down into underlying sediments. In the more 

proximal settings (i.e., east of Kribi-Campo High), there are multiple submarine incisions 

several kilometres wide and some amalgamated cut-and-fill submarine channel complexes 

downslope and parallel to present-day shelf-break in most of the Paleocene section (Wornardt 

et al., 1999; Le, 2012; Iboum Kissaaka et al., 2016). The late Eocene-early Oligocene tectonic 

event facilitated a relative sea-level fall, responsible for the widespread erosion and non-

deposition in the deep-water of the basin (Wornardt et al., 1999; Helm, 2009; Mvondo, 2010; 

Iboum Kissaaka et al., 2016; Ngo et al., 2018; Le, 2021) (Fig. 12). Following this period of 

non-deposition, a thick Miocene-Pliocene clastic wedge originating from a combination of 

multiple continental paleo-river drainage systems (e.g., Proto-Sanaga, proto-Nyong and proto-

Ntem River systems), prograded across the narrow shelf area (Sterling, 2010; Le, 2012). 

Sediments prograded down the steeply dipping fault margin into the offshore Kribi-Campo sub-

basin and deposited a thick sequence of sand-rich turbiditic channels (Sterling, 2010; Le, 2012). 
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In summary, the Mesozoic-Cenozoic stratigraphy of the Kribi-Campo sub-Basin can be 

divided into nine formations, namely the Lower Mundeck (Barremian-Aptian), Upper Mundeck 

(Albian-Turonian), Logbadjeck (Turonian-Campanian), Logbaba (Campanian-Maastrichtian), 

N'Kapa (Palaeocene-Eocene), Souellaba (Oligocene to Lower Miocene), Kribi (Upper 

Miocene), Matanda and Wouri (Pliocene to recent) (Fig. 12). 

2.3 Structural setting of the Kribi-Campo sub-Basin  

The Cameroon Douala/Kribi-Campo Basin is the northernmost basin of a string of en-

echelon set of West African basins (extending 4000kms) that developed from the Walvis Ridge 

in the south to the Cameroon Volcanic Ridge in the north. These basins formed as the 

consequence of right lateral shear conditions (Coward et al., 1999) during the opening 

of the South Atlantic (115 Ma) in Early Cretaceous (Wilson et al., 2003). Rifting began in the 

Late Jurassic and lasted until the onset of seafloor spreading in Albian-Cenomanian time 

(Pauken, 1992). This was followed by thermal sag, and the basin is classified as an Atlantic–

type marginal sag basin (Clifford, 1986). 

Two major fracture zones were formed by continental extension: the Kribi Fracture 

Zone (KFZ) to the southeast; and an unnamed fracture zone to the northwest (Meyers et al., 

1996). Only the KFZ actually intersects the study area, associated with development of a 

structural high to the southeast. The structure can be correlated with similar uplifted highs on 

the margin of the continental shelf, first described by Pauken (1992). This eroded high consists 

of a thick syn-rift sequence (Lower Cretaceous) overlain by post-rift sediments (Upper 

Cretaceous). Inversion of the older syn-rift section has been documented on many margins of 

West Africa (Dailly, 2000, Brownfield and Charpentier, 2006). According to Le, (2012); the 

Kribi High associated with the KFZ to the southeast is the main control on basin profile, forming 

the basin boundary to the southeast in the Upper Cretaceous. 

Most of N120 faults die out within the syn-rift sequence, and terminate at, or close to, 

the fracture zone, The observations of both N30 and N120 fault sets in the syn-rift sequence 

(Lower Cretaceous), suggests that both fault sets may be related to a rifting stage during basin 

opening, and are related to evolution of the fracture zone. Similar normal fault characteristics 

have been documented in the Niger Delta (Briggs et al., 2009), Rio-Muni Basin (Dailly, 2000), 

and the Gabon Basin (Mbina Mounguengui and Guiraud, 2009). The development of fault-

related folds in the Upper Cretaceous could be related to re-activation of the N30 faults 

associated with regional tectonic uplift during Senonian (post-rift) time. Furthermore, the 

reactivation of some of these structures (e.g., Kribi and Campo Fracture Zones, Kribi Campo 
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High etc) through Cretaceous and Tertiary times also affected and helped to focus the entry and 

deposition of gravity flow deposits of coarse-grained clastics that are in some cases the primary 

reservoir targets in the study area (Sterling, 2010). 

2.4 Cenozoic breakup of Africa and Southern America and palaeogeography of the 

Kribi-Campo sub-Basin. 

The basin was formed during the break-up of North America, Africa, and South 

America, with continental separation gradually propagating south to north from the Late 

Jurassic to Late Cretaceous time. The Kribi-Campo sub-basin was one of the latest basins to 

open in the Late Cretaceous (Late Albian to Turonian), coeval with opening of the Gulf of 

Guinea, and forming a continuous restricted seaway from the Walvis Ridge to North Africa 

(Fig. 13) (Tissot et al., 1980). By the end of the Turonian, the Atlantic Ocean had developed, 

with fully oxic marine conditions (Fig. 13).  

The basin was initially a rift branch of the proto-Atlantic, which includes the Rio-Muni, 

North Gabon (West Africa), and Sergipe-Angolas (Brazil) (de Matos, 1992a, Davison, 1997). 

During the later passive margin phase, the basin experienced several additional regional 

tectonic events resulting in inversion and folding in the Santonian, and gravity sliding during 

Early/Mid/Late Tertiary time (Brownfield and Charpentier, 2006; Le, 2012, 2021). These 

events are marked by major unconformities including the Albian-Aptian break up unconformity 

(115 Ma), Middle Cretaceous (Santonian - ~ 85 Ma), Late Cretaceous (K/T boundary - ~ 70 

Ma), and Mid-Oligocene (~30 Ma), Mid-Miocene (~15 Ma), and Late Tertiary event (~5.3 Ma) 

(Lawrence et al., 2002; Iboum Kissaaka et al., 2016; Le, 2021; Mienlam Essi et al., 2021; Yugye 

et al., 2021) (Fig. 12).  

2.5 Petroleum system of the study area  

Exploration in the Kribi-Campo Sub-basin began in 1969, the first well to be drilled 

(Mobil) in the Kribi-Campo sub-basin in which the Ntem licence block lies was the Kribi 

Marine-1 which TD’d and penetrated over 1000m of Aptian age salt. Following this, there was 

a 10-yr drilling hiatus until 1979, when Mobil/Total consortium drilled the Sanaga Sud A-1 

discovery of gas-condensate within the Aptian-Albian-aged Mundeck Formation, that 

exploration accelerated with the drilling of 11 discoveries in the Cretaceous, two with secondary 

Tertiary reservoirs.  

This exploration phase was primarily focused on the shallow water Kribi-Campo Sub-

basin, targeting Cretaceous tilted fault-block plays, which also extend onshore, where oil is 

currently produced from the overlying Cretaceous Logbadjeck Formation in the Mvia Field. 
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Despite the early success, production was not established until 1997 in the Ebome Field. Today, 

more than 1 million bbls of oil is produced annually from the Kribi-Campo Sub-basin (Loule 

et al., 2018). 

2.5.1 Source rocks 

Source rocks have been identified from several stratigraphic levels including the: 

▪ aptian/albian (Mundeck Formation); the main rocks are the marine (transgressive) oil-

prone source rocks preserved in the Upper Mundeck Formation, which correlate with 

the organic rich Albian-Turonian interval formed during the Atlantic marine anoxic 

event. They contain rocks with 15 kg Hydrocarbons/tonne yield and an average of 

7kg/tonne. They have fair- to-good TOC and the HI > 300; gas-prone values of HI also 

occur with the Lower Mundeck Formation exhibiting the highest HI (400-700). 

(Pauken, 1992; SPT, 1995). 

▪ upper Cretaceous (Logbaba Formation); the Logbaba shales have low- to fair TOC 

values but very low HI values (> 100) and the kerogen presents large components of 

land plant and burnt material with poor gas-prone potential (SPT, 1995). 

▪  oligocene/Miocene (Souellaba Formation); the best marine oil-prone rocks to the south 

of the basin in the Miocene deposits, while towards the north, the TOC increases, 

kerogen becomes humid and the rocks become gas-prone. TOC values of 2.5% and HI 

of 400 is observed. The Lower Souellaba prodelta mixed oil and gas prone sediment are 

the major source rocks (SPT, 1995). 

▪ potential Paleocene/Eocene (N’kapa Formation); the N’kapa too has some fair TOC 

(2%) with very low HI (> 100). However, possible good source rocks are expected to 

be good towards the basin ward setting (SPT, 1995). 

All the oil properties indicate that oils originate from terrigenous dominated source rocks 

deposited in a marine environment. Abundant oil seeps exist at the basin margins. 

2.5.2 Reservoir rocks  

The main reservoir units in the Kribi-Campo sub-Basin can be grouped as: 

▪ Lower Mundeck Formation 

It is characterized by sharp based blocky packages sand up to 150m separated by muddy 

intervals and discrete sands (Fig. 14). The reservoirs are lacustrine to fluviatile sands. The 

porosities range from 15% to 25% and locally exceed 30%. The permeabilities range between 

15 mD to 420 mD (SPT, 1995; ECL, 2001). 
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▪ Logbadjeck Formation  

The reservoirs are mainly deepwater sands in channel/fan deposits lying above the 

Senonian unconformity (Fig. 14). The poro-perm data are that of the Logbaba and porosities of 

15% and permeabilities of 250mD are observed (SPT, 1995; ECL, 2001). 

▪ Logbaba Formation  

Offshore to the west, initial shelf, submarine fans develop with turbidites present. A local 

restricted separate fan system is developed at Kribi area shallow marine clastics occur close to 

the basin edge and proximal to the topography on the Senonian unconformity (Fig. 14). The 

reservoirs are mainly deepwater marine sands in slope and base-of-slope settings. The porosities 

range from 6% to 23% and the permeabilities averages 50mD (SPT, 1995; ECL, 2001). 

▪ Souellaba Formation  

The best reservoirs are reworked transgressive shoreline sands and the deep-water sands in 

the slopes, base-of-slopes and basin floor fan settings (Fig. 14). The sands are thin with good 

reservoir qualities. The porosities of 30% and the permeabilities of 225 mD (SPT, 1995; ECL, 

2001).   

▪ Matanda Formation 

In terms of reservoirs, the best ones are developed at the basin centre, where good reservoir 

shoreline and inner shelf sandstones and formed. Limited data exist in terms of reservoir quality, 

but, they are probably relatively good (Fig. 14, SPT, 1995). 

2.5.3 Seals 

In the Kribi-campo sub-basin, the seal is present in the Logbadjeck, Logbaba, N’kapa 

and Souellaba formations. Shales from across the different stratigraphic levels provide the seals. 

The turbidites are sealed by intraformational slope/basin shales and the shelf sandstones are 

sealed by intraformational shelf mudstones (SPT, 1995). 

2.5.4 Play Types 

Within the entire of the Kribi-Campo sub-basin, six main play types are recognized 

(ECL, 2001; Sterling, 2010). These are: (1) tilted fault blocks on the Kribi Campo High, (2) 

inner shelf fluvio-deltaic to turbidite channelised sands in combination traps (3) pinch out of 

clastic sequences against the flanks of the high, (4) salt induced structures, (5) slope apron 

submarine canyon and/or channel complex and (6) basin floor submarine fans, channels and 

crevasse splays. Fig. 15 illustrates the mix of these play types by prospect name. 
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Figure 13.  Paleogeographic maps of the Cretaceous breakup of Africa and South America, showing the distribution of restricted seaways (anoxic) 

to fully open marine (oxic) environments through the Cretaceous in the Atlantic basins. Oxygen content of oxic water is probably less than present 

concentrations in normal oceans (after Brownfield and Charpentier (2006), adapted from Tissot and others (1980).
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The tilted fault blocks on the Kribi-Campo High have been the focus of drilling and 

development in this southern part of the Douala sub-basin. Aptian-Albian fluvial lacustrine, fan 

delta and turbiditic sandstones are the primary reservoirs within these fault blocks that are 

sealed by the combination of an erosional unconformity (Santonian age) and overlying Tertiary 

shales and mudstones (SPT, 1995). Campanian-Maastrichtian fluvio-deltaic to turbiditic 

sandstones have been successfully tested for oil/gas within the Kribi-Campo High area (Kribi 

L-1, Kribi Y-1 and Kribi D-1). The trapping mechanism is not certain but is likely to be 

structural rollover features that have formed as a consequence of reactivation of underlying 

faults that define the tilted fault block plays of Aptian-Albian sequences (SPT, 1995; ECL, 

2001). 

A third play type that is more envisaged versus confirmed is the pinch out of Late 

Cretaceous and Tertiary sequences against the outboard flanks of the Kribi-Campo High which 

lies along the eastern margin of the study area. No wells have drilled this play type but the 

expectation that these are likely to exist have been supported by Sterling mapping in study area 

(Sterling, 2010). 

It has been noted earlier that the Kribi Marine-1 well intersected some +1000 m of 

Aptian salt in what appears on seismic to be a salt diapir situated on the northwestern edge of 

the Kribi-Campo High (SPT, 1995). The diapir is also very near to the northeastern extension 

of the Kribi Fracture Zone (KFZ) and may have resulted to fault movements along the KFZ. 

The exploration target and play type were Cretaceous and Tertiary sands, which if present 

would form a combination trap of 3-way dip closure against a salt side seal. Other yet drilled 

salt diapir features may be present in the area. Sterling has identified a “salt type feature” in the 

southeastern corner of the study area and may represent a salt raft and potential 4th play type 

that is very near to the Sterling’s Faraday Prospect (Sterling, 2010). The fifth play type that has 

been tested within 6 km of the study area’s eastern border is Perenco’s operated CM-1A well 

(2003) in the neighbouring Ebodje block. The well was to test a seismically defined submarine 

canyon feeder system located on the steep, westerly dipping Kribi Campo High. The well was 

P&A’d with oil shows in high density gravity flow units that were deposited within a submarine 

canyon in a steep slope apron depositional environment (Sterling, 2010). 

The sixth recognised play type in the study area is Cretaceous and Tertiary aged basin 

floor submarine fans, channels and crevasse splays that are preserved outboard of the Kribi-

Campo High into the deep-water basin proper (Sterling, 2010). 
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Figure 14.  Reservoir rocks in the Kribi-campo sub-basin (ECL, 2001). 
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Figure 15. a) Cross section illustrating the stratigraphic and structural play types b) 3D seismic 

line through study area showing play types (ECL, 2001; Sterling, 2010). 
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Table 1. Identifies the specific stratigraphic and structural play types that have been identified 

to date (Sterling, 2010). 

 
 

The Kribi-Campo sub-basin is located along the West African passive margin, in the 

southern part of the Gulf of Guinea. Its formation is closely linked to the opening of the South 

Atlantic. Located on a continental margin oriented NNE-SSW, this sub-basin is crossed by two 

oceanic fracture zones: the Kribi fracture zone, which separates it from the Douala sub-basin, 

and the Campo fracture zone, which structures the high Campo that forms the boundary with 

the Rio Muni basin in Equatorial Guinea. Its stratigraphy comprises nine formations: Lower 

Mundeck, Upper Mundeck, Logbadjeck, Logbaba, N'Kappa, Souellaba, Kribi, Matanda and 

Wouri. Six main play types are recognized Kribi-Campo sub-basin such as tilted fault blocks 

on the Kribi Campo High, inner shelf fluvio-deltaic to turbidite channelised sands in 

combination traps, pinch out of clastic sequences against the flanks of the high, salt induced 

structures, slope apron submarine canyon and/or channel complex and basin floor submarine 

fans, channels and crevasse splays. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3: Materials and Methods 
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This chapter summarizes the materials and methodology used to answer the research 

questions presented in the introduction section. A review of techniques of seismic surveying 

and well log are provided below and methods used in this research are outlined. 

3.1 Seismic data acquisition 

Seismic waves are created by a controlled source and propagate through the subsurface 

(Kearey et al., 2002). Some waves will return to the surface after refraction or reflection at 

geological boundaries at the subsurface. Instruments distributed along the surface detect the 

ground motion caused by these returning waves and hence measure the arrival times of the 

waves at different ranges from the source (Fig. 16). Arrival times may be converted to depth 

values providing information on the subsurface geological interfaces (Kearey et al., 2002). 

Body waves generated at seismic source include compressional (P-primary wave) and shear 

waves (S-waves). Body waves propagate through the interval volume of an elastic solid, P-

waves travel in the direction of wave travel while shear waves propagate by a pure shear strain 

in a direction perpendicular to the direction of wave travel (Sheriff and Geldart, 1995; Kearey 

et al., 2002). 

Seismic sources include dynamite, vibroseis, mini-sosie (or wacker), shotguns, 

electrical sparkers, boomers, weight drops and hammers, air guns and water guns (Fig. 17). The 

choice of seismic source is dependent on the environment in which the survey is done (land or 

offshore), the desire to obtain the sufficient energy across the broadest possible frequency, the 

necessity to obtain a repeatable source waveform, and environmental issues. The main goal of 

any survey is to reduce the noise ratio compared to the signal produced from the geological 

interfaces (Sheriff and Geldart, 1995; Kearey et al., 2002). In marine reflection seismic surveys 

the energy source is typically an array of air guns (a single gun in the case of a vertical seismic 

profile) with receivers in various combinations towed by a vessel at the sea surface (Fig. 16). 

Marine seismic reflection surveys are mostly concerned with Pwave reflections, as fluids do 

not transmit S-waves (Sheriff and Geldart, 1995; Kearey et al., 2002).  

Fundamental to the seismic reflection method is the property of a layer termed acoustic 

impedance (𝑍), which can be defined as: 𝑍 = 𝜌𝑉 (Eq. 1) 

Where 𝜌 is the density of the rock or sediment and 𝑉 is the velocity of a P-wave through 

the rock or sediment. Contrasts in acoustic impedance determines the reflection coefficient at 

normal incidence (Sheriff and Geldart, 1995; Kearey et al., 2002). 
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Figure 16. The principles and techniques of seismic reflection survey in offshore area 

(Modified from http://www.epa.gov/esd/cmb/GeophysicsWebsite). 

The velocity of a P-wave through an isotropic, homogenous solid is controlled by the 

elastic constants and density of the material (Sheriff and Geldart, 1995). Rocks and sediments 

are rarely isotropic or homogenous, and as such the velocity of wave will vary depending on 

composition, porosity, and fluid content, which may all vary in the three dimensions (Sheriff 

and Geldart, 1995; Kearey et al., 2002). 

3.1.1 3D seismic survey 

Seismic surveys are achieved through the design of appropriate line geometry for source 

and geophone locations. The general practice is to lay out geophones and source set in a 

rectangular grid, called dip lines and strike lines (2D) or inlines and crosslines (3D) 

(Stone, 1994). A dip line follows (at least approximately) the line of steepest descent 

down the structure; it minimizes the problem of reflections originating out of the plane 

of section. A strike line follows (at least approximately) a contour line on the structure 

(Stone, 1994). Initial knowledge of the structure could be derived from surface geology, 

or regional geology, or satellite imagery, or previous geophysical surveys such as 

gravity and magnetics (Weimer and Davis, 1996; Vermeer, 2000).  
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Figure 17. Examples of seismic acquisition sources a) Vibroseis in a set b) Weight dropping 

and sledge hammer c) geophones d) weight dropping e) Air gun used for marine survey  

For example, if the structural trend of the prospect area trends northwest-southeast, the 

dip lines will be in NE-SW and while strike lines NW-SE. A simple rectangular grid will suffice 

for simple structures such as anticlines, faults and simple stratigraphic sequences. For complex 

structures such as salt dome or a patch reef, an additional number of radial lines will be required 

to map the flanks of the structure. Planning the survey layout may include planning for both 

surface and sub-surface factors potentially affecting the seismic processing algorithm, 

particularly structural local dips and local topography (Stone, 1994). 

The layout of 3-D lines involves a greater volume of work that 2-D seismic although 

their principles are the same. Most surveys are planned using workstations. These allow 

the planner to superimpose the survey on a topographic map so that operational problems can 

be integrated into the planning process. Marine streamer 3-Ds and oblong land 3-Ds have longer 

offsets in a defined azimuth (Weimer and Davis, 1996; Vermeer, 2000). The choice of this 

azimuth will depend on the structure and processing methods to be applied. If the long offsets 

are parallel to dip, then the NMO correction will vary according to dip, and may be difficult to 

achieve accurately. This problem is mitigated by the use of DMO or pre-stack depth migration. 
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If the long offsets are parallel to strike, then there will be no variation in stacking velocity as a 

function of dip and the processing becomes simpler (Weimer and Davis, 1996; Vermeer, 2000). 

However, this method may require closer CMP spacing in the cross-line direction, which may 

be expensive to achieve (Vermeer, 2000). In addition, the acquisition parameters can sometimes 

be designed to obliterate certain kind of multiples before the data is processed. These will be 

discussed further in the next section. 

3.1.2 Seismic Processing 

The main goal of seismic processing is to obtain the most precise representation of the 

subsurface information inferred from the seismic. It is central to the seismic prospecting 

technique, hence, the reason why it is ambiguous and extremely time consuming. The 

goal of seismic processing is to produce higher signal-to-noise ratios (SNR) than raw 

seismic data. A typical processing flowchart and algorithm is provided in Fig. 18. The readers 

can refer to seismic processing technique of Sheriff and Geldart (1995) and Yilmaz (2001) for 

further details. 

3.1.3 Seismic interpretation 

The main approaches to seismic interpretation include structural and stratigraphic 

analyses (Kearey et al., 2002) (Fig. 19). The former reflect studies of reflector geometry on the 

basis of reflection times with the sole goal of searching for structural traps containing 

hydrocarbons. On the contrary, seismic stratigraphy study of depositional facies and 

stratigraphy from seismic data utilizing its unique properties that allow direct application of 

geologic concepts based on physical stratigraphy (Mitchum Jr et al., 1977a; Vail and Mitchum, 

1977). Furthermore, sequence stratigraphy is a methodology that provides a framework for the 

elements of any depositional setting (channel, fans); it facilitates paleogeographic 

reconstructions and the prediction of facies and lithologies away from control points 

(Catuneanu et al., 2011).  

Mitchum Jr et al. (1977a) defined that seismic stratigraphy study consists of two 

approaches: seismic sequence analysis and seismic facies analysis. Seismic sequence is a 

depositional sequence interpreted from seismic data, genetically related strata, bounded by 

surfaces at the top and base (unconformities or their correlative conformities) marked by 

reflection terminations (Fig. 20); lap-out (onlap, downlap and toplap), truncation (erosional and 

structural) and concordance (no termination) (Mitchum Jr et al., 1977a; Vail and Mitchum, 

1977). Whereas, seismic facies analysis is the description and geologic interpretation 
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(sedimentary processes, depositional environments, sediment source, geological setting, etc.) 

of seismic reflection parameters, including reflection configuration (Fig. 20), continuity, 

amplitude, frequency, interval velocity, external form and areal association of seismic facies 

units (Mitchum Jr et al., 1977a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Flow chart for conventional seismic processing (Yilmaz, 2001). 
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Figure 19. Example of structural and stratigraphic seismic interpretation. The seismic section 

was interpreted from a section of the dataset Douala/Kribi-Campo and Rio Muni basin 

(Lawrence et al., 2016). 

Two dimensional (2-D) seismic data provide a cross-section beneath the Earth’s surface 

unlike 3-D data, which images the subsurface geology as a volume in x, y, z direction. Seismic 

profiles are usually displayed with vertical (z) axis in two way travel time [TWTT (s/ms)] or 

depth (m) and horizontal (x, y) axis in metres (m) or kilometres (km). Two-way travel time 

(TWTT) can be converted to depth using appropriate P-wave velocities (Brown, 2005a). 

3.2. Well logs 

When drilling wells, information from the borehole is collected by different logging tools 

during, or after drilling operations. This data is called measured while drilling (MWD) or 

wireline (WL) data. A well log is defined as a continuous recording of a geophysical parameter 

along a borehole (Rider and Kennedy, 2011). Some of the most important well logs are the 

gamma ray log, sonic, density, neutron porosity and the resistivity log.  

➢ The gamma ray log 

This log measures the natural gamma radioactivity from uranium, thorium and potassium 

in a formation, where the output is the total count rate of these. The GR does not distinguish 

between the individual elements (Rider & Kennedy, 2011). Metamorphic, igneous and 

sedimentary rocks contain traces of gamma-emitting elements. When it comes to sedimentary 

rocks, shale exhibit the highest radioactivity. Because of this, the gamma log is often called the 

“shale log”, even though it is not equivalent to the amount of shale content. (Rider and Kennedy, 
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2011). The gamma ray is commonly used for correlation of different strata, like picking well 

tops while drilling. It is also helpful in identifying lithology, stratigraphic surfaces, facies and 

sequences. The unit for the GR log is the API, defined as 1/200 of the difference between two 

reference units. An average shale usually represents 100 API units, while sandstones and 

carbonates normally have low API (10-40 API) compared to shales (Rider and Kennedy, 2011). 

The gamma ray is considered as the most useful logging tool in sequence stratigraphic analysis, 

as it can be used to assess the relative proportions of sand and mud within a succession. In 

general, muddy sediments indicate deeper marine deposition than sandy successions. Lower 

energy in deeper marine environment causes smaller grains to be deposited, contra shallower 

marine environment with more energy and capacity to accumulate coarser grains (Nichols, 

2009). A trend with decreasing values upwards on a gamma-ray log can indicate increase in 

sand content and be interpreted as a shallowing-up succession. An increase in the reading 

indicates a higher mud content. This can be used as evidence for a flooding surface (Nichols, 

2009). Trends in sand and mud content on gamma logs within flooding surfaces can be used to 

identify patterns which can be recognized as either progradation, retrogradation or aggradation 

through the succession. The gamma ray log can also be used to distinguish between sand-filled 

channel successions and mud-rich floodplain. River channels are characterized by sharp 

increases in sand content (low gamma log value) at the base followed by a trend with increasing 

gamma log values, meaning more mud-rich material. The GR can also be important to help 

identify fluvial facies which can be indicators of sequence boundaries. Maximum flooding 

surfaces may also be picked up on more sophisticated gamma logs, the spectral gamma logs, 

which could read a characteristic increase in the potassium content indicating a concentration 

of glauconite (Nichols, 2009). 

➢ The density log 

Density logs reads the bulk density of formations, including the density of the rock and 

potential fluids enclosed in the pores. By emitting gamma radiation into the formation, the 

density log measures the induced radiation. The attenuation and re-emitting of gamma rays is a 

function of the electron density (electrons/cm3) of the formation, which is closely related to 

density, measured by g/cm3. (Rider and Kennedy, 2011). The density log can calculate the 

hydrocarbon volume and density. It can also model seismic response by calculating acoustic 

impedance (density multiplied with sonic log). When combined with the neutron log, it is a 

good indicator of general lithology (Rider and Kennedy, 2011). 
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➢ The neutron log 

This log measures how a formation reacts to neutron bombardment. A source emits high 

energy neutrons into the formation, and a receiver measures the numbers of low energy neutrons 

that are reemitted back. Since emitted neutrons strongly respond on hydrogen in the formation, 

the returning amount of neutrons strongly depend on the hydrogen content. In high porosity 

rocks, the neutrons are slowed quickly down and absorbed. This causes the count rate to be low. 

In low porosity rocks, the emitted neutrons travel further, making the count rate higher (Rider 

and Kennedy, 2011). 

Hydrogen appears in all formation fluids (water, oil and gas), but not in all minerals. 

Because of this, the response from the neutron log could be correlated with porosity (Rider & 

Kennedy, 2011). The neutron log output scale is given in neutron porosity units. This is an 

indication of the hydrogen index for the formation, and is given as percentage or fraction. 

Typical values for sandstones is between 0 - 30 %, and for shales, values between 25 – 75 % is 

normal. The neutron log is often plotted with the highest values to the left and lowest to the 

right (Rider and Kennedy, 2011) 

➢ The sonic log 

The sonic measures the formation’s capacity to transmit sound waves by measuring the time 

it takes for a sound wave to travel a known distance within the formation. The sonic logging 

tool consists of one or two transmitters and several receivers where the distance between them 

is known. (Rider and Kennedy, 2011). The sonic log measures the velocity, but it is frequently 

expressed as slowness, with unit μs/ft. Typical values for formations in the subsurface range 

from 50-150 μs/ft, corresponding to velocity of 6000-2000 m/s. The main use of sonic log is 

seismic investigations by contribute to depth conversions, velocity modelling and performing 

well-to-seismic tie. By combining the sonic log with the density log, an acoustic impedance log 

can be established, which can be used to create a synthetic seismogram. (Rider and Kennedy, 

2011). 

➢ Check-Shot Survey 

The check-shot survey, also known as well velocity shooting, is conducted to measure the 

true average velocity needed for converting recorded reflection times to depths of geologic 

formations. With a source firing at the surface, it records the first arrivals of direct waves (the 

first breaks) by deploying geophones in the well, placed at different depths, usually at irregular 

and at large intervals. The energy source is placed as close as possible to the well-head of a 
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vertical well (without any risk to the well), so that the ray path travels straight down to 

geophones measuring the true vertical velocity. In the case of a deviated well, the source to 

receiver travel path becomes slant and needs a simple correction of cosine factor for conversion 

of drilled depth to true vertical depth to provide the true velocity. The receiver depth spacing in 

the well is chosen with the geophones placed preferably close to the major litho-boundaries to 

provide the formation velocities accurately. The spacing is commonly irregular and random, 

typically 75–150 m (Brewer, 2002), depending on a trade-off between precise velocity 

measurements at more depth points and the additional cost incurred because of required 

increase in rig-time. 

Direct travel times of seismic waves from the surface (source) to the geophones in the well 

provide accurate measurement of true average velocities at the receiver depth points. A graph, 

plotted with first arrival time recorded at the geophone versus its depth (T-D curve), provides 

the true average velocity function, which is the key requisite for crucial conversion of seismic 

times to geologic depths.  The check-shot data, besides being useful for time-depth conversion, 

also plays a significant role in correcting sonic velocities which are used for preparing synthetic 

seismograms or continuous velocity logs (CVLs) to calibrate seismic. Constrained by check-

shot, the corrected sonic velocities offer accurate estimation of interval velocities for thin 

formations which is not doable in check-shot survey due to time and cost constraints.  

3.3 Dataset utilised in this study 

The datasets analyzed in this study consist of a high-resolution 3D seismic reflection survey 

and borehole data from the Kribi-Campo Sub-basin offshore Cameroon (Fig. 11; Table 2).  

Table 2. Datasets with their different file format and type. 

