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ABSTRACT 

The Walvis Basin, situated along Namibia's passive margin, has long been recognized 

for its hydrocarbon potential. With only nine (9) exploration wells drilled to date, the 

Walvis Basin remains relatively under-explored. The uncertainties concerning the 

occurrence and preservation of mature source rocks and good reservoir lithofacies in 

the northern and central parts of the Walvis Basin remains exploration risks.  This 

study aims to address this gap by carrying out a seismic stratigraphic analysis of 2D 

seismic data and well data in the Central Walvis Basin. Nine (9) seismic intervals (SI) 

have been identified spanning Late Jurassic to Cretaceous based on seismic character 

and well log data corresponding to the evolutionary stages of the Walvis Basin. The 

proposed seismic sequence stratigraphy model suggests source, reservoir, trap, and 

seal rocks in both the syn-rift and post-rift successions of the study area. Source rocks 

deposited in Cenomanian to Turonian period, based on well data and modelling the 

Cenomanian-Turonian marine source rock is in the early maturity window with total 

organic carbon (TOC) levels ranging from 0.63% to 5.86%, averaging at 2.02% in the 

study area. Additionally, marine Aptian/Albian oil-prone source rocks were identified 

by prominent distinct parallel high-amplitude horizons which can also serve as a seal 

rock. Potential Reservoir rocks were identified in Cenomanian and Santonian levels 

and at Upper Campanian/Maastrichtian indicating the potential for hydrocarbon 

exploration in the basin. This research will contribute to our understanding of the 

geological history of the Walvis Basin and offer valuable insights into its hydrocarbon 

potential, hydrocarbon prospectivity of this underexplored basin. 

 

Key words: hydrocarbon, lithofacies, seismic stratigraphy, petroleum system, Walvis 

Basin 
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CHAPTER 1: INTRODUCTION 

1.1 Background of the study 

Synthesis of seismic facies analysis, sequence and seismic stratigraphy assist in 

reconstructing basin paleogeography and provide the insights to a basin’s petroleum 

system (Futalan et al., 2012).  Seismic stratigraphy emerged in the 1970s with the work 

of Vail et al. (1975) and has evolved to sequence stratigraphy with the incorporation 

of outcrop and well data (Van Wagoner et al., 1990). Recognition of seismic 

stratigraphic units and their seismic facies, such as reflection configuration, frequency, 

and amplitudes, allow for prediction of lithofacies intervals that may contain source, 

seal, and reservoir lithologies (Joseph, 2020; Mitchum Jr et al., 1977; Yugyè et al., 

2022) . In addition, high-resolution 3D seismic data has a potential to allow for the 

characterisation of major petroleum elements and processes. Seismic-stratigraphic 

data, may provide detailed information on seismic prospects concerning the structural, 

stratigraphy, and lithology (Taner et al., 1979; Van Wagoner et al., 1990). For 

example, the trapping systems within the Kribi-Campo sub-basin have been described 

using seismic analysis (Le, 2012). Also, Chongwain et al. (2021) identified various 

sequences and seven facies units in the Douala basin, Cameroon through seismic 

analysis. Joseph (2020) predicted lithofacies in the Lüderitz Basin based on seismic 

stratigraphic interpretation. The results were the identification of several source, 

reservoir and seal rock units in both, the syn-rift and post-rift from their lithology 

model. The prospective nature for oil and gas exploration within the offshore Cenozoic 

of the Kribi-Campo sub-basin highlighted potential source rocks, reservoirs, seals, and 

structural and stratigraphic traps throughout the studied seismic intervals (Yugyè et 
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al., 2022). The Walvis Basin (Figure 1) is under-explored (Tower Resources PLC, 

2020). There is limited information on the lithofacies in the northern and central part 

of Walvis Basin. This could be related to lack of well control between Welwitschia-1 

well and the 1911 (1911/10-1 and 1911/15-1) wells in the graben itself.  Furthermore, 

the Welwitchia-1 well, situated south of the Dolphin Graben did not penetrate any 

source and reservoir rocks.   There are two proven source rocks in the Walvis Basin 

and offshore Namibia: the Aptian-Albian and Cenomanian-Turonian source rocks 

(Kuhlmann et al., 2011). Both source rocks have been penetrated by Wingat-1 and 

Murombe-1 (Kukulus, 2004), located in Walvis Basin further south of the basin.  The 

Aptian-Albian source rock was not penetrated by the two 1911 wells in the Dolphin 

Graben (Kukulus, 2004). On the other hand, well 1911-15-1 indicated some oil shows. 

Thus, the presence of mature source rocks, reservoir lithofacies and their preservation 

in northern and central Walvis Basin is not well established. The uncertainty around 

mature source rocks, reservoir facies, and their preservation is due to a combination of 

insufficient well control, immature source rock conditions in drilled areas, seismic 

resolution limits, and uncertainties in burial and tectonic history. This study follows 

the methodology by Futalan et al. (2012) on seismic facies analysis and sequence 

stratigraphy to give an insight of the petroleum system of the Walvis Basin. The 

understanding of the seismic stratigraphy and of source and reservoir lithologies in the 

northern and central Walvis Basin may resuscitate interest in exploring the basin 

further and may potentially encourage new dataset acquisition and further drilling 

campaigns in the basin.  
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Figure 1: Regional geographic map of Namibia with the main hydrocarbon exploration 

basins. The study area in the Walvis Basin is indicated. Image modified from Eco 

Atlantic Oil & Gas. (n.d.). 

1.2 Exploration history of the offshore basins, Namibia 

Exploration for hydrocarbons within the Namibian shelf margin began in the late 

1960‟s and the first successful discovery was the Kudu Gas Field discovered in 1974 

(The Namibian, 2014). In 1987-1988 Swakor, the predecessor company of the present 
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National Oil Company (NAMCOR), drilled two additional wells (Kudu-2 and 3) in 

the Kudu Gas Field. The Kudu-2 well was not tested but Kudu-3 proved the existence 

of a major gas field. The proven hydrocarbons were an asset in Namibia’s first 

licensing round.  



5 

 

 

Figure 2: Location map of the onshore and offshore Namibia showing offshore 

hydrocarbon basins and wells with and without hydrocarbon discoveries along with 

gas/oil shows. Image modified from BrazilPetroleumStudies (2022) 

 

The Aptian source rock has been penetrated by discovery well of the Kudu field.  This 

Aptian source rock is believed to be deposited in a restricted marine environment 
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which is both oil and gas prone (Bray et al., 1998). The Aptian source rock is about 

140 meters thick and overlying thinner source rock intervals from the Barremian 

period. The average Total Organic Carbon (TOC) content of approximately 2% (Bray 

et al., 1998). 

The overlying source rock of the Cenomanian to Turonian periods appears to be absent 

in the Kudu field. However, this source rock correlated with a stratigraphic the 

equivalent oil-prone source rock of the Orange Basin (Kukulus, 2004). Moreover, 

there is a promising Cretaceous-age marine source rock with good oil-producing 

potential identified in the Walvis Basin. The Cenomanian-Turonian source rock has 

an average TOC of 5%, and although the shales are not yet thermally mature, there's 

potential for hydrocarbon generation given sufficient burial depth (Kukulus, 2004).  

The syn-rift interval may also have potential as a source rock. It is believed that during 

the initial stages of rifting, lacustrine environments formed, which could have 

preserved organic rich oil-prone claystones. In the South African Orange Basin, oil-

prone lacustrine source rocks are found in the Hauterivian syn-rift section (Hartwig, 

2014). Proven reservoirs include the pre-rift sandstones and carbonates, syn-rift 

continental sandstones, Aptian carbonate and late Cretaceous/Tertiary turbidites. 

These reservoirs have been identified in Well 1911/15-1 in the Walvis Basin, with 

porosity ranging from 15% to 31%. Specifically, the Campanian-Maastrichtian deep 

marine turbidites having a porosity of 16-25%, while the deep marine fans have a very 

good porosity ranging from 26% to 31% (NAMCOR E&P, 2016). 

The Kudu Field has Early Cretaceous transitional reservoirs. These reservoirs consist 

of aeolian sandstones intercalated with volcaniclastic deposits, marine sandstones, and 

shaley limestones. With an average net thickness of 50 meters and porosity reaching 
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up to 20%, they hold significant potential for development (NAMCOR E&P, 2016). 

In addition, there are prospective deep-water reservoirs in the form of basin floor fans 

located above the mid-Aptian and upper Santonian unconformities in the deeper 

northern sections of the Kudu Field. Furthermore, marginal marine and fluvial sand 

deposits within the syn-rift section may contribute to the reservoir potential (Spectrum, 

2012). 

Comparately to the Orange Basin and the Lüderitz Basin also have potential reservoirs 

spanning the Lower Cretaceous, Upper Cretaceous, and likely into the Palaeogene 

periods. A thick layer of shallow marine shelf sand has been proven in well 2513/8-1, 

ranging from 1363 to 1408 meters deep, with an average porosity of 17%. Evidence 

of a regional top seal exists at the Aptian-Albian shale level, indicated by significant 

pressure differential between the over-pressured Aptian-Albian carbonates and the 

younger, normally pressured sandstones (NAMCOR E&P, 2016). Mesozoic intra-

formational shale, occurring at various depths, has been identified as potential cap rock 

in the Walvis Basin. Additionally, in the Orange Basin, the Barremian and Aptian 

source rocks may act as seal rocks (NAMCOR E&P, 2016). 

Onshore, there are two extensive Neoproterozoic or Early Cambrian Basins: the 

Owambo Basin in the north and the Nama Basin in the south rocks (NAMCOR E&P, 

2016). Most onshore exploration and stratigraphic wells are relatively shallow and 

have not fully explored the onshore potential. Nonetheless, both offshore and onshore 

exploration efforts have confirmed a functioning petroleum system, having multiple 

reservoirs, source rock, trap, and seal sequences. This research will delve into 

Namibia's petroleum systems, focusing on how these various elements interact to 

define proven and potential petroleum systems. 
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1.3 Statement of the problem 

Seismic sequences as well as the different seismic facies units that occur in the Walvis 

Basin are yet to be unraveled hence the petroleum system elements and processes of 

this basin are yet to be properly understood. This study will help identify the major 

petroleum system elements within the basin. 

 

1.4 Aims and Objectives 

The aim of this study is to evaluate the seismic stratigraphy and characterize the 

petroleum system of the Cretaceous sequence of the central Walvis Basin.  

