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ABSTRACT
South Africa has an extensive coastline offshore of which lies the prominent South African
continental shelf, a relatively flat extension of the onshore coastal plain. The continental shelf is host
to major mineral and petroleum deposits, home to South Africa’s major sea fisheries and full of
navigation hazards. Therefore, knowledge of the seafloor features, or bathymetry, of the continental
shelf is essential to understanding both its long-term geological evolution and present-day use for
resources and navigation. Unfortunately there has been little advancement in our knowledge of the
South African continental shelf since the marine studies of the 1970’s and 1980’s which culminated
in the “Bathymetry around Southern Africa” map of Dingle et al. (1987).
Although bathymetric mapping equipment and techniques have greatly improved during the last few
decades, very little high resolution bathymetric data of the South African continental margin are
currently available for scientific use, with the majority of the high resolution multi-beam echosounding bathymetric surveys being undertaken by privately owned mineral exploration and mining
companies (such as De Beers, Alexkor, Petro SA, Petroleum Agency of South Africa, etc.), the Council
for Geoscience and the South African Navy and Hydrographic Office. More recent advances in
satellite altimetry have had a major impact on ocean floor bathymetric mapping especially in deep
ocean areas where the sea surface generally reflects the underlying bathymetry.
The Department of Agriculture, Forestry and Fisheries (DAFF) annually collect single-beam echosounding data in order to monitor the abundance of fish species along the South African continental
shelf and along with that collect seafloor bathymetry as an additional benefit. The aim of this project
is to create a detailed bathymetric map of the continental shelf of South Africa by using digital
single-beam echo-sounding data collected by the Fisheries Division of the DAFF over the last two
decades. The bathymetric dataset of ±7 million single-beam echo-sounding data points was manually
processed, gridded and exported to produce a detailed bathymetric map of the entire South African
continental shelf between the Orange River mouth and Kosi Bay complemented by Satellite
Altimetry data from the ETOPO 1 – 1 Arc-Minute Global Relief Model (Amante and Eakins 2009) for
the deep ocean area adjacent to the continental shelf. The single- beam bathymetric data were
collected by the F.R.S. Africana II and F.R.S. Algoa vessels using SIMRAD EKS-38, EK 400, EK 500 and
more recently the EK 60 single-beam echo-sounders along with a the SIMRAD ES38B split beam
transducer. The West Coast and South Coast margins have the greatest bathymetric detail due to
DAFF’s Cape Town base of operations, whilst the East Coast margin is less detailed due to fewer
research campaigns in this area.
The Bathymetric Map of the South African Continental Margin produced in this thesis reveals
several new and more detailed bathymetric features. New bathymetric features include the
northern extension of the Olifants Valley submarine canyon, details of the rocky inner shelf related
to glacial period sea level lowstands, as well as the coast parallel wave cut terraces and palaeo dune
ridges on the middle shelf between Cape Seal and Cape Recife. Other prominent bathymetric
features such as Childs Bank, Cape Canyon, Cape Point Valley, the offshore submerged river valleys
of the Breede and Gouritz Rivers and the east-west trending, basement anticlinal ridges situated at
the southernmost extent of the Agulhas Arch were revealed in greater detail by this study. The
underlying geology, physical Oceanography, drainage patterns as well as eustatic sea-level
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fluctuations can all be linked to the bathymetry of the continental shelf, which is why this thesis
examines the influences of each of these factors on the seafloor morphology around the South
African coastline.
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CHAPTER 1: INTRODUCTION
1.1 Introduction
A comprehensive knowledge of Earth’s surface topography and bathymetry is essential in
understanding the majority of Earth’s processes such as geology, geomorphology and climate.
Because topography is determined primarily by geological processes such as tectonic uplift and
subsidence or erosion and sedimentation for example, it plays an integral part in most geological
studies. In the oceans, detailed bathymetry is essential in understanding physical, biological and
geological oceanography. For example, ocean currents and tides are influenced by the overall shape
of the sea floor; sea life congregate where rapid changes in ocean depth deflect nutrient-rich watermasses towards the surface; and various geological features and diverse lithologies give rise to
unique bathymetric characteristics; to give only a few examples (Sandwell et al., 2001). Because of
the relatively slow erosion and sedimentation processes in the deep ocean, compared to on land,
features such as plate boundaries, seafloor spreading centres, faults, fractures and seamounts are
clearly revealed by ocean bathymetry (Sandwell et al., 2001). Bathymetry not only allows us to
understand the nature and morphology of the seafloor, but also the geological processes that
helped to create it.
From a practical perspective, bathymetry plays a major role in ship navigation (in the form of
hydrographical/nautical charts), naval defence (harbour approaches and safety), mineral exploration
(e.g. hydrocarbon, diamonds, phosphorites, glauconite and heavy minerals), marine-engineering
(e.g. harbours and oceanfront developments, pipelines and cables routes) as well as sea fisheries
(e.g. trawling). It is especially important near coastlines, harbours, shoals and banks, where shallow
waters can be hazardous to navigation and where rapid changes in the underwater topography can
easily occur through sedimentation and erosion. South Africa has a highly varied and extensive
coastline which is why it is important to document it as accurately as possible as it provides a great
variety of resources to its population including recreation, fisheries, mineral-wealth and transport.

1.2 What is Bathymetry?
Topography is the elevation of landforms above Mean Sea Level (MSL) whereas Bathymetry is the
distance to the seabed below mean sea level (in other words the water depth below MSL). A
Bathymetric Map is a collection of water depth measurements plotted on a chart either as individual
depth values (Fig. 1.1) or as contour lines to indicate isobaths or surfaces of equal water depth.
Other means of displaying seafloor relief or geomorphology can be as shaded relief maps, digital
elevation/digital terrain models (DEM/DTM) or as various other three dimensional displays.
The measurement of water depth is undeniably one of the most fundamental observations at sea.
The earliest indications of sea-floor bathymetric mapping came from spot soundings taken with
weighted lines (“lead lines”) in hydrographical surveys during the 18th and early 19th century. The
lead line technique involved lowering a weighted rope or cable of a known length over the side of a
ship and measuring the amount needed to reach the bottom (Fig. 1.2). Charles Darwin for example
used this technique (with a tallow covered lead weight) to recover bottom sediments and determine
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water depth during the voyage of the Beagle in 1830-1835. From these measurements he was able
to derive a theory on the formation of coral atolls which is currently still accepted. Although useful,
lead line measurements were tedious, frequently inaccurate and yielded the depth at a single point
only, rather than a continuous depth profile along the ship’s path. Inaccuracies arose because the
rope did not necessarily travel in a straight line to the bottom but instead might be deflected by
strong subsurface currents, confining the range of these measurements to depths of less than 20 m.
The introduction of mechanized sounding systems using reels to deploy wires (developed during the
early 1890s) greatly increased the accuracy and speed of the “lead line” sounding technique in order
to achieve much greater depths.

Figure 1.1 A South African Navy bathymetric map of the Cape Peninsula area (SAN 119) showing individual depth values as well as
bathymetric contours (isobaths). Most of these depth values were taken using the “lead line” technique together with more recent
single-beam echo-sounding techniques (South African Navy Hydrographical Department).
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Today acoustic (sonar) methods form the principal means of mapping seabed morphology and
bathymetry. They include single- and multi-beam echo-sounding and side-scan sonar, which are
measured by instruments that are either carried onboard/towed behind vessels or by using remote
operated vehicles (ROV) and autonomous underwater vehicles (AUV). Single-beam echo-sounding
systems produce single depth soundings directly under the hull of the vessel, while multi-beam
echo-sounding systems provide an array of multiple soundings transverse to the ship track, thus
providing much greater detail and coverage than the single-beam echo-sounders (Fig. 1.2). Side-scan
sonar systems only produce a 2D image (or sonograph) of the seafloor in a narrow swath, transverse
to the ship track, but are not capable of determining seafloor bathymetry. Bathymetric data are
collected over a large area using single-beam echo-sounding, whilst multi-beam echo-sounding is
presently confined to small areas for more comprehensive and high-resolution studies. Side-scan
sonar systems are usually used in conjunction with single-beam echo-sounding surveys and as a
precursor for multi-beam surveys since side-scan sonar does not collect depth sounding data, but
only takes a kind of “photograph” of the sea floor which helps to resolve bathymetric features.

Figure 1.2 The various methods for ship based bathymetric data collection (http://www.noaa.gov).

More recent technological advances in Satellite Altimetry have had a major impact on ocean floor
bathymetric mapping, especially in deep ocean areas where the sea surface generally reflects the
underlying bathymetry. In shallow coastal zones however gravity anomalies caused by seafloor
topography are less prominent than in deeper lying areas. Other factors, such as subsurface density
variations, sea currents, etc. more strongly affect sea-surface height than bathymetry, which is why
satellite altimetry tends not to correlate very accurately with bathymetry in the shallow waters of
coastal continental margins. Satellite altimetry also has a limited resolution of ~1 km which is why
these continental shelf areas still require ship-based echo-sounding techniques for detailed
bathymetric studies.

1.3 Bathymetric Terminology of a Passive Continental Margin
The continental margin is situated between the coastline and the deep ocean floor (where water
depths exceed 3500-4000 m) (Fig. 1.3). The continental margin consists of a continental shelf, which
is a shallow and relatively flat platform adjacent to the coastline (world average gradient for the
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continental shelf is 1:500 according to Shepard (1963)). The continental shelf extends out to the
shelf break where the seafloor steepens and the continental slope begins (world average gradient for
the continental slope is 1:13 according to Shepard (1963), but with near vertical values of 1:5 not
uncommon). Near vertical gradients can also be found in areas where submarine canyons cut deeply
into the continental slope and shelf (Fig 1.3). These canyons can range from several kilometres in
width at the top, up to hundreds of kilometres wide at the bottom and are mainly formed due to
fluvial or marine erosional processes (Jones, 1999).

Figure 1.3 Illustration of the different terms used to describe the seafloor topography of a passive continental margin (image taken
from the Encyclopaedia Britannica Inc.).

At the foot of the continental slope lies the continental rise which has a much lower gradient than
the continental slope (with an average gradient ~ 1:300). In some areas the smoothness of the
continental rise can be disrupted by large seamounts or deep-sea channels. The continental rise
merges gently with the abyssal plain at its foot. These abyssal plains are perhaps the most expansive
flat areas on Earth (average gradient of less than 1:1000), with only rift valleys and seamounts
interrupting its uniformity (Jones, 1999).
The overall type of continental margin mainly depends upon the geological region, with wide
margins (such as the West Coast margin of South Africa) normally indicating a passive tectonic
setting and relatively stable environment, whilst narrower margins (such as the East Coast margin of
South Africa) are more a result of an active tectonic setting. The morphology of the shelf also
depends upon the underlying geology, the nature of erosional and depositional processes and
structural features such as faults and folds (Jones, 1999). Southern Africa has two very distinct
continental margins (Fig. 1.4). The passive tectonic Atlantic Ocean margin (West Coast margin) is
wide, relatively smooth and has a low gradient towards the shelf break, which is indicative of its
divergent continental margin origin. The Indian Ocean margin (East and South Coast margins)on the
other hand is narrow, rugged and has a steep gradient which relate to its translational continental
margin origin and ongoing neotectonic uplift (Green, 2011). These distinctive differences will be
discussed in greater detail throughout Chapters 2 and 5.

1.4 Previous Work
One of the earliest bathymetric publications of the South African continental margin was the study
on the Cape Submarine Canyon by Simpson and Forder (1968). They collected single-beam echosounding data during the first deep-sea cruise of the Thomas B. Davie for the University of Cape
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Town in October 1966. This study ushered in detailed bathymetric studies of the southern African
continental margin, with the establishment of a Marine Geology Unit at the University of Cape Town
as well as the Agulhas Bank Geophysical Unit in the same year. Their objectives were to survey the
entire continental shelf and upper slope (down to -1500 m) of southern Africa stretching between
the Kunene River at the Namibia/Angola border and Ponta do Ouro on the southern coast of
Mozambique. Surveys included bathymetry, bottom-sampling and shallow seismic-reflection
techniques, used to investigate the distribution, composition and origin of potentially economic
deposits such as marine phosphorite and glauconite (Siesser et al., 1974).
More detailed bathymetric maps were produced by the SANCOR (South African National Committee
for Oceanographic Research) Marine Geology Programme together with the Marine Geology Unit at
the University of Cape Town from 1967 onwards. These bathymetric maps include studies done by
Rogers and Bremner (1973); Rogers (1972, 1977) on the Luderitz-Walvis continental margin; Dingle
(1970a, 1971b, 1971c, 1973a); Birch (1975) on the continental shelf between Luderitz and Cape
Town; Dingle (1970c, 1971); Rogers (1971, 1972) and Gentle (1987) on the Agulhas Bank; Birch
(1972) and Simpson (1970, 1971) on both East and West coasts; Moir (1974); Flemming (1980,
1981); Martin et al. (1982); Hay (1984); Martin (1984) as well as Martin and Flemming (1986, 1988)
on the Natal continental margin and between Port Elizabeth and Ponta Zavora. Most of these
publications can be found in the various Bulletins and Technical Reports of the Joint Geological
Survey/ University of Cape Town (which incorporated the majority of the state-funded marine
geological and geophysical research done at the University of Cape Town since the early 1970’s).
Perhaps the most well-known bathymetric map of the southern African continental margin is the
one compiled by Dingle et al. (1975). They used echo-sounding profiles collected by the Thomas B.
Davie during the SANCOR geophysical surveys (between 1970 and 1975), complemented by other
datasets from the Marine Diamond Corporation, the South African Directorate of Hydrography and
from published charts of the South African Navy and British Admiralty (Emery et al., 1992). This map,
even though it is already more than 36 years old, still forms the basis of many bathymetric works
involving the southern African continental margin and deeper offshore areas (Fig. 1.4).
Publications that included the Dingle et al. (1975) map are Bremner (1981a) on Kunene and Walvis
shelf sediments; Day et al. (1992) on the palaeochannels off Namibia; Dingle (1973a) on the Orange
and Olifants shelves, Dingle et al. (1971) Atlantic Ocean margin; Dingle (1986) on the Cape
Submarine Canyon; Dingle (1973b) on the Agulhas Bank; Dingle and Robson (1985), Dingle (1986) on
the Indian Ocean margin (Emery et al., 1992). Bremner et al. (1986) and Birch et al. (1986) produced
smaller scale bathymetric charts as parts of their studies on the texture and composition sediments
around southern Africa (Emery et al., 1992).
The bathymetric and geological works produced by the Joint Geological Survey/ University of Cape
Town between 1970 and 1987 were compiled into the “Deep Sea Sedimentary environments around
southern Africa (South-east Atlantic and South-West Indian Oceans)” in the Annals of the South
African Museum, Volume 98, Part 1 (1987), which is accompanied by an improved Dingle et al.
(1987) bathymetric map (Fig. 1.4) and a detailed geological map of the southern African continental
margin. Since the Dingle et al. (1987) bathymetric map no new large-scale bathymetric maps have
been produced, only detailed, small-scale maps such as De Decker (1987) who focussed on an area
off Wreck Point (Namibia); Bosman et al. (2005) on the Aliwal Shoal and Green et al. (2007), Green
and Uken (2008) and Green (2011) who did an extensive multi-beam survey on the submarine
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Figure 1.4 The Dingle et al. (1987) Bathymetric map published in the Annals of the South African Museum, Volume 98, Part 1, “Deep-sea sedimentary environments around southern Africa (south-east Atlantic and southwest Indian Oceans)”, October 1987.

canyons on the Northern KwaZulu-Natal continental margin.

1.5 Currently Available Bathymetric Data:
The South African Naval Hydrographic Office (SANHO) has been collecting and publishing
bathymetric data for maritime navigation since its establishment in 1955. Glass (1977) introduced a
detailed bathymetric map of False Bay using the published S.A. Navy Fair Chart Data. Since then
SANHO has published a total of 102 paper charts and 9 publications of the ocean around South
Africa that adhere to the International Hydrographic Organization (IHO) Standards for Hydrographic
Surveys (see Fig. 1.1 for an example). The majority of today’s South African maritime GPS systems
contain bathymetric data derived from these SANHO charts.
Satellite altimetry derived bathymetric maps such as the ETOPO 1 - 1 Arc Minute Global Relief Model
(Amante and Eakins, 2009) and General Bathymetric Chart of the Oceans (GEBCO) World Bathymetric
Map are available from the National Oceanic and Atmospheric Administration (NOAA) - National
Geophysical Data Centre’s website www.ngdc.noaa.gov and www.gebco.net. These datasets were
compiled using satellite altimetry data combined with single-beam echo-sounding data collected by
various research vessels over a period of more than 30 years. Below is an image of the track-line
coverage of the single-beam data along the southern African continental margin used in compiling
these two maps (Fig. 1.5).

Figure 1.5 The GEBCO One Minute Grid along the southern African continental margin (www.gebco.net) produced using Satellite Altimetry
data as well as single-beam echo-sounding data. It shows the track-line coverage of the various research vessels that contributed singlebeam echo-sounding data to the NOAA database (www.ngdc.noaa.gov). Most of these track-lines comprise of bathymetric, oceanographic
as well as sediment core-sampling metadata.
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Satellite altimetry derived bathymetric maps still require high-resolution bathymetry data from ship
based echo-sounding systems, especially for continental shelf areas, due to the inability of satellite
altimetry to identify gravity anomalies in such shallow areas in order to determine the underlying
seafloor topography. From Figure 1.5 it is clear that the current ship borne echo-sounding data
coverage along the South African continental margin is relatively sparse, resulting in a poor
representation of the sea floor by these datasets. Although high resolution multi- systems are
rapidly substituting single-beam beam echo-sounding systems, they are still far too costly (as well as
data, equipment and personnel intensive) for large area coverage. This is why single-beam echosounding data are still an important tool for large-scale bathymetric mapping of continental margins
and why older, less accurate and lower resolution bathymetric maps are still useful in current
research, especially around South Africa where we have such a large continental shelf area.
There is a definite need for an updated, more detailed and more accurate bathymetric map of the
southern African continental margin, particularly for the continental shelf areas. Unfortunately, most
of the recent bathymetric studies are either confined to small-scale areas, or are done by the
offshore mining and mineral exploration companies whose data are generally inaccessible to the
public. There is currently little or no funding earmarked for a detailed bathymetric study of our
continental margin as was done by SANCOR during the 1970’s. Previous publications on bathymetry
around southern Africa provide a good background and act as a general guideline to constructing a
new, more detailed bathymetric map of the South African continental margin. However it needs to
be taken into account that all the existing large-scale bathymetric maps were produced with the use
of inferior survey equipment and less-accurate vessel positioning devices, as well as processing
computers with much slower and poorer computational abilities and are therefore not as reliable as
the newer bathymetric datasets, such as the one produced during this study.

1.6 Thesis Aim and Data Acquisition
This study mainly focuses on the bathymetry of the continental shelf area stretching between the
South African/Namibian border offshore of the Orange River mouth on the West Coast margin
(Latitude: -28˚ 38.224 S; Longitude: 16˚ 27.261 E) to the South African/Mozambique border offshore
of Kosi Bay on the East Coast margin (Latitude: -26˚ 52.141 S; Longitude: 32˚ 53.283 E) (Fig 1.6). It
covers the entire South African continental margin up to the base of the continental slope (which
varies from -1000 m along the West and South coasts, to less than -500 m along the East coast of
South Africa). The continental margin of South Africa comprises of approximately 165 000 km3
(down to the -200 m isobath) and about 400 000 km3 out to the -2000 m isobath (Broad et al., 2006).
The aim of this thesis is to produce a much needed, high resolution, bathymetric map of the South
African continental shelf that is both reliable and accurate, to serve as the basis for future marine
geological, geophysical and oceanographic studies. This detailed bathymetric map was produced
using digital single-beam echo-sounding data collected by the Department of Agriculture, Forestry
and Fisheries (DAFF) during the past two decades. The majority of the data were collected by their
two research vessels, the F.R.S. Africana II and F.R.S Algoa. All bathymetric data collected by the
Marine and Coastal Management (the Fisheries Division of DAFF) is essentially a by-product of their
research expeditions to determine the extent and recruitment of small pelagic fish species for
comparison to previous years (Coetzee et al., 2008). These surveys are done each year during
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Figure 1.6 Bathymetric map showing the extent of the study area for this project. The dark grey area indicates high resolution coverage of single-beam echo-sounding data points, whilst the light grey area
indicates low resolution data coverage. The background shaded relief image is derived from satellite altimetry data obtained from the ETOPO 1 - 1 Arc Minute Global Relief Model (Amante and Eakins, 2009).

May/June and November/December in order to manage the South African offshore fisheries
industry as well as to monitor and protect all available fish stocks.
Higher-resolution single-beam echo-sounding data were acquired for the entire continental margin
between the Orange River mouth and Port Alfred due to dense ship track coverage for this area (Fig.
1.6). Limited data coverage north of Port Alfred as well as the area north of the Orange River mouth
(Fig. 1.6) is due to less frequent research expeditions in these areas so far away from DAFF’s Cape
Town base of operations. Because the majority of these single-beam echo-sounding data are
confined to the continental shelf area, additional satellite altimetry data from the ETOPO 1 - 1 Arc
Minute Global Relief Model (Amante and Eakins, 2009) were used to complement this dataset for
the deeper areas off the continental shelf.
The raw (unprocessed) digital single-beam echo-sounding data were sorted, processed and
corrected manually and then gridded and plotted using Surfer 9. A total of 7.2 million single-beam
echo-sounding data points were used to construct a detailed bathymetric map of the South African
continental shelf area. Complementing this single-beam bathymetric dataset is a total of 4 million
Satellite Altimetry derived data points that were added from the ETOPO 1 - 1 Arc Minute Global
Relief Model (Amante and Eakins, 2009) in order to display the off-shelf bathymetry. The final
bathymetric map of the South African continental margin (Figures 4.1, 4.2 and 4.3 in Chapter 4 and
included as A2-size fold out maps in Appendix B) comprises of dense, low-resolution single-beam
echo-sounding data which better resolve the seafloor morphology than the existing Dingle et al.
(1987) bathymetric map. The end result is a much more detailed, higher resolution bathymetric map
of the South African continental margin that forms the basis of this study.
In order to simplify all explanations within the following chapters, the study area has been
subdivided into three separate areas, the West Coast, South Coast and East Coast margins of South
Africa. The West Coast margin is situated between the Orange River mouth (Alexander Bay) and
Cape Agulhas; the South Coast margin is situated between Cape Agulhas and Port Alfred; and the
East Coast margin is situated between Port Alfred and Kosi Bay (Fig. 1.6).

1.7 Summary of Thesis Chapters
•

Chapter 1 - gives a brief introduction to the bathymetric data available around southern Africa
and outlines the study objectives, extent of the study area and structure of the thesis.

•

Chapter 2 - provides a brief overview of the geological processes that shaped the South African
continental margin including a basic summary of the basement geology and sediment cover of
the margin. It also discusses the physical oceanography and Cenozoic sea level fluctuations
which both contributed to the overall morphology of the South African continental margin.

•

Chapter 3 - describes the source of the bathymetric data and data processing techniques in
detail as well as the various methods used in order to display the bathymetric data. It also deals
with data validation and comparison to other datasets and maps.

•

Chapter 4 - presents the results of this study in the form of three 1: 2 000 000 scale bathymetric
maps (Figs. 4.1, 4.2 and 4.3 in Chapter 4) which can be found attached to this thesis as A2-size
fold out maps in Appendix B.
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•

Chapter 5 - discusses the major bathymetric features of the South African continental shelf with
respect to geology, oceanography, continental drainage systems and Late Pleistocene sea level
fluctuations.

•

Chapter 6 - concludes with a summary of the general outcomes of this project as well as ideas on
how to improve on it in the future.

Chapter 1 - Introduction

Page 26

CHAPTER 2: GEOLOGICAL SETTING
2.1 Introduction
The southern African continental margin has had a complex geological history that can be linked to
the tectonic cycles of supercontinent assembly and break-up. The geological evolution is essential to
understanding the modern features of the margin and in this chapter the major tectonic evolution of
the southern African margin is reviewed in order to place the geology of the margin in context.
As a result of plate tectonic processes our continents have been reshaped and restructured during
Earth’s 4.6 billion year history. During the Achaean and Proterozoic Eras 3.6 billion years ago (Ga) to
545 million years ago (Ma), various mobile continental blocks (or cratons) formed. These cratons
grew in size from sediment accumulation and as a result of collisions between various smaller
cratons to form larger cratons, and eventually supercontinents. These areas where the cratons
collided showed intense deformation, high-grade metamorphism as well as granite intrusions and
are generally referred to as Orogenic Belts. Some of the oldest rocks on Earth today are found in
these Orogenic Belts and because of this they hold key records of earlier crustal assemblages
especially pertaining to the break-up of the Meso- and Neoproterozoic (700 Ma) Rodinia
supercontinent and the subsequent reassembly of the smaller component cratons into the Permian
(225 Ma) Pangaea supercontinent (Fig. 2.1) and then again into Triassic (200 Ma) Gondwana and
Laurasia supercontinents (Dalziel, 1991a; 1991b; Hoffman, 1991; Unrug, 1992; Powell et al., 1993;
Rogers et al., 1995a, 1995b; Wilson et al., 1997).

Figure 2.1 Continental plate movements depicting the break-up of supercontinent Pangea into the Gondwana and Laurasia
supercontinents and then their breakup giving rise to the plate tectonic setting we have today (Image source:
www.cartage.org.lb).
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2.2 Break-up of the Supercontinent Gondwana
The present-day arrangement of the continents was initiated by the break-up of the supercontinent
Gondwana around 180 Ma. However, in addition to the evolution of the margin since break-up,
many of the basement rocks on the margin are related to older tectonic events prior to Gondwana
break-up. Gondwana was initially made up of all the continents of the southern hemisphere (South
America and Africa later formed West Gondwana whilst Antarctica, Australia, New Zealand,
Madagascar and India combined to form East Gondwana) while Laurasia was made of the continents
of the northern hemisphere (North America, Greenland, Europe and much of Asia (Fig. 2.1)
(Partridge and Maud, 1987; Watkeys, 2006). At least six large cratonic blocks formed the foundation
of West Gondwana, namely the Kalahari (consisting of the Kaapvaal and Zimbabwe Cratons with the
Limpopo Belt as its suture zone), southern Congo, Río de la Plata, Paraná, southern Amazonian and
southern Sao Francisco Cratons (Fig. 2.2).

Figure 2.2 A pre-drift reassembly of Gondwana, showing the continent building cratons and recent suture zones of the Pan-African
Orogeny (±700 - 500 Ma) (Image modified from Porada (1989) (http://www.vssagi.com); Norman and Whitfield (2006)).
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2.2.1 Stage 1 - Lithospheric stretching and initial rifting (183 – 175 Ma)
At the time Gondwana break-up commenced, during the Early to Middle Jurassic (±180 Ma),
southern Africa was nestled between the southern tip of South America, the Falkland Plateau and
Antarctica (Fig. 2.3). Between 183-175 Ma minor rifting along with extensive Karoo flood-basalt
volcanism took place over most of southern Africa (which was either caused by a mantle plume (Du
Toit, 1929; Campbell and Griffiths, 1990; White and McKenzie, 1995; Storey, 1995), subduction (Cox,
1978, 1992) or lithospheric stretching (Gallagher and Hawkesworth, 1992) causing a weakening of
the continental crust (Watkeys, 2006). Karoo flood basalt volcanism terminated the Karoo
sedimentary succession and marked the start of the break-up of the Gondwana supercontinent.
Volcanic deposits in the form of the Drakensberg and Lebombo Group flood basalts and rhyolites
continued to be deposited until 120 Ma (Partridge and Maud, 1987). During the Late Jurassic a
general shift of sedimentary depocentres from mid-continental cratonic areas to active developing
marginal zones took place (Dingle et al., 1983).

2.2.2 Stage 2 – Rifting (175 – 135 Ma)
The Agulhas-Falkland Fracture Zone (AFFZ) was activated between 175-155 Ma, stretching a total of
1200 km from the proto-Pacific Ocean to the Lebombo Region (north of Durban). A right-lateral,
strike-slip movement occurred along the Gastre Fault and AFFZ causing Southern Patagonia to move
southwards (Fig. 2.3). The resulting extension on the western margin of the Maurice Ewing Bank is
also associated with the rotation and south-western movement of the Falkland Islands (Fig. 2.3)
(Watkeys, 2006).
During the Late Jurassic to Early Cretaceous between 155-135 Ma a right lateral strike-slip motion
along the AFFZ, together with the Davie Fracture zone that stretched along the present day East
African continental margin all the way north to the Tethys Sea, caused Gondwana to split into West
and East Gondwana, initiating the formation of the Indian Ocean along the eastern margin of the
Mozambique Ridge and later along the entire East African continental margin (Fig. 2.3). These plate
movements caused ENE-faults along the Limpopo region and the N-S trending faults of the Lebombo
monocline together with a strike-slip basin (Mozambique Basin) that underlies the Mozambique
Coastal Plain (Watkeys, 2006). The Zululand (southern extent of the Mozambique Basin) and Durban
Basins also started to develop due to N-S tensional faulting which generated seaward stepping fault
blocks (Broad et al., 2006; Watkeys, 2006) (Fig. 2.3).
Initial intracontinental -rifting (±133 Ma) occurred in the Natal Valley (Tucholke et al., 1981; Goodlad
et al., 1982; Ben Avraham et al., 1997; Uenzelmann-Neben et al., 2004) with the South American
Plate (Falkland Plateau) moving away from the African Plate (Fig.2.3). As these plates slid past each
other, Newark-type rift basins began to form along the south-eastern margin of the Agulhas Bank
creating a number of small depocentres (grabens and half-grabens bounded by ESE and SSE faults)
within the Outeniqua Basin and truncating the east-west trending Cape Fold Belt along the East
Coast margin of South Arica (Partridge and Maud, 1987; Broad et al., 2006; Watkeys, 2006). The
spreading centre then migrated southwards (28°E), where an “RRR-triple junction” was formed in
the Weddell Sea area under the influence of the Bouvet Hotspot (Fig. 2.3) (Tuchilke et al., 1981;
Martin and Hartnady, 1986; Uenzelmann-Neben et al., 2004; Martin, 2007).
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The Agulhas Bank owes its triangular shape to this strike-slip shearing along the AFFZ. North-south
trending rift basins, namely the Orange and Walvis Basins (Fig. 2.3), began to form along the western
continental margin (parallel to the present coastline) of southern Africa during the Late Jurassic to
Early Cretaceous due to the tension created by the strike-slip movement of the AFFZ (Tankard et al.,
1982; Séranne and Anka, 2005; Broad et al., 2006; Watkeys, 2006). Rift-related sediments collected
in these fault bounded basins with an angular unconformity (of Valanginian age) separating the Synrift I and Syn-rift II sequences (Gerrard and Smith, 1982; Séranne and Anka, 2005) (See Table 2.2 in
Appendix A).

