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Abstract 
 

 

The western margin of southern Africa hosts extensive diamond placer deposits spanning from the 

lower Orange River to the southern Namibian coastline. These diamonds are associated with 

gravels deposited by surfzone processes during sea level fluctuations. During the postglacial 

transgression (23,000 to 6,000 BP), these diamondiferous gravels were concentrated and 

submerged. This study focuses on Area 4 of ML103A offshore Hottentots Bay, employing pseudo-

3D seismic profiles, multibeam bathymetry, backscatter data, and over 6,400 drill cores to analyse 

the geomorphology and seismic stratigraphy of the inner to mid-shelf region. 

With the use of a pseudo-3D grid of ultra-high-resolution sub-bottom profiles and extensive 

borehole data, this study reconstructs the morphology of the paleo-land surface (H1) on which the 

current shelf sediments lie. H1 comprises a weathered bedrock surface overlain by saprolite or 

clay and mantled by Eocene-age sandstones. The overlying unconsolidated sediment consists of 

four seismic and lithostratigraphic units (C-F), including lowermost gravel Units C and D 

deposited in multiple phases from late Oligocene to late Pliocene/Pleistocene. These deposits 

formed lowstand lags in small channels on the inner shelf edge and developed into a thickly 

embayed beach on the innermost shelf. The bedrock-hosted embayment provided preferential 

accommodation for multi-stacked gravel beaches, contrasting with barrier spit and back barrier 

sequences to the south, closer to the Orange River. Once accommodation in the embayment was 

filled, material spilled into the strait, forming linear beaches anchored by a landward bedrock high, 

resistant to wave reworking and preserved through overstepping during significant sea level rises, 

notably MWP-1B of the Holocene.  

The dissertation emphasizes the need for further dating of these gravel beaches, challenging due 

to the polycyclic nature of their materials. 
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Chapter 1: Introduction 
 

 

In the context of global warming and rising sea level it has become critical to understand the way 

shorelines may behave in an uncertain future, a topic that has spurred much debate (e.g. 

Vousdoukas et al, 2020; Cooper et al., 2020). In this light, it has become increasingly important to 

examine shorelines, now submerged on the continental shelf, as analogues for future coastal 

behaviour in a changing world (Green et al., 2018).  

Submerged shorelines help illuminate the relationships between rates of sea-level change, 

antecedent geomorphic settings (Pretorius et al., 2016), past climate changes (Green et al., 2022) 

and resulting coastal change. Their preservation in relation to antecedent gradient (Green et al., 

2018), rates of sea-level rise (Locker et al., 1996; Green et al., 2014) and sediment supply (Mellet 

et al., 2012) relay valuable information on how modern shorelines will evolve through time and 

space with respect to climate change and post glacial sea-level rise.  

Coastlines respond to rises in sea level via three different mechanisms (Carter, 1988):  

(1) shorelines have the ability to migrate landward while preserving their volume, a phenomenon 

known as “rollover.”  

(2) shorelines may be overstepped and submerged in place.  

(3) shorelines may be eroded completely.  

The preservation of shorelines as relict features on the seafloor is attributed to the overstepping or 

partial overstepping of the palaeo-shore feature. The degree to which overstepped shorelines are 

preserved depends on their resilience to wave ravinement processes (Pretorius et al, 2017), in 

addition to multiple other factors such as shoreline sediment volume, antecedent slope, system 

energy, diagenetic factors, climate, and rates of sea-level rise (Storms et al., 2008). Transgressive 

stratigraphic facets preserved alongside the palaeo-shoreline contribute to understanding the 

processes that facilitate or impede the preservation of recently submerged or older palaeo-

shorelines (Green et al., 2018). 
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When compared to submerged sandy shorelines, of which relatively few documented examples 

exist (Cooper et al., 2016), gravel-dominated beaches and barriers are a more common facet of 

submerged landscapes on the continental shelves of the world (e.g. Kirkpatrick et al., 2019; Runds 

et al., 2019). This is because gravels have longer relaxation times, and thus the inertial constraint 

on their movement due to sea-level rise is large (Long et al., 2006). According to Mellett et al., 

(2012) continental shelves located offshore of present-day gravel-dominated coasts thus provide 

exceptional potential for exploring the conditions required for drowning and preservation of 

coastal landscapes.  

The Namibian coastline of SW Africa is considered a predominantly sandy coast (Cooper and 

Green, 2023). However, over several millions of years, the delivery of gravel to the coast via the 

Orange River has built substantial accumulations of gravel along the southern shorelines (Apollus, 

1995; Bluck et al., 2005), and continental shelf. It thus poses a unique laboratory for the 

examination of submerged gravel landscapes in a subtropical setting. 

 

1.1 Aims and objects. 

 

The main aim of this dissertation is to examine the geomorphology and seismic stratigraphy of the 

inner to mid shelf of Hottentot’s Bay on the south-central Namibian coast (Fig. 1.1). Focus will be 

paid to the relationship between various gravel deposits and their influencing factors. The 

objectives of this study thus include: 

1) To define the seismic stratigraphy of the inner continental shelf. 

2) Link this to lithological data from numerous boreholes drilled in the region  

3) To investigate the corresponding palaeo-depositional environments based on sequence 

stratigraphy principals. 

4) Establish an evolutionary model, with particular focus on the gravel deposits, of the study 

area.  
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Figure. 1.1. Locality map of the study area highlighting the geophysical data collected, and drill core sample 

distribution. The area of focus is concerning the Namibian inner shelf offshore Hottentots Bay. 
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Chapter 2: Literature Review  
 

 

2. Seismic Stratigraphic analysis of Surfaces 

 

As per Mitchum and Vail, 1977 initial steps of seismic stratigraphic analysis of basin fills entails 

delineating genetically linked units, termed Depositional Sequences. These sequences hold 

regional significance and are subsequently subdivided into individual system tracts (Van Wagoner 

et al., 1987), delineated by the occurrence of local unconformities and their laterally equivalent 

conformities. According to Armentrout and Perkins (1991) these system tracts are found to contain 

a grouping of deposits from time-equivalent depositional systems.  

The depositional sequences consist of a stack of system tracts, which can be categorized into 

lowstand and highstand system tracts, indicating shifts in relative sea level. The primary technique 

used for demarcating Depositional Sequence boundaries is termed reflection termination mapping 

(Vail et al., 1977).  

The convention suggested by Sangree and Widmier (1977, 1979) and Mitchum et al. (1977a), 

whereby three attributes are combined into a single mappable variable, is commonly followed by 

most published seismic facies analyses. These include the geometric relations of the reflections 

with reference to the upper and lower sequence boundaries (toplap and downlap, respectively) and 

the internal reflection configuration (parallel, oblique, divergent, sigmoid) (Cross, 1988).  

 

2.1 Nature of reflection patterns 

 

A seismic facies unit is characterized as a distinct grouping of reflections, distinguishable by 

variations in elements such as reflection patterns, amplitude, continuity, frequency, and interval 

velocity, differing from those of neighbouring units (Veeken and Moerkerken, 2013).  

Reflection patterns involve the configuration of reflections and the nature of cycle terminations at 

the boundaries of seismic facies units. Interpreting these patterns aids in deducing substantial 

information about the transportation processes and depositional environment of the facies.  
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There are four major groups of systematic reflections observed on seismic sections: (1) 

sedimentary reflections representing bedding planes. (2) Unconformities/discontinuities in 

geological time. (3) Artefacts; for example, multiples and diffractions. (4) Non-sedimentary 

reflections; example fault planes, fluid contacts etc. (Sangree and Widmier, 1979).  

 

2.2 Reflection Configuration patterns  

 

Reflection configuration patterns are cross bedding patterns. These patterns hold vital information 

on the transporting processes and the environment of deposition of sediment.  

There are three principal types of reflection configuration: (1) reflection-free zones areas where 

limited reflecting surfaces exist (2) stratified patterns which consist of parallel or divergent 

reflections that possess a sensible degree of continuity; and (3) chaotic patterns in which reflections 

are discontinuous or internally contorted (Veeken and Moerkerken, 2013). The reflection 

configuration geometries can be defined as stratified (parallel, oblique, divergent, sigmoid), 

reflection-free or chaotic (Sangree and Widmier, 1979) (Fig. 2.1a). 