Data File Format Type 

Seismic SEGY Volume 

 

Borehole 

Well logs LAS Well 

Well tops ASCII (*.*) Well tops 

Checkshots ASCII (*.*) Well velocity 

 

3.3.1. Seismic data 

The 3D seismic survey is a pre-stack time migrated (PSTM) dataset that covers an area 

of about 1500 km2 in water depths ranging between 600 m and 2000 m (Fig. 21). It was acquired 
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using 10 streamers, with a 12.5 m group interval. The separation between the streamers was 

100 m, with a spatial resolution of 25 × 25 m. It includes 1581 in-lines and 2051 crosslines with 

lines spacing of 25 m and a seismic recording sampling interval of 2 ms two-way travel time 

(TWT). The seismic survey was processed as a zero-phase at the seabed and displayed using 

the Society of Exploration Geophysicists (SEG) normal polarity (Brown, 2004).   

 

Figure 20. a) Seismic stratigraphic reflection terminations within idealized seismic sequences, 

and b) Seismic reflection configurations (Mitchum Jr et al., 1977a). 

Hence, a positive event represents a downward increase in acoustic impedance (red, 

yellow, or orange reflection on seismic sections), and a negative event represents a downward 

decrease in acoustic impedance (blue reflection on seismic profiles). The seismic dataset 

reaches 6.6 s TWT. The dominant frequency of the data is 17 Hz for the Late Cretaceous and 

45 Hz in the Cenozoic resulting in a vertical resolution (λ/4) of ~28 m and ~10 m, respectively 

(Le, 2012, 2021), with an average velocity of 2400 m/s derived from the check-shot data in the 
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interval of interest (4000–5000 ms). Further details on the processing algorithm are provided in 

Table 3. 

 

Figure 21. Seismic cube through the study area. Also shown in the figure are examples of an 

inline, crossline, and time slice. The interpreted seismic cube covers ~1500 km2
 in Kribi-Campo 

sub-basin, offshore Cameroon. 

3.3.2. Boreholes data 

The study integrates well log data from two wells W1 and W2 from the southern part of 

the Kribi/Campo sub-basin (Fig. 11). Formations tops of the two wells and the checkshots data 

for the well W1 were used to correlate the seismic and borehole data. Well data from the W1 

wellbore were used to constrain the lithology and ages of the different horizons and sedimentary 

intervals interpreted. These two wells were analyzed to assess the reservoir quality and 

hydrocarbon potential of the clastic reservoir rocks of the Logbaba Formation. The well data 

were made available by the National Hydrocarbon Corporation (NHC), Republic of Cameroon. 

N 
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Table 3. Acquisition parameters for the 3D seismic data (Sterling, 2010). 
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The available well logs from W1 and W2 consist of conventional well log data including 

Gamma ray (GR), shallow, medium and deep resistivity logs (P16H, P28H and P40H 

respectively), density (RHOB), neutron (NPHI) and sonic (DT) (Table 4). The two wells drilled 

between 2013 and 2014 with a total depth of 4090 m and 4747 m respectively for W2 and W1 

wells, below the seafloor corresponding to a stratigraphic interval ranging between Albian to 

Recent. The distance between the two wells is 22 km and these wells were selected because of 

penetrated the Late Cretaceous reservoir of the Logbaba Formation.  Table 5. Shows well top 

of formation data provide the well to seismic correlation for geological age control.  

Table 4. List of available well log data of the Logbaba Formation in the studied wells from 

Kribi-Campo sub-Basin. 

Well 

name 

Top 

(m) 

Bottom   

(m) 

thickness 

(m) 

Available well logs 

Well-W1 3947 4736  789 GR-DCAV-P16H-P28H-P40H-DT-

RHOB-TNPH-DRHO 

Well-W2 3215 4051  836 GR_ARC-DCAV-P16H-P28H-P40H-

DTCO-RHOB-TNPH-DRHO-HFK-

HTHO 
 

Table 5. Formations tops of well log data studied in the Kribi-Campo sub-Basin. 

 W1 W2 

Formation Tops MD(m) MD(m) 

 

Seabed 1570.5 712.87 

Late Miocene 2210 ---------------- 

Middle Miocene 2369 ----------- 

Lower Miocene 2648.4 1845 

 Eocene MFS 3025 2040 

Paleocene 3530 2450 

Maastrichtian 3814 3215 

Campanian 3947 3645 

Total Depth 4747 4090 
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3.4 Methods utilised in this study 

In following chapter of this thesis, specific methodologies pertinent to that specific 

research theme are detailed. Seismic well tie, seismic stratigraphy, attribute analysis, seismic 

geomorphology are employed for analysis of the seismic data. Petrophysical analysis is the 

main methods employed for analysis the well log data. The interpretation of the seismic data 

and well log data have primarily used the Schlumberger™ Petrel and Interactive petrophysics 

software respectively. These software were used in the laboratories of the National 

Hydrocarbon Corporation (NHC), Yaoundé, Cameroon, and also in the University of Geneva. 

3.4.1. Seismic well tie analysis  

The first step was to accomplish the seismic to well calibration after loading the seismic 

survey and well data. To do this calibration, it was needed to develop a synthetic seismogram. 

The development of synthetic seismogram was based on four main steps in this project: sonic 

log calibration, seismic wavelet extraction, synthetic seismogram generation and integrated 

seismic well tie. 

 

                     Figure 22. Sonic log calibration. 
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The spike values were removed from the sonic log using despiking tool prior to sonic 

calibration (Fig. 22). Sonic calibration was performed by adjusting the sonic values between 

checkshot points. This process was continued until the integrated sonic times coincided with 

those from the checkshot. The aim of sonic calibration method was to make a relationship 

between well depth and time for the well shown in Fig. 22. 

After developing the sonic calibration, the wavelet extraction is necessary in prior to the 

synthetic seismogram generation. In Fig. 23, a wavelet was extracted directly from the seismic 

close to well. The wavelet displayed a positive zero phase, and the dominant frequency was in 

range of 17 to 45 Hz. Thus, the extracted wavelet demonstrated a good percentage of 

predictability which was above 60. It means that there is a good relationship between the 

seismic around the well and the reflection coefficient, considering Inline-crossline positions, 

the lag time and wavelet phase. 

If the sonic log is correctly calibrated, and the best wavelet is extracted, the synthetic 

seismogram can be constructed. It is necessary to use the convolutional model to construct the 

synthetic seismogram. A basic assumption of this model for stacked seismic trace can be written 

as a convolution between a wavelet and reflection series: 

y(t) = w(t) ∗ f(t)                             (2) 

Where y(t), w(t) and f(t) denote recorded seismic signal, input signal and impulse response of 

the Earth, respectively. 

The density and sonic logs are necessary for calculation of the acoustic impedances of 

various layers used to estimate the reflection coefficient on that interface. The equation of the 

reflection coefficient is described as a function of acoustic impedance: 

RC = (AIi - AIi-1)= (AIi + AIi-1)                         (3) 

Where RC and AIi are reflection coefficient and acoustic impedance, respectively. 

In this study, output of the synthetic seismogram showed a very good match with 

seismic data in the area close to the well (Fig. 23). It means that the well data is almost  perfectly 

tied to the geological markers. Good match between seismic data and synthetic seismogram is 

necessary for proper correlation of the stratigraphy in the well. 

3.4.2 Seismic stratigraphy 

The approach used here consists of the seismic interpretation of ten horizons (KC-1 to 

KC-9, and the seafloor). These seismic horizons were tied to the well W1 using the checkshot 

data for the geological age correlation (e.g., Albian to Pliocene). 
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Figure 23. Synthetic seismogram generated by the checkshot and sonic log data in well W1. 

Wavelet is generated from the seismic data, indicating a good relation between seismic and well 

data. 

The interval of interest was divided into two main seismic units based on the 

characteristics (amplitude, frequency, and continuity) of the seismic reflections and the 

recognition of reflection termination patterns such as onlap, erosional truncations, seismic 

facies/configuration, and vertical stacking patterns (Mitchum et al., 1977).  

In the present study, submarine channel systems and submarine fans were identified 

based on seismic criteria and 3D geomorphology in both cross sections and plan-view maps 

(e.g., Posamentier and Kolla, 2003; Loule et al., 2018). 

3.4.3 Seismic attribute analysis 

Seismic attributes such as RMS (Root Mean Square) amplitude and variance, were extracted 

along the horizons to illuminate and visualize the channels, fans as well as to characterize 

geological anomalies that are isolated from background features by means of an amplitude 

response (Taner, 2001).  

➢ RMS amplitude Root-mean square  

The RMS amplitude maps are mathematically computed by squaring individual traces over 

a defined time window (Brown, 2004; Omosanya and Alves, 2013). They boost high amplitudes 
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in an interpreted interval, allowing the amplitude reflections related to sands or other high-

density materials within channels to be discriminated from their associated low amplitude 

chaotic facies (Brown, 2004; Omosanya and Alves, 2013; Chima et al., 2019) (Fig. 24). 

In this thesis, RMS amplitude maps were extracted from the time and stratal slices to illuminate 

and visualise the channels, submarine fans. 

 

Figure 24. (a) Uninterpreted rms amplitude map of a time slice extracted from 340 ms below 

the seafloor. (b) Interpreted rms map illustrating the extension and the division of Bukuma-

minor channel on southern Niger Delta slope (c) The interpreted seismic profile across the target 

channel in section B (Zhao et al., 2018). 

➢ Variance or Coherence  

Variance is the direct measurement of the dissimilarity of seismic traces. Variance maps 

convert a volume of continuity into a volume of discontinuity, highlighting structural and 

stratigraphic boundaries (Brown, 2004; Niyazi et al., 2020, 2021). High coherence areas are 



 

50 

 

typically shown as white to light grey and may indicate slow rates of deposition. Low or non-

coherence areas are shown as dark grey or black (Fig. 25). Similar traces are mapped as high 

coherence coefficients while discontinuities have low coefficients (Bahorich and Farmer, 

1995). Sharp discontinuities may result from fracturing, faulting, diagenesis, erosion, fluvial 

systems, or changes in the rate of deposition (Bahorich and Farmer, 1995). Coherence provides 

an accurate first estimation of subtle changes in a waveform of a seismic trace over an entire 

cube. It is a useful reconnaissance mapping tool because it gives an unbiased view of the 

features in the seismic volume without any prior interpretation. In addition to faults, channels 

and fans (Fig. 25), it has been successfully utilized in the visualisation of mud volcanoes, salt 

intrusions, MTDs and polygonal faults (Eruteya et al., 2016; Niyazi et al., 2021). For this study, 

variance was used to map depositional elements as channels and fans.  

3.4.4 Quantitative seismic geomorphology  

Plan-view images of the depositional elements and depositional systems (on a large-

scale) were provided by 3D seismic data, in which the morphology of these things could be 

extracted from a seismic cube. Analyses of such images could significantly enhance predictions 

of the spatial and temporal distributions of subsurface lithology (reservoirs, sources, and seals), 

compartmentalization, and stratigraphic trapping capabilities, as well as contribute to an 

enhanced understanding of process sedimentology and sequence stratigraphy (Davies et al., 

2006; Posamentier et al., 2007).  

Seismic geomorphology, based on the interpretation of plan-view seismic images, is 

rapidly developing on several fronts, which include (a) understanding the development of 

seascapes and landscapes in clastic and carbonate settings; (b) advances in workflow directed 

toward lithological prediction through the integration of seismic stratigraphy and seismic 

geomorphology; (c) revising and improving sequence stratigraphic models; and (d) 

development of new and increasingly sophisticated analytical techniques (Posamentier et al., 

2007).   

Quick scan interpretation of a 3D seismic volume is commonly used to derive 

stratigraphic settings and seismic features. Posamentier et al. (2007) described how a detailed 

analysis could be performed in the following sequence: (1) horizon picking and subsequent 

illumination; (2) amplitude extraction along specific horizons; (3) horizon slicing or stratal 

slicing, whereby the volume is flattened on a key horizon, and amplitude extractions are 

subsequently made from time slices parallel to the key horizon; (4) proportional horizon slicing, 

in which an interval is bound between two mapped horizons and then is unproportionally sliced 
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between the two horizons; (5) interval attribute analysis, whereby an interval that brackets the 

interesting seismic feature is defined and then characterized seismically; (6) vox-body picking; 

(7) extraction of horizon-based attributes, such as dip magnitude, dip azimuth, curvature, and 

roughness and (8) extraction of volume-based attributes, such as phase, coherence, and 

impedance. 

 

Figure 25. (c) Variance map of base of Pliocene sequence showing a series of striations at the 

base of a fan derived from NE and a W-flowing channel in. Striations are associated with the 

pattern of the Pliocene fan and at the base of E - W trending channel. (d) Striations are shown 

on seismic cross-section (Le et al., 2021). 

Furthermore, the quantitative analysis of the seismic geomorphology of submarine 

channels was performed following the methodologies proposed by Deptuck et al. (2007), 

Gamboa and Alves (2015), Qin et al. (2016), Hansen et al. (2017), Harishidayat et al. (2018) 

and Zhao et al. (2018). Morphometric parameters such as width (defined as the distance 

between the banks of the channel system), depth (defined as the depth of the channel from their 

overspill points to their bases), and depth of the channel thalweg (defined as a middle point of 
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the channel walls and the lowest point of the erosional surface), were measured in cross-

sectional seismic profiles (Fig. 26). These seismic profiles are perpendicular to the channel axis 

and are located at an interval of 1 km (average). The zero point was defined as the northernmost 

limit of the channel. The thalweg depth (in s TWT) was converted to depth (in m) using the 

time-depth relationship produced from checkshot data available of Well W1 (Fig. 27). 

Furthermore, the channel gradient was calculated based on changes in thalweg depth along the 

axis of the channel. For this purpose, the thalweg depth was measured on each profile along the 

channel. Subsequently, the paleo-topography on which the channel developed was divided into 

windows with different average gradient segments depending on the magnitude of the thalweg 

depth variations on the profiles.  

 

Figure 26. a) A seismic cross section showing the definition of width and depth as used in this 

paper. The distances between two intersection points on the top surface and the left/right 

boundary are defined as the width, the vertical distance between the thalweg and the top surface 

as the depth. b) Schematic diagram showing the definition of the along channel length and 

channel Thalweg. 

Vertical and horizontal distances (the vertical distance must be converted into depth 

profiles) between the starting and ending points of these windows were measured. Then final 
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gradients were measured based on the arc tangent function (Deptuck et al., 2007; Gamboa and 

Alves, 2015; Qin et al., 2016; Harishidayat et al., 2018; Zhao et al., 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            Figure 27.  Depth conversion scheme  

3.4.5 Petrophysical analysis 

The well log data were interpreted qualitatively and quantitatively to derive the 

petrophysical properties of the reservoir intervals. This was achieved using the Senergy LR 

company Interactive Petrophysics (IP) software. The software consists of separate modules for 

reliable interpretation of all petrophysical and lithological features, including environmental 

corrections and statistical analyses using several equations, empirical relationships and charts 

(Schlumberger, 1989; Hakimi et al., 2017; Chongwain et al., 2018 and 2019; Hu et al., 2020; 

Radwan et al., 2021; Elmahdy et al. 2023). 
 

3.4.5.1 Lithological and reservoir identification 

The lithological and mineralogical components of the clastic rocks of the Logbaba 

Formation were identified using Schlumberger charts such as neutron-density, neutron-gamma, 

neutron-sonic and M-N cross plots (Schlumberger, 1989). The potassium vs thorium cross-plot 
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allows to identify the clay mineralogy in the reservoir formation (Tiyan and Ayers, 2010). The 

impact of these identified clay minerals on the reservoir quality was also analyzed.  

The well log analysis was used to delineate reservoir sands characterized by cylindrical or 

blocky gamma-ray shapes, which are utilized to understand the depositional environment of 

reservoir sands in this study (Fig. 28). Following the methodology adopted from Shier (2004), 

the gamma ray logs of the two wells were standardized. Subsequently, the gamma ray logs were 

used to identify the reservoir units and establish a clay (shale) cut-off value of 60 API for W1 

and W2. Also, this was used to establish the sand baseline and the reservoir units which were 

discriminated based on the lower gamma ray readings (Chongwain et al., 2018 and 2019). Also, 

reservoirs were identified using gamma ray and resistivity log signatures. Intervals with high 

resistivity are hydrocarbon while low resistivity areas are aquifer intervals. In this study, zones 

with resistivity values greater than 4 Ω m are identified as hydrocarbon (Chongwain et al., 2018 

and 2019). The resistivity (P40H), neutron (TNPH) and bulk density (RHOB) logs were used 

together to discriminate the types of hydrocarbons (oil or gas) present in the reservoirs.  

In addition, the well logs were analyzed to determine the reservoir thickness, net-gross (NTG), 

volume of shale (Vsh), effective porosity (Øeff) and hydrocarbon saturation (1- Sw). These 

parameters were also used to assess the hydrocarbon potential of the study area. 

3.4.5.2 Fraction shale volume 

The shale content (VSh) in the reservoirs was calculated from the gamma ray logs. The 

first step is to determine the gamma index using (Eq. 4).  

𝑰𝑮𝑹 =
𝑮𝑹𝒍𝒐𝒈 − 𝑮𝑹𝒎𝒊𝒏

𝑮𝑹𝒎𝒂𝒙 − 𝑮𝑹𝒎𝒊𝒏
               (𝟒) 

Where IGR = gamma ray index, GRlog = gamma ray reading of formation, GRmin = minimum 

gamma ray (clean carbonate), GRmax = maximum gamma ray (shale). After obtaining the 

gamma index, the volume of shale was then calculated according to formula (5). Given that the 

Logbaba Formation is Cretaceous age (Nguene et al., 1992; SPT, 1995; Lawrence et al., 2002; 

Brownfield and Charpentier, 2006), the volume of shale (Vsh) was estimated using the Larionov 

(1969) Cretaceous Eqs. (4) and (5) (Asquith and Krygowski, 2004). 

𝑽𝒔𝒉 = 𝟎. 𝟑𝟑(𝟐𝟐×𝑰𝑮𝑹 − 𝟏)                       (𝟓) 

Determining the shale volume (Vsh) holds significance within petrophysical assessment due to 

its impact on reservoir porosity and permeability (Balaky et al., 2023). 
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Figure 28. Gamma ray log shape and depositional environments 
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3.4.5.3 Porosity estimation 

The porosity logs and density porosity model, which capture the empirical relationship 

between the measured bulk density (ρb), porosity (∅), matrix (ρma), and fluid (ρf) densities, were 

used to calculate the void ratios (total and effective porosities) of the identified reservoir units, 

while integrating the clay volume effect was used to calculate formation fractional porosity (Eq. 

6) (Chongwain et al., 2018). 

∅ =
(𝝆𝒎𝒂 − 𝝆𝒃 − 𝑽𝒄𝒍 × (𝝆𝒎𝒂 − 𝝆𝒄𝒍))

𝝆𝒎𝒂 − 𝝆𝒇 × 𝑺𝒙𝒐 − 𝝆𝑯𝒚𝑨𝒑 × (𝟏 − 𝑺𝒙𝒐)
                   (𝟔) 

Where ρma is the matrix density, ρb is the bulk density, ρcl is the density wet clay, ρf is the mud 

filtrate density, ρHyAp is the apparent hydrocarbon density, Vcl is the volume of wet clay, and Sxo 

is the water saturation of the fushed zone.  

3.4.5.4 Water saturation and hydrocarbon saturation estimation 

The modified Simandoux equation was used to estimate the water saturation (Sw) 

values, using (Eq. 7) below (Bardon and Pied, 1969): 

𝟏

𝑹𝒕
=

∅𝒎 × 𝑺𝒘
𝒏

𝒂 × 𝑹𝒘 × (𝟏 − 𝑽𝒔𝒉)
+

𝑽𝒔𝒉 × 𝑺𝒘

𝑹𝒔𝒉
                       (𝟕) 

Where Sw is the effective water saturation, Rw is the water resistivity, Rt is the true formation 

resistivity, a is the tortuosity factor, m is the cementation factor, ∅ is the formation porosity, Vsh 

is the volume of wet clay, and Rsh is the clay resistivity. The hydrocarbon saturation for the 

reservoir zone was then calculated using Eq. 8 below. The hydrocarbon saturation (Sh) was 

obtained by subtracting the value obtained for the 100% water saturation (Rider, 1996): 

𝑺𝒉 = 𝟏 − 𝑺𝒘 𝒐𝒓 𝑺𝒉 = 𝟏𝟎𝟎 − 𝑺𝒘(%)                  (𝟖) 

Where, Sh = Hydrocarbon Saturation; Sw=Water Saturation. 

The reservoir net-pay values were evaluated using 40% shale volume (Vsh), 12% 

effective porosity (∅eff), and 65% water saturation (Sw) cutoff values (Sterling et al., 2010; 

Chongwain et al., 2018). These values are generally chosen based on published literature and 

on detailed petrophysical analysis, but also on parameters used for similar reservoirs in the same 

area with comparable petrophysical properties (Jumat et al., 2018; Radwan et al., 2021). 

Finally, using the comparison table provided by Fertl and Vercellino (1978), the bulk 

water volume (BVW), which is a product porosity (∅) and water saturation (Sw) (Eq. 9), was 
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utilised to estimate the grain size of the reservoir formation. The bulk volume of water (BVW) 

is further used for differentiating between reservoir/non-reservoir intervals to estimate the net 

pay thickness (Dewan, 1983; Asquith, 1985). 

𝑩𝑽𝑾 = 𝑺𝒘 × ∅                  (𝟗) 

3.4.5.5 Permeability estimation 

Since core data was not available in this study, the permeability equation of Morris and 

Biggs (1967) was used to calculate the permeability from well log data. This equation is as 

follows:  

𝑲 = 𝒂 𝑷𝒉𝒊𝒃 𝑺𝒘𝒊𝒄⁄             (𝟏𝟎) 

where: K = permeability (md); Phi = effective porosity; Swi = irreducible water saturation; a = 

62,500; b = 6; and c = 2. 

 

In summary, this chapter has outlined the methodological framework adopted in this 

study, which integrates seismic and borehole data to address the central questions posed by the 

thesis. Specifically, the research seeks to determine the geometries and spatio-temporal 

distribution of turbidite systems within the study area, and to identify the key factors controlling 

their sedimentation in the Kribi-Campo sub-basin. The integrated approach presented here is 

expected to provide valuable insights and contribute significantly to answering these 

fundamental questions in the chapters that follow 
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Chapter 4: Seismic geomorphology of a Late 

Cretaceous submarine channel system in the 

Kribi/Campo sub-basin, offshore Cameroon 

 



 

57 

 

The tectono-stratigraphic framework of the Late Cretaceous mega-sequence is the focus 

of this chapter. The interpretation was carried out using 3D seismic data. Key seismic horizons 

are defined and seismic facies analysis undertaken of the post-rift Late Cretaceous deposits. 

The study emphasises on internal architecture, geometry and morphometry analysis of 

submarine channel. 

 4.1. Seismic interpretation  

The interpreted ten horizons (KC-1 to KC-9 and the seafloor) were used to describe the 

seismic stratigraphic framework of the study area (Fig. 29). All horizons are pre-fixed with 

‘KC’ (abbreviation for the Kribi-Campo sub-Basin) and then numbered in order of descending 

stratigraphic age. KC-1 to KC-9 horizons correspond to the Top Albian, Santonian, Campanian, 

Maastrichtian, Paleocene, Eocene, lower Miocene, middle Miocene, late Miocene, respectively. 

➢ KC-1: Lower Cretaceous unconformity  

KC-1 is picked along an angular unconformity below the present-day shelf that is 

represented by a high-amplitude trough. The surface marks a significant hiatus in sedimentation 

with tilted Albian-Aptian units below and Tertiary-Late Cretaceous sediments above. Because 

of the diachronous nature of the surface, we refer to this surface as the Lower Cretaceous 

Unconformity. The origin of the unconformity is attributed to progressive phases of oblique 

inversion of the rift basin around the KFZ. In a few localised areas, inversion has coincided 

with production of negative relief, probably around the releasing bends of the reactivated strike 

slip systems transecting the basin. Here, the unconformities are less angular and more of the 

Cretaceous succession not penetrated in the well database may be present. 

➢ KC-2: Santonian 

KC-2 is a weak-to strong positive amplitude reflection. The surface is identified by downlap 

above and a change from dominantly high amplitudes below to an overlying lower amplitude 

seismic facies above. This surface extends across the whole area, but onlaps onto the Kribi 

High. 

➢ KC- 3: Late Cretaceous unconformity 

  The horizon (KC- 3) is picked on a high-amplitude peak on the lower to middle slope. 

The surface represents an unconformity which progressively shows greater truncation of 

underlying units toward the upper slope. From the few available wells that penetrate this surface 

we tentatively infer an age of Campanian. But, given that all unconformities are diachronous in 
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nature it may be more appropriate to refer to this horizon as the Late Cretaceous unconformity. 

This surface onlaps an older Lower Cretaceous Unconformity (Horizon KC-1) below the shelf 

further increasing the hiatus in sedimentation shoreward. 

➢ KC-4: Maastrichtian 

The horizon KC-4 is picked on a high amplitude peak near the base of the Tertiary. On the 

basin floor at the more distal end of the depositional system (i.e., around W1), the surface marks 

the base of the largely low-amplitude Tertiary package. This is in contrast to the underlying 

Cretaceous units which, in cross-section, appear more channelized and possess higher gross 

amplitudes. The change in amplitude across this surface is less abrupt toward the upper slope 

and shelf and the surface appears to climb up through stratigraphy. Within the context of 

available well data this surface could either represent the Base Tertiary Unconformity  

➢ KC-5: Paleocene 

The horizon is recognized as a week to strong positive amplitude reflection, disrupted by 

polygonal faults and extending across the whole study area. The surface marks a change from 

low amplitude reflection below to higher amplitude reflections above. 

➢ KC-6: Eocene 

The horizon is characterized by a strong negative reflection disrupted by polygonal faults 

in the southern area. Surface erosion is clearly observed by offset stacked channels to the north 

and channels to the south. 

➢ KC-7 to KC-9: Miocene Horizons  

The Tertiary sedimentary succession in the Kribi-Campo sub-Basin is expressed by a series 

of south-westward prograding clinoforms, slope channel-systems and basin-floor turbidite fans 

above a Tertiary unconformity base. The seismic expression of the key seismic packages 

(depositional sequences) within the Tertiary succession changes seaward across the palaeo-

shelf (top of clinoform), palaeo-shoreface (slope of clinoform) to the basin floor (seaward of 

clinoform). Each clinoform set comprises a sequence of truncated, prograding and downlapping 

reflectors. The reflectors at the top and upper slope of the clinoforms are typically moderate-to 

high amplitude and are deformed by seaward-dipping planar to listric normal faults formed 

during gravitational collapse of the palaeo-upper slope. Because of the nature of seaward 

migration of the upper slope during the Tertiary the age of faulting growth youngs seaward. 

Onlapping the base of, or overstepping, the clinoforms are relatively thin packages of largely 
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continuous low to moderate amplitude reflectors transected by moderate to high-amplitude 

channels and fans. 

 

Figure 29. a) Seismic line through W1 well showing the entire basin successions and channel 

complex deposits identified within the dataset. Ten Horizon name (KC-1 to KC-9 and the 

seafloor) are identified in the study area based on Le (2012); Iboum Kissaaka et al. (2016) and 

Loule et al. (2018). b) Seismic section, taken perpendicular to regional dip, showing the channel 

complex deposits within the study interval. c) Depth conversion scheme. 
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The parallel, low-amplitude, units outside of the channels and fans are pervasively deformed 

by strata-bound arrays of small, densely-spaced normal fault systems formally known as 

“Polygonal Fault Systems”. Worldwide, these faults systems are confined to very fine-grained 

hemipelagic sediments deposited in deep water settings. The horizons, KC-7, KC-8 and KC-9, 

all mark moderate-to-high amplitude peaks within the Tertiary succession and are likely to be 

candidate sequence boundaries or maximum flooding surfaces. W1 is the only well available 

for the study with a comprehensive breakdown of interpreted ages for this interval and we infer 

the ages of horizons KC-7 to KC-9 as follows; KC-7: Lower Miocene KC-8: Middle Miocene, 

and KC-9: Late Miocene. 

➢ Seafloor 

The shallowest principal trough in the seismic survey represents the seafloor. The horizon 

is picked with high confidence across the upper and lower slope. On the shelf, the trough 

representing the seafloor is absent. A manual interpretation atop the shallowest reflectors was 

generated to complete the seafloor surface.  

4.2. Seismic stratigraphy of the study interval  

The interval of interest in the study area is bounded by the KC-3 and KC-4 horizons at 

the base and top, respectively. This interval is characterized by distinctive seismic facies of the 

Campanian-Maastrichtian Logbaba Formation (Fig. 29). The KC-3 is located at approximately 

4900 ms TWT and is characterised by a high-amplitude positive reflection with good continuity 

(Fig. 29). This horizon is characterised by onlap above the Kribi High area and defines the base 

of the stack of high to bright amplitude reflection laterally migrating westward. This probably 

corresponds to a turbidite fan system which extends from the east to the southern half of the 

study area (Fig. 30). Based on its seismic characteristics and according to Le (2012); the surface 

KC-3 corresponds to an unconformity in the study area which progressively shows greater 

truncation of underlying sequences toward the upper slope (Fig. 29). The isochore map shows 

values ranging from − 3700 ms upstream to − 5100 ms downstream (Fig. 31a). These two 

extreme values correspond respectively to a high and low topographic area on either side of the 

study area (Fig. 31a). It is separated by a steep slope on the east that decreases towards the 

seabed. The horizon KC-4 is located at approximately 4600 ms TWT and is also a positive 

reflection with high amplitude. The horizon is characterized by downlaps onto an erosional 

surface and separates the overlying high to moderate frequency, low to moderate amplitude 

reflection packages from the underlying low to moderate frequency, and high to moderate 

amplitude reflection packages (Fig. 30). 
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Figure 30. Along the slope seismic profile showing. a) Uninterpreted and (b) The interpreted 

seismic stratigraphy of the slope. The submarine channel system is located within unit (SU2) 

and deep-water fan is located within (SU1) in the study interval.  

The isochore map shows values ranging from − 3200 ms to − 4800 ms, respectively, at 

two downstream and upstream ends of the sub-basin (Fig. 31b). The contours lines of this map 

have a preferred NE-SW direction (Fig. 31b). The surface KC-4 is incised by a NE-SW trending 

channel and covers the Kribi High in the east (Fig. 29a and b). On the basin floor at the more 

distal end of the large incision (i.e., around W1), the surface marks the base of the relatively 

low-amplitude Tertiary package (Fig. 29a). This contrasts with the underlying Cretaceous 

sequences which in cross-section are more channelized and display higher amplitudes (Fig. 30). 