To achieve this, the following specific objectives were met:  

a) Identify and delineate the key seismic sequences of the study area. 

b) To understand the depositional environment. 

c)  Establish the various seismic facies  

d) Identify the major petroleum system elements within the basin (source, 

reservoir, traps and seal) 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Regional Geology of the South Atlantic Passive Margin 

The South Atlantic continental margins resulted from the break-up of Gondwana, with 

Antarctica separating from Africa and South America at around 155 Ma (Koopmann 

et al., 2014; Light et al., 1993). According to Wen et al (2019) the South Atlantic 

conjugate passive continental margin basins from south to north include Falkland 

Plateau, Colorado, Punta Del Este, Santos, Campos, Potiguar, and Guyana basins in 

the west side and Outeniqua, Southwest African Coastal, Kwanza, Lower Congo, 

Gabon, and Liberia basins in the east side. These basins experienced multiple tectonic 

evolution stages from Mesozoic to Cenozoic. The opening of the South Atlantic took 

place in the Early Cretaceous with suggested opening ages ranging between 137 and 

126 Ma (Light et al., 1993). The central and southern regions of the Namibian margin 

show typical volcanic margin elements, including thickened original oceanic crust, 

seaward dipping reflectors, and dense lower crust with high velocity, extending 

beneath the rift zone formed during Early Cretaceous seafloor spreading (Figure 3). 

The Namibian and South African continental margin is one of the examples of a 

volcanic margin and forms the conjugate to the volcanic margin of the Pelotas Basin 

of the southern Brazil (Miller, 2008). It consists of a post-rift progradational-

aggradational wedge with a thickness (3-5km) comprising clastic sedimentary rocks 

of post-rift sediments overlying a rifted continental basement.  

During the breakup of Gondwana four basins were formed. Namibia has four offshore 

basins, namely, the Orange Basin, which is down South of Namibia, extending into 

South Africa; the Lüderitz Basin, the Walvis Basin and the Namibe Basin. These 

basins were formed during the Late Jurassic to Early Cretaceous breakup of Gondwana 

(Blaich et al., 2011). It consists of a post-rift progradational-aggradational wedge with 
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a thickness (3-5km) clastic sedimentary rocks of post-rift sediments overlying a rifted 

continental basement.  

 Seismic stratigraphic analysis of the post-rift mega sequence of the Namibian passive 

continental margin has enabled depositional features to be interpreted in terms of the 

likely controls on their formation (Bagguley & Prosser, 1999). Five megasequences 

define offshore Namibia on the basis of reflection terminations and geometries, each 

of these is related to a major phase of basin evolution which involve the early stages 

of rifting and the subsequent opening of the South Atlantic (Bagguley & Prosser, 

1999). The rift megasequence is overlain by a transitional megasequence, which in 

turn is overlain by the main post-rift succession.  

Bagguley and Prosser (1999) interpreted the seismic channel forms on the inner shelf 

as incised valleys that were formed during a fall in relative sea level. A series of 

shallow mounded features was also identified on the shelf, which the Bagguley and 

Prosser (1999) interpreted as palaeo dune fields, or carbonate build-ups, or longshore 

clastic mounds. The outer shelf and upper slope positions reveal canyon and channel 

forms.  
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Figure 3: Regional map of the South Atlantic. It shows volcano-tectonic characteristics 

along the Namibian and Southern African margin between the Agulhas Falkland 

Fracture Zone (AFFZ) and the Rio Grande Fracture Zone (RGFZ). The map shows the 

distribution of the sedimentary basins in the study area on the Namibian and Southern 

African margin (South to North: Outeniqua Basin; Orange Basin; Lüderitz Basin; 

Walvis Basin)(Koopmann et al., 2014)  

 

Many rifted continental margins experienced massive, transient magmatic activity 

during final continental breakup and initial sea floor spreading. An example is the 

margin off Namibia which formed during the Early Cretaceous breakup of South 

America and Africa (Gladczenko et al., 1998; Light et al., 1993). The distance from 

the mid-ocean ridge to the boundary between continental and oceanic crusts, the 

continuous and gradual accumulation of oceanic crust offers chronological markers 

for the ocean floor (Serratt et al., 2022). Conversely, volcanic passive margins are 
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characterized by an abundance of volcanic rocks exhibiting wedge shaped geometries 

known as seaward-dipping reflectors (SDRs), these rocks slope towards the deeper 

parts of the ocean and are commonly identified through seismic reflection surveys. 

Their presence compliance the delineation of the oceanic-continental crust boundary. 

Some magnetic anomalies, previously attributed to regular vertical oceanic crust, are 

associated with SDRs (Hall et al., 2018). However, these SDR-related magnetic 

anomalies are not indicative of age; rather, they result from variations in magnetic 

susceptibility rather than remanent magnetism (Hall et al., 2018).  

According to Chauvet et al (2021) and Gladczenko et al (1998) the volcanic character 

of the southwest African margin has a prominent seaward dipping reflectors (SDRs) 

which characterize the outer margin off Namibia south of the Walvis Ridge. The SDRs 

continue south along the African margin and present on the conjugate Brazil-Argentine 

margin. The SDR has three main structural types (inner, outer and intermediate) that 

can be distinguished based on both the curvature of the reflectors and the topography 

displayed at their downdip terminations. The influence of the pre-rift inheritance, the 

mode of rifting and the coeval mantle dynamics may explain this global architecture 

(Chauvet et al., 2021). On the Walvis Ridge, the SDR wedge is narrower, ∼50-km-

wide, farther south; the SDR wedge is capped there by a smooth, locally faulted surface 

(Gladczenko et al., 1998). 

 

2.2 Tectono-stratigraphy of the Namibia Passive Margin 

The tectono-stratigraphy of the Namibian Passive Margin refers to the sequence of 

rock layers that formed in the region in response to the tectonic and sedimentary 

processes. The passive margin of Namibia, like other passive margins, had undergone 

a series of tectonic events that have influenced the deposition of sedimentary rocks 
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(Holtar & Forsberg, 2000). The passive margin offshore Namibia consists of an eastern 

Graben Province separated by an extensive coast-parallel Central Half-Graben by a 

Medial Hinge Line. 

According to Chauvet et al (2021), Gladczenko et al (1998), Kukulus (2004) and Light 

et al (1993);  stratigraphy of Permian to Recent sediments can be subdivided into five 

main tectono-stratigraphic sequences: 

Table 1: Stratigraphy of Permian to Recent sediments is subdivided into five main 

tectono-stratigraphic sequences 

Tectono-stratigraphic sequences 

Thermal Sag  Horizon P-sea floor 

Transitional  Horizon Q-P 

Syn-rift II Horizon R-Q 

Syn-rift I Horizon T-R 

Basin & Range  Horizon W-T 

 



14 

 

 

Figure 4: Stratigraphy and seismic horizons of the African margin, derived from (Light 

et al., 1993) 

2.2.1 Basin and Range Province 

Basin and Range formed during the Permian to Early Jurassic Pre-rift presented as 

horizon T. The stratigraphy and structure of Basin and Range continental clastics and 

acid to intermediate volcanics, are comparable with the Basin and Range Province in 

the US (Light et al., 1992, 1993). This megasequence is interpreted as a Late Jurassic 
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angular unconformity. The Basin and Range Megasequence consists essentially of the 

Karoo formations as defined within the main Karoo Basin in South Africa and Karoo 

Basin in southern Namibia. Seismic reflectors along a broad north/south-trending belt, 

west of the Medial Hinge Line, display a complex pattern of high amplitude, 

discontinuous, irregular and hummocky events, probably representing arid continental 

deposits with aeolian dunes, fluvial sands, lower energy braidplain silts and shales, 

and extensive tracts of subaerially extruded lavas (Light et al., 1993).  

2.2.2 Syn-rift I 

The tectonic history of the passive margin of Namibia began with the breakup of the 

supercontinent Gondwana during the Jurassic and Early Cretaceous periods, around 

140 million years ago. This rifting process created tensional forces that led to the 

development of rift basins. These basins gradually subsided and filled with sediment 

as the Atlantic Ocean opened. Syn-rift I heralded the opening of the South Atlantic in 

the Early Cretaceous, when a new set of rift basins was localized offshore Namibia, 

west of the Basin & Range rift (Central Half-Graben) (Light et al., 1992, 1993). The 

Syn-rift I interval which is preceding Syn-rift II megasequence represents a wedge-

shaped, generally westwards-thickening sequence, which pinches out at the Medial 

Hinge Line in the east, usually due to erosion (Light et al., 1993). It is developed in 

the northern part of Nambian margin (Kukulus, 2004). No wells in the Namibian 

offshore have penetrated this sequence, therefore facies interpretations are speculative 

(Light et al., 1993). Progradational and chaotic reflection patterns along the margins 

of many of these grabens indicate that elastic fans were developed marginally, and 

grade laterally and vertically into fluvial, braidplain and, perhaps, lacustrine 

sequences, marked by more regular, more continuous, and parallel reflectors (Light et 

al., 1993). 
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2.2.3 Syn-rift II  

A second syn-rift event, Syn-rift II, developed in the northern part of offshore Namibia 

and was associated with widespread volcanism, related to the Walvis Ridge mantle 

plume (130-120 Ma)(Dingle, 1992; Dingle et al., 1983; Light et al., 1993). During the 

early stages of rifting, the region experienced the formation of rift basins, such as the 

Etendeka Basalts and Huab Basins. Huab Basins were characterized by the deposition 

of volcanic and sedimentary rocks. The Etendeka Basalts are prominent in Syn-rift II 

and represent the initial phases of volcanic activity associated with rifting (Ryberg et 

al., 2015). The Etendeka (Kaoko Group) Volcanics  dated between 136 and 114 

Ma(Light et al., 1993) are inter-bedded with aeolian and fluvial sands. Onshore, 

aeolian and wadi sandstones are inter-bedded with volcanics throughout the 

Kimmeridgian to Barremian interval (136-114 Ma) (Light et al., 1993), which 

indicates that climatic conditions had again become arid in Namibia. West of the 

Medial Hinge Line, seismic reflection characteristics in the Orange and Luderitz 

Basins have low amplitude, semi-continuous to discontinuous, sometimes wavy, with 

inter-bedded quieter and transparent zones (Light et al., 1993). Very low angle 

prograding units are sometimes developed.  

Furthermore, the Horizon R-Q (Syn-rift II) interval in the Walvis Basin has a very 

distinctive facies. It thickens very rapidly both northwards and westwards, filling a 

trough related to the major east-west pre-Karoo fracture system that trended along the 

Walvis Ridge (Light et al., 1993). Low to moderate angle aggradational progradation 

is developed. Reflectors are mostly discontinuous and wavy, but some are more 

continuous. This sequence is interpreted to be a prograding deltaic unit where there 

was very rapid deposition of shales, silts and sands. Fluctuating shorelines probably 

gave rise to inter-bedded fluvial and aeolian clastics (Light et al., 1992, 1993). A zone 
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of listric faulting developed in the west and the Syn-rift II sequence is not evident north 

of the Walvis Basin due to erosional truncation (Light et al., 1993). 