 

2.3 Reflection termination patterns/ Stratal termination patterns 

 

According to Catuneanu (2006), stratal terminations are defined by the geometric relationship 

between strata and the stratigraphic surface against which they terminate. Stratified configurations 

consist of both simple and complex stratified configurations. Both formations emerge through the 

progressive development of depositional surfaces that slope from a gently inclined, relatively 

shallow water area into deeper water. The resulting reflection configuration can be categorized 

into upper (topset), middle (foreset), and lower (bottomset) zones (Sangree and Widmier, 1979). 

The primary types of stratal terminations are defined by truncation, toplap, onlap, downlap and 

offlap which have been introduced with the development of seismic stratigraphy in the 1970s to 

describe the architecture of seismic reflections (Mitchum and Vail, 1977) (Fig. 2.1b).  
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Figure. 2.1.  a. Diagram depicts the basic types of reflection configuration (Modified after Roksandik, 1978).  b. Types 

of stratal terminations (modified from Catuneanu, 2006). 

 

2.4 Incised Valleys 

 

Incised-valley systems are preserved features typical of Quaternary stratigraphy found on most 

continental shelves (Duncan et al., 2000; Foyle and Oertel, 1997; Warren and Bartek, 2002). They 

are typically elongated depressions, which are larger than a single channel, (Dalrymple et al., 

1994), formed through the process of fluvial incision during shelf exposure. Incised-valley systems 

provide evidence of paleo-flow conditions during times of lowered sea level (Nordfjord et al. 

2006).  

According to Van Wagoner et al. (1990), incised valleys are the keystone for sedimentary record 

of sea-level fluctuations on continental margins. As coastal lowlands these valleys are vital in 
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maintaining shelf environments as they provide accommodation for lowstand and early 

transgressive sedimentation (Vail 1987; Posamentier and Allen 1993). 

These features also aid in entraining and protecting sediment from transgressive erosion (Swift 

and Thorne, 1991) and have potential to offer the most comprehensive sedimentary record of 

lowstand intervals (Thomas and Anderson, 1994; Payenberg et al., 2006). This makes them 

essential in deducing processes that create, change, and preserve continental-margin sequence 

stratigraphy. 

Incised valleys are characterized by two types of sediment fills (Zaitlin et al., 1994) namely: 

Simple fills have one sequence boundary found at the base of the valley (Lericolais et al., 2001) 

and compound fills has a series of sequence boundaries formed from multiple cycles of 

superimposed incision and deposition. (Thomas and Anderson, 1994).  

A series of conceptual models have been proposed by Zaitlin et al (1994) which explains how 

incised valleys’ morphology and general sediment facies respond to environmental forcing. These 

environmental forcing encompasses variations in sediment supply and associated physio-graphic 

alterations, occurring as a consequence of rising sea levels leading to drowning.  

Drowned valley fills are categorised into: (1) a landward zone, predominantly influenced by 

riverine sedimentation, which may include features like bay head deltas or straight tidal and fluvial 

channels, (2) a seaward zone characterized by dominance of wave and/or tidal processes, 

exemplified by features as an estuary mouth complex, (3) an intermediate area with mixed energy, 

essentially acting as a sediment sink subject to both marine and non-marine influences. Muddy 

central basin sediments are indicative deposits of such an area (Hughes and Masselink, 2003) (Fig. 

2.2).  

Models of this nature serve as a foundation for globally comparing drowned valley systems and 

exploring the evolution process whereby incised valleys transform into estuaries during 

transgression (Nordfjord et al., 2006). These models range from the proximal to the distal 

environment of incised-valleys. The characteristics and arrangement of facies within incised-

valley estuaries are governed by the interaction between marine processes (wave and tides), which 

typically diminish in intensity upstream, and fluvial processes, which weaken downstream.  

According to Dalrymple et al. (1992), all estuaries ideally exhibit a three-fold structure. Estuaries 
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typically possess an outer marine-dominated portion characterized by net bedload transport 

moving seaward; a relatively low-energy central zone where bedload convergence occurs; and an 

inner river-dominated segment which is influenced by marine forces where transport is directed 

seaward. The degree of development of these three zones varies across estuaries due to factors like 

sediment availability, coastal zone gradient and the estuary’s evolutionary stage.  

Estuaries are classified into two distinct yet intergrading types, namely wave-dominated and tide 

dominated, based on the prevailing marine process.  

 

2.4.1 Wave-dominated Estuary 

 

In wave-dominated estuaries the transportation of sand alongshore and onto the shore in this type 

of estuary results in the deposition of a sandy plug at the head of the estuary. The sand plug 

typically consists of two components, (1) a barrier accompanied by washover deposits, and (2) a 

tidal inlet that breaches the barrier, allowing the exchange of tides with the estuary and 

subsequently forming a flood tidal delta (Catuneanu, 2006). The central portion of the estuary 

found in the landward part of the sand plug is found to be low-energy zone typical of muddy facies. 

Wave-dominated estuaries usually exhibits a clearly distinct three-part zonation: a marine sand 

body containing barrier islands, washovers, tidal inlets, and tidal delta deposits; a central basin 

characterized by fine-grained, predominantly muddy sediments; and a bay-head delta influenced 

by tidal and/or saltwater influences (Dalrymple et al., 1992). 
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Figure. 2.2. Tidal and wave-ravinement surfaces in a wave-dominated estuarine setting (modified 

after Dalrymple et al., 1992, Zaitlin et al., 1994 and Catuneanu, 2006). Both tidal and wave 

ravinement surfaces (TRS and WRS respectively) expand in a landward direction as facies 

retrograde during transgression. 

 

2.4.2 Tide-dominated Estuary 

 

According to Cooper et al. (2001), tide-dominated estuaries are described to have adequate tidal 

prism to maintain their inlets by tidal currents against littoral sediment transport driven by 

longshore and cross-shore waves. Tide-dominated estuaries have been studied in various localities 

across the globe and are regarded as a microtidal estuary (Cooper, 1993). There is significant 

bedload of sediment transported upstream due to tide deformation during propagation. Sediment 

is found to be received from both the shelf and the river with most of the sediment received by the 

river being transported and deposited by tidal currents. Such estuaries are generally characterized 

by a funnel-shaped that have a high width to depth ratio. Distributary channels typically have low 

sinuosity (Wells, 1995). Elongated sand bars are characteristic of tide-dominated estuaries 
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(Dalrymple et al., 1990). These sand bars are formed at the mouth of the estuary due to the 

prevalence of tidal-current energy over wave energy, subsequently these sand bars also dissipate 

existing wave energy as it travels up the estuary. Due to the funnel shaped geometry of these 

estuaries (Langbein in Myrick and Leopold, 1963), incoming flood tide experiences a gradual 

compression into the narrow cross-sectional area. This results in the intensification of flood-tidal 

currents’ velocities within the estuary. The phenomenon of this tidal intensification is called 

hypersynchronous (Nichols and Biggs, 1985).  

Cooper (2001) describes tide-dominated estuaries to display a distinct tripartite arrangement of 

facies. This arrangement consists of marine inputs at the inlet, fluvial inputs at the tidal head and 

a central zone dominated by suspended sedimentation. It is observed that the upper tidal limit of 

the estuary, the fine-grained sedimentation transitions to the deposition of fluvial sediment, 

forming a delta characterized with varying textures according to the geological composition of the 

river catchment (Cooper, 2002). 

Within the seaward section, known as an estuarine bay, a conceptualized incised valley succession 

exhibits at least three superimposed transgressive surfaces in response to steady sea level rise and 

continuous sediment supply (Hughes and Masselink, 2003): (1) The bay flooding surface arises as 

a result of inundation of the fluvial system (Nummedal and Swift, 1987), distinguishing the 

underlying fluvial deposits from the overlying estuarine deposits. (2) Zaitlin et al. (1994) had 

described that tidal ravinement surface form as tidal currents erode coastal inlets or channels within 

the established estuary, which then erodes the underlying deposits confined within this particular 

part of the system (Allen and Posamentier, 1993). As the tidal ravinement develops in or near the 

mouth of the submerging incised valley, a locally occurring bay head channel system diastem 

forms within the landward portion of the estuary-mouth complex. This diastem arises from the 

seaward propagation of a bay head delta. (3) Lastly, a broad wave ravinement surface forms as the 

shore recedes inland during transgression. Underlying estuarine deposits are truncated by an 

erosional event. To form this surface, wave and current erosion must remove both flood tidal-

deposits and potentially some central-basin facies. 
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Figure. 2.3. Tidal and wave ravinement surfaces in a tide-dominated estuarine setting (modified after Dalrymple et 

al., 1992, Reinson et al., 2000, Zaitlin et al., 1994 and Catuneanu, 2006). 