The thickest area reaches 1560 m (Vp = 2400 m/s) in the east, and the average thickness of the 

unit is 1080 m (Fig. 31c). The interval of interest in this study (Campanian-Maastrichtian 

succession) has been divided into two seismic sub-units: seismic sub-unit 1 (SU1) and seismic 
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sub-unit (SU2) based on the differences in the internal seismic reflection configurations (Fig. 

30). SU1 consists of sub parallel and aggradational reflections (Fig. 30). SU1 is generally 

characterized by low amplitudes reflections with limited occurrence of high amplitude 

reflections and displays maximum thickness in the east (Fig. 30). The high amplitude seismic 

facies display an aggradational pattern with parallel and continuous reflections having a fan-

shaped geometry (Table 6, Fig. 30). SU2 forms the uppermost sub-unit in the Late Cretaceous, 

and consists of low to high amplitude, sub-parallel and continuous reflectors. A large incision 

occurs within this unit, which is interpreted as a submarine channel, characterized by high-

amplitude reflections at its base (Table 6, Fig. 30). 

4.3. Late Cretaceous submarine channel  

4.3.1. Channel infill: distribution of seismic facies and interpretation 

Five seismic facies (SF1 to SF5) were identified in the study interval and can be 

interpreted to represent five specific depositional settings in the area of interest (Table 6). SF1 

consists of high amplitude, chaotic reflections confined within a U-shaped erosional surface in 

cross section (Fig. 32b and c). In plan-view, SF1 is expressed as a more linear morphology 

compared to SF2 (Fig. 34). It occurs at the basal lags of the early-stage channel. This facies is 

interpreted as coarse-grained sediments deposited in the submarine channel axis (Mayall et al., 

2006; Gee et al., 2007) (Fig. 34). SF2 consists of low-amplitude, discontinuous to chaotic 

reflections, with a U- shaped external geometry (41–103 m depth, 1–3 km wide) in cross section 

(Fig. 32). SF2 is narrow and has a sinuous morphology in map-view (Fig. 34). This facies is 

interpreted as clay-prone channel fills that may record earlier channel bypassing (of coarse-

grained sediments) and later abandonment (deposition of fine-grained sediments). SF3 is 

composed of low-amplitude, discontinuous to continuous seismic reflections and occurs in the 

background unit that encompasses the submarine channel (Fig. 32b and c; Table 5). It occurs 

in the entire seismic volume on the map-view outside the submarine channel system (Fig. 34). 

SF3 can be interpreted as hemipelagic sediments (Fig. 34); SF3 is similar to those of 

hemipelagic sediments as observed in other studies (e. g., Su et al., 2015; Gong et al., 2016). 

SF4 is comprised of high-to low-amplitude, convergent reflections that show a broadly wedge-

shaped geometry in cross section (Fig. 32b and c). This facies is widely recognized elsewhere 

and interpreted to represent levees deposits (Table 6) formed of fine-grained sediments from 

the overbanking of turbidity currents (e.g., Posamentier and Kolla, 2003; Deptuck et al., 2003; 

Catterall et al., 2010; Janocko et al., 2013). 
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Table 6. Description and interpretation of the seismic facies observed in the submarine channel 

system within the study interval. 

 

 

Figure 31. a) Isochronal map of the KC 03 horizon. b) Isochronal map of the KC 04 horizon. 

c) Isopach map of Late Cretaceous between KC 03 and KC 04. 
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SF5 is characterized by high-amplitude reflection displaying an aggradational pattern in 

cross-section (Table 6) and it is located below the submarine channel system in sub-unit SU1 

(Fig. 30b). In map view, it occurs in the SE part of the study area (Fig. 34c and d). This facies 

correspond to the sand body which can be interpreted to fan deposits, and it is like those 

observed and described by Twichell et al. (2009).  

4.3.2. Internal architecture and geometry of the submarine channel  

The submarine channel observed in unit SU2 is U-shaped in cross section (Fig. 32). It 

has two vertically stacked channels that developed at different stages. The late-stage channel 

lies completely within the early-stage channel, and both exhibit distinct seismic reflection 

characteristics (Fig. 32b and c). The early-stage of the channel is characterized by seismic facies 

SF1 and SF2. Seismic facies SF1 is mainly located along the thalweg of the early-stage of the 

channel. It occurs at the base of submarine channel analyzed in this study (Fig. 32b and c). 

Seismic reflection characteristics of this facies is like those of the channel axial deposits 

described by Deptuck et al. (2003), Mayall et al. (2006) and Catterall et al. (2010). SF2 is 

usually confined at the flanks of the channel (Fig. 32b and c). Specifically, the late-stage 

channel is embedded in this facies (Fig. 32b and c). The late-stage of the channel is dominated 

by the SF2. In addition, SF1 and SF2 are within the channel system, while SF3 and SF4 are 

located outside the system (Fig. 32b and c). SF3, mainly occurs in SU2, and it confined to the 

left side of the submarine channel (Fig. 32b and c). SF4 is seen outside of the early channel belt 

and occurs only locally (Fig. 32; Table 6). These reflections typically dip away from the channel 

axis and decrease in amplitude away from the channel axis (Fig. 32b). To analyze the 

evolutionary history and infilling of the submarine channel system, SU2 was divided into four 

intervals (Figs. 32a and 33). The well-log in the vicinity of the submarine channel system 

indicates that the thickness between the top and base of the channel is approximately 90 m (Fig. 

33a). The gamma-ray is characterized by sharp-based (between 3900 m and 3850 m), finning 

upward pattern (between 3850 m and 3810 m). The basal coarse-grained lags of the early-stage 

channel in well W1 show a large kick in GR and display a serrate GR log motif with some 

blocky/bell-shaped intervals (Well W1 in Fig. 33a). The late-stage channel fills are mainly 

characterized by a serrate GR motif with some low-amplitude bell-shaped GR intervals (Fig. 

33a). The well-log patterns of this submarine channel consist of clay interbedded with thin 

layers of sands (Fig. 33a). The early-stage channel is visible on all the maps and is characterized 

by relatively linear morphology (Fig. 34). The channel is 56 km long and 3–5 km wide (Fig. 

34), with an incision depth of 89–197 m (Fig. 35). In contrast, at the late-stage, the channel 
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could only be imaged in the upper two slices, showing that it incises the infillings of the early-

stage channel (Fig. 34a and b). The RMS and variance values also characterize the channel fills 

in the horizon slices. The high RMS amplitudes and low variance occur within the submarine 

channel axis. The channel also locally incises areas of high RMS amplitudes and low variances, 

characterized by lobate geometry outside the channel axis (Fig. 34). The low RMS values and 

high variances are observed in the northeast part of the channel while the high RMS values and 

low variances are observed in the southwest part of the channel (Fig. 34d). This high amplitude 

RMS channel fill observed in the horizon slice corresponds in cross section to seismic facies 

SF1 and the low amplitude RMS fill corresponds to seismic facies SF2. The late-stage channel 

is narrower and has a sinuous morphology, embedded in the early-stage channel (Fig. 34). The 

dimension of the late-stage channel is 1–3 km wide, 56 km long (Fig. 34), and vary in depth 

from 41 to 103 m (Fig. 35). 

4.3.3. Morphometric analysis of the submarine channel 

 There is a significant morphological variation along the submarine channel system 

(Figs. 36 and 37). In the northeastern portion, near the sediment source area, the channel 

morphology varies considerably with smaller width and depth when compared to the 

southwestern portion where the channel is characterized by significantly greater width and 

depth (Fig. 35). The depth profile of the early channel thalweg shows an exponential trend and 

can be divided into three intervals (1, 2 and 3) that correspond to three segments (x, y, and z) 

based on the channel gradient variations (Fig. 36a; Table 7). The gradient for the early-stage 

channel is 2.64◦ in the first segment, and decreases to 2.02◦ in the mid segment y, which spans 

between 12 km and 33 km along channel axis (Fig. 36a). In the rest of the channel, segment z, 

the channel slope decreases dramatically, and reaches its lowest value of 0.40◦ (Fig. 36a). The 

channel width also displays three intervals. It varies between 3224 m and 4677 m for the early-

stage channel to 1094 m and 2865 m for the late-stage channel in the first 12 km interval (Fig. 

36b; Table 7). In interval 2, channel width increased to a maximum value of 5573 m at 17 km 

for the early channel to 3802 m at 18 km for the late-stage channel.  

This increasing trend is followed by a decrease in the width of the late channel to its 

lowest value of 2993 m at 27 km. In the interval 2, between 27 and 32 km the channel shows 

an increase in width with slight variation. In interval 3, between 33 and 44 km, the width of the 

early-stage channel varies from 3830 m to 4260 m.  The width of this late-stage channel has a 

decreasing trend and varies between 3300 m and 1115 m (Fig. 36b). 
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Figure 32. a) Seismic profile showing the channel geometry is U-shaped and iso-proportional 

slice used to unravel the internal architecture of the channel. b) and c) Channel system are 

composed of two stages: early-stage channel and late-stage channel. SF1 is coarse while SF2 is 

fine sediments. The submarine channel is 56 km long and 3–5 km wide with an incision depth 

of 89–197 m. 

Fig. 34a 
Fig.34b 
Fig.34c 
Fig.34d  
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Figure 33. Characteristic of study unit from the well-seismic calibration, a) Wireline logs (GR, 

DT, RHOB, and TNPH) for well W1 through the submarine channel system. b) submarine 

channel time slices showing two incision stages and flattened horizon KC-04. 

The depth profile of the early-stage channel thalweg also shows remarkable variation 

along the channel path (Fig. 36a), correlating with the variation in the depths of the early 

channel (Fig. 36c). A plot of channel thalweg versus along channel distance also revealed three 

intervals (Fig. 36a and c; Table 7). The first interval (0–12 km) begins with the lowest value of 

channel depth to the northeast of the seismic survey (Fig. 36c), followed by an increase to 170 

m at 9 km in the early channel (Fig. 36c). The depth of the early-stage channel in this interval 

ranges from 89 m to 171 m. In interval 2, between 12 and 33 km, the channel depth begins with 

an increase from 109 m at 12 km to 179 m at 15 km (Fig. 36c). Then, the channel depth 

decreases to its minimum value of 87 m at 24 km, before fluctuating with a general increase 

from 153 m to 183 m for the rest of the interval (Fig. 36c). The third interval (33–44 km) has 

the highest value of early channel depth, 197 m at 35 km (Fig. 36c). In this interval, the depth 

of the early-stage channel begins with an increase followed by a decreasing trend after reaching 

its maximum depth. The depth fluctuates between 112 m and 197 m. The width/depth ratio of 

the early-stage channel varies from 18 to 54 (Fig. 36d; Table 7) in the three intervals along the 

channel. 

Fig. 34a 
Fig.34b 
Fig.34c 
Fig.34d  
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Figure 34. Variance and RMS seismic attributes and their interpretations, of the various slices 

within the early and late-stage channel (see Fig. 32a). The seismic attributes analysis shows the 

distribution of several types of sediments deposited during the evolution of the submarine 

channel system. The late-stage channel is narrower and is more sinuous. 
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Figure 35. Series of line drawings of seismic profiles oriented perpendicular to the trend of the 

submarine channel system (every other profile shown, from 1 km spaced profiles). Notice the 

variation in the geometry and infill of the channel system along the slope. 

The first interval begins with a decrease in the ratio and fluctuates along the rest of the 

interval between 27 and 42 for the early-stage channel (Fig. 36d). The ratio fluctuates within 

interval 2 (13 and 33 km), reaching its maximum value from 51 to 24 km before decreasing to 

its minimum value from 17 to 25 km in the early-stage channel. Between 33 and 44 km, the 

width/depth ratio in interval 3 shows an increasing trend to the northeast of the study area, 

where it reaches 43 (Fig. 36d). With respect to the late-stage channel, the channel depth in the 

first interval varies from 41 m to 79 m. In the second interval, the depth of the late-stage channel 

starts with a decrease, followed by an increasing trend from 47 m to 97 m at 23 km. The rest of 

the channel varies between 68 m and 98 m in depth. The depth in the third interval reaches a 

highest value of 103 m at 35 km (Fig. 36c). The depth profile of the late-stage channel starts 

with a decrease. The general trend of channel depths is downward in this interval and ranges 

from 103 m to 59 m. The latter value corresponds to the northeastern edge of the submarine 

channel in the seismic volume (Figs. 37 and 36c). The width/depth ratio of the late-stage 

channel varies from 17 to 51 (Fig. 36d; Table 7) in the three intervals along the channel. The 
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first interval begins with a decrease in the ratio, followed by fluctuations along the remaining 

segment of the channel between 21 and 42 for the late-stage channel. In interval 2 (13 and 33 

km), the late-stage channel reaches a maximum value of 54 at 18 km and a minimum value of  

25 at 33 km. Between 33 and 44 km, the ratio shows a decreasing trend towards the northeastern 

edge, where it reaches a minimum value of 18 (Fig. 36d).  

Table 7. The result of morphological analysis along the submarine channel system. 
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Figure 36. Quantitative analysis of the submarine channel system. a) Width of early-stage 

channel and late-stage channel. b) Early-stage channel and late-stage channel depth profile. c) 

Aspect ratio (width/depth) of the early-stage channel and late-stage channel. d) Depth profile 

of channel thalweg along the channel. 
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In conclusion, the integrated analysis of high-resolution 3D seismic reflection data and 

borehole information has enabled the identification and detailed characterization of a well-

developed Late Cretaceous submarine channel system in the deep-water Kribi-Campo Sub-

basin, offshore Cameroon. This channel system, trending NE–SW, exhibits a complex two-

phase evolution with distinct morphological and architectural features, including segmentation 

into three parts based on geometry and internal fill characteristics. The study reveals that the 

development and depositional architecture of the system were primarily influenced by tectonic 

activity, sediment supply, relative sea-level fluctuations, and paleotopographic gradients. 

Notably, variations in slope gradient were found to control sediment grain size distribution 

along the channel. The results also underscore the role of the Sanaga and Nyong Rivers as major 

sediment sources. These insights not only enhance our understanding of deep-water 

depositional systems but also hold significant implications for predicting reservoir distribution 

and guiding hydrocarbon exploration in frontier deep-water settings.



 

 

 

 

 

 

 

 

 

Chapter 5: Submarine fans in the Kribi-Campo 

sub-basin, offshore Cameroon: geomorphology 

and stratigraphic evolution during the Late 

Cretaceous 
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This chapter aims to define the key seismic horizons and carrying out seismic facies 

analysis of the Late Cretaceous sequence, with particular emphasis on the identification and 

interpretation of deep-water depositional elements (i.e., channel/fan systems). It is also focuses 

on stratigraphy and morphology of submarine fans. 

5.1. Seismic stratigraphic framework 

The seismic stratigraphic framework for this study area has been divided it into nine 

seismic sequences, separated by ten horizons (KC-1 to KC-9 and the seafloor), based on the 

combination of internal seismic reflection configuration and on seismic well-tie (Fig. 37). The 

interval of interest in the study area is a Late Cretaceous stratigraphy, which is bounded by the 

KC-2 and KC-4 horizons at the base and top, respectively.  

The Late Cretaceous stratigraphy of the Kribi-Campo sub-Basin was subdivided into 

two seismic sequences named S1 and S2, based on the observed changes in seismic geometries 

and depositional environments (Fig. 38). S1 is bounded below by KC-2 and above by the KC-

3 horizon. KC-2 horizon is characterized by onlap above in the southeast area (Fig. 38). The 

surface extends across almost all the study area, but onlaps against the Kribi High in the east. 

KC-3 is top of sequence S1 and has a high-amplitude reflection with good continuity. The 

surface is also characterized by onlap above in the Kribi High area and defines the top of the 

stack of high to bright amplitude reflection laterally migrating westward which extends from 

the east to the southern half of the study area (Fig. 38). Sequence S1 is Santonian to Campanian 

in age, consists of sub-parallel, low amplitude discontinuous reflections, but also contains 

discrete high amplitude reflections observed to the east and to the base of horizon KC-3 (Fig. 

38). The high to bright amplitude reflections observed is interpreted as the submarine fan. 

Immediately below of high amplitude, there are the features showing lateral offset stacking 

patterns which are interpreted to be the product of laterally shifting, vertical aggrading channels. 

They are interpreted to be sinuous channel complexes evolving through time, constrained by 

the Kribi High to the east. Sequence S2 forms the uppermost sequence in the Late Cretaceous, 

bounded by KC-3 at the base and the KC-4 surface at the top. S2 is Campanian to Maastrichtian 

in age and corresponds to low to high amplitude. There is also a large incision that occurs within 

this sequence. 
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Figure 37. a) Seismic line through W1 well showing the entire basin successions and channel 

complex deposits identified within the dataset. Ten Horizon name (KC-1 to KC-9 and the 

seafloor) are identified in the study area. b) Seismic section through W2 well, taken 

perpendicular to regional dip, showing the channel complex deposits within the study interval. 
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5.2. Seismic facies and depositional elements  

According to recognition criteria on the previous studies of submarine depositional 

elements (Posamentier and Kolla, 2003; Deptuck et al., 2007; Niyazi et al., 2018; Bouchakour 

et al., 2023), four major seismic facies were identified within the study interval (sequence S2 

and S1). They are interpreted as: submarine channel system, levee deposits, submarine fans, 

and hemipelagic sediments (Table 8).  

 

Figure 38. Interpreted seismic stratigraphy of the slope Late Cretaceous showing the submarine 

fan, channel complex located within (S1) and the submarine channel system is located within 

sequence (S2). 

5.2.1. Submarine channel system 

This seismic facies has U-shaped features of stacked, somewhat chaotic reflections, with 

medium to high amplitude at the base and low amplitude at the top (Table 8). This facies 

exhibits two stages of channel infilling with a maximum incision depth of 197 m. The high 

amplitude channel fills are interpreted  to be sand rich, whereas the low amplitude channel fills 

are interpreted,  to be mud rich, show flat overlying reflections (Posamentier and Kolla, 2003). 

Similar seismic facies and seismic geomorphology have been observed in many other studies 

of deep-water depositional systems (Deptuck et al., 2007; Niyazi et al, 2018) and as a result of 

this work, they are interpreted as submarine channel deposits.  
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5.2.2. Levee deposits  

This facies was observed on either side of the submarine channel system, characterized 

by high to low amplitude convergent reflectors. Its seismic reflection amplitude varies laterally 

and, typically decreasing away from the channel axis before downlapping onto underlying 

deposits (Fig. 38). The geometry and reflection characteristics of this seismic facies has been 

recognised by other authors as external levees associated with channel system, formed when 

the height of turbidity currents exceeds the confinement of the channel form and spill sediment 

onto the areas surrounding the channel axis (Deptuck et al., 2007; Posamentier & Kolla, 2003). 

Often this overspill is fine-grained due to flow stripping, resulting in a mud-dominated deposit 

and the low-amplitude response commonly observed in seismic reflection data (Table 8). 

5.2.3. Submarine fans  

This seismic facies is composed of distinctive, sub-parallel continuous medium- to high-

amplitude reflections displaying an aggradational pattern in cross-section and it has a maximum 

thickness of 500 m, typically thinning and downlapping towards the outer edges (Table 8). On 

seismic attribute maps, these deposits represent the fans with an internal distributary channel. 

These fans-shaped deposits have been observed along the slope through to basin-floor, in deep-

water settings (Posamentier & Kolla, 2003), and they are variably referred to as channelised 

lobes, frontal splays, sheet sands and submarine fans. 

5.2.4. Hemipelagic sediments  

The seismic facies are semi-transparent, low-amplitude reflections, discontinuous to 

continuous seismic reflections, that are parallel and conformable to underlying deposits 

(Table 8). It occurs in the entire seismic volume on the map-view outside the submarine fans. 

These seismic characteristics have been observed in many areas, and even in the study area and 

correspond to pelagic and hemipelagic mud and silt during sediment starvation in low-energy 

environments (Bouchakour et al., 2023). 

5.3. Submarine fans: stratigraphy and morphology  

The stratigraphy of the interval of interest shows that the submarine fan in the study area 

is framed at the base and top by two distinct channels. The lower channel is wider, located 

within the older Santonian-Campanian sequence. In cross-section, it is U-shaped and these 

patterns are constrained between the Kribi High and a fault (Fig. 39b and c). Its mapping reveals 

a large amplitude sinuous pattern-oriented NE-SW (Fig. 40a). Above this lower channel, the 

development of Campanian submarine fan deposits is clearly observed (Fig. 39d). The internal 
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architecture and geometry of the submarine fan was analysed by observing the cross-sections 

and seismic attribute maps, but also based on the integration of the W1 well logs. The submarine 

fans are buried at 4550 m below the seafloor and its large amplitude seismic facies shows an 

aggradation pattern with parallel reflectors and good continuity.   

Table 8. Description and the interpretation of the seismic facies observed within the Late 

Cretaceous sequence 
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In cross sections, submarine fans reflectors onlap the slope face until the Kribi-Campo 

High, and the fan thins distally and laterally (Fig. 39). The stratal onlap is also observed against 

local slopes (Fig. 39c and d), near the Kribi-Campo high, suggesting that relief already existed 

during submarine fan deposition. The fan-shaped stacked features are up to 500 m thick and 

locally contain U-shaped features of varying dimensions ranging from (10 km long, 2 km wide 

and 70 m depth), relatively linear upslope, to (20 km long, 0.2 km wide and 10 m depth), highly 

sinuous downslope (Figs. 40, 41 and 42). Prominent levees are observed on the larger scale 

features and decrease high and amplitudes away the channels (Fig. 39a).  Seven mapped stratal 

slices and labelled from fan A to fan G, highlight different evolutionary stages of the submarine 

fans. Along each of the stratal slices plotted on the seismic sections, variations in seismic 

reflection amplitudes are observed laterally. From left to right of the cross-sections, low 

amplitude reflectors (LARs) are observed. Then the trend increases towards moderate 

amplitude reflectors (MAR) and high amplitude reflectors (HARs) near the channel (Fig. 39a). 

As the amplitudes move away from the channel axis (Fig. 39a), there is a decreasing trend in 

seismic reflections from the MARs towards the LARs that strike the Kribi High to the east (Fig. 

39c and d). On the amplitude maps, the LARs correspond to amplitudes of low RMS and high 

variance, conversely the HARs correspond to amplitudes of high RMS and low variance. 

(HAR) representing the filling of the fan with sandy-prone deposits, with a large area of low to 

medium reflection amplitude (LAR and MAR) which generally represent muddy-prone 

deposits with pasts of silty-prone deposits (Figs. 40, 41 and 42). 

Furthermore, based on observation criteria such as fan shape, channel inclusion and 

difference in sand volume within the submarine fan, the submarine fan system was grouped 

into three distinct periods. These distinct periods of initiation, growth and retreat can be clearly 

identified (Figs. 40, 41 and 42), sufficient to map the geometry and internal architecture of the 

submarine fans in some detail. Amplitude attribute maps of the stratal slice (from fan A to fan 

G) of the submarine fan system cover an area of 600 km2 and are oriented NE-SW, close to the 

Kribi High. Fans A and B are the lowest in the submarine fan system (Fig. 40b and c).  

Fan A is a low-amplitude and not clearly defined by seismic attributes (Fig. 40b). It also 

lies close to the lower large channel and has a base seal risk due to proximity to the lower 

channel (Figs. 39 and 40a). The fan has an elongate lobate geometry and it is interpreted to be 

stratigraphically trapped through shale plugging of the feeder channel, expressed by an absence 

or a low presence of a sand-prone attribute response.  
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Figure 39. Submarine fan external morphology and stratigraphy in the cross-section with 

indication of seven stratal horizons (fan A to fan G).  a) Dip-oriented seismic section showing 

incised channel within the submarine fan, b) strike-oriented seismic sections showing feeder 

channel within the submarine fan, c) and d) seismic sections showing submarine fan between 

channel complex and channel system, e) seismic section showing a finger-lobe in the submarine 

fan.  MARS: Moderate amplitude seismic reflection, HARS and LARS indicate High and Low 

amplitude seismic reflection. 
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Figure 40. RMS, Variance seismic attributes, and their interpretations, of the various stratal 

slice within the bottom and base fan (see Fig. 39). a) The seismic attributes analysis shows the 

distribution of several types of sediments deposited of the channel complex. b) and c) The 

seismic attributes analysis shows the distribution of several types of sediments deposited during 

the initiation phase of the submarine fan (Fan A to B).  
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Fan B has similar morphological characteristics to fan A which lies above it, but fan B 

is large, with very high amplitude on the SE margin, and weak amplitude to the NW. The very 

high lithology amplitude values on the SE margin may indicate thin cemented sandstones. The 

fan B has a large lobate geometry and a sinuous distributary channel is present on the SE margin 

(Fig. 40c). This submarine fan shows an initial phase of submarine fan development that 

manifests itself as a prominent channel in the upslope area that slopes downwards in a NE-SW 

orientation, ending in a large-scale lobe in the southern area downslope (Fig. 41c). Thus, as it 

goes farther downslope, the channel is replaced by large-scale lobe, which may result from the 

varied seafloor topography. 

The geometry of the fan shows that sediment entry occurred from the east of the canyon 

(Fig. 6b and 6c). At its downstream end, high amplitudes stack from the SW area and are 

interpreted as a sand-prone lobe (Fig. 40b and c). 

            Fans C, D, and E are in the middle of the submarine fan system (Fig. 41a, b and c). They 

are bright to high-amplitude reflectors with good continuity and are clearly defined in the cross-

section (Fig. 39). The fan locally contains U-shaped features (Fig. 41a), and Theses U-shaped 

features are linear to sinuous in map view and interpreted as a channel; channel-levees are 

observed in the upper slope. These submarine fans are relatively large compared to other 

submarine fans and have a prominent lobate geometry comprising a sinuous distribution 

channel radiating from the east feeder channel to a south-west downslope end (Fig. 41). The 

channel sinuosity is low in the upslope area, and increases gradually downslope, the feeder 

channel appears to be relatively constant in size and location during the evolution of the fan 

(Fig. 41). Thus, the submarine fans (C-E) mark the growth phase. Fan C is a large well-defined 

fan with High amplitudes on its SE margin, and weaker amplitudes to the NW (Fig. 41a). The 

high lithology amplitudes are likely to indicate more cemented sandstones. The fan C geometry 

shows sediment entry was via the east canyon.  

            The fan C also has a large lobate geometry and a sinuous distributary channel is present 

to the SE. It overlies Fan B and Fan A, and is itself overlain by the silt prone Fan D. Fan D 

show an elongate lobe geometry and can be is interpreted as a silt prone interval (Fig. 41b). The 

variation of amplitudes within the feeder channel which suggest variable lithologies here (silt 

and sand prone sequences). Fan E is a large well-defined fan with bright amplitudes (Fig. 41c). 

The fan shows a high amplitude within the main fan channel and within an interpreted crevasse 

splay in the SE.  
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Figure 41. RMS, Variance seismic attributes, and their interpretations, of the various stratal 

slice within the bottom and base fan (see Fig. 39). a), b) and c) The seismic attributes analysis 

shows the distribution of several types of sediments deposited during the growth phase of the 

submarine fan (Fan C to E).  
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Figure 42. RMS, Variance seismic attributes, and their interpretations, of the various stratal 

slice within the bottom and base fan (see Fig. 39). a) and b) The seismic attributes analysis 

shows the distribution of several types of sediments deposited during the retreat phase of the 

submarine fan (Fan F to G). c) The seismic attributes analysis shows the distribution of several 

types of sediments deposited of the channel system. 
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The fan E has a large lobate geometry and a sinuous distributary channel on the SE side 

of the fan. The map for these fans shows separation of the fan amplitude from feeder channel 

and overbank amplitude updip. Furthermore, a most remarkable observation of the lobe 

morphology during this phase is the presence of a series of relatively parallel elongated features 

during the growth phase is the presence of series of relatively parallel high amplitude elongate 

features with finger-like terminations at the margin of the submarine fan, with the dimension 

of 0.5 to 5 km length and up to 2 km width (Figs. 39d and 41).  They branch off at high angles 

downslope, with an angle of up to 90o to the overall transport direction. This feature is clearly 

visible in fan C, it is characterised by high RMS amplitudes and low variance amplitudes and 

is interpreted as thick massive sands, formed as a result of sedimentary gravity flows that 

deviate from the main flow and erode into a pelagic clay substrate. 

              
 

Figure 43. Well-log correlation and interpretation of the submarine fan architecture. 

Approximate location of stratal slices, which correspond to Fan A-G extracted from seismic 

data is indicated. 
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Fans F and G are the youngest within the submarine fan system (Fig. 42a and b). Fan F 

is a large well-defined elongate fan. The amplitude map shows a prominent channel feature 

running down the axis of the fan then turning west (Fig. 42a). These fans are relatively small 

compared to the other submarine fans and probably represent a retreat/terminal phase of 

submarine fan development (Fig. 42a and b). At the top, the fan G is capped by a major 

Maastrichtian channel that comprises two episodes of erosion and infilling as indicated by the 

recent work of Secke et al., 2022 (Fig. 42c). The blocky GR log signature of the entire interval 

of interest suggests the nature of thick-bedded amalgamated sands and interbedded mud sets, 

showing a cylindrical shape consistent with channel fills within a submarine fan system (Fig. 

43). 

In summary, seismic geomorphological analysis of 3D seismic and well data has 

revealed the internal architecture and evolution of a deeply buried Campanian basin-floor fan 

system in the Kribi-Campo Basin. The fan, oriented NE–SW, developed through distinct 

initiation, growth, and abandonment phases and was fed by sediment input from an eastern 

canyon linked to the paleo-Nyong fluvial system. It comprises stacked, coarse-grained turbidite 

sandstones with minor fine-grained interbeds. The fan’s evolution was primarily driven by sea-

level fluctuations and tectonic uplift along the Kribi-Campo High, which shaped the basin’s 

unconfined topography and facilitated the accumulation of thick Late Cretaceous clastic 

deposits.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 6: Petrophysical analysis of the Late-

Cretaceous Logbaba Formation in the 

Kribi/Campo sub-basin: implication on deep-water 

hydrocarbon exploration 
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The availability of a suite of conventional well logs from two deep-water boreholes (W1 

and W2) targeting the Kribi-Campo sub-basin provide an excellent opportunity to further 

characterize potential reservoirs within the Late Cretaceous basin fill. Therefore, the objective 

of this part is oriented towards the detailed petrophysical analysis of the reservoir intervals of 

the Logbaba Formation from two wells W1 and W2 in the Kribi-Campo sub-basin. The ultimate 

goal is to evaluate the reservoir potential of the formation and thus ultimately provide additional 

information on the hydrocarbon potential of the sub-basin and aid future deep-water exploration 

for characterization of the carbone capture storage sites.  