Figure 2.3 Reconstruction of the Mesozoic break-up of Gondwana between South America, Africa and Antarctica for the period between
180 - 115 Ma. AB= Agulhas Bank; AFFZ=Agulhas-Falkland Fracture Zone; AP= Agulhas Plateau; DB= Durban Basin; EWM= Ellsworth Island;
FI= Falkland Islands; GFS= Gastre Fault System; LA= Lüderitz Arch; MEB= Mourice Ewing Bank; MR= Mozambique Ridge; MCP=
Mozambique Coastal Plain; NV= Natal Valley; OB= Orange Basin (along the west coast); OB= Outeniqua Basin (along the south coast);
TP=Tristan Plume; WB= Walvis Basin; WS= Weddell Sea; ZB= Zululand Basin. Images adapted from Koenig (2005) and Watkeys (2006).
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2.2.3 Stage 3 – Drifting (135 Ma – Present)
West Gondwana began to fragment between 135-115 Ma, firstly by deepening the north-south
trending Walvis and Orange rift-basins until 132 Ma, when this thinned and extended continental
crust moved over the Tristan da Cunha Plume producing an ocean spreading centre (Dingle et al.,
1983; Séranne and Anka, 2005; Watkeys, 2006). The Rift-Drift transition is estimated at Early
Barremian, with the inner part of the continental margin showing sag basin characteristics typical of
a restricted marine environment, followed by a major flooding event during Early Aptian time with
resultant massive terrigenous sediment deposition in these rift-basins (Rust and Summerfield, 1990;
Séranne and Anka, 2005; Broad et al., 2006) (See Table 2.2 in Appendix A).
The divergence of the South American and African Plates (around 126 -121 Ma) was associated with
the formation of the South Atlantic Ocean and the development of its Mid-Atlantic Ridge (Dingle et
al., 1983; Partridge and Maud, 1987; Emery et al., 1992; Fouché et al., 1992). During the drift phase
of Gondwana break-up (from 117 Ma) these two landmasses separated and the continental crust
along the southern and eastern continental margins (Falkland Plateau) began to detach along the
AFFZ (Fig. 2.3) and moved south-westwards along with South America (Watkeys, 2006). Extraction of
the Falkland Plateau from the southern Natal Valley formed the Almarante and Naude Ridges,
Agulhas Plateau, Maurice Ewing Bank, Natal Valley, Mozambique Ridge and the prominent Agulhas
Ridge along the AFFZ (Fig. 2.3) (Dingle et al., 1983; Martin, 1984; Emery and Uchipi, 1975; Emery et
al., 1992).
The increased westward movement of the South American plate caused it to override the
subduction of the Proto-Pacific Ocean floor beneath Patagonia’s western margin (Watkeys, 2006). At
around 105 Ma the Falkland Plateau finally separated from the Agulhas Bank on its westward
journey (Watkeys, 2006). By this time movements along the coastal margin had ceased whilst the
interior underwent repeated episodes of epeirogenic uplift, tilting and down-faulting from the Late
Cretaceous (90 Ma) onwards resulting in major erosion - termed the “African cycle of erosion” by
King (1959) - and large scale terrigenous sediment deposition in the major offshore sedimentary
basins (Scrutton and Dingle, 1976; Partridge and Maud, 1987) (See Table 2.1 in Appendix A).
Three major river systems existed during this period: the ancestral Limpopo River, which drained
most of central southern Africa; the Kalahari River, which drained what is now the central Kalahari;
and the Karoo River, which drained the southern interior (Dingle et al., 1983). This “African cycle of
erosion” lead to the formation of the Great Escarpment, which presently lies roughly 200 km inland
of its original position on the continental margin (See Table 2.1 in Appendix A). This event gave rise
to two separated erosional planes, one above the Great Escarpment, which was then further eroded
by river systems and the other below the Great Escarpment, which was then further eroded by
fluctuating sea levels throughout the Cenozoic (Partridge and Maud, 1987).
Since 55 Ma the interior of Southern Africa began to experience upwarping which disrupted early
drainage patterns. The Limpopo River was cut off from its upper tributaries and the ancestral Lake
Makgadikgadi formed. Upwarping also caused the Kalahari River to capture the Karoo River leading
to the formation of the Vaal/Orange River (Dingle et al., 1983; De Wit, 1993, 1999). The Southern
Ocean began to cool because of the opening of the Drake Passage from 38-35 Ma (Haq, 1987; Dingle
et al., 1983), leading to the isolation of Antarctica and initiation of our present Ice Age (Kennett and
Stott, 1990; Zachos et al., 2000; Séranne and Anka, 2005). A major Oligocene marine regressional
and erosional event followed, possibly leading to the formation of the prominent Cape Canyon
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(Siesser et al., 1974; Dingle and Hendey, 1984; Dingle and Robson, 1992), although Wigley (2004)
proposed a Late Pliocene submarine canyon initiation. Further uplift of southern Africa occurred
during the Miocene (18 Ma), ranging from about 1150 m near the eastern margin to 250 m near the
western margin (Partridge and Maud, 1987). The Post-African I erosion cycle (King, 1959; Partridge
and Maud, 1987) (See Table 2.1 in Appendix A) initiated during this uplift event and eroded vast
amounts of Pre-Miocene sediments and older basement rocks. The South Atlantic cooled further
and onset of the Benguella Upwelling System commenced along the West Coast, leading to arid
conditions along the western hinterland (Partridge and Maud, 1987; Lutjeharms and Meeuwis, 1987;
Shannon and Nelson, 1996; Inthorn, 2005). Between 5 - 2.5 Ma further uplift of the continent
occurred, especially in the eastern part of the southern African continental margin. After 2.59 Ma
uplift-related erosion (the Post African II erosion cycle) and down-cutting of river valleys led to a
steady increase in Quaternary sediment supply, especially at river mouths and Deep Ocean basins.
The eastern escarpment began to trap moisture, increasing the rainfall gradient across southern
Africa and causing more arid conditions to develop in the interior, resulting in the formation of the
Kalahari Desert (Dingle et al., 1983; Partridge and Maud, 1987).
Although southern Africa’s present tectonic setting is relatively stable, with a passive continental
margin situated along the entire coastline, the Earth’s tectonic plates are still shifting gradually in the
aftermath of Gondwana break-up (Fig. 2.4). Tectonic uplift and fracturing, associated with the
extension of the East African Rift System along the central part of the African Plate, is becoming
increasingly evident as a result of thinning and rifting of the continental crust by the “African Superplume” (Li and Zhong, 2009). This phenomenon may eventually lead to the fragmentation of the
currently “stable” African Plate and re-shaping of the entire African continental margin.

Figure 2.4 The present global plate tectonic setting with Lithospheric ages showing younger oceanic crust forming at ocean spreading
centres. Image courtesy of the NOAA website at: (http://www.ngdc.noaa.gov/mgg/).
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2.3 Geological Evolution of the South African Continental Margin
The origin of the continental margin of South Africa is the direct result of the break-up and
separation of West Gondwana during the Early Cretaceous. Two very distinct continental margins
were produced during this break-up: the divergent western and north-eastern continental margins
that formed due to tensional rift faulting (Dingle and Scrutton, 1974); and the translational southern
and south-eastern continental margins that formed due to shearing along the Agulhas-Falkland
Fracture Zone (AFFZ) (Tankard et al., 1982). Stratigraphically the offshore succession can be divided
into three main groups namely the Pre-Cretaceous (Basement), Mesozoic (Cretaceous) and Cenozoic
(Palaeogene, Neogene and Quaternary), each separated by a major unconformity, caused by sea
level change and erosion (Dingle et al., 1971; Dingle et al., 1983; Partridge and Maud, 1987; Broad et
al., 2006). Each stratigraphic sequence will be discussed below for the Western, Southern and
Eastern margins, respectively (for geological and stratigraphic sequence information please refer to
Table 2.2 situated in Appendix A as well as the Stratigraphic Column of South Africa situated at the
back of Appendix A).

2.3.1 Pre-Cretaceous Bedrock
The continental margin around South Africa covers a total area of roughly 165 000 km2 up to the 200 m isobath and 400 000 km2 up to the -2000 m isobath (Broad et al., 2006). Most of this area is
underlain by Mesozoic sedimentary basins which originated during the Middle Jurassic Era (± 180
Ma) when rifting (during Synrift I and II phases of Gondwana break-up) along the southern African
continental margin had commenced (Dingle et al., 1983; Broad et al., 2006).

West Coast Margin: Lüderitz to Cape Point
Pre-Cretaceous basement geology of the West Coast margin of southern Africa is dominated by the
Late Proterozoic to Early Palaeozoic Pan-African volcano-sedimentary Gariep and Saldania Mobile
belts (Thomas et al., 1996; Frimmel and Frank, 1998; Wilson et al., 1997). These Pan-African belts
overlay Late Proterozoic (1500 – 900 Ma) metamorphic rocks of the Namaqua-Natal Metamorphic
Province (Fig. 2.5). The Gariep Pan-African Belt rocks can be found in the Olifants River Area near
Vanrhynsdorp as well as north of the Orange River mouth. Outcrops of Namaqua-Natal
Metamorphic rocks can be found along a narrow, coast parallel strip starting 140 km north of Cape
Columbine and continuing all the way north along the West Coast up to Lüderitz.
The Malmesbury Group (750 - 550 Ma) volcanic and sedimentary succession forms part of the
southern Saldania Pan-African Belt, and is mainly found between Cape Town and Lamberts Bay (Fig.
2.5). Onshore outcrops are divided into three metamorphic terranes by northwest-trending fault
zones, namely the Tygerberg, Swartland and Boland terranes (Rozendaal et al., 1999). Offshore
outcrops of Malmesbury Group metasediments occur between Cape Town and Saldanha Bay, but
are mostly overlain by younger Cretaceous and Cenozoic sediments (Fig. 2.5). Due to their highly
erosional nature, the Malmesbury Group meta-sediments erode more easily than granite or
sandstone rocks and form the low-lying areas to gently rolling hills.
The Late Pre-Cambrian to Early Cambrian (555 - 515 Ma) Cape Granite Suite intruded the
Malmesbury Group during the formation of the Saldania Pan-African Belt. These granites can be
subdivided into S-, A- and I-types resulting from three different intrusive phases (Scheepers, 1995).
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Figure 2.5 Pre-Cretaceous onshore and offshore geology of South Africa (Please find fold out Geological Legend attached to back of Appendix A) (Image modified from Dingle, (1970b), (1971a), (1973); Gentle (1971); Dingle and Gentle, (1972); Dingle and Siesser (1977); Dingle et al. (1983)).The on land geology map is
courtesy of the Council for Geoscience; the rivers are courtesy of DWAF (The final bathymetric map of the South African continental margin produced by this study is used in this image solely for display purposes. Isobaths are spaced at 10 m intervals).
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Outcrops of these Cape Granite Suite rocks generally occur between Cape Columbine and Cape Point
but some smaller outcrops can be found on land as far east as George and also offshore in two areas
west and southwest of Cape Agulhas (Fig. 2.5). A clear contact zone between the Cape Granite Suite
and Malmesbury Group metasediments can be traced offshore at Sea Point for about 25 km in an EW direction (Fig. 2.5).
The Cape Supergroup, comprising the Table Mountain, Bokkeveld and Witteberg Groups was
deposited during the Ordovician to Carboniferous (500 - 330 Ma) when Gondwana underwent
internal rifting and extension (SACS, 1980; Dingle et al., 1983) (Fig. 2.6). The Cape Supergroup
unconformably overlies both the Malmesbury Group and Cape Granite Suite and is in turn overlain
by younger Karoo Supergroup sediments which were deposited in a retro-arc foreland basin setting,
stretching across a large part of south-western Gondwana (Fig. 2.6).

a)

b)
Figure 2.6 a) Extension and rifting of the crust along what is now the Southern Cape created a depression, the Agulhas Sea, into which the
Cape Supergroup was deposited during 500 - 330 Ma. This is illustrated here in cross-section through the southern margin of Gondwana.
b) The extent of the Agulhas Sea during extensional rifting prior to Gondwana break-up. (Images modified from McCarthy and Rubidge
(2005)).

The deposition of the Karoo Supergroup started with the deposition of the Dwyka Tillites during the
Late Carboniferous (310 Ma) and ended with the extrusion of the Late Jurassic Stormberg Group
Basaltic lavas (182 Ma) (Figs. 2.5 & 2.7). Both the Cape and Karoo Supergroups underwent intense
deformation during the Early Permian (279 - 256 Ma) resulting in the formation of the Cape Fold
Belt, a large retro-arc fold and thrust belt that stretches from Cape Town northwards to
Vanrhynsdorp and eastwards to East London (Fig. 2.7)(Cole, 1992; Broad et al., 2006; Martin, 2007).

Figure 2.7 About 330 Ma ago a subduction zone developed along the southern margin of Gondwana (Image modified
from McCarthy and Rubidge (2005)).
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The bulk of the offshore continental margin is underlain by terrigenous Mesozoic sediments covered
in a thin veneer of Cenozoic sediments (Dingle, 1973a, 1973d, 1979; Tankard et al., 1982; Dingle et
al., 1983; Rogers and Bremner, 1991; Broad et al., 2006). During the initial break-up of Gondwana by
the Mid-Jurassic, large depocentres had begun to develop along the present continental margins of
southern Africa, shifting from their previous mid-continental location (intracratonic basins) due to
horst and graben development along the fringes of old cratonic blocks (Dingle et al., 1983). These
depocentres, in the form of graben and half-graben tectonic structures, were rapidly filled with
terrigenous sediments (Dingle et al., 1983; Brown et al., 1995).
Rifting continued throughout the Late-Jurassic and Early Cretaceous (150 – 117 Ma) creating all
major offshore and onshore Mesozoic sedimentary basins (see Figs. 2.8, 2.9, 2.10 & 2.11). The four
main Mesozoic basins along the southern African western continental margin are the Orange,
Lüderitz, Walvis and Namib Basins (Fig. 2.8 indicates the extent of the Orange Basin) (Dingle et al.,
1983; Kuhlmann et al., 2010). Pre-Cretaceous rocks consist of volcanic, alluvial/fluvial and lacustrine
sediments which are mainly confined to these N-S trending grabens and half-grabens, with marine
sediments only being deposited later during the initiation of the drift phase of Gondwana break-up
(±117 Ma) (Kuhlmann et al., 2010).
The bulk of the Pre-Cretaceous bedrock outcrops (mainly belonging to the Namakwa-Natal
Metamorphic Province) are confined to the narrow, coast-parallel, rocky nearshore-platform usually
marked by a small, steep cliff along its western edge (Fig. 2.5). This rocky nearshore-platform rarely
exceeds 7 km in width and is usually overlain by a thin veneer of unconsolidated Quaternary sand
(except for a thick Quaternary sand wedge found off the mouth of the Orange River). The PreCretaceous basement generally dips at a gentle seaward angle varying between 2.5˚ and 5˚ (Dingle,
1973a). South of the Olifants River these older strata are overlain by younger Precambrian
Malmesbury Group metasediments, that have been intruded by Late Precambrian Cape Granite
Suite, as well as overlying Lower Palaeozoic Cape Supergroup sediments (Dingle, 1973a). These make
up the rocky nearshore-platform which continues down to St .Helena Bay before disappearing below
an expansive Quaternary sand wedge off the Berg River mouth (Fig. 2.5).
The Malmesbury Group metasediments, together with the intruding Cape Granite Suite, formed a
prominent, relatively wide (<40 km) and rugged inner shelf terrace, stretching between Cape
Columbine and the Cape Peninsula (Fig. 2.5). Outcrops of Cape Granite Suite rocks are mainly found
off the prominent headlands of Cape Columbine and the Cape Peninsula, with the less resistant
Malmesbury Group metasediments forming the large Table Bay embayment in-between (Fig. 2.5).
Two small Cape Granite Suite outcrops are also found offshore to the west and southwest of Cape
Agulhas, where it is faulted against the Table Mountain Group sandstone which makes up the rocky
nearshore-platform in this area (Fig. 2.8)(Gentle, 1987).
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Figure 2.8 The Pre-Cretaceous geology along the western margin of Southern Africa indicating the extent of the offshore Orange Basin.
Line A-B indicates position of geological cross-section discussed in Section 2.3.2 (Image modified from Broad et al. (2006)). The on land
geology is courtesy of the Council for Geoscience; the rivers are courtesy of DWAF. The Geological Legend can be found at the back of
Appendix A (The final bathymetric map of the South African continental margin produced by this study is used here solely for display
purposes. Isobaths are spaced at 10 m intervals).
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South Coast Margin: Cape Point to Port Alfred
The on land geology along the South Coast margin of South Africa is dominated by Pre-Cretaceous
basement rocks of the Cape Fold Belt which is a thick (8 km) passive margin clastic wedge,
comprising of mudrocks and sandstones derived from the northern Cargonian Highlands cratonic
provinance (Figs. 2.7 & 2.9). West of Cape Agulhas a series of NE-SW and E-W synclines and
anticlines of the Cape Fold Belt extends onto the inner shelf. Elevated terrain onshore is generally
produced by anticlines of resistant Table Mountain Group sandstone (Fig. 2.9), which cross the coast
forming prominent headlands whose offshore extensions consist of resistant Table Mountain Group
quartzites (Dingle et al., 1983). The coastal erosion of less resistant Bokkeveld Group shale synclines
generally forms the sweeping bays that are so unique to the South Coast (Rogers, 1971) (Fig. 2.9).
The Cape Fold Belt generally trends E-W between 20 and 24˚E but swings SE in the vicinity of Port
Elizabeth before terminating underneath the Karoo Supergroup sediments just north of the Great
Fish River mouth (Fig. 2.9).
The offshore sedimentation history of the Agulhas Bank commenced with the formation of the Cape
Fold Belt during the Late Palaeozoic to Early Mesozoic era and the subsequent invasion of the area
by the Proto-South West Indian Ocean. Outcrops of basement Malmesbury Group metasediments
occur in the eastern half of False Bay (Fig. 2.9) where it has been uplifted due to the intrusion by the
Cape Granite Suite (Dingle et al., 1983, Rogers, 1971). In other areas the Malmesbury Group
metasediments are either overlain by Cape Supergroup or more recent Late Cenozoic sediments.
Outcrops of the Cape Granite Suite occur offshore in the west half of False Bay where it is mostly
covered by younger Cenozoic sediments (Fig. 2.9). Two other outcrops occur south of Gansbaai and
southwest of Cape Agulhas near the Twelve Mile Bank (Fig 2.9).
Although the Pre-Mesozoic basement rocks underlie the entire South Coast continental shelf area,
their outcrops are confined to a narrow coast parallel belt that forms the prominent rocky
nearshore-platform. Along the South Coast margin this rocky nearshore-platform consists almost
entirely of Cape Supergroup lithologies that form part of the Cape Fold Belt (Fig. 2.9). Inner shelf
features made up of more resistant Table Mountain Group quartzites include Rocky Bank, Six- and
Twelve Mile Banks (Fig.2.9). Few outcrops of Pre-Cretaceous basement rocks occur offshore to the
east of Cape Agulhas with most confined to a small coastal strip not more than 5 km wide.
A major feature on the Agulhas Bank is the Columbine-Agulhas Arch (Fig. 2.9), a Pre-Mesozoic
northwest-southeast striking buoyant basement block situated between Cape Columbine and the
southern extent of the Agulhas Bank where it is terminated by the AAFZ (Dingle et al., 1983). It is
considered the most southerly outcrop of Palaeozoic rocks in Africa, comprising of Malmesbury,
Table Mountain and Bokkeveld Group argillaceous and arenaceous rocks and presumably contains a
core of Cambrian granites (Gentle, 1987; Rogers, 1971; Scrutton and Dingle, 1974; Tankard et al.,
1982; Dingle et al., 1983). Morphologically it forms a natural divide at 20˚E between the broad,
shallow, gentle sloping continental shelf to the east and the narrower, deeper and more steeply
sloping shelf to the west (Dingle, 1971c). Its southern margin roughly follows the outline of the -115
m isobath and extends from approximately 70 km up to 135 km southeast of Cape Agulhas (Fig. 2.9).
At the southernmost tip of the Agulhas Arch two large, shallow (-80 m), highly resistant, E-W
trending anticlines of presumably Table Mountain Group quartzites crop out (Fig. 2.9)which are
considered to form part of the Cape Fold Belt that extends all the way south underneath the
Cretaceous and Cenozoic sediments (Simpson and Dingle, 1973).
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Figure 2.9 The extent of the Outeniqua Basin underlying the Agulhas Bank and eastern part of the South Coast continental shelf. Sub-basins of the Outeniqua Basin include Bredasdorp, Pletmos, Gamtoos, Algoa and Southern Outeniqua Sub-Basins. They are confined by the Agulhas, Infanta, St. Francis, Recife and Port
Alfred arches as well as the various NW-SE trending faults. Major on land Mesozoic Basins include the Worchester=W, Heidelberg=He, Mosselbay=Mo, Oudshoorn=Oud, Knysna=K, Plettenberg, Gamtoos=G and Algoa Basins. Line C-D indicates position of geological cross-section discussed in Section 2.3.2 (Image modified
from Tankard et al. (1982); Dingle et al. (1983); Broad et al. (2006)). The on land geology is courtesy of the Council for Geoscience; the rivers are courtesy of DWAF. The Geological Legend can be found at the back of Appendix A (The final bathymetric map of the South African continental margin produced by this study is
used here solely for display purposes. Isobaths are spaced at 10 m intervals).
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A complex Mesozoic basin system, known as the Outeniqua Basin (consisting of numerous smaller
sub-basins) (Fig. 2.9), exists offshore along the South Coast margin between Cape Agulhas (Agulhas
Arch) and Port Alfred (Port Alfred Arch) (Dingle, 1973a, 1973b; Dingle et al., 1983). It formed during
Mid-Jurassic to Early Cretaceous Synrift I and II phases of Gondwana break-up when a series of
smaller, NE-SW striking, fault bounded graben and half-graben rift basins developed within the PreMesozoic basement geology due to tensional stresses caused by the shearing along the AFFZ (Dingle
et al., 1983; Broad et al., 2006). These fault bounded rift basins underlie a large part of the
continental shelf along the South Coast Margin and contain the majority of the Late Jurassic to Early
Cretaceous fluvial, marine and alluvial sediments deposited during the Synrift I phase of Gondwana
break-up (Dingle et al., 1983; Broad et al., 2006). The Mesozoic sediments within the Outeniqua
Basin reach thicknesses of between 3000 and 5700 m, thinning only over the basement arches (Fig.
2.15) (Du Toit, 1976; Tankard et al., 1982).

East Coast Margin: Port Alfred to Ponta Zavora
Late Proterozoic (1500 - 900 Ma) metamorphic rocks of the Namaqua-Natal Metamorphic Province
and Pre-Cambrian basement rocks (Figs. 2.2 & 2.5) are extensively overlain by the Late
Carboniferous to Jurassic (330 - 145 Ma) Karoo Supergroup sediments. These were deposited into
the central Karoo Basin, a large retro-arc foreland basin, situated between the Kaapvaal Craton in
the north and the Cape Fold Belt in the south (Fig. 2.7) (Martin, 1984). The on land geology between
Port Alfred and Port St. Johns is dominated by these Pre-Cretaceous Karoo Supergroup sediments,
whilst smaller outcrops are situated between Port St. Johns and Richards Bay where they
intermittently overlie Early Palaeozoic Natal and Msikaba Group rocks, Proterozoic Namaqua-Natal
gneisses and older Pre-Cambrian Basement lithologies of the Kaapvaal Craton (Figs. 2.10 & 2.11).
North of Richards Bay the main Karoo Supergroup sediments are overlain by the seaward-dipping
Drakensberg and Lebombo Group basalts and rhyolites which make up the top part of the Karoo
Supergroup sequence (Fig. 2.11). These Pre-Cretaceous sediments are in turn overlain by the
Cretaceous Zululand Group and younger Cenozoic sediments which covers the entire KwaZulu-Natal
(Zululand) and Northern KwaZulu-Natal (Maputuland) Coastal Plains along with the majority of the
East Coast continental shelf area (Figs. 2.10 & 2.11).
Initial rifting along the eastern flank of the Mozambique Ridge during the Middle to Late Jurassic Era
(175 - 155 Ma), representing the start of the separation between Africa and Antarctica, resulted in
tensional faulting and rift-basin formation along the East Coast Margin along with the initiation of
the AFFZ (Fig. 2.3) (Simpson et al., 1979). Two distinct structural terranes occur on either side of a
large NW-SE trending strike-slip fault off Durban (at roughly 30˚S) with the Durban and Zululand Rift
Basins situated north of this boundary, consisting of a series of N-S trending grabens within the PreCretaceous continental crust that were initiated during the Synrift I phase of Gondwana break-up,
while south of 30°S sedimentation was restricted to areas immediately adjacent to and beyond the
continental - oceanic boundary, which is clearly defined by the AFFZ (Fig. 2.11) (Dingle et al., 1983).
The Durban Basin (±10 000 km2) is bounded by the Port Shepstone Arch in the south, the Zululand
Basin in the north and the -2500m isobath to the east (Goodlad, 1986; Broad et al., 2006) (Fig. 2.11).
It is a Mesozoic rift-basin which formed during the early stages of crustal extension prior to the
break-up of Gondwana and is located just north of the termination of the AFFZ. The AFFZ terminates
in a postulated strike-slip fault along the southern margin of the Durban Basin, where the Falklands
Microplate sheared away during Gondwana break-up (Figs. 2.3 & 2.11), and acts as a boundary
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between continental and oceanic crust (Broad et al., 2006). The base of the Durban Basin consists of
Ordovician Natal Group sediments overlain by Karoo Supergroup sediments (Johnson et al., 2006).
Synrift Late Jurassic to Early Cretaceous sediments are found within these N- S trending grabens and
half-grabens, which are then draped by a Late Cretaceous drift sedimentary sequence similar to that
of the south and west coasts (Dingle et al., 1983; Broad et al., 2006).
The Zululand Basin is underlain by a thick succession of Lebombo Group volcanics (180 - 140 Ma) and
forms the southernmost extent of the Mozambique Basin, extending both on and offshore for an
area of nearly 21 000 km2 (Tankard et al., 1982; Broad et al., 2006) (Fig. 2.11). Just south of Richards
Bay a structural offset exists (due to a series of N-NE trending normal faults), which marks the
southernmost extent of the intruding Lebombo Group (Late-Jurassic) basaltic and rhyolitic lavas
(having displaced the rest of these outcrops to the east beyond the present day coastline) (Fig. 2.11).
These volcanic sediments form a distinct, elevated, coast parallel belt (the Lebombo Mountain
Range of nearly 660 km long) northwards into Mozambique and mark the western extent of the
Zululand and Maputuland coastal plains (and the Mozambique Coastal Plain further north). The
Zululand Basin is bounded to the west by these east dipping Lebombo Group volcanics of the
Lebombo Mountains, to the south by the Durban Basin, and to the east by the -1500 m isobath (Fig.
2.11). It is divided into two troughs by the northeast-trending Bumbeni Ridge and consists of mostly
Cretaceous sediments deposited during the Barremian to Maastrichtian eras as well as the onshore
Zululand Group sedimentary succession (Tankard et al., 1982; Broad et al., 2006). The on land part of
the Zululand Basin, known as the Zululand and Maputuland coastal plains, are covered extensively
by younger Quaternary sediments (Fig. 2.11).
The area south of 30°S consists of the Transkei Swell and the adjacent Natal Valley, which are both
remnants of the withdrawal of the Falkland Plateau (Fig. 2.3) (Dingle and Scrutton, 1974). The
Transkei Swell (Fig. 2.10) is an area of shallow basement along the western margin of the AFFZ
between the Durban and Algoa Basins where the continental shelf is very narrow (± 15 km), due to
shearing along the AFFZ, and sediment cover is relatively thin (Simpson and Dingle, 1973; Tankard et
al., 1982). This thin sediment cover is mainly the result of narrowness of the shelf as well as the
presence of the fast flowing Agulhas Boundary Current which has transferred the bulk of the
Cretaceous and Tertiary sediments off-shelf and deposited them at the base of the continental slope
seaward of the AFFZ and into the adjacent Natal Valley and Transkei Basin (Broad et al., 2006).
Continental shelf along the Transkei Swell is underlain by Karoo Group sediments of the Ecca and
Dwyka Groups. On land Mesozoic depositories along this stretch of coastline are restricted to the
small Mzamba, Mbotyi and Mgazana Basins (Fig. 2.10) mainly due to crustal arching during the Early
Mesozoic (Tankard et al., 1982; Dingle et al., 1983).
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Figure 2.10 The Pre-Cretaceous geology along the eastern margin of Southern Africa up to Durban indicating the Transkei Swell. Major on
land Mesozoic Basins include the Mzamba (Mz), Mbotyi (Mb) and Mgazana (Mg) Basins (Image modified from Dingle et al. (1983); Broad
et al. (2006)). The on land geology is courtesy of the Council for Geoscience; the rivers are courtesy of DWAF. The geological legend can be
found at the back of Appendix A (The final bathymetric map of the South African continental margin produced by this study is used here
solely for display purposes. Isobaths are spaced at 10 m intervals).
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Figure 2.11 The Pre-Cretaceous geology along the eastern margin of Southern Africa between Durban and Ponta Zavora. Line E - F indicates
position of geological cross-section discussed in Section 2.3.2. The inset figure indicates the Pre-Gondwana break-up setting of the Durban
Basin (Images modified from Dingle et al. (1983); Broad et al. (2006)). The on land geology is courtesy of the Council for Geoscience; the
rivers are courtesy of DWAF. The Geological Legend can be found at the back of Appendix A (The final bathymetric map of the South
African continental margin produced by this study is used here solely for display purposes. Isobaths are spaced at 10 m intervals).
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2.3.2 Cretaceous Geology
During the Early Cretaceous (117 - 127 Ma) rifting ended and the drifting stage of continental
separation between southern Africa and South America commenced (Fig. 2.3), resulting in a cleanbreak tensional rift developing along the passive continental margin of the West Coast, and shearing
along a major transform fault, the Agulhas-Falkland Fracture Zone (AFFZ), leading to the formation
of the translational margin along the South and East Coasts of South Africa (Dingle et al.,1983;
Fouché et al.,1992; Broad et al.,2006). This Fracture system cuts obliquely across the Cape Fold Belt,
truncating the Mid-Jurassic taphrogenic basins that had developed along the structural grain of the
Cape Fold Belt (Dingle et al., 1983) (Fig. 2.9 & 2.13). New oceanic basins developed immediately
parallel to the continental margin north of this transform fault, and gradually from north to south
along the east coast as the Falkland Plateau slid past the now truncated St. Johns and Outeniqua
Basins (Dingle and Scrutton, 1974; Dingle et al., 1983).
The Mesozoic rift basins along the western and southern African continental margin (Fig. 2.13)
began to fill with terrigenous sediments during the Early Cretaceous (until the end of the Synrift II
stage of Gondwana breakup), followed mainly by marine sediments (during the Transitional and
Drift stages of Gondwana break-up) (Table 2.2 in Appendix A). Strong upward and outward building
of the southern African continental margin occurred during the Cretaceous with the majority of the
sediments deposited in the Mesozoic rift basins situated in between local, small buoyant blocks
(such as the Columbine-Agulhas Arch situated between Cape Columbine and the Agulhas Bank)
(Dingle, 1970b; Rust and Summerfield, 1990; Dingle and Robson, 1992).
“Post-Gondwana” and “African” erosion cycles (King, 1967) during the Mid-Cretaceous and Late
Cretaceous had considerable effects on sediment dispersion, causing massive amounts of
terrigenous sediments to amass in offshore basins (Dingle et al., 1983) (see Table 2.1 in Appendix A).
Continental uplift prior to rifting, during the Cenomanian to Maastrichtian, has also been suggested
by Partridge (1998) in order to compensate for the increase in sediment supply to the continental
margin. The end of Cretaceous sedimentation is reflected by a well defined sedimentary hiatus,
resulting from a major sea level regression, in which large parts of the shelf deposits were exposed
to shallow-marine or subaerial erosion so that Cenozoic sediments unconformably overlie Mesozoic
strata (Bolli et al., 1978; Dingle, 1973a).