2.2.4 Translational Megasequence 

According to Light et al. (1993) the Transitional Megasequence marks the initial 

effects of thermal sag following the end of rifting and the first to contain signs of a 

developing shelf break. It is bounded below by Horizon Q (Hauterivian-Barremian), 

and above by Horizon P (Mid-Aptian). As the Atlantic Ocean continued to open, the 

rift basins transitioned into passive margin basins. The rifting ceased, and the 

extensional forces diminished. Sedimentary rocks began to accumulate in these basins, 

creating thick sequences of sedimentary strata (Ryberg et al., 2015). The Walvis Ridge, 

a submarine volcanic ridge, is a remnant of the earlier rifting phase.  

Light et al. (1993) explained that most of the Q to P succession has been intersected in 

the Kudu wells west of the Medial Hinge Line, where it ranges from continental beds 

(basalts, and aeolian to fluvial sands) in the lower part, through shallow marine 

sandstones containing abundant carbonate cements, to shelly sandstones that locally 

grade into lagoonal shales, deeper marine siltstones and sapropelic shales at the top 

(Figure 4 and Figure 5). The major Aptian marine transgression correlates with a 

global sea-level high stand. 

The lower part of the megasequence above Megasequence SB2 is enigmatic 

(Mohammed et al., 2017). The recent studies by Mohammed et al. (2017) showed that 

this megasequence sits beneath a seaward dipping reflector package and has a 

thickness increase to the west across the margin but there is no evidence, at least in the 

current data, of significant faulting. The transitional phase comprises the transition 

from the syn-rift interval to the passive margin megasequences, which can be divided 
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into a lower transition megasequence and an upper transition megasequence. The 

lower transition megasequence lies uncomfomably west of the basement high and is 

characterised by onlap or either the uppermost reflection of the syn-rift or on the 

basement/pre-rift ridge to the east. 
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Figure 5: Facies interpretation of the Transition interval which summarizes latest phase 

of rifting prior to the onset of thermal sag (Light et al., 1993). 

2.2.5 Tertiary Thermal Sag Sequence 

The earliest sequence associated with thermal sag along the margin is a progradational 

series that overlaps onto horizon P and is subsequently overlain by the Turonian 

unconformity N (see Figure 6). Horizon N marks a major transgression linked to the 

high global eustatic sea level around 95 million years ago (Light et al., 1993). 

Interpretations based on seismic velocity by Light et al (1993) the succession from N 

to the seafloor as consisting of open marine drift sediments. During the mid-Turonian 

(N) and the base Tertiary (L), a marine sequence was deposited. During the Late 

Cretaceous, there was a rapid progradation of the shelf resulting in a noticeable shelf 

break. This phenomenon led to the formation of intricate slump structures 

characterized by listric head scarp structures, basal detachment planes, and toe areas. 

The potential reservoir sandstone of Maastrichtian age in well 2012/13-1 may be 

linked to such gravity-driven turbidites 

This Megasequence of Aptian and Turonian age developed during continued sagging 

and tilting of the continental margin offshore Namibia (Light et al., 1993). Light et al. 

(1993) further explained that it was characterized by a progradational succession that 

downlapped onto Horizon P. In the region of the Hinge Line, Horizon N was frequently 

truncated and displaced by a major Late Cretaceous/Tertiary listric slump detachment 

system that extends close to the level of Horizon P. 



21 

 

 

Figure 6: Thermal sag sequences (Light et al., 1993). 

 

South of the Walvis Ridge is a major transgression began after Horizon N and the sea 

transgressed over the Hinge Line further to the east than in the preceding the 

Transitional Megasequence (Light et al., 1993). The distinct basins located south of 

the Walvis Ridge had formed a clearly defined east/west division comprising shelf, 

slope, and basin in the offshore Namibia region (Kukulus, 2004; Light et al., 1993). 

This period marks a progression of the marine transgression observed in the preceding 

transitional phase. On the shelf, seismic reflectors are essentially parallel, occasionally 

demonstrating indications of coastal onlap. In the eastern sector, these reflectors are 

more or less discontinuous or semi-continuous, with inter-bedded quieter zones, 

representing a succession of high-energy shoreline to shallow marine inner shelf sands, 
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occasionally with inter-laminated shales and possibly thin layers of limestone 

(Kukulus, 2004; Light et al., 1993). Conversely, the western portion of the shelf is 

characterized by more continuous reflectors, again with quieter and transparent inter-

beds, indicating the presence of lower-energy, outer shelf sands and shales situated 

beyond the reach of wave energy and coastal currents. 

In the Namibe Basin the P-N (Aptian to Turonian) Megasequence is interpreted as a 

progradational build-out of the shelf edge, with some volcanicity occurring along the 

eastern flank of the continental basement ridge. On the Walvis Ridge, the volcanic 

dome was emplaced beneath by Horizon P and above by Horizon N indicating that it 

is of Aptian to Turonian (Light et al., 1993). Thick and extensive sets of prograding 

reflectors occur within the core of the volcano, probably representing rapidly deposited 

tuffaceous units which built-out to the west and north (Light et al., 1993).  

2.3  Geology of the Walvis Basin 

The Walvis Basin, located offshore northwest Namibia, is an area where sediment has 

been deposited from the Cretaceous period to Recent, approximately 105,000 square 

kilometers (Kukulus, 2004). It features a wedge-shaped structure characteristic of 

passive margin postrift sediments. Sedimentation begun to build out over an Early 

Cretaceous rift section until the Tertiary, constructing the basin system of the offshore 

area (Fernandes et al., 2003). Rifting and breakup of West Gondwana in the Late 

Jurassic and Early Cretaceous resulted in the formation of the South Atlantic Ocean.  

The present Namibian Passive Continental Margin has undergone long-lived uplift and 

erosion characterised by the development of a major escarpment that generates two 

distinct drainage regimes (Kukulus, 2004). It is a as classical example of a volcanic 

margin  (Clemson et al., 1997; Light et al., 1993). The offshore basins of Namibia and 
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South African western coast such as Orange, Lüderitz, Walvis and Namibe Basins 

from south to north were formed with the break-up of southwestern Gondwana and the 

opening of the South Atlantic Ocean (Fernandes et al., 2003; Light et al., 1993). The 

northernmost two are formed during the Walvis Ridge, and as a result the Namibe 

Basin has a closer affinity with the Angolan Shelf than with the basins further south 

(Light et al., 1993).  

 

Figure 7:  Geological cross-section through the Walvis Basin (Tower, 2020). 

 

Basin & Range rifting was initiated in the southern region and moved northward 

towards the Walvis Ridge. This progression persisted through subsequent rift events. 

Initially, the impact was felt in the southern offshore area during the first syn-rift phase 

(Syn-rift I). However, the second syn-rift phase (Syn-rift II) extended further north, 

thickening within the Walvis Basin (see Figure 7 and Figure 8). 

The primary faults in the basins, such as the Walvis Basin, situated south of the Walvis 

Ridge, dip towards the land. Conversely, north of the ridge, seismic imaging off the 
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coast of Namibia reveals faults (normal and listric faults) dipping seaward, known as 

seaward dipping faults (Figure 7 and Figure 8). 

 

Figure 8: The regional seismic profile in the Walvis Basin offshore Namibia illustrates 

the shift from continental to oceanic crust through extensive layers of SDRs (syn-rift 

deposits)., A shows continental basement intruded during the Barremian-Aptian 

rifting, B denotes a wedge of SDRs and C represents continental crust (Blaich et al., 

2013) 

 

The Walvis Basin exhibits the characteristic wedge-shaped configuration typical of 

post-rift formations, resembling the geometry of a passive margin, with water depths 

ranging from 150 to 3000 meters. It remains largely unexplored, yet recent drilling 

findings, as indicated by Bray et al (1998), suggest promising elements for a viable 

petroleum system. 
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2.4 Comparing Walvis Basin with other neighboring Basins 

The Walvis Basin offshore NW-Namibia is a Cretaceous to Recent depositional centre 

that covers an area of 105000km2 (Kukulus, 2004). It is a typical post-rift wedge 

shaped, with geometry of post rift passive margin (see Figure 10- Figure 11). 

 

Figure 9: Geological map of the NW Margin of Namibia showing the Walvis Basin 

and its adjacent basement (Kaoko Belt and Congo Craton) (Fernandes et al., 2003). 



26 

 

 

 

 

Figure 10: The Structural framework of the southern basins. The upper part illustrates 

the Walvis Basin, the middle portion represents the Lüderitz Basin, and the lower part 

which is corresponds to the Orange Basin. The Walvis Basin is a typical post-rift 

wedge shaped, with geometry of post rift passive margin, distinguishing it from the 

other two basins (Bray et al., 1998).  

  

The underexplored offshore deepwater basins of Angola and Namibia hold 

tremendous potential for hydrocarbons. Walvis Basin is one of the four offshore 

hydrocarbon basins of Namibia. Namibia has four offshore basins, namely, the Orange 

Basin, South of Namibia, bordering South Africa; the Lüderitz Basin, the Walvis Basin 
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and Namibe Basin. These basins were formed during the Late Jurassic to Early 

Cretaceous breakup of Gondwana (Blaich et al., 2011).  
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Figure 11: Illustrations of five seismic profiles capturing the primary depocenters 

along the Atlantic Margin of Namibia and South Africa (Baby et al., 2018) 

Recently acquired broadband 2D seismic from the Namibe Basin (offshore Angola) 

and offshore Namibia has allowed a detailed imaging of syn-rift and post-rift 

structures, enabling identification and mapping of prospects analogous to those so 

prolific in the South American conjugate margins (Baby et al., 2018). 

According to Kukulus (2004) three potential intervals of reservoir rock were 

developed within the early to late drift sequence. Detailed analysis of samples from 

Upper Campanian/Maastrichtian fan sands allowed thorough characterization of 

reservoir quality. While the main sand body with a porosity of up to 21%, and net – to 

– gross of 0.3. Notably, the presence of clay minerals is negligible; however, the 

limitation on permeability stems from intense late-stage cementation by dolomite. 

Despite the lack of confirmation of the predicted structural and stratigraphic closure 

for the Maastrichtian reservoir by well 2012/13-1, it is apparent that hydrocarbons 

have migrated. 

Although hydrocarbons from reservoirs appear to be absent, essential components of 

a viable hydrocarbon system are present in the central and northern Walvis Basin. This 

suggests that further assessment and exploration efforts are warranted. 

2.5 Hydrocarbon Potential in offshore, Namibia 

The Aptian source rock has been observed in the discovery well of the Kudu field.  