6.1 Lithological and mineralogical interpretation 

The lithological and mineralogical components of Logbaba Formation reservoirs within 

selected wells were interpreted using different cross plots (Figs. 44-48), where different matrix 

types appear by integrating different well logs (Table 9). 

6.1.1 Neutron (NPHI) versus density (RHOB), Neutron (NPHI) vs gamma ray (GR) and 

Neutron (NPHI) vs Sonic (DT) cross-plot 

The neutron (NPHI) versus density (RHOB) cross-plot shows that the Logbaba 

Formation reservoirs within selected wells consist mainly of sandstone with carbonates 

(limestone and dolomite) (Fig. 44). This neutron-derived cross plot against density also helps 

to estimate the relationship between different types of lithology and porosity (Al-Qayim and 

Rashid, 2012; Hakimi et al., 2017; Chongwain et al., 2018; Qadri et al., 2019). The cross plot 

indicates the presence of both sandstone and carbonates, while also showing the presence of 

intergranular and secondary porosities in equal proportion.  

The neutron vs. gamma ray cross plot shows the presence of scattering data points, 

indicating that the Logbaba Formation reservoirs have a varied lithology. Low gamma rays (10-

40 API) and intermediate neutron values indicate clean sandstone (Fig. 44a) while medium 

gamma rays (40-75 API) and neutron values indicate shaly sandstone (Qadri et al., 2019). 

Intermediate gamma ray values but higher neutron values above 0.22 indicate the presence of 

carbonates (limestone and dolomite) (Fig. 45). Shale rich contents are identified by high gamma 

values (above 90 API) with neutron values above 0.22. This classification is based on the 

schemes of El-Din et al., (2013) and Hakimi et al., (2017). In comparison, the neutron/gamma 

ray cross-plot (Fig. 45) is consistent with the neutron/density cross plots (Fig. 44), suggesting 

that the main lithology of the Logbaba Formation reservoirs is composed of sandstones 

interbedded with carbonates and shales. The clusters indicating sandstone and carbonates are 

dense compared to the clusters of shale-rich data points. 
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Figure 44. a) Density-neutron for Well W1 reservoirs depicting points scattered across the 

various lithological field indicating the heterogeneous character of the reservoirs. b) Density-

neutron for Well W2 reservoirs depicting points scattered across the various lithological field 

indicating the heterogeneous character of the reservoirs. 
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Figure 45. a) Neutron vs. gamma ray cross plot displaying the lithological composition of 

Logbaba Formation reservoirs within the studied well W1. b) Neutron vs. gamma ray cross plot 

displaying the lithological composition of Logbaba Formation reservoirs within the studied well 

W2. 
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The Logbaba Formation reservoirs are predominantly sandstone and carbonate, as 

shown by the neutron versus sonic porosity cross plot. The cross plot indicates that the 

limestone concentration is dominant among the carbonates while dolomite is a subordinate, in 

agreement with Qadri et al., (2019). The cross plot further reveals that the shale content appears 

to be high in the Formation's reservoirs (Fig. 46). The results deduced from Fig. 46 are 

consistent with those of Fig. 45, but differ somewhat from those of Fig. 44 in terms of shale 

content. 

6.1.2 M-N and Potassium (HFK) vs Thorium (HTHO) cross-plot 

Following Burke et al., (1969), the M–N cross-plot shown in Fig. 47 reveals that most 

of the data points appear to be sandstones and carbonates. Most of carbonate points are plotting 

in the calcite field. In addition to sandstones and carbonates few points show the downward 

movement and indicate the shale effect. The findings of the M–N cross plot are consistent with 

the those of the NPHI vs. RHOB and NPHI vs. DT cross plots. 

The potassium vs thorium cross-plot allows to identify the clay mineralogy in the 

reservoir formation (Tiyan and Ayers, 2010). The reservoir formation in the studied well 

contains a variety of clay minerals (Fig. 48). In well W2, the data points appear to be located 

mainly within the chlorite field, where the dominant clay mineral is chlorite and 

montmorillonite, as well as a small group of data points in the mixed clay layer zone. The mixed 

layers of clay minerals formed as a result of the inter-layering of various clay minerals in a 

single structure (Srodo´n, 1999). 

6.2 Lithological zonation of the reservoirs  

Based on the GR log responses from the W1 and W2 boreholes, six reservoir units were 

identified at depths ranging between 3947 - 4736 m (W1) and 3215 - 4051 m (W2) in the study 

area (Figs. 49 and 50). In W1, four sand bodies were identified and named R1, R2, R3 and R4 

with thicknesses of 27, 73.4, 105.7 and 87.3 m, respectively (Fig. 49a). In W2, on the other 

hand, only two sand bodies were delineated, R1 and R2, with thicknesses of 77.2 and 93.6 m 

(Fig. 49b).  Analysis of the GR log from well W1 in reservoir R1 (4073 - 4100 m) reveals this 

interval is composed of sandstone, predominantly coarse grained, with intercalations of 

dolomite (Figs. 49 and 50a). Reservoirs R2 (4230 - 4303.4 m) and R3 (4323 - 4428 m) are 

separated by a 20 m thick unit comprising claystone with dolomite layers. R2 and R3 consists 

of medium grained sandstone, and rare dolomite (Figs. 49 and 50a). The interval R4 (4463 - 

4550.3 m) consists medium to very coarse grained sandstones (Figs. 49 and 50a).  
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Figure 46. a) Neutron vs. sonic cross plot displaying the lithological composition of Logbaba 

Formation reservoirs within the studied well W1. b) Neutron vs. sonic cross plot displaying the 

lithological composition of Logbaba Formation reservoirs within the studied well W2. 
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Figure 47. a) M-N cross plot of the Logbaba formation reservoirs within the studied well W1. 

b) M-N cross plot of the Logbaba formation reservoirs within the studied well W2. 
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Figure 48. Thorium vs. Potassium cross plot indicating different clay minerals within the 

Logbaba Formation reservoirs of W2 well.  

In well W2, analysis of the GR log of reservoir R1 (3510 - 3587.2 m) interval consists 

of alternating massive layers of very fine to fine-silt size silty sandstone with thin to meter scale 

of limestone and siltstone and minor stringers of claystone (Fig. 49). These sandstones are 

organised in several amalgamated packages mostly showing shaling upward trends. (Figs. 49 

and 50b).  

The R2 reservoir unit (3644.3 - 3737.9 m) is mostly composed of thick massive 

sandstone packages, and subordinate stratified, cross-stratified, and argillaceous sandstones 

separated by a thick interval of massive shale (3658 - 3667 m) (Figs. 49 and 50b). 

6.3 Petrophysical evaluation  

Petrophysical properties such as shale volume, total and effective porosity, permeability 

and fluid saturation (oil and water) were determined by well log analysis to understand the 

hydrocarbon potential of the Logbaba Formation reservoirs identified in W1 and W2 (Fig. 51). 

The results show that the Logbaba Formation reservoirs have a low volume of shale 

(Vsh) in the reservoirs of the studied wells, ranging from 6.3 to 19.8%. The lowest shale volume 

is observed in well W1, while the highest shale volume is observed in well W2. 
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Figure 49. Lithological log and depositional environment of reservoir in the Logbaba 

Formation based on GR signature adopted from Emery and Myers (1996). 
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Figure 50. a) Well log signatures of studied interval in Well W1 and the identified reservoirs 

(R1, R2, R3 and R4). b) Well log signatures of studied interval in Well W2 and the identified 

reservoirs (R1 and R2). 
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The reservoirs of the Logbaba Formation in the studied wells are likewise identified as 

sandstone according to the shale volume classification established by Hilchie, (1978). Based on 

the porosity classification established by Rider, (1996), the Logbaba Formation reservoirs in 

the studied wells have relatively good porosity. The effective porosity in the two studied wells 

is between 15.5 and 21.3%, with a permeability range from 5.65 to 75.09 md (Table 9). The 

water saturation (Sw) ranged from 34.5 to 74.2% (Table 9). The lowest water saturation is 

observed in well W2 while the highest water saturation is observed in well W1. Although it is 

important to calculate the water saturation, the most essential part is to estimate the hydrocarbon 

saturation using equation (5). The results indicate that the Logbaba Formation reservoirs have 

moderate to high hydrocarbon saturation (Sh) ranging from 25.8 to 65.5% (Table 9). 

The overall thickness of the net reservoir zones between 9 and 30.5 m is shown in Table 

9. The analyzed W2 well included two pay zones that indicated hydrocarbon accumulation; 

these two pay zones were merged to obtain the overall net pay zone thickness for this well, 

which ranged from 0 to 8 m. Fig. 52 displays the sand zones (green) and net pay zones (red) in 

the formation reservoirs encountered by the W2 well. 

According to Asquith and Gibson, (1982), the estimated bulk water volume values of 

the W2 reservoirs are scattered (Fig. 53), indicating an increase in the amount of formation 

water. This finding suggests that the reservoirs are heterogeneous and that there is more water 

in the formation than can be contained by the capillary pressure. Consequently, the reservoirs 

can not produce a water-free hydrocarbon during production since they are not saturated with 

irreducible water (Swirr). 

6.4 Reservoir Fluids  

Further analysis of the resistivity log data shows that the three resistivity logs in the 

reservoir interval overlap, indicating the presence of a water-bearing zone (Fig. 50). The higher 

deep resistivity readings (P40H) observed in the reservoirs W1 and W2 indicate the presence 

of hydrocarbons (Fig. 50). The cross-plot of neutron and reservoir density in the individual 

wells shows no “balloon effect”, suggesting the presence of oil as the hydrocarbon phase 

(Chongwain et al., 2018 and 2019). However, the reservoirs in W1 contain no producible 

hydrocarbons (i.e., no pay zone), but with low GR and high resistivity values based on Zhu et 

al., (2018), which is typical of calcareous interbeds, which have lower natural gamma (less than 

80 API) and higher lateral resistivity values than any other sandstone. 
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Figure 51. a) Litho-saturation cross-plots of the Logbaba Formation reservoirs showing 

porosity, permeability, shale volume, water saturation, and hydrocarbon saturation within W1 

well. b) Litho-saturation cross-plots of the Logbaba Formation reservoirs showing porosity, 

shale volume, water saturation, and hydrocarbon saturation within W2 well. 
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Calcareous interbeds are classified into four types: 1) the bottom type, 2) the top type, 3) and 

4) the central and the complete types (Qi et al., 2006; Zhang et al., 2007; Wang et al., 2009; 

Zhang et al., 2009; Sun et al., 2010). The reservoir intervals that W1 penetrated may be typical 

of the complete type of calcareous interlayer, where the thin isolated mudstone-draped sand 

layer and the sand as a whole has been fully cemented by carbonate to produce a tight reservoir 

(Chongwain et al. 2018) (Fig. 50a). 

Table 9. Quantitative results of the petrophysical analysis of all identified sand zones within 

the Logbaba Formation through the studied W1 and W2 wells. 

 

 

Figure 52. Petrophysical and Pay zone summary graphical representation of W2 well 

reservoirs. 
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Figure 53. Buckle plot of water saturation against porosity for Logbaba Formation reservoirs 

within the well W2. 

 

In conclusion, petrophysical analysis of the Upper Cretaceous Logbaba Formation in 

the Kribi-Campo sub-basin, based on data from wells W1 and W2, reveals that the reservoirs 

are primarily composed of turbiditic sandstones interbedded with carbonates and shales. The 

reservoirs exhibit good quality, with effective porosity ranging from 15.5% to 21.3%, moderate 

permeability, and low shale content. Although all intervals are water-bearing with no 

recoverable hydrocarbons, the presence of chlorite-dominated clay minerals appears to have 

minimal impact on reservoir quality. These findings provide valuable insights into the 

formation’s depositional and diagenetic history. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 7 : Discussion 
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Having interpreted and described the geometry and morphology of the submarine 

channel and fans structures characterized from the high-resolution 3-D seismic dataset, we now 

discuss the factors controllings their formation. We also propose in this final chapter a 

conceptual model for the genesis of the channel and fans and highlight the implication of the 

turbidite systems on deep-water hydrocarbon exploration and production. 

7.1. Controls on the evolution of the Cretaceous submarine channel system 

Submarine channels can be influenced by sea-level change, sediment flux, tectonics, 

and climate, and have a significant impact on the sedimentary architecture of continental 

margins (Reading and Richards, 1994; Wu et al., 2018). Several factors can be suggested as the 

principal controls on the development of the Late Cretaceous submarine channel system within 

the SU2 in the study area. This encompasses tectonics, relative sea-level fluctuations, fluvial 

sediment supply, and slope gradient. Here, these factors are examined first in terms of whether 

and how they might have influenced the evolution of the submarine channel system. 

7.1.1. Tectonics 

One structural high (Kribi high) was mapped in the study area (Fig. 31). There are highs 

that are believed to have significant control on the sourcing and distribution of Cretaceous 

sediments from the onshore to the offshore depocentres. However, these highs have been active 

during the evolution of the submarine channel system in the Late Cretaceous. The Kribi high 

lies to the SE of the study area (Fig. 31) and it is a NE-SW trending feature, which has a similar 

trend to the submarine channel (Le, 2012; SPT, 1995). It comprises a thick Early Cretaceous 

syn-rift sequence, which is overlain by a Late Cretaceous post-rift sequence (Le, 2012; Loule 

et al., 2018). Late Cretaceous sediments filled the developing basin, which is bounded by the 

eroded paleotopographic high to the southeast (Kribi High). Furthermore, the reactivation of 

some of these structures (e.g., Kribi Campo High, Kribi and Campo Fracture Zones) during the 

Cretaceous and Tertiary times also affected and promoted the entry and deposition of gravity 

flow deposits of coarse clastics which represents the primary reservoir targets in the study area 

(Sterling, 2010; Le, 2012). 

7.1.2. Relative sea-level fluctuations 

It is widely accepted that relative sea-level oscillation can promote the occurrence of 

submarine channels in deep-water settings (Posamentier, 2001; Posamentier and Kolla, 2003). 

Seismic based investigations (Posamentier and Kolla, 2003; Niyazi et al., 2018), numerical 

modellings (Soutter et al., 2021), outcrop analogues (Sprague et al., 2002; Pr´elat, 2010) and 
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studies focusing on the Pliocene to modern submarine channel systems (Samuel et al., 2003; 

Chima et al., 2020) showed that lowering sea-level is one of the important mechanisms by 

which sediments could be transported beyond the shelf break more efficiently, and form 

turbidity channels even in the distal area of the deep-sea. Although, submarine turbidity channel 

development during high sea-level were documented in the Congo and Bengal fans, their 

presence was also linked to increased tectonic activity (Van Weering and Van Iperen, 1984; 

Weber et al., 1997). In fact, the sea-level fluctuations can act as a switch on the continental 

shelf, by capturing and storing most of the coarse-grained sediments within the shelf during the 

period of high sea-level, while by-passing them to the deep basin during sea-level fall and 

connecting the catchment area to the deep-sea (Posamentier and Kolla, 2003). 

An apparent high sea-level can be observed during the late Campanian, which 

corresponds to the KC-3 horizons (Fig. 12). Interestingly, deep-water fans were documented in 

this period within SU1 and likely developed due to the rising sea-level (Fig. 30). When the sea-

level stands high, the shelf will be submerged and coarse-grained sediments are primarily 

deposited on the shelf, and only fine-grained materials could be transported to deep waters, 

forming clay dominated submarine fans (Myers and Milton, 1996; Posamentier and Kolla, 

2003; Samuel et al., 2003). As the sediments accumulated in the study area, and sea-level start 

to drop, coarser materials stored during the previous lowstand (around KC-3) could be 

transported to deep sea, and those deep-water fans could transit into turbidity channel system 

(Posamentier and Kolla, 2003; Cross et al., 2009). Due to lower hydraulic pressures and 

abundance in coarser grain size sediments, gravity flows during lower sea-level tend to be more 

erosive and finally could form submarine channels (Catuneanu, 2006). Coincidently, we 

observed channel incision within SU2 (Figs. 30 and 34), which can be correlated to the lowering 

sea-level curve of Haq et al. (1987). Since the submarine channels during lowstands are highly 

erosive and comprise a higher sand proportion (Figs. 33 and 34), it is plausible to suggest that 

the abundance of coarse-grained sediments available from the shelf and through the fluvial 

sediment supply during the early stage of sea-level fall, played important role in the formation 

of the submarine channels. Nevertheless, continuous sea-level drop also could demise the 

submarine channels, as the coarser materials available on the shelf were consumed by the early-

stage channel (Posamentier and Kolla, 2003; Cross et al., 2009). The subsequent channel 

contains large number of fine-grained materials, and it is no longer as erosive as the early-stage 

counterpart, since the energy of the turbidity current is directly linked to the sand/mud ratio of 

the flow (Shanley and McCabe, 1994; Tripsanas et al., 2008). This interpretation also explains 
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the narrower morphology of the late-stage channel comparing to the early-stage channel (Fig. 

36). 

7.1.3. Fluvial sediment supply 

Sediment supply is the material basis for the development of deepwater channel systems 

(Catuneanu, 2006; Gong et al., 2016). The types and abundance of sediments provided by 

source area may have had great influence on the formation and characteristics of the deep-water 

depositional systems in the study area. It is known that following the Santonian tectonic event, 

a large amount of terrigenous sediment was transported to deep-water basins, forming a widely 

developed deep-water gravity channel system in the Maastrichtian (SPT/Simon Petroleum and 

Technology, 1995). During this time, sediment supply from the Sanaga River also played a 

significant role in the type of infill and the nature of the sediment within the submarine channel 

systems. Coarse clastic sediments are therefore predicted to have been extensively deposited in 

the study area, particularly in the vicinity of the Sanaga River (SPT/Simon Petroleum and 

Technology, 1995). Tracing the conduits that fed the submarine channel system using root-

mean-square amplitude slices indicates a transported from the shelf-edge delta systems formed 

by Sanaga and Nyong Rivers during the depositional stage of the Late Cretaceous (Fig. 34). 

The infilling of the submarine channel system in this study reflects a deltaic (Sanaga and 

Nyong) origin of the sediments deposited on the continental shelf margin in the northeast of the 

study area. The NE-SW trending channels mapped in this study indicate that sediments 

originate primarily to the northeast (Figs. 36 and 37). This corroborates the interpretation made 

by Meyers et al. (1996), Iboum Kissaaka et al. (2016), and Yugye et al. (2021). 

7.1.4. Paleotopographic gradient 

Paleotopographic gradient features appear to have played a key role in controlling the 

morphology, internal architecture and fills of the submarine channel in the Late Cretaceous 

(Zhao et al., 2018). The Intervals 1 and 2 were characterized by a strong gradient (2.64◦ and 

2.02◦) with a large channel width and shallow depth (Table 7. Fig. 36). However, Interval 3 is 

characterized by a gentle gradient (0.40◦) with a small channel width and large depth. The 

possible reason for such a difference in morphology over such a short distance could be related 

to the different palaeotopographic gradients (Fig. 36a). Therefore, the degree of widening is 

commonly larger than that of deepening with increase in the channel scale. This means that a 

larger width/depth ratio commonly coincides with a larger-scale channel (Zhao et al., 2018). 
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The highest amplitudes observed in the map view characterize areas of lower channel gradient, 

while the lowest amplitude channel amplitude areas are in the upslope to the mid-slope of the 

channel and characterize the high gradient (Fig. 34). Thus, the amplitude change may reflect a 

change in lithology from fine to coarse-grained deposits (Sullivan et al., 2000; Morend et al., 

2002). In the case of the slope segments x, the low amplitude lithofacies corresponds to fine-

grained deposits. On the other hand, when the slope is low (segment z), high amplitude 

lithofacies indicate deposits of coarse-grained deposits (Figs. 34 and 37). This type of 

sedimentary submarine channel fill is similar to the indented sedimentary channel fill suggested 

by Li et al. (2020). 

7.2. Evolutionary model for the Late Cretaceous channel system 

The local tectonics, sea-level fluctuations, and fluvial sediment supply are likely 

controls on the occurrence and absence of the submarine channel system in the long term. The 

paleotopographic gradient is responsible for the morphological evolution of the channel system 

and the distribution of coarse-grained sediments. The overall formation and development of the 

studied submarine channel system could be explained by four steps conceptual model (Fig. 54). 

During the high sea level at the late Campanian (KC-3), most of the sediments accumulated on 

the continental shelf and deep-water fans developed at the distal part (Fig. 54a). Following the 

drop in sea-level, increase of fluvial sediment supply, previously accumulated sediments on the 

shelf and sourced from the fluvial system were delivered to the deep basin, and formed the Late 

Cretaceous channel system (Fig. 54b). The differences in the gradient for the topography, on 

which the channels developed, influenced the distribution of sand-prone sediments. As a result, 

coarser-grained materials mainly accumulated along the channel at the gentler lower stream 

(Fig. 54b). Following continuous sea-level fall and the discharge of coarser sediments on the 

shelf, more fine-grain materials were delivered to the system, decreasing the flow energy, by 

which only narrower (late-stage) channel could be developed (Fig. 54c). The late-stage channel 

is also characterized as more mud-prone and less erosive compared to the early-stage channel 

(Fig. 54c). In the final stage, from the Late Cretaceous to the Tertiary, the study area was 

submerged by the rapid sea level rise, and then the submarine channel system died out quickly 

due to the lack of sufficient sediment supply (Fig. 54d). 

7.3. Implications for hydrocarbon exploration in deep-water Kribi-Campo sub-basin 

Turbidite channel systems are one of the most common types of hydrocarbon reservoirs 

found along the West Africa margin and elsewhere (Weimer et al., 2000). Therefore, the 
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investigation of these late Cretaceous submarine channels system, have implications for 

hydrocarbon prospectivity in the deep-water Kribi-Campo sub-basin. 

The early-stage channel consists of coarse grain sediments alternating with fine grain sediments 

rather than being isolated on a basal erosional surface, suggesting multiple barriers and possible 

thief zones at the base of the channel (Figs. 33 and 34; Mayall et al., 2006). In addition, the late-

stage channel is predominantly fine-grained. However, the presence of coarse-grained 

sediments in the early-stage channel originating from erosive energetic flows may result into 

good reservoirs in the study area (Loule et al., 2018; Sterling, 2010; Jobe et al., 2011). 

Sediment transport models indicate that grain size distribution, as well as slope gradients, are 

key variables dictating the presence of good reservoir development (McCaffrey and Kneller, 

2001; Stevenson et al., 2015). The coarse-grained sediments of the early-stage channel in this 

study were deposited along the low slope gradients (segment z) and the fine-grained sediments 

were deposited in the high slope gradients (segment x) (Figs. 34d and 37). As a result, the 

channel system with gentle gradients and coarse-grained sediments offers the highest potential 

for hydrocarbon discoveries (McCaffrey and Kneller, 2001; Stevenson et al., 2015). 

Another potential application of this study lies in the well-log motif of the submarine 

channel system where various stages of channel evolution have distinct logs responses (Fig. 

33a). The basal coarse-grained lags of the early-stage channel in well W1 show a large kick in 

GR and display a serrate GR log motif with some blocky/bell-shaped intervals (Well W1 in Fig. 

33a). The late-stage channel fills are mainly characterized by a serrate GR motif with some 

low-amplitude bell-shaped GR intervals (Fig. 33a). The log responses observed in this study is 

similar to those reported from other slope channel systems (e.g., Fig. 36 of Mayall et al., 2006, 

Fig. 35 of Li et al., 2021). This suggests that evolutionary stages and associated 2D or 3D 

reservoir elements of submarine channel systems may be recognized from 1D vertical log 

patterns or sections. 

7.4. Evolution of the submarine fan system 

The submarine fan system consists of a single broad lobe fed from the east by a shelf 

incised canyon (Fig. 40b and c). As the fan system evolves, it exhibits variable planforms, sand 

content, stacking patterns and lithologic characters (Figs. 40, 43 and 44). This difference 

reflects the architecture evolution of a single submarine fan system, during an aggradation phase 

with a particular interaction with the underlying topography marked by the presence of the 

Kribi-high. Based on observation criteria such as fan shape, channel inclusion and difference 
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in sand abundance within the submarine fan, we establish three-stage architecture evolution for 

submarine fan system (Zhang et al., 2018).  

At the early stage of the fan evolution, deposition occurred as a minor submarine fan at 

the toe of slope fed by a single (narrow) feeder channel. Both Fan A and B developed in a 

stacking pattern with a lobed geometry and the presence of a channel within the submarine fan 

and can be interpreted as a channelized lobe (Fig. 40c). In the Well log W1, these fans are 

characterized by high-amplitude blocky GR log motifs and are interpreted as a sand-prone 

channel fill (Fig. 43). This stage represents the initiation of the submarine fan system (sensu 

Gardner et al., 2003, Hadler-Jacobsen et al., 2005). 

  In the second stage slope channel avulsion followed by submarine fan deposition at the 

toe of slope to proximal basin floor was initiated. Submarine fans C, D, and E are correspond 

to this stage and were formed associated with crevasse splay deposits and large volumes of 

sediments. Moreover, our results indicate the presence of a series of relatively parallel high 

amplitude elongate features with finger-like terminations at the margin of the submarine fan 

(Fig. 41). These finger-like terminations appear to be only developed on SE lobe margin. The 

morphology and scale of the finger-like features are comparable to similar features described 

on the Melas Chasma sub-lacustrine fan on Mars (Metz et al., 2009), on the Monterey Fan and 

in the distal areas of Permian submarine fans preserved in the Tanqua Karoo Basin, South 

Africa (Klaucke et al., 2004) and also on the distal edge of the Mississippi submarine fan. The 

distal Mississippi submarine fan also has a lobate morphology with finger-like dendritic 

terminations, elongated lobes, and splays that branch off of the main deposit at high angles up 

to 90° (Twichell et al., 2009). The distal Mississippi submarine fan also has low relief mildly 

sinuous channels and is very flat, with a surface slope of 0.08° (Gardner, 2007). It consists of 

mudstone facies with interbedded sand and silts, formed by abrupt deposition of channelized 

flows to form small lobes at their distal reaches (Nelson et al., 1992, Klaucke et al., 2004). 

Therefore, the high amplitude finger-like features in our study could be interpreted as a thick, 

massive sands formed by sediment-laden flows driven by gravity that diverge from the primary 

flow and erode into the hemipelagic sediments (Le, 2012). Well W1 (Fig. 43) shows that 

submarine fans C to E consists of sandstone and subordinate claystone with blocky to funnel-

shaped GR log motifs. This phase is interpreted as fan growth stage (sensu Gardner et al., 2003, 

Hadler-Jacobsen et al., 2005). 
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Figure 54. Diagram of the deposition facies in the study area showing the temporal and spatial 

evolution of the Late Cretaceous submarine channel. a) Turbidites fan came into being first 

before the formation of the early-stage of the channel. b) The early-stage channel is 

characterized by Sand-prone sediments and some Clay-prone sediments. c) The late-stage 

channel deposit is narrow and is more sinuous characterized by Clay-prone. d) In the final stage, 

from the Late Cretaceous to the Tertiary, the submarine channel system died out. 

In the final stage, the submarine fan retreated and the feeder channel backfilling and 

significant slope overbank splay deposition as a function of reduced feeder-channel margin 

relief occurred. Although, the submarine fan F presents some similarities with fan E, it lacks 

finger-like features. Fan G is characterized by the absence of a feeding and distribution channel 

within this fan (Fig. 42b). Fan G is narrowing and tending to disappear to make way for a 

submarine channel system reported by Secke et al., 2022. Well W1 (Fig. 43) reveal that the 
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submarine fans F to G are characterized by low-amplitude bell-shaped GR log responses and 

are interpreted as overbank. 

7.5. Allogenic and autogenic controls on submarine fan architecture 

According to, Catuneanu and Zecchin, 2013, allogenic and autogenic processes that may 

interact with each other still control submarine fan deposits. Factors such as tectonics, sea level 

fluctuations, topography and channel incision, probably controlled the development of the 

submarine fan in the study area.  

During the Santonian (KC-02), there was a tectonic readjustment along the Kribi-

Campo High, which was uplifted relative to the deep basal zone to the west, resulting in 

significant erosion and leading to the deposition of thick Late Cretaceous clastics, characterized 

by slope and basin floor fans containing multiple channel complexes (Fig. 37; Sterling, 2010; 

Le, 2012). A series of eustatic depressions during the Campanian-Maastrichtian and Santonian 

uplift facilitated the episodic transport of major clastic sequences across the relatively narrow 

shelf into the deeper basin to the west (Secke et al., 2022). Following the drop in sea-level, 

increase of fluvial sediment supply, previously accumulated sediments on the shelf and sourced 

from the fluvial system were delivered to the deep basin, and formed the during the Santonian 

a complex channel (Fig. 39 and 42a). As sea level falls (Fig. 12), the shoreline migrates seaward 

for several kilometers, and may have caused a direct connection between shelf edge systems 

and canyon heads, which could facilitate the delivery of voluminous clastic material into the 

deep-water setting (Gong et al., 2016), and thus develop submarine fan sediments. The initiation 

of submarine fan A atop of the submarine channel system indicate the sea level rises, as the 

proximal (channel) part of the source to sink system was overlain by distal (fan) system. This 

was also evident by the Gamma ray that shows fining upward trend towards the fan A. 

Submarine fan B to C represents the continues development to the fans, and D has the largest 

area coverage, indicating the sea-level reached it is peak during this time.  In general, during 

the development of Fan A to Fan D, the low GR signatures is separated by high amplitude 

values, indicating the level is fluctuating even though the general trend is a rising stage (Figs. 

45, 55). Further subsidence along the West African margin occurred in the Late Cretaceous 

(Campanian-Maastrichtian) as continental drift continued (SPT/Simon Petroleum and 

Technology, 1995; Iboum et al., 2016). New coarse clastics were introduced into the Kribi-

Campo horst and the study area. These coarse clastics were fed by paleo-fluvial deltaic systems 

(Ntem, Nyong and Sanaga) that organized into shallow marine sediments along the inner shelf 

area, only to be remobilized into the deeper basin areas as gravity flow deposits of high density 
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turbidites and debrites in fan channel geometries vis-à-vis submarine canyon feeder systems 

(Sterling, 2010; Secke et al., 2022). From Fan D to G, the areal coverage of the fans is 

decreasing, indicating a possible fall in sea level. However, the GR shows an increasing trend, 

suggesting the sediments intersected by the wells are mainly fine-grained material. The fall in 

sea level is also evident by the observation of a channel system that developed atop of the Fan 

G (Figs. 44c, 45, 55). Although allogenic effects dominate the control of submarine fan 

architecture in the study area in the Late Cretaceous, autogenic factors may still exert some 

influence. Seafloor topography is an important autogenous factor that could influence the 

morphology of the submarine fan (Adeogba et al., 2005; Gervais et al., 2006; Prélat et al., 2010). 