 

2.5 Depositional Sub-environments of gravel beaches  

 

The morphology, dynamics, and growth of gravel beaches have been extensively studied 

(Spaggiari et al., 2006), but only in the past few decades has their internal structure been 

recognized, beginning with an initial and preliminary study by Bluck. (1967). According to Bluck 

et al. (2001) gravel will accumulate in three major areas and thus their deposits are classified into 

three main zones. These deposits are the subtidal, intertidal and back barrier deposits. 

 

2.5.1 Intertidal zone  

 

The intertidal unit is structurally complex, featuring a variety of bed assemblages and depositional 

sub-environments. There is a wide variety of foreshore deposits and the morphology and structure 

of the gravel bars, which include the foreshore, are notably diverse (Spaggiari et al., 2006). Bluck 

et al. (2001) has recognized four beach types which are: spits, barrier beaches, linear beaches and 

pocket beaches, they are in order of sediment accretion rate. These beach types are all classified 
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according to the range and combination of bed assemblages. One distinguishing feature that 

connects these beaches is the sorting of their gravel clasts, serving as a clear identifying factor.   

In most gravel beaches there is a noticeable segregation of clast shapes. Large oblate to discoidal 

clasts of varied shapes accumulates at beach crests, while large equant or spherical clasts and small 

discoidal clasts accumulate at the base of the intertidal zone. Therefore, the beach surface is 

regarded as a zone of varying steepness where particle acceptance and rejection take place 

according to their shape and size due to strong swash and backwash energy. Gravel beaches can 

vary greatly in morphology and subsequently in the sedimentary environments that influence the 

distribution of sediment (coarse and fine) (Bluck, 1998).  

There are four zones to gravel beaches: (1) Infill zone; (2) Zone of selection pavements; (3) Zone 

of beach and cusps; (4) Berm. 

In the Infill zone are typically observed to have alternating beds of smaller spheres and sand. 

Towards the seaward edge of the beach, there is a zone where displaced clasts fill the gaps between 

the spherical clasts forming the outer boundary (Spaggiari et al., 2006).  

The infill zone merges into the zone of selection pavements which is an inclined surface that 

typically consists of a mix of gravel and sand. Stratified marine gravels are formed here as clasts 

are hydraulically sorted to accumulate on the beach as seaward inclined strata usually characterised 

by good shape and size segregation. This zone may also constitute of cusps (Spaggiari et al., 2006).  

The zone of berm and cusps lies in the landward section of the zone of the selection pavements. 

Due to a high degree of sorting this zone exhibits steep surfaces and beds steeper than that found 

in the selection pavements. These steeply dipping beds extends seaward in the direction of beach 

progradation and show pronounced shape and size sorting. A berm may replace the area where the 

beach and cusps form which is strike-aligned along the coast without significant evidence of 

cuspate development (Spaggiari et al., 2006). 

 

2.5.2 Subtidal deposits 

 

Subtidal deposits commonly consist of sand with cross strata that may exhibit bimodal dip 

directions. These beds, often containing abundant shell debris are believed to be equivalent to 
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shallow marine mega-rippled sand fields. In addition, sand sheets up to several metres thick with 

heavy bioturbation are present in this zone (Spaggiari et al., 2006).  

The subtidal zone may be divided into three zones (Boggs Jr, 2006), which are: 1) The upper 

shoreface; 2) Middle shoreface; 3) Lower shoreface. 

Boggs Jr (2006) described the upper shoreface as the energetic surf zone. Sediment sizes in this 

zone ranges from fine to medium with gravel. Waves generate shore-normal currents that interact 

with shore-parallel currents, resulting in intricate sedimentary sequences characterised by multi-

directional structures. The upper shoreface is primarily characterised by trough cross-stratification, 

which forms as ripples and dunes migrates (Reinson, 1984; Spaggiari, 2011).  

The middle shoreface is also observed to be an area subjected to high energy and wave action. 

This zone constitutes of the breaker zone where shell material, fine to medium grained sand, silt 

and gravel accumulate. Longshore bar development is associated with this zone. Sedimentary 

structures present in this area are similar to that of the structures found in the upper shoreface. 

Sedimentary structures present are intricate which consists of landward-dipping ripple cross 

lamination through seaward-dipping, low angle planar stratification to trough cross stratification 

(Boggs Jr, 2006).  

The seaward section of the surf and breaker zone is exposed to oscillating wave currents through 

fair-weather hence giving rise to the lower shoreface. Sediments found in this area is typically fine 

sand interbedded with silt and mud. Dominant sedimentary structures include near horizontal 

lamination, landward migrating ripples and hummocky cross-stratification (Boggs Jr, 2006; 

Spaggiari, 2011). 
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Figure. 2.4. Diagram showing internal structures of beach depositional environments (Adapted from Spaggiari et al., 

2006). 
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Chapter 3: Regional setting 
 

 

 

3.1 Offshore regional stratigraphy 

 

The Namibian continental margin is one of the worlds widest and deepest shelves which far 

exceeds the global average width of 86 km and depth of 130 m. The margin is of volcanic origin 

(Clemson, 1997). It encompasses an extensive and stable shelf that spans up to 230 km offshore 

and lies up to 500 m below sea level (Dingle et al., 1983). 

The shelf comprises a thick wedge (3-5 km) of predominantly clastic post-rift sediments, overlying 

a rifted Proterozoic continental basement (Light et al., 1993), this is subsequently overlain by syn-

rift siliciclastics and volcanics deposits dating from the late Jurassic to the early Cretaceous period 

(Clemson et al., 1999). Karoo Supergroup rocks from the Late Carboniferous to Early Jurassic era 

are potentially preserved withing small half-grabens, truncated by an angular unconformity which 

subsequently reflects significant erosion of the Karoo Supergroup material over an extended period 

(Clemson et al., 1999; Aizawa et al., 2000). 

 

3.2 Sediment supply and coastal regime 

 

The Orange River, formed during the Early Cretaceous, currently serves as the primary channel 

for coarse sediments and diamonds to the west coast of southern Africa (Dingle and Scrutton, 

1974). The discharge point of the Late Cretaceous predecessor to the Orange River was a finer-

grained transporting system that supplied sediment to a significant, enduring palaeo-delta located 

offshore from the present-day mouth of the Orange River (Ward and Bluck, 1997; Aizawa et al., 

2000). During the late to end of Cretaceous period, regional subcontinent uplift commenced fluvial 

incision, which persisted intermittently throughout much of the Cainozoic era (Spaggiari et al., 

2006), altering the deposition at the river mouth from fine (silt and clay) to coarse-grained (gravel 

and sand) sediment (Spaggiari et al., 2006). Since then, the Orange River has transported sediment 

of up to boulder sizes to the coast (Bluck et al., 2007). 
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The present-day Orange River has a wave-dominated delta, which experiences significant 

northward longshore drift due to the prevailing southerly swell, wind and wave patterns (Rogers, 

1977). From the south-southwest direction, the coastline receives prolonged-period swells, with 

an average swell height surpassing 3 m, originating in the Southern Atlantic Ocean. During 

summer wave heights can average 1.5 m, increasing to approximately 1.9 m in winter but 

throughout the year wave heights can be found to exceed 4.75 m (Kirkpatrick et al., 2019). The 

average wave periods range between 10.5 s in summer and 12.5 s in winter.  Shorter-period waves, 

induced by persistent southwest winds, which are in turn generated by the South Atlantic 

Anticyclone system superimpose the long-period swells. Approximately 90% of the shorter period 

waves attain a height ranging from 0.75-3.25 m (De Decker, 1988).  

The estimated water depth of the wave base is ~ 40 m, but submersible dives suggest that it can 

extend significantly deeper to ~110 m (Bluck et al., 2007). The swell and wind regime gives rise 

to the northward-directed littoral drift and the average wave conditions along this coast have 

enough energy to transport coarse sand to depths of 30 m. It is also found that storm waves have 

the ability to transport medium sized pebble at the same depth (De Decker, 1988). At ~ 15 m water 

depth, cobbles are frequently transported while storm events induce significant sediment transport 

on the inner shelf at a ~ 30 m water depth (De Decker, 1988; Bluck et al., 2007). The Orange 

Rivers’ coarse-grained discharge has been exposed to yearly high-wave energy since mid to late 

Tertiary times (Spaggiari et al., 2006). Over a narrow zone of the coastline these high wave energy 

conditions are concentrated by a micro-tidal range of 1.8m. Discharge of the Orange River is 

dispersed northwards and westwards by the dynamic longshore drift system (Bluck et al., 2007). 