This Aptian source rock is believed to be deposited in a restricted marine environment 

which is both oil and gas prone (Bray et al., 1998). The Aptian source rock measures 

is about 140 meters thick overlying thinner source rock intervals of the Barremian 
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period. It has an average Total Organic Carbon (TOC) content of approximately 2% 

(Bray et al., 1998). 

The subsequent younger source rock from the Cenomanian to Turonian appears to be 

absent in the Kudu Field. However, this source rock correlated with a stratigraphic 

equivalent oil-prone source rock found in the Orange Basin. Moreover, there is a 

promising Cretaceous-age marine source rock with good oil-producing potential 

identified in the Walvis Basin. The Cenomanian-Turonian source rock has an average 

TOC of 5%, and even though the shales are not yet thermally mature, there's potential 

for hydrocarbon generation given sufficient burial depth (Bray et al., 1998). 

The syn-rift interval may also be a potential source rock. It is believed that during the 

initial stages of rifting, lacustrine environments formed, which could have preserved 

organic rich oil-prone claystones. In the South African Orange Basin, oil-prone 

lacustrine source rocks are expected to be found in the Hauterivian syn-rift section 

(Hartwig, 2014). Proven reservoirs include the pre-rift sandstones and carbonates, syn-

rift continental sandstones, Aptian carbonate and late Cretaceous/Tertiary turbidites. 

These reservoirs have been identified in Well 1911/15-1 in the Walvis Basin, with 

porosity ranging from 15% to 31%. Specifically, the Campanian-Maastrichtian deep 

marine turbidites in the mentioned well has a porosity of 16-25%, while the deep 

marine fans very good porosity ranging from 26% to 31% (NAMCOR E&P, 2016). 

The Kudu Field has demonstrated the presence of Early Cretaceous transitional 

reservoirs. These reservoirs consist of aeolian sandstones intercalated with 

volcaniclastic deposits, marine sandstones, and shaley limestones. With an average net 

thickness of 50 meters and porosity reaching up to 20%, they hold significant potential 

for extraction (NAMCOR E&P, 2016). Additionally, there are prospective deep-water 
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reservoirs in the form of basin floor fans located above the mid-Aptian and upper 

Santonian unconformities in the deeper northern section of Kudu Field. Furthermore, 

marginal marine and fluvial sand deposits within the syn-rift section also contribute to 

the reservoir potential (Spectrum, 2012). 

Similarly the Orange Basin, the Lüderitz Basin also holds potential reservoirs spanning 

the Lower Cretaceous, Upper Cretaceous, and likely into the Palaeogene periods. A 

thick layer of shallow marine shelf sand has been identified in well 2513/8-1, 1363 to 

1408 meters deep, with an average porosity of 17%. Mesozoic intra-formational shale, 

occurring at various depths, has been identified as potential cap rock in the Walvis 

Basin. Additionally, in the Orange Basin, the Barremian and Aptian source rocks also 

act as seal rocks (NAMCOR E&P, 2016). 

Onshore, there are two extensive Neoproterozoic or Early Cambrian Basins: the 

Owambo Basin in the north and the Nama Basin in the south (NAMCOR E&P, 2016). 

Most onshore exploration and stratigraphic wells are relatively shallow and have not 

fully explored. Nonetheless, both offshore and onshore exploration efforts have 

confirmed there is a functioning petroleum system, comprising multiple reservoirs, 

source rock, trap, and seal sequences.  

2.6  Seismic sequence stratigraphy analysis  

Seismic stratigraphy is used at the exploration level, while sequence stratigraphy, 

based on chronostratigraphy principles, is employed at the production level (Al-

Masgari et al., 2021). This approach utilizes Vail's concepts in relation to cores, 

wireline logs, and outcrops. Seismic sequence stratigraphy may also be used to analyze 

seismic sequences and depositional time units by identifying unconformities or 

changes in seismic patterns (Vail, 1987). On the other hand, seismic facies focuses on 
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defining depositional environments by analyzing the characteristics of seismic 

reflection data. 

Seismic-stratigraphic data offer comprehensive insights into seismic prospects by 

defining structural features, stratigraphy, and lithology (Taner et al., 1979; Van 

Wagoner et al., 1990). For instance, seismic analysis has been used to characterize 

trapping systems within the Kribi-Campo sub-basin (Le, 2012). Seismic stratigraphy 

examines geological stratigraphy by identifying patterns in seismic reflections that 

may indicate various types of stratal terminations, such as onlaps, downlaps, erosional 

truncations, and toplaps. A study by (Kabaca, 2018) demonstrated an approach for 

semi-automatically identifying sequence-bounding surfaces using seismic waveform, 

acoustic impedance, and porosity attributes to evaluate source rocks, reservoir rocks, 

and seal rocks in petroleum system analysis within a basin. 

Chongwain et al. (2021) identified various sequences by picking three main horizons 

for their seismic interpretation. The reservoirs and deeper sands exhibit lateral 

variations in seismic response, which relate to changes in reservoir properties and the 

presence of hydrocarbons. Seismic data reveals sedimentary features like channels and 

pinch-outs, which likely serve as stratigraphic traps to the east. All major faults were 

identified and seven facies units in the Douala Basin, Cameroon, through seismic 

analysis. Joseph (2020) predicted lithofacies in the Lüderitz Basin using seismic 

stratigraphic interpretation, revealing several source, seals and reservoir rocks. The 

mapping of seismic marker horizons was carried out using Petrel software which 

identified the likely main source rock intervals, as well as stratigraphic surfaces such 

as unconformities, downlap surfaces, and onlap surfaces. Seismic facies mapping was 

then carried out within stratigraphic packages defined by these previously identified 

horizons.  Lithofacies were identified based on seismic facies, system tracts, and 
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analogue interpretations. The seismic attributes of 2D seismic data in the offshore 

Cenozoic of the Kribi-Campo sub-basin were analyzed to understand the seismic 

stratigraphic distribution, the evolution of paleoenvironments, and to evaluate the 

hydrocarbon potential of the Cenozoic offshore deposits (Yugyè et al., 2022). Five 

seismic facies such as parallel to subparallel, hummocky, chaotic, sigmoidal, and 

oblique were identified and seismic stratigraphic unit was sub-divided into five major 

unconformities dated Upper Paleocene, Lower Eocene, Middle Miocene, 

Upper Miocene, and Pliocene to Pleistocene.  The potential for oil and gas exploration 

in the offshore Cenozoic sub-basin was emphasized based on the presence of potential 

source rocks, reservoirs, seals, structural and stratigraphic traps across the studied 

seismic intervals (Yugyè et al., 2022). 
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CHAPTER 3: MATERIALS AND METHODS  

3.1 Introduction 

The hydrocarbon exploration dataset was made available through the National 

Petroleum Corporation of Namibia (NAMCOR). This chapter present seismic data, 

well reports, and presentations created the database upon which seismic stratigraphic 

analysis for the characterisation of petroleum system elements studies carried out using 

the flowchart in Figure 13. 

3.2 Data 

3.2.1 Seismic data 

Selected lines of the VERNWB-03, ION GXT, NWG-98, PGS MC2D, TGS-11, ECL-

91, and N2R-93 seismic datasets on blocks 2011B and 2111A (Figure 2 and Figure 

12) were used for this study. 2D seismic dataset on blocks 2011B and 2111A were 

used for this study.  
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Figure 12: Location of the study area, Walvis Basin Selected lines of the VERNWB-

03, ION GXT, NWG-98, PGS MC2D, TGS-11, ECL-91, and N2R-93 seismic datasets 

[Modified: https://www.ecooilandgas.com/projects/namibia/] 

3.2.2 Well data 

Wells enable the study of subsurface stratigraphy using cores and logs at single or 

multiple locations. The exploration wells in the Walvis Basin are well 2012/13-1 

(Figure 12) for which the final well report as well as the Sasol biostratigraphy report 

was accessible. The final well report contains information on drilling parameters, 

lithologies and a brief geological evaluation. The Cormorant-1 and 2012/13-1 well 

biostratigraphy reports were used for the study. Within this interval a sequence 

stratigraphic interpretation and an estimate of paleo water depth is 627.7 meters.    

Furthermore, biostratigraphic data for well 2012/13-1 was utilized to examine 

significant stratigraphic features, such as maximum flooding surfaces and sequence 

boundaries. These features are characterized by the abundance and diversity of specific 

nannofossils, palynofloras, and micropaleontological assemblages (Sasol Petroleum 

[Namibia] Pty Ltd., 1997). In well logs, these surfaces are distinguished by high 

gamma-ray counts, accompanied by a sharp drop in spontaneous potential (SP) log 

close to zero (Sasol Petroleum [Namibia] Pty Ltd., 1997). Additionally, the 

combination of resistivity and gamma-ray logs has been employed to discern 

depositional settings in the subsurface, allowing for the identification of texture trends 

(shale-sand) and the deduction of stratal stacking patterns (Sasol Petroleum [Namibia] 

Pty Ltd., 1997). 
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3.3 Procedures 

3.3.1 Seismic sequence analysis  

Seismic sequence analysis was applied to identify depositional sequences and systems 

tracks on seismic sections by interpreting the location of their boundaries. Seismic 

sequence analysis was carried out on the seismic data by picking major unconformities 

identified from reflector terminations, change in seismic facies character, or choosing 

significant boundaries from well data using approach described in  Futalan et al. (2012) 

and Joseph (2020).  

 

Figure 13: Seismic stratigraphy modeling flow chart 

 

3.3.1.1 Major horizon 

Strong seismic reflectors were picked as they serve as marker horizons, often of 

stratigraphic significance. Seismic horizons were mapped manually and using Petrel 

2022 software. Mapping of seismic marker horizons included the identification of 

main source rock intervals, stratigraphic surfaces such as unconformities, downlap 
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surfaces, and onlap surfaces. Seismic facies mapping was carried out within 

stratigraphic packages that are bounded by the previously identified stratigraphic 

horizons. 

3.3.1.2 Identification of Seismic Stratigraphic Surfaces 

The key stratigraphic surfaces i.e. Sequence Boundary (SB), Transgressive Surface 

(TS) and Maximum Flooding Surface (MFS) (see Figure 14) were interpreted 

separately in wireline log data and seismic following the procedure outlined in the 

studies by Mitchum Jr et al. (1977) and Parvin and Woobaidullah (2019) studies. . 