For example, laterally confined topography may facilitate the development of submarine 

channel systems, while relatively unconfined topography may accommodate large-scale 

submarine lobe sediments, such as those observed in this study with an elongated shape and 

size around 600 km2, falling in the lower range of the range dimensions (Pickering et al. (1989)). 

According to Janocko et al. (2013), frequent channel incision is another common autogenous 

process in the deep-water environment that may explain the diversity of submarine fan 

architecture. When channel incision occurs largely at one of the evolutionary stages, 

downstream submarine fan systems may be abandoned and end up with incomplete successions, 

as illustrated in this study (Fig. 42b). 

 

       Figure 55. Relative sea-level of the submarine fan inferred from gamma ray log 
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7.6. Conceptual models of submarine fan 

Campanian depositional form (primarily fans) was quite different from the large, well 

confined submarine channel of the Santonian. In Campanian times (KC-3), the dominant 

depositional form has been interpreted as large  (Loule et al., 2018), relatively unconfined basin 

floor fans with well-defined internal structures such as channels, levee deposits, crevasse splay 

and breat-out fan lobes to the main basin floor fan (Sterling, 2010; Fig. 56). The stage of 

evolution of these submarine fans, shows characteristics very similar to the Type I depositional 

system of Mutti (1985), where a vertical succession of aggradational fan lobes and channels 

produce a complex sedimentological mix of facies types and this is what would be expected in 

the Campanian of the study area (Fig. 56).  At the beginning of this period, the sea level 

coincides with a period of fall sea level which would have led to the development of the first 

stage of fan evolution (Fan A and B) marked by a single (narrow) feeder channel associated 

with a single sand-rich lobe (Gardner et al., 2003, Hadler-Jacobsen et al., 2005; Fig. 56a). 

During the growth phase (Fan D), the geometry of the fan increases with a more sinuous channel 

developing within the lobe (Fig. 56b). The slope channel avulsion was followed by the 

submarine fan deposition at the toe of slope. This suggests significant sediment supply to an 

expansive, unconfined basin floor area where is dominated by the fan channel and stacked lobes 

developed in a relatively lowest sea level period (Zhang et al., 2018).  Immediately after this 

stage, as sea level rises, there is an upward trend in the GR log reading (Fig. 43) which is 

characterized by a decrease in the area coverage of the lobe, and decrease in the slope gradient 

in its upslope feeder system. This period also accompanied by the incision of main channel (Fan 

G). A retreat of the submarine fan combined with feeder channel backfilling and significant 

slope overbank splay deposition as a function of reduced feeder-channel margin relief occurred 

(Gardner et al., 2003, Hadler-Jacobsen et al., 2005; Fig. 56c). The submarine fan becomes 

increasingly rich in fine sediment and poor in sand (Fig. 56c).  

Overall, these are stacked, low relief sheets or lobes located outboard from the main 

feeder channel system in the eastern sector of the study area. The high amplitude reflection 

packages (HAR) give strong support for a mix of clastic types and there are evidence of 

compaction draping over the more sand-rich areas of the fans (Mutti, 1985, Sterling, 2010). The 

presence of erosive channels with moderately developed levees indicate the effects of turbidity 

flow processes that associated with the debris flow units (debrites) interbedded with sands and 

other rock assemblages (Sterling, 2010). With the onset of the Maastrichtian (KC-04), the 

dominant deep-water deposition system changed from a submarine fan series in the Campanian 

to a more confined and incised channel system (Fig. 56c). 
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7.7 Depositional environment of reservoir 

The sediments of Logbaba formation comprise a series of sandstone and shale 

successions that have been deposited during different relative sea level changes. This suggests 

two depositional conditions occurring during the Campanian-Maastrichtian (SPT, 1995). A 

transgressive episode, was distinguished by finer grained facies (deep-water sediments e.g. 

shale, siltstone) overlying coarser facies (shallow water sediments e.g. sandstone), indicating 

deposition during sea level rise. A regressive episode, where shallower marine and nearshore 

deposits, indicating deposition during falling sea level, overlie marine deposits. These 

sediments of  Logbaba Formation have characteristic coarsening upward, fining upward, and 

blocky gamma ray log signatures. The cylindrical or blocky gamma ray log motifs recorded in 

this study are serrated with quite abrupt upper and lower limits. This characterized the reservoir 

sand bodies “R1, R2, R3, and R4” (well W1), and “R1 and R2” of well W2. This reservoir 

thickness ranges from 27 to 105.7 m (Table 4), and are usually associated with fine-grained 

sands of good reservoir quality due to low shale content as a result of high energy conditions 

leading to clean porous sands. However, according to Emery and Myers (1996) stated that 

cylindrical patterns with greater range of thickness, as those of reservoir sands of well W1 and 

W2 (Table 4), could be interpreted as turbidite sand depositional environment (i.e. deposited in 

an aggradation/still stand depositional sequence; Fig. 49). In addition, Secke et al. (2022) 

reported that the high amplitude seismic facies displaying an aggradational pattern with parallel 

and continuous reflections observed within the Logbaba Formation in the same study area 

corresponds to turbidite fan system, composed reservoir sands in the deep-water of the Kribi-

Campo sub-basin.  

7.8 Implication for reservoir quality 

The results indicate that the Logbaba Formation reservoirs do not consist solely of clean 

sandstone, but rather include intercalations of carbonates and shales. The heterogeneous matrix 

of the reservoirs, consisting of sand, limestone and dolomite in this case, probably indicates that 

the detrital carbonate originated from fluvial sediment influx from the Sanaga and Nyong 

Rivers (Regnoult, 1986; ECL, 2001; SNH, 2005). Further diagenesis led to the dissolution of 

the biogenic carbonate-forming calcite matrix generating secondary intragranular porosity 

(Irwin et al., 1977; Curtis and Coleman, 1986; Chongwain et al., 2019). Reservoirs are generally 

organized into several amalgamated packages, mostly with blocky sands (Fig. 50).                  

These are interpreted to represent a stacked set of overall upward sanding packets that may 
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represent a phase discharge deposited primarily by granular flows in a poorly confined channel 

in a proximal lobe (Sterling, 2010). 

 

Figure 56. Depositional model of submarine fan in the studied area within Campanian time of 

the Kribi-campo sub-basin a) initiation phase, b) growth phase and c) retreat phase. 



 

108 

This result would be consistent with the work of SPT, (1995), Le, (2012), Loule et al., 

(2018), who suggested that the sediments observed in the Logbaba Formation are mud-rich 

deposits with local sandy deposits associated with channels and fans. This is evidence for the 

presence of medium- and locally coarse-grained sandstones with overlying net thicknesses 

greater than 80 m. 

The inferred results of the study indicate the presence of chlorite and montmorillonite 

as dominant clay minerals and some small in the mixed clay layer zone (Fig. 48). The mixed 

layers of clay minerals formed as a result of the inter-layering of various clay minerals in a 

single structure (Srodo´n, 1999). Clay minerals are generally considered detrimental when 

assessing the quality of sandstone reservoirs (Jiang, 2012). Clay minerals reduce porosity and 

permeability as they can clog pore throats when they are in the form of films, plates and bridges 

on the grain surface (Jiang, 2012). Some clay minerals increase chemical compaction while 

accelerating the rate of porosity loss in a limestone deposit, lowering reservoir quality (Brown, 

1997; Chongwain et al., 2019; Qadri et al., 2019). However, the presence of clay minerals does 

not necessarily indicate a deterioration in reservoir quality but can also contribute to improving 

reservoir quality (Heald and Larese, 1974; Bloch et al., 2002; Taylor et al., 2004). The present 

study shows an abundance of chlorite in the W2 well reservoirs, which can protect and maintain 

reservoir quality by coating the sand grains and prevent it from quartz cementation. The chlorite 

mineral may have formed early in the diagenesis of micas and feldspar on the seafloor, or it 

may have been the result of detrital chlorite influx from nearby river sediments during rapid 

deposition (Chongwain et al., 2018; Qadri et al., 2019). The good porosity values (21.3%) 

estimated for the first reservoir in well W2 indicate a minimal impact of clay minerals on 

reservoir quality.  The W1 well encountered thick and porous sand reservoirs. However, there 

is no evidence that hydrocarbons migrated into any reservoirs, suggesting that the source rock 

and/or hydrocarbon migration pathways are the main risk factors and reason for the well failure 

(Loule et al., 2018). The W2 well encountered good quality reservoirs in the Logbaba 

Formation, but all were water bearing and did not contain commercial quantities of 

hydrocarbons.       

In conclusion, the development and depositional architecture of both the submarine 

channel and fan systems in the Kribi-Campo sub-basin were primarily controlled by the 

dynamic interplay of tectonic activity, sediment supply, relative sea-level fluctuations, and 

paleotopographic gradients. In particular, tectonic uplift along the Kribi-Campo High and 

associated sea-level changes played a key role in shaping the unconfined basin topography, 

driving significant erosion and the accumulation of thick Late Cretaceous clastic deposits. 
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Conclusions 

This thesis presents results from the analysis of a suite of high-resolution subsurface 

geophysical dataset employed in unravelling the deep-water turbidite systems architecture in 

the Kribi-Campo sub-basin, Offshore Cameroon. The main conclusions from the thesis are 

provided below: 

 

Integrated analysis of a high-resolution, 3D seismic reflection dataset and borehole data 

from the deep-water Kribi-Campo Sub-basin, offshore Cameroon has revealed a well-

developed submarine channel system that developed during the Late Cretaceous.  

- The submarine channel system recognized in the Late Cretaceous trends approximately 

NE–SW with a total length of about 56 km and a maximum width and height of 5 km 

and 197 m respectively within the study area. The submarine channel system is U-

shaped and of two parts: (1) the early-stage channel with a linear morphology and: (2) 

the late-stage channel located within the early channel which is narrower with a sinuous 

morphology. According to width to depth ratio and variation of erosion bases of the 

channels, the channel system can be divided into three segments (x, y and z), each of 

which is characterized by unique internal structure and infilling processes.  

- The development and depositional architecture of the submarine channel system are 

mainly controlled by the changing interplay of tectonic, sediment supply, relative sea 

level changes and paleotopographic gradient. The segmentation of the submarine 

channel system was constrained by the paleotopographic gradient of alternating uplifts 

and depressions. The findings from this study demonstrate that a decreasing slope 

gradient favours coarser-grained deposits primarily along the axis of the channel 

system, while a strong slope gradient leads to the deposition of fine-grained sediments. 

The abundant sediments feeding the submarine channel system were transported from 

the Sanaga and Nyong River source areas.  

- Understanding the channel morphology is crucial for facies prediction and efficient 

development of deep-water channel reservoirs especially as hydrocarbon exploration 

moves into deeper waters in the study area and elsewhere. 

 

Detailed seismic geomorphological analysis of 3D seismic reflection and well data for 

the Late Cretaceous sequences studied in the Kribi-Campo basin, offshore Cameroon has 
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enabled the internal architecture and geomorphological evolution of a deeply buried Campanian 

basin floor fan system to be described. The results of this work are as follows:   

- The submarine fan exists in stacked form and its depositional history has been 

reconstructed using seven strata slices and seismic attributes grouped into initiation, growth and 

abandonment phases.  

- The submarine fan is in the form of an elongated lobe-oriented NE-SW, the sediment 

of which entered via an east canyon probably originating from the Palaeo-Nyong fluvial system 

migrating through the area. This fan contains a sinuous distribution channel. 

- The sediments in the fan were mainly gravity-flow deposits of coarse-grained turbidite 

sandstone with minor interbedded fine-grained hemipelagic sediments that were vertically 

stacked. 

- The evolution of the fan architecture was mainly conditioned by changes in sea level, 

and tectonic readjustment along the Kribi-Campo High, which was uplifted relative to the deep 

basal zone to the west, resulting in significant erosion and leading to the deposition of thick 

Late Cretaceous clastics and the unconfined topography of the basin. 

An assessment of the petrophysical properties of the Upper Cretaceous reservoirs of 

Logbaba Formation in the Kribi-Campo sub-basin, offshore Cameroon was investigated using 

well log data from two key wells W1 and W2. The results of this study provide important 

insights into the reservoir quality of the Logbaba formation, as follows: 

- The lithofacies of the Logbaba Formation reservoirs consist mainly of sandstone 

interbedded with carbonates and shales. The shapes of the gamma-ray signatures are 

cylindrical; however, these reservoirs correspond to a turbidite sand depositional environment. 

- The analyzed wells show good reservoir quality, with relatively moderate and good 

effective porosity (15.5% - 21.3%), with medium permeability (5.65 - 75.09 md) and low shale 

content (6.3% - 19.8%). Water saturation is high (34.5% - 74.2%). However, all reservoirs were 

water-bearing and the hydrocarbon residues were not recoverable and did not contain 

commercial quantities. 

- Clay minerals such as chlorite, montmorillonite and mixed layers were found in the 

reservoirs. The dominant clay mineral is chlorite, and its development is related to primary 

deposition before rock formation or to secondary diagenetic events that occurred after 
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sedimentation. The good porosities, on the other hand, indicate that the clay mineral has little 

influence on reservoir quality. 

The findings of this study can also guide exploration in similar basins awaiting further 

exploration and development but also aid future estimation of the potential geological storage 

capacity in this basin. 

Limitations of the research 

The limitation of the existing regional seismic dataset has undoubtedly been an obstacle in the 

detailed study of the stratigraphic architecture of the Upper Cretaceous targets. In addition, the 

legacy seismic data is not optimised for examining the finer details of fault systems nor for 

delineating the architecture of the target reservoirs. Therefore, better seismic imaging will be 

required especially wider coverage of 3D seismic reflection dataset. 

Future Research 

This thesis has opened opportunities for future research works, which could be undertaken 

to extend the understanding of the processes modulating the deep-water evolution of the Kribi-

Campo sub-basin.  Other detailed analysis of the channel has to be performed to further unravel 

the fluid-bearing (hydrocarbon vs pore-water) potential of the channels identified in this study. 

Seismic evaluation like amplitude versus offset (AVO) analysis would be important with fluid 

substitution to know the fluid composition of the sandy channel facies. Also, Prestack depth 

migration (PSDM) data or velocity modelling would be important to have accurate depth 

measurement of the channel dimensions. 

A 3-D petroleum system modelling taking into consideration the manifestation of the 

turbidite systems as potential hydrocarbon reservoirs or transient reservoirs is necessary for 

unravelling the workings of the petroleum system in the Kribi-Campo Basin. This will also 

provide a quantitative estimate of hydrocarbon volume. 

Having interpreted and described the geometry and morphology of the turbidite systems 

characterized from the high-resolution 3-D seismic dataset and the reservoir properties from 

boreholes. Concerning possible future carbon capture and storage (CCS) activities in the study 

area off the coast of Cameroon, it is an ideal natural laboratory for CCS based on the following: 

- The formations are suitable because the reservoirs studied are located at a depth of more 

than 800 m (to allow storing CO2 in the supercritical state), have a thick and extensive 

seal, have sufficient porosity for large volumes and can be sufficiently permeable to 
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allow injection at high flow rates without the need for excessive pressure. CO2 

sequestration at depths of more than 800 meters offers two advantages, both of which 

result from the high pressures encountered at these depths: the density of the CO2 is 

high enough to allow efficient filling of the pores and to reduce the difference in 

buoyancy compared with in situ fluids. 

- There are available wells that can be used to reinject CO2 into the reservoir. Therefore, 

future studies can model the fate of CO2 stored in the reservoir and likewise the volume 

of CO2 that can be stored in the reservoir.  
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A B S T R A C T

Deep-water hydrocarbon exploration in the Kribi/Campo sub-basin offshore Cameroon is targeting the promising 
Campanian-Maastrichtian turbidite reservoirs. However, a detailed understanding of the petrophysical properties 
of these Upper Cretaceous reservoirs is not well documented. In this study, well logs from two boreholes W1 and 
W2 located in the southern part of the sub-basin provide a unique opportunity to assess the reservoir quality of 
the Upper Cretaceous Logbaba Formation. Four potential reservoir intervals with thickness ranging between 27 
and 105.7 m were delineated in W1, compared with two intervals in W2 with thickness ranging between 72.2 
and 93.6 m. Lithological analysis of these reservoir intervals indicates a heterogeneous reservoir matrix con
sisting of sand, limestone, and dolomite. These reservoir intervals are interpreted as turbidite sand deposits with 
a clay content ranging from 6.3 to 19.8%, porosity ranging from 15.5 to 21.3%, permeability ranging between 
5.65 and 75.09 mD and a water saturation of 34.5–74.2%. Fluid free index, reservoir quality index, and flow zone 
indicator are insignificant and suggest reservoirs with poor transmissibility. These analyses reflects good pet
rophysical characteristics for the sandstones of Logbaba Formation. However, both wells were water-bearing 
with non-mobile hydrocarbon residuals and did not contain commercial quantities of hydrocarbons. There is 
no evidence of hydrocarbon migration in either reservoir, suggesting that the source rock and the hydrocarbon 
migration pathways are the main risk factors and reason for the failure of the wells. The findings from this study 
extend the understanding of the reservoir characteristics of the Upper Cretaceous Logbaba Formation, which will 
further enhance hydrocarbon prospectivity offshore Cameroon. Since these reservoirs are water-laden, they may 
serve as potential offshore saline aquifers for geological storage of CO2 offshore Cameroon.

1. Introduction

The Kribi-Campo sub-basin is located along the West African conti
nental margin that extends from the Walvis Ridge near the Angola- 
Namibia border to the edge of the Niger Delta in Cameroon 
(Rabinowitz and Labrecque, 1979; Benkhelil et al., 2002; Le, 2012;
Iboum Kissaaka et al., 2016). Most of the basins in this region contain 
significant hydrocarbon discoveries, making this part of the world one of 
the richest provinces in terms of oil and gas accumulation (Huang, 
2018). While most of the basins along the West African margin are well 

characterized by both borehole drillings and seismic reflection surveys, 
the development and quality of reservoirs in the Kribi-Campo sub-basin 
remains poorly resolved (Ntamak-Nida et al., 2010; Le, 2012; Loule 
et al., 2018).

Previous works in the Kribi-Campo sub-basin, such as Le et al. 
(2014), 2021; Loule et al. (2018); Mienlam Essi et al., 2021; Yugye et al. 
(2021), 2022; Secke Bekonga Gouott et al., 2022 and others have 
focused on unravelling the tectonostratigraphic evolution of the 
Kribi-Campo sub-basin. The emphasis has been on submarine chan
nel/fan development and distribution, with a limited assessment of its 
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hydrocarbon potential. Only very few works have analysed reservoir 
characterization to better understand the reservoirs of the formations in 
the Kribi-Campo sub-basin (Simon Petroleum and Technology, 1995; 
ECL, 2001; Ndonwie Mahbou, 2007). As a result, the petrophysical 
properties of deep-water reservoirs, especially those of the upper 
Cretaceous unit, remain unresolved in this part of the sub-basin. This is 
probably because there were few borehole data in this area and access to 
them was difficult before the present study.

A suite of conventional well logs, now available from two deep-water 
boreholes (W1 and W2) targeting the Kribi-Campo sub-basin, provides 
an excellent opportunity to further characterize potential reservoirs 
within the Late Cretaceous basin fill. Many authors have successfully 
employed well-log data together with the resultant petrophysical pa
rameters to identify and characterize the formations’ reservoirs of many 
petroleum-bearing basins worldwide. Prominent among these are the 
works of Kim et al. (2016) in the Horn River Basin, Canada, Qadri et al. 
(2020) in the Taranaki Basin, New Zealand, Sarhan et al. (2021) in the 
Rabeh East oil field, Southern Gulf of Suez Basin, Egypt, Opuwari et al. 
(2022) in the Bredasdorp Basin South Africa (Magoba and Opuwari, 
2020). Similar studies along the Cameroonian margin using a qualitative 
and quantitative interpretation of well logs successfully evaluated the 
reservoirs of the N’kapa Formation in the Douala sub-basin (Chongwain 
et al., 2018, 2019).

This study focuses on the Campanian-Maastrichtian Logbaba For
mation of interest in deep-water exploration for the Kribi-Campo sub- 
basin (Simon Petroleum and Technology, 1995; Secke Bekonga Gouott 
et al., 2022). The Logbaba Formation consists of fossiliferous sandstones 
and mudstones with a thickness that can exceed 2000 m (Nguene et al., 
1992; Tamfu et al., 1995; Simon Petroleum and Technology, 1995; ECL, 
2001; SNH/UD et al., 2005). The objective of this study is to use well log 
data of Wells W1 and W2 to determine the petrophysical properties of 
the identified reservoirs. The goal is to evaluate the reservoir potential of 
the formation, ultimately promoting hydrocarbon exploration in the 
deep-water Kribi-Campo sub-basin, an area with limited drilling and low 
success rates. Additionally, the study seeks to provide novel insights into 
the petrophysical characteristics of the deep-water region in the 
Kribi-Campo sub-basin offshore Cameroon, using wireline logs.

2. Geological setting

The Douala/Kribi-Campo Basin, located offshore Cameroon, is 

situated in the northernmost portion of a set-echelon chain of West Af
rican Basins that developed from the Walvis Ridge in the south and the 
volcanic line of Cameroon to the north (Brownfield and Charpentier, 
2006; Ntamak-Nida et al., 2010). West African Basins formed as a result 
of right lateral shear conditions (Coward et al., 1999) during the opening 
of the South Atlantic (about 115 Ma) in the Early Cretaceous (Wilson 
et al., 2003). From south to north, the main basins are named Moca
medes, Kwansa, Bas-Congo, Gabon, Rio-Muni and Douala/Kribi-Campo 
(Rabinowitz and Labrecque, 1979; Benkhelil et al., 2002). Most of these 
basins contain significant accumulations of oil and gas. The Kribi-Campo 
sub-basin encompasses an area of 6600 km2 and is the southernmost 
depocentre of Douala/Kribi-Campo Basin and is itself bordered to the 
south by the Rio Muni Basin through the bounding oceanic transfer ‘Bata 
Fracture Zone’ (Sterling Cameroon Limited, 2010). The study area is 
located entirely offshore in the Kribi-Campo sub-basin, around 40 km off 
the coast of Cameroon in water depths ranging from 600 to 2000 m 
(Fig. 1).

Characterised by a deep-water post-rift sequence, the Kribi-Campo 
sub-basin contains a Mesozoic-Cenozoic sedimentary sequence almost 
7500 m thick (Lawrence et al., 2002; Ntamak-Nida et al., 2010; Sterling 
Cameroon Limited, 2010). The infilling sequence consists of nine For
mations, namely the Lower Mundeck (Barremian-Aptian), Upper Mun
deck (Albian-Turonian), Logbadjeck (Turonian-Campanian), Logbaba 
(Campanian-Maastrichtian), N’Kapa (Palaeocene-Eocene), Souellaba 
(Oligocene to Lower Miocene), Kribi (Upper Miocene), Matanda and 
Wouri (Pliocene to recent) (Fig. 2). The Logbaba Formation, which is the 
interval of interest in this study, is dominated by argillites and its top is 
characterised by the Upper Cretaceous unconformity (ECL, 2001; 
SNH/UD et al., 2005). This sequence composing the Formation was 
deposited during a high sea level (Iboum Kissaaka et al., 2016). The 
sediments of the Logbaba Formation are marine, were deposited in deep 
water and were then rapidly buried, which is peculiar to the develop
ment of West African Basins where deep-water claystones were depos
ited. This formation is made up of fossiliferous sandstones and claystone 
(Regnoult, 1986; ECL, 2001; SNH/UD et al., 2005). The Logbaba For
mation is recorded in most of the basin except in the highest part of the 
Kribi-Campo High (Pauken, 1992). Overall the Logbaba Formation has a 
westward thickening pattern. At its thickest, this formation is probably 
over 2000 m (Nguene et al., 1992; Simon Petroleum and Technology, 
1995). The reservoirs developed in the turbiditic sandstones sourced via 
palaeo-Wouri, Sanaga and Nyong rivers (Simon Petroleum and 

Fig. 1. Superimposed relief and bathymetric map of Cameroon, showing the location of the study area. Insert map on the right-hand corner of the map shows the 
location of Cameroon in the Gulf of Guinea. The regional 2D seismic profile, which we studied is outlined in the green box, while the red circles with black outlines 
labelled W1 and W2, represent well locations (Loule et al., 2018; Secke Bekonga Gouott et al., 2022).
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Technology, 1995). The formation is characterized mostly by strati
graphic trap (syn-sedimentary) such as channel/fan lobe in the Upper 
Cretaceous unit (Fig. 3) (Loule et al., 2018; Secke Bekonga Gouott et al., 
2022). According to Simon Petroleum and Technology (1995), 
poro-perm data for the Logbaba Formation are restricted, with some log 
analysis data in the Kribi-Campo sub-basin. Porosities range from about 
6 to 23%, with maximum permeabilities of 50 mD.

3. Data and methods

3.1. Data

Two wells W1 and W2 from the southern part of the Kribi/Campo 
sub-basin were analysed to assess the reservoir quality and hydrocarbon 
potential of the clastic reservoir rocks of the Logbaba Formation (Figs. 1 
and 3). The well data was made available by the National Hydrocarbon 
Corporation (NHC), Republic of Cameroon. The available well logs from 
W1 and W2 consist of conventional well log data including Gamma ray 
(GR), shallow, medium and deep resistivity logs (P16H, P28H and P40H 

Fig. 2. Stratigraphic column of the Kribi-Campo Sub-basin showing the tectonic-sedimentary phases and global mean sea level (Secke Bekonga Gouott et al., 2022).
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respectively), density (RHOB), neutron (NPHI) and sonic (DT) (Table 1). 
The two wells were drilled between 2013 and 2014 with a total depth of 
4090 m and 4747 m respectively for W2 and W1 wells. The distance 
between the two wells is 22 km and these wells were selected because 
they penetrated the Late Cretaceous reservoir of the Logbaba Formation.

3.2. Petrophysical analysis

The well log data were interpreted qualitatively and quantitatively to 
derive the petrophysical properties of the reservoir intervals. The 
interpretation of the well log data has primarily used the Senergy LR 
company Interactive Petrophysics (IP) software. This software com
prises distinct modules to ensure the dependable interpretation of all 
Petrophysical data and lithological features, including environmental 
corrections and statistical analyses using several equations, empirical 
relationships and charts (Schlumberger, 1989; Hakimi et al., 2017; 
Chongwain et al., 2018, 2019; Hu et al., 2020; Radwan et al., 2021; 
Elmahdy et al., 2023).

3.2.1. Lithological and reservoir identification
The lithological and mineralogical components of the clastic rocks of 

the Logbaba Formation were identified using Schlumberger charts such 
as neutron-density, neutron-gamma, neutron-sonic and M-N cross plots 
(Schlumberger, 1989). The potassium vs thorium cross-plot allows us to 
identify the clay mineralogy in the reservoir formation (Tiyan and Ayers, 
2010). The impact of these identified clay minerals on the reservoir 

quality was also analysed.
The well log analysis was used to delineate reservoir sands charac

terized by cylindrical or blocky gamma-ray shapes, which are utilized to 
understand the depositional environment of reservoir sands in this 
study. Following the methodology adopted by Shier (2004), the 
gamma-ray logs of the two wells were standardized. Subsequently, the 
gamma-ray logs were used to identify the reservoir units and establish a 
clay (shale) cut-off value of 60 API for W1 and W2. Also, this was used to 
establish the sand baseline and the reservoir units which were 
discriminated based on the lower gamma ray readings (Chongwain 
et al., 2018, 2019). Also, reservoirs were identified using gamma ray and 
resistivity log signatures. Intervals with high resistivity are hydrocarbon 
while low resistivity areas are aquifer intervals. In this study, zones with 
resistivity values greater than 4 Ω m are identified as hydrocarbons 
(Chongwain et al., 2018, 2019). The resistivity (P40H), neutron (TNPH) 
and bulk density (RHOB) logs were used together to discriminate the 
types of hydrocarbons (oil or gas) present in the reservoirs.

In addition, the well logs were analysed to determine the reservoir 
thickness, net-to-gross (NTG), volume of shale (Vsh), effective porosity 
(Øeff) and hydrocarbon saturation (1- Sw). These parameters were also 
used to assess the hydrocarbon potential of the study area.

3.2.2. Fraction shale volume
The shale content (VSh) in the reservoirs was calculated from the 

gamma ray logs. The first step is to determine the gamma index using 
(Eq. (1)). 

IGR =
GRlog − GRmin

GRmax − GRmin
(1) 

where IGR = gamma-ray index, GRlog = gamma ray reading of formation, 
GRmin = minimum gamma ray (clean carbonate), GRmax = maximum 
gamma ray (shale). After obtaining the gamma index, the volume of 
shale was then calculated according to formula (2). Given that the 
Logbaba Formation is of Cretaceous age (Nguene et al., 1992; Simon 
Petroleum and Technology, 1995; Lawrence et al., 2002; Brownfield and 
Charpentier, 2006), the estimation of shale volume utilized Eqs. (1) and 
(2) from Larionov’s (1969) Cretaceous model (Asquith and Krygowski, 
2004). 

Fig. 3. Regional 2D seismic profile showing the tectonostratigraphic framework of the study area.

Table 1 
List of available well log data of the Logbaba Formation in the studied wells from 
the Kribi-Campo sub-Basin.

Well 
name

Top 
(m)

Bottom 
(m)

thickness 
(m)

Available well logs

Well- 
W1

3947 4736 789 GR-DCAV-P16H-P28H-P40H-DT- 
RHOB-TNPH-DRHO

Well- 
W2

3215 4051 836 GR-ARC-DCAV-P16H-P28H- 
P40H-DTCO-RHOB-TNPH-DRHO- 
HFK-HTHO
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Vsh =0.33
(
22×IGR − 1

)
(2) 

Determining the shale volume (Vsh) holds significance within pet
rophysical assessment due to its impact on reservoir porosity and 
permeability (Balaky et al., 2023).

3.2.3. Porosity estimation
The porosity estimation is determined by a combination of density 

and neutron logs using (Eq. (3)) below (Chongwain et al., 2018). 

∅=
(ρma − ρb − Vcl × (ρma − ρcl))

ρma − ρf × Sxo − ρHyAp × (1 − Sxo)
(3) 

where ρma is the matrix density, ρb is the bulk density, ρcl is the density of 
wet clay, ρf is the mud filtrate density, ρHyAp is the apparent hydrocarbon 

density, Vcl is the volume of wet clay, and Sxo is the water saturation of 
the flushed zone.