West Coast margin
The Orange Basin is situated along the West Coast and is bounded by two buoyant, pre-Cretaceous
basement blocks: the Lüderitz Arch to the north and the Columbine-Agulhas Arch to the southeast
(Dingle, 1971c; Scrutton and Dingle, 1976). An elongated, thin sedimentary wedge (the SW Cape
Sedimentary Wedge) can be found on the southern extent of the Orange Basin stretching along the
entire western edge of the Columbine-Agulhas Arch (Fig. 2.8). The Orange Basin consists of an
eastern complex of grabens and half-grabens, which is situated between the coast parallel marginal
and a medial hinge (Figs.2.13 & 2.14). This medial hinge separates the Pre-Cretaceous Continental
crust (area of uplift) from the transitional crust (area of subsidence) which is characterised by
seaward dipping seismic reflectors (Aizawa et al., 2000; Broad et al., 2006).
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Figure 2.12 Cretaceous onshore and offshore geology of South Africa (along with the Pre-Cretaceous geology faded in the background) (Image modified from: Dingle, (1970b), (1971a), (1973); Dingle and Gentle, (1972); Dingle and Siesser (1977)). The on land geology is courtesy of the Council for Geoscience; the rivers are courtesy of
DWAF. The Geological Legend can be found at the back of Appendix A (The final bathymetric map of the South African continental margin produced by this study is used here solely for display purposes. Isobaths are spaced at 10 m intervals).
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Figure 2.13 Map of the onshore and offshore Mesozoic Basins of South Africa. Offshore Mesozoic Basins include the Orange, Outeniqua (Bredasdorp, Pletmos, Gamtoos, Algoa and Southern Outeniqua Sub-Basins), Durban, Zululand Basins. Major on land Mesozoic Basins include the Worchester=W, Heidelberg=He,
Mosselbay=Mo, Oudshoorn=Oud, Knysna=K, Plettenberg, Gamtoos=G, Mzamba=Mz, Mbotyi =Mb Mgazana=Mg and Algoa Basins (Image modified from Dingle et al. (1983); Broad et al. (2006)). The rivers are courtesy of DWAF (The final bathymetric map of the South African continental margin produced by this study is
used here solely for display purposes).
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The Cretaceous sedimentary succession can be subdivided into three groups on the basis of well
defined seismic horizons representing a rift succession overlain by early rift and drift successions
(the 14 At1, 15At1 and 17At1 seismic reflectors) (Gerrard and Smith, 1982). The 6At1 and 13At1
seismic reflectors are believed to indicate the end of Rifting and onset of the Drifting phase of
Gondwana break-up respectively, as well as the transition from terrigenous to marine deposition
(Fig. 2.13) (Dingle et al., 1983). Pre-drift Cretaceous sediment thickness is believed to be more than
2200 m, whilst drift sediment thicknesses are in excess of 8000 m (Brown et al., 1995). Various largescale growth faults and slumping can be observed above the Cenomanian and Turonian boundary
(93 Ma) (Fig. 2.14).

Figure 2.14 Geological cross-section of the West Coast continental shelf between points A and B, displaying the sediment distribution,
prominent seismic reflectors and major faults. This section cuts across the central Orange Basin, Childs Bank as well as the Holocene
mudbelt. See Figure 2.8 for position of cross-section (Image modified from Broad et al. (2006)).

Sedimentation is believed to have been continuous from the lower Aptian (105 Ma) through to the
lower Maastrichtian (67 Ma) with the major source being the Orange and Olifants rivers and their
ancient equivalents (Scrutton and Dingle, 1976). During the Late Cretaceous an increase in sediment
supply was responsible for the rapid up-building of the West Coast continental shelf (Partridge,
1998; Rust and Summerfield, 1990; Dingle and Robson, 1992). Lower Cretaceous strata are confined
to an inner shelf, coast parallel area that rarely exceeds 50 km in width (Fig. 2.12). It unconformably
overlies the Pre-Cretaceous basement and dips seaward at an angle of 2° - 4.5° (Dingle, 1973a;
Dingle et al., 1983) (Fig. 2.14). Cretaceous outcrops are absent south of Cape Columbine resulting
from the Pre-Cretaceous basement outcrops extending further offshore as a shelf terrace and
overstepping by younger Palaeogene sediments (Fig. 2.12). A thin layer of Cretaceous sedimentary
rocks exists on top of the Lüderitz and Columbine Agulhas Arch basement blocks but thicknesses
increase to over 8000 m at the centre of the Orange basin. Further south erosion along the Cape
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Canyon and Cape Point Valley exposes a large area of Lower Cretaceous strata (Dingle, 1971a,
1973a; Dingle and Siesser, 1977).
The West Coast margin lacks any Upper Cretaceous sedimentary rocks due to rifting (between the
African and South American plates) and erosion during the Late Jurassic to Early Cretaceous times
(136-114 Ma) (Dingle, 1973a). Upper Cretaceous sedimentation was brought to a close by major sea
level regression by the Late Maastrichtian, during which large parts of the shelf deposits were
exposed to shallow-marine or subaerial erosion (Bolli et al., 1978; Dingle, 1973a). This sedimentary
hiatus is clearly indicated by the Davie seismic horizon (22At1) with the Cenozoic sediments
unconformably overlying the Mesozoic strata (Fig. 2.14 and Fig. 2.18 in Appendix A) (Dingle et al.,
1983).

South Coast margin
Early Cretaceous shearing along the southern continental margin created regional stress on
southward dipping faults in the Cape Fold Belt. These tensional displacements produced numerous
small, fault-controlled basins parallel to the structural grain of the Cape Fold Belt (Dingle, 1973a,
1973b; Dingle et al., 1983; Broad et al., 2006). On land Cretaceous Basins include the Algoa,
Gamtoos, Mossel Bay, Plettenberg, Knysna, Worchester, Heidelberg and Oudtshoorn basins (Figs. 2.9
& 2.13) which are all filled with fluvial and braided alluvial-fan sediments of the Uitenhage Group
(Tankard et al., 1982).
The entire eastern half of the Agulhas Bank is underlain by the Mesozoic and Cenozoic sedimentary
rocks of the Outeniqua Basin. It is situated southeast of Cape Agulhas and stretches eastwards up to
the eastern end of Algoa Bay. It is bounded by two large basement highs namely the ColumbineAgulhas Arch to the west and the Port Alfred Arch to the east whilst the Diaz Marginal Fracture Ridge
defines its southern margin (Figs. 2.9, 2.13 & 2.15) (Dingle, 1971a; Scrutton and Du Plessis, 1973;
Broad et al., 2006). The Outeniqua Basin itself comprises of a series of smaller graben and halfgraben, NE-SW striking, fault bounded rift-basins (Figs. 2.13 &. 2.15) which are separated by PreCretaceous basement highs or arches. They include the Bredasdorp, Pletmos, Gamtoos and Algoa
sub-basins. These sub-basins contain Synrift I and II fluvial, shallow and deep-water sediments dating
from the Jurassic (160 Ma) to Early Cretaceous (135 Ma), with overlying upper Cretaceous (above a
Mid-Albian unconformity) to Cenozoic marine sediments deposited offshore during the Drift phase
of Gondwana break-up until the present (Broad et al., 2006).
Lower Cretaceous sedimentary rocks of the Uitenhage Group include the Sundays River, Kirkwood,
Infanta and Enon formations (Fig. 2.12 and Fig. 2.18 in Appendix A). The basal Enon Formation is
confined to the deepest parts of the basins and mainly consists of terrestrial continental derived
conglomerates and sands (Leyden et al., 1971). Shearing of the Falkland Plateau from the African
plate along the AFFZ before the Valanginian (130 Ma) generated the Agulhas Marginal Fracture
Ridge (which include the Diaz Marginal Fracture Ridge in Fig. 2.15) consisting of metamorphosed
Pre-Cretaceous continental crust (Scrutton and Dingle, 1976; Du Toit, 1979; Tankard et al., 1982).
The earlier Uitenhage Group sediments were dammed behind the Late Jurassic to Early Cretaceous
Agulhas Marginal Fracture Ridge, even before the African Plate and Falkland Plateau separated
during Gondwana break-up (Scrutton and du Plessis, 1973; Dingle, 1971a) (Fig. 2.3). Half-graben
subsidence increased the depth of the separate sub-basins still further until Early Aptian
sedimentation initiated at the onset of the drift phase of Gondwana break-up (Fig. 2.15).
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Upper Cretaceous sedimentary rocks on the South Coast margin consist of the Alphard Group, which
is confined to outcrops on the western half of the Agulhas Bank, a small area between Cape St.
Francis and Cape Recife as well as a narrow strip on the continental slope (Dingle, 1971a) (Fig. 2.18
in Appendix A). These outcrops form part of a continuous Upper Cretaceous cover of which the
majority is overlain by younger Cenozoic sediments. The sedimentary hiatus indicated by the Davie
unconformity (22 At1) on the West Coast margin also extends to the South Coast margin where a
clear unconformity exists between the Cretaceous and the overlying Cenozoic sediments. Extensive
outcrops of Cretaceous shales have also been found on the shelf area east of Cape St. Blaize and
south of Cape Infanta (Dingle, 1970b; Rogers, 1971). During this sedimentary hiatus a basic volcanic
intrusion occurred at the centre of the Alphard Rise resulting in numerous volcanic plugs cropping
out in this area (Fig. 2.12) of which one cluster forms the prominent Alphard Banks (Dingle and
Gentle, 1972).

Figure 2.15 Geological cross-section of the South Coast continental shelf between points C and D. See Figure 2.9 for position of crosssection (Image modified from Tankard et al. (1982); Broad et al. (2006)).

East Coast margin
During the beginning of Gondwana break-up, plate separation between the African and Antarctic
plates was marked by divergent and transtensional faulting, creating the N-S trending horst and
graben structures throughout the Durban and Zululand Basins (Fig. 2.16) (Dingle and Scrutton, 1974;
Tankard et al., 1982; Dingle et al., 1983; Broad et al., 2006; Watkeys, 2006). Non-marine, Lower
Cretaceous conglomerates, siltstones and red beds unconformably overlie Pre-Cretaceous bedrock
along the Zululand, Maputuland and Mozambique coastal plains (Hobday, 1982). Rapid Synrift I and
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II sediment deposition included the Zululand Group marine sediments, which underlie the whole of
Maputaland to the east of the Lebombo Mountains (Fig. 2.12) (Dingle et al., 1983). Several
important regional hiatuses interrupted the otherwise extensive Cretaceous sedimentation regime
(Martin, 1984).
Cretaceous Drift sedimentation in the Durban Basin includes the Barremian to Early Aptian
claystones as well as upper Campanian to upper Maastrichtian deep marine sediments of the
Zululand Group (McMillan, 2003). The Barremian to Aptian Makatini Formation is developed only in
the Zululand Basin, whereas the Albian to Cenomanian Mzinene Formation is much more extensive
along the Zululand and Durban basins, with a basin sedimentation hiatus (known as the McDuff
seismic reflector) spanning from Mid-Cenomanian to Turonian times (Dingle et al., 1978, 1983)
(Table 2.2 in Appendix A). Deposition of the fossiliferous shallow marine sands, silts and
conglomerates of the St. Lucia Formation resumed between the Coniacian to Maastrichtian,
followed by another seismic reflector known as the Angus seismic reflector (Kennedy and Klinger,
1972; Dingle et al., 1978, 1983). Cretaceous sedimentary rocks are also developed extensively
underneath the Zululand Coastal Plain (Tankard et al., 1982).
Shelf sedimentation was increased by the Late Cretaceous to Early Cenozoic “African erosion cycle”
(King, 1941, 1970; Hobday, 1982) with a major sea level regression accompanied by tectonic uplift
resulting in massive fluvial discharge along the entire East Coast margin (Siesser and Dingle, 1981;
Dingle et al., 1983). Two major Cretaceous unconformities exist that are clearly indicated by the
McDuff and Angus seismic reflectors (Dingle, 1977; Martin et al., 1982) (Fig. 2.16). Reflector McDuff
(See Table 2.2 in Appendix A) was formed during a Cenomanian - Turonian epeirogenic uplift, sea
level regression and erosion cycle and marks a change from euxinic to open marine sedimentation
whilst reflector Angus represents the major Oligiocene-Miocene sea level regression that correlates
to the Cretaceous - Cenozoic hiatus (the Davie Unconformity) also found along the South and West
Coast margins (Dingle and Scrutton, 1974; Dingle and Siesser, 1977) (Fig. 2.18 in Appendix A).
The Tugela Cone, a large subaqueous delta situated between Durban and Richards Bay off the
mouth of the Tugela River, unconformably overlies the Lower Cretaceous sediments of the Durban
Basin (Figs. 2.11 & 2.16). Although it is predominantly a Cenozoic deep-water fan complex,
progradation into the Natal Valley is thought to have commenced during the Early Cretaceous with
more than 100 m of Cretaceous sediments present (Hobday, 1982; Goodlad, 1986; Broad et al.,
2006). A similar Cretaceous sedimentary sequence is found underneath the extensive Limpopo Cone
and the adjacent Northern Natal Valley, which originated due to fluvial discharge by the Limpopo
River (Fig. 2.11). Along the southeast continental shelf no significant Cretaceous sedimentation
accumulated because to the narrowness of the shelf (±15 km) and the majority of the sediments
were dispersed into the abyssal basins alongside the shelf (Dingle, 1973d; Dingle and Scrutton, 1974;
Hobday, 1982) (Fig. 2.12).
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Figure 2.16 Geological cross-section of the East Coast continental shelf between points E and F (off Durban) (See Figure 2.11 for position of
cross-section). The faulted basement is overlain by lower Cretaceous rift sediments and upper Cretaceous-Cenozoic drift sediments.
(Image modified from Broad et al. (2006)).

2.3.3 Cenozoic Geology
The Cenozoic sedimentary history of Southern Africa was dominated by erosion rather than
deposition, with large-scale downslope mass movement of these sediments mainly due to major sea
level regressions, resulting in relatively few onshore outcrops (Dingle, 1971c, 1973a; Siesser and
Dingle, 1981; Dingle et al., 1983; Dingle and Robson, 1992). These major sea level regressions were
caused by multiple episodes of epeirogenic uplift that formed part of the “African” and “PostAfrican” erosion cycles (King, 1967). The main “African cycle of erosion” was brought to a close
during a major Mid-Cenozoic marine transgression, caused by epeirogenic uplift along the
continental interior, resulting in a down-tilted coastal margin (King, 1953, 1970; Hobday, 1982). The
Cenozoic sediment history of South Africa is subdivided into a Palaeogene and Neogene succession,
separated by a major Oligocene to Early Miocene marine regressional hiatus (Haq et al., 1987; Dingle
et al., 1983; Roberts et al., 2006). See Section 2.5 for a detailed description of the Cenozoic sea level
fluctuations as well as Table 2.1 and 2.2 in Appendix A for a summary of the geomorphic events since
the Mesozoic Era.
The onshore Cenozoic sediments include limestones, phosphorites and calcareous sandstones
deposited under shallow marine conditions (Siesser, 1972a, 1972b, 1972c; Du Toit and Leith, 1974;
Förster, 1975; Siesser and Dingle, 1981). The offshore Cenozoic deposits, on the other hand, occur
extensively on the continental shelf and slope around southern Africa except for the nearshore areas
along the Western and Southern Cape margins where Pre-Cretaceous and Cretaceous outcrops exist
(Dingle et al., 1983) (Fig. 2.17). They overlie Cretaceous basement rocks and are in turn overlain by a
very thin veneer of Quaternary sediments. The thickest Cenozoic deposits accumulated on the outer
shelf and continental slope and as sediment cones in the inner to middle shelf areas at the major
river mouths, such as the Orange, Olifants, Tugela and Limpopo rivers (Dingle et al., 1983) (Fig. 2.17).
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Figure 2.17 Distribution of Cenozoic sediments on land and on the continental margin of Southern Africa (Image modified from Dingle (1971c), (1973a), (1973b); Dingle and Siesser (1977); Dingle et al. (1983); Roberts et al. (2006); Broad et al. (2006)). On land Cenozoic sediments include the Kalahari, Sandveld, Bredasdorp,
Algoa and Maputuland Groups. The Cenozoic sediments are classified in Figure 2.18 in Appendix A. The on land geology is courtesy of the Council for Geoscience; the rivers are courtesy of DWAF. The Geological Legend can be found at the back of Appendix A (The final bathymetric map of the South African continental
margin produced by this study is used here solely for display purposes. Isobaths are spaced at 10 m intervals).
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A much lower terrigenous sediment supply to the continental margins existed during the Late
Cenozoic and Quaternary (only 20 - 60% of Late Cretaceous levels) compared to earlier Palaeocene
to Miocene times, mainly due to the establishment of the Benguela Upwelling System on the West
Coast which resulting in increased aridity, especially along the western margin of southern Africa
(Dingle et al., 1983; Dingle and Robson, 1992; Roberts et al., 2006). On land Cenozoic deposits of
littoral marine, estuarine, fluvial, lacustrine and aeolian origin (comprising of the Namib, Sandveld,
Bredasdorp, Algoa and Maputuland Groups (Fig. 2.17) (Roberts et al., 2006) are generally confined to
small coastal areas along the majority of the Southern African coastline except for the extensive
Kalahari Basin (non-marine Kalahari Group) and the Zululand and Maputuland Coastal Plains (Fig.
2.11).

2.3.3.1 Palaeogene
The majority of Cenozoic sediments around Southern Africa are of Palaeocene age (65 - 55 Ma),
especially in areas such as off the Orange River mouth, Agulhas Bank and the Tugela and Limpopo
Cones (the latter two having formed throughout the Cenozoic as seaward migrating subaqueous
deltas) (Dingle et al., 1983; Goodlad, 1986) (Fig. 2.17). Lower-Palaeocene sediments are absent both
onshore and on the inner continental shelf around South Africa and are situated further offshore on
the outer shelf. This is due to a major sea level regression and erosion period during the Late
Cretaceous to Early Palaeocene (see Section 2.5), which is clearly indicated by the Davie seismic
unconformity along the West Coast margin, with a similar sedimentary hiatus (22At1) between
Cretaceous and Cenozoic strata found along the South (Davie Unconformity) and East Coast margins
(Angus Unconformity) (Dingle, 1971c; 1973a) (Fig. 2.18 in Appendix A). A Major marine transgression
occurred during the Late Palaeocene/Eocene whilst major uplift, sea level regression and erosion
took place throughout the Oligocene to Early Miocene (see Section 2.5), the latter being responsible
for a clearly defined erosional unconformity between the Palaeogene (Lower Tertiary) and Neogene
(Upper Tertiary) sediments (Dingle et al., 1983; Gentle, 1987; Haq et al., 1987).

West Coast Margin
Cenozoic deposits generally occur along the whole West Coast margin as a vast, thin, coast parallel
seaward-thickening wedge, stretching from the Lüderitz Arch all the way south to the AgulhasFalkland Fracture Zone (Fig. 2.17). The thickest Cenozoic deposits (> 1.5 km) occur under the outer
shelf and slope, and as sub-depocentres off the Orange River and Walvis Ridge abutment (Dingle et
al., 1983). Dingle (1971c, 1973a) subdivided the lower and upper Cenozoic sediments into the lower
Cenozoic/Palaeogene (T1) and upper Cenozoic/Neogene (T2, T3 and T4) units (Fig. 2.18 in Appendix A).
Palaeogene (T1) sediments underlie most of the West Coast continental margin but outcrops are
limited to a narrow inner coastal zone as well as a thick (< 900 m) depocentre off the Orange River
mouth (Dingle et al., 1983). The bulk of Palaeogene sediments were deposited during the Early
Eocene sea level high stand (see Section 2.5) and unconformably overlie the older Cretaceous strata,
with large-scale Cenozoic slumping disrupting the sediment pile in most areas along the shelf edge
(Dingle et al., 1983). Palaeogene igneous intrusions are confined to a small area in the southern part
of the Orange Basin (Dingle et al., 1983). The majority of the Late Mesozoic and Palaeogene deposits
have been removed by a major Oligocene marine regression and erosion event (see Section 2.5),
especially in the Cape Canyon region where the paleao-Orange and Olifants Rivers are thought to
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have initiated the erosion of this Canyon during this marine regressional period (Dingle, 1971c,
1973a; Dingle et al., 1983; Roberts et al., 2006). Oligocene (T2) sediments crop out extensively as cutand-fill and channel fill structures in the Cape Canyon area where Oligocene marine regressional
erosion has cut into the underlying Eocene Clays and Upper Cretaceous basement (Dingle, 1971c;
Wigley, 2004). They are interpreted as having a fluvial to shallow-marine origin and their outcrops
are confined to a small area at the bottom of the Cape Canyon where they represent the initiation of
the Cape Canyon sedimentation (Fig. 2.17) (Dingle, 1971c; Wigley, 2004).

South Coast Margin
The Pre-Cretaceous and Mesozoic sedimentary rocks adjacent to the prominent rocky nearhoreplatform have been truncated during repeated sea level regressional cycles and are unconformably
overlain by younger Cenozoic successions (Fig. 2.17). These Cenozoic sediments cover most of the
continental shelf and upper slope along the South Coast Margin (Dingle and Gentle, 1972), reaching
a maximum thickness of 460 - 500 m off Cape St. Blaize and Cape St. Francis (Fig. 2.17). Along the
southern and south-western margin of the Agulhas Arch, Cenozoic sediments directly transgress
over Pre-Mesozoic basement. Palaeogene sediments (T1), belonging to the Cape St. Blaize Group
(Fig. 2.18 in Appendix A), crop out in several places along the South Coast margin, especially in the
near shore zone south of Cape Seal and in the region of the Agulhas Slump (an extensive, 20000 km3
Post-Pliocene slump area situated along the shelf break and continental slope between Cape St.
Blaize and Cape Recife) (Fig. 2.17) (Dingle, 1977). Palaeogene sediments are generally confined to
small outcrops on the middle and outer shelf regions of the eastern Agulhas Bank but are completely
absent from basement highs such as the Agulhas Arch and possibly also the Port Alfred Arch (Figs.
2.9 & 2.17) (Dingle et al., 1983). They reach thicknesses of ± 950 m on the outer shelf area south of
Cape St. Blaize but shallows to the east and west of Cape St. Blaize (Dingle, 1973c; Gentle, 1987).
Palaeogene igneous rocks (basalt and trachyte plugs) crop up on three places within the Mesozoic
Bredasdorp Basin (Figs. 2.9 & 2.17), causing surface irregularities on the Agulhas Bank (Dingle and
Gentle, 1972; Tankard et al., 1982; Dingle et al., 1983). The largest and most prominent of which
form the Alphard Banks (80 km south-east of Cape Agulhas), a cluster of small, jagged pinnacles that
protrude to within 15 m of the sea surface (Fig. 2.17). They were formed during an episode of
alkaline magma generation in the South Western Cape region between the Campanian and
Palaeocene Eras (Dingle and Gentle, 1972; Tankard et al., 1982; Dingle et al., 1983).

East Coast Margin
Two major episodes of epeirogenic uplift and erosion have lead to sparse preservation of Cenozoic
sediments on land and adjacent continental shelf area along the East Coast margin of South Africa,
confining them to a narrow coastal belt (Partridge and Maud, 1987; Partridge and Maud, 2000;
Partridge et al., 2006). An Early Oligocene uplift of the Africa plate coincided with a major marine
regression and sedimentation into the Durban Basin, whereas a Late Miocene uplift was concurrent
with the deposition of the bulk of Tugela Cone Cenozoic sediments (see Section 2.5) (Davids, 2009).
Cenozoic sediments occur along the East Coast margin in a series of depocentres under the shelf,
slope and adjacent deep ocean basins, from the Limpopo Cone to the southern part of the Natal
Valley, where they unconformably overlie older Cretaceous sequences (Du Toit and Leith, 1974;
Dingle et al., 1983; Broad et al., 2006). Most of the Palaeogene sediments occur north of 30˚S, with
only a few small outliers present on the southern margin of the Transkei Swell (Figs. 2.10 & 2.17).
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The thickest Palaeogene sediments occur underneath the Tugela Cone (1.3 km) which extends off
shelf as a sedimentary wedge onto the western side of the northern Natal Valley, thinning out in the
shape of a large sedimentary fan towards its southern end (Dingle et al., 1983) (Figs. 2.16 & 2.17). It
displays a complex onlap/offlap configuration in its offshore stratigraphy (Goodlad, 1986). The
Tugela Canyon, situated off-shelf from the Tugela Cone (Figs. 2.11 & 2.17), cross-cuts the Late
Cretaceous strata, thus post-dating the Late Maastrictian basin fill period (Fig. 2.16) (Goodlad, 1986).
It was presumably activated during the Mid-Oligocene stage of the hinterland uplift and later
became dormant as result of subsequent Palaeogene marine transgressions (Walford et al., 2005).
Sedimentation along the East Coast Margin was dominated by terrigenous input from the Limpopo
and Tugela Rivers throughout the Cenozoic, both of which constructed a significant sediment cone
into adjoining deep-sea areas (Dingle et al., 1983; Roberts et al., 2006) (Figs. 2.11 & 2.17). The strong
erosional and sweeping action of the fast, southwest-flowing Agulhas Current had a large impact on
Cenozoic sediment distribution, leading to a relatively poor coverage on the continental shelf areas
and thicker concentrations on the continental slope and adjacent deep ocean basins as these
sediments are transported off-shelf (see Section 2.4). Palaeogene rocks are also poorly represented
on the Transkei Swell, with no existing onshore outcrops, and the majority of the offshore outcrops
being confined to the deep water of the adjacent Natal Valley (Dingle et al., 1983).

2.3.3.2 Neogene
The Lower Cenozoic sedimentary period ended with a major Oligocene to Early Miocene marine
regression and erosional event that gave way to an Upper Cenozoic (Neogene) sedimentary period
(Dingle, 1971c, 1973a; McLachlan and McMillan, 1979). This so called “African erosion cycle” (during
a major sea level regression) was caused by an extended period of epeirogenic uplift and erosion
(King, 1967) resulting in a major unconformity between the two Cenozoic sequences (Dingle, 1971c,
1973a; Dingle et al., 1983). Neogene sedimentation was also influenced by two minor sea level
regressions during the Middle Miocene and Early Pliocene as well as a major marine transgression
during the Late Miocene (see Section 2.5 and Fig. 2.19 in Appendix A).The resultant Miocene and
Pliocene sediments occur extensively across the whole continental shelf with the latter generally
confined to large erosional outliers (Fig. 2.17). Thickness of Neogene sediments over most of the
continental shelf is usually less than 250 m, but areas such as the Limpopo and Tugela Cones, as well
as the upper continental slope west of Lüderitz, contain much thicker sediments (> 1 km) (Dingle et
al., 1983).