Gravels are found to be deposited along the coastline spanning more than 300 km north of the 

Orange River mouth, sand fractions are transported > 700 km along the coast and mud is found to 

be more dispersed westwards, northwards and southwards into basins on the shelf and onto the 

continental shelf edge (Bluck et al., 2007). A significant portion of the sandy or finer sediment 

fraction is entrained into the Namib Sand Sea (Corbett, 1993). This is exacerbated by the presence 

of the nearshore geological framework that limits accommodation during lowstands (Green et al., 

2024). 
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3.3 Gravel Pulses of the Orange River 

 

The orange River is the principal conduit for the transportation of diamondiferous gravels from 

the southern African interior to the Atlantic coast (Jacob et al., 1999). 

In the late Cretaceous, the Orange River flowing into the Atlantic Ocean transported fine sediment 

thus creating a large, fine-grained delta offshore from its current position (Bluck, 1997; Spaggiari 

and Bordy, 2023). By the Middle Eocene the river had evolved into a highly energetic, gravel 

dominated system that incised into bedrock, transporting small cobble-sized gravels from the 

interior of southern Africa to the Atlantic coast (Ward and Buck, 1997; Bluck et al., 2005). This 

shift from a suspended to a bed load-dominated Orange River resulted from continental uplift. Due 

to the lack of precise dating this change is attributed to the Late Cretaceous to Early Paleogene 

(Aizawa et al., 2000).  

According to Bluck (2005), during the Miocene and later, the bedload of the Orange River 

coarsened notably, particularly during the Plio-Pleistocene when the dissection of coastal 

Neoproterozoic bedrocks supplied the majority of gravel. During the Plio-Pleistocene, multiple 

incisions occurred which was influenced by uplift or sea level changes This resulted in the 

transport of boulder-sized gravel, with clasts exceeding 1 m, into the Atlantic coast which 

constituted the main sediment input to the paleo-beaches of southern Namibia (Bluck et al., 2005; 

Jacob, 2005).  

Three distinct terrace (gravel) deposits along the lower Orange River are recognized by their 

elevation, bedrock strath levels and unique clast compositions (Nakashole, 2018).  These three 

gravel terraces were formed from gravel pulses, of different characteristic sediment composition, 

supplied by the palaeo-Orange River which Bluck, (2005) termed them, Pre-Proto Orange River, 

Proto Orange River, and Meso Orange River.  

The overall composition of each of this gravel is a combination of both exotic and locally derived 

clasts. A Pliocene uplift occurring after the deposition of the Proto Orange River gravel, may have 

caused drainage re-organization and influenced the differences in clast assemblage between Proto 

and Meso Orange River gravels.  
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The gravel is composed of a mix of exotic and locally sourced clasts with the large cobble-sized 

fractions (>25 mm) being primarily made up of quartzite clasts. Agate, Karoo Supergroup shales 

and sandstones, Karoo Supergroup basalt and banded iron formation (BIF), are known as exotic 

clasts. 

There is no diagnostic clast lithology in either Proto or Meso gravels. Therefore, the dominant 

exotics in each gravel aids in dating the gravel pulses. The dominance of an exotic is influenced 

by the timing, rivers sinuosity and river energy (geomorphic evolution of Orange River basin) 

(Nakashole, 2018).  
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Table. 3.1. Timing of the main gravel pulses, clast assemblages, clast roundness and deposit thickness 

Gravel Pulses 

Pulse 

type 

Age Clast 

Assemblage 

Exotic mineral 

Distribution 

Clast 

roundness 

River sinuosity at 

deposition period 

Thickness 

Pre-

Proto 

Not sufficiently dated. 

Late Oligocene age 

(Bluck et al., 2005; 

Spaggiari, 2011; 

Jacob 2005) 

High 

Namaqua 

Metamorphic 

Complex 

clasts. 

Dominance of Epidote -

rich minerals. 

Low 

degree 

Low sinuosity  Unknown due 

to lack of 

preservation.  

Proto Early to mid-

Miocene, associated 

with Lopholistriodon 

moruoroti  (Jacob et 

al., 1999; Jacob, 

2005) 

Minor 

Namaqua 

Metamorphic 

Complex 

clasts. 

Dominance of Karoo 

Supergroup, shale and 

sandstone clasts and minor 

BIF.   

Minor amphibole-epidote 

content (Increase in river 

energy).  

22% Sandstone, 6% BIF. 

High 

degree 

High sinuosity, 

reinforced by 

preservation of cut-

off meander loop 

terraces. Associated 

with High incision 

depth and increase 

sediment transport.  

Up to 50m  

Meso Plio-Pleistocene 

(Jacob et al., 1999; 

Jacob, 2005) 

High 

Namaqua 

Metamorphic 

Complex 

clasts. 

Dominance of BIF clasts 

with minor Karoo 

Supergroup, shale and 

sandstone clasts. 

Abundance amphibole-

epidote content (due to 

decrease in river energy).  

7% Sandstone 10% BIF.  

Low 

degree 

Low sinuosity, 

similar to sinuosity 

of modern Orange 

River. Associated 

with shallower 

incision depth and 

decreased sediment 

transport.  

6-23 m 
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3.4 West Coast sea-level fluctuations and palaeo-shorelines  

 

Similar methods employed in marine heavy mineral exploration, which relies on identifying 

appropriate environments such as strandlines/beach ridges and embayments (Hou et al., 2017) 

have been applied to the inner shelf marine placer deposits along the west coast of Namibia. 

These revealed major concentrations of diamonds along palaeo-shorelines at different 

elevations. These enrichment concentrations of placer deposits occurred in response to cycles 

of sea-level transgression and regression (Hallam, 1964; De Decker, 1988).  

It is found that the breaker zone has the highest concentration of energy (Jacob, 2001); 

reworking in this zone upgrades the concentration processes that subsequently occur. As a 

result, higher-grade diamonds and associated gravel deposits are correlated with the 

approximate sea level during the deposition period (Oelofsen, 2008).  

High diamond concentrations (grades) are often observed within bedrock gullies carved into 

marine-cut platforms of Mining Area 1 (MA1) at Oranjemund. These formations are thought 

to have formed during prolonged periods of sea level stability (Hallam, 1964; Oosterveld et al., 

1989). A similar situation is predicted in the offshore environment, with platforms associated 

with still stands considered effective diamond and gravel repositories (Kirkpatrick et al., 2019; 

Kirkpatrick and Green, 2021). 

Throughout the last 40 million years, there have been significant fluctuations in sea level 

observed along this coastal region, ranging from a high of ~180 m above current sea level 

during the Eocene and to a Pleistocene low of ~120 m below current sea level (Green and Uken, 

2005). This significant drop in sea-level coincided with the Last Glacial Maximum (LGM) 

~22 000 BP. Following the LGM, the subsequent rise of sea-level has occurred intermittently, 

with intervals of slow rising sea level interspersed with rapid rates of sea-level rise (Green et 

al., 2024). 

In the past where climatic and oceanic conditions were characterized by higher energy levels 

(Bluck et., 2001), it is reasonable to expect lower than present sea-level stillstands would have 

generated similar erosional morphologies in the bedrock. Consequently, palaeo-shorelines 

should exhibit equal or greater distinctiveness compared to those observed in the onshore 

environment (Kirkpatrick and Green, 2021).  

A regionally developed palaeo-shoreline at -100 m has been identified along the southern 

African coast, associated with a still-stand during the Bølling-Allerød transition period ~14 500 
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BP (Green et al., 2014; Green et al., 2020, Green et al., 2024). Global records have proven that 

this still-stand was succeeded by a rapid warming in the Northern Hemisphere ~ 14 650 yr BP. 

Shortly thereafter, rapid melting of ice sheets resulted in a surge in the rate of sea level rise, 

termed Meltwater Pulse (MWP)1 A (Blanchon and Shaw, 1995).  