3.2.4. Water saturation and hydrocarbon saturation estimation
The modified Simandoux equation was used to estimate the water 

saturation (Sw) values, using (Eq. (4)) below (Bardon and Pied, 1969): 

1
Rt

=
∅m × Sn

w
a × Rw × (1 − Vsh)

+
Vsh × Sw

Rsh
(4) 

where Sw is the effective water saturation, Rw is the water resistivity, Rt 
is the true formation resistivity, a is the tortuosity factor, m is the 
cementation factor, ∅ is the formation porosity, Vsh is the volume of wet 
clay, and Rsh is the clay resistivity. The hydrocarbon saturation for the 

Fig. 4. a) Density-neutron for Well W1 reservoirs depicting points scattered across the various lithological field indicating the heterogeneous character of the 
reservoirs. b) Density-neutron for Well W2 reservoirs depicting points scattered across the various lithological field indicating the heterogeneous character of 
the reservoirs.
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reservoir zone was then calculated using Eq. (5) below. The hydrocarbon 
saturation (Sh) was obtained by subtracting the value obtained for the 
100% water saturation (Rider, 1996): 

Sh =1 − Sw or Sh = 100 − Sw(%) (5) 

where Sh = Hydrocarbon Saturation; Sw = Water Saturation.
The reservoir net-pay values were evaluated using 40% shale volume 

(Vsh), 12% effective porosity (∅eff), and 65% water saturation (Sw) cutoff 
values (Sterling Cameroon Limited, 2010; Chongwain et al., 2018). 
These values are generally chosen based on published literature, 
detailed petrophysical analysis, and parameters used for similar reser
voirs in the same area with comparable petrophysical properties (Jumat 
et al., 2018; Radwan et al., 2021).

Finally, using the comparison table provided by Fertl and Vercellino 

(1978), the bulk water volume (BVW), which is a product of porosity (∅) 
and water saturation (Sw) (Eq. (6)), was utilized to estimate the grain 
size of the reservoir formation. The bulk volume of water (BVW) is 
further used for differentiating between reservoir/non-reservoir in
tervals to estimate the net pay thickness (Buckles, 1965; Dewan, 1983; 
Asquith, 1985). 

BVW= Sw × ∅ (6) 

3.2.5. Permeability estimation
Since core data was not available in this study, the permeability 

equation of Morris and Biggs (1967) was used to calculate the perme
ability from well log data. This equation is as follows: 

Fig. 5. a) Neutron vs. gamma-ray cross plot displaying the lithological composition of Logbaba Formation reservoirs within the studied well W1. b) Neutron vs. 
gamma-ray cross plot displaying the lithological composition of Logbaba Formation reservoirs within the studied well W2.
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K= a
Phib

Swic
(7) 

where: K = permeability (mD); Phi = effective porosity; Swi = irre
ducible water saturation; a = 62,500; b = 6; and c = 2.

3.2.6. Evaluation of flow hydraulic units
Poro-perm estimation of two well logs were applied for flow unit 

determination using the flow zone indicator (FZI) method. FZI evaluates 
texture, shale content, grain size, and tortuosity (Tiab and Donaldson, 
2012). It is also influenced by the reservoir quality index (RQI) which is 
a parameter that assesses pore integrity and grain distribution 
(Amaefule et al., 1993). Flow units are defined according to the ex
pressions of Tiab and Donaldson (2012) [Eqs. (8)–(10)]. 

RQI=0.0314
̅̅̅̅̅̅̅̅̅̅
K/∅

√
(8) 

FZI=
RQI
PMR

(9) 

PMR=
∅

1 − ∅
(10) 

where the reservoir quality index is in micrometer (μm), K is perme
ability in milli Darcy (mD), and the porosity (∅) is fractional. PMR is 
Porosity to Matrix Ratio.

According to Tiab and Donaldson (2012), fluid free index (FFI) de
fines the movable fluid in the reservoir unit. In this study, the FFI 
equation was modified for reservoir sands using equation (11) from 

Fig. 6. a) Neutron vs. sonic cross plot displaying the lithological composition of Logbaba Formation reservoirs within the studied well W1. b) Neutron vs. sonic cross 
plot displaying the lithological composition of Logbaba Formation reservoirs within the studied well W2.
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Abraham-A and Taioli (2019). 

FFI=∅ −
a0.5

44.72
(11) 

where FFI is Fluid Free Index, a = 0.8 is tortuosity factor and (∅ ) is 
porosity.

These three parameters were computed at 7 m intervals each reser
voir in the two well logs.

4. Results and interpretation

4.1. Mineralogical and lithological identification

4.1.1. Neutron (NPHI) versus density (RHOB), neutron (NPHI) vs gamma 
ray (GR) and neutron (NPHI) vs sonic (DT) cross-plot

The neutron (NPHI) versus density (RHOB) cross-plot shows that the 
Logbaba Formation reservoirs within selected wells consist mainly of 
sandstone with some carbonates (limestone and dolomite) (Fig. 4). 
Furthermore, it also indicates the presence of intergranular and sec
ondary porosities in equal proportion (Fig. 4).

The neutron vs. gamma-ray cross-plot shows the presence of scat
tering data points, indicating that the Logbaba Formation reservoirs 
have a varied lithology. Low gamma rays (10–40 API) and intermediate 
neutron values indicate clean sandstone (Fig. 5a) while medium gamma 

Fig. 7. a) M-N cross plot of the Logbaba Formation reservoirs within the studied well W1. b) M-N cross plot of the Logbaba Formation reservoirs within the studied 
well W2.
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rays (40–75 API) and neutron values indicate shaly sandstone (Qadri 
et al., 2019). Intermediate gamma ray values but higher neutron values 
above 0.22 indicate the presence of carbonates (limestone and dolomite) 
(Fig. 5). Shale-rich contents are identified by high gamma values (above 
90 API) with neutron values above 0.22. This classification is based on 
the schemes of El-Din et al. (2013) and Hakimi et al. (2017). In com
parison, the neutron/gamma-ray cross-plot (Fig. 5) is consistent with the 
neutron/density cross-plots (Fig. 4), suggesting that the main lithology 
of the Logbaba Formation reservoirs is composed of sandstones inter
bedded with carbonates and shales. The clusters indicating sandstone 
and carbonates are dense compared to the clusters of shale-rich data 
points (Fig. 5).

The sonic porosity cross plot also supports that the Logbaba For
mation reservoirs are predominantly sandstones and carbonates (Fig. 6). 
The cross plot indicates that the limestone concentration is dominant 
among the carbonates while dolomite is a subordinate, in agreement 
with Qadri et al. (2019). The cross-plot further reveals that the shale 
content appears to be high in the Formation’s reservoirs (Fig. 6). The 
results deduced from Fig. 6 are consistent with those of Fig. 5 but differ 
somewhat from those of Fig. 4 in terms of shale content.

4.1.2. M-N and potassium (HFK) vs thorium (HTHO) cross-plot
Following Burke and Campbell Jr (1969), the M–N cross-plot shown 

in Fig. 7 reveals that most of the data points appear to be sandstones and 
carbonates (Fig. 7). Most of the carbonate points are plotted in the 
calcite field. In addition to sandstones and carbonates few points show 
the downward movement and indicate the shale effect (Fig. 7). The 
findings of the M–N cross plot are consistent with those of the NPHI vs. 
RHOB and NPHI vs. DT cross plots (Fig.7; Figs. 4 and 6).

The reservoir formation in the studied well contains a variety of clay 
minerals (Fig. 8). In well W2, the data points appear to be located mainly 
within the chlorite field, where the dominant clay minerals are chlorite 
and montmorillonite, as well as a small group of data points in the mixed 
clay layer zone.

4.2. Lithological zonation of the reservoirs

Based on the GR log responses from the W1 and W2 boreholes, six 
reservoir units were identified at depths ranging between 3947 and 

4736 m (W1) and 3215–4051 m (W2) (Figs. 9 and 10). In W1, four sand 
bodies were identified and named R1, R2, R3 and R4 with thicknesses of 
27, 73.4, 105.7 and 87.3 m, respectively (Fig. 9a). In W2, on the other 
hand, only two sand bodies were delineated, R1 and R2, with thick
nesses of 77.2 and 93.6 m (Fig. 9b).

Analysis of the GR log from well W1 in reservoir R1 (4073–4100 m) 
reveals this interval is composed of sandstone, predominantly coarse- 
grained, with intercalations of dolomite (Figs. 9 and 10a). Reservoirs 
R2 (4230–4303.4 m) and R3 (4323–4428 m) are separated by a 20 m 
thick unit comprising claystone with dolomite layers. R2 and R3 consist 
of medium-grained sandstone, and rare dolomite (Figs. 9 and 10a). The 
interval R4 (4463–4550.3 m) consists of medium to very coarse-grained 
sandstones (Figs. 9 and 10a).

In well W2, analysis of the GR log of reservoir R1 (3510–3587.2 m) 
reveals alternating massive layers of very fine to fine-silt size silty 
sandstone with thin to metre scale of limestone and siltstone and minor 
stringers of claystone (Fig. 9). These sandstones are organised in several 
amalgamated packages mostly showing shaling upward trends. (Figs. 9 
and 10b). The R2 reservoir unit (3644.3–3737.9 m) is mostly composed 
of thick massive sandstone packages, and subordinate stratified, cross- 
stratified, and argillaceous sandstones separated by a thick interval of 
massive shale (3658–3667 m) (Figs. 9 and 10b).

4.3. Petrophysical evaluation

Petrophysical properties such as shale volume, total and effective 
porosity, permeability, and fluid saturation (oil and water) were deter
mined by well log analysis to understand the hydrocarbon potential of 
the Logbaba Formation reservoirs identified in W1 and W2 (Fig. 11). The 
results show that the Logbaba Formation reservoirs have a low volume 
of shale (Vsh) in the reservoirs of the studied wells, ranging from 6.3 to 
19.8%. The lowest shale volume is observed in well W1, while the 
highest shale volume is observed in well W2. The reservoirs of the 
Logbaba Formation in the studied wells are likewise identified as 
sandstone according to the shale volume classification established by 
Hilchie (1978). Based on the porosity classification established by Rider 
(1996), the Logbaba Formation reservoirs in the studied wells have 
relatively good porosity. The effective porosity in the two studied wells 
is between 15.5 and 21.3%, with a permeability range from 5.65 to 

Fig. 8. Thorium vs. Potassium cross plot indicating different clay minerals within the Logbaba Formation reservoirs of the W2 well.
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Fig. 9. lithological log and depositional environment of the reservoir in the Logbaba Formation based on GR signature adopted from Emery and Myers (1996).
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75.09 mD (Table 2). The water saturation (Sw) ranged from 34.5 to 
74.2% (Table 2). The lowest water saturation is observed in well W2 
while the highest water saturation is observed in well W1. Although it is 
important to calculate the water saturation, the most essential part is to 
estimate the hydrocarbon saturation using equation (5). The results 

indicate that the Logbaba Formation reservoirs have moderate to high 
hydrocarbon saturation (Sh) ranging from 25.8 to 65.5% (Table 2). The 
overall thickness of the net reservoir zones between 9 and 30.5 m is 
shown in Table 2. The analysed W2 well included two pay zones that 
indicated hydrocarbon accumulation; these two pay zones were merged 

Fig. 10. a) Well log signatures of the studied interval in Well W1 and the identified reservoirs (R1, R2, R3 and R4). b) Well log signatures of the studied interval in 
Well W2 and the identified reservoirs (R1 and R2).
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Fig. 11. a) Litho-saturation cross-plots of the Logbaba Formation reservoirs showing porosity, permeability, shale volume, water saturation, and hydrocarbon 
saturation within W1 well. b) Litho-saturation cross-plots of the Logbaba Formation reservoirs showing porosity, shale volume, water saturation, and hydrocarbon 
saturation within W2 well.
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to obtain the overall net pay zone thickness for this well, which ranged 
from 0 to 8 m. Fig. 12 displays the sand zones (green) and net pay zones 
(red) in the formation reservoirs encountered by the W2 well. According 
to Asquith and Gibson (1982), the estimated bulk water volume values 
of the W2 reservoirs are scattered (Fig. 13), indicating an increase in the 
amount of formation water. This finding suggests that the reservoirs are 
heterogeneous and that there is more water in the formation than can be 
contained by the capillary pressure. Consequently, the reservoirs cannot 
produce a water-free hydrocarbon during production since they are not 
saturated with irreducible water (Swirr).

The average values of FFI, RQI and FZI within the reservoirs in well 
W1 are 0.13, 0.16 μm and 0.69 for reservoir R1; respectively compared 
to 0.13, 0.17 μm and 0.78 respectively for reservoir R2 (Tables 3 and 4). 
In the case of reservoir R3, the average values of FFI, RQI and FZI are 
0.12, 0.12 μm and 0.62 respectively; 0.13, 0.17 μm and 0.82 respectively 
for reservoir R4 (Tables 3 and 4). In well W2, the average values of FFI, 
RQI and FZI within the reservoirs are 0.18, 0.48 μm, and 1.65 

respectively for R1 and 0.15, 0.33 μm, and 1.29 respectively for R2 
(Tables 3 and 4).

4.4. Reservoir fluids

Further analysis of the resistivity log data shows that the three re
sistivity logs in the reservoir interval overlap, indicating the presence of 
a water-bearing zone (Fig. 10). The higher deep resistivity readings 
(P40H) observed in the reservoirs W1 and W2 indicate the presence of 
hydrocarbons (Fig. 10). The cross-plot of neutron and reservoir density 
in the individual wells shows no “balloon effect”, suggesting the pres
ence of oil as the hydrocarbon phase (Chongwain et al., 2018, 2019). 
However, the reservoirs in W1 contain no producible hydrocarbons (i.e., 
no pay zone), but with low GR and high resistivity values based on Zhu 
et al. (2018), which is typical of calcareous interbeds. These calcareous 
are often identified by their natural gamma below 80 API and higher 
lateral resistivity values than any other sandstone. Calcareous interbeds 

Table 2 
Quantitative results of the petrophysical analysis of all identified sand zones within the Logbaba Formation through the studied W1 and W2 wells.

Reservoir Top (m) Bottom (m) Gross (m) Net (m) Net/Gross Net Pay (m) Avg PhiE(%) Avg 
Sw(%)

Avg 
Vsh(%)

Avg 
Sh(%)

Perm (mD)

Well W1
R1 4073 4100 27 – – – 19.3 74.2 6.3 25.8 8.73
R2 4230 4303.4 73.4 – – – 16.5 60.6 13.6 39.4 8.87
R3 4323 4428.7 105.7 – – – 15.5 70.1 16.5 29.9 5.65
R4 4463 4550.3 87.3 – – – 16.1 59.4 10.6 40.6 5.70
Well W2
R1 3510 3587.2 77.2 9.0 0.1 0.0 21.3 34.5 19.8 65.5 75.09
R2 3644.3 3737.9 93.6 30.5 0.3 8.0 17.5 36.5 19.3 63.5 35.22
Cutoffs
Reservoir – – – – – – ≥12 ≤65 ≤40 – –
Pay – – – – – – ≥12 ≤65 ≤40 – –

Avg Phi E average effective porosity, Avg Sw average water saturation, Avg Vsh average volume of shale, Avg Sh averagehydrocarbon saturation, Perm permeability.

Fig. 12. Petrophysical and Pay zone summary graphical representation of W2 well reservoirs.
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are classified into four types: 1) the bottom type, 2) the top type, 3) the 
central and 4) the complete types (Qi et al., 2006; Zhang et al., 2007, 
2009; Wang et al., 2009; Sun et al., 2010). The reservoir intervals that 
W1 penetrated may be typical of the complete type of calcareous 
interlayer, where the thin isolated mudstone-draped sand layer and the 
sand as a whole has been fully cemented by carbonate to produce a tight 
reservoir (Chongwain et al., 2018) (Fig. 10a).

5. Discussion

5.1. Depositional environment of reservoir

The sediments of Logbaba Formation comprise a series of sandstone 
and shale successions that have been deposited during two phases of 
relative sea level changes. This suggests two depositional conditions 
occurring during the Campanian-Maastrichtian (Simon Petroleum and 
Technology, 1995; Secke Bekonga Gouott et al., 2022). A transgressive 
episode was distinguished by finer-grained facies (deep-water sediments 
e.g., shale, siltstone) overlying coarse facies (shallow-water sediments e. 
g., sandstone), indicating deposition during sea level rise. A regressive 
episode, where shallower marine and nearshore deposits, indicating 
deposition during falling sea level, overlie marine deposits. These sedi
ments of the Logbaba Formation have characteristic coarsening upward, 
fining upward, and blocky gamma ray log signatures. The cylindrical or 
blocky gamma ray log motifs recorded in this study are serrated with 
quite abrupt upper and lower limits. This characterized the reservoirs 
and bodies “R1, R2, R3, and R4” (well W1), and “R1 and R2” of well W2. 
This reservoir thickness ranges from 27 to 105.7 m (Table 2) and is often 
linked with fine-grained sands of excellent reservoir quality because of 
their low shale content, a consequence of high energy conditions that 
foster clean porous sands. However, Emery and Myers (1996) stated that 
cylindrical patterns with greater range of thickness, as those of reservoir 
sands of well W1 and W2 (Table 2), could be interpreted as turbidite 
sand depositional environment (i.e., deposited in an aggradation/still 
stand depositional sequence; Fig. 9). In addition, Secke Bekonga Gouott 
et al. (2022) reported that the locally high amplitude seismic facies 
displaying an aggradational pattern observed from seismic data within 
the Late Cretaceous succession in the studied area corresponds to sub
marine fans, composed of reservoir sands in the Kribi-Campo deep water 

sub-basin.

5.2. Implication for reservoir quality

The sandstones of the Logbaba Formation are considered the main 
reservoir target for the wells drilled beyond the shelf of the Kribi-Campo 
sub-basin (Sterling Cameroon Limited, 2010; Loule et al., 2018). How
ever, the results of this study indicate that the Logbaba Formation res
ervoirs do not consist solely of clean sandstone, but rather include 
intercalations of carbonates and shales. The heterogeneous matrix of the 
reservoirs, consisting of sand, limestone, and dolomite in this case, 
probably indicates that the detrital carbonate originated from fluvial 
sediment influx from the Sanaga and Nyong Rivers (Regnoult, 1986; 
ECL, 2001; SNH/UD et al., 2005). Further diagenesis led to the disso
lution of the biogenic carbonate-forming calcite matrix generating sec
ondary intragranular porosity (Irwin et al., 1977; Curtis and Coleman, 
1986; Chongwain et al., 2019).

Reservoirs are generally organized into several amalgamated pack
ages, mostly with blocky sands (Fig. 10). These are interpreted to 
represent a stacked set of overall upward sanding packets that may 
represent a phased discharge deposited primarily by granular flows in a 
poorly confined channel in a proximal lobe (Sterling Cameroon Limited, 
2010). This result would be consistent with the work of Simon Petro
leum and Technology (1995), Le (2012), Loule et al. (2018) and Secke 
Bekonga Gouott et al. (2022), who suggested that the sediments 
observed in the Logbaba Formation are mud-rich deposits with local 
sandy deposits associated with channels and fans. This is evidence for 
the presence of medium- and locally coarse-grained sandstones with 
overlying net thicknesses greater than 80 m.

The inferred results of the study indicate the presence of chlorite and 
montmorillonite as the dominant clay minerals and a few smaller ones in 
the mixed clay layer zone (Fig. 8). The mixed layers of clay minerals 
formed because of the inter-layering of various clay minerals in a single 
structure (Srodo’n, 1999). Clay minerals are generally considered 
detrimental when assessing the quality of sandstone reservoirs (Jiang, 
2012). Clay minerals reduce porosity and permeability as they can clog 
pore throats in the form of films, plates, and bridges on the grain surface 
(Jiang, 2012). Some clay minerals increase chemical compaction while 
accelerating the rate of porosity loss in a limestone deposit, lowering 

Fig. 13. Buckle plot of water saturation against porosity for Logbaba Formation reservoirs within the well W2.
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reservoir quality (Brown, 1997; Chongwain et al., 2019; Qadri et al., 
2019). However, the presence of clay minerals does not necessarily 
indicate a deterioration in reservoir quality but can also contribute to 
improving it (Taylor et al., 2004; Chongwain et al., 2019). The present 
study shows an abundance of chlorite in the W2 well reservoirs, which 
can protect and maintain reservoir quality by coating the sand grains 
and preventing them from quartz cementation. The chlorite mineral may 
have formed early in the diagenesis of micas and feldspar on the sea
floor, or it may have been the result of detrital chlorite influx from 
nearby river sediments during rapid deposition (Chongwain et al., 2018; 
Qadri et al., 2019). The porosities of Logbaba formation range from 6% 
to 23% and the permeabilities average 50 mD (Simon Petroleum and 
Technology, 1995). The good porosity values (21.3%) estimated for the 
first reservoir in well W2 indicate a minimal impact of clay minerals on 
reservoir quality.

Kana et al. (2022) recently studied the Logbaba formation in the 
deep-water of the Kribi-Campo sub-basin and indicated the presence of 
reservoir oil potential. They indicate that the nature of the fluids present 
in the reservoirs is oil, gas and water with a porosity of 17.37–27.85%, a 
volume of shale is 3.81–29.47% and water saturation values between 
47.74 and 56.02%. Based on the classification of Simon Petroleum and 
Technology (1995), Loule et al. (2018), Kana et al. (2022) and by taking 
the porosity and permeability values into consideration, the Logbaba 
formation is considered to have good reservoir quality. Supporting this 

from another margin is work of Alao and Oludare (2015) in the Niger 
Delta Basin where porosity values of 20–30% are considered very good, 
10–20% as good quality reservoirs and moderate permeability (10–50 
mD) is an indication of good sand quality. Therefore, the porosity and 
permeability values obtained in this study suggest well-sorted sands, 
which is an indication of good reservoir quality (Odundun and Nton, 
2009).

Low RQI and FZI values observed in this study collectively suggest 
reservoirs with poor flow units, likely to exhibit limited hydrocarbon 
transmissibility and lower recovery rates. On the contrary, a high RQI 
values would have indicated that reservoir is characterized by well- 
sorted grain distribution and favorable pore-throat sizes, which are 
critical for assessing reservoir quality and fluid transmission (Tiab and 
Donaldson, 2012; Abraham-A and Taioli, 2019). Similarly, significant 
FZI values suggest the presence of less shale and more interconnected, 
coarse-grained, well-sorted sands, further highlighting the reservoir’s 
potential (Tiab and Donaldson, 2012; Abraham-A and Taioli, 2019).

The W1 well displays thick and porous sand reservoirs. However, 
there is no evidence that hydrocarbons migrated into any reservoirs, 
suggesting that the source rock and hydrocarbon migration pathways 
are the main risk factors and reason for the well failure (Loule et al., 
2018). The W2 well has good-quality reservoirs in the Logbaba Forma
tion, but all were water-bearing and did not contain commercial quan
tities of hydrocarbons.

6. Conclusion

An assessment of the petrophysical properties of the Upper Creta
ceous reservoirs of Logbaba Formation in the Kribi-Campo sub-basin, 
offshore Cameroon, was carried out using well log data from two key 
wells, W1 and W2. The results of this study provide important insights 
into the reservoir quality of the Logbaba Formation, as follows.

1) The lithofacies of the Logbaba Formation reservoirs consist mainly of 
sandstone interbedded with carbonates and shales. These reservoirs 
correspond to turbidite sand deposits.

2) The analysed wells show good reservoir quality, with relatively 
moderate and good effective porosity (15.5%–21.3%), with medium 
permeability (5.65–75.09 md) and low shale content (6.3%–19.8%). 

Table 3 
Estimated parameters for the reservoirs in well W1.

Parameters Depth Ф K FFI RQI FZI

R1 4073 0.18 3.14 0.15 0.13 0.59
4080 0.18 6.38 0.15 0.18 0.77
4087 0.21 9.33 0.18 0.2 0.76
4095 0.19 5.24 0.16 0.16 0.66

R2 4230 0.14 0.6 0.13 0.06 0.37
4237 0.11 0.18 0.08 0.03 0.29
4244 0.2 21.74 0.17 0.32 1.3
4251 0.19 9.37 0.16 0.21 0.87
4258 0.17 5.08 0.14 0.16 0.78
4265 0.2 31.92 0.17 0.39 1.57
4272 0.1 0.07 0.07 0.02 0.24
4279 0.12 0.87 0.09 0.08 0.55
4286 0.15 1.86 0.12 0.11 0.61
4293 0.19 10.07 0.16 0.22 0.94
4300 0.2 16.01 0.17 0.27 1.07

R3 4323 0.1 0.09 0.07 0.03 0.26
4330 0.21 18.53 0.18 0.29 1.06
4337 0.18 5.07 0.15 0.16 0.74
4344 0.18 5 0.15 0.16 0.73
4351 0.2 11.83 0.17 0.23 0.91
4358 0.16 2.71 0.13 0.12 0.64
4365 0.1 0.08 0.07 0.02 0.25
4372 0.2 13.24 0.17 0.25 0.96
4379 0.17 3.71 0.14 0.14 0.68
4386 0.17 6.17 0.14 0.18 0.88
4393 0.15 1.81 0.12 0.1 0.55
4400 0.09 0.07 0.06 0.02 0.27
4407 0.09 0.05 0.06 0.02 0.21
4414 0.11 0.42 0.08 0.06 0.49
4421 0.13 0.81 0.1 0.07 0.49
4428 0.19 9.8 0.16 0.21 0.88

R4 4463 0.07 0.01 0.04 0.01 0.17
4470 0.17 4.12 0.14 0.15 0.74
4477 0.18 6.64 0.15 0.18 0.84
4484 0.18 10.52 0.15 0.23 1.02
4491 0.18 8.98 0.15 0.21 0.97
4498 0.13 0.56 0.1 0.06 0.43
4505 0.18 8 0.15 0.2 0.92
4512 0.17 3.73 0.14 0.14 0.7
4519 0.16 3.56 0.13 0.14 0.73
4526 0.17 5.9 0.14 0.18 0.85
4533 0.19 11.93 0.16 0.24 1.04
4540 0.17 4.78 0.14 0.16 0.8
4547 0.2 29.85 0.17 0.38 1.51

Table 4 
Estimated parameters for the reservoirs in well W2.

Parameters Depth Ф K FFI RQI FZI

R1 3510 0.23 85.84 0.2 0.6 2.02
3517 0.25 131.17 0.22 0.7 2.04
3524 0.24 83.82 0.21 0.57 1.77
3531 0.22 62.1 0.19 0.51 1.77
3538 0.17 8.84 0.14 0.22 1.05
3545 0.23 68.12 0.2 0.53 1.75
3552 0.23 95.94 0.2 0.63 2.12
3559 0.26 176.37 0.23 0.81 2.26
3566 0.22 52.85 0.19 0.48 1.67
3573 0.26 115.61 0.23 0.65 1.85
3580 0.09 1.61 0.06 0.12 1.13
3587 0.12 0.44 0.09 0.05 0.4

R2 3644 0.16 8.24 0.13 0.22 1.13
3651 0.1 1.31 0.07 0.11 0.99
3658 0.2 40.98 0.17 0.44 1.7
3666 0.16 9.19 0.13 0.23 1.19
3673 0.09 0.6 0.06 0.07 0.75
3680 0.23 41.44 0.2 0.41 1.33
3687 0.25 69.55 0.22 0.52 1.56
3694 0.16 2.74 0.13 0.12 0.65
3701 0.09 1.09 0.06 0.1 0.95
3708 0.24 73.65 0.21 0.54 1.72
3715 0.24 77.85 0.24 0.56 1.74
3722 0.25 88.36 0.22 0.58 1.72
3729 0.25 102.33 0.23 0.63 1.89
3736 0.13 2.49 0.1 0.13 0.84
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Water saturation is high (34.5%–74.2%). FFI, RQI, and FZI are 
insignificant and suggest reservoirs with poor transmissibility. 
However, all reservoirs were water-bearing and did not contain 
commercial quantities of hydrocarbons.

3) Clay minerals such as chlorite, montmorillonite and mixed layers 
were found in the reservoirs. The dominant clay mineral is chlorite, 
forming during the primary deposition before burial or secondary 
during diagenetic events after sedimentation. The good porosities, on 
the other hand, indicate that the clay minerals have little influence 
on reservoir quality.

However, the lack of core samples is a limitation of the current study. 
Yet, this study has implications on hydrocarbon exploration in the deep- 
water Kribi-Campo sub-basin where only a few wells have been drilled 
with low success. The findings of this study can also guide exploration in 
similar basins awaiting further exploration and development.
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A B S T R A C T   

In this study, a 3D seismic reflection dataset and well-log data were integrated to investigate the geometry and 
internal configuration of a submarine channel system within the Late Cretaceous interval of the deep-water Kribi- 
Campo sub-basin, offshore Cameroon. This interval is characterized by a well-developed submarine channel 
system consisting of an early and a late-stage channel. Morphologically, the submarine channel system has a 
northeast-southwest trend and is U-shaped in cross-section with a length of 56 km within the study area. The 
early-stage channel has a relatively straight morphology and varies in width and depth from 3 to 5 km and 
89–197 m, respectively. However, the late stage of the channel is characterized by a narrower (1–3 km) and 
shallower (41–103 m) incision, with sinuous morphology carved into the early channel infill. The changing 
interaction of differential local tectonic, relative sea level, source sediment supply and change in slope gradient 
are the major control on the geometry and internal characteristics of the submarine channel system. At local 
scale, basin tectonics is associated with the development of a structural high, controlling submarine channel 
morphology and depositional patterns in these filled ponded basins. The filling of the channel system coincided 
with the long-term Maastrichtian relative sea level rise, punctuated by higher order falls in relative sea level. 
Sand appears to have been fed to the channel system by the palaeo-Sanaga and palaeo-Nyong Rivers, with sand 
rich aprons developed were these rivers crossed into the study area. The early-stage of the submarine channel is 
dominated by coarse-grained sediments in the southwest and fine-grained sediments in the northeast, while the 
late-stage channel is mainly filled with fine-grained sediments. The presence of coarse-grained sediments 
occurring within the submarine channel axis downstream represents a potential for hydrocarbon reservoirs. The 
3D seismic geomorphological analysis of this ancient submarine channel system along the western African 
margin, as presented in this study, has broad implications in the understanding of the distribution of deep-water 
sediments with potential for hydrocarbon exploration in the region.   