West Coast Margin
Neogene sediments are widely distributed on the West Coast continental shelf and occur as
erosional outliers along the middle and outer shelf, with a thick depocentre occurring off the Orange
River mouth (Fig. 2.17). Although the Orange River provided a considerable amount of Cenozoic
sediment input it has a relative small delta (roughly 1500 km2), which is mostly due to sediment
dispersal northward by means of longshore drift (from where it is then deposited along the shoreline
and blown back into the Namib Desert) and by southward flowing nearshore currents (situated
between the Orange and Olifants River mouths) as well as Poleward flowing undercurrents (Dingle et
al., 1983) (see Section 2.4). Neogene sediments crop out in a relatively narrow zone (less than 21 km
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wide) between the Lüderitz Arch and Hondeklip Bay and are largely overstepped by Upper Cenozoic
sediments in the vicinity of the Olifants River mouth (Fig. 2.17).
Miocene (T3) sediments are mainly of fluvial and shallow marine origin, following the major
Oligocene to Early Miocene marine regression, and extensively cover most of the West Coast inner
shelf and upper slope areas forming a seaward-thickening wedge with flat lying to gentle seaward
dipping internal strata (Dingle et al., 1983) (Fig. 2.17). Offshore Miocene limestones along the West
Coast margin are all phosphatised to some degree with the outer shelf Miocene sediments being
capped by a 10 - 20 m thick carbonate-cemented layer. A maximum thickness of between 180 and
200m is reached on the outer shelf area (Corbet, 1996). Various erosional surfaces exist within the
Miocene sedimentary succession including the T3b phase on the southern margin of the Cape Canyon
(Dingle, 1970) (Fig. 2.17). A thin veneer of Quaternary sediments generally overlies these T3b
Miocene units across the West Coast margin (Rogers, 1977; McMillan, 1989; Compton et al., 2002).
Pliocene (T4) sediments are confined to scattered outcrops on the middle and outer shelf, such as
Childs Bank and Orange Banks, Olifants Delta and the Cape Canyon (Fig. 2.17), which indicates that
they must have undergone severe post-Neogene erosion (Dingle, 1971c, 1973a; Dingle et al., 1983;
Roberts et al., 2006), although some thick Pliocene sediments are preserved locally in the Cape
Canyon and Saldanha (Cape Columbine) regions (Dingle et al., 1983; Dale and McMillan, 2003;
Wigley, 2004). A thick (<1200 m) Pliocene succession is also found on the upper continental slope
between Lüderitz and Cape Town (Dale and McMillan, 2003) and show clear evidence of large scale
slumping (between Childs Bank and Cape Town) which indicates that the West Coast outer margin
slumps are mainly post-Pliocene in age (Roberts et al., 2006)(Fig. 2.17). Dingle et al. (1983) proposed
a high energy, shallow marine environment of deposition with relatively low terrigenous input and a
strong influence by the north-flowing, cold-water Benguela Upwelling System. Offshore Neogene
sediments along the West Coast margin include terrigenous sands and muds, authigenic minerals
(glauconite and apatite) as well as carbonate-rich sediments (Dingle et al., 1983).
The main on land Neogene deposits of the Sandveld Group are situated in a long coastal belt
between Cape Town and Cape Columbine (Fig. 2.17). Numerous small, narrow beach terrace and
terrestrial deposits occur along the Namibia-Namaqua coast between Elands Bay and Lamberts Bay
(Dingle et al., 1983; Roberts et al., 2006). Middle Miocene marine deposits (of the Alexander Bay
Formation) are found up to 100 m above the present sea level in the Namaqualand region (Haq et
al., 1987; Roberts et al., 2006). Coastal limestones of Miocene-Pliocene age are also found along the
West Coast margin between Cape Town and Cape Columbine (Siesser, 1971, 1972a; Siesser and
Dingle, 1981; Dingle et al., 1983).

South Coast Margin
Neogene sediments of the Agulhas Group form a continuous sediment cover over the middle and
outer part of the Agulhas Bank (Fig. 2.17), resting with a strong erosional unconformity on the older
Palaeogene sediments, similar to that found along the West Coast margin (Dingle, 1971a; Dingle et
al., 1983; McMillan, 1989).
In the vicinity of 25˚E the lower part of the Agulhas Group consists of a strongly prograding facies
which overlaps the slope outcrops of the Cape St. Blaize Group (Fig. 2.18 in Appendix A). Neogene
limestones of the Cape St. Francis Formation crop out along the coast between Cape Agulhas and
Cape St. Blaize and across the middle to outer shelf, as well as below the shelf break. They overlie
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(and in some places overstep) the more steeply-dipping Cretaceous sediments in areas such as
immediately west of the Agulhas Arch (Rogers, 1971; Gentle, 1987) (Fig. 2.17).
Neogene sediments reach a thickness of ± 600 m between the Agulhas and Recife arches but thin to
± 200 m over the Recife Arch before reaching a maximum thickness of 1300 m on the seaward face
of the Recife Arch (Dingle, 1973c; Gentle, 1987). On land Late Cenozoic strata of the Bredasdorp
Group are well developed on broad coastal plains between Hermanus and Plettenberg Bay (Cape
Seal) (Roberts et al., 2006) (Fig. 2.17). These sediments were deposited during relative sea level
transgressions of the Late Cenozoic and reach a maximum elevation of ±100 m above the present
mean sea level (Roberts et al., 2006).

East Coast Margin
The same Palaeogene - Neogene erosional unconformity found along the West and South Coast
margins has also been observed along the East Coast margin (McMillan, 1989). The main Neogene
depocentres along the East Coast Margin are the Tugela and Limpopo Cones (off the Tugela and
Limpopo river mouths), with only thin deposits overlying the Mozambique and Zululand basins (Fig.
2.11). An Early Pliocene unconformity (marked by the Jimmy seismic reflector) exists within these
Neogene successions, whilst Post-Jimmy sediments continue to display an onlap/offlap configuration
similar to that of the earlier Palaeogene sediments (Goodlad, 1986). Thick Neogene sediment
successions also occur across the northern Natal Valley, particularly adjacent to the Zululand Basin
(north of 30˚S) (Dingle et al., 1983). The most extensive onshore Neogene deposit occurs
underneath the broad coastal plain in Northern KwaZulu-Natal and southern Mozambique (Figs. 2.11
& 2.17) (Roberts et al., 2006).
The establishment of the strong Agulhas Boundary Current during the Early Oligocene reduced
sedimentation rates dramatically along the entire East Coast margin of South Africa (Dingle et al.,
1983), especially across the Central Terrace area of the Northern Natal Valley (Fig. 2.11). This caused
the accumulation of Neogene sediments to be restricted to the Tugela and Limpopo Cones and to off
shelf catchment areas such as the Mozambique and Zululand basins and the northern Natal Valley.
Neogene to Pleistocene coastal dune systems occur extensively along the East Coast margin,
extending offshore as remnant, coast-parallel, palaeodune cordons situated along the inner to
middle continental shelf area (Martin and Flemming, 1987, 1988).
On land Neogene deposits, belonging to the Maputuland Group, underlie the widespread Zululand
(northwards of Durban) and Maputuland Coastal Plains, which reaches a maximum width of up to 80
km, and continues northwards towards the Mozambique Coastal Plain (Botha, 1997; Maud and
Botha, 2000; Roberts et al., 2006) (Figs. 2.17 & 2.23). Southwards, towards Port Edward, on land
Cenozoic deposits are confined to a narrow, discontinuous coastal belt along the coastal fringes and
are often overlain by Quaternary non-marine limestones and sands (Dingle et al., 1983; Roberts et
al., 2006) (Fig. 2.17). Only a few small on land outcrops occur further south between Port Edward
and Algoa Bay (Port Elizabeth), with the majority situated between East London and St. Francis Bay
(belonging to the Algoa Group) (Fig. 2.18 in Appendix A).
It was only during the Late Cenozoic that the modern drainage network along the East Coast margin
evolved (see Section 5.5 in Chapter 5) (Flemming, 1980; Dingle et al., 1983; Partridge and Maud,
2000; Green, 2009a; Green and Garlick, 2011; Green et al., 2013). Uplift during the Pliocene, possibly
accompanied by westward tilting of the entire eastern margin (Matthews, 1972) produced major
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incisions along the major river valleys (Dingle et al., 1983; Partridge and Maud, 2000). The deeply
entrenched channels in the bedrock beneath many current East Coast estuaries (such as Lake St.
Lucia and Lake Sibaya) indicate appreciable down-cutting during marine regression, followed by
rejuvenation associated with Late Cenozoic marine transgression (Fig.2.23) (Cooper and Mason,
1987; Cooper et al., 2011). This Pliocene uplift and on land valley incising event resulted in a period
of high sediment delivery to the entire East Coast continental margin (up until the Late Pliocene) and
the formation of a extensive shelf-edge wedge of up to 200 m thick (Green et al., 2008; Green,
2009b; 2011).The Tugela Canyon also exhibits evidence of reactivation and canyon incision during
these Early Miocene and Pliocene uplift events (Walford et al., 2005; Green and Garlick, 2011).

2.3.4 Quaternary Geology
The Quaternary sediments along the South African continental margin generally cover most of the
continental shelf area in a thin layer except for the narrow, thick and elongated near-shore mud and
sand prisms as well as thick deposits on the continental slope area, especially along the West Coast
and South Coast continental margins (Fig. 2.20). Due to higher erosion rates throughout the
Quaternary (compared to the Cenozoic) most offshore sediments are the result of terrigenous
sediment supply by the major perennial rivers along the Southern African coastline (Dingle et al.,
1983) (see Section 5.5 in Chapter 5). Quaternary sediments mainly consist of relict and residual
Pleistocene authigenic, biogenic and terrigenous sands and coarse rudites as well as Pleistocene and
Holocene muds. They are composed of gravel, sand, silt, clay, mud, faecal pellets, terrigenous
detritus, glauconite, phosphorite, calcium carbonate, opal, organic matter, foraminifers, shells and
diatoms. These sediments were deposited during numerous sea level transgression and regression
cycles caused by high latitude glacial fluctuations (see Section 2.5) together with local epeirogenic
uplift (Tankard et al., 1982; Dingle et al., 1983; Rogers and Rau, 2006).

West Coast Margin
Most of the Quaternary sediments on the West Coast continental shelf are situated at the base of
the pre-Cretaceous rocky nearshore-platform, extending seawards up to between -30 and -120 m
water depth in the form of a seaward-thinning sediment wedge (Birch et al., 1991) (Fig. 2.20). This
Pleistocene sediment wedge is made up of a thin (< 10 m) layer of minor quartzose and muddy
terrigenous sand, which is overlain by a 10 - 65 m thick wedge of muddy to foraminiferal sand in an
area between Baker’s Bay (just south of Lüderitz) and the Cape Columbine headland (Fig. 2.20),
where the quartzose and muddy sand extends up to the outer continental shelf area (Birch et al.,
1986, 1991; Emery et al., 1992; Compton et al., 2009). The rocky nearshore-platform along the
northern and central parts of the West Coast margin is also partly covered by this quartzose
terrigenous sand wedge.
The majority of Quaternary sediments along the West Coast margin are confined to the Orange,
Olifants and Berg river deltas, which exist offshore of their respective river mouths (Fig. 2.20). A
narrow (maximum width of 25 km), coast parallel sediment pro-delta exists at the mouth of the
Orange River that extends 115 km along the shore down to the -90 m isobath. The reason for this
narrow sediment delta at the mouth of such a large river system is the north moving long-shore drift
and south flowing poleward undercurrents (De Decker, 1970) that exist close to shore and transport
a vast majority of the terrigenous sediment supply away from this delta. Further offshore towards
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Figure 2.20 Distribution of Quaternary sediments on land and on the continental margin of Southern Africa (Image is modified from the Council for Geoscience’s Compositional Map and from Birch et al. (1986); Bremner et al. (1986); Emery et al. (1992); Roberts et al. (2006). The Holocene Mudbelt has been adapted from
Birch et al. (1986); Compton and Wiltshire (2009); Herbert (2009). The on land geology is courtesy of the Council for Geoscience; the rivers are courtesy of DWAF) (The final bathymetric map of the South African continental margin produced by this study is used here solely for display purposes. Isobaths are spaced at 10 m
intervals).

Chapter 2 - Geological Setting

Page 59

the outer shelf area (at water depths of between -120 and -159 m) palaeo-deltas of the Orange River
exist and are buried beneath the younger sediments (Rogers, 1977; Birch et al., 1991). A wide
sediment terrace, known as the Olifant Delta, exists off the Olifants and Berg river mouths extending
nearly 130 km offshore between the Sout River mouth and the Cape Columbine headland where it is
roughly constrained by the -270 m isobaths (Fig 2.20) (Dingle, 1973a).
Overlying the Pleistocene sediment wedge is a thin, elongated Holocene Mudbelt that stretches for
500 km between Baker’s Bay (north of the Orange River) and Cape Columbine (Fig. 2.20) (Birch,
1977; Rogers, 1977; Birch et al., 1991; Rogers and Bremner, 1991; Meadows et al., 2002; Rogers and
Rau, 2006). Reaching a maximum width of ±40 km (off St. Helena Bay, a large embayment situated
to the north of Cape Columbine) and thickness of 15 m (although it reaches a thickness of 35 m off
the Orange River pro-delta), it is situated along a middle to inner-shelf knick point that was eroded
during previous sea level lowstands (Figs. 2.20 & 2.21) (Meadows et al., 2002; Herbert and Compton,
2007; Herbert, 2009). It was formed due to fine sediment deposition by the Orange River that was
transported northwards by the Benguela Current, and southwards by a poleward undercurrent
(Herbert, 2009) (see Section 2.4). The Holocene mudbelt covers a narrow part of the inner and
middle shelf area between Lüderitz and the Sout River mouth, briefly expanding south of the
Olifants River mouth towards Cape Columbine (where the Olifants Delta is situated) before
terminating on the broad inner shelf terrace off the Cape Columbine headland (Fig. 2.20).
Seawards of the Holocene mudbelt, the continental shelf is covered by coarse, relict sand diluted
with Holocene mud (Rogers and Li, 2002). Minor amounts of the authigenic mineral glauconite occur
west of the Olifants River mouth but predominates the outer shelf area, especially off Cape
Columbine and the Cape Peninsula, while foraminiferal sands and mud covers the majority of the
continental shelf slope area (Figs. 2.20 & 2.21) between Lüderitz and the Olifants River mouth
(Bremner et al., 1990; Birch et al., 1991; Emery et al., 1992).

Figure 2.21 Generalised morphology and geology of the West Coast continental margin (Image modified from Birch et al. (1991); Corbett
(1996); Dale and McMillan (2003); Herbert (2009)).

Evidence of Pleistocene sea level high-stand strandlines exists up to 100 m above the present day
mean sea level (Tankard et al., 1982) in the Namaqualand coastal plain region with numerous
diamondiferous terrace deposits found overlying the basement Namaqua-Natal Gneisses and
occasionally younger phosphatic Neogene deposits between Port Nollith and Alexander Bay.
Offshore diamondiferous gravels are found off the Buffels and Orange River mouths at depths
ranging between -80 and -200 m extending as far as northwards as Lüderitz (Tankard et al., 1982;
Emery et al., 1992). Erosion and reworking during the regressive-transgressive glacial sea level cycles
of the Late Quaternary has resulted in relatively few complete Pleistocene sediment records except
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for on the continental slope (McMillan, 1993). The Cape Canyon and Cape Point Valley both served
as important exit routes for fluvial detritus during these major regressive periods (Dingle, 1973a,
1986; Birch et al., 1991; Wigley, 2004).

South Coast Margin
The Upper Cenozoic sediments have undergone significant post-Pliocene erosion which removed
much of the Neogene limestones, particularly on the outer shelf area between Cape Seal and Cape
St. Francis (Rogers, 1971; Dingle, 1973c). Quaternary quartzose sandy and muddy sediment deposits
along the South Coast margin are confined to the middle and outer shelf area in a narrow strip
adjacent to a wide rocky nearshore-platform/inner shelf terrace (Rogers, 1973; Gentle, 1987) (Fig.
2.20). The Columbine Agulhas Arch basement high is situated across the centre of the Agulhas Bank
and extends roughly 175 km offshore from Cape Baracouta in a south-west to north-east orientation
(Figs. 2.12 & 2.17). It consists of scattered, folded and faulted rocky outcrops of Cenozoic and
Mesozoic basement rocks and is mainly devoid of Quaternary sediment cover, unlike the
surrounding Agulhas Bank area which is blanketed by thick Quaternary sediments (Fig. 2.20) and acts
as a major geological divide between the east and west Agulhas Bank regions (Rogers, 1973).
Towards the edge of the outer shelf area the Quaternary sediments are relatively thin and Cenozoic
sediments are often exposed (Dingle, 1970b).
Parallel Pleistocene aeolianite dune ridges extend from the coastline out to the inner shelf area
between Cape Seal and Cape Padrone, especially in the Wilderness area where large coastal dune
cordons exist (see Section 5.3 in Chapter 5) (Dingle et al., 1983; Martin and Flemming, 1986). Shoals
of up to 14 sub-parallel ridges exist off the Wilderness embayment (between Cape St. Blaize and
Cape Seal), with deeper lying ridges almost completely covered by Holocene sediments. These ridges
were most likely formed by several transgressive-regressive couplets throughout the Pleistocene
with palaeo-shorelines situated at -40 m, -50 to -55 m and at -65 to - 75 m below the present mean
sea level (see Section 2.5) (Tankard, 1976; Siesser and Dingle,1981; Martin and Flemming, 1986).
A thin, coast parallel Holocene sediment wedge is situated adjacent to the rocky nearshore-platform
all along the South Coast margin, similar to that of the West Coast margin (Fig. 2.20). It reaches a
maximum width (30 km) east of Cape St. Blaize and narrows to 5 km east of Cape Seal before
widening again to 30 km off Algoa Bay and further east along the East Coast margin (Martin and
Flemming, 1986; Flemming and Hay, 1988). The thickest Holocene deposits also occur off these two
headlands reaching 20 m off Cape St. Blaize and 54 m off Cape Seal (Fig. 2.20) (Martin and Flemming,
1986). Its position and shape is influenced by fast bottom flowing currents (that forms part of the
Agulhas Current), the east flowing littoral current (influenced by the predominant SW wave direction
and surface wind), as well as Pleistocene aeolianite ridges along the inner shelf area, situated
between Cape St. Blaze and Cape Seal (Martin and Flemming, 1986). These submerged dune ridges
act as dams to the river-derived terrigenous sediments or as landward barriers against the influence
of the westward sweeping Agulhas Current and eastward swell driven sediments (Flemming, 1978;
Martin and Flemming, 1986).

East Coast Margin
The Zululand and Maputuland Coastal Plains are blanketed by a thick Quaternary succession that
stretches all the way inland up to the Lebombo Mountains and continues northwards across the
entire Mozambique Coastal Plain (Figs. 2.11 & 2.20) (Dingle, 1977; Hobday, 1982; Dingle et al.,
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1983). Quaternary sediments overlie Neogene strata with a relatively flat unconformity displaying
various nick-points, situated at depths of and ± -40 m, 50-55 m, 75-80 m and 100-105 m, which
suggest sea level still-stands at these depths during the numerous sea level regressions throughout
the Cenozoic (see Section 2.5) (Martin and Flemming, 1986). Pleistocene calcarenites, which are
exposed all along the northern KwaZulu-Natal shoreline, show clear evidence of the glacio-eustatic
sea level fluctuations throughout the Quaternary (Hobday, 1982).
Early Pleistocene unconsolidated sediments occur on the outer shelf area, while linear offshore
relict, Late Pleistocene aeolianite dune cordons exist along the inner to outer shelf area, running
almost parallel to the present coastline between water depths of -20 up to -70 m, and stretching as
far south as East London (Figs. 2.22 & 2.23) (Flemming, 1980; Birch, 1982; Martin and Flemming,
1988; Ramsay, 1994). These dune cordons are the result of major fluctuating sea levels throughout
the Quaternary (Flemming, 1978, 1980; Tankard et al., 1982; Hobday, 1982; Birch, 1982; Ramsay,
1991) and are mantled by thin unconsolidated Holocene sediments that have been reworked and
redistributed by energetic gyres and eddies associated with the southward flowing Agulhas Current
(Flemming, 1980; Green, 2009). They are especially evident along the Zululand coastline where as
many as six parallel dune cordons exist between water depths of -65 and -100 m (Davies, 1976).
Near Durban and north of St. Lucia these dune cordons also extend onshore forming the prominent
Durban Bluff for example (Fig. 2.23) (McCarthy, 1967; Martin and Flemming, 1986; Cawthra, 2010).
They generally overlie a benched and wave-cut platform and include major bathymetric features
such as the Protea Banks and Aliwal Shoals (see Section 5.4 in Chapter 5), which both formed as part
of an extensive dune ridge during the last prolonged -68 m sea level low stand and currently acts as
a barrier against the Agulhas Current leading to Quaternary sand build up on its shoreward margin
(Fig. 2.23) (Flemming, 1981; Tankard et al., 1982; Bosman et al., 2005). These calcarenites are also
rich in heavy minerals such as ilmenite, zircon and magnetite which have been mined along certain
parts of the Zululand and Maputuland Coastal Plains.
Holocene sediments blanket the inner to middle shelf area, forming a 10-20 m thick sediment wedge
on top of a basal biogenic conglomerate and sand-depleted gravel pavement (Flemming, 1981;
Martin and Flemming, 1986; Flemming and Hay, 1988; Birch, 1996; Ramsay et al., 1996; Cawthra,
2010). This Holocene sediment wedge is situated along the entire East Coast margin (Figs. 2.20, 2.22
& 2.23), reaching a maximum width of ±40 km where it overlies a large part of the Tugela Cone
(Martin and Flemming, 1986). Other features along the KwaZulu-Natal, Zululand and Mozambique
coastlines include beach foreshore deposits, raised beach deposits and a lagoonal and transgressive
barrier succession (Flemming, 1981; Martin and Flemming, 1986). Two large onshore coastal lake
systems exist along the Zululand Coastal Plain, namely Lake St. Lucia and Lake Sibaya (Fig. 2.22).
They were formed as a result of several palaeo-drainage valley incisions and fill episodes
corresponding to the Late Cretaceous to Cenozioc marine regressions, but mainly to the Latest
Pleistocene- Last Glacial Maximum (LGM) (see Section 2.5), and can be linked to the initial
development of the Wright and Leven submarine Canyons that lie on the adjacent continental shelf
and slope areas (Fig. 2.22) (Cooper and Mason, 1987; Cooper et al., 2011; Green, 2009a).
The Northern KwaZulu-Natal continental margin has several shelf-indenting submarine canyons all
along the continental shelf, the majority of which are confined to the upper continental slope
between Lake St. Lucia and Lake Sibaya (Figs. 2.22) (Green et al., 2007; Green, 2009a, 2009b). These
northern KwaZulu-Natal canyons are mainly the result of slope failure and slumping of the shelfedge wedge, due to rapid terrigenous sediment accretion on the continental shelf break, from the
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Late Pleistocene LGM onwards, since they only indent the continental shelf (as opposed to cutting
across the entire continental shelf/slope such as the Cretaceous to Cenozoic Cape Canyon, Cape
Point Valley, Olifants Valley and Tugela Canyon) and show no evidence of underlying palaeochannels exist, except for in the vicinity of the Wright and Leven Canyons (Green and Uken, 2008;
Green, 2009a; Green et al., 2013).

Figure 2.22 Map indicating the Cenozoic and Quaternary sedimentary environment along the northern KwaZulu-Natal
continental margin. Numerous small, shelf indenting submarine canyons exist along the shelf break between Lake St. Lucia
and Lake Sibaya (canyon positions were correlated with those of Green and Uken, (2008); Green, (2009a); and Green,
(2011)). The offshore geology has been adapted from Martin and Flemming (1986).
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Southwards between Richards Bay and Port St. Johns several shelf indenting submarine canyons
exist, of which the most prominent canyons (the St. Johns, Mzimvubu, Mzimkulu and Umzumbe
Canyons) exhibit both fluvial and slope failure characteristics, the former which may be
attributed to the large adjacent on land river drainage systems (Fig. 2.23). The fast south flowing
Agulhas Current also has had a major effect on the Quaternary sediment dispersion on the East
Coast continental margin and is described in detail in Section 2.4.

Figure 2.23 Map indicating the Cenozoic and Quaternary sediment dispersal along the southern KwaZulu-Natal and northern Eastern Cape
continental margins. Numerous relict shelf indenting submarine canyons exist along the outer shelf and shelf break. The offshore geology
has been adapted from Martin and Flemming (1986).
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2.4 Physical Oceanography along the South African Continental Margin
The major current systems that influence the South African continental margin today are the
Benguela and Agulhas Current Systems. The Benguela Current System is situated along the West
Coast Margin and is affected by the Benguela Upwelling System and various poleward flowing
undercurrents. Along the East and South Coast margins the Agulhas Current System prevails (Fig.
2.24).

West Coast Margin
North of Cape Town a strip of cold (±9°C), poorly saline surface water, known as the Benguela
Current System (BCS), penetrates as far as 20°S with a mean velocity of 24 cm/s (Harris and
Shannon, 1979; Emery et al. 1992) and a maximum velocity of 50 cm/s (Stander, 1964). The BCS
forms part of the subtropical, anti-cyclonic gyre of the South Atlantic (Peterson and Stamma, 1991;
Inthorn, 2005) and consists of two branches: the main Benguela Oceanic Current (BOC) and the
smaller Benguela Coastal Current (BCC) (Fig. 2.24). The BCC component reaches as far north as 14˚S
along the Namibian continental shelf before being deflected westwards by the Angola Current
(Mohrholz et al., 2001; Inthorn, 2005). To the south the BCS is separated from the warmer Agulhas
Current by an area called the Agulhas Retroflection Zone, but occasionally the warm Agulhas Current
water intrudes into the southern Benguela Current wrapping around the Cape Peninsula headland
(Shannon and Nelson, 1996).
The Benguela Upwelling System (BUS) forms seven major centres of upwelling along the western
continental shelf margin of southern Africa (Fig. 2.24) and are known as the Kunene (17˚S), Namibia
(19˚S), Walvis (22˚S), Lüderitz (25˚S), Namaqua (29˚S), Columbine (32˚S) and Peninsula (34˚S)
upwelling centres (Lutjeharms and Meeuwis, 1987; Shannon and Nelson, 1996; Inthorn, 2005). This
water mass originates from strong upwelling of deeper offshore water from depths of -300 to -500
m in the southern and central regions and -150 to -200 m in the north. South-easterly trade winds
throughout the year cause Ekmann Drift of surface waters resulting in the upwelling of colder, subthermocline waters (Shannon and Nelson, 1996; Inthorn, 2005). Upwelling occurs throughout the
year with maximum upwelling taking place during summer in the south and during spring in the
north. Being rich in nutrients, primary production is extremely high and it supports a vast amount of
plankton and other marine life (Simpson, 1971). Almost all the up-welled water is derived from a
central water mass, which moves generally northwards at a depth of -200 to -250 m, but north of
25°S this water flows offshore and a southward flowing counter-current (“compensation current”)
appears. The upwelling process causes both the Antarctic Intermediate Water (AIW) (-600 to -800
m) and the North Atlantic Deep Water (NADW) (-2000 to -3000 m) to be raised nearer to the
surface. Prominent topographic features such as the Cape Canyon, Childs Bank and the broadened
Orange shelf (Fig. 2.24) are associated with locally intensified upwelling (Simpson, 1971).
Along the West Coast continental shelf two water masses can be found beneath the north flowing
Benguela Coastal Current System. Below the thermocline the fresh, nutrient poor Eastern South
Atlantic Water with the salty, nutrient rich, oxygen poor South Atlantic Central Water (SACW) below
that, both moving as a strong Poleward Undercurrent towards the south (Hart and Currie, 1960;
Inthorn, 2005) (Fig. 2.24). Further offshore (adjacent to the continental shelf) at water depths of
more than -700 m, the south flowing, cold Antarctic Intermediate Water and North Atlantic Deep
Water currents reside (Fig. 2.24).
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Figure 2.24 Map indicating the physical oceanography along the continental margin of southern Africa. ARZ- Agulhas Retroflection Zone; BCC - Benguela Coastal Current; BOC - Benguela Ocean Current; AIW - Antarctic Intermediate Water; NADW - North Atlantic Deep Water (Flow paths compiled after Bang and Pearce
(1976); Flemming (1981); Dingle et al. (1987); Toole and Warren (1993); Inthorn (2005); Ansorge and Lutjeharms (2007); Schlüter and Uenzelmann-Neben (2008)).
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Terrigenous sediment dispersal along the West Coast continental shelf is illustrated in Figure 2.25
below. Terrigenous sediments dispersed by major river systems such as the Orange, Olifants and
Berg Rivers are either carried northwards by means of longshore drift currents or southwards by
means of poleward undercurrents. Coarser sandy sediments are transported northwards and end
up on land forming part of the expansive Namib Desert north of the Orange River, whist finer muddy
and clay sediments are either deposited southwards along the thin, elongated Holocene Mudbelt
(situated between the inner and middle shelf area) by the poleward undercurrents, or dispersed
further off shelf along the Olifants Valley and Cape Canyon (Fig. 2.25) (Birch, 1977; Rogers, 1977;
Birch et al., 1991; Rogers and Bremner, 1991; Meadows et al., 2002; Rogers and Rau, 2006; Herbert,
2009).

Figure 2.25 Terrigenous sediment dynamics of the West Coast Margin of South Africa (Image modified from Herbert (2009)).
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South Coast Margin
Both the East Coast and South Coast margins of southern Africa are dominated by the fast moving,
warm and relatively wide (± 100 km), poleward flowing Agulhas Current System (Fig. 2.24). It forms
part of the western boundary current system of the Indian Ocean, receiving its water from the South
Equatorial Current, which separates into the western Mozambique Current and Eastern Madagascar
Current upon reaching the Madagascar subcontinent, and the unites again to form the Agulhas
Current to the southwest of Madagascar (Hay, 1984) (Fig. 2.24). The core of the Agulhas Current
usually flows along the East and South Coast continental shelf edge (although it tends to vary in
position due to weather patterns and wind influence) and westwards of the Mozambique Ridge
where it reaches depths of up to 2500 m (Fig. 2.24) (Bang and Pierce, 1976; Dingle et al., 1987).
Upon reaching the eastern margin of the Agulhas Bank the Agulhas Current System becomes more
complex. Here the Agulhas Current, South Atlantic Current and Benguela Current, as well as
occasional Sub-Antarctic Water from the Subtropical Convergence, merge in an area known as the
Agulhas Retroflection Zone (ARZ) (Rau et al., 2002) (Fig. 2.24). At this retroflection zone the Agulhas
Current turns back on itself and most of the water is directed eastwards as part of the Agulhas
Return Current (Lutjeharms and van Ballegooyen, 1988) which generally follows an irregular circular
path before either joining the east flowing South Indian Ocean Current or rejoining the south-west
flowing Agulhas Current (Figs. 2.24 & 2.26). During this process the retroflection loop can occlude to
pinch off a large eddy current, known as an Agulhas Ring (Fig. 2.24), that will continue on westwards
into the South Atlantic Ocean (Rau et al., 2002).