MWP 1A induced a 12-14 m sea-level rise over ~340 yr which was then followed by slower 

sea-level rise. It was during this period of gradual sea level the formation of barrier shorelines 

along the southern Nambian coastline occurred between 14 000 and 13 300 cal BP (Runds et 

al., 2019; Green et al., 2024), these shorelines were preserved by another surge in sea level 

which was linked to the MWP -1 B (sea levels rose by approximately 18 m between ~ 11 500 

and 11 200 yr BP). In the late Holocene, sea levels rose to a maximum highstand of ~ 3m at 

6280 cal BP preceding to present-day sea level of ca. 3000 cal BP (Cooper et al., 2018). 

 

 
 

 

Figure. 3.1. Graph depicting Mid to Late Pleistocene sea level curve (Modified after Cooper et al., 2018) 

 

 

 



33 | P a g e  
 

Chapter 4: Methodology 

 

4.1 Geophysical Data 

 

The study area was mapped in September 2019 using a high-resolution Kongsberg EM 710 

multibeam echosounder mounted on the MV DP Star. Data positioning was via a C-Nav 3050 

DGPS and a Kongsberg Seapath 200 IMU, while sound velocity adjustments were conducted 

using a Sound Velocity Probe (Midas Mini). Backscatter was collected simultaneously with 

the multibeam data.  

QPS Qimera was used to process and grid the bathymetry data to a 0.5 m cell size. Any 

anomalies found in the data were corrected and soundings reduced to MSL datum using 

predicted naval tide charts for the area. The backscatter data were processed using the Geocoder 

utility in Qimera and gridded to a mosaic pixel size of 0.5 × 0.5 m. Additional legacy side scan 

sonar data were employed with the backscatter data, as described in Green et al. (2024).   

Approximately 12 000-line km of sub-bottom data were collected along coast perpendicular 

lines with a line spacing of 100 m using a Topas PS40 parametric-sub bottom profiler. A chirp 

LFM pulse was employed, and the data were subsequently match-filtered using the Kongsberg 

SBP utility. Transducer motion was modelled based on the inputs from the Seapath 200. The 

final RAW TOPAS files were then exported as full waveform data to SEG Y format with a 

resolution of <20 cm.  

The processing and interpretation of the seismic SEGY data were done using Geosuite 

Allworks. A nominal gain of 10dB was initially applied before the seabed was manually 

digitised. Once the seabed was established, AGC, water column muting, and swell filtering 

were applied, and the key stratigraphic horizons digitised. Each horizon was converted from 

two-way travel time (TWT) to depth by using the standard published values for shallow 

Namibian shelf stratigraphy which are 1500 m/s for seawater and 1600 m/s for sediments 

(Kirkpatrick et al., 2019) 

 

4.2 Lithological Data 

A total of 6420 borehole samples were collected in the study area from the MV Explorer. 

Samples were acquired using a 5m2 reverse circulation drilling apparatus capable of drilling up 
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to 8 m. These sampling sites were chosen to validate the seismic stratigraphy to the greatest 

extent possible and to establish chronological or lithological constraints on the deposition of 

certain units. Due to the drilling method used to acquire samples, the cores are retrieved in the 

form of fragments. Sampling was restricted in areas where water depth was below 30 m to 

reduce the risk of vessel grounding and damage to the ship hull. 
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Chapter 5: Results  
 

 

5.1. Seafloor geological framework and morphology 
 

The seafloor geology of the area is dominated by high backscatter acoustic facies, the majority of which 

comprise uneven and irregular, moderate to high relief facies (Fig. 5.1). Slightly less intense, moderate 

backscatter facies with occasional mottling fringe the higher relief seafloor areas. Low, even-toned 

backscatter seafloor forms a prominent nearshore coast parallel swath. A narrower (1 km-wide) seaward 

swath of lower backscatter is separated from the inshore corridor by a significant area of high relief, 

high backscatter, where it forms a characteristic dendritic pattern along the inner shelf edge. 

Ground truthing of the seafloor facies reveals these to comprise: 

1) Competent rocky outcrop (high backscatter, high relief) 

2) Gravel or thin sediment veneer mantling rock (moderate backscatter, mottled tone) 

3) Sandy to muddy unconsolidated sediment (low backscatter, even tone) 

 

The inshore rocky material is composed of Precambrian schists of the Spencer Bay Formation, with 

schists and quartzites of the Gariep Belt more prominent to seaward (Fig. 5.1). These form two main 

ridges, a western and eastern ridge that frame a low-lying depression (Fig. 5.1c). The rocky framework 

of these ridges compartmentalises an inshore and offshore fine sediment field, with fringing gravels 

along the eastern edges that interfinger with the fine sediment. To landward, rocky outcrop appears to 

form a peninsula in which fine sediment has accumulated.  

         

5.2 Seismic stratigraphy, lithostratigraphy and unit distribution 
 

Six seismic units were identified in the underlying stratigraphy (Units A-F) (Figs. 5.2-5.5). These were 

defined accordingly by their termination patterns, internal reflection configurations and reflection 

amplitudes. Their distributions are depicted in figures 5.6 and 5.7. Accompanying the sub-bottom 

profiles were 6652 drill samples (Fig.1.1) which helped constrain the sub-bottom lithological 

interpretations (Fig. 5.8).  
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Figure. 5.1. Merged side scan sonar and backscatter mosaic. b. Seafloor interpretation of the acoustic facies of the inner shelf. 
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Unit A: schists, quartzites (acoustic basement) and weathering residues (saprolites and clays) 

The seismic facies of the acoustic basement and associated weathering residues is characterised by high 

amplitude, low to medium frequency, chaotic internal reflections. The residues that occur above the 

acoustic basement present as parallel-layered weakly reflective material near the resolution of the data. 

The acoustic basement crops out to form the rocky seabed (Figs. 5.2-5.5). Overlying the acoustic 

basement are isolated patches of very thin saprolites and clays, derived as weathering residues from the 

schists. Their location was mapped predominantly by their occurrence in drill samples where they 

appear as < 20 cm-thick horizons. Saprolite distribution throughout the study area is confined to 

depressions the dendritic channel feature in the southwest, and along the landward lee of the western 

rock ridge (Fig. 5.6a). Drill cores reveal the presence of mudballs which indicate the reworking of 

saprolite and clay (Fig. 5.8a-b).  

 

 

Figure. 5.2. (Top) Uninterpreted sub-bottom profile. (Bottom) Interpreted shore-perpendicular sub-bottom profile, 

ML103A_A4_13800, with Units A-F including WRS (wave ravinement surface) and H1 Reflectors. 
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5.2.1 Unit B: sandstone 

 

In the offshore parts of the study area, isolated bodies of Unit B are found between highpoints of the 

acoustic basement and in channels cut into the bedrock. Unit B typically has a high amplitude surface 

reflection with chaotic to wavy internal reflections, and forms pinnacled acoustic bodies (Fig. 5.2-5.5). 

General thickness reaches 1.5 m in the depression between the eastern and western ridges, where the 

unit forms a discontinuous coast-parallel linear body (Fig. 5.6b).  

Drill core from the area reveals Unit B to be an indurated, fossiliferous sandstone (Fig. 5.8c-e). The 

presence of several key fossils, most importantly Diplochaetetes longitubus, constrains the depositing 

environment and age to that of a shallow shelf during the early Eocene (Green et al., 2024). 

 

5.2.2 Surface H1 

 

A moderate amplitude regional reflector (H1) truncates the sandstones, weathering remnants and 

basement schists to form an irregular, high relief surface that mimics the contemporary bathymetry (Fig. 

5.7a). Like the bathymetry, a NNW-SSE trending depression occurs between the two bedrock ridges, 

where gradients are less than 0.3° (Fig. 5.7b). The rocky ridges mark a significant steepening of the 

surface, mostly from the influence of the schists and quartzites as they crop out to form terraces 16 m 

high and with slopes of 4° or more (Fig. 5.7b). The remaining post-H1 cover comprises unconsolidated 

materials up to 16 m-thick (Fig. 5.7c).  
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Figure. 5.3.  (Top) Uninterpreted sub-bottom profile. (Bottom) Interpreted shore-perpendicular sub-bottom 

profile, ML103A_A4_16500, with Units A-F including WRS (wave ravinement surface) and H1 Reflectors. 
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Figure. 5.4. High resolution, coast perpendicular TOPAS sub-bottom profile of line ML103A_A4_11200 (top-

uninterpreted, bottom interpreted) detailing the fill succession of H1. 