1. Introduction 

Deep-water turbidite channel systems are important submarine fea
tures formed by the erosion, diversion, and deposition of turbidity cur
rents and other sediment loads and flows (Shepard, 1981; Peakall and 
Sumner, 2015; Chiang et al., 2020; Tek et al., 2021). Submarine chan
nels are a vital component of ancient and modern deep-water settings 

and play an essential role in transporting sediments into the deep-sea 
(Stow and Mayall, 2000; Normark and Carlson, 2003; Posamentier 
and Kolla, 2003; Mayall et al., 2006; Posamentier and Walker, 2006; 
Shanmugam, 2006; Gamboa et al., 2012; Chima et al., 2019). 
Deep-water sediments within these channels record paleoclimatic and 
oceanographic information and are crucial in understanding the 
geological evolution of sedimentary basins (Marsset et al., 2009; Jobe 
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et al., 2015; Picot et al., 2016; Hansen et al., 2017; Niyazi et al., 2018; 
Chima et al., 2020). Deep-water sediments transported by submarine 
channels are a potential host for significant hydrocarbon accumulations 
(Mayall et al., 2006; Wynn et al., 2007; Weimer et al., 2007; Di Celma 
et al., 2010; Jobe et al., 2015). 

Previous studies have focused on the origin, depositional processes 
and factors controlling the emplacement, composition, and morpho
logical evolution of submarine channels (Kane et al., 2008; Babonneau 
et al., 2010; Covault et al., 2014; Li and Gong, 2016; Sylvester and 
Covault, 2016; Li et al., 2020). Also, the increased availability of marine 
geophysical data has significantly improved the understanding of the 
architecture, morphometry and processes leading to submarine channel 
development (Abreu et al., 2003; Deptuck et al., 2003, 2007, 2012; Kolla 
et al., 2007; Sylvester et al., 2011; Mitchell et al., 2021). High-resolution 
3D seismic reflection data has been used in many studies to investigate 
the geomorphologic character of deep-water systems, and their impli
cation for hydrocarbon exploration in the offshore settings (Deptuck 
et al., 2007; McHargue et al., 2011; Jobe et al., 2011; Qin et al., 2016; 
Covault et al., 2019; Mitchell et al., 2021). 

Submarine channels in the deep offshore West Africa (e.g., Niger 
Delta, Congo, and Gabon) are well studied using high-quality seismic 
reflection and borehole datasets provided by hydrocarbon exploration 
companies operating in these regions (Abreu et al., 2003; Le et al., 2014; 
Jolly et al., 2015; Huang, 2018; Chima et al., 2019, 2020; Chen et al., 
2021). These channel systems include channel levee systems, terraces, 
intraslope fans and lobes, and are important for hydrocarbon explora
tion. Submarine channel systems form major repositories for 
coarse-grained sediment (reservoirs) deposited along channel axes, and 
for fine-grained sands and silts deposited on levees (seals/traps). These 
are the primary targets of interest during hydrocarbon exploration 
(Mayall et al., 2006). In addition, hydrocarbon reservoirs (e.g., Okume, 
Oveng, Ebano and Ceiba oil fields) in similar geological settings within 
the offshore West African Basins, have been found in the 
Santonian-Maastrichtian turbidite sediments in the offshore of Equato
rial Guinea (Dailly et al., 2002; Sterling, 2010). Along the Cameroonian 
margin, various Miocene channels, and fan system across the 
Douala/Kribi-Campo Basin are also proven to be hydrocarbon-rich 
(SPT/Simon Petroleum and Technology, 1995; Loule et al., 2018). 

Many submarine channels occur in the Late Cretaceous and Tertiary 
in the Kribi-Campo sub-basin (Le, 2012, 2021; Loule et al., 2018). 
During the Late Cretaceous in the study area, there are relatively low 
sinuosity channel systems and several distinctive large, compound 
channel systems (Loule et al., 2018). These compound geobodies formed 
from the superposition of separate channel-fill phases having individual 
channels which have similar widths to the low sinuosity channels 
(1000–1500 m). These two types of channels are controlled by the local 
tectonics (Loule et al., 2018). Also, in the Early Pliocene, deep-water 
channels occurring in the study area are characterized by high ampli
tude reflections with bi-directional downlap on the base of the Pliocene 
(Le, 2021). These Pliocene channels flowed from east to west in the High 
Gradient Slope (HGS). The occurrence of striated unconformity at the 
base of the Pliocene sequence, overlain by the channels suggests a period 
of slope failure and high sedimentation rate which is possibly the result 
of a major tectonic uplift event or significant climatic changes (Le, 
2021). 

The Kribi/Campo sub-basin hosts the South Sanaga and Kribi oil 
fields in deep-water turbidite sediments (Pauken et al., 1991; Pauken, 
1992; Nguene et al., 1992; Ackerman et al., 1993; Tamfu et al., 1995; 
Brownfield and Charpentier, 2006; Ndonwie Mahbou, 2007). In contrast 
to the well-studied submarine channels and their implications for hy
drocarbon exploration in the West African basins (e.g., Niger Delta, 
Congo, and Gabon), those in the Kribi/Campo sub-basin are poorly 
understood in terms of their architectural elements, morphological 
variations and factors controlling the distribution of turbidity sands (see 
Iboum Kissaaka et al., 2016; Loule et al., 2018; Yugye et al., 2021). 

Therefore, this study aims to investigate and analyze the geometry 

and internal configuration of a newly mapped well-developed Late 
Cretaceous submarine channel system in the Kribi-Campo sub-basin. 
This was achieved through the analysis of a 3D seismic reflection data 
and borehole data. The findings from this study extend the under
standing of the architectural and morphological evolution of deep-water 
channel systems in the Kribi-Campo sub-basin and elsewhere with 
similar settings and its implication deep-water hydrocarbon 
prospectivity. 

2. Geological setting 

The study area is located along the continental slope of the Kribi- 
Campo sub-basin approximately 40 km off the coast of Cameroon 
(Fig. 1). It is situated in water depths ranging from 600 to 2000 m 
(Fig. 1). The Douala/Kribi-Campo Basin is one of a series of continental 
shelf basins extending in West Africa from the edge of the Niger delta in 
Cameroon to the Walvis ridge near the Angola–Namibia border 
(Brownfield and Charpentier, 2006; Brownfield, 2016; Ntamak-Nida 
et al., 2008). The basin is divided into two sub-basins, namely the 
Douala sub-basin in the northern part and the Kribi-Campo sub-basin in 
the south (Fig. 1). The Kribi-Campo sub-basin extends over 6150 km2 

offshore and 45 km2 in a triangular onshore area (Ntamak-Nida et al., 
2010). This sub-basin is limited to the south by the Campo high, which 
formed as a rift basin that deepened to the northeast (Meyers et al., 
1996), and it separates the Kribi-Campo sub-basin and Equatorial 
Guinea Rio Muni Basins. Its northern limit corresponds to the Kribi 
Fracture Zone, which stops the extension of the Douala sub-basin. At the 
east, the Precambrian basement outcrops occur close to the shoreline 
(Nguene et al., 1992; Ntamak-Nida et al., 2010). The offshore part of the 
basin, which was investigated in this study, covers an area of approxi
mately 1500 km2, between 2◦20′ and 3◦00′N, and 9◦00 and 9◦50′E 
(Fig. 1). 

The evolution of the Kribi-Campo sub-basin is closely related to the 
opening of the South Atlantic Ocean following the rifting of South 
America and Africa (Rabinowitz and LaBrecque, 1979; Beglinger et al., 
2012). This continental rifting propagated from the South to the North, 
commencing in the Late Jurassic and lasting until the onset of seafloor 
spreading in Albian-Cenomanian time. Rifting started in the 
Kribi-Campo sub-basin from Barremian to Aptian time corresponding to 
deposition of the lower Mundeck formation (Ntamak Nida et al., 2010; 
Le et al., 2014). 

During the later passive margin phase, the basin experienced several 
additional regional tectonic events resulting in inversion and folding in 
the Santonian, and gravity sliding during Early/Mid/Late Tertiary time 
(Brownfield and Charpentier, 2006; Le, 2012, 2021). These events are 
marked by major unconformities including the Albian-Aptian break up 
unconformity (115 Ma), Middle Cretaceous (Santonian - ~ 85 Ma), Late 
Cretaceous (K/T boundary - ~ 70 Ma), and Mid-Oligocene (~30 Ma), 
Mid-Miocene (~15 Ma), and Late Tertiary event (~5.3 Ma) (Lawrence 
et al., 2002; Iboum Kissaaka et al., 2016; Le, 2021; Mienlam Essi et al., 
2021; Yugye et al., 2021) (Fig. 2). Eight litho-stratigraphic units which 
comprises the Mundeck, Logbadjeck, Logbaba, N’Kapa, Souellaba, Kribi, 
Matanda and Wouri formations have been identified (Fig. 2). Previous 
studies have demonstrated the presence of submarine channels in the 
Logbaba Formation, which is the formation of interest in this study area 
and adjoining areas (Sterling, 2010; Le, 2012 and Loule et al., 2018). 

Following the end Santonian uplift event, the basin returned to rapid 
thermal sag subsidence (SPT/Simon Petroleum and Technology, 1995). 
As a result, a thick succession of Campanian-Maastrichtian sediments 
(Logbaba Formation) drapes the underlying structures and lie slightly 
unconformably over the Santonian (Logbadjeck Formation). The rapid 
subsidence caused a significant phase of halokinesis along the margin of 
the Kribi-Campo High (Nguene et al., 1992; SPT/Simon Petroleum and 
Technology, 1995). This Santonian tectonic event with its associated 
uplift led to the deposition of thick late Cretaceous clastics characterized 
by slope and basin floor fans containing multiple channel complexes 
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(Sterling, 2010; Le, 2012, 2021). A series of eustatic lowstands during 
the Campanian-Maastrichtian and the Santonian uplift facilitated the 
episodic transport of major clastic sequences across the relatively nar
row shelf into the deeper basin to the west (i.e., in the study area) 
(Fig. 2). Sterling (2010) estimated that an excess of 1500–2000 m of 
Senonian deep-water clastic sediments were deposited in the study area 
during this phase of post-rift sedimentation. 

Sag subsidence during the Campanian led to basin deepening and the 
widespread development of basinal sediments. Continued halokinesis in 
the south of the basin may have led to complex turbidite sand distri
bution. Eustatic sea-level fall during the Maastrichtian (Nguene et al., 
1992; Seiglie and Baker, 1984) resulted in the progressive westward 
progradation of the shelf. Sand appears to have been fed to the basin by 

the palaeo-Ntem, palaeo-Sanaga and palaeo-Nyong Rivers, with sand 
rich aprons developed were these rivers debouched into the basin 
(SPT/Simon Petroleum and Technology, 1995). During the Early Ter
tiary, relative sea-level fall resulted in slumping and collapse of 
shelf-slope sediments and deposition of mounds on the Kribi-Campo 
basin floor (Iboum Kissaaka et al., 2016 and Le, 2021). An 
intra-Miocene unconformity marks an incision surface, with the devel
opment of canyons cutting down into underlying sediments. In the more 
proximal settings (i.e., east of Kribi-Campo High), there are multiple 
submarine incisions several kilometres wide and some amalgamated 
cut-and-fill submarine channel complexes downslope and parallel to 
present-day shelf-break in most of the Paleocene section (Wornardt 
et al., 1999; Le, 2012; Iboum Kissaaka et al., 2016). The late 

Fig. 1. Superimposed relief and bathymetric 
map of Cameroon, showing the location of 
the study area. Insert map on the left-hand 
corner of the map shows the location of 
Cameroon in the Gulf of Guinea. The 3D 
block, which we studied is outlined in red 
box, while the red circles with black outlines 
labelled W1 and W2, represent well loca
tions (Modified from Le et al., 2014; Loule 
et al., 2018; Le, 2021). (For interpretation of 
the references to colour in this figure legend, 
the reader is referred to the Web version of 
this article.)   
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Eocene-early Oligocene tectonic event facilitated a relative sea-level fall, 
responsible for the widespread erosion and non-deposition in the 
deep-water of the basin (Wornardt et al., 1999; Helm, 2009; Mvondo, 
2010; Iboum Kissaaka et al., 2016; Ngo et al., 2018; Le, 2021) (Fig. 2). 
Following this period of non-deposition, a thick Miocene-Pliocene 
clastic wedge originating from a combination of multiple continental 
paleo-river drainage systems (e.g., Proto-Sanaga, proto-Nyong and 
proto-Ntem River systems), prograded across the narrow shelf area 
(Sterling, 2010; Le, 2012). Sediments prograded down the steeply dip
ping fault margin into the offshore Kribi-Campo sub-basin and deposited 

a thick sequence of sand-rich turbiditic channels (Sterling, 2010; Le, 
2012). 

3. Dataset and methods 

3.1. Dataset 

The datasets analyzed in this study consist of a high-resolution 3D 
seismic reflection survey and borehole data from the Kribi-Campo Sub- 
basin offshore Cameroon (Fig. 1). 

Fig. 2. Stratigraphic column of the Kribi-Campo Sub-basin showing the tectono-sedimentary phases and global mean sea level (Modified from Pauken, 1992; 
Lawrence et al., 2002; CGG Robertson, 2015; Iboum Kissaaka et al., 2016). 
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3.1.1. Seismic data 
The 3D seismic survey is a pre-stack time migrated (PSTM) dataset 

that covers an area of about 1500 km2 in water depths ranging between 
600 m and 2000 m (Fig. 1). It was acquired using 10 streamers, with a 
12.5 m group interval. The separation between the streamers was 100 m, 
with a spatial resolution of 25 × 25 m. It includes 1581 in-lines and 2051 
crosslines with lines spacing of 25 m and a seismic recording sampling 
interval of 2 ms two-way travel time (TWT). The seismic survey was 
processed as a zero-phase at the seabed and displayed using the Society 
of Exploration Geophysicists (SEG) normal polarity (Brown, 2004). 
Hence, a positive event represents a downward increase in acoustic 
impedance (red, yellow, or orange reflection on seismic sections), and a 
negative event represents a downward decrease in acoustic impedance 
(blue reflection on seismic profiles) (Fig. 3). The seismic dataset reaches 
6.6 s TWT. The dominant frequency of the data is 17 Hz for the Late 
Cretaceous and 45 Hz in the Cenozoic resulting in a vertical resolution 
(λ/4) of ~28 m and ~10 m, respectively (Le, 2012, 2021), with an 
average velocity of 2400 m/s derived from the check-shot data in the 
interval of interest (4000–5000 ms). 

3.1.2. Well data 
The study integrates well log data (gamma rays, resistivity, density, 

neutron, and sonic logging) from two offshore wells, W1 and W2 
(Fig. 1). W1 reached a total depth of 4747 m and W2 a total depth of 
4090 m below the seafloor corresponding to a stratigraphic interval 
ranging between Albian to Recent. The wells cover the Late Cretaceous 
interval and biostratigraphic data were available. Formations tops of the 
two wells and the checkshots data for the well W1 were used to correlate 
the seismic and borehole data. Well data from the W1 wellbore were 
used to constrain the lithology and ages of the different horizons and 

sedimentary intervals interpreted. 

3.2. Methods 

3.2.1. Seismic stratigraphy 
The approach used here consists of the seismic interpretation of ten 

horizons (KC-1 to KC-9, and the seafloor) (Fig. 2). These seismic hori
zons were tied to the well W1 using the checkshot data. The interval of 
interest was divided into two main seismic units based on the charac
teristics (amplitude, frequency, and continuity) of the seismic reflections 
and the recognition of reflection termination patterns such as onlap, 
erosional truncations, seismic facies/configuration, and vertical stack
ing patterns (Mitchum et al., 1977). In the present study, submarine 
channel systems and submarine fans were identified based on seismic 
criteria and 3D geomorphology in both cross sections and plan-view 
maps (e.g., Posamentier and Kolla, 2003; Loule et al., 2018). 

3.2.2. 3D seismic geomorphology 
Identification and mapping of the submarine channels were achieved 

using a 3D seismic geomorphological approach (Zeng et al., 1998; Zeng 
and Ambrose, 2001; Posamentier and Kolla, 2003; Brown, 2004; Kolla 
et al., 2007; Niyazi et al., 2018; Chima et al., 2020). Seismic attributes 
such as RMS (Root Mean Square) amplitude and variance, were 
extracted along the horizons to illuminate and visualize the channels as 
well as to characterize geological anomalies that are isolated from 
background features by means of an amplitude response (Taner, 2001). 
The RMS amplitude maps are mathematically computed by squaring 
individual traces over a defined time window (Brown, 2004; Omosanya 
and Alves, 2013). They boost high amplitudes in an interpreted interval, 
allowing the amplitude reflections related to sands or other high-density 

Fig. 3. a) A seismic cross section showing the definition of width and depth as used in this paper. The distances between two intersection points on the top surface 
and the left/right boundary are defined as the width, the vertical distance between the thalweg and the top surface as the depth. b) Schematic diagram showing the 
definition of the along channel length and channel thalweg. 
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materials within channels to be discriminated from their associated low 
amplitude chaotic facies (Brown, 2004; Omosanya and Alves, 2013; 
Chima et al., 2019). Variance is the direct measurement of the dissimi
larity of seismic traces. Variance maps convert a volume of continuity 
into a volume of discontinuity, highlighting structural and stratigraphic 
boundaries (Brown, 2004; Niyazi et al., 2020, 2021). Features identified 
in the variance time slices were also used as additional verification for 
the seismic sections. For example, the channels are characterized as 
truncating the underlying seismic reflections and onlapping on their 
margins and by contrasting amplitudes between their fill and adjacent 
overbank deposits (Gamboa et al., 2012; Harishidayat et al., 2018; 
Omosanya and Alves, 2013). In this study, we generated a series of RMS 
and variance time slices to analyze the evolution of the submarine 
channel system during different periods. 

3.2.3. Quantitative analysis of submarine channel 
In addition to classical seismic stratigraphic methods, the quantita

tive analysis of the seismic geomorphology of submarine channels was 
performed following the methodologies proposed by Deptuck et al. 
(2007), Gamboa and Alves (2015), Qin et al. (2016), Hansen et al. 
(2017), Harishidayat et al. (2018) and Zhao et al. (2018). Morphometric 
parameters such as width (defined as the distance between the banks of 
the channel system), depth (defined as the depth of the channel from 
their overspill points to their bases), and depth of the channel thalweg 
(defined as a middle point of the channel walls and the lowest point of 
the erosional surface), were measured in cross-sectional seismic profiles 
(Fig. 3). These seismic profiles are perpendicular to the channel axis and 
are located at an interval of 1 km (average). The zero point was defined 
as the northernmost limit of the channel. The thalweg depth (in s TWT) 
was converted to depth (in m) using the time-depth relationship 

Fig. 4. a) Seismic line through W1 well showing the entire basin successions and channel complex deposits identified within the dataset. Ten Horizon name (KC-1 to 
KC-9 and the seafloor) are identified in the study area based on Le (2012); Iboum Kissaaka et al. (2016) and Loule et al. (2018). b) Seismic section, taken 
perpendicular to regional dip, showing the channel complex deposits within the study interval. The location of the seismic section is shown in Fig. 1 c) Depth 
conversion scheme. 
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produced from checkshot data available of Well W1 (Fig. 4c). Further
more, the channel gradient was calculated based on changes in thalweg 
depth along the axis of the channel. For this purpose, the thalweg depth 
was measured on each profile along the channel. Subsequently, the 
paleo-topography on which the channel developed was divided into 
windows with different average gradient segments depending on the 
magnitude of the thalweg depth variations on the profiles. Vertical and 
horizontal distances (the vertical distance must be converted into depth 
profiles) between the starting and ending points of these windows were 
measured. Then final gradients were measured based on the arc tangent 
function (Deptuck et al., 2007; Gamboa and Alves, 2015; Qin et al., 
2016; Harishidayat et al., 2018; Zhao et al., 2018). 

4. Results and interpretation 

4.1. Seismic stratigraphy of the study area 

The interpreted ten horizons (KC-1 to KC-9 and the seafloor) were 
used to describe the seismic stratigraphic framework of the study area 
(Fig. 4). KC-1 to KC-9 horizons correspond to the Top Albian, Santonian, 
Campanian, Maastrichtian, Paleocene, Eocene, lower Miocene, middle 
Miocene, late Miocene, respectively (Le, 2012; Iboum Kissaaka et al., 
2016). The interval of interest in the study area is bounded by the KC-3 
and KC-4 horizons at the base and top, respectively. This interval is 

characterized by distinctive seismic facies of the 
Campanian-Maastrichtian Logbaba Formation (Fig. 4). 

The KC-3 is located at approximately 4900 ms TWT and is charac
terized by a high-amplitude positive reflection with good continuity 
(Fig. 4). This horizon is characterized by onlap above the Kribi High area 
and defines the base of the stack of high to bright amplitude reflection 
laterally migrating westward. This probably corresponds to a turbidite 
fan system which extends from the east to the southern half of the study 
area (Fig. 5). Based on its seismic characteristics and according to Le 
(2012); the surface KC-3 corresponds to an unconformity in the study 
area which progressively shows greater truncation of underlying se
quences toward the upper slope (Fig. 4). The isochore map shows values 
ranging from − 3700 ms upstream to − 5100 ms downstream (Fig. 6a). 
These two extreme values correspond respectively to a high and low 
topographic area on either side of the study area (Fig. 6a). It is separated 
by a steep slope on the east that decreases towards the seabed. The 
horizon KC-4 is located at approximately 4600 ms TWT and is also a 
positive reflection with high amplitude. The horizon is characterized by 
downlaps onto an erosional surface and separates the overlying high to 
moderate frequency, low to moderate amplitude reflection packages 
from the underlying low to moderate frequency, and high to moderate 
amplitude reflection packages (Fig. 5). The isochore map shows values 
ranging from − 3200 ms to − 4800 ms, respectively, at two downstream 
and upstream ends of the sub-basin (Fig. 6b). The contours lines of this 

Fig. 5. Along the slope seismic profile showing. a) Uninterpreted and (b) The interpreted seismic stratigraphy of the slope. The submarine channel system is located 
within unit (SU2) and deep-water fan is located within (SU1) in the study interval. 
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map have a preferred NE-SW direction (Fig. 6b). 
The surface KC-4 is incised by a NE-SW trending channel and covers 

the Kribi High in the east (Fig. 4a and b). On the basin floor at the more 
distal end of the large incision (i.e., around W1), the surface marks the 
base of the relatively low-amplitude Tertiary package (Fig. 4a). This 
contrasts with the underlying Cretaceous sequences which in cross- 
section are more channelized and display higher amplitudes (Fig. 5). 
The thickest area reaches 1560 m (Vp = 2400 m/s) in the east, and the 
average thickness of the unit is 1080 m (Fig. 6c). 

The interval of interest in this study (Campanian-Maastrichtian 
succession) has been divided into two seismic sub-units: seismic sub-unit 
1 (SU1) and seismic sub-unit (SU2) based on the differences in the in
ternal seismic reflection configurations (Fig. 5). SU1 consists of sub 
parallel and aggradational reflections (Fig. 5). SU1 is generally 

characterized by low amplitudes reflections with limited occurrence of 
high amplitude reflections and displays maximum thickness in the east 
(Fig. 5). The high amplitude seismic facies display an aggradational 
pattern with parallel and continuous reflections having a fan-shaped 
geometry (Table 1, Fig. 5). SU2 forms the uppermost sub-unit in the 
Late Cretaceous, and consists of low to high amplitude, sub-parallel and 
continuous reflectors. A large incision occurs within this unit, which is 
interpreted as a submarine channel, characterized by high-amplitude 
reflections at its base (Table 1, Fig. 5). 

4.2. Late Cretaceous submarine channel 

4.2.1. Channel infill: distribution of seismic facies and interpretation 
Five seismic facies (SF1 to SF5) were identified in the study interval 

Fig. 6. a) Isochronal map of the KC 03 horizon. b) Isochronal map of the KC 04 horizon. c) Isopach map of Late Cretaceous between KC 03 and KC 04.  

Table 1 
Description and the interpretation of the seismic facies observed in the submarine channel system within the study interval.  

Seismic 
facies 

Seismic profile Schematic Description Plan/Map view Interpretation 

SF1 Chaotic, high amplitude, discontinuous reflections, basal lags 
usually confined within a U- shaped erosional surface 

Coarse-grained 
channel fill 

SF2 Low to high amplitude, discontinuous to chaotic reflections, with a 
U- shaped external geometry 

Fine-grained 
Channel fill 

SF3 Semi transparent, low amplitude, semi-continuous to continuous 
reflections 

Hemipelagic 
sediments 

SF4 high- to low-amplitude, continuous, parallel to subparallel 
reflections 

Levee deposits 

SF5 High amplitude seismic facies displaying an aggradational pattern 
with parallel and good continuity reflectors 

Turbidites fan 
system  
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and can be interpreted to represent five specific depositional settings in 
the area of interest (Table 1). 

SF1 consists of high amplitude, chaotic reflections confined within a 
U-shaped erosional surface in cross section (Fig. 7b and c). In plan-view, 
SF1 is expressed as a more linear morphology compared to SF2 (Fig. 9). 
It occurs at the basal lags of the early-stage channel. This facies is 
interpreted as coarse-grained sediments deposited in the submarine 
channel axis (Mayall et al., 2006; Gee et al., 2007) (Fig. 9). 

SF2 consists of low-amplitude, discontinuous to chaotic reflections, 
with a U- shaped external geometry (41–103 m depth, 1–3 km wide) in 
cross section (Fig. 7). SF2 is narrow and has a sinuous morphology in 
map-view (Fig. 9). This facies is interpreted as clay-prone channel fills 
that may record earlier channel bypassing (of coarse-grained sediments) 
and later abandonment (deposition of fine-grained sediments). 

SF3 is composed of low-amplitude, discontinuous to continuous 

seismic reflections and occurs in the background unit that encompasses 
the submarine channel (Fig. 7b and c; Table 1). It occurs in the entire 
seismic volume on the map-view outside the submarine channel system 
(Fig. 9). SF3 can be interpreted as hemipelagic sediments (Fig. 9); SF3 is 
similar to those ofhemipelagic sediments as observed in other studies (e. 
g., Su et al., 2015; Gong et al., 2016). 

SF4 is comprised of high-to low-amplitude, convergent reflections 
that show a broadly wedge-shaped geometry in cross section (Fig. 7b 
and c). This facies is widely recognized elsewhere and interpreted to 
represent levees deposits (Table 1) formed of fine-grained sediments 
from the overbanking of turbidity currents (e.g., Posamentier and Kolla, 
2003; Deptuck et al., 2003; Catterall et al., 2010; Janocko et al., 2013). 

SF5 is characterized by high-amplitude reflection displaying an ag
gradational pattern in cross-section (Table 1) and it is located below the 
submarine channel system in sub-unit SU1 (Fig. 5b). In map view, it 

Fig. 7. a) Seismic profile showing the channel geometry is U-shaped and iso-proportional slice used to unravel the internal architecture of the channel. b) and c) 
Channel system is composed of two stages: early-stage channel and late-stage channel. SF1 is coarse while SF2 is fine sediments. The submarine channel is 56 km long 
and 3–5 km wide with an incision depth of 89–197 m. 
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occurs in the SE part of the study area (Fig. 9c and d). This facies 
correspond to the sand body which can be interpreted to fan deposits, 
and it is like those observed and described by Twichell et al. (2009). 

4.2.2. Internal architecture and geometry of the submarine channel 
The submarine channel observed in unit SU2 is U-shaped in cross- 

section (Fig. 7). It has two vertically stacked channels that developed 
at different stages. The late-stage channel lies completely within the 
early-stage channel, and both exhibit distinct seismic reflection char
acteristics (Fig. 7b and c). The early-stage of the channel is characterized 
by seismic facies SF1 and SF2. Seismic facies SF1 is mainly located along 
the thalweg of the early-stage of the channel. It occurs at the base of 
submarine channel analyzed in this study (Fig. 7b and c). Seismic 
reflection characteristics of this facies is like those of the channel axial 
deposits described by Deptuck et al. (2003), Mayall et al. (2006) and 
Catterall et al. (2010). SF2 is usually confined at the flanks of the 
channel (Fig. 7b and c). Specifically, the late-stage channel is embedded 
in this facies (Fig. 7b and c). The late-stage of the channel is dominated 
by the SF2. In addition, SF1 and SF2 are within the channel system, 
while SF3 and SF4 are located outside the system (Fig. 7b and c). SF3, 
mainly occurs in SU2, and it confined to the left side of the submarine 
channel (Fig. 7b and c). SF4 is seen outside of the early channel belt and 
occurs only locally (Fig. 7; Table 1). These reflections typically dip away 
from the channel axis and decrease in amplitude away from the channel 
axis (Fig. 7b). 

To analyze the evolutionary history and infilling of the submarine 
channel system, SU2 was divided into four intervals (Figs. 7a and 8). The 
well-log in the vicinity of the submarine channel system indicates that 
the thickness between the top and base of the channel is approximately 
90 m (Fig. 8a). The gamma-ray is characterized by sharp-based (between 
3900 m and 3850 m), finning upward pattern (between 3850 m and 
3810 m). The basal coarse-grained lags of the early-stage channel in well 
W1 show a large kick in GR and display a serrate GR log motif with some 
blocky/bell-shaped intervals (Well W1 in Fig. 8a). The late-stage chan
nel fills are mainly characterized by a serrate GR motif with some low- 
amplitude bell-shaped GR intervals (Fig. 8a). The well-log patterns of 
this submarine channel consist of clay interbedded with thin layers of 
sands (Fig. 8a). The early-stage channel is visible on all the maps and is 
characterized by relatively linear morphology (Fig. 9). The channel is 
56 km long and 3–5 km wide (Fig. 9), with an incision depth of 89–197 
m (Fig. 10). In contrast, at the late-stage, the channel could only be 
imaged in the upper two slices, showing that it incises the infillings of 

the early-stage channel (Fig. 9a and b). The RMS and variance values 
also characterize the channel fills in the horizon slices. The high RMS 
amplitudes and low variance occur within the submarine channel axis. 
The channel also locally incises areas of high RMS amplitudes and low 
variances, characterized by lobate geometry outside the channel axis 
(Fig. 9). The low RMS values and high variances are observed in the 
northeast part of the channel while the high RMS values and low vari
ances are observed in the southwest part of the channel (Fig. 9d). This 
high amplitude RMS channel fill observed in the horizon slice corre
sponds in cross section to seismic facies SF1 and the low amplitude RMS 
fill corresponds to seismic facies SF2. The late-stage channel is narrower 
and has a sinuous morphology, embedded in the early-stage channel 
(Fig. 9). The dimension of the late-stage channel is 1–3 km wide, 56 km 
long (Fig. 9), and vary in depth from 41 to 103 m (Fig. 10). 