Figure 2.26 Terrigenous sediment dynamics of the South Coast Margin of South Africa (Image modified from Martin and Flemming (1986); Birch et al. (1986)).
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Lee eddies are also present to the west of the Agulhas Bank and are driven by the movement of the
Agulhas Current past the eastern side of the Agulhas Bank (Penven et al., 2001; Rau et al., 2002). The
erosional effect of the Agulhas Current can clearly be observed along the outer margin of the
continental shelf along the South and East Coast margins of South Africa. The core of the Agulhas
Current generally exceeds speeds of 2 m/s (4 knots) and is located just seawards of the continental
shelf break, which is why Late Tertiary and Quaternary sedimentary cover along the South Coast
continental shelf is mostly absent (Dingle, 1970b) along the outer shelf and upper slope areas.
Terrigenous sediments deposited onto the outer shelf area are usually swept away by the Agulhas
Current and dispersed onto the lower shelf and adjacent deep ocean basins such as the Natal Valley
and Transkei Basin (Fig. 2.22).
Bottom currents along the deeper lying areas of the South Coast Margin of South Africa are
dominated by the North Atlantic Deep Water (NADW) which is redirected around the Agulhas Bank
(Fig. 2.24) by the east flowing South Atlantic Current towards the Natal Valley and adjacent
Mozambique Basin via the Agulhas and Transkei Basins as well as eastwards along the Agulhas
Return Current (Toole and Warren, 1993; Schlüter and Uenzelmann-Neben, 2008). The Antarctic
Bottom Water can be found along the Agulhas and Transkei Basins where it is mainly influenced by
the east flowing Agulhas Return Current and South Atlantic Current (Toole and Warren, 1993).

East Coast Margin
The East Coast margin of South Africa is dominated by the strong, southwest flowing Agulhas
Boundary Current (Fig. 2.24) which has been a major influence on sedimentation on the continental
shelf and adjacent Natal Valley since the Early Cretaceous (Dingle et al., 1978; Martin, 1981a, 1981b,
1984; Martin et al., 1982; Martin and Flemming, 1988). The core of the southwest flowing Agulhas
current is situated along the entire East Coast continental shelf, just seaward of the shelf break (Figs.
2.22, 2.23 & 2.24). It is responsible for a relatively thin, sediment covered and eroded middle and
outer shelf area along the entire East Coast continental margin as well as the eastern part of the
South Coast continental margin.
Morphologically the inner shelf area is dominated by a nearhore sand prism whilst the outer shelf
consists of a gravel pavement due to the erosional nature of the fast flowing Agulhas Current (Figs.
2.22 & 2.23) (Flemming, 1980, 1981). The nearshore zone (up to -60 m water depth) is dominated by
a high-energy swell regime with an underlying sandy sediment wedge (Figs. 2.27 & 2.28) (Flemming,
1980, 1981; Flemming and Hay, 1988). Excess sediment is transported along shelf by an Agulhas
Current dominated sand stream (situated along the middle shelf) until it is dispersed off-shelf at one
of three major structural offsets (Figs. 2.27 & 2.28) along the East Coast margin off Durban, Port St.
Johns and Port Elizabeth (Flemming, 1980, 1981; Flemming and Hay, 1988). From here it is carried
further south-eastwards but it is still unclear where these sandy sediments are deposited. Along
some parts of the East Coast Margin (between St. Lucia and Port Shepstone) a drowned Pleistocene
dune ridge, situated along the edge of the inner shelf area, shelters the nearhore sediment wedge
from the Agulhas Current (Figs. 2.22 & 2.23) (Flemming, 1980; Martin and Flemming, 1986).
Multiple cyclonic (clockwise) eddies occur in a large coastal bight between Cape St. Lucia and Durban
(Malan and Schumann, 1979) as well as in a smaller structural offset near Port St. Johns (Harris,
1978). On the southern margins of the Richards Bay structural offset (Fig. 2.26a) and Waterfall Bluff
structural offset (Fig. 2.26b), the velocity of the Agulhas Current and the shape of the shelf causes
leeward cyclonic eddies (Flemming, 1980). These eddies also play a major role in Quaternary
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Figure 2.27 Map indicating the major physiographic features of the continental shelf between Port St. Johns and Richards Bay with a
bedload parting zone situated off Scottburgh (Image modified from Flemming, (1980), (1981)).
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Figure 2.28 Map indicating the major physiographic features of the South African continental shelf between Richards Bay and Kosi Bay with
a bedload parting zone situated to the south of Lake St. Lucia (Image modified from Flemming and Hay (1988)).
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sediment dispersal and the resulting shelf morphology on the middle and inner shelf areas. Bottom
currents along the East Coast Margin are dominated by the North Atlantic Deep Water (NADW)
which enters the Natal Valley via the Agulhas and Transkei Basins respectively (Toole and Warren,
1993; Schlüter and Uenzelmann-Neben, 2008). Part of the NADW crosses a saddle in the
Mozambique Ridge (31°S) while the rest returns along the eastern boundary of the Natal Valley (Fig.
2.24) before rounding the southern edge of the Mozambique Ridge into the Mozambique Basin and
continuing northwards towards the equator. The Antarctic Bottom Current exits the Transkei Basin,
rounding the southern edge of the Mozambique Ridge before entering the Mozambique Basin
beneath the northward flowing NADW core (Toole and Warren, 1993).

2.5 Cenozoic Sea Level Fluctuations
Numerous authors including King (1967); Truswell (1970); Dingle (1971c), (1973c); Dingle and
Scrutton (1974); Siesser and Dingle (1981); Tankard et al. (1982); Dingle et al. (1983); Dale and
McMillan (1999); Compton (2001); as well as Ramsay and Cooper (2002) have discussed the
Cenozoic sea level fluctuations around southern Africa. This section summarises the key aspects of
these sea level fluctuations throughout the Cenozoic Era and focuses on the bathymetric features
that may have formed as a result. Although the present coastal environment was established by the
end of the Cretaceous (85 Ma), it has continued to evolve during the Cenozoic as a result of changes
in sediment supply, tectonic uplift and subsidence, cycles of erosion (especially during major sea
level regressions) and most importantly eustatic sea level movements (Tankard et al., 1982). In
general, the accumulation of Cenozoic sediment on the margin of southern Africa has been limited
by lack of accommodation space, which reflects a combination of tectonic uplift and changes in sea
level, especially during major marine regressions when most of the sediments are distributed off
shelf into the adjacent deep ocean basins.
The Cenozoic sea level curve for southern Africa is not well known but the onset of the current Ice
Age since the Oligocene has resulted in large scale sea level fluctuations in response to variations in
Antarctic ice volume. Establishment of the permanent East Antarctic ice sheet by the middle
Miocene removed significant amounts of water from the ocean and the onset of periodic Northern
Hemisphere glaciation since 2.7 Ma has resulted in large-amplitude, Milankovitch sea level
fluctuations particularly since 0.9 Ma (Elderfield et al., 2012). Shelf sedimentation and erosion were
impacted by these sea level fluctuations as reflected in the bathymetry of the shelf. These impacts
are explored in more detail in Chapter 5 of this thesis.
2.5.1 Cenozoic (Tertiary) Sea Level Fluctuations
Eustatic effects due to inflation and contraction of Mid-Oceanic Ridge systems (tectono-eustacy)
caused substantial worldwide sea level transgressions and regressions during the Late Cretaceous
and Tertiary (Tankard et al., 1982). The volume of the ocean basins was influenced by elevation
/subsidence and/or accelerating/decelerating spreading rates of Mid-Oceanic Ridge systems with a
change in any one of these causing sea level fluctuations (causing either a transgression/rise or a
regression/fall in sea level) (Siesser and Dingle, 1981). Tectonic epeirogenesis (uplift) caused two
major marine regressions during the Late Cretaceous and Middle Tertiary, while local subsidence
also played a major role in the Early and Late Tertiary marine transgressions.
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a)

b)

c)

Figure 2.29 (a) A rough estimate of the sea level variations since the Late Cretaceous (after Siesser and Dingle (1981); Dingle et al. (1983)). White
lines indicate sea level maximum and minimum. (b) Glacial to interglacial climate cycles from composite marine oxygen isotope record (Lisiecki
and Raymo, 2005) and derived relative sea level since 3 Ma (Britanja and van de Wal (2008) - dark blue; Waelbroeck et al. (2002) - light blue)
(Image modified from Compton, 2011). (c) The global eustatic sea level curve according to Waelbroeck et al. (2002) showing the glacial to
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interglacial cycles (1 through 11) during the last 450 thousand years (Image modified from Cawthra (2010)).

The Tertiary sea level curve for southern Africa (Fig. 2.29a) (Dingle and Scrutton, 1974; revised by
Siesser and Dingle, 1981; Dingle et al., 1983) is a generalised curve indicating the gross direction of
sea level movements (Siesser and Dingle, 1981). It is based on the reported ages of onshore and
offshore sedimentary deposits, micro-palaeontological (along with marine fossil records), seismicprofiling as well as other global sea level curves (by Vail et al., 1977; Haq et al., 1987), especially the
sea level curve of Australia, which correlates greatly to the southern African sea level curve (Siesser
and Dingle, 1981).
They postulated a major marine transgression occurred during the Campanian to Maastrichtian in
which the sea level reached heights of over 300 meters (Fig. 2.29a). This was followed by a Late
Maastrichtian marine regression (-150 m) caused by a Late Cretaceous epeirogenic uplift and
erosional event (marking the start of the African erosional cycle which extended into the Late
Oligocene) (King, 1967; Truswell, 1970) (Fig. 2.29a). This event was in turn followed by a major Late
Palaeocene to Early Eocene marine transgression (reaching a maximum of 360 m above the present
sea level) (Fig. 2.29a) (Siesser and Dingle, 1982; Tankard et al., 1982; Dingle et al., 1983). This sealevel maximum was terminated by ridge subsidence, beginning 45 Ma, which was followed by a
period of Oligocene-Miocene quiescence on the ridge system (Tankard et al., 1982). Another major
marine regression spanning throughout the Late Eocene to Early Miocene caused sea levels to drop
more than -200 m below the present sea level, reaching its greatest extent probably during the
Middle Oligocene (Siesser and Dingle, 1982) (Fig. 2.29a). This major marine regression is thought to
be the result of an Oligocene tectonic uplift and erosional event across the entire southern Africa,
creating a clearly distinguishable Oligocene erosional unconformity on the continental shelf (King,
1967; Truswell, 1970; Siesser and Dingle, 1982).
An Early Miocene marine transgression (Post-African erosion surface according to King (1967))
caused the sea level to rise again (to ±100 m) followed by a small Late Miocene marine regression
(Fig. 2.29a). This was followed by an extensive but brief, Late Miocene to Early Pliocene (10 Ma),
marine transgression (caused by an increased ridge expansion and subsidence of the Mid-Tertiary
surface along the entire coastline), causing the sea level to rise to around 300 m above the present
sea level (Fig. 2.29a) (Flemming and Roberts, 1973; Tankard et al., 1982). Because the volume of
water in the oceans during the Pleistocene has rarely exceeded the present volume, these relict
shoreline elevations are considered the combined result of oscillating glaciations and de-glaciations,
volumetric changes in the ocean basins together with local epeirogenesis (the latter leading to very
high marine terraces of 210 - 470 m above sea level in the Transkei Swell region) (Tankard, 1976;
Siesser and Dingle, 1981; Tankard et al., 1982). This was in turn followed by a Late Pliocene marine
regression period (accompanied by an increased level of erosion) with an extensive sea level drop to
-200 m below the present Mean Sea Level (Siesser and Dingle, 1982).

2.5.2 Quaternary Glacio-eustatic Sea Level Fluctuations:
The last major marine regression during the Pliocene caused a major erosion cycle of the southern
African coastal margin resulting in the present day continental shelf erosional surface. During the
Quaternary Era the southern African coastline underwent numerous sea level fluctuations (Figs.
2.29b & c), mainly as a result of Glacio-eustacy (glacial to interglacial cycles) in the high latitude
areas, only to modify this erosional surface even further (Maud, 1968; Carington and Kensley, 1969;
Siesser and Dingle, 1981; Tankard et al., 1982). From the Late Cenozoic rapid changes in climate and
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ocean circulation patterns resulted in the aridification of southern Africa, and most importantly lead
to high latitude glaciations. Antarctic ice only grew to its present thickness and extent during the
Late Miocene (10 - 12 Ma) and has remained rather resistant to major climate change since then,
causing only minor sea level changes during glacial to interglacial cycles (compared to the Tertiary
tectono-eustatic sea level fluctuations) (Siesser and Dingle, 1981; Tankard et al., 1982). The first
major ice sheet expansion occurred during the Early Pliocene (4.7-4.3 Ma) (Fig. 2.29a) causing a sea
level lowering of more than -40 m that, combined with epeirogenic uplift of the continental
lithosphere, resulted in a major Pliocene marine regression (Siesser and Dingle, 1981; Tankard et al.,
1982). Since then multiple expansions and contractions during glacial and interglacial climate cycles
influenced sea level fluctuations (Fig. 2.29b).
Evidence of Quaternary sea levels along the Namaqualand coastline was documented by Carrington
and Kensley (1969), each separated by a period of terrestrial sedimentation. Early Quaternary
(Pleistocene) sea level lowstands occurred at -45 to-50 m, -75 to -90 m and -110 to -130 m below
the present mean sea level (Tankard et al., 1982), creating a distinct rocky nearshore-platform along
the West and South Coast Margins as well as wave cut terraces along the South Coast Margin (Fig.
2.29b). The Last Glacial Maximum (LGM) during the Late Pleistocene (16000 - 18000 BP) was around
-128 m below the present sea level, whilst the interglacial minimum was less than 15 m above the
present sea level (Figs. 2.29b & c) (Ramsey and Cooper, 2002). The global Quaternary sea level curve
of Waelbroeck et al. (2002) shows the sea level fluctuations during the last 450 000 years (Fig.
2.29c). It indicates a drop in sea level from -75 to -128 m during the last glacial maximum (±25 - 15
ka) followed by a rapid rise to an interglacial maximum of +3m before dropping to its present level
(Compton, 2001, 2011). The complete melting of the Greenland and Antarctic ice sheets would lead
to an interglacial high stand increasing the present sea level by as much as 65 meters.
The Oxygen Isotope stages (indicated in the grey bands running across Fig. 2.29) refer to climatic
variations based on the variance between Oxygen isotopes O16 and O18 in the sediment records.
These are related to glacial and interglacial periods in Earth history.
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CHAPTER 3: DERIVATION OF THE BATHYMETRIC MAP
3.1 Introduction
The Final Bathymetric Map of the South African Continental Margin produced during this study is
based on single-beam echo-sounding data of the continental shelf area, originally collected by the
Fisheries Division of the Department of Agriculture, Forestry and Fisheries (DAFF). Additional
bathymetric data were obtained from satellite altimetry data from the ETOPO1 - 1Arc-Minute Global
relief Model (Amante and Eakins, 2009) for the area beyond the continental shelf (which is
obtainable from the National Oceanic and Atmospheric Administration (NOAA) website:
www.ngdc.noaa.gov). In this chapter the various techniques used to collect bathymetric data will be
discussed briefly along with the various processes used to construct a bathymetric map. The focus of
this chapter is the processing and post-processing of the single-beam echo-sounding bathymetric
data used to construct the final Bathymetric Map of the South African Continental Margin (Figures
4.1, 4.2 and 4.3 found in Chapter 4 and Appendix B).

3.2 Single-beam echo-sounding
Single-beam echo-sounding was first discovered in 1826 when two physicists, Daniel Colladon and
Charles Strum, succeeded in measuring the speed of sound through water (at an average of 1435
meters per second) whilst experimenting on Lake Geneva in Switzerland in support of earlier work of
Francois Sulpice Buedant, who measured an average sound velocity of 1500 meters per second in
the sea off Marseilles in 1820 (Hersey, 1977). It took more than 90 years before the real significance
of their discovery became known, with its first applications giving rise to such innovations as ship-toship signalling, shore-to-ship signalling and the detection of objects in the water. In the early 19th
century it was established that water depth can be derived by measuring the travel times of sound
pulses reflected off the sea floor, but it was not until the 1920’s that acoustic measurements became
routine commercially.
During World War I and II acoustic systems played a major role in the detection of enemy vessels
(such as submarines) and other equipment which lead to major improvements being made during
this time regarding the size, accuracy, resolution as well as data-processing capabilities of acoustic
systems. They have undergone particularly rapid advances since World War II, with not only the
equipment being greatly improved and commercialized, but also the global positioning accuracy
(with the usage of satellite GPS and DGPS systems becoming standardized equipment resulting in pin
point positional accuracies) and computer data-processing capabilities (including data-acquisition
and processing software). Today acoustic high-resolution mapping of the seafloor has become an
integral part of any marine geophysical, geological and oceanographical study, with the conventional
single-beam echo-sounding systems giving way to the modern multi-beam swath sonar systems as
the standard survey equipment. Single-beam echo-sounding systems have switched from analog to
digital recording, resulting in greater precision and higher accuracies in the data and are still used as
the principal tool in other types of surveys, such as fish detection, and for general bottom tracking
onboard most modern marine vessels.
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General Principle:
A conventional, single-beam echo-sounder records the time taken for a sound pulse to travel from a
hull-mounted (or towed) transducer to the sea floor and back again. The water depth is then equal
to half the product of the two-way transit time (t) and the mean vertical sounding velocity (Vw) after
a small correction has been added for the transducer depth (Jones, 1999). Below is the general
formula for determining the water depth:
Water depth (d) = ½ Vw t

This implies that when a sound pulse is generated by a source, or transducer (which also acts as the
detector in the case of single beam echo-sounding), it will travel along a straight path of distance d,
from the source to the reflector and then back again to the detector (Fig. 3.1). If the vertical velocity
of the sound transmission through water is Vw , then the time of transmission from source and back
is t =2d/ Vw . Because both the time and the sound velocity can be measured (the latter can be
measured with the use of a Sound Velocity Profiler - Appendix A), the value for d can thus be
calculated (Keen, 1986).

Figure 3.1 A typical echo-sounding profile (Image modified from M.J. Keen (1986)).

Sound Velocity:
The average velocity (Vw) of a sound pulse travelling vertically through the seawater column is
approximately 1500 m s-1, but ranges between 1400 m s-1 and 1600 m s-1 depending on changes in
temperature, pressure and salinity (Fig. 3.2). Temperature change is the dominant factor for sound
velocity variation between the surface and the lower limit of the thermocline, thereafter pressure
becomes the principal influence (Fig. 3.2) (Jones, 1999; IHO Manual on Hydrography, 2005).The
sound velocity generally decreases along with a decrease in temperature at a rate of 4.5 m/s per
variation of one degree Celsius. Certain thermal layers in the water column (thermoclines) exist
(normally situated between water depths of -200 to -500 m) which influences the temperature
gradient dramatically resulting in a marked change in sound velocity when passing through such a
layer (Fig. 3.2) (Jones, 1999; IHO Manual on Hydrography, 2005). For any 1% alteration of salinity the
rate of sound velocity change equals approximately 1.3 m/s whilst the change in sound velocity is 1.6
m/s for every alteration of 10 atmospheres of pressure (± 100 m) (IHO Manual on Hydrography,
2005).
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Figure 3.2 Graphs indicating variation of temperature (A), salinity (B), pressure (C) and sound speed (D) in the Central Pacific at 39°N,
146°W. A sound speed minimum occurs at -650 m which is just below the lower limit of the thermocline (Pickard and Emery, 1990) (Image
reproduced from Jones (1999)).

Sound Propagation through sea water:
Sound propagation through sea water is generally influenced by Transmission Losses which may be
due to the following factors:
(a) Attenuation is the loss in energy of a propagating acoustic wave due to absorption, spherical
spreading and scattering by particles in the water column. The absorption rate is influenced by the
physical and chemical properties of sea water as well as the frequency used, for example above
100 kHz the absorption coefficient will increase with the increase in temperature (Fig. 3.3) thus
decreasing the sonar range (IHO Manual on Hydrography, 2005). The spherical spreading is
dependent on the eometry: for a solid angle the acoustic energy spreads over a larger area as the
distance from the source increases. Losses from scattering are mainly due to marine organisms in
the water column including the deep scattering layer (DSL) that comprises of a layer of plankton
whose depth varies throughout the day and tends to rise to the surface at night (IHO Manual on
Hydrography, 2005).

Figure 3.3 The Absorption Coefficient (Source: IHO Manual on Hydrography (2005)).
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(b) Refraction and Reflection are processes in which the direction of a propagating acoustic wave is
altered due to a change in sound velocity within the propagating medium or as the energy passes
through an interface, representing a sound velocity discontinuity between two media (IHO Manual
on Hydrography, 2005). Reflection (or scattering) is a function of the size, density and concentration
of any foreign bodies present in the sound path as well as the frequency of the sound wave and can
be caused by the sea floor, organic particles, marine life, bubbles or temperature variations (IHO
Manual on Hydrography, 2005).

Acoustic Parameters:
(a) Frequency:
The high frequency sound pulse, which is used to measure water depth, is transmitted to the water
using either a piezoelectric (used for frequencies of 10 kHz and higher) or magnetostrictive
transducer (used for lower frequencies) (see Appendix A). These transducers convert electrical
energy into elastic energy, which is then propagated through the water column towards the sea
floor and reflected back to the receiver. The higher the frequency of the sound wave is, the higher
the attenuation through the water column and the lower the range and penetration of the sound
signal into the seafloor sediments (Jones, 1999). Lower frequencies (10-15 kHz) are generally used
for deep-ocean soundings and have lower resolution, while higher frequencies (~30-210 kHz) are
used for shallower areas, such as continental shelves, because of faster rise times of the outward
pulses (which are typically 0.2 - 0.3 m/s) and have much higher resolution (Jones, 1999; IHO Manual
on Hydrography, 2005).
The frequency of maximum power transmission (resonance frequency) and the band width indicates
the transducer’s quality factor (Q). If fr is the resonance frequency and f1 and f2 are frequencies (Fig.
3.4) corresponding to half of the resonance frequency, the band width (W) can be calculated as f2 –
f1. The transducer’s quality factor is the equal to: Q = fr / W (IHO Manual on Hydrography, 2005).

Figure 3.4 Transducer band width and resonance frequency (The gain implies signal amplification) (Image source: IHO Manual on
Hydrography (2005)).

(b) Beam shape:
A sound pulse is transmitted in a conical shape with a main lobe, having a half-angle at the -3dB
power point of 1- 40°, as well as multiple side lobes which are created due to partial constructive
interference (Fig. 3.5a).
The beam width (bw) is commonly defined by the beam angle (Ψ) at the –3 dB level, that is to say the
angular aperture corresponding to half power referred to the beam axis (Fig. 3.5a):
bw= 2 θ-3dB
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The depth measurement is performed in any direction within the cone defined by the beam width.
The beam width is related to the physical dimensions of the transducer and to the frequency of the
acoustic pulses. For instance, the beam width at the -3 dB level from a circular transducer, with a
specific diameter (D), can be approximated by:
bw = 60 λ / D (degrees)

The radius of the acoustic beam where it intersects the ocean floor in a circle (or “footprint”) can be
calculated by:
tan (0.5Ψ) = Radius/depth

For example at a water depth of -100 m and a beam angle (Ψ) of 40° the acoustic beam of a circular
transducer will intersect the ocean floor in a circle with a radius of about 36.39 m (Fig. 3.5b), whilst a
1° beam will intersect the ocean floor with a circle having a radius of less than 1.00 m.
(a)

(b)

Figure 3.5 (a) Directivity pattern of a circular echo-sounder transducer. The source is assumed to be circular with a diameter of 5 times the
wavelength of sound in water at the transmitted frequency. A deviation loss occurs for sound waves moving at an angle of more than 40°,
with the strongest return coming from the most vertical moving sound waves .The beam angle is equal to 20° at the half power level of 3dB (Image modified from Ingham (1975)). (b) The relationship between the depth and beam angle in calculating the radius of the acoustic
beam of a circular transducer. The beam angle is 40° at the half power level of -3 dB, the depth 100 m and a beam radius of 36.3 m.

A narrower beam will therefore produce a much smaller footprint and generate higher resolution
bathymetric data than a wider beam (Fig. 3.6). The beam width mainly depends on the size and
shape of the transducer as well as the frequency and beam angle of the transmitted pulse (IHO
Manual on Hydrography, 2005).

Figure 3.6 In single-beam echo-sounding a narrow beam will generate higher resolution bathymetric data that reflects the true nature of
the sea floor more closely than a wider beam (Source: IHO Manual on Hydrography (2005)).
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(c) Pulse Length:
The pulse length determines the amount of energy transmitted into the water in order for an
acoustic pulse to travel from the transducer to the sea floor and back to the receiver. The greater
the depth, the more energy is required which in turn means the longer pulse length needed. For
example a 0.3 millisecond pulse length can be used for water depths up to 200 or 400 m whilst a 1 to
5 millisecond pulse length is needed for depths of 2000 m and more (IHO Manual on Hydrography,
2005).
The minimum distinguish-ability of an echo-sounder is equal to half a pulse length. Since sound
travels at approximately 1500 m/s (V), a pulse with a frequency (f) of 15 kHz and a duration of 1 m/s
will have a wavelength of 0.1 m (λ = V/f) and a pulse length of 1.5 m (IHO Manual on Hydrography,
2005). The resolution corresponding to that pulse length is then 0.75 m.
The seafloor will return more power to the transducer from those parts lying at right angles to the
ray paths than from parts that will reflect the power away from the transducer. If the acoustic beam
is at an angle to the seafloor the slant range resolution can be calculated as half the effective pulse
length (Fig. 3.7a) (IHO Manual on Hydrography, 2005).
If the echo-sounder is tilted by angle θ due to ship roll (Fig. 3.7a), the effects of this tilt are:
(a) The resolution of the slant range R s decreases because the effective pulse length L pe increases.
(b) The effect of the tilt angle θ on depth D (Fig. 3.7a) is D = R s cosθ and the depth bias is R s
(1− cosθ) if θ is not accounted for (The bias can be removed if θ is known). The effect of an error
δ R s in the slant range R s on D is δ D = δ R s cosθ.

Figure 3.7 (a) The effective pulse length, grazing angle and slant range resolution with the echo-sounder tilted at an angle of θ against a
flat sea floor. (b) The depth error (δ D) as a result of the seafloor being tilted at an angle of α to the acoustic beam (Images modified from
IHO Manual on Hydrography (2005)).

If the bottom is tilted by an angle α, as indicated in Figure3.7b, the effect on D is δ D = (D −δ D)
tanα tan β /2, which is approximately equal to D tanα tanβ /2 (IHO Manual on Hydrography, 2005).
The measured depth value is thus somewhat shallower (resulting in a depth error of δ D) than the
true depth as result of the first echo returning from the highest point lying at a right angle to the ray
path(shortest path back to the transducer), rather than the point at the centre of the acoustic beam
(see Fig. 3.10).
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Effective Resolution:
The Resolution of an echo-sounder can define either its measuring precision or detection
capabilities. It is a function of the pulse duration, angle of incidence of the acoustic wave front on
target, nature of target as well as the beam width of the transmission (IHO Manual on Hydrography,
2005). The lateral resolution is rather limited compared to the vertical resolution, which is mainly
dependent on the timing and the vertical motion of the vessel. However, echoes from reflectors not
in the vertical plane, such as the isolated peak (acting as a point reflector) in Figure 3.1, will produce
side echoes which can reduce the vertical resolution (Keen, 1986).
In addition to a strong primary bottom return, multiple echoes are possible from a second and third
transit of the sound pulse through the water column after reflection from the sea floor surface
(Fig.3.8). Distortion in the echo-sounder data also arises from variations in seawater sound velocity
with increasing depth, objects present in the water column (such as schools of fish and kelp forests),
self noise (mainly machinery, electronic, flow and cavitation noises) as well as ambient noise
(hydrodynamic, seismic, biological and marine traffic). For example: layers of plankton or nekton
commonly produce a ‘Deep Scattering Layer’ whose depth can vary throughout the day.

Figure 3.8 Multiple echoes resulting from reflection of the sound pulse by the sea surface (38 kHz sounding profile of the West Coast
Margin Holocene Mudbelt courtesy of the Department of Agriculture, Forestry and Fisheries).

Errors in single-beam echo-sounding:
When the seafloor is inclined the dip derived from the echo-sounder record (φ0) is sometimes less
than the true dip (Ѳ0) because the bottom echo travels along a path normal to the prevailing slope
(Jones, 1999)(Fig. 3.9a). For example if r1 is the recorded depth whilst the vessel is at point A (Fig.
3.9a), the depth directly beneath the vessel, z1, is given by:

As the slope changes along the ship’s track, echoes from point R are received whilst the vessel is at
point B (Fig. 3.9b). If r2 is the recorded depth at point B then the true seafloor depth at reflection
point R, z2, is:
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Where φr is the dip of the of the sea floor at point R derived from the echo-sounder trace. The
horizontal distance from the reflection point to ship, x, is:
x = r2 tan φr

Figure 3.9 Single-beam echo-sounding above a sloping seafloor for: (a) uniform dip (b) variable dip (Images adapted from Jones (1999)).

If gradients are so steep that ray paths fall outside the main transducer beam then the bottom may
be weakly recorded on side-lobes or not at all. Diffuse echoes from steep slopes are returned as a
result of backscatter and specular reflection from limited areas with surfaces normal to the
transducer, while side-echoes often appear to come from point sources which give rise to
characteristic hyperbolic traces on the echo-sounder record (Fig. 3.10). A steep slope may produce a
series of incomplete hyperbolae on the sound recording (at vessel positions C and D in Fig. 3.10)
(Jones, 1999; IHO Manual on Hydrography, 2005).

Figure 3.10 Areas of rough topography result in hyperbolic traces on the echo-sounder (Image adapted from: IHO Manual on Hydrography
(2005)).