 

Figure 14: Parasequence sets and system tracts  (Mitchum Jr et al., 1977) 

 

In the Well Log, Sequence Boundary (SB) was placed at the coarsening upward log 

shape comprising Lowstand System Tract (LST) till the overlying Transgressive 

Surface (TS) whereas TS was placed at the base of fining upward log shape followed 

by the LST (see Figure 14) (Parvin & Woobaidullah, 2019). This log pattern develops 
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TST till the Maximum Flooding Surface (MFS). MFS picked at the maximum shale 

value or maximum gamma ray value. In the seismic, Sequence Boundary (SB) was 

interpreted from onlap, truncation relation whereas Maximum Flooding Surface 

(MFS) was interpreted from downlap. TS on seismic was drawn at the Transgressive 

Surface (TS)  point on well after seismic to well tie. Finally, both interpretations (well 

and seismic) were tied up using Petrel 2022 software to obtain fieldwide stratigraphic 

configuration of the stratigraphic surfaces. Then, the gamma ray (GR), spontaneous 

potential (SP), resistivity log (LLD), and density (PHID) logs were used to categorize 

the lithology of the prospective zones. 

3.3.1.3 Reflection Termination Mapping 

Reflection terminations were mapped following the procedure given in or outlined by   

(Al-Masgari et al., 2006; Joseph, 2020) for seismic section sequence analysis.  The 

following steps were executed: 

• The places where the two reflectors converge were attained (there are always 

terminations where reflectors converge). 

• The reflector terminations were marked with arrows. 

• The discontinuity surface between the onlapping and downlapping reflections 

was drawn below the reflector termination, and the truncating and toplapping 

reflectors above the reflector terminations. The position of the discontinuity 

surface where it becomes conformable was traced across the section using 

reflection correlation (Figure 15).  

Each discontinuity was categorised according to the classification described in (Vail, 

1987). A discontinuity demonstrating a regional downlap above and truncation below 

was interpreted as the upper sequence boundary. Toplap refers to the termination of 
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strata against an overlying surface due to non-deposition or minor erosion, while 

truncation implies deposition of strata followed by tilting and removal along an 

unconformity surface. Such termination serves as a reliable top-discordant criterion 

for a sequence boundary and can also result from termination against an erosional 

surface, such as a channel. 

A discontinuity demonstrating a regional downlap, was interpreted as a downlap 

surface marking the lower sequence boundary. Onlap involves horizontal strata 

progressively terminating against an initially inclined surface or in which initially 

inclined strata terminate progressively updip against a surface of greater initial 

inclination, while downlap entails seismic reflections of inclined strata terminating 

downdip against an inclined or horizontal surface (Figure 15). Examples of downlap 

surfaces include top basin floor fan surface, top slope fan surface, and maximum 

flooding surface. 

 

 

Figure 15: Reflection termination patterns which shows relatively conformable 

succession of genetically related strata (Vail, 1987)  
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3.3.1.4 System Tracts 

Sequences were subdivided into systems tracts by considering various factors such as 

the nature of bounding surfaces, their placement within a sequence, stacking patterns 

of parasequences, geometric characteristics, and associations with specific facies (Van 

Wagoner et al., 1990). The stratigraphic succession showed four distinct system tracts, 

developed under the effect of changes in base level and sediment supply (Mitchum Jr 

et al., 1977; Wu et al., 2019). The first is the Lowstand System Tract (LST) (see Figure 

16 and Figure 16), extending from the lowest point of sea level to the furthest 

regression point during a phase of rising relative sea levels. Next is the Transgressive 

System Tract, spanning from the maximum regression to the peak transgression in the 

context of rising relative sea levels. The third tract is the Highstand System Tract, 

encompassing the period from maximum transgression to the subsequent drop in 

relative sea level during a rise. Finally, the Forced Regressive System Tract covers the 

entire duration of a relative sea-level decline, extending from the onset to its 

conclusion. 

 

Figure 16: Two-dimensional, dip-parallel profile showing the systems tract 

configuration for the standard depositional sequence model. Systems tracts are: TST 

transgressive; HST highstand; FSST falling stage; LST lowstand; RST regressive. 
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Derived from https://www.geological-digressions.com/depositional-systems-and-

systems-tracts/ 

In this research, the lowstand systems tract (LST), transgressive systems tract (TST), 

and highstand systems tract (HST) are used to divide sequences (see Figure 16). The 

lowstand systems tract was formed when there is a substantial decline in sea level, 

leading to extensive subaerial exposure and/or widespread fluvial incision (manifested 

as thick paleosol and/or incised valleys, respectively). These lowstand systems tracts 

are delineated by a sequence boundary and the initial significant marine flooding 

surface (FS). Transgressive systems tracts are bounded at the base by the first major 

marine flooding surface, and at the top by the maximum flooding surface (MFS). The 

maximum flooding surfaces serve as indicators for the widespread formation of a 

compacted section primarily composed of hemipelagic or pelagic sediments. In this 

study, the identification of maximum flooding surfaces is based on selecting points 

with the highest gamma-ray values within a given sequence (API). The consistent 

presence of the highest gamma-ray values serves as a reliable marker and seems to be 

associated with the development of a condensed section during the peak of flooding. 

As for the highstand systems tract is bounded at the base by the maximum flooding 

surface and at the top by the overlying sequence boundary. 

3.3.2 Seismic facies analysis 

Seismic facies are mappable three-dimensional seismic units that are composed of 

group of reflections whose parameters differ from those of adjacent facies units. 

Seismic facies analysis involved interpreting both the environmental conditions and 

lithofacies based on seismic data. Various seismic facies types were systematically 

identified based on the main reflector characteristics including reflector geometry, 

reflector continuity, reflector amplitude and reflector frequency (see Table 3) 
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(Mitchum Jr et al., 1977). Each seismic facies identified was assigned a unique two-

way time which was mapped in the seismic grid in creating the distribution framework 

of the seismic facies and in generating facies maps. Once these units were identified, 

their boundaries were delineated, and their spatial relationships were mapped out. 

Subsequently, they were analyzed to reveal insights into the stratification, lithology, 

and depositional features of the formations responsible for generating the reflections 

within these units. 

For this study, depositional sequences were divided into seismic facies units on all 

seismic sections. The internal reflection configuration and terminations of each 

seismic facies unit, i.e., sigmoid, parallel, downlap. 

The seismic facies from a grid of sections (vertical) of 2-D seismic data was analysed 

according to Mitchum Jr et al. (1977). Each depositional sequence was divided into 

seismic facies units on all seismic sections. The following steps were done. 

• The internal reflection configuration and terminations of each seismic facies 

unit, i.e., sigmoid, parallel, downlap was analysed as in Table 2. Different types 

of reflection configurations were observed, including parallel, subparallel, 

divergent, prograding, chaotic, and reflection-free areas. Prograding 

configurations was further categorized into sigmoid, oblique, complex 

sigmoid-oblique, shingled, and hummocky clinoform configurations as in 

Table 2.  

• The combination of seismic facies distribution and thickness distribution of 

any other diagnostic parameters, like interval velocity or localized amplitude 

anomalies, was executed.  
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• The incorporation of well and outcrop data into the seismic facies distribution 

was undertaken. 

• The lithology was estimated using depositional setting interpretation. The 

interpretation of seismic facies maps entailed considerations of various 

depositional settings, such as marine or nonmarine environments, water depth, 

basin position, energy, transport direction, and other pertinent depositional 

factors as shown in Table 2 and Table 3. External forms of seismic facies units 

were reported to include sheet, sheet drape, wedge, bank, lens, mound, and fill 

forms. Seismic facies units were interpreted in terms of the depositional 

environments, the energy of the depositing medium, and the potential 

lithologic content of the strata generating the seismic facies reflection pattern.  
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Table 2: Reflection parameters for evaluation and interpretation of seismic facies (Mitchum Jr et al., 1977) 
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Figure 17: Typical seismic reflection patterns illustrating the concept of 

seismic facies (Mitchum Jr et al., 1977).   
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Table 3: Reflection parameters for evaluation and interpretation of seismic facies 

(Reflection parameters and their geological interpretation) modified from (Mitchum Jr 

et al., 1977) 

Seismic Characteristics 

Reflection Parameter  Geologic interpretation 

Configuration • Bedding patterns 

• Depositional properties 

• Erosion and paleotopography 

• Fluid contacts 

Continuity • Lateral continuity of strata 

• Depositional processes 

Amplitude  • Velocity and density contrasts of individual interfaces 

• Bed spacing 

• Bed thickness  

Frequency  • Bed thickness 

• Fluid content 

Internal velocity  • Lithofacies estimation 

• Porosity estimation 

• Fluid content 
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3.3.3 Identification of the Major Petroleum System Elements 

(source, reservoir, traps etc) 

3.3.3.1 Identification of lithofacies 

Once the objective aspects of delineating seismic sequences and facies were 

completed, the final objective was to interpret the facies in terms of lithofacies and 

depositional environments. The most useful seismic parameters in the seismic facies 

analysis were the geometry of reflections (reflection amplitude, continuity, frequency) 

and reflection terminations (onlap, downlap, erosional truncation, toplap); reflection 

configuration (parallel, divergent, sigmoid, or oblique) and three-dimensional form. 

Lithofacies were identified on seismic data. This was done by relating possible 

lithofacies to the seismic facies. Each seismic facies type identified was correlated with 

well data biostratigraphy reports from Walvis Basin wells to establish a relationship 

between the seismic facies and lithofacies. Correlation panels were generated to 

illustrate the lithofacies that correspond with each seismic facies. A gross lithologic 

map was generated for each interval after establishing the relationship between the 

facies. 

3.3.3.2 Identification of the major petroleum system 

elements 

Lithofacies were selected for the model based on well and seismic data regarding 

stratigraphy and depositional interpretations. Well data revealed a diverse array of 

lithofacies across the basin.     

The source rocks, reservoir rocks and seal rocks lithologies were delineated based to 

the lithofacies model in Table 2. 
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CHAPTER 4:  RESULTS AND ANALYSIS 

The results of this study are presented in   Figure 18 to Figure 24. 

4.1.  Seismic stratigraphic intervals and horizons 

A total of sixteen stratigraphic intervals were identified on the seismic section, 

between top basement and the seabed (Figure 18). The characteristics of each dividing 

stratigraphic surface, such as sequence boundaries, are also described in this chapter. 

Seismic reflectors, which depict chronological timelines were arranged by age and 

delineated with consistent time intervals for each horizon. A total of 14 Seismic 

Intervals (SI) were recognized. 

 

Figure 18: Dip line ION-GXT NAM -3000_pstm_stk_20150710 is annotated with 

seismic intervals and their corresponding ages which were obtained from well 

2012/13-1 reports. 
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Lithofacies have been deduced by considering seismic facies, distance from the 

continent, and the mechanism of sediment transport. This analysis was supplemented 

by studying analogous sections of the Namibian margin.  

4.1.1 Syn-rift Megasequence  

The seismic interval SI 1 represents a syn-rift, identified by observing the divergence 

of reflections within a half-graben structure. This wedge-shaped sequence thickens to 

the west and pinches out at the Basin Hinge Line eastward. The locations and timings 

of faults were established and limited by the points where these divergent reflections 

come to an end. 