 

5.2.3 Unit C: lower gravel unit 

 

Unit C occurs as a thin deposit immediately overlying H1, with isolated thickenings in the dendritic 

portions of the H1 surface to the southwest (Fig. 5.6). The deposits thicken substantially to the east 

where a 7 m-thick package is observed, confined within the embayment formed by the eastern bedrock 

ridge. This unit exhibits chaotic internal reflections, often with weak amplitudes from masking of the 

signal, and with limited reflection continuity (Fig. 5.2-5.5). Occasionally, the internal architecture of 

the deposit is clear (e.g. Fig. 5.3). In these examples, flat-lying, irregular and wavy reflections interpose 

with steeper, seaward dipping reflections. Drill cores reveal that this unit is composed of a variety of 

clast sizes and compositions including an abundance of sub-angular schist and gneiss with common 

sub-rounded quartzite, quartz pebbles, cobbles, boulders and Karoo Supergroup sandstone pebbles (Fig. 

5.8f).  
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5.2.4 Unit D: middle gravel unit 

 

Unit D is very like Unit C, with a similar reflection arrangement and character but with a more 

aggradational component. It has an erosional lower contact, with some reflections downlapping and 

prograding over the upper surface of Unit C (Fig. 5.5). Chaotic irregular reflections often onlap the H1 

surface and are overlain by seaward dipping reflections that onlap H1 progressively landward and up-

profile (Fig. 5.4).  

Unit D is best developed in the bedrock embayment, where it reaches a maximum thickness of 4.6 m. 

A limb of Unit D bifurcates to the north around the peninsula and extends along the bedrock cliff line 

for ~ 3.5 km.  Drill cores reveal this unit to be composed of an abundance of sub-rounded to well-

rounded vein quartz, and angular to subrounded small cobbles of quartzite. Minor traces of angular 

phyllite fragments, platy schist and disc-shaped banded ironstone were observed (Fig. 5.8g).   

      

 

Figure. 5.5. High resolution, coast perpendicular TOPAS sub-bottom profile of line ML103A_A4_143000 (top-

uninterpreted, bottom interpreted) detailing the fill succession of H1.  
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5.2.5 Unit E: upper gravel unit 

 

Unit E mirrors the distribution of Unit D but extends farther into the shelf out of the embayment. It 

mantles Unit D and exhibits chaotic internal reflections, moderate to high amplitudes and a 

retrogradational stacking pattern (Fig. 5.3). It is up to 8.9 m-thick in the embayment and consists of an 

abundance of shelly materials (Lucinoma sp and Dosinia sp). Angular to subrounded quartzite pebbles, 

minor small pebbles, cobbles, with common mica-schist flats and bioturbated sandstone pebbles are 

also common (Fig. 5.8h). This unit commonly occurs at a depth of ~ 70 m and represents the most 

landward and highest elevation gravel deposit in the area.  

 

5.2.6 WRS 

 

Surface WRS erosionally truncates the gravel units (C-E) throughout the study area from the nearshore 

to the inner shelf edge (Figs. 5.3-5.5). The surface forms a generally planar, seaward dipping horizon 

that manifests as a high amplitude continuous reflector that merges with the bedrock surfaces, or H1, if 

exposed at the seabed. There is a slight deepening of the surface to the NNW.    

 

5.2.7 Unit F: Shelly muddy sand: Younger unconsolidated and semi-consolidated 

sediments  

 

WRS marks the change from gravel to the finer sediments of Unit F. This unit caps the stratigraphy 

throughout depressions between high lying regions of the study area and comprises horizontal-parallel 

reflections with low-high amplitudes thick. Cores reveal the material to consist of muddy sand with an 

abundance of Lucinoma sp and Dosina sp shell fragments. The post WRS sediment thickness may reach 

up to 4 m, associated with the dendritic channel-like features in the south, and the central parts of the 

H1 depression between the western and eastern bedrock ridges.  
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Figure. 5.6. Key horizon structure maps and isopachs of the various stratigraphic surfaces and units in the study 

area. 
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Figure. 5.7.a. H1 elevation throughout the study area. b. Gradient of H1, with several steep cliffed areas evident in the surface. c. Total unconsolidated sediment thickness. 
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Table.5.1. Seismic stratigraphic units including the description of seismic facies and interpreted depositional environments and age. 

Unit/Surface Underlying 

Surface/Units 

Description Internal 

Reflection 

Interpreted 

Depositional 

environment 

Primary 

Lithology 

Age 

Unit A n/a Rugged 

topography 

High amplitudes 

and low-medium 

frequency  

Basement Quartzite and 

Schists 

Precambrian/Proterozoic 

 n/a Smooth and 

gradational 

topography 

Low amplitude     

and frequency. 

Exhibits parallel 

or sub-parallel 

patterns. Weak 

and 

discontinuous 

internal 

reflectors. 

Chemical erosion 

and weathering of 

schist 

Saprolite Precambrian 

 n/a Smooth and 

continuous 

topography 

Low amplitude. 

Low-medium 

frequency. 

Parallel and 

horizontal 

patterns. 

Wave transport and 

mechanical 

weathering of 

eroded weathered 

material 

Clay Palaeocene 

Unit B  H1 Localized body  Medium-high 

amplitude and 

frequency. 

Layered and 

parallel patterns.  

Shallow marine 

environment, 

continental shelves 

Sandstone Eocene 
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H1  Unit A Continuous 

surface 

High amplitude Subaerial 

unconformity 

n/a Early Eocene 

Unit C Units A, B, and 

H1 

Irregular and 

continuous 

topography 

Variable  

amplitude with 

high frequency. 

Layered and 

chaotic 

Lowstand gravel 

lag deposit 

Lower gravel  Late Oligocene  

Unit D Units A, B, C, 

and H1 

Irregular and 

continuous 

topography 

Variable 

amplitude with 

high frequency. 

Layered and 

chaotic 

Embayed gravel 

beach and linear 

beach 

Middle gravel  Early to mid-Miocene 

Unit E  Units A, B, C, D, 

E, and H1 

Irregular and 

continuous 

topography 

Variable 

amplitude with 

high frequency. 

Layered and 

chaotic 

Embayed gravel 

beach and linear 

beach 

Upper gravel  Pilo-Pleistocene 

Unit F Units A, B, C, D, 

E, and H1 

Capping 

Stratigraphy 

 Shoreface Mixed Holocene 
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Figure. 5.8. Drill core screens showing a) Saprolite b) Mudballs c-d) Sandstone tubes formed by reef-building 

tubeworms, Diplochaetetes longitubus. e) Traces of of Diplochaetetes longitubus bioturbation in sandstone.  f) Lower 

gravel beach material. g) Middle gravel beach material with abundant banded ironstone clasts. h) Upper gravel beach 

material containing shell hash and finer gravels. 
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Chapter 6: Discussion 

 

The stratigraphy offshore Saddle Hill displays a diverse assemblage of Quaternary sand, gravel and mud 

deposited in shallow bathymetric lows carved into weathered bedrock (H1-Green et al., 2024). To the 

southeast, the stratigraphy is more complex, comprising a sequence of unusually stacked barrier beach units 

that rest atop a topographically variable bedrock and weathered bedrock surface, interposed with pinnacles of 

sandstone. To the southwest, the sequences preserved are significantly thinner, and almost exclusively housed 

within a dendritically-arranged series of topographic low points.  

6.1 Interpretation of units 

 

6.1.1 H1: Regional scale subaerial unconformity 

 

H1 is interpreted as a regional scale subaerial unconformity that carved into the uplifted mid Neoproterozoic 

basement rocks that frame the inner shelf (Rund et al 2019, Kirkpatrick et al., 2019; Green et al., 2024). H1 

truncates the schists, quartzites and sandstones (Fig. 5.3-5.5), and is lined by a thin layer of weathered and 

reworked regolith comprising clay and rolled mudballs, often juxtaposed with saprolite (Fig. 5.8). Atop this 

surface, the unconsolidated succession rests. The occurrence of Diplochaetetes longitubus (Pickford and Senut, 

2002) in the Unit B sandstone, truncated by the subaerial unconformity, restricts the age of H1 to early Eocene 

or younger.  

During the lowstands of the early Paleogene, the acoustic basement of Unit A was first exhumed and exposed 

to subaerial processes (Baby et al., 2018; Green et al., 2024). This surface is interpreted to represent a subaerial 

unconformity which was further excavated during later sea level regressions during the late Oligocene (Green 

et al., 2024). Figure 6.1 provides an outline of the palaeo-fluvial courses (incised valleys) of the area, with 

several sheltered pockets of accommodation to landward. It appears that when submerged, the main H1 

depression and older fluvial conduits likely acted as a strait, framed by rocky coastline to both seaward and 

landward. Further seaward, the dendritic depressions are valleys incised into H1 (Meltzer, 2023; Green et al., 

in review-Appendix 2). 