Side-echoes can be reduced with the use of a narrow-beam echo-sounder. Narrow-beam echosounders provide higher resolution of topography since they are only responsive to returns from a
small region around the reflection point directly beneath the vessel. Electronic beam-steering also
helps to ensure that the returning energy falls within the main lobe (Jones, 1999).
Other errors in shipboard soundings include sound velocity errors, time measurement errors, pitch,
roll and heave related errors, draught measurement errors, irregular data distribution, variable
resolution and accuracy between different datasets, poor quality of older soundings (prior to the
1980’s) as well as heterogeneous data compilation methods (IHO Manual on Hydrography, 2005).
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These problems can still reduce the quality of bathymetric maps today. Although equipment and
data processing capabilities have improved quite dramatically over the past decade, there is still a
need to use inaccurate data to complete datasets due to the high cost involved in new data
collection.
With the emphasis greatly shifting from broad, low-resolution reconnaissance to narrow, highresolution and more comprehensive investigations, single-beam echo-sounding is quickly becoming
obsolete, giving way to high-resolution, data-intensive multi-beam echo-sounding. Where singlebeam echo-sounders generate only one depth sounding per ping cycle, resulting in a low sounding
density, multi-beam echo-sounders can generate 256/512 beams (in a swath array perpendicular to
the vessel direction) per ping cycle producing an extremely high sounding density. In order to
increase the resolution of a single-beam echo-sounder a narrower beam is required which decreases
the overall efficiency and increases the cost of the transducer.

3.3 Satellite Altimetry
Satellite Altimetry has become a powerful technique for determining deep-sea bathymetry during
the last two decades. Initially, since its inception in 1969, satellite altimeters were used to measure
sea level height in order to determine ocean circulation and to resolve the special variations in
Earth’s gravity field (Sandwell and Smith, 2001). Sixteen years later, dense mapping of the sea
surface by the Geosat, ERS-1 and ERS-2 altimeters (whose data have been declassified by the US
Navy and European Space Agency respectively during the 1990’s), along with repeat-track coverage
by the Topex/Poseidon altimeters (NASA and CNES), has lead to the construction of a detailed ocean
surface topographic dataset (in the form of a global marine geoid or gravity grid) (Sandwell and
Smith, 2001).

Figure 3.11 An Earth-orbiting radar altimeter (Geosat), at an altitude (H) of roughly 800 km, measures height variations in the ocean
surface which is induced by the seafloor topography. A global tracking network along with precise orbit calculations based on the JGM-3
gravity model (Nerem et al., 1994) is used to establish the height (H*) of the satellite above the reference ellipsoid (Image source:
Sandwell and Smith (1997); Smith and Sandwell (2004)).

The shape of Earth (or the Geoid – Surface of Gravitational Equipotential) is determined by
numerous satellites orbiting Earth. The geoid in oceanic areas, however, corresponds to the mean
sea surface to within less than a meter. Satellite radar-altimeters use pulse-limited radar to measure
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the distance between the ocean surface and the altimeter (Figs. 3.11 & 3.14). This distance is
subtracted from the calculated height of the altimeter above the reference ellipsoid, which is in turn
measured by global precise tracking coupled with orbit dynamic calculations, to give a geoid
undulation (Sandwell and Smith, 2001; Sandwell et al., 2001). Topography and density of the sea
floor can produce small anomalies in the magnitude (1 to 400 milliGals) and direction (1 to 400 µrad)
of Earth’s gravity field at the sea surface (see Appendix A). These gravity anomalies cause geoid
undulations in the ocean surface topography which can be measured using satellite altimetry
(Sandwell, 1984; Sandwell et al., 2001).
The principles of radar altimetry (Fig. 3.14) are based on a satellite with respect to the sea surface,
the geoid and the reference ellipsoid. If the altitude of the satellite above the reference ellipsoid is
known then the height of the geoid with respect to the reference ellipsoid, N, is given by:
N = h – Δhs = H1 – H2 - Δhs

Where:

h = height of the sea surface above the reference ellipsoid
Δhs = the separation between the sea level and the geoid

Figure 3.14 The principles of Satellite Altimetry: Measurements for the satellite altitude (H1), range (H2), sea surface height (h), geoid
height (N), dynamic topography (Δhs) as well as the reference ellipsoid all with respect to each other (Image sourced from
http://www.altimetry.info/html). Ground stations track the satellite’s orbit along with a GPS satellite. The Troposphere and Ionosphere
can affect the altimeter’s accuracy.

Δhs is known as sea-surface or dynamic topography, which arises from oceanographic and
meteorological effects such as tidal changes, ocean currents, wind stress and variations in water
density. It is usually more than two orders of magnitude less than height variations in the geoid and
can be greatly reduced by taking time averages of H2 (Jones, 1999).The precision of the height
measurements depend on the certainty of the satellites position with respect to the reference
ellipsoid. This is ensured by flying the satellites in “exact repeat” and “geodetic” orbits, with the
exact repeat orbit resulting in high ‘along track’, but poorer ‘cross-track’ resolution, whilst geodetic
orbits provides a dense and uniform ground coverage, which is generally used for bathymetric
mapping of the Global Ocean Floor (Fig. 3.15) (Jones, 1999; Smith and Sandwell, 2004).
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Figure 3.15 A map showing the track density of four orbital patterns over the Hawaiian Islands. The middle two strips show the dense
track patterns of “geodetic” orbits suitable for Bathymetry mapping from Space; the top and bottom strips are “oceanographic” orbits
used to monitor currents, tides, and climate. From the top: a) the Geosat Exact Repeat Mission (17-day repeat cycle) (22.5° – 25° N); b) the
Geosat Geodetic Mission (168-day repeat cycle) (20° – 22.5° N); c) the ERS-1 Geodetic Mission (35-day repeat cycle) (17.5° – 20° N); d) the
ERS-1/ERS-2/Envisat (35-day repeat cycle) (15° – 17.5° N) (Image source: Smith and Sandwell (2004)).

While shipboard surveys are still the only means of high-resolution (200 m wavelength) sea floor
mapping, moderate resolution (15 -25 km wavelength) can be achieved using satellite altimetry at a
much faster rate and a fraction of the cost. In the wavelength band of 15 to 160 km, variations in
gravity anomaly are highly correlated with seafloor topography, and can thus be used to recover
seafloor bathymetry (Fig. 3.16) (Sandwell and Smith, 2001; Sandwell et al., 2001). Satellite Altimetry
has a much denser and better coverage of the global ocean bathymetry than all the ship sounding
data collected over the past fifty years combined. It also covers large parts of the deep ocean areas,
such as deep ocean basins and trenches, which have yet to be explored using ship-based
bathymetric equipment. A satellite altimeter can survey the entire ocean with a dense (order of 5
km apart) network of ground tracks in little over a year’s time at a resolution of roughly 100 m by
100 m, although the present satellite altimetry datasets available are of much lower resolution
(roughly 10 km by 10 km) (Smith and Sandwell, 2004)(Fig. 3.15).
Errors in altimetry data include the roughness of the ocean surface due to ocean waves creating
short wavelength noise, tide-model error, ocean variability, mean ocean currents, dynamic
topography, ionospheric delay error, tropospheric delay error and electromagnetic bias (Sandwell
and Smith, 2001; Sandwell et al. 2001). Errors in the positioning of the satellite with respect to the
reference ellipsoid can also be present in the form of noise in the tracking system, variations in
atmospheric drag and solar radiation pressure as well as departures from predicted propagation
paths between satellite and ground stations (Jones, 1999). Shallow areas such as continental shelves
present another limitation to satellite altimetry, where short wavelength gravity anomalies caused
by seafloor topography are less prominent than in deeper lying areas. Other factors such as
subsurface density variations, ocean currents, thick seafloor sediment successions, etc., also
influences the effects of gravity on the sea surface, especially in more shallow areas (see Appendix
A). Therefore continental shelf areas still rely heavily on ship based acoustic surveys in order to
obtain moderate and high resolution bathymetric data.
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Figure 3.16 The predicted topography calculated from satellite altimetry measurements (Image source: Rosmorduc et al. (2011)).

3.4 Multi-beam Echo-sounding
The multi-beam echo-sounding system was developed by the United States Navy during the 1960’s.
Originally known as a sonar array sounding system, it uses multiple electrostrictive transducers to
record a large number of sideways reflected signals with depth values being contoured in more or
less real-time in a line (or swath) perpendicular to the heading of the ship (Fig 3.17). Today various
multi-beam systems are commercially available which can be mounted on conventional vessels,
remote operated vehicles (ROV’s) or autonomous underwater vehicles (AUV’s) (Jones, 1999). They
provide much higher resolution data acquisition than single-beam echo-sounders and are exclusively
used for detailed bathymetric studies offering a real-time, high resolution topographic map of the
sea floor directly below the vessel.
Another important improvement is that the multi-beam echo-sounding system provides both
bathymetric data and acoustic data in a swath image format over a large coverage area in a
relatively short period of time, thus reducing the time and cost of surveying. Where the bathymetric
data provide only information relating to seafloor elevation (similar to single-beam echo-sounding),
acoustic data reveals much more detail regarding seafloor shape, texture, roughness and even
composition (using backscatter data), thus improving on the quality and special resolution of the
final bathymetric map.
Multi-beam echo-sounding involves multiple mechanical and electronically stabilized acoustic arrays,
with transducers and hydrophones mounted together in a single hydrodynamic housing (normally
arranged in a “Mills Cross” configuration). The transducers are organised in a swath across the ships
beam and transmit an array of sound pulses every couple of milliseconds (Fig. 3.17). A number of
fore- and aft-directed hydrophones receive the reflected sound pulses and generate them into a set
number of beams (Jones, 1999).
The echo processor unit determines the travel time of echoes received for each beam, and converts
this information into depth and horizontal distance across track. Most commercial units use a set of
hull mounted transducers and intersecting fan-shaped beams to measure depth with a greater than
Chapter 3 – Derivation of the Bathymetric Map

Page 87

0.5% accuracy at angular increments of 1° to 4°, over angular sectors (the swath in Fig. 3.17) ranging
from ±20° to ±75° on either side of vertical. Operating acoustic frequencies range from 12 to 15 kHz
for deep and 30 to 200 kHz for shallow ocean bathymetry. Higher frequencies deliver greater
resolution but at a shorter athwart ships range and thus a smaller overall coverage. Imaging systems
are designed to measure the amplitude of the acoustic reflection from the cross track-direction sidescan beam. Assigning ranges to this acoustic amplitude as a function of time delay, the system
obtains acoustic backscatter information about the cross track profile of the sea floor which can then
be ground truthed and used for geological classification.

Figure 3.17 The principles of multi-beam echo-sounding: The swath is made up of multiple beams, each recording a roughly rectangular
zone with rounded edges. The transmitted acoustic beam is narrow along track and wide across track (area in yellow). The green area
indicates an individual received beam (which is long along track and narrow across track). The blue area indicates the intersection of the
transmitted beam and the individual received beam areas, which provides the footprint for that beam (Image source:
http://www.amloceanographic .com/Background/By_Technology/Multi-Beam_System.aspx).

The amount of multi-beam data collected per hour can be in excess of 30 million data points
depending on the frequencies used and depth at which the data are collected. High data collection
density and system complexity increases the possibility of system malfunction and artefact
generation. To avoid errors precise measurement of the surveying vessel’s pitch, roll and heave is
essential (which is measured by an onboard motion referencing unit) along with precise GPS
coordinates, location of instruments relative to one another, tidal corrections, and sound velocity
measurements is imperative for reducing errors. The accuracy of the calibration process (patch
testing) is also of cardinal importance as well as the data processing technique applied.

3.5 Data Acquisition for This Project
3.5.1 Data Source:
Nearly twenty years worth of single-beam echo-sounding data, collected by the Fisheries Division of
the Department of Agriculture, Forestry and Fisheries (DAFF) during routine demersal cruises along
the southern African continental margin were used in this study. The single-beam echo-sounding
dataset for this project was assembled from 127 cruises collected by the F.R.S. Africana II between
the years 1991 and 2011, and 102 cruises collected by the F.R.S. Algoa between the years 1993 and
2005 (see Figs. 3.18, 3.19 & 3.20). The bathymetric data were made available in digital format with
soundings spaced at one minute intervals for each specific ship survey/track. The retrieval,
correction, gridding, plotting and displaying of the bathymetric dataset was then done manually
using programs such as DDS Export Wizard (developed internally by DAFF), Microsoft Office Excel,
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Figure 3.18 Distribution of the F.R.S. Africana II Ship Track Data. Each Ship Track line consists of individual single-beam echo-sounding
depth measurements spaced at 1 minute apart (total number of data points = 2.5 million).

Figure 3.19 Distribution of the F.R.S. Algoa Ship Track Data. Each Ship Track line consists of individual single-beam echo-sounding depth
measurements spaced at 1 minute apart (total number of data points = 0.94 million).
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Figure 3.20 Distribution of the Inshore Ship Track Data collected by the F.R.S. Algoa and other smaller watercraft. Each Ship Track line
consists of individual single-beam echo-sounding depth measurements spaced at 1 second apart (total number of data points = 3.60
million).

Grapher 8 (Golden Software Ltd.), Surfer 9 (Golden Software Ltd.) and ArcGIS 9.2 and 9.3 (ESRI Inc.)
as discussed in the Data Processing Section 3.6 below. As indicated in Figures 3.18, 3.19 & 3.20 most
of the data collected by DAFF over the last two decades are concentrated along the West and South
Coast margins (between the Namibian offshore border and Port Alfred) with sparser data coverage
along the East Coast margin (north-east of Port Alfred) which resulted in a much lower resolution
bathymetric map along this continental margin.

3.5.2 Survey Equipment:
DAFF has been operating the SIMRAD EK60 echo-sounder system since 2002 onboard all their
vessels. Before that they used the SIMRAD EKS-38 (1983-1990), SIMRAD EK400 (1991-1997) and
SIMRAD EK500 (1997-2002). The actual transducer head that has been operational since 1990 is the
SIMRAD ES38B split beam transducer. On both the F.R.S. Algoa and F.R.S. Africana II (see Appendix A
for the vessel schematics) the 38 kHz single-beam echo-sounder transducer is situated in a blister (a
structure with a small hull shape) - behind a Perspex window on the F.R.S. Algoa and flush mounted
(mounted with the face in the hull plane directly open to the sea) on the F.R.S. Africana II. Prior to
1997 the raw echo-sounder files were processed using an in-house developed PC based system
called AIDA (Acoustic Integration and Data Analyses) system, whereas the ECHOVIEW software has
been used ever since(current version of Echoview in use is 4.9).
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During each ship voyage, a SIMRAD EK60 echo-sounder is operated continuously by a scientific team
whilst the ship is steaming between stations or transects at a constant survey speed of ± 10 knots.
The echo-sounder is interfaced to sonar data Echolog and Echoview software, which is monitored by
a scientist who determines the position and extent of fish schools for trawling and sampling. Data
are collected using all available frequencies (18, 38, 120 and 200 kHz) at a standard pulse duration of
1 m/s (Tables 3.2 and 3.3).
Operating frequencies

18, 38, 70, 120, 200 kHz

Operational modes

Active, Passive and Tes

Transmission power

Adjustable in steps

Ping rate

adjustable

Maximum ping rate

20 pings / sec

Data collection range

0 to 15.000 m

Receiver instantaneous dynamic range
Receiver filtering

150 dB
Matched digital filters

Receiver noise figure

4 dB

Split beam

Complex digital demodulation

Synchronization

Internal and external
Table 3.2 SIMRAD EK60 echo-sound System specifications.

Parameters

SIMRAD EK60

SIMRAD EK60

SIMRAD EK60

Frequency (kHz)

38

120

200

Pulse Duration (ms)

1.0

1.0

0.128

Ping Intervals (s)

1.0

1.0

1.0

Sv threshold (dB)

-80

-85

-90

-

-

-

Min echo length

0.8

0.8

0.75

Max echo length

1.8

1.8

3

Max gain compensation

6.0

6.0

4.0

2

4

-

TS detection

Max pulse deviation

Table 3.3 Parameters used for the SIMRAD EK60 echo-sounder.

Vessel positioning is done using a shipboard differentially corrected Global Positioning System
(DGPS) providing positioning accuracies of less than 2 m (The Leica MX-412 DGPS is currently used
on both the F.R.S. Africana II and F.R.S. Algoa). A standard sound velocity of 1500 m.s-1 has been
applied to all single-beam soundings and vessel draught corrections of 6.3 m was applied to the
F.R.S. Africana II data, 4.2 m to the F.R.S. Algoa data and 1.5 m to the inshore data which were
mainly collected by the F.R.S. Algoa as well as a small semi-rigid inflatable boat (where the F.R.S.
Algoa was used a draught of 4.2 m was applied). Soundings were measured in reference to the Mean
Sea Level (MSL) and no tide corrections were applied to any of the data in this dataset since the
majority of the data consist of depth values greater than -50 m, with little or no tidal effects being
observed at these greater depths.
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3.6 Data Processing Techniques
The single beam echo-sounding data collected by DAFF are available in digital format in the form of
excel (.csv) spreadsheets. These files contain all the information collected by the single beam echosounder, as well as all the other instrumentation onboard the vessel (Table 3.5 in Appendix A), for
each day (24 hours) at sea. Data are logged at a one minute interval and include values for Date,
Time, Latitude, Longitude, Speed, Heading, Speed Over Ground, Course Over Ground, Depth, Air
Temperature, Air Pressure, Humidity, Sea Temperature, Salinity, Fluorescence, Wind Speed and Wind
Direction (See Table 3.5 in Appendix A).
The first step in processing the data was to combine these day-logs into a single ship track file (.csv)
for each individual cruise. Additional one second datasets of the inshore area (less than -100 m
water depth) were exported from .ek5 lines into a .csv type format using Echoview 4. The Processing
and Post Processing steps are indicated in Figure 3.24.

Figure 3.24 Diagram showing the data processing steps used to create the Final Bathymetric Map of the South African Continental Margin.
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3.6.1 Processing RAW Single-beam Bathymetric Data
For this project only the data for Date, Time, Latitude, Longitude and Depth were used whilst the
rest of the metadata were discarded in order to ensure faster data processing. All zero and obvious
error values (e.g. 999 m) were deleted in Excel before any further processing. The latitude and
longitude values, which were measured by a GPS, were changed from degrees decimal minutes
format to decimal degrees in order to comply with the ArcMap 9.3 (ArcGIS by ESRI Inc.) program.
This was done in Microsoft Excel using the following steps:
Latitude was split into three separate columns using comma delimited text to columns for the
degrees and the decimal minutes and Fixed with text to columns to separate the text from the
decimal minutes. The decimal degree is calculated by the degrees plus the decimal minutes divided
by 60 minutes and then multiplied by minus one (due to the latitude being in the Southern
Hemisphere and thus requires the Southern Spheroid for plotting correctly).
Latitude:

a)

b)

33 50.71 S
a) Comma delimited text to columns
b) Fixed width text to columns
Lat_dd = (33 + (50.71/60))*(-1)
Latitude

Min_1

South

Lat_dd

33

50.71

S

-33.845167

The Longitude was done similarly to the Latitude but without the multiplying by minus one.
Longitude:

a)

b)

17 31.97 E
a) Comma delimited text to columns
b) Fixed width text to columns
Long_dd = (17 + (31.97/60))
Longitude

Min_2

East

Long_dd

17

31.97

E

17.532833

Another correction had to be done for the draught of the vessel. The draught is the height difference
between transducer head below the surface and the level of the sea surface. A draught of 6.3 m was
applied to the F.R.S. Africana II data, 4.2 m to the F.R.S. Algoa data and 1.5 m to all the inshore data.
This was done by adding the draught value to the measured depth value and then multiplying it by
minus one to get a negative value for the reduced depth value.
Reduced Depth Value:
Depth_Draught_corrected = (measured depth value + draught value of vessel)*(-1)
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3.6.2 Removing error values using Grapher 8
Grapher 8 (by Golden Software, Inc.) was used to help determine and remove spurious and erratic
single-beam echo-soundings collected during each individual ship track/recorded vessel position.
Possible causes of these error values range from reflection off objects in the water column (caused
by marine organisms, such as fish or plankton as well as kelp); noise in the water column; failed
communication between the transducer/receiver and the data processing computer (giving a default
measurement or a 999 error signal); excessive heave, pitch and roll of the survey vessel; etc.
The data from each individual Ship Track were viewed and edited using Grapher 8, a two
dimensional data plotting and analysing program. Any spikes in the data or a variation of more than
10 meters, between two consecutive sounding values, were removed by hand. No automatic
processing was used during this processing step.

Step by step processing method:
The .csv file is imported into Grapher 8 as a spreadsheet with four columns for ID, Lat_dd, Long_dd
and Depth_Draught _corrected (Fig. 3.25). A Line/Scatter diagram is then created using only the ID
and the Depth_Draught_corrected columns (Fig. 3.26). By extending the Plot diagram to its
maximum horizontal extent it makes it easier to pick up any spikes and error values (Fig. 3.26).

Figure 3.25 A highlighted bathymetric error value on the Excel spreadsheet.

Error values were then deleted by manually selecting and removing them from the .csv spreadsheet
(Fig. 3.25). These included any spikes in the dataset as well as any sudden increase or decrease in
depth values. If entire sections of the ship track tended to be erratic or spurious, the data were
removed, making the overall dataset smaller but creating a higher confidence level in the data.
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Figure 3.26 Bathymetric data plotted in Grapher 8 showing spiked error values.

The first step was to visually identify an error value, correlate it with the surrounding data points on
the spreadsheet and if it differed by more than 10 meters from the nearest values, it was considered
as spurious and deleted. Factors also considered were the ID column in order to determine if the
neighbouring values were actually adjacent to the error value or if there was a gap present in the
dataset. If this was the case the overall trend and slope of the plotted graph was also taken into
account in order to determine if the data were spurious or not. As a further measurement to
increase the dataset’s accuracy, the track line that was being processed was also plotted in ArcMap
9.3 (with a contour map of an earlier version of the final gridded bathymetric dataset as background)
so that any major continental shelf features that may influence the single-beam echo-sounding data
could also be taken into account (Fig. 3.27).

Figure 3.27 An individual Ship Track plotted in ArcMap 9.3 (contour map is an earlier version of the final gridded bathymetric dataset).
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Unfortunately, it was only possible to select a single error value (or a group that was in sequence)
using Grapher 8 which made this process of removing error values painstakingly slow, but improved
the overall accuracy of the final gridded bathymetric dataset with each individual point being
removed manually. After all the error values were removed, the .csv file was saved as Track
name_grapher_new.csv. Below are a few examples of individual track data before and after editing
(Figs. 3.28 & 3.29).

Figure 3.28 F.R.S. Africana II Ship Track no. 122 a) before editing; b) after editing; c) extent of the final edited track map.

Figure 3.29 F.R.S. Africana II Ship Track no. 126 a) before editing; b) after editing; c) extent of the final edited track map.
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The Grapher 8 processing step successfully removed all incorrect data points with regard to their zvalue differences along each individual ship track line. The bathymetric dataset, before and after this
processing step was applied, is shown in Figures 3.30 and 3.31 respectively.

Figure 3.30 All DAFF collected bathymetric data before the Grapher 8 data processing step.

Figure 3.31 All DAFF collected bathymetric data after the Grapher 8 data processing step.
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3.6.3 Removing error values using ArcMap9.3
Whilst most depth-related errors were removed in the previous processing step, they are confined
to each individual ship track dataset. In order to identify all possible errors it was necessary to
compare all the data points of the entire dataset to one another. For this reason I developed a
technique in which all the XYZ data, cleaned in the previous process, were plotted together in
ArcMap 9.3 (by ESRI Inc.), with each individual sounding colour-coded and labelled according to its
specific depth (Z) value (Fig 3.33). This gave a geographical overview of the bathymetric dataset and
helped to indicate depth error values with regard to their position rather than only the Z-values
themselves (as was used in Section 3.6.2). The depth values were plotted onto a bathymetric map,
consisting of both the gridded bathymetric map as well as available SAN Charts of the inshore areas,
in order to help with the data elimination process.
This processing step removed the majority of the track-related artefacts in the gridded bathymetric
dataset which appeared as general linear (along track lines) distortions of the contour lines (Figs.
3.32a & b). These artefacts are due to minor extrapolating errors along the Ship’s Track that are the
result of incorrect depth values at a given latitude and longitude. They become especially evident
with increasing grid resolution (Fig. 3.32b) and when displaying the gridded dataset in a shaded relief
map.

a)

b)
Figure 3.32 Track Line artefacts in the contours of the gridded bathymetric map: a) low grid resolution with 10 m spacing between
isobaths b) high grid resolution with 1 m spacing between isobaths.
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Firstly the depth values of the entire bathymetric dataset were subdivided into 20 m increments for
data points between 0 and -500 m and into 100 m increments for data points deeper than -500 m.
Then these points were colour-coded and labelled according to these specified depth values (Fig.
3.33). Incorrect depth values would show up as a different colour to those around it, and factoring in
their position relevant to other similar depth values, they were either deemed feasible (in which
case they were kept) or incorrect (in which case they were discarded).
Because this technique was quite efficient on this scale of 20 m increments, the resolution of
processing was increased from 20 m to 10 m increments (between 0 and -200 m water depth) in
order to increase the level of detail that can be attained through gridding. Most of the Track Line
artefacts (Figs. 3.32a & b) were found in the area between the -80 and -200 m isobaths, although
some occurred further offshore up to the -500 m isobath. To help improve the accuracy of the
inshore data correlation, SAN Charts were incorporated as background bathymetry maps to be used
as a reference to the plotted bathymetric data points (depth values), since they show detailed
bathymetry of the inshore region between 0 and -100 m water depth.
This technique successfully helped to remove the majority of ship track artefacts and other errors
(Figs. 3.34a & b) and increased the overall quality of the dataset in order to create a higher
resolution, error free single-beam echo-sounding bathymetric dataset of the South African
continental shelf.

Figure 3.33 Bathymetric map of Algoa Bay showing the data points between the -40 and -100 m isobaths at 20 m increments. SAN charts
provided bathymetric geo -referencing along the inner and middle shelf margins.
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a)

b)
Figure 3.34 The result of the ArcMap 9.3 processing step for the area around Child’s Bank: a) before the ArcMap 9.3 processing step and
b) after the ArcMap 9.3 processing step (In both images the isobaths are spaced at 2 m intervals up to a depth of -1000 m).

3.6.4 Gridding and plotting the bathymetric data
Surfer 9 (by Golden Software, Inc.) was used to grid the error corrected XYZ (Latitude, Longitude and
Depth) dataset. Various Gridding methods produce a regular spaced, rectangular array of Z values
from irregularly spaced XYZ data. These Z values are generated at every grid node (intersection of a
row and a column). Any “holes” in the data are filled by extrapolating or interpolating Z values at
those locations where no data exists (Surfer 8 User’s Guide). Figure 3.35 demonstrates the principle
of gridding and how it generates Z values by interpolation. The result is a continuous grid file which
can be used to create contour maps, shaded relief maps, three dimensional maps and wire frames.
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Figure 3.35 Gridding examples taken from Surfer 8 User’s Guide.

There are various different gridding methods used for generating a bathymetric map. These include
Inverse Distance to a power, Triangulation with linear interpolation, Kriging, Minimum Curvature,
Natural Neighbour, Nearest Neighbour and many more. The chosen gridding method is Kriging
because it is the most flexible of the gridding methods and creates visually the best grids when
working with large datasets. Kriging also attempts to express trends suggested in the data. For
example, high points might be connected along a ridge rather than being isolated by bull’s-eye type
contours. For the default method Point Kriging is used as opposed to Block Kriging. Although Block
Kriging generates smoother contours, it is not as exact in reproducing values, since it estimates an
average value of a grid block whilst Point Kriging estimates the values of points at the Grid nodes
(Surfer 8 User’s Guide).

3.6.4.1 Creating a grid file using the Kriging method
A series of trial and error gridding files were created in order to find the ideal grid file setup that
produced the best representation of the bathymetric dataset. A smaller grid diameter creates a
much higher resolution dataset, but takes much longer to process and Track Line artefacts are
displayed more prominently. The default gridding parameters were used with the recommended
gridding method set as Kriging together with the default linear variogram (Fig. 3.36). In the Grid Data
dialog Longitude is chosen as the X, Latitude as the Y and draught corrected depth as the Z values.

Figure 3.36 Various settings for the Kriging gridding method in Surfer 9.
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The Grid Line Geometry specifies the grid limits (which is the minimum and maximum X and Y
coordinates for the grid) and grid density (the number of grid columns and rows) (Fig. 3.36). The
greater the grid density, the more X and Y lines there are in the grid, and results in a much smoother
appearance of contour maps and wire frames. The maximum grid density of 10 000 rows by 10 000
columns for the X and Y coordinates will create the smoothest map possible but this unfortunately
also increases the time it takes for processing (gridding) and can exaggerate any ship track artefacts
as stated earlier. The Grid Limits automatically chooses the minimum and maximum X and Y values
in the dataset. From a series of trial and error gridding results it was found that the best grid
resulted from a Grid Line Spacing of 0.003 by 0.003 decimal degrees (roughly 310 m by 310 m) (Fig.
3.37) with a similar difference between minimum and maximum X and Y coordinates (Surfer 8 User’s
Guide) and a maximum grid density of greater than 7000 rows by 7000 columns. For more detailed
(and smaller) areas the Grid Line Spacing can be decreased (and grid density increased) in order for a
much higher resolution grid to use for 3D mapping (as well as shaded relief images), but this
increases the file size and time needed for the gridding process.

Figure 3.37 Grid Line Spacing (0.003 decimal degrees) and resulting number of Grid Lines (8334 lines) (in the X and Y directions) used to
construct the Final Bathymetric Map of the South African Continental Margin in Surfer 9.

During the Kriging process the data are filtered in order to get rid of duplicate values. The To Keep
options specify which duplicate data points should be kept and which should be deleted. The
Average To Keep option (Fig. 3.38) creates an artificial datum at the centroid of the duplicate points
with a Z value equal to the average of the duplicate set’s Z values. X and Y Tolerance are kept at their
default values and no Data Exclusion Filter value is inserted, because all the incorrect data points
have already been eliminated during data processing.