4.1.2 Transitional Megasequence 

The seismic interval SI 2 and SI 3 represent a transitional phase - Barremian and Aptian 

respectively. In the landward direction, the unconformity is overlapped by parallel and 

semi-continuous reflections. The break-up unconformity, situated above the reflector 

package dipping seaward, is covered by a Barremian-early Aptian sedimentary layer 

across most of the basin (Baby et al., 2018; Kukulus, 2004; Light et al., 1992). This 

layer indicates the marine inundation of a significant portion of the continental margin 

and is regarded as part of the transitional phase.  

4.1.3 Thermal Sag Megasequence  

The seismic interval SI 4 represents Albian (Baby et al., 2018; Kukulus, 2004; Light 

et al., 1992). The upper part of the structure is marked by a distinct downward-sloping 

surface identified as a second-order MFS corresponding to the top of Aptian marker 

(Baby et al., 2018; Kukulus, 2004; Light et al., 1992). The seismic reflections indicate 

the presence of well-developed clinoforms beneath the shelf. Recent drilled wells 
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(Murombe and Wingat) in the southern basin have uncovered that these characteristics 

consist of deposits from carbonate platforms. 

The seismic interval SI 5 represents Cenomanian. The stratal arrangement is formed 

as a result of the development of an aggradational wedge characterized by small-scale 

clinoforms transitioning upwards to deposits in coastal plains (continuous parallel 

reflectors). Above Cenomanian (SI 5), there is an erosional unconformity covered by 

a progradational-aggradational wedge forming high-amplitude clinoforms. Certain 

reflectors, extending beyond the shelf and overlying the unconformity, are construed 

as deposits from basin-floor fans. 

The seismic interval SI 6, SI 7 and SI 8 represents Turonian, Santonian and Campanian 

sequences respectively. The primary deposition center of this formation accumulated 

sediment up to a depth of 1300 meters on the shelf. This is the result of aggradational 

trends, featuring small-scale clinoforms with low angles that are stacked in the 

formation.  

The seismic interval SI 9 represents base of the Tertiary, Maastrichtian. The base 

unconformity shows signs of incised valleys in the upstream segment of the margin 

and erosional truncations in the outer shelf (Baby et al., 2018; Kukulus, 2004; Light et 

al., 1992). The succeeding layers were deposited toward the basin, as basin-floor fans 

dominated by sand and substantial slope fans. These are overlain by a wedge that 

progressed from progradation to aggradation, characterized by higher clinoforms in 

the central part of the margin as shown in Figure 18. This unconformity signifies a fall 

in relative sea level below the shelf-break. Canyon incisions took place during the 

uppermost Cretaceous period in the outer portion of the shelf.  
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Tertiary 

The seismic interval SI 10, SI 11 and SI 12 represents Paleocene, Eocene and 

Oligocene respectively. An unconformity obscured by a deltaic wedge that progrades 

and extends over the inner and middle shelf. This wedge is made up of two third-order 

sequences. The Maximum Regressive Surface (MRS) identified as a wave ravinement 

surface, evident from the topset truncation of the underlying deltaic wedge (Baby et 

al., 2018; Kukulus, 2004; Light et al., 1993). The succeeding retrogradational wedge 

extends over the MRS on the outer shelf and subsequently developed into an aggrading 

wedge with reflectors that are parallel and continuous (Baby et al., 2018; Kukulus, 

2004; Light et al., 1992). The subsequent MSF is observed by a prograding wedge 

identified as very low-angle clinoforms and a distinct migration of the offlap-break 

toward the continent (Baby et al., 2018; Kukulus, 2004; Light et al., 1993). 

The seismic interval SI 13 represents Miocene. The unconformity is overlain by a 

progradational wedge showing a sigmoidal convex shape, with the topsets exhibiting 

an upstream onlap. Despite the sedimentation being primarily characterized by the 

alternation of calcareous silty claystones and clayey limestones, this unconformity was 

overlain by a progradational-aggradational wedge where the offlap-break aligns with 

the shelf-break. 

4.2. Seismic facies 

In this research domain, a classification of seismic facies was established to enhance 

the understanding of depositional environments. This categorization includes five 

groups based on the primary reflection patterns: Parallel, divergent, progradational, 

irregular, and chaotic.  
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Figure 19: The seismic dip-line ION-GXT NAM -3000_pstm_stk_20150710 displays 

four distinct seismic facies categories. Interpretations of these facies can vary based 

on the geological setting. Divergent seismic facies are associated with growth strata 

within the syn-rift showing seaward dipping reflectors (SDRs) shown in yellow. The 

section is mostly dominated by sub-parallel–wavy, sub-parallel and slightly divergent, 

wavy–slightly disrupted, and sub-parallel–slightly disrupted patterns shown in red. 

Progradational seismic facies of sigmoid and oblique shapes shown in color blue.  

Chaotic facies discontinuous reflections with low amplitude and lacks consistent 

geometrical patterns within a unit mostly dominated along the base tertiary 

(Maastrichtian section) shown in green. 

 

Parallel seismic facies 

The seismic facies category characterized by parallel features encompasses reflection 

geometries that range from continuous to sub-continuous. These include sub-parallel–

wavy, sub-parallel and slightly divergent, wavy–slightly disrupted, and sub-parallel–

slightly disrupted patterns (see Figure 20). Parallel seismic facies in the Transitional 

phase and Aptian ranging from subparallel which are slightly disrupted towards the 

Seaward Landward 
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landward (Eastern) to parallel. They are bounded by semitransparent with low 

amplitude internal reflections.  

 

Figure 20: The seismic section exhibits sub-parallel reflectors with are slightly 

disrupted characterized by continuous reflections of high to moderate amplitude. 

Situated on the shelf and down basin of the seismic dip line. These facies could signify 

pelagic to hemipelagic mudstone and turbidite sheets with clay-rich and silt. High 

amplitude parallel reflector may signify turbidite sheets. 
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Divergent seismic facies 

Divergent seismic facies are visible in the Syn-rift sequence. Faults contributed to the 

extension of the divergence. It has low to medium amplitude. During the syn-rift phase, 

there is an anticipation of Continental deposition characterized by the presence of 

alluvial, fluvial, and potentially lacustrine deposits. These deposits might extend into 

the transitional sequence as well. This phenomenon elucidates the observation that a 

substantial portion of the divergent reflections exhibit low continuity or a hummocky 

pattern. Up to now, no well drilled along the Namibian margin has reached the syn-rift 

sequence, preventing any calibration from taking place. The characteristic trait 

signifying its syn-tectonic deposition is evident in the divergent internal structures 

observed in seismic reflectors, occasionally displaying a fan-like geometry with 

seaward diverging reflectors exhibiting a high degree of divergence. Within SI 1 (see 

Figure 21), reflections vary in amplitude from high to medium, displaying a pattern 

ranging from continuous to discontinuous and demonstrating a divergent nature. These 

are also displayed by seaward dipping reflectors (SDRs) (see Figure 22). The 

reflections consistently maintain high continuity, indicating a more uniform or 

gradually changing deposition process from shallow to deeper marine surroundings. 
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Figure 21: Diverging seismic reflections are observed within the syn-rift sequence. 

Sedimentation rates increase toward the western main fault. Continental deposition of 

siliclastics, coupled with extrusive and intrusive volcanism, might account for the 

varying varying amplitudes and continuity of reflections. This section also shows the 

seaward dipping reflectors (SDRs). 

 

 

Figure 22: Seaward dipping reflectors (SDRs) within the syn-rift section 

 

Progradational seismic facies 

The progradational seismic facies classification encompasses continuous to sub-

continuous reflections characterized by high to moderate amplitude. The geometries 

of these reflections include sigmoid and oblique tangential shapes (see Figure 23). The 

seismic unit below Albian well top is identified by progradational clinoforms that 

SDR 
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extend in oblique manner toward the abyssal plain. The facie downlap onto the 

transitional phase surface, likely representing the outward growth of fluvial fans that 

terminate in the distant direction. These formations transition towards the west, 

evolving into more laterally continuous and parallel shallow marine sandstones. The 

seismic facie westward in the Cenomanian is identified by progradational clinoforms 

that extend in a sigmoid manner toward the abyssal plain. This facie too extends in a 

sub parallel which is slightly disrupted seismic reflections.  

 There is also oblique facie down the Base Tertiary extending into the chaotic facie 

towards its west and sub parallel slightly disrupted towards the east.  

 

Figure 23: The geometries of progradational facies reflections include sigmoid and 

oblique tangential shapes. The progradational seismic facies classification 

encompasses continuous to sub-continuous reflections characterized by high to 

moderate amplitude. The seismic unit below Albian well top is identified by 

progradational clinoforms that extend in oblique manner toward the abyssal plain. The 

seismic facie westward in the Cenomanian is identified by progradational clinoforms 

that extend in a sigmoid manner toward the abyssal plain. 
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Chaotic seismic facies 

The chaotic seismic facies classification comprises discontinuous reflections with low 

amplitude and lacks consistent geometrical patterns within a unit (see Figure 24). The 

seismic facies of that extends from -4000ms to -3500ms shows chaotic facies. Chaotic 

facies are typically found near distorted and disrupted reflection configurations 

resulting from post-depositional transport, such as slumping. As a result, the chaotic 

facies signify the utmost degree of sediment disturbance occurring after deposition. 

 

 

Figure 24: Chaotic facies which comprises of discontinuous reflections with low 

amplitude and lacks consistent geometrical patterns within a unit mostly dominated 

along the base tertiary (Maastrichtian section) shown in green. This could result from 

post-depositional transport, such as slumping. 

 

Thermal History and maturity 

Well 2012/13-1 has undergone 1D modeling to comprehend the burial and thermal 

evolution. This modeling aims to predict the timing of thermal maturation and 

petroleum generation in the Walvis Basin.  
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CHAPTER 5: SYNTHESIS AND DISCUSSION 

5.1 Sequence recognition and lithofacies prediction 

The Cretaceous succession in this study has been sub-divided into 9 Seismic Intervals 

(SI), delineated based on the identification of 9 seismic stratigraphic surfaces. Ages 

were attributed from well 2012/13-1 reports. A lithofacies model was developed for 

seismic line ION-GXT NAM-3000_pstm_stk_20150710, utilizing seismic facies and 

system tracts, and analogous interpretations of Light et al. (1993), Bagguley and 

Prosser (1999), Baby et al. (2018),  and Joseph (2020).  