 

6.1.2 Unit B: Sandstone 

 

The Eocene sandstones of Unit B (Pickford and Senut, 2002) were deposited during an early Eocene sea level 

high which subsequently caused shallow marine flooding of the proto-H1 depression. The sandstone 

distribution is almost entirely restricted to the shallow basin formed between the eastern and western ridge 

(Fig. 5.6b).  
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6.1.3 Unit C: Lowermost Gravel Unit 

 

The lower gravel unit consists mainly of angular schist cobbles and pebbles, with some sub rounded quartzite 

cobbles, vein quartz clasts and pebbles of Karoo sandstones. These clast assemblages match those of the Pre-

Proto and Proto Orange River gravels and are associated with an end of Eocene to Mid-Oligocene age incision 

of the Orange River (Jacob et al., 1999; Nakashole et al., 2018). This explains to some degree the remnants of 

these gravels in the dendritic, channel like features of H1, where the gravels likely comprise the basal lowstand 

component to the valley fills (Zaitlin et al., 1994; Nordfjord et al., 2006).  

The thickest accumulation of this unit on the inner shelf is in the rock-bound and submerged embayment to 

landward. This is located on a flat bedrock platform within the embayed zone of accommodation sheltered 

from fluvial processes (Fig. 6.1). Here the lower gravels form a northward thinning elongate finger of material 

attached to an ~ 10 m-high raised bedrock platform (Fig. 5.6c). The morphology of the deposit resembles 

several examples of modern, swell-dominated embayed gravel beaches (Buscombe and Masselink, 2006; 

Loureiro et al., 2009) and its internal structure is comparable to prograding beach sequences in microtidal, high 

wave energy environments (Massari and Parea, 1988; Neal et al., 2002). When compared to strait-margin 

gravel beaches and shorefaces, the general internal geometry and lithology of Unit C compares well with Zones 

1 and 2 (Backshore and Intertidal) (Frey and Dashtgard, 2011). The flat-lying reflections are interpreted as a 

back beach facies, with the steeper, seaward dipping packages representing the foreshore/swash zone. Similar 

internal structures are reported for the foreshore and spit platforms of raised Plio-Pleistocene barrier spits from 

the Oranjemund coastline (Spaggiari and Bordy, 2023), however these spits are significantly narrower (< 500 

m-wide) when compared to the ~ 2 km width of Unit C.         

 

6.1.4 Unit D: Middle Gravel Unit  

 

Unit D comprises rounded pebbles and cobbles of vein quartz together with clasts of banded ironstone, 

indicative of the Plio-Pleistocene age Meso Orange River gravels. The shallowly seaward dipping reflections 

of the unit are again similar to those of the backshore for strait-margin gravel beaches, interposed with the 

more steeply seaward dipping foreshore sets (Massari and Parea, 1988; Frey and Dashtgard, 2011). The 

aggradational component of the unit may be related to the limited accommodation provided in the embayment, 

coupled to stable sea levels causing normal regression (the prograding foreshore reflections) and the eventual 

progradation out of the embayment into the strait (Fig. 5.6). This has resulted in a linear, coast-parallel 

extension of the gravels for 3.5 km.  

The general morphology and thickness of this linear extension is similar to the linear beaches recognised by 

Spaggiari et al., 2006). Mature linear beaches are characterised by seaward-dipping foresets attributed to 

seaward-prograding gravel sheets comprising disc assemblages that get progressively coarser up-section 
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(Bluck and Spaggiari, 2001) (Fig. 6.2). The absence of fines to landward supports the idea of a beach as 

opposed to barrier spit where clays and silts are found juxtaposed to landward and then stacked in a 

transgressive manner (e.g. Runds et al., 2019; Spaggiari and Bordy, 2023). This is further reenforced by the 

absence of landward dipping reflections that would represent washover events (e.g. the spit recurve facies of 

Spaggiari and Bordy, or the interbedded washover gravel-sand associations of modern barrier lagoons-Green 

et al., 2019). 

According to Spaggiari and Bordy. (2023), during the Plio-Pleistocene uplift or forced regression caused a 

flushing out of large clasts up to boulder size into the Atlantic Ocean. It was this sediment, brought by the 

Orange River that supplied the palaeo-beaches of the late Pliocene to the Holocene along southern Namibia, 

including Unit Cs embayed and linear beaches.  

 

6.1.5 Unit E: Upper Gravel Unit  

 

Unit E comprises variable mixtures of locally derived angular clasts, reworked local marine sandstones 

(Diplochaetetes longitubus hosting) and well-rounded, fluvially-introduced exotic quartzites. A significant 

amount of shell content is also apparent. The unit distribution (Fig. 5.6d and e) mirrors that of the middle 

gravel but with a slight extension seaward. The general backstepping nature of the unit suggests that it initiated 

at a depth of ~ 70 m and has undergone partial overstepping and rollover (Pretorius et al., 2016). The general 

seaward dips of the reflections point to deposition along a gravel beach foreshore (Fig. 6.2) that has migrated 

landward and survived shoreface and beachface ravinement.  

When compared to the middle gravel unit, the clasts of the upper gravel are better rounded, indicating a 

prolonged history of reworking and redistribution, likely in the lower foreshore (Spaggiari et al., 1999). Though 

~ 250 km away, cores from the uppermost gravels in a submerged gravel barrier revealed similar clast 

assemblages, and dates from insitu Choromytilus meridionalis and Tellina trilatera returned a time of 

deposition of between 10.5 and 10.2 cal. Ka BP (Kirkpatrick et al., 2019). The upper portions of this unit are 

thus considered Holocene and related to the Holocene transgression. 

 

6.1.6 WRS  

 

Sub-bottom profiles reveal a distinctive high amplitude surface that caps the gravels of the Holocene. This is 

interpreted as a scour surface incised by high to moderate energy waves in the upper shoreface during rapid 

sea level and subsequent transgression (Catuneanu et al., 2011; Runds et al., 2019). A series of cores retrieved 

from the main H1 depression (Compton et al., 2001) intersected the upper gravel succession and dated it to 

10.23 cal Ka BP, confirming this surface as the most recent wave ravinement.  
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6.1.7 Unit F: Younger unconsolidated sediment 

 

Unit F caps the WRS, except where the acoustic basement crops out. According to Swift, (1968) during the 

erosional processes of wave ravinement, material is stripped from the upper shoreface and deposited down-

profile where they accumulate to form the modern shelf sediment cover. The variation in hydrodynamic 

regime, as driven by the geological controls of the two main bedrock ridges transgression has given rise to the 

fractionation of the seabed sediments into bedrock-proximal gravels (with greater turbulent winnowing), and 

a proximal sand sheet where geological controls are less pronounced (Fig. 5.1) (Green et al., 2024). 
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Figure. 6.1. Palaeodrainage. a. Low points in the H1 surface where fluvial courses were likely to have followed. When 

water levels were ~ -70 to -65 m, a bedrock-framed strait is apparent. b. cross section through the sheltered embayment 

demonstrating the steep backing topography and preferential accommodation. Schematic stacking pattern of Units C-E 

shown. 
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Figure. 6.2. Schematic representing the various depositional environment of a barrier beach (after Spaggiari et al., 2006), 

compared to the stratigraphic/seismic architecture and lithology of the stacked gravel beaches of Hottentot’s Bay.  
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6.2 Submerged gravel beach evolution on the inner shelf 
 

The formation and preservation of coastal sequences are influenced by several factors such as tidal and wave 

processes, sea-level fluctuations, antecedent geology, and sediment supply (Catuneanu, 2006; Spaggiari, 2011; 

Runds et al., 2019; Green et al., 2024). The southern Namibian shelf is known to be one of the most energetic 

shelf environments in the world, with a significant degree of sediment bypass associated with uplift of the 

hinterland during the Late Cretaceous to early Cenozoic (Bluck et el., 2007). For this reason, there has been 

little subsidence-induced accommodation space available in the inner shelf. Much of the sediment 

accumulation has been influenced by antecedent controls of the shallow bedrock framework, the long-lasting 

wave energy, and the allocyclic controls of sea level and hinterland denudation.   