Figure 3.38 The Average To Keep option selected in Surfer 9.
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Under Advance Options the number of sectors to search is changed to 6 sectors (can be up to 32
with the default being equal to 4 sectors) to increase the search efficiency (Fig. 3.39). This option
divides the search area into 6 smaller sectors to which the following four rules can then be applied:
• The maximum number of data to use from ALL sectors value limits the total number of points
used when interpolating a grid node
• The maximum number of data to use from EACH sector value specifies the number of points to be
used for each sector
• The Minimum number of data in all sectors (node is blanked if fewer) value assures that the
specified number of points is encountered when interpolating a grid node. If the minimum
number of points is not found, the blanking value is assigned at the grid node
• Blank node if more than this many sectors are empty assures that if more empty sectors than this
value are encountered, the blanking value is assigned at the grid node (Surfer 8 User’s Guide).

Figure 3.39 Search Ellipse settings selected in Surfer 9.

The Search Ellipse (Fig. 3.40) defines the local neighbourhood of points to consider when
interpolating each grid node. Data points outside the search ellipse are not considered during the
grid node interpolation. The search ellipse I used is a circular one with both radius 1 and 2 set at 1
(distance in data units from the grid node) to create the highest possible resolution for the grid. This
distance should be larger than half the distance between the data points, otherwise some of the grid
nodes may be blanked. These blanked nodes will cause truncation of contour lines within contour
maps, and flat regions in wire frames. The angle of the Search Ellipse can be changed to any value
between -360 and +360 degrees but for this project the default angle of zero was used since the
majority of ship tracks (and thus data points) are angled north-south or east-west since it is the
easiest to navigate the vessel in these general directions.

Figure 3.40 The Search Ellipse angle and radii (Surfer 8 User’s Guide).
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After the gridding is done a Statistics file is saved. The gridding statistics for the Final Bathymetric
Map is summarised in Table 3.6 (in Appendix A).

3.6.4.2 Displaying bathymetric data using a Contour Map
A Contour Map is the most widely used method for displaying bathymetry data and basically acts as
a two-dimensional representation of three-dimensional bathymetric data (XYZ). The first two
dimensions are the Longitude (X) and Latitude (Y) coordinates and the third dimension is the depth
value (Z) which is represented by lines of equal value (contour lines/isobaths). The area between two
adjacent contour lines only contains grid nodes with Z values within the limits of the enclosing
contour lines. The relative spacing of the contour lines indicates the slope of the surface, with closely
spaced contours indicating a steep slope and broadly spaced contours indicating a gentler slope. A
contour map was created from the Kriging grid (.grd) file using Surfer 9. A high value for Smooth
Contours was selected (Fig. 3.41) and a customized blue shade colour scale was used to create a
shaded contour map. For the 1:200 000 scaled Contoured Bathymetric Map of the South African
Continental Margin (see Section 4.2 in Chapter 4 and Figure 4.1 in Appendix B) the isobaths are
spaced at 2 m intervals between 0 and -500 m water depth (with highlighted isobaths spaced at 10
m intervals), at 10 m intervals between -500 and -1500 m water depth and at 100 m intervals
between -1500 and -6000 m water depth.

Figure 3.41 Settings when creating a Contour Map in Surfer 9.

3.6.4.3 Displaying bathymetric data using a Shaded Relief Map
Shaded Relief Maps are raster maps (bitmaps) used to display bathymetric and topographic grid files.
These maps use colours to indicate the local orientation of the gridded surface relative to a userdefined light source direction. The orientation of each grid cell is determined and the reflectance of
a point light source on the grid surface is then calculated. Reflectance values range from zero (no
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light is reflected) to one (all incident light is reflected). The result is a two dimensional bathymetric
map with relief features being highlighted by their shadows creating a three dimensional illusion.
A shaded relief map was created in Surfer 9 using the gridded bathymetric dataset. The default greyscale is
very effective for displaying bathymetric data, although a blue-coloured hue also works just as well.
The orientation of the light source was set at 130˚ in the horizontal and 77˚ in the vertical (Fig. 3.42). This
orientation creates the best image for the west and south coast bathymetry since it enhances the elevation of
features on the north-western side whilst it casts a shadow on the south-eastern side (the east coast
bathymetry is cast into shadow). For the east coast bathymetry the light source can be adjusted to exactly
opposite (mirrored with the N-S line as the centre) of its current position in Figure 3.42 in order to reveal the
eastward sloping continental shelf and crosscutting canyons that are otherwise hidden by the shadows cast
from the eastward facing light source. Figure 3.43 is a greyscale shaded relief map of the entire South African
continental shelf.

Figure 3.42 Settings when creating a Shaded Relief Map in Surfer 9.
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Figure 3.43 Shaded relief map of the entire South African continental shelf (gridded in Surfer 9 using the Kriging method).
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Global Mapper 12 was used to produce an even higher resolution shaded relief map of the
continental margin of South Africa. The Surfer 9 gridded dataset was imported into Global Mapper
12 and displayed using a customised shader file. Figure 3.44 indicates the custom shader settings
used for creating the Final Bathymetric Map of the South African Continental Margin (Figures 4.21,
4.2 and 4.3 in Chapter 4 and Appendix B). The sun shading light direction was set at an altitude of 60°
and an azimuth of 45°. A vertical exaggeration of 24.1 times was used along with ambient lighting set
at 0.10 units and hill shading shadow darkness of 31 units. The vertical exaggeration helps to
highlight bathymetric features on the continental shelf although it tends to also over exaggerate the
deep ocean seafloor features, which are much less prominent in reality (all the other settings were
kept at their default values).
This high resolution shaded relief map also helped to locate and eliminate irregular bathymetric
features such as spikes or depressions (mainly ship track artefacts) that is caused by Z-value errors in
the dataset that were not removed during the earlier processing steps. During this processing step
the gridded bathymetric dataset was exported as a .geotiff file from Global Mapper 12 and imported
into ArcMap 9.3. The single-beam echo-sounding data points (from an excel spreadsheet) were then
draped over the high resolution shaded relief image and any incorrect or irregular data points were
then identified and manually deleted using Arc Editor. The resulting bathymetric dataset, now free
of all error values, was then re-gridded in Surfer 9 (using the kriging method) in order to produce the
Final Bathymetric Map of the South African Continental Margin (Figures 4.1, 4.2 and 4.3 in Chapter 4
and Appendix B).

Figure 3.44 Settings for the high resolution shaded relief map created using Global Mapper 12. The colour settings for the Custom Shader
are also indicated.
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3.7 Post Processing Techniques
3.7.1 Data Validation
After initial processing of the bathymetric data, the need arises to test the accuracy and precision of
the generated bathymetric data. This is done during the Post Processing step in which various data
validation techniques are used to ensure that the final product is up to some sort of standard. It is
important that the bathymetric datasets from the various vessels correlate internally regarding their
depth values at corresponding locations (internal consistency) and that the final bathymetric dataset
correlate externally with other bathymetric datasets such as the Dingle et al. (1983) map for
example (external consistency). Accuracy defines the "correctness" of the data by measuring the
closeness of measurements to their actual value and includes random and systematic errors.
Precision defines the "detail" of the data by measuring the closeness of a set of measurements (the
repeatability of the data) and can be referred to as a random error.
Figure3.45 below illustrates the relationship between accuracy and precision relative to the Relative
Mean Square (RMS) Error. Although measurements in Figure 3.45a have a high precision, biases due
to human error (for example: incorrect calibrations, system setup, etc.) result in a relatively large
RMS error. Alternately, Figure 3.45b illustrates lower precision but far less bias in the observations. A
degree of randomness in observations is thus much more acceptable than systematic errors
(HQUSACE, 2002).
A 68 % (1-sigma) confidence level (Fig. 3.45a & b) indicates that 68 of 100 depth soundings for a
given survey fall within a specified accuracy tolerance. It can be converted to the 95 percent RMS
confidence level as follows: RMS (95%) depth accuracy = 1.96 * RMS (68%).

Figure 3.45 Typical dispersion curves for depth observations. a) For tightly grouped measurements. b) For scattered
measurements. An example is shown in red numbers (Image sourced from HQUSACE, 2002).
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According to the International Hydrographic Organization (IHO) Standards for Hydrographic Surveys
(5th Edition, February 2008) the minimum specifications for a Bathymetric Map can be found in Table
3.7. These minimum specifications depend entirely on the field of use for the bathymetric dataset.
What is important here is the horizontal and depth accuracies (especially the values for a and b) for
the various areas of use. Since the DAFF single-beam bathymetric dataset used in this project is
entirely intended for scientific purposes and not suitable for navigational purposes it does not need
to adhere as strictly to these standards (as stipulated in Table 3.7), but it acts as a general guideline
for the data validation process.

Table 3.7 The IHO Standards for Hydrographic Surveys (Source: www.iho.int).

The first step of the data validation process was calculating the descriptive statistics for the various
datasets used to construct the Final Bathymetric Map of the South African Continental Margin. The
statistics of the single-beam echo-sounding datasets collected by the F.R.S. Africana II, F.R.S. Algoa
and Inshore Survey Data (all collected by DAFF) were calculated using Grapher 8 and can be found in
Table 3.8 in Appendix A. Since these data are mainly confined to the continental shelf area, and
satellite altimetry data are not very accurate at such shallow depths, no internal data validation
could be done between the DAFF dataset and the satellite altimetry (ETOPO 1) dataset.
In both the Africana and Algoa datasets there was a distinct reduction in the Standard Error value
(Table 3.8 in Appendix A), which is to be expected, since the majority of the errors and spikes in the
dataset was removed during the processing steps explained in Section 3.6. The same can be
observed for the 95 % confidence interval, 99% confidence interval, variance, average deviation,
standard deviation, coefficient of deviation and skewness values. In the Inshore dataset no positive
improvement in the statistics can be observed mainly due to the high density and lack of spread of
Chapter 3 – Derivation of the Bathymetric Map

Page 109

the data, since all the data are confined to the shoalest inner margin of the continental shelf and
depth soundings are spaced at one second intervals which results in a very dense overall coverage
along the ship track lines with little or no overlap of data points (Fig. 3.20).

3.7.2 Internal self-consistency
Internal self-consistency was determined by comparing single-beam echo-sounding data from the
different surveys to one another by correlating their depth values at the same geographical location.
A consistent dataset will have equal depth soundings at the same geographical location (high
repeatability), with a relatively small search radius applied (the smaller the radius the higher the
accuracy of determining the repeatability), while an inconsistent dataset will have variable
soundings (low repeatability). Datasets collected by the F.R.S. Africana II, F.R.S. Algoa and Inshore
Data were compared using the different techniques explained below in order to determine the
internal self-consistency (data repeatability) of the final bathymetric dataset used to construct the
Final Bathymetric Map of the South African Continental Margin (Figs. 4.1, 4.2 and 4.3 found in
Chapter 4 and Appendix B).

3.7.2.1 Correlation of XYZ values at known track line intersects
This method compared the three different datasets at selected high density Track Line Intersects in
order to test the consistency and most importantly the repeatability of the dataset at specific
geographical coordinates (XY coordinates). A total of 50 carefully selected Track Line Intersect
locations were chosen for this process between the F.R.S. Africana II, F.R.S. Algoa and Inshore
Datasets (Fig. 3.46). A 25 m2 tolerance area (with a search radius of 12.5 m) was selected around
each one of the 50 locations and the intersecting data points in each of these tolerance areas were
then correlated according to their depth (Z) values. Because the single-beam echo-sounding data
collected by DAFF are somewhat scattered across the continental shelf, very few depth values
overlap exactly in the same location. For this reason a 25 m2 buffer area was chosen to provide
enough data points per selected location.
Table 3.9 in Appendix A indicates the results of this dataset comparison for XYZ intercepts. For the 50
track line intersects an average Standard Deviation (σ) was calculated at 0.879 m (with the majority
of the track line intercept areas showing a Standard Deviation of below of 1 m) which indicates that
the depth soundings vary within 0.879 m from their calculated mean. Although this is a decent
Standard Deviation for single-beam bathymetric soundings, it is still rather biased due to the fact
that very few depth soundings actually overlap 100% and that a variety of soundings, spaced up to
25 meters apart from each other, are taken into account.
The 25 m2 tolerance areas provide not only room for the deviation in Z values between depth
soundings of different datasets at a specific location (XY coordinate), it also provides a rather large
area in which the selected depth soundings are distributed (they can be up to a maximum of 25 m
apart from one another) which greatly decreases the accuracy of determining the data repeatability.
This was unfortunately necessary due to the relatively sparse distribution of the depth soundings,
given the vast size of the overall study area and the general nature of a single-beam echo-sounding
dataset compared to the high resolution, tight spacing of depth soundings of a multi-beam echosounding dataset (Fig. 3.46).
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Figure 3.46 Map showing the 52 Ship Track Line Intercepts used to correlate the depth-consistency of the bathymetric dataset.
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3.7.2.2 Correlation of XYZ values in larger areas
This processing step is similar to the XYZ Track line intersect process in Section 3.7.2.1, but uses
larger 100 m2 tolerance areas in order to increase the amount of single-beam echo-sounding data
points used to determine the data repeatability . Single-beam echo-sounding data points from the
F.R.S. Africana II and F.R.S. Algoa data were selected in five high density areas and the detailed area
maps, calculated statistics and accompanying histograms indicate the depth (Z value) correlation
between these two datasets.
Area 1:
In Area 1 (Fig. 3.47) the Africana II and Algoa data have a very similar Mean depth value (20 cm
difference) as well as a identical Standard Deviation value which indicates a very good correlation
between the two datasets in the selected 100 m2 area (Table 3.10). The relatively high Standard
Deviation (SD) value (1.6 m) is due to the range in depth values throughout the data (range is equal
to between 7 and 10 m). This may be because of the relatively large tolerance area (100 m2)
selected, allowing for a normal distribution in the data points across varying depths (in this case
ranging between -100 and -110 m) (Fig. 3.47).

Area 1

Figure 3.47 Position of high density Area 1 indicated by the red square. Area 1 is situated in same location as Ship Track Line intersection
no. 0 (see Fig. 3.46).
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The histograms (Fig. 3.48) for the Africana II and Algoa data for Area 1 both exhibit a wide and fairly
distinctive bell-shaped profile which indicates a good accuracy and data repeatability between these
two datasets, with the peaking depth value in both profiles being equal to the same relative mean of
-101 m.

Table 3.10 XYZ data comparison between F.R.S. Africana II and F.R.S. Algoa single-beam echo-soundings for high density Area 1.

Figure 3.48 Histograms for the Africana II and Algoa data showing the Number of values plotted against the Depth values for Area 1.
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Area 2
In Area 2 (Fig. 3.49) the Africana II and Algoa data have slightly different Mean depth values (mean is
equal to -103 and -107 m, respectively) (Table 3.11). Their Standard Deviation (SD) also differs with a
much higher SD value for the selected Algoa data (SD value of 2.9 m) compared to the Africana II
data (SD value of 1 m). This may be attributed to the Algoa data being biased towards the shallower
part of the tolerance area with only a few soundings in the deeper parts resulting in a large (8 m)
difference between the Minimum and Maximum soundings. This fact is compounded by the irregular
shaped histogram for the Algoa data that clearly shows a grouping of data points to the left and right
sides of the profile (Fig. 3.50). The Africana II data displays a more bell-shaped histogram indicating
an even distribution of data points across a variety of depth values between -106 and -110 m.

Area 2

Figure 3.49 Position of high density Area 2 indicated by a red square. Area 2 is situated in same location as Ship Track Line intersection no.
4 (see Fig. 3.46).
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The correlation between the two datasets show a less than 5m difference between their calculated
Mean values, which indicates that data repeatability is much less accurate compared to that of Area
1. The relatively high Standard Deviation values for both datasets (1 and 2.8 m) is due to the
relatively high range in depth values throughout the data (range is equal to 6 - 8 m). The range in the
Africana II dataset itself is relatively poor (6 m), even though there are such a large number of well
distributed depth soundings, compared to that of the Algoa dataset. This poor range (and resultant
SD value) may thus be a direct result of the large tolerance area selected (100 m2) allowing for the
inclusion of a normal distribution of data points across varying depths ranging between -100 and
-110m (Fig. 3.49).

Table 3.11 XYZ data comparison between F.R.S. Africana II and F.R.S. Algoa single-beam echo-soundings for high density Area 2.

Figure 3.50 Histograms for the Africana II and Algoa data showing the Number of values plotted against the Depth values for Area 2.
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Area 3
In Area 3 (Fig. 3.51) the Africana II and Algoa datasets have slightly different Mean depth values
(-383 and -386 m, respectively) (Table 3.12).The Africana II data have a very narrow range of 3.6 m
and indicate a high percentage of data repeatability for the selected area possibly due to a large
amount of tightly grouped and accurate depth soundings being present. The Algoa data for this
selected area has a much larger range (6 m) and is thus much less evenly distributed and less
accurate probably due to only a few data points (9 in total) being present (Fig. 3.52).
The Africana data have a moderate Standard Deviation (SD) value of 0.7 m compared to the high SD
value of 2.2 m for the Algoa dataset. This may again be attributed to the Algoa data being scattered
across the 100 m2 tolerance area with relatively few sample values situated far from each other.

Area 3

Figure 3.51 Position of high density Area 3 indicated by a red square. Area 3 is situated in same location as Ship Track Line intersection no.
28 (see Fig. 3.46).
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The histogram for the Algoa dataset (Fig. 3.52) clearly shows a trend with the majority of the depth
values situated towards the two outermost extremities (at a minimum depth value of -380 m and
maximum of - 386 m). The Africana II data display a more bell-shaped histogram indicating an even
distribution of data points across a variety of depth values between -385 and -388 m with the peak
(calculated mean) at -186 m.

Table 3.12 XYZ data comparison between F.R.S. Africana II and F.R.S. Algoa single-beam echo-soundings for high density Area 3.

Figure 3.52 Histograms for the Africana II and Algoa data showing the Number of values plotted against the Depth values for Area 3.
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Area 4
In Area 4 (Fig. 3.53) the Africana II and Algoa datasets show a very similar depth values for this
specified area (Table 3.13), with a low calculated range value (3 m) and a difference of less than 42
cm between their calculated Mean values (both equal to -17 m). Their Standard Deviation values are
almost identical (0.32 and 0.45 meters for the Africana II and Algoa datasets, respectably) and less
than 0.5m which indicate an extremely good correlation between the two datasets in this 100 m2
area (Table 3.13) and thus a high accuracy with regards to data repeatability. Histograms for both
the Africana II and Algoa datasets (Fig. 3.54) display a wide and fairly distinctive bell-shaped profile,
indicating a good accuracy and data repeatability between these two datasets, with the peaking
depth value in both profiles being equal to the same relative mean (of between -17.2 and -18 m).

Area 4

Figure 3.53 Position of high density Area 4 indicated by a red square. Area 4 is situated offshore of Cape Seal (see Inset Figure).
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The Standard Error values of 0.03 m for the Africana II and 0.05 m for the Algoa datasets also
indicate a high accuracy for both the Africana II and Algoa datasets, since both of them have a
similarly large amount of depth values (sample locations) throughout this 100 m2 tolerance area.
Area 4 indicates a very high, if not exact, data repeatability between the Africana II and Algoa
datasets along with a very low Standard Deviation from their collective mean depth value of -17 to 17.5 m. The large amount of soundings in both datasets (> 65 depth soundings) further adds to the
high value of accuracy between these two datasets.

Table 3.13 XYZ data comparison between F.R.S. Africana II and F.R.S. Algoa single-beam echo-soundings for high density Area 4.

Figure 3.54 Histograms for the Africana II and Algoa data showing the Number of values plotted against the Depth values for Area 4.
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Area 5
In Area 5 (Fig. 3.55) the Africana II and Algoa datasets show a large difference (nearly 10 m) in their
Mean values with a mean of -191 m calculated for the Africana II dataset and a mean of -181 m
calculated for the Algoa dataset (Table 3.14). This is due to the seemingly biased nature of the Algoa
depth soundings in this area towards the shallower water depth (as indicated by the histogram in
Figure 3.56). The Africana II dataset have a very narrow range of 3.2 m, which indicates a high
percentage of data repeatability for the selected area, possibly due to a large amount of tightly
grouped, high accuracy depth soundings being present. The Algoa data for this selected area have a
very large range (8 m) and are therefore much less evenly distributed as well as less accurate than
the Africana II data (Fig. 3.56).

Area 5

Figure 3.55 Position of high density Area 5 indicated by a red square. Area 5 is situated in same location as Ship Track Line intersection
number 32 (see Fig. 3.46)
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The Africana data have a low Standard Deviation (SD) value of 0.8 m compared to the high SD value
of 2.3 m for the Algoa dataset. This high SD value for the Algoa data may once again be attributed to
the Algoa data being concentrated at a depth value of -180 m with few scattered depth
measurements across the 100 m2 tolerance resulting in a rather biased mean value of -181 m. From
the histograms (Fig. 3.56) it is evident that the Algoa data are concentrated (>60% of the values)
towards the minimum depth value of -180 m, with relatively few data points indicating water depths
ranging between the -188 and -189 m. The Africana II data display a clearly-defined bell-shaped
profile (with a peak at -190 m water depth) indicating an even distribution of data points across a
variety of depth values between -189 and -193 m.
Data repeatability is thus poor between the Africana II and Algoa datasets in Area 5, but is fairly
accurate between the selected soundings of the Africana II data.

Table 3.14 XYZ data comparison between F.R.S. Africana II and F.R.S. Algoa single-beam echo-soundings for high density Area 5.

Figure 3.56 Histograms for the Africana II and Algoa data showing the Number of values plotted against the Depth values for Area 5.
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3.7.2.3 Grid subtraction and data variability between vessels
Grid subtraction is used to visually compare two datasets to each other. It subtracts the area under
one gridded dataset from that of another, rendering a new grid with the deviation between the two
grids calculated for each individual node. Using a narrow band of colours to differentiate between
areas of marginal and more extreme depth differences one can assess the variations between the
two.
Figure 3.57 indicates the grid subtraction between the F.R.S. Africana II and F.R.S. Algoa gridded
bathymetric datasets (the Africana II grid minus Algoa grid) for the area around Childs Bank, on the
West Coast Margin of South Africa. The white areas indicate similar depth values between the
Africana II and Algoa grid surfaces whilst the blue (negative difference) and brown (positive
difference) areas indicate large differences between the depth values. Figure 3.57c indicates
relatively good correlation between these two datasets in areas of track line overlap by the white
and lighter shades of blue and brown areas surrounding the track line intercepts. Areas where there
is little or no overlap of single-beam echo-sounding data the grid subtraction image display darker
shades of blue and brown colours.
These indicated differences may be the result of small variations in the depth-soundings in-between
the two datasets, a lack of single-beam echo-sounding data in one of the two datasets (bear in mind
that the Algoa dataset has a much lower sounding grid density than the Africana II dataset on the
West and South Coast margins of South Africa) or where no echo-sounding data exist at all, having
been interpolated automatically during the Kriging gridding process in Surfer 9 (see Section 3.6.4).
For example the area on the western half of Childs Bank indicates a large negative difference (bright
dark blue colour), which means that the Africana II derived grid is much higher than the Algoa
derived grid. From the plotted Africana and Algoa Track lines (Fig. 3.57c) it is obvious that no Algoa
single-beam echo-sounding data exists in this specific area (and depth sounding values were thus
interpolated for this area of the Algoa grid surface during the Kriging process) giving rise to the large
variation between the two datasets.
Figure 3.58 shows the grid subtraction for the entire continental margin of South Africa. The West
Coast Margin shows a large area of brown and blue on the middle and outer shelf areas which is due
to the poor coverage by the Algoa single-beam dataset in these areas (see Fig. 3.19) and a resultant,
relatively flat, interpolated grid area for the Algoa grid compared to the actual, more detailed,
seaward sloping Africana II grid. Although the Algoa dataset also has a similar poor coverage on the
middle and outer margins of the Agulhas Bank (Fig. 3.19) the overall flat morphology of this
continental shelf area reduces the difference between the interpolated Algoa grid and the actual
data of the Africana II grid, resulting in a lightly coloured grid subtraction image for this area (Fig.
3.58). Due to the high amount of data conflict between the two datasets on the middle to outer
continental shelf area along the West and South Coast Margins of South Africa (indicated by the
brown areas), only the Africana II dataset was used for these areas when constructing the Final
Bathymetric Map of the South African Continental Margin (Fig. 4.1, 4.2 and 4.3 in Chapter 4 and
Appendix B).
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a)

c)

b)

Legend
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Figure 3.57 (a) Grid subtraction between the Africana II and Algoa datasets for the area around Childs Bank along with bathymetric profiles of each grid surface between points A-B and C-D. Blue colours indicate a negative difference and brown a positive difference with an increase in shading indicating a larger difference
(b) A 3D visualization of the Grid subtraction surface for the area around Childs Bank. (c) Ship Track data coverage around the Childs Bank area with F.R.S. Africana II Ship Track lines are in indicated in black and F.R.S. Algoa Ship Track lines are indicated in blue.
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Figure 3.58 Grid subtraction between the F.R.S Africana II and F.R.S. Algoa datasets for the entire South African continental shelf. Blue colours indicate a negative difference and brown a positive difference with an increase in shading indicating a larger difference (see Legend).
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3.7.3 External consistency
External consistency is the bathymetric surface comparison of the Final Bathymetric Map of the
South African Continental Margin (Fig. 4.1, 4.2 and 4.3 in Chapter 4 and Appendix B) to other
reference datasets such as ship tracks, naval bathymetric maps and older bathymetric maps in order
to determine the data's accuracy. External consistency was determined mainly by use of visual
verification between the various datasets and the Final Bathymetric Map of the South African
Continental Margin. Unfortunately no high resolution bathymetric data, such as large-scale multibeam bathymetric datasets, are currently available to the public domain, therefore no bench mark
digital bathymetry data could be used to determine the consistency of the Final Bathymetric Map of
the South African Continental Margin. The following reference datasets and maps were used for
visually determining external consistency:

3.7.3.1 The Dingle et al. (1987) Bathymetric Map
The Dingle et al. (1987) Bathymetry around southern Africa map (Fig. 3.59) is the only large-scale
bathymetric map of the Southern African continental margin available. It was compiled using singlebeam echo-sounding data collected by the University of Cape Town Marine Geological Unit on board
the Thomas B. Davie between 1970 and 1987. The original map was produced by Dingle et al. (1975)
and was then later improved and published as an A1 size map that formed part of the Annals of the
South African Museum Volume 98, Part 1, October 1987.
The Final Bathymetric Map of the South African Continental Margin correlates very well visually with
the Dingle et al. (1987) bathymetric map (Fig. 3.59). The continental shelf has the same overall shape
with the shelf break situated at roughly the same position. The major features such as Childs Bank,
Cape Canyon, Cape Point Valley, Alphard Rise, Alphard Banks as well as many other smaller shelf
features on the South African continental margin is much better defined in the new bathymetric
map, as most of the continental shelf detail is poorly resolved (and in some areas even absent) by
the Dingle et al. (1987) bathymetric map.
Significant differences between the two maps include:
•

The overall shape and position of Childs Bank on the West Coast margin of South Africa, with
Childs Bank being much rounder than the Dingle et al. (1987) bathymetric map suggested
and also extends further eastwards.

•

The orientation and position of the two anticline features at the southernmost extent of the
Agulhas Arch, on the western side of the Agulhas Bank (on the South Coast margin). These
two anticlines are orientated east-west and not northwest-southeast as indicated in the
Dingle et al. (1987) map and are also situated more to the east than originally mapped.

•

The overall shape of the Agulhas Bank does not correlate exactly between the two datasets.
The Dingle et al. (1987) map may have been lacking in single-beam echo-sounding data
along this outer shelf area, resulting in a less accurate representation of bathymetry than
the new bathymetric map provides.

Furthermore the Final Bathymetric Map of the South African Continental Margin displays various
new features on the continental shelf area which were not picked up by the Dingle et al. (1987)
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Figure 3.59 The comparison between the Dingle et al. (1987) bathymetric map (black isobaths) and the new improved Bathymetric Map of the South African Continental Margin (blue isobaths). Isobaths for Bathymetric Map of the South African Continental Margin are spaced at 10 m intervals with darker blue isobaths
spaced at 100 m (similar to that of the Dingle et al. (1987) map).
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bathymetric map, such as the northern extent of the Olifants Valley, the inshore shelf terrace
between Cape Columbine and Cape Point as well as the detailed rocky nearshore platform along the
entire West and South Coast margins (these newly resolved features are discussed in detail
throughout Chapter 5).

3.7.3.2 ETOPO 1 - 1 Arc-Minute Global Relief Model
The ETOPO 1 - 1 Arc Minute Global Relief Model (Amante and Eakins, 2009) (Fig. 3.60) was compiled
by the National Oceanic and Atmospheric Administration (NOAA) in 2008 as an improvement on the
ETOPO 2 Global Relief Model. It was compiled using various bathymetric, topographic and shoreline
datasets. The bathymetric datasets include data collected by the Japan Oceanographic Data Centre
(JODC), the National Geophysical Data Centre (NGDC), the Caspian Environment Programme (CEP),
the Mediterranean Science Commission (CIESM), as well as the ISO satellite altimetry 2 arc-minute
data (Table 3.15).

Figure 3.60 A coloured, shaded relief image of the ETOPO1 Ice Surface Global Relief Model (Source: NOAA Technical Memorandum
NESDIS NGDC-24).

Table 3.15 Integrated bathymetric-topographic datasets used in compiling the ETOPO 1 bathymetric dataset (Source: NOAA Technical
Memorandum NESDIS NGDC-24).
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b)

a)

c)

Figure 3.61 Comparison between a) the DAFF bathymetric dataset (consisting entirely of single-beam echo-sounding data collected by DAFF); b) the Final Bathymetric Map of the South African Continental Margin; c) and the ETOPO 1 - 1 Arc-Minute Global Relief Model bathymetric
map (Amante and Eakins, 2009) (For the DAFF bathymetric map: Isobaths spaced at 10 m intervals; For the Final Bathymetric Map of the South African Continental Margin: Isobaths spaced at 5 m intervals between 0 and –400 m, at 10 m intervals between -400 and -1000 m and at
100 m intervals for depths greater than -1000 m; For The ETOPO 1 Map: Isobaths spaced at 10 m intervals between 0 and -1000 m and at 100 m intervals for depths greater than -1000 m).
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The ETOPO 1 data were downloaded in ASCII grid file format and then re-gridded in Surfer 9 using
the Kriging method. Both the DAFF bathymetric map (Fig. 3.61a) (which was compiled using only
single-beam echo-sounding data collected by the F.R.S. Africana II, F.R.S. Algoa and other Inshore
vessels) and the Final Bathymetric Map of the South African Continental Margin (Fig.3.61b)
correlates well with the ETOPO 1-derived bathymetric contour map (Fig. 3.61c). The continental
shelf of the DAFF bathymetric dataset (Fig. 3.61a) has a similar overall shape and size than that of
the ETOPO 1 dataset and the position of the shelf break also corresponds relatively well (except that
the ETOPO 1 dataset has much poorer resolution).
By visually comparing the two datasets it is evident that the ETOPO 1 dataset has a much lower
resolution bathymetry on the continental shelf area. This is mainly due to the encumbering effect
that shallow water has on Satellite Altimetry as well as the relatively sparse ship track coverage
around the South African continental margin (see Fig. 1.5 in Chapter 1 indicating the NOAA ship track
data coverage). The overall shape of the continental shelf and the position of the shelf break of both
the DAFF and ETOPO 1 datasets compare fairly accurately resulting in a relatively seamless overlap
between the two datasets when the Final Bathymetric Map of the South African Continental Margin
(Fig. 3.61b; Figs. 4.1, 4.2 and 4.3 in Chapter 4 and Appendix B) was constructed.