 

 

 

Figure 25: Lithofacies model for seismic dip line ION-GXT NAM-

3000_pstm_stk_201507105. 
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Table 4: Key to the lithofacies model for seismic dip line ION-GXT NAM-

3000_pstm_stk_201507105 representing the depositional environment for each color. 

Pink  Continental deposits that may include siliciclastics sediments and 

volcanics with SDRs 

Red Shallow marine carbonates and shale 

Black  Shale  

Green  Shallow marine sandstones, siltstones, silty claystones and claystones 

Yellow  Basin floor fan 

White  Slope fan 

 

5.1.1 Syn-rift 

Syn-rift unit (SI 1) according to Light et al. (1993), was formed during the Late Jurassic 

to Hauterivian period. The distinctive feature indicating its syn-tectonic deposition is 

the presence of divergent internal configurations in seismic reflectors, often displaying 

an occasional fanning geometry showing seaward divergent reflectors with high 

degree of divergence. Reflections in SI 1 vary in amplitude from high to medium, 

exhibiting a pattern that ranges from continuous to discontinuous and shows a 

divergent nature. The Syn-rift interval (SI 1) is mainly comprised of continental 

deposits that may include siliciclastics sediments such as sandstones, conglomerates, 

overbank fines, lacustrine shales, siltstones etc.  Moreover, the Namibian Margin is 

viewed as a volcanic passive margin (Gladczenko et al., 1998) and therefore, volcanics 

deposits of late Jurassic to early Cretaceous age, such as lavas, sills, dykes etc are also 

expected to be extensively spread across the syn-rift interval (SI 1). The intersection 

of the syn-rift unit at the Kudu field proved the presence of siliciclastics and volcanics 
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in the Syn-rift, as a reservoir interval made up of nearshore and aeolian sandstones 

intercalated with basalts was intersected. 

5.1.2 Transitional Phase 

SI 2 was deposited during Hauterivian to Barremian age and possess an average 

thickness of 125 milliseconds at the well 2012/13-1 site. SI 2 represents a breakup 

unconformity that serves as a distinctive marker representing a shift from the rift phase 

to the drift (thermal sag) phase. The break-up unconformity is well represented by a 

regional onlap of SI 2 onto SI 1. The interval is characterized by high to medium 

amplitude reflections that are continuous to discontinuous. Furthermore, the interval 

is characterized by a divergence nature, indicative of growth strata.  During this 

interval a transition from lacustrine to restricted marine conditions is recognized. 

Marine conditions started to establish during the first flooding of the South Atlantic. 

Restricted circulation in the slowly widening South Atlantic facilitated anoxic bottom 

waters and deposition of organic matter rich shales. The continuous reflections are 

understood to represent shallow marine sandstones, siltstones and claystones. 

Carbonates resting on mafic volcanics have been intersected in the Murombe-1 well 

in the southern Walvis Basin. Therefore, the high amplitude events interpreted in SI 2 

likely represents the latter intersected carbonates and volcanics. Carbonates occurring 

where Aptian shales drape over structural highs could provide high quality reservoirs 

of excellent porosity. Continuous reflection patterns are interpreted on the lower slope 

of the SI 2, suggesting a uniform deposition of deeper marine shales. This aligns with 

observations made in wells located in the Orange (Kudu wells) and Murombe well, 

where kerogenous shales were intersected. 

SI 3 was deposited during the Aptian age. The overall down dip curvature of the 

reflections in the Aptian Interval (SI 3) indicates development of a shelf-slope 
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bathymetry with slightly increased sedimentation rate towards the deeper basin. The 

interval is overall aggradational with a subtle downlap surface occurring in the upper 

section of this interval. SI 3 is landward and onlapping onto the basement indicating a 

transgressive development of the interval and likely implying that restricted coarser 

siliciclastics were deposited onto shelf, with few mass flows (turbidites/debrites) 

reaching the deeper basin. High Amplitude events are also interpreted as shallow 

marine carbonates and volcanics and carbonates occurring where Aptian shales drape 

over structural highs could provide high quality reservoirs of excellent porosity. 

Charge excess is very likely considering their proximity/juxtaposition to the Aptian 

shales, and therefore those carbonate highs may be primary leads. The continuous 

medium to high amplitude events outside structural highs are interpreted as a possible 

mixture of finer sediments (shales) with carbonates; those carbonates are likely of 

lower reservoir quality than those deposited on the highs.  

5.1.3 Thermal Sag 

The seismic reflectors observed on the shelf display a predominantly parallel 

orientation, although there are indications of coastal onlap in some areas. Towards the 

east, they appear somewhat more or less discontinuous or semi-continuous, featuring 

intervals of relative tranquility interbedded with layers of high-energy shoreline to 

shallow marine sands, along with inter-laminated shales, and perhaps thin limestones. 

In the western part of the shelf, there are predominantly continuous reflectors, 

interspersed with calmer and translucent interbeds. These indicate the presence of 

lower-energy sands and shales situated on the outer shelf, extending beyond the 

influence of wave energy and inshore currents as studied by (Light et al., 1993). 

SI 4 was deposited during the Albian time, approximately 125 million years ago. SI 4 

correlates to a hiatus interpreted in Baby et al (2018) that is associated with major 
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environmental transition from deeply anoxic sediments below to well-oxygenated 

mudstones above, spanning from upper Aptian to the Late Albian. Furthermore, SI 4 

marks the initiation of basin distinction of the margin into a shelf, slope and deeper 

basin. The interval was deposited mostly in a shallow marine setting with limited 

accommodation space as the full passive margin geometry did not yet reach maturity. 

At Well 2012/13-1 bathymetry, SI 4 holds an average thickness of 212 milliseconds. 

The characteristics of the interval include reflections of medium to low amplitude that 

are predominantly continuous. This aligns with a slightly oblique configuration of 

reflections mapped on the shelf (Figure 25 and Table 4). Events with high amplitude 

oblique reflections are likely associated with carbonate activities that are also 

mentioned in Baby et al (2018). This interval is mostly dominated by claystone and 

silty claystone especially at the area intersected by the 2012/13-1 well.  

SI 5 was deposited during Cenomanian periods, approximately 100–93.5 million years 

ago with thickness of 96 milliseconds at the 2012/13-1 well area. The characteristics 

of SI 5 includes sub-parallel and slightly disrupted reflections of medium to low 

amplitude that are predominantly continuous. Sigmoidal internal configurations with 

medium to low amplitude reflections are also mapped below the shelf to the upper 

slope. Furthermore, SI 5 is interpreted as a Low System Tract (LST) and 

Progradational with downlap against the Albian surface at some areas.  

The stratal arrangement of the SI 5 consists of aggradational wedge of sediment 

accumulation characterized by small-scale clinoforms transitioning into deposits 

found along coastal plains, which appear as continuous parallel reflections. On the mid 

and lower slope lowstand fan (basin floor fan) and lowstand wedge geometries are 

recognized in SI 5 (Table 4 and Figure 25) a slightly mounded feature displaying an 
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aggradational stacking pattern immediately at the base-of-slope is a lowstand fan. 

Downlapping on the lowstand fan are the Lowstand wedges consisting of 

progradational parasequences onlapping successively onto the slope. The Lowstand 

Wedge has been likely formed in response to the rise of sea level also indicated by the 

mfs on top of the Cenomanian interval. The more parallel reflections are interpreted 

as more or less continuous turbidite sheets that are interbedded with deep marine 

hemipelagic mudrocks and shales.  

The noticeable continuous and intricate sigmoidal pattern on the upper to lower slope 

of SI 5, suggests that this area represents a high-energy shallow marine setting 

conducive to the deposition of sand. The continuous reflections are understood to 

represent open marine and outer neritic formations, specifically sandstones, silty 

claystones and siltstones with the outer shelf lithology dominated by silty claystones. 

Cenomanian/ Turonian marine carbonaceous claystones have good source rock 

potential present in the central and northern Walvis Basin. 

SI 6 and SI 7 were deposited during Turonian and Santonian age. These intervals are 

characterized by subparallel to transparent reflections with moderate amplitudes on the 

shelf. Furthermore, SI 6 and SI 7 are characterized by several discontinuities that are 

representing a stacked succession of progradational buildouts with superseding periods 

of transgression that developed during the Late Cretaceous (Light et al., 1993).  This 

sub-parallel to transparent seismic character could relate to sediment instability and 

dewatering, possibly due to high sedimentation rates and a high proportion of fine-

grained (silt, clay-rich) sediment. These reflections may also be interpreted as pelagic 

mudstones and turbidite sheets, displaying a slightly disrupted pattern.  
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SI 8 and SI 9 were laid down during Campanian and Maastrichtian period respectively. 

The intervals are characterized by Clinoform bottomsets that are corresponding to SI 

9 Downlapping downslope on SI 8, creating subparallel reflections with moderate 

amplitudes. These reflections are interpreted as pelagic mudstones and turbidite sheets, 

displaying a slightly disrupted pattern as in SI 6 to SI 8. The deposition during the 

highstand phase is deduced from shelf progradation, as indicated by the downlap 

surface creating a slope fan. It also created a whole separate system tract consisting of 

lowstand and transgressive system tract.  

The location of the shelf in SI 8 and SI 9 is well defined by the clinoform geometries 

with preserved top-sets, and prograding distal down-lap on the Santonian 

unconformity also interpreted in Baby et al (2018). This basinward shift of the shelf 

break and preservation of the top-sets points to moderately high sediment supply 

during the early sea-level rise of the LST. Reflections up-section are more aggrading, 

therefore, defining a transgressive surface. Pronounced prograding clinoforms are 

lacking downslope and this could be possibly due to low sediment supply.  Sandstones 

are anticipated to be within the clinoforms, with the downdip turbidites expected to be 

less sand-prone compared to the preceding lowstand turbidites.  

The outer section of the Walvis Basin is characterized by continuous, parallel 

reflections intercalated with transparent zones, indicating the deposition of low-

energy, deep marine shale (Light et al., 1993). The Maastrichtian unconformity records 

a notable decline in relative sea level below the shelf-break. Canyon incisions took 

place in the outer section of the shelf, likely initiated by shelf instability during the late 

Cretaceous period.  
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5.2 Petroleum system elements 

To interpret the petroleum system elements for the Cretaceous period, a petroleum 

system model based on the lithofacies model showing the distribution of source rock, 

reservoir rock, seal rock and trap lithologies has been created for seismic dip line ION-

GXT NAM-3000_pstm_stk_20150710 (Figure 26). 

 

Figure 26: Theoretical illustration of the distribution of source rocks represented as 

SR, reservoir rocks represented as R, trap represented as T and seal rocks represented 

as S may have developed in the cretaceous section of Walvis Basin. 

5.2.1 Source Rocks 

Barremian to Albian period source rocks 

As depicted in the study, the deposition of potential source rocks took place in the 

Lower Cretaceous period, spanning from the Barremian to the Turonian times. 