Lowstands of the Miocene to Pleistocene promoted the transport and deposition of gravels by the Orange 

River, onto an inner shelf dominated by waves and sand bypassing (Green et al., 2024). The gravels have thus 

subsequently become concentrated, with repeated regressive/ transgressive cycles over the Pleistocene creating 

merged gravel bodies that on the southern Namibian shelf, are difficult to distinguish from each other 

(Kirkpatrick, Green, et al., 2019). The distribution of gravel in the study area reflects an initial thin blanketing 

of Pre-Proto and Proto-Orange gravels of end Eocene to late Oligocene age. These correspond well with the 

assumed late Oligocene age of the underlying H1 surface (Green et al., 2024). Their occurrence in the dendritic 

channels to seaward possibly relates to the development of lowstand channel lags (cf. Nordfjord et al., 2006) 

and the preferential accommodation offered by the channel forms. Elsewhere, the thin cover of Proto-Orange 

gravel is likely related to gravel dispersion by the long-prevailing energetic littoral processes (Bluck et al., 

2007) coupled to the shallow bedrock-controlled accommodation of H1.  

One of the few areas where abundant accommodation existed was in the rocky embayment formed in the 

western bedrock ridge. No fluvial paths can be traced through the embayment; therefore, subaerial erosion of 

the deposits was likely limited (Fig. fluvial courses). Further, the steep backing topography in the bedrock 

created a backstop for barrier-beach rollover following the rising sea levels of the Miocene (Fig. 6.3). The 

initial pulses of gravel to the area could thus be reworked and stored in this repository forming an embayed 

gravel beach, fronted by a strait to seaward.  

The second pulse of gravel deposition, Unit D, likewise blanketed the shelf and exploited low points that were 

not completely filled by the previous gravel pulse. Figure 5.6d shows that much of the remaining 

accommodation in the bedrock embayment was filled, and that the gravels prograded and were entrained into 

the strait. There they were subjected to wave action and littoral drift processes, causing a northward extension 

of the gravel body which remained pinned against the linear portion of the western ridge to form a linear beach 

(e.g. Spaggiari et al., 2006). The final gravel pulse caused a similar pattern to emerge, but with a significantly 

thicker accumulation of material in the embayment (Fig. 5.6e). The composite linear beach that formed is of a 

similar internal structure and morphology to zones A and B of Spaggiari et al.’s (2006) model (Fig. 6.2). 
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The linear beaches along the exposed mid-inner shelf of the area were ultimately preserved due to two main 

reasons. 1) the thick gravel accumulation of up to 10 m of cobbles and pebbles has a substantial inertia to 

overcome by wave base reworking during transgression (e.g. Cooper et al., 2018). 2) the Holocene material 

was overstepped by the punctuated rises in sea level of the Holocene (e.g. Green et al., 2014) (Fig. 6.3). The 

seaward depth of the youngest gravel beach (~70 m) matches a period of very slowly rising sea level preceding 

MWP-1B (Fig. 6.3), allowing the beach to prograde (as seen in the sub bottom data-Fig. 5.3). This phase of 

progradation was followed by MWP-1B where a subsequent rapid rise in sea level from -58 to -40 m occurred 

between 11.5 and 11.2 cal Ka BP (Runds et al., 2019).  

 

  

Figure. 6. 3. Regional sea-level curve for southern Africa (Adapted from Cooper et al., 2018). 

 

Runds et al. (2019) and Kirkpatrick et al. (2019) describe the development of gravel beaches offshore the 

Oranjemund area of southern Namibia. The southernmost examples were considered to be wave-sheltered, 

with steeply dipping foresets to both landward and seaward, and with beach accretion at its maximum and 

sediment supply coarsest due to the proximity to the Orange River mouth (Kirkpatrick et al., 2019). When 

compared to the more northern examples, the beaches had no lagoonal components to landward and thus 

differed fundamentally from the barrier spit examples recognised onshore by Spaggiari et al. (2006) and 

offshore by Runds et al. (2019).  



56 | P a g e  
 

The submerged gravel beaches offshore Hottentot’s Bay displays a combination of the southern submerged 

beaches of Kirkpatrick et al. (2019), with the inner-shelf being wave-sheltered by the eastern ridge and 

protected by the embayment. Likewise, the steep backing topography limited accommodation for any back 

barrier environments to form, and instead gravel aggradation of multi-stacked beaches has occurred. Cooper 

et al. (2016), attributed the preservation of overstepped sandy barriers to wave-sheltered locations, rapid sea-

level rise and rapid burial of shoreface sediments, giving rise to aggradation. 

 

Figure. 6.4. Conceptual model of gravel stacking and development of the Units C-E. 
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Geological summary:  

a) Gravel fills valleys of the dendritic depressions in H1 during the Oligocene phase of gravel 

delivery.  

b) Relative sea-level rise of the Miocene produces a shelf-wide lag of gravel (Unit C), and stacks 

Unit D gravels into an aggradational/progradational deposit in the available accommodation 

of the bedrock embayment via rollover. Sporadic deposits are left behind as partially 

overstepped gravel shorelines. 

c) Pliocene relative sea-level fall delivers Meso-Orange gravels. 

d) Pleistocene rise and fall in relative sea level produces a lag on the shelf of mixed Proto and 

Meso components. Another phase of aggradation and progradation occurs of a second stacked 

gravel beach in the embayment (Unit D). This progrades out of the embayment to form a 

linear beach along the eastern part of the rocky strait. 

e) Holocene transgression causes a retrogradational stacking on top of the older gravel units 

which is preserved by overstepping due to MWP-1B, in addition to the deposit inertia and 

anchoring point in the antecedent topography.   
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Chapter 7: Conclusion 

 

The southern Namibian shelf, one of the most energetic shelf environments globally, experienced 

significant sediment bypass due to hinterland uplift during the Late Cretaceous to early Cenozoic. 

Subsidence-induced accommodation was thus limited leading to sediment accumulation 

predominantly controlled by the shallow bedrock framework, persistent wave energy, and cyclical 

sea-level changes. 

Using a pseudo 3D grid of ultra-high resolution sub bottom profiles, and several thousand boreholes, 

the morphology of palaeo-land surface (H1) over which the unconsolidated materials of the shelf now 

lie was reconstructed. H1 comprises a weathered bedrock surface, lined with a thin veneer of saprolite 

or clay, which in turn is mantled by Eocene-age sandstones. The overlying unconsolidated sediment 

comprised four seismic and lithostratigraphic units (C-F). The lowermost gravel Units C and D were 

delivered to H1 in several pulses corresponding to the late Oligocene, early to mid-Miocene and late 

Pliocene/Pleistocene. These formed widespread deposits that, over multiple phases of regression and 

transgression formed lowstand lags in small channels of the inner shelf edge, and a thickly developed 

embayed beach on the innermost shelf. The bedrock-hosted embayment in which the beaches 

developed fronted a rock-bound strait and provided preferential accommodation for multi-stacked 

gravel beaches. These contrast with the barrier spit and back barrier sequence preserved to the south, 

closer to the Orange River and indicate a limited accommodation and depositing surface that was too 

steep to form lagoonal back barrier conditions. 

Once the embayed accommodation was filled, material spilled out into the strait and formed linear 

beaches subject to littoral drift, anchored to landward by a bedrock high. These linear gravel beaches, 

with their significant resistance against wave reworking have remained preserved due to 

overstepping. This was promoted by the coarse grain sizes, and stepped rises in sea level, notably 

MWP-1B of the Holocene. 

It is strongly recommended that further sampling for dateable material be undertaken, so as to better 

constrain the age of formation of each gravel beach. This should encompass Optical Stimultaed 

Luminescence dating on the sandier unconsolidated sediments, together with dating of the whole shell 

gravels by radiocarbon means. Further suvryeing to the south of the study area would allow the beach 

morphology to be inspected at the regional scale, and linked to modern day littoral processes. 
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Publication entitled “Antecedent controls of bedrock and shelf width dictate multiple cycles of 

geological inheritance on the central continental shelf of Namibia” by, Green, A.N., Senna, W., 

Cooper, J.A.G., Heeralal, T. and Labuschagne, H., 2024. 
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Appendix 2 

 

Publication in review titled “Anatomy and stratigraphic evolution of a shelf bypass valley system” 

by, Green, A.N., Meltzer, L., Cooper, J.A.G., Heeralal, T., Labuschagne, H. 
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