3.7.3.3 South African Navy (SAN) Hydrographic Charts
Figure 3.62 shows the comparison between the Final Bathymetric Map of the South African
Continental Margin and the SAN 119 Hydrographic Chart for the area between Melkbos Punt and
Cape Hangklip. Visually the two maps compare excellently to one another, with the -15, -20, -50,
-100, -200, -500, -1000 and -2000 m isobaths of the Final Bathymetric Map of the South African
Continental Margin closely following those of the SAN 119 Hydrographic Chart (with a maximum
variance between the isobaths of the two maps of less than 1 km).
A similar comparison was done between the Final Bathymetric Map of the South African Continental
Margin and the SAN 129 Hydrographic Chart for the area between Port Elizabeth and the Great Fish
Point (Fig. 3.63). Here the Final Bathymetric Map of the South African Continental Margin also
compares well to the higher resolution SAN 129 Chart data with their -15, -20, -50, -100, -200, -500,
-1000 and -2000 m isobaths closely overlapping in most instances (with a maximum variance of less
than 2 km between the isobaths of the two maps).
Although the SAN Hydrographic Charts are a little more detailed around the inshore areas than the
Final Bathymetric Map of the South African Continental Margin, the latter still picks up the most
important shallow water features (for example Rocky Bank and the offshore extension of the Cape
Hangklip headland) with relative accuracy (Figs. 3.62 & 3.63). Further offshore (deeper than -50 m
water depth) the isobaths correlate excellently with a high percentage (more than 90%) of overlap
between the two maps. The same inner, middle and outer shelf bathymetric features are clearly
displayed in both maps and show great similarity, which indicates the degree of accuracy and
precision of the Final Bathymetric Map of the South African Continental Margin (Figs. 4.1, 4.2 and 4.3
in Chapter 4 and Appendix A).
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Figure 3.62 Comparison between SAN 119 Chart (black isobaths) and the Final Bathymetric Map of the South African Continental Margin
(blue isobaths). Isobaths are spaced at -15, -20, -30, -50, -100, -200, -500 and -1000 m intervals (the SAN119 Chart scanned image is
courtesy of the Council for Geoscience).
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Figure 3.63 Comparison between SAN 129 Chart (black isobaths) and the Final Bathymetric Map of the South African Continental Margin (blue isobaths). Isobaths are spaced at -15, -20, -30, -50, 100, -200, -500 and -1000 m intervals (SAN 129 Chart scanned image is courtesy of the Council for Geoscience).

3.7.3.4 South African Navy High Resolution Fair Chart Data
Fair Chart Data are high resolution multi-beam echo-sounding data collected by the South African
Navy for the area around the Cape Peninsula between Table Bay and Cape Hangklip (data is courtesy
of the South African Navy and the Council for Geoscience). Figure 3.64 indicates the comparison
between the Final Bathymetric Map of the South African Continental Margin and SA Navy Fair Chart
data. Visually there is a high amount of overlap of the isobaths between the two datasets and
although the Navy Fair Chart has a higher resolution, it is not much more detailed than the Final
Bathymetric Map of the South African Continental Margin.
The seafloor morphology is nearly identical in both datasets with the extent of the rocky inner-shelf
platform clearly defined by both maps. Both maps also indicate the Cape Point Valley in great detail
as well as major features such as Rocky Bank, Whittle Rock, Robben Island (in Table Bay) and Seal
Island (in False Bay) (Fig. 3.64). They both display a clearly defined offshore extension of the on land
headland at Cape Hangklip along with the rocky outcrop to its southeast. They show very similar
bathymetry for the whole of False Bay and Table Bay, picking up the rocky shelf edge seawards of
Table Bay. Most remarkably is the fact that they both pick up the linear geological contact zone (Fig.
3.64) between the Cape Granite Suite and the Malmesbury Group metasediments extending
offshore from Sea Point (Cape Town).
To conclude it can be said that these two maps are almost identical except for their degree of
resolution, in which the Navy Fair Chart has the slightly higher resolution of the two. They both
exhibit a high amount of detail and highlight the same bathymetric features which contribute to the
high level of accuracy and detail of the Final Bathymetric Map of the South African Continental
Margin (Figs. 4.1, 4.2 and 4.3 in Chapter 4 and Appendix A).
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Geological contact zone

Figure 3.64 Comparison between the Final Bathymetric Map of the South African Continental Margin (left) and the SA Navy Fair Chart Data (right) (Courtesy of the Council for Geoscience). Isobaths spaced at 5m intervals for both maps.
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3.8 The Final Bathymetric Dataset
The final bathymetric dataset (Fig. 3.65) used to construct the Bathymetric Map of the South African
Continental Margin consists of:
1)

Nearly two decades of single-beam echo-sounding data collected by the Fisheries Division of
the Department of Agriculture Forestry and Fisheries (Table 3.16) using the vessels:
•

the F.R.S. Africana II (Fig. 3.65a)

•

the F.R.S. Algoa (Fig. 3.65b)

•

the inshore survey vessels used for obtaining the inshore Ship Track Dataset (Fig 3.65c)

•

This dataset covers the entire extent of the South African continental shelf between the
Orange River mouth (along the West Coast Margin of South Africa) and Kosi Bay (along
the East Coast Margin of South Africa) and contributed a total of 11.38 million data points
to the Final Bathymetric Map of the South African Continental Margin (Table 3.16).
Points before processing
steps

Points after processing
steps

Points
removed

Total Bathymetric data
points %

F.R.S. Africa II

2 680 941.0000

2 506 442.0000

174 499.0000

22.0

F.R.S. Algoa

1 278 300.0000

949 376.0000

328 924.0000

8.3

Inshore Dataset

3 633 077.0000

3 604 435.0000

28 642.0000

31.7

-

4 321 339.0000

-

38.0

7592318.0000

11381592.0000

532065.0000

100.0

Source

ETOPO 1 - 1 Arc Minute Dataset
Total

Table 3.16 Data coverage statistics generated for each bathymetric dataset used for constructing Final Bathymetric Map of
the South African Continental Margin.

2) The ETOPO 1 - 1 Arc-Minute Global Relief Model dataset (Amante and Eakins, 2009) (Fig.
3.65d) which was used to complement the DAFF bathymetric dataset mainly in areas where
no proper coverage exists such as northwards of the Orange River mouth towards Lüderitz
(along the northern section of the West Coast Margin), as well as the deep ocean areas
adjacent to the South African continental shelf (deeper than -1100 m).
3) An on land topography map (Fig. 3.65e) which is courtesy of the SRTM 30 dataset (available
from http://topex.ucsd.edu/WWW_html/srtm30_plus.html) (Becker et al., 2009).
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a)

b)

c)

d)

e)
Figure 3.65 Coverage of Bathymetric data used to construct the Final Bathymetric Map of the South African Continental Margin include single-beam echo-sounding data collected by the a) F.R.S. Africana II, b) F.R.S. Algoa and c) Inshore surveys along with complimentary datasets of the d) ETOPO 1 - 1 Arc-Minute Global
Relief Model (Amante and Eakins, 2009) and e) the SRTM 30 dataset (Becker et al., 2009).
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CHAPTER 4: RESULTS
4.1 Introduction
The final gridded bathymetric dataset produced during this study using the Kriging method in
Surfer 9 was saved as an Arc Info/ASCII Grid file (the details of this grid file can be found in Table 3.6
in Appendix A). This file format was found to be the most compatible with the software packages
such as Surfer 9, Grapher 8, ArcMap 9.3 and Global Mapper 12.
The final gridded bathymetric dataset consists of single-beam echo-sounding bathymetric data of
the South African continental shelf area collected by the Department of Agriculture, Forestry and
Fisheries (DAFF) over the last two decades by the marine vessels the F.R.S. Africana II and F.R.S.
Algoa (as discussed in Chapter 3). This dataset was then supplemented with the ETOPO 1 - 1 ArcMinute Global Relief Model dataset (Amante and Eakins, 2009) - only for the deeper lying areas off
the continental shelf as well as the area north of the Orange River mouth (West Coast margin) where
very little single-beam echo-sounding data were collected - as well as with the on land topography of
SRTM 30 dataset (Becker et al., 2009) (as described in Chapter 3 - Section 3.8).
The final results of this study are presented in three (1:200 000 scale) bathymetric maps:
•

A Contoured Bathymetric Map of the South African Continental Margin (Fig. 4.1)

•

A Shaded Relief Bathymetric Map of the South African Continental Margin(Fig. 4.2)

•

A combined Shaded Relief and Contour Bathymetric Map of the South African Continental
Margin (Fig. 4.3)

The aim of this study was to improve on existing bathymetric datasets of the South African
continental margin, which consists primarily of the Dingle et al. (1987) bathymetric map and current
South African Navy Nautical (SAN) Charts (see Chapter 1). Not only has the Final Bathymetric Map of
the South African Continental Margin succeeded as a great improvement compared to the existing
Dingle et al. (1987) bathymetric map, revealing the South African continental shelf in much greater
detail, but it has also brought a number of new bathymetric features to light, which will be the focus
of many future studies still to be undertaken on the South African continental margin. The various
bathymetric features revealed by these three maps are discussed in detail in Chapter 5. Large A2 size
fold out maps of Figures 4.1, 4.2 and 4.3 can be found in Appendix B.
This final gridded bathymetric dataset can also be converted to an easily usable and distributable
Digital Elevation Model/Digital Terrain Model (DEM/DTM) using Surfer 9, ArcMap 9.3 or Global
Mapper 12. This created DEM/DTM can then be used by researchers for marine geological mapping
and research, modelling coastal processes (such as tsunami inundation, storm surge, ocean currents,
contaminant dispersal, etc.), ecosystems management and habitat research, coastal and marine
spatial planning as well as hazard mitigation and community preparedness. Other useful products of
this research would be the digital bathymetric contours and shaded-relief image (These can be
exported as .shp, .dxf or .tiff file formats) that can be used for personalized visualization of the South
African margin in any GIS applications.
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4.2 Contoured Bathymetric Map of the South African Continental
Margin
The contoured Bathymetry of the South African Continental Margin map covers the entire South
African continental margin extending from Lüderitz (Namibia) along the West Coast margin, to Kosi
Bay (South Africa) along the East Coast margin (Fig. 4.1).
This 1:2 000 000 scale map was generated using ArcMap 9.3 and projected using the following
coordinate system:
Datum:
Spheroid:
Semimajor Axis:
Semiminor Axis:
Inverse Flattening:
Angular Unit:
Prime Meridian:

WGS 1984
WGS 1984
6378137.000000000000000000
6356752.314245179300000000
298.257223563000030000
Degree (0.017453292519943299)
Greenwich (0.000000000000000000)

The map extent is as follows:
North:
West:
East:
South:

26° 21’ 59.502” S
13° 3’ 8.884” E
38° 6” 28.205” S
33° 43” 59.151”E

This contoured bathymetric map (Fig. 4.1) displays the gridded bathymetric data produced during
this study for the South African continental margin between the Orange River mouth and Kosi Bay,
and the additional ETOPO 1 -1 Arc-Minute Global Relief Model data (Amante and Eakins, 2009) used for the off-shelf areas (deeper than -1100 m) and continental shelf area situated to the north of
the Orange River mouth. Contoured isobaths are spaced at 2 m intervals between 0 and -500 m
water depth (with highlighted isobaths spaced at 10 m intervals), at 10 m intervals between -500
and -1500 m water depth and at 100 m intervals between -1500 and -6000 m water depth . On land
topography is courtesy of the SRTM 30 dataset (Becker et al., 2009) and is displayed with
topographic isobaths (light grey) spaced at 100 m intervals.
Bathymetric features indicated on the contoured Bathymetry of the South African Continental
Margin map (Fig. 4.1) along West Coast margin include: (from north to south) the Lüderitz Arch,
Orange Banks, Childs Bank, Olifants Valley, Olifants Delta, Cape Canyon, Cape Point Valley and Rocky
Bank; along the South Coast margin include: Agulhas Bank, Agulhas Arch, Alphard Banks, Alphard
Rise, Six and Twelve Mile Banks; and along the East Coast margin include: Protea and Aliwal Shoals,
Tugela Cone and Tugela Canyon. Deep Ocean bathymetric features indicated on this map include the
Cape Basin, Agulhas Basin, Agulhas Passage, Agulhas Plateau, Diaz Ridge, Transkei Basin,
Mozambique Ridge and Natal Valley. Seamounts indicated include the Tripp, Engelbrecht, Protea,
Erica, Natal, Shackleton, Mallory and Argentina Seamounts.
An A2 size folded print out of the contoured Bathymetry of the South African Continental Margin
map (Fig. 4.1) is included in Appendix B.
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Figure 4.1 A 1:2 000 000 scale contoured bathymetric map of the South African continental margin, along with deep ocean bathymetry (ETOPO 1) and on land topography (SRTM 30).
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4.3 Shaded Relief Bathymetric Map of the South African Continental
Margin
The shaded relief Bathymetry of the South African Continental Margin map covers the entire South
African continental margin extending from Lüderitz (Namibia) in the west, to Kosi Bay in the east
(Fig. 4.2).
This 1:2 000 000 scale map was generated using ArcMap 9.3 and projected using the following
coordinate system:
Datum:
Spheroid:
Semimajor Axis:
Semiminor Axis:
Inverse Flattening:
Angular Unit:
Prime Meridian:

WGS 1984
WGS 1984
6378137.000000000000000000
6356752.314245179300000000
298.257223563000030000
Degree (0.017453292519943299)
Greenwich (0.000000000000000000)

The map extent is as follows:
North:
West:
East:
South:

26° 21’ 59.502” S
13° 3’ 8.884” E
38° 6” 28.205” S
33° 43” 59.151”E

This shaded relief bathymetric map (Fig. 4.2) displays the gridded bathymetric data produced during
this study for the South African continental margin between the Orange River mouth and Kosi Bay,
and the additional ETOPO 1 -1 Arc-Minute Global Relief Model data (Amante and Eakins, 2009) used for the off-shelf areas (deeper than -1100 m) and continental shelf area situated to the north of
the Orange River mouth - as well as the on land topographic data from the SRTM 30 dataset (Becker
et al., 2009). The Shaded Relief image was produced in Global Mapper 12 using the final Surfer 9
gridded bathymetric dataset (as discussed in Section 3.6.4.3).
An A2 size folded print out of the shaded relief Bathymetry of the South African Continental Margin
map (Fig. 4.2) is included in Appendix B.
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Figure 4.2 A 1:2 000 000 scale shaded relief bathymetric map of the South African continental margin, along with deep ocean bathymetry (ETOPO 1) and on land topography (SRTM 30).
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4.4 Combined Shaded Relief and Contoured Bathymetric Map of the
South African Continental Margin
The combined shaded relief and contoured Bathymetry of the South African Continental Margin
map covers the entire South African continental margin extending between Lüderitz (Namibia) along
the West Coast margin, to Kosi Bay (South Africa) along the East Coast margin (Fig. 4.3).
This 1:2 000 000 scale map was generated using ArcMap 9.3 and projected using the following
coordinate system:
Datum:
Spheroid:
Semimajor Axis:
Semiminor Axis:
Inverse Flattening:
Angular Unit:
Prime Meridian:

WGS 1984
WGS 1984
6378137.000000000000000000
6356752.314245179300000000
298.257223563000030000
Degree (0.017453292519943299)
Greenwich (0.000000000000000000)

The map extent is as follows:
North:
West:
East:
South:

26° 21’ 59.502” S
13° 3’ 8.884” E
38° 6” 28.205” S
33° 43” 59.151”E

This combined bathymetric map displays the gridded bathymetric data produced during this study
for the continental shelf area between the Orange River mouth and Kosi Bay, and the additional
ETOPO 1 -1 Arc-Minute Global Relief Model data (Amante and Eakins, 2009)- used for the off-shelf
areas (deeper than -1100 m) and continental shelf area situated to the north of the Orange River
mouth - as well as the on land topographic data from the SRTM 30 dataset (Becker et al., 2009). The
Shaded Relief image was produced in Global Mapper 12 using the Surfer 9 gridded bathymetric
dataset (as discussed in Section 3.6.4.3). This map uses the combined projection of a shaded relief
and contour bathymetric map in order to display the bathymetric data more clearly than in the other
two maps (Fig. 4.1 & 4.2).
Isobaths are spaced at 10 m intervals between 0 and -500 m water depth (with highlighted isobaths
spaced at 10 m intervals), at 50 m intervals between -500 and -1500 m water depth and at 100 m
intervals between -1500 and -6000 m water depth. Bathymetric features indicated on the combined
shaded relief and contoured Bathymetry of the South African Continental Margin map along West
Coast margin include: the Lüderitz Arch, Orange Banks, Childs Bank, Olifants Valley, Olifants Delta,
Cape Canyon, Cape Point Valley and Rocky Bank; along the South Coast margin include: Agulhas
Bank, Agulhas Arch, Alphard Banks, Alphard Rise, Six and Twelve Mile Banks; and along the East
Coast margin include: Protea and Aliwal Shoals, Tugela Cone and Tugela Canyon. Deep Ocean
bathymetric features indicated on this map include the Cape Basin, Agulhas Basin, Agulhas Passage,
Agulhas Plateau, Diaz Ridge, Transkei Basin, Mozambique Ridge and Natal Valley. Seamounts
indicated include the Tripp, Engelbrecht, Protea, Erica, Natal, Shackleton, Mallory and Argentina
Seamounts.
An A2 size folded print out of the shaded relief and contoured Bathymetry of the South African
Continental Margin map (Fig. 4.3) is included in Appendix B.
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Figure 4.3 A 1:2 000 000 scale combined shaded relief and contoured bathymetric map of the South African continental margin, along with deep ocean bathymetry (ETOPO 1) and on land topography (SRTM 30).
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CHAPTER 5: DISCUSSION
5.1 Introduction
The bathymetric map produced by this study proved to be a significant improvement on the
Dingle et al. (1987) map, which has been the primary source of information on the bathymetry of
the southern African continental margin up until now. This new map not only resolves the shelf
bathymetry in much greater detail but also contributes significantly to a better understanding of
the morphology of the South African continental shelf (See Section 3.7.3 for a visual comparison
with the Dingle et al. (1987) map). This chapter aims to discuss the various bathymetric features in
more detail regarding their location, structure, bedrock geology and surface sediment cover as
well as their relation to tectonics, ocean currents, drainage systems and Pleistocene sea level
fluctuations (please refer to Chapter 2 for a more detailed geological background). Any newly
resolved features will form the key focus point throughout this chapter and will be discussed in
detail at the end of each regional section.
Although the Atlantic Ocean margin (West Coast) and Indian Ocean margin (South and East
Coasts) of southern Africa are both passive continental margins, they differ quite remarkably
regarding their size and shape. The continental shelf on the Atlantic Ocean margin (Fig. 5.1) is very
wide and relatively deep while the Indian Ocean margin is very narrow and shallow (Siesser et al.,
1974; Dingle et al., 1983; Emery et al., 1992). This significant morphological difference is the result
of divergent plate movement during the formation of the Atlantic Ocean margin and translational
plate movement during the formation of the Indian Ocean margin, throughout the break-up of
Western Gondwana (±180 million years ago) (Dingle et al., 1983; Emery et al., 1992). The two
margins have also experienced vastly different Late Cenozoic uplift histories, climates and
sediment supply that can be contributed to a variety of factors including their dissimilarity
regarding general morphology, Cenozoic sea level fluctuations, predominant ocean currents and
drainage systems. Because of these major differences both continental margins have unique
geological and oceanographic characteristics which are discussed in detail throughout this
chapter.
The present day divergent western and north-eastern margins of southern Africa (Dingle and
Scrutton, 1974) can clearly be distinguished from its translational southern and south-eastern
margins (Francheteau and Le Pichon, 1972; LaBrecque and Hayes, 1979; Tankard et al., 1982) (Fig.
5.1). The divergent margins (which include the entire West Coast margin and a small part of the
East Coast Margin) are much wider and have a much gentler incline towards the adjacent deep
ocean basins than the translational margins (which include the East Coast and South Coast
margins), which are very narrow and have a sheer drop towards the adjacent deep ocean basins
(Fig. 5.1). This narrow, steep continental shelf along the South and East Coast Margins is the result
of shearing along the Agulhas-Falkland Fracture Zone (AFFZ) during Gondwana break-up which is
clearly evident in features such as the Agulhas Bank, Agulhas Plateau, Cape Rise and Agulhas Ridge
(these features are all situated to the south-west of the South African continental shelf), with
shearing scars (or shear zones) also visible along the eastern margin of the Mozambique Ridge as
well as further east throughout the Mozambique Basin (Fig. 5.1).
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Figure 5.1 Bathymetric map of Southern Africa. The off-shelf bathymetry is courtesy of the ETOPO 1 dataset (available from NOAA’s National Geophysical Data Centre) and on-shelf bathymetry was produced using single-beam echo-sounding data collected by the Department of Agriculture, Forestry and Fisheries of South Africa.
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Figure 5.2 Bathymetric map of the southern African continental margin showing the different regions discussed throughout this Chapter: namely the West Coast Margin (Alexander Bay to Cape Agulhas), South Coast Margin (Cape Agulhas to Port Alfred) and the East Coast Margin (Port Alfred to Kosi Bay).
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The discussion throughout this chapter is subdivided into three main morphological regions (Fig.
5.2) in order to simplify their discussion: namely the West Coast Margin between the Orange River
mouth and Cape Agulhas; the South Coast Margin between Cape Agulhas and Port Alfred; and the
East Coast Margin between Port Alfred and Kosi Bay. These continental shelf areas are then
subdivided into smaller sections (Fig. 5.2) for a more detailed discussion of their bathymetric
features and how they relate to the underlying geology, prevailing ocean currents, modern and
palaeo drainage systems and Cenozoic sea level fluctuations.

5.2 Bathymetry and Morphology of the West Coast Margin of South
Africa
5.2.1 Deep Ocean Bathymetry
The western continental margin of southern Africa is bounded by the Walvis Ridge to the north
and west and the Agulhas Ridge to the south (Fig. 5.1). The prominent Walvis Ridge separates the
extensive Angola Basin and abyssal plain to the north, from the smaller Cape Basin and abyssal
plain to the south. This ridge is a linear morphological feature that extends in a north-easterly
direction, with increasing relief, from the island of Tristan da Cunha (-12.2˚E; -37.0˚S) for nearly
3000 km to join the continental margin near Cape Frio (12˚E; 18.5°S) (Simpson, 1971) (Fig. 5.1). It
is suggested that the Walvis Ridge is of rifting origin and likely acted as a barrier to deep ocean
circulation since the time of the Atlantic Ocean formation, at the beginning of the Cretaceous
period, which allowed for relatively unhindered sedimentation and hence the consequential,
subdued topography of the continental margin situated to the south of it (Francheteau and
LiPichon, 1972; Leyden et al., 1972; Scrutton and Dingle, 1974; Siesser et al., 1974).
The Cape Basin is an expansive abyssal plain, with only a few sporadic seamounts disrupting the
generally featureless surface and is bounded by the Walvis Ridge to the north and west and the
Cape Rise and Agulhas Ridge to the south (Fig. 5.1). The Cape Rise consists of a group of NE-SW
trending seamounts, while the Agulhas Ridge is a transverse ridge (Uenzelmann-Neben and Gohl,
2004) that forms part of the Agulhas-Falkland Fracture Zone (AFFZ). The AFFZ is one of the largest
structural offsets (1200 km ridge-to-ridge offset) between crustal segments in the World and
stretches roughly 2500 km between the southern margin of South Africa and the northern edge of
the Falkland Plateau (situated to the east of South America) (Ben-Avraham et al., 1997;
Uenzelmann-Neben and Gohl, 2004). It is a clearly defined linear feature that includes the
prominent Agulhas Ridge (which rises more than 3km above the surrounding seafloor and acts as
a divide between the Cape Basin and the Agulhas Basin) and the Agulhas Fracture Zone which
stretches along the entire southern continental shelf of South Africa (Fig. 5.1). The Agulhas Basin is
an expansive abyssal plain to the south of the AFFZ and, similar to the Cape Basin, it is generally
featureless except for a few sporadic seamounts.

5.2.2 Bathymetry of the West Coast Continental Shelf
The West Coast continental shelf of South Africa for this study extends between the Orange River
Mouth and Cape Agulhas. The West Coast continental shelf is subdivided into a northern segment,
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Figure 5.3 Bathymetric map of the West Coast continental margin of South Africa and adjacent deep ocean area. Bathymetric isobaths
are spaced at 5 m intervals for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500
and -1000 m, and at 100 m intervals for water depths greater than -1000 m.
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situated between the Orange River mouth and Cape Columbine, and a southern segment, situated
between Cape Columbine to Cape Agulhas (Fig. 5.2). The northern segment consists of the Orange
and Olifants Shelf areas whilst the southern segment consists of the Cape Columbine and Western
Agulhas Shelf areas. The continental shelf between the Orange River mouth and Cape Columbine
has a narrow inner shelf and a wide, gently sloping middle to outer shelf that define two large,
relatively featureless areas, referred to as the Orange Shelf and the Olifants Shelf, which is
separated by the expansive Olifants Valley (Fig. 5.3). The continental shelf between Cape
Columbine and Cape Agulhas has a relatively broad and rocky inner shelf, two large submarine
canyons (the Cape Canyon and Cape Point Valley) and a broad middle to outer shelf (Fig. 5.3). The
shelf break is generally parallel to the general SE-NW trend of the coastline with the shelf
widening from 50 km off the Cape Peninsula to a maximum of 240 km off the Orange River mouth
before narrowing again northwards (in the vicinity of the Lüderitz Arch) to a width of about 95 km
(Fig. 5.3).
The shelf break generally lies at water depths of between -200 and -600 m making it one of the
deepest in the World (the world average is equal to -130 m - See Table 5.1 in Appendix A for a
comparison of the overall shelf morphology of South Africa to the world averages as described by
Shepard (1963)). The continental shelf is bounded by a gentle dipping continental slope and rise
which extends offshore for approximately 400 - 600 km into the adjacent Cape Basin and abyssal
plain. The morphology of the West Coast continental margin has undergone a complex history of
sedimentation, erosion and differential warping (please refer to Chapter 2 for a detailed geological
history of the West Coast margin) (Simpson, 1971; Rogers, 1971; Dingle, 1973a; Dingle et al.,
1983).
The continental shelf and upper slope along the West Coast margin can normally be subdivided
into three morphological zones, consisting of an inner, middle and outer shelf area (Fig. 5.4). The
rocky inner shelf area extends from the present coastline out to the middle shelf in a narrow,
coast parallel band. It varies in width from 35 km near Cape Agulhas, 16 km off Cape Point, 40 km
off Table Bay and St. Helena Bay to less than 8 km along the entire West Coast margin north of
Cape Columbine (Rogers, 1971) (Fig. 5.4). The middle shelf is relatively featureless except for three
submarine canyons (the Olifants Valley, Cape Canyon and Cape Point Valley) that cuts across it and
has a gentle average gradient of 0.1° (compared to the world average of 0.12° as determined by
Shepard (1963)) that steepens across the outer shelf area (up to 0.1°) towards a generally well
defined shelf break (Dingle et al., 1983) (Fig. 5.4). The shelf break varies between water depths of
-195 to -310 m off Cape Agulhas, -380 m off Cape Point, -360 to -500 m off Cape Columbine, -360
m off Childs Bank and -214 to -620 m off the Orange River mouth. Beyond the shelf break the
average upper slope gradient is roughly 3.3°, which is relatively gentle compared to the world
average of 4.4° according to Shepard (1963) (see Table 5.1 in Appendix A).
Figure 5.4 indicates the morphological shelf divisions of the West Coast Margin showing the inner,
middle and outer continental shelf areas along with various bathymetric profiles of the continental
shelf. These bathymetric profiles help to display the change in the morphology of the continental
shelf as one move from north to south regarding its shape, slope and width. Figure 5.5 indicates
the surface Geology of the West Coast continental margin (as discussed in Chapter 2) along with
geological cross-sections across the Orange Banks, Childs Bank and the Cape Canyon. These crosssections were adapted from those presented by Dingle (1971a) and Dingle (1971c) to conform to
the new bathymetric data derived from this study.
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Figure 5.4 Morphological shelf divisions of the West Coast Margin of South Africa indicating the inner, middle and outer continental shelf areas, along with bathymetric profiles (A - G) of the continental shelf indicating the change in both shape and slope from north to south. Bathymetric isobaths are spaced at 5 m
intervals for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m intervals for water depths greater than -1000 m (Rivers and Water Bodies are courtesy of DWAF).
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Figure 5.5 The surface Geology of the West Coast continental margin of South Africa along with geological cross sections across the Orange Banks, Childs Bank and the Cape Canyon (from north to south). Bathymetric isobaths are spaced at 50 m intervals for water depths ranging between 0 and -1000 m and at 100 m
intervals for water depths greater than -1000 m. The offshore Geology map was modified from Dingle (1971); Dingle and Siesser (1977); Dingle et al. (1983); Broad et al. (2006). The on land geology is courtesy of the Council for Geoscience (Legend to the on land geology can be found at the back of Appendix A). The
Geological cross-sections