Prominent are three distinct parallel high-amplitude horizons believed to be the 

Aptian/Albian source rocks although not intersected by well 2012/13-1. The Walvis 

Basin, as indicated by wells 1911/10-1, 1911/15-1, 2012/13-1, and 2213/6-1, has not 

encountered Barremian/Aptian source rocks. However, given their presence in 

Angolan waters and the Cape Basin, Kukulus (2004) and Bray et al. (1998) anticipate 
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a broad distribution of these source rocks along the Namibian margin. The Wingat-1 

and Murombe-1 wells in the Southern Walvis Basin has successfully encountered the 

Aptian/Albian source rock well known as the Kudu Shale. In this study, there are semi-

continuous and continuous reflections present in transitional seismic units SI 2 and SI 

3, which align with shale layers that extend laterally. SI 3 representing the Aptian age, 

shows a general highstand system track (HST) pattern with retrogradation and hosts a 

well-preserved MFS (maximum flooding surface) top, making it a promising prospect 

for containing organic-rich shales that could serve as valuable source rocks.  

 

Cenomanian to Turonian source rock period 

Cenomanian/Turonian. Cenomanian/Turonian marine carbonaceous claystones 

exhibiting significant source rock potential which has been proven to exist in the 

central and northern Walvis Basin from wells 2012/13-1, 1911/15-1, and 1911/10-1. 

The continuous reflections in SI 5 and SI 6 could signify pelagic to hemipelagic 

mudstone and turbidite sheets with clay-rich and silt are interpreted as formations from 

open marine and outer neritic formations, comprising mainly sandstones, silty 

claystones, and siltstones. Specifically, in the central Walvis Basin, well 2012/13-1 

offers direct access to dark, organic-rich claystones. The outer shelf lithology is 

dominated by silty claystones with partial carbonaceous content from the Late 

Cenomanian/Turonian period, drilled at depths ranging between 3411 m and 3663 m.  

The Cenomanian-Turonian interval encompasses the primary sections identified as 

source rocks within the well 2012/13-1. In general, total organic carbon (TOC) levels 

span from 0.63% to 5.86%, averaging at 2.02% (Well 2012/13-1 Sasol Geochemistry 

report). The upper portion of this interval, corresponding to the earliest Turonian 
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period, exhibits the highest TOC values. The greatest levels of organic carbon (TOC) 

reaching 5.45% were detected within the depth range of 3555m to 3567m, 

corresponding to the earliest Turonian period. This section comprises dark grey 

mudstone with varying degrees of carbon content, abundant moderately pyritic 

sapropelic amorphous organic matters. Cenomanian/ Turonian marine carbonaceous 

claystones have good source rock potential present in the central and northern Walvis 

Basin. 

Widespread occurrences of marine anoxic black shales from the Cenomanian to 

Turonian period are observed in the South Atlantic.  The black organic-rich shale from 

the Cenomanian/Turonian period is recognized as a source rock of global significance 

linked to the occurrence of the Ocean Anoxia Event (Forster et al., 2008). This event 

led to the accumulation and preservation of extensive mudstone deposits characterized 

by high total organic carbon (TOC) content across the globe. 

         5.2.2 Reservoir Rocks 

Reservoir rocks, such as Carbonates from the Barremian to Aptian period and turbidite 

sandstones from the Upper Cretaceous, are considered as potential reservoir rocks in 

the Walvis Basin. The Walvis Basin is home to extensive exploration opportunities, 

featuring high-quality reservoirs located at the Cenomanian and Santonian levels, 

namely, the turbidite sands channel known as Baobab sands of Santonian age. The 

Santonian turbidite sand channels is a 242-meter section with 15% net-to-gross ratio 

and an average porosity of 19%. The Santonian turbidite sands exhibit brighter 

amplitude section is represented by SI 7 in Figure 26. 

Despite being water wet, the Late Cretaceous turbidites have reservoir sands of high 

quality showing sub-parallel to transparent seismic character observed in SI 6 to SI 9 
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(Figure 26) could be linked to sediment instability and dewatering, as a result of high 

sedimentation rates and a high proportion of fine-grained (silt, clay-rich) 

sediments(Light et al., 1993). The seismic reflections may also be interpreted as 

pelagic mudstones and turbidite sheets, because of a slightly disrupted pattern.  

Well 2012/13-1 has encountered significant sandstone sections from 2598 meters to 

2969 meters, Upper Campanian/Maastrichtian in age (SI 8 to SI 9) (Figure 26). This 

interval is believed to have reservoir rock of potentially high quality values of up to 

21% porosity with a negligible clay content (Kukulus, 2004). Therefore, the reservoir 

quality may be interpreted as a good reservoir. Maastrichtian deep marine fan sands 

and base Tertiary reef-like features may be possible reservoirs that have been fed 

through the gas chimneys.  

5.2.3 Seal Rocks  

A sufficient seal might be a crucial element that completes the petroleum system. In 

certain shelfal wells, substantial clastic sequences have been identified, containing 

minimal shale to serve as a sealing layer for the sandstone reservoirs (Baby et al., 

2018).  However. a risk of no seal on the Maastrichtian section may exist since it is 

overlain by slope fans. 

Potential seals within the syn-rift sequence (SI 1) includes lacustrine shales, thin 

evaporites, and impermeable igneous formations such as lava flows and volcanics. In 

the Barremian-Aptian period (SI 2- SI 3), marine shales, some of which may act as 

source rocks, and effective seals.  

5.2.4 Trap Rocks 

The extensive volcanic activity associated with the Tristan mantle plume and the 

deposition of syn-rift sediments largely conceal any rift-related structures within the 
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Walvis Basin. Nevertheless, the presence of sand layers interbedded between 

individual lava flow sheets might create opportunities for stratigraphic pinch-out traps, 

albeit potentially affected by the breakup unconformity. 

The onlapping of the early drift sediments (SI 2 & SI 3) onto the hinge zone presents 

significant opportunities for the formation of stratigraphic traps (Figure 26). 

Hydrocarbons originating from the Barremian/Aptian period were discovered in the 

Kudu wells and offshore Angola (Baby et al., 2018; Kukulus, 2004; Sibeya, 2014). 

Hydrocarbons generated in the early drift section and older could potentially be 

trapped in areas where stratigraphic pinch-out or onlapping occurs in updip locations 

as seen in Figure 26. 

Reservoirs found during the latter stages of post-rift evolution may contain 

hydrocarbons originating from both the organic-rich shales in the Barremian/Aptian 

and Cenomanian/Turonian periods. The Maastrichtian deep marine fan sands exhibit 

good reservoir qualities and might exhibit pinch-out patterns (Figure 25 and Figure 

26). Additionally, the mounded reef-like structures associated with the base tertiary 

unconformity, as mentioned earlier, could serve as excellent potential traps due to their 

anticlinal nature. 

Multiple channel systems from the Cenomanian period, distinguished by both 

structural and stratigraphic trap types, have been identified and mapped within the 

Lower Cretaceous basin floor/slope fan systems in the Walvis Basin.  

This study focused on examining 2D section of the central area of the Walvis Basin. 

The goal is to carry out a comprehensive assessment of the hydrocarbon potential by 

incorporating all relevant data obtained from both wells and seismic studies to identify 

and delineate the key seismic sequences of the basin to establish the various seismic 
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facies and predict the major petroleum system elements within the basin (source, 

reservoir, traps etc). 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

The 2D seismic interpretation of the central Walvis Basin has enabled the 

identification and delineation of nine distinct seismic stratigraphic intervals within the 

Cretaceous succession, highlighting the complex stratigraphic and depositional history 

of the basin. Integration of seismic facies analysis, systems tract interpretation, and 

analog comparisons with adjacent basins (Lüderitz Basin and Orange Basin) has 

provided valuable insights into the basin’s lithofacies distribution and petroleum 

system development. 

The study confirms the presence of multiple potential source rock intervals, 

particularly the Aptian/Albian and Cenomanian-Turonian formations. While the 

Aptian source is geochemically validated as a marine oil-prone unit encountered in 

several wells, the Cenomanian-Turonian source, though laterally extensive and 

exhibiting favorable TOC values, presents uncertainties regarding its thermal maturity. 

This duality in source rock characterization suggests variability in hydrocarbon 

generation potential across the basin. 

Reservoir prediction within the pre-breakup section remains a critical aspect of 

exploration, especially in light of the basin’s volcanic overprint. The presence of 

potential Lower Aptian to Lower Albian carbonate and siliciclastic units within 

structurally favorable settings offers prospective targets, albeit with a necessity for 

refined stratigraphic and petrophysical evaluation. 

The unsuccessful well outcomes can be attributed to the absence of certain elements 

or processes in the petroleum system, with the lack of reservoir or charge being the 

more prevalent causes of failure. The primary risks identified, namely, reservoir 

presence and effective hydrocarbon charge, highlight the need for 3D seismic studies 
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and targeted drilling informed by integrated basin modeling. The findings of this study 

reaffirm the Walvis Basin's potential as a frontier petroleum province and underscore 

the importance of continued exploration supported by a systems-based geological 

approach. 

To further advance the understanding of the Walvis Basin’s hydrocarbon potential, 

this study recommends a focused integration of available 3D seismic data, particularly 

over study area, into ongoing stratigraphic and structural analysis. While this study 

relied on 2D seismic data to identify nine seismic stratigraphic intervals and interpret 

depositional facies and petroleum system elements, 3D seismic offers significantly 

improved vertical and lateral resolution. Moreover, the development of an integrated 

3D petroleum systems model is strongly recommended. This model should incorporate 

all available well, seismic, and geochemical data, including TOC content and thermal 

maturity values, to simulate hydrocarbon generation, migration pathways, and 

accumulation zones. The inclusion of 3D seismic data in such a model would 

drastically improve structural realism and stratigraphic accuracy, resulting in a more 

predictive understanding of play risks across the basin. 
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Appendix 2: Table of stratigraphic interval description for SI 1 to SI 9 (Baby et al., 2018; Kukulus, 2004; Light et al., 1993). 
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Appendix 3: Non-Interpreted seismic dip line ION-GXT NAM-3000_pstm_stk_20150710 that was used for the study. 
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Appendix 4: The seismic dip-line in the Walvis Basin displays reflector 

terminations mapping. Red arrows show downlaps marking the lower sequence 

boundary. Black arrows show toplaps marking the upper sequence boundary. 

Blue arrows show onlaps. System tracts shown as HST (highstand system tracts); 

LST (lowstand system tracts); and TST (transgressive system tracts). The 

parasequence sets shown as P (progradation); A (aggradation); and R 

(retrogradation). The maximum flooding surface is shown as mfs. 

 