4.2.3. Morphometric analysis of the submarine channel 
There is a significant morphological variation along the submarine 

channel system (Figs. 9 and 10). In the northeastern portion, near the 
sediment source area, the channel morphology varies considerably with 
smaller width and depth when compared to the southwestern portion 
where the channel is characterized by significantly greater width and 
depth (Fig. 10). 

The depth profile of the early channel thalweg shows an exponential 
trend and can be divided into three intervals (1, 2 and 3) that correspond 
to three segments (x, y, and z) based on the channel gradient variations 
(Fig. 11a; Table 2). The gradient for the early-stage channel is 2.64◦ in 
the first segment, and decreases to 2.02◦ in the mid segment y, which 
spans between 12 km and 33 km along channel axis (Fig. 11a). In the rest 
of the channel, segment z, the channel slope decreases dramatically, and 
reaches its lowest value of 0.40◦ (Fig. 11a). 

The channel width also displays three intervals. It varies between 
3224 m and 4677 m for the early-stage channel to 1094 m and 2865 m 
for the late-stage channel in the first 12 km interval (Fig. 11b; Table 2). 
In interval 2, channel width increased to a maximum value of 5573 m at 
17 km for the early channel to 3802 m at 18 km for the late-stage 
channel. This increasing trend is followed by a decrease in the width 
of the late channel to its lowest value of 2993 m at 27 km. In the interval 
2, between 27 and 32 km the channel shows an increase in width with 
slight variation. In interval 3, between 33 and 44 km, the width of the 
early-stage channel varies from 3830 m to 4260 m. The width of this 
late-stage channel has a decreasing trend and varies between 3300 m 
and 1115 m (Fig. 11b). 

Fig. 8. Characteristic of study unit from the well-seismic calibration, a) Wireline logs (gamma ray (GR), neutron, density, and resistivity) for well W1 through the 
submarine channel system. b) submarine channel time slices showing two incision stages and flattened horizon KC-04. 
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Fig. 9. Variance and RMS seismic attributes and their interpretations, of the various slices within the early and late-stage channel (see Fig. 7a). The seismic attributes 
analysis shows the distribution of several types of sediments deposited during the evolution of the submarine channel system. The late-stage channel is narrower and 
is more sinuous. 
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The depth profile of the early-stage channel thalweg also shows 
remarkable variation along the channel path (Fig. 11a), correlating with 
the variation in the depths of the early channel (Fig. 11c). A plot of 
channel thalweg versus along channel distance also revealed three in
tervals (Fig. 11a and c; Table 2). The first interval (0–12 km) begins with 
the lowest value of channel depth to the northeast of the seismic survey 
(Fig. 11c), followed by an increase to 170 m at 9 km in the early channel 
(Fig. 11c). The depth of the early-stage channel in this interval ranges 
from 89 m to 171 m. In interval 2, between 12 and 33 km, the channel 
depth begins with an increase from 109 m at 12 km to 179 m at 15 km 
(Fig. 11c). Then, the channel depth decreases to its minimum value of 
87 m at 24 km, before fluctuating with a general increase from 153 m to 
183 m for the rest of the interval (Fig. 11c). The third interval (33–44 
km) has the highest value of early channel depth, 197 m at 35 km 
(Fig. 11c). In this interval, the depth of the early-stage channel begins 
with an increase followed by a decreasing trend after reaching its 
maximum depth. The depth fluctuates between 112 m and 197 m. 

The width/depth ratio of the early-stage channel varies from 18 to 54 
(Fig. 11d; Table 2) in the three intervals along the channel. The first 
interval begins with a decrease in the ratio and fluctuates along the rest 
of the interval between 27 and 42 for the early-stage channel (Fig. 11d). 
The ratio fluctuates within interval 2 (13 and 33 km), reaching its 
maximum value from 51 to 24 km before decreasing to its minimum 
value from 17 to 25 km in the early-stage channel. Between 33 and 44 
km, the width/depth ratio in interval 3 shows an increasing trend to the 
northeast of the study area, where it reaches 43 (Fig. 11d). 

With respect to the late-stage channel, the channel depth in the first 
interval varies from 41 m to 79 m. In the second interval, the depth of 

the late-stage channel starts with a decrease, followed by an increasing 
trend from 47 m to 97 m at 23 km. The rest of the channel varies be
tween 68 m and 98 m in depth. The depth in the third interval reaches a 
highest value of 103 m at 35 km (Fig. 11c). The depth profile of the late- 
stage channel starts with a decrease. The general trend of channel depths 
is downward in this interval and ranges from 103 m to 59 m. The latter 
value corresponds to the northeastern edge of the submarine channel in 
the seismic volume (Figs. 10 and 11c). 

The width/depth ratio of the late-stage channel varies from 17 to 51 
(Fig. 11d; Table 2) in the three intervals along the channel. The first 
interval begins with a decrease in the ratio, followed by fluctuations 
along the remaining segment of the channel between 21 and 42 for the 
late-stage channel. In interval 2 (13 and 33 km), the late-stage channel 
reaches a maximum value of 54 at 18 km and a minimum value of 25 at 
33 km. Between 33 and 44 km, the ratio shows a decreasing trend to
wards the northeastern edge, where it reaches a minimum value of 18 
(Fig. 11d). 

5. Discussion 

5.1. Controls on the evolution of the Cretaceous submarine channel 
system 

Submarine channels can be influenced by sea-level change, sediment 
flux, tectonics, and climate, and have a significant impact on the sedi
mentary architecture of continental margins (Reading and Richards, 
1994; Wu et al., 2018). Several factors can be suggested as the principal 
controls on the development of the Late Cretaceous submarine channel 

Fig. 10. Series of line drawings of seismic profiles oriented perpendicular to the trend of the submarine channel system (every other profile shown, from 1 km spaced 
profiles). Notice the variation in the geometry and infill of the channel system along the slope. 
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system within the SU2 in the study area. This encompasses tectonics, 
relative sea-level fluctuations, fluvial sediment supply, and slope 
gradient. Here, these factors are examined first in terms of whether and 
how they might have influenced the evolution of the submarine channel 
system. 

5.1.1. Tectonics 
One structural high (Kribi high) was mapped in the study area 

(Fig. 6). There are highs that are believed to have significant control on 
the sourcing and distribution of Cretaceous sediments from the onshore 
to the offshore depocentres. However, these highs have been active 
during the evolution of the submarine channel system in the Late 

Cretaceous. The Kribi high lies to the SE of the study area (Fig. 6) and it 
is a NE-SW trending feature, which has a similar trend to the submarine 
channel (Le, 2012; SPT/Simon Petroleum and Technology, 1995) 
(Fig. 9). It comprises a thick Early Cretaceous syn-rift sequence, which is 
overlain by a Late Cretaceous post-rift sequence (Le, 2012; Loule et al., 
2018). Late Cretaceous sediments filled the developing basin, which is 
bounded by the eroded paleotopographic high to the southeast (Kribi 
High). Furthermore, the reactivation of some of these structures (e.g., 
Kribi Campo High, Kribi and Campo Fracture Zones etc.) during the 
Cretaceous and Tertiary times also affected and promoted the entry and 
deposition of gravity flow deposits of coarse clastics which represents 
the primary reservoir targets in the study area (Sterling, 2010; Le, 2012). 

5.1.2. Relative sea-level fluctuations 
It is widely accepted that relative sea-level oscillation can promote 

the occurrence of submarine channels in deep-water settings (Pos
amentier, 2001; Posamentier and Kolla, 2003). Seismic based in
vestigations (Posamentier and Kolla, 2003; Niyazi et al., 2018), 
numerical modellings (Soutter et al., 2021), outcrop analogues (Sprague 
et al., 2002; Prélat, 2010) and studies focusing on the Pliocene to 
modern submarine channel systems (Samuel et al., 2003; Chima et al., 
2020) showed that lowering sea-level is one of the important mecha
nisms by which sediments could be transported beyond the shelf break 
more efficiently, and form turbidity channels even in the distal area of 
the deep-sea. Although, submarine turbidity channel development 
during high sea-level were documented in the Congo and Bengal fans, 
their presence was also linked to increased tectonic activity (Van 
Weering and Van Iperen, 1984; Weber et al., 1997). In fact, the sea-level 
fluctuations can act as a switch on the continental shelf, by capturing 
and storing most of the coarse-grained sediments within the shelf during 
the period of high sea-level, while by-passing them to the deep basin 
during sea-level fall and connecting the catchment area to the deep-sea 
(Posamentier and Kolla, 2003). 

An apparent high sea-level can be observed during the late Campa
nian, which corresponds to the KC-3 horizons (Fig. 2). Interestingly, 
deep-water fans were documented in this period within SU1 and likely 
developed due to the rising sea-level (Fig. 5). When the sea-level stands 
high, the shelf will be submerged and coarse-grained sediments are 
primarily deposited on the shelf, and only fine-grained materials could 
be transported to deep waters, forming clay dominated submarine fans 
(Myers and Milton, 1996; Posamentier and Kolla, 2003; Samuel et al., 
2003). As the sediments accumulated in the study area, and sea-level 
start to drop, coarser materials stored during the previous lowstand 
(around KC-3) could be transported to deep sea, and those deep-water 
fans could transit into turbidity channel system (Posamentier and 
Kolla, 2003; Cross et al., 2009). Due to lower hydraulic pressures and 

Fig. 11. Quantitative analysis of the submarine channel system. a) Width of 
early-stage channel and late-stage channel. b) Early-stage channel and late- 
stage channel depth profile. c) Aspect ratio (width/depth) of the early-stage 
channel and late-stage channel. d) Depth profile of channel thalweg along 
the channel. 

Table 2 
The result of morphological analysis along the submarine channel system.  

Measurements Intervals 

Downslope  

1 (0–12 km) 2 (12–33 km) 3 (33–44 km) 

Channel gradient 
(◦) 

2.64 2.02 0.40 

Thalweg depth 
(m) 

4188–4820 4820–5463 5417–5522 

Early/Late stage 
Channel width 
(m) 

3224-4677/1094- 
2865 

2879-5573/1452- 
3802 

3483-4260/1115- 
3300 

Early/Late stage 
Channel depth 
(m) 

89-171/41-79 109-179/45-98 112-197/59-103 

Aspect Ratio 
Early/Late 
Channel 

25-42/21-42 26-51/25-54 18-34/18-42  
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abundance in coarser grain size sediments, gravity flows during lower 
sea-level tend to be more erosive and finally could form submarine 
channels (Catuneanu, 2006). Coincidently, we observed channel inci
sion within SU2 (Figs. 5 and 9), which can be correlated to the lowering 
sea-level curve of Haq et al. (1987). Since the submarine channels 
during lowstands are highly erosive and comprise a higher sand pro
portion (Figs. 8 and 9), it is plausible to suggest that the abundance of 
coarse-grained sediments available from the shelf and through the 
fluvial sediment supply during the early stage of sea-level fall, played 
important role in the formation of the submarine channels. Neverthe
less, continuous sea-level drop also could demise the submarine chan
nels, as the coarser materials available on the shelf were consumed by 
the early-stage channel (Posamentier and Kolla, 2003; Cross et al., 
2009). The subsequent channel contains large number of fine-grained 
materials, and it is no longer as erosive as the early-stage counterpart, 
since the energy of the turbidity current is directly linked to the 
sand/mud ratio of the flow (Shanley and McCabe, 1994; Tripsanas et al., 
2008). This interpretation also explains the narrower morphology of the 
late-stage channel comparing to the early-stage channel (Fig. 11). 

5.1.3. Fluvial sediment supply 
Sediment supply is the material basis for the development of deep- 

water channel systems (Catuneanu, 2006; Gong et al., 2016). The 
types and abundance of sediments provided by source area may have 
had great influence on the formation and characteristics of the 
deep-water depositional systems in the study area. It is known that 
following the Santonian tectonic event, a large amount of terrigenous 
sediment was transported to deep-water basins, forming a widely 
developed deep-water gravity channel system in the Maastrichtian 
(SPT/Simon Petroleum and Technology, 1995). During this time, sedi
ment supply from the Sanaga River also played a significant role in the 
type of infill and the nature of the sediment within the submarine 
channel systems. Coarse clastic sediments are therefore predicted to 
have been extensively deposited in the study area, particularly in the 
vicinity of the Sanaga River (SPT/Simon Petroleum and Technology, 
1995). Tracing the conduits that fed the submarine channel system using 
root-mean-square amplitude slices indicates a transported from the 
shelf-edge delta systems formed by Sanaga and Nyong Rivers during the 
depositional stage of the Late Cretaceous (Fig. 9). The infilling of the 
submarine channel system in this study reflects a deltaic (Sanaga and 
Nyong) origin of the sediments deposited on the continental shelf 

Fig. 12. Diagram of the deposition facies in the study area showing the temporal and spatial evolution of the Late Cretaceous submarine channel. a) Turbidites fan 
came into being first before the formation of the early-stage of the channel. b) The early-stage channel is characterized by Sand-prone sediments and some Clay-prone 
sediments. c) The late-stage channel deposit is narrow and is more sinuous characterized by Clay-prone. d) In the final stage, from the Late Cretaceous to the Tertiary, 
the submarine channel system died out. 
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margin in the northeast of the study area. The NE-SW trending channels 
mapped in this study indicate that sediments originate primarily to the 
northeast (Figs. 9 and 12). This corroborates the interpretation made by 
Meyers et al. (1996), Iboum Kissaaka et al. (2016), and Yugye et al. 
(2021). 

5.1.4. Paleotopographic gradient 
Paleotopographic gradient features appear to have played a key role 

in controlling the morphology, internal architecture and fills of the 
submarine channel in the Late Cretaceous (Zhao et al., 2018). The In
tervals 1 and 2 were characterized by a strong gradient (2.64◦ and 2.02◦) 
with a large channel width and shallow depth (Table 2. Fig. 11). How
ever, Interval 3 is characterized by a gentle gradient (0.40◦) with a small 
channel width and large depth. The possible reason for such a difference 
in morphology over such a short distance could be related to the 
different palaeotopographic gradients (Fig. 11a). Therefore, the degree 
of widening is commonly larger than that of deepening with increase in 
the channel scale. This means that a larger width/depth ratio commonly 
coincides with a larger-scale channel (Zhao et al., 2018). 

The highest amplitudes observed in the map view characterize areas 
of lower channel gradient, while the lowest amplitude channel ampli
tude areas are in the upslope to the mid-slope of the channel and char
acterize the high gradient (Fig. 9). Thus, the amplitude change may 
reflect a change in lithology from fine to coarse-grained deposits (Sul
livan et al., 2000; Morend et al., 2002). In the case of the slope segments 
x, the low amplitude lithofacies corresponds to fine-grained deposits. On 
the other hand, when the slope is low (segment z), high amplitude 
lithofacies indicate deposits of coarse-grained deposits (Figs. 9 and 12). 
This type of sedimentary submarine channel fill is similar to the 
indented sedimentary channel fill suggested by Li et al. (2020). 

5.2. Evolutionary model for the Late Cretaceous channel system 

The local tectonics, sea-level fluctuations, and fluvial sediment 
supply are likely controls on the occurrence and absence of the sub
marine channel system in the long term. The paleotopographic gradient 
is responsible for the morphological evolution of the channel system and 
the distribution of coarse-grained sediments. The overall formation and 
development of the studied submarine channel system could be 
explained by four steps conceptual model (Fig. 12). During the high sea- 
level at the late Campanian (KC-3), most of the sediments accumulated 
on the continental shelf and deep-water fans developed at the distal part 
(Fig. 12a). Following the drop in sea-level, increase of fluvial sediment 
supply, previously accumulated sediments on the shelf and sourced from 
the fluvial system were delivered to the deep basin, and formed the Late 
Cretaceous channel system (Fig. 12b). The differences in the gradient for 
the topography, on which the channels developed, influenced the dis
tribution of sand-prone sediments. As a result, coarser-grained materials 
mainly accumulated along the channel at the gentler lower stream 
(Fig. 12b). Following continuous sea-level fall and the discharge of 
coarser sediments on the shelf, more fine-grain materials were delivered 
to the system, decreasing the flow energy, by which only narrower (late- 
stage) channel could be developed (Fig. 12c). The late-stage channel is 
also characterized as more mud-prone and less erosive compared to the 
early-stage channel (Fig. 12c). In the final stage, from the Late Creta
ceous to the Tertiary, the study area was submerged by the rapid sea 
level rise, and then the submarine channel system died out quickly due 
to the lack of sufficient sediment supply (Fig. 12d). 

5.3. Implications for hydrocarbon exploration in deep-water Kribi-Campo 
sub-basin 

Turbidite channel systems are one of the most common types of 
hydrocarbon reservoirs found along the West Africa margin and else
where (Weimer et al., 2000). Therefore, the investigation of these late 
Cretaceous submarine channels system, have implications for 

hydrocarbon prospectivity in the deep-water Kribi-Campo sub-basin. 
The early-stage channel consists of coarse grain sediments alter

nating with fine grain sediments rather than being isolated on a basal 
erosional surface, suggesting multiple barriers and possible thief zones 
at the base of the channel (Figs. 8 and 9; Mayall et al., 2006). In addition, 
the late-stage channel is predominantly fine-grained. However, the 
presence of coarse-grained sediments in the early-stage channel origi
nating from erosive energetic flows may result into good reservoirs in 
the study area (Loule et al., 2018; Sterling, 2010; Jobe et al., 2011). 

Sediment transport models indicate that grain size distribution, as 
well as slope gradients, are key variables dictating the presence of good 
reservoir development (McCaffrey and Kneller, 2001; Stevenson et al., 
2015). The coarse-grained sediments of the early-stage channel in this 
study were deposited along the low slope gradients (segment z) and the 
fine-grained sediments were deposited in the high slope gradients 
(segment x) (Figs. 9d and 12). As a result, the channel system with gentle 
gradients and coarse-grained sediments offers the highest potential for 
hydrocarbon discoveries (McCaffrey and Kneller, 2001; Stevenson et al., 
2015). 

Another potential application of this study lies in the well-log motif 
of the submarine channel system where various stages of channel evo
lution have distinct logs responses (Fig. 8a). The basal coarse-grained 
lags of the early-stage channel in well W1 show a large kick in GR and 
display a serrate GR log motif with some blocky/bell-shaped intervals 
(Well W1 in Fig. 8a). The late-stage channel fills are mainly character
ized by a serrate GR motif with some low-amplitude bell-shaped GR 
intervals (Fig. 8a). The log responses observed in this study is similar to 
those reported from other slope channel systems (e.g., Fig. 11 of Mayall 
et al., 2006, Fig. 10 of Li et al., 2021). This suggests that evolutionary 
stages and associated 2D or 3D reservoir elements of submarine channel 
systems may be recognized from 1D vertical log patterns or sections. 

6. Conclusions  

1) Integrated analysis of a high-resolution, 3D seismic reflection dataset 
and borehole data from the deep-water Kribi-Campo Sub-basin, 
offshore Cameroon has revealed a submarine channel system that 
developed during the Late Cretaceous.  

2) The submarine channel system recognized in the Late Cretaceous 
trends approximately NE–SW with a total length of about 56 km and 
a maximum width and height of 5 km and 197 m respectively within 
the study area. The submarine channel system is U-shaped and of two 
parts: (1) the early-stage channel with a linear morphology and: (2) 
the late-stage channel located within the early channel which is 
narrower with a sinuous morphology. According to width to depth 
ratio and variation of erosion bases of the channels, the channel 
system can be divided into three segments (x, y and z), each of which 
is characterized by unique internal structure and infilling processes.  

3) The development and depositional architecture of the submarine 
channel system are mainly controlled by the changing interplay of 
tectonic, sediment supply, relative sea level changes and paleo
topographic gradient. The segmentation of the submarine channel 
system was constrained by paleotopographic gradient of alternating 
uplifts and depressions. The findings from this study demonstrates 
that decreasing slope gradient favours coarser-grained deposits pri
marily along the axis of the channel system, while a strong slope 
gradient leads to the deposition of fine-grained sediments. The 
abundant sediments feeding the submarine channel system were 
transported from the Sanaga and Nyong River source area. 

4) Understanding the channel morphology is crucial for facies predic
tion and efficient development of deep-water channel reservoirs 
especially as hydrocarbon exploration moves into deeper waters in 
the study area and elsewhere. 
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Tek, D.E., Mcarthur, A.D., Poyatos-Moré, M., Colombera, L., Patacci, M., craven, B., 

Mccaffrey, W.D., 2021. Relating seafloor geomorphology to subsurface architecture: 
how mass transport deposits and knick point-zones build the stratigraphy of the 
deep-water Hikurangi Channel. Sedimentology. https://doi.org/10.1111/ 
SED.12890. 

Tripsanas, E.K., Piper, D.J.W., Campbell, D.C., 2008. Evolution and depositional 
structure of earthquake-induced mass movements and gravity flows: southwest 
Orphan Basin, Labrador Sea. Mar. Petrol. Geol. 25, 645–662. https://doi.org/ 
10.1016/j.marpetgeo.2007.08.002. 

Twichell, D., Nelson, C.H., Kenyon, N., Schwab, W., 2009. The Influence of External 
Processes on the Holocene Evolution of the Mississippi Fan. External Controls on 
Deepwater Depositional Systems, vol. 92. Society for Sedimentary Geology Special 
Publication, pp. 145–157. 

B. Secke Bekonga Gouott et al.                                                                                                                                                                                                              

http://refhub.elsevier.com/S0264-8172(22)00343-9/sref55
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref55
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref56
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref56
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref57
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref57
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref57
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref58
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref58
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref58
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref58
https://doi:10.1016/0264-8172%20(96)00030-X
https://doi.org/10.1016/j.marpetgeo.2021.105073
https://doi.org/10.1016/j.marpetgeo.2021.105073
https://doi.org/10.1016/j.marpetgeo.2021.105040
https://doi.org/10.1016/j.marpetgeo.2021.105040
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref63
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref63
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref63
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref63
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref64
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref64
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref64
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref64
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref66
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref66
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref66
https://doi.org/10.1002/9781444313710.ch2
https://doi.org/10.1002/9781444313710.ch2
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref68
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref68
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref68
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref69
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref69
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref69
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref69
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref70
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref70
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref70
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref70
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref70
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref70
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref72
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref72
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref72
https://doi.org/10.1016/j.marpetgeo.2020.104747
https://doi.org/10.1016/j.marpetgeo.2020.104747
https://doi.org/10.1190/INT-2020-0039.1
https://doi.org/10.1190/INT-2020-0039.1
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref74
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref74
https://doi.org/10.1016/j.jafrearsci.2008.01.006
https://doi.org/10.1016/j.jafrearsci.2010.01.004
https://doi.org/10.1016/j.jafrearsci.2010.01.004
https://doi.org/10.1016/j. marpetgeo.2013.02.006
https://doi.org/10.1016/j. marpetgeo.2013.02.006
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref79
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref79
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref79
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref80
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref80
https://doi.org/10.1016/j.geomorph.2015.03.005
https://doi.org/10.1016/j.geomorph.2015.03.005
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref82
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref82
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref82
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref83
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref83
https://doi.org/10.1306/111302730367
https://doi.org/10.1306/111302730367
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref85
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref85
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref86
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref86
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref86
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref87
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref87
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref87
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref87
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref88
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref88
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref89
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref89
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref89
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref90
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref90
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref92
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref92
http://refhub.elsevier.com/S0264-8172(22)00343-9/optCJzUyhdZhg
http://refhub.elsevier.com/S0264-8172(22)00343-9/optCJzUyhdZhg
http://refhub.elsevier.com/S0264-8172(22)00343-9/optCJzUyhdZhg
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref94
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref94
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref95
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref95
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref96
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref96
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref98
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref98
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref99
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref99
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref99
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref99
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref99
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref100
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref100
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref101
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref101
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref102
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref102
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref103
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref103
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref104
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref104
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref104
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref105
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref105
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref105
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref105
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref105
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref105
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref106
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref106
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref107
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref107
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref107
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref108
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref108
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref108
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref109
https://doi.org/10.1111/SED.12890
https://doi.org/10.1111/SED.12890
https://doi.org/10.1016/j.marpetgeo.2007.08.002
https://doi.org/10.1016/j.marpetgeo.2007.08.002
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref114
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref114
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref114
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref114


Marine and Petroleum Geology 145 (2022) 105865

18

Van Weering, T.C.E., Van Iperen, J., 1984. Fine-grained sediments of the Zaire deepsea 
fan, southern Atlantic Ocean. Geol. Soc. Lond. Spec. Publ. 15, 95e113. https://doi. 
org/10.1144/GSL.SP.1984.015.01.06. 

Weber, M.E., Wiedicke, M.H., Kudrass, H.R., Hübscher, C., Erlenkeuser, H., 1997. Active 
growth of the Bengal Fan during sea-level rise and highstand. Geology 25, 315–318. 

Weimer, P., Slatt, R.M., Coleman, J., Rosen, N.C., Nelson, H., Bouma, A.H., Styzen, M.J., 
Lawrence, D.T. (Eds.), 2000. Deep-water Reservoirs of the World. Gulf CoastSection 
SEPM 20th Bob F. Perkins Research Conference. 

Weimer, P., Slatt, R.M., Bouroullec, R., 2007. Introduction to the Petroleum Geology of 
Deep-Water Settings. AAPG/Datapages Tulsa. 

Wornardt Jr., W.W., Jory, P., Batupe, M., 1999. Seismic Sequence Stratigraphic Analysis 
of the Douala Basin, Cameroon. Offshore Technology Conference, Houston, Texas, 
1999.  

Wu, W., Li, Q., Yu, J., et al., 2018. The central canyon depositional patterns and filling 
process in east of Lingshui depression, Qiongdongnan basin, northern south China 
Sea. Geol. J. 53, 3064–3081. 

Wynn, R.B., Cronin, B.T., Peakall, J., 2007. Sinuous deep-water channels: genesis, 
geometry and architecture. Mar. Petrol. Geol. 24 (6–9), 341–387. https://doi.org/ 
10.1016/j.marpetgeo.2007.06.001. 

Yugye, J.A., Ngos III, S., Angoua Biouele, S.E., Nkoa Nkoa, P.E., 2021. Seismic 
stratigraphic interpretation and modeling of offshore synrift and postrift Cretaceous 
sequences in the Kribi-Campo sub-basin, southern Cameroon. AAPG (Am. Assoc. Pet. 
Geol.) Bull. 105 (11), 1–20. https://doi.org/10.1306/06092118040. 

Zeng, H.L., Ambrose, W.A., 2001. Seismic sedimentology and regional depositional 
systems in Miocene Norte, lake Maracibo, Venezuela. Lead. Edge 20 (11), 
1260–1269. 

Zeng, H.L., Backus, M.M., Barrow, K.T., Tyler, N., 1998a. Stratal slicing, part I: realistic 
3-D seismic model. Geophysics 63 (2), 502–513. 

Zhao, X.M., Qi, K., Liu, L., Xie, T., Li, M.H., Hu, G.Y., 2018. Quantitative characterization 
and controlling factor analysis of the morphology of bukuma-minor channel on 
Southern Niger Delta slope. Interpretation 6, 57–69. https://doi.org/10.1190/INT- 
2017-0147.1. 

B. Secke Bekonga Gouott et al.                                                                                                                                                                                                              

https://doi.org/10.1144/GSL.SP.1984.015.01.06
https://doi.org/10.1144/GSL.SP.1984.015.01.06
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref117
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref117
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref118
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref118
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref118
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref119
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref119
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref121
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref121
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref121
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref122
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref122
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref122
https://doi.org/10.1016/j.marpetgeo.2007.06.001
https://doi.org/10.1016/j.marpetgeo.2007.06.001
https://doi.org/10.1306/06092118040
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref125
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref125
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref125
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref126
http://refhub.elsevier.com/S0264-8172(22)00343-9/sref126
https://doi.org/10.1190/INT-2017-0147.1
https://doi.org/10.1190/INT-2017-0147.1

	Secke et al. 2024.pdf
	Petrophysical characterization of the Late-Cretaceous Logbaba Formation in the Kribi/Campo sub-basin, Cameroon: Implication ...
	1 Introduction
	2 Geological setting
	3 Data and methods
	3.1 Data
	3.2 Petrophysical analysis
	3.2.1 Lithological and reservoir identification
	3.2.2 Fraction shale volume
	3.2.3 Porosity estimation
	3.2.4 Water saturation and hydrocarbon saturation estimation
	3.2.5 Permeability estimation
	3.2.6 Evaluation of flow hydraulic units


	4 Results and interpretation
	4.1 Mineralogical and lithological identification
	4.1.1 Neutron (NPHI) versus density (RHOB), neutron (NPHI) vs gamma ray (GR) and neutron (NPHI) vs sonic (DT) cross-plot
	4.1.2 M-N and potassium (HFK) vs thorium (HTHO) cross-plot

	4.2 Lithological zonation of the reservoirs
	4.3 Petrophysical evaluation
	4.4 Reservoir fluids

	5 Discussion
	5.1 Depositional environment of reservoir
	5.2 Implication for reservoir quality

	6 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


	Secke et al., 2022.pdf
	Seismic geomorphology of a Late Cretaceous submarine channel system in the Kribi/Campo sub-basin, offshore Cameroon
	1 Introduction
	2 Geological setting
	3 Dataset and methods
	3.1 Dataset
	3.1.1 Seismic data
	3.1.2 Well data

	3.2 Methods
	3.2.1 Seismic stratigraphy
	3.2.2 3D seismic geomorphology
	3.2.3 Quantitative analysis of submarine channel


	4 Results and interpretation
	4.1 Seismic stratigraphy of the study area
	4.2 Late Cretaceous submarine channel
	4.2.1 Channel infill: distribution of seismic facies and interpretation
	4.2.2 Internal architecture and geometry of the submarine channel
	4.2.3 Morphometric analysis of the submarine channel


	5 Discussion
	5.1 Controls on the evolution of the Cretaceous submarine channel system
	5.1.1 Tectonics
	5.1.2 Relative sea-level ﬂuctuations
	5.1.3 Fluvial sediment supply
	5.1.4 Paleotopographic gradient

	5.2 Evolutionary model for the Late Cretaceous channel system
	5.3 Implications for hydrocarbon exploration in deep-water Kribi-Campo sub-basin

	6 Conclusions
	Declaration of competing interest
	Data availability
	Acknowledgements
	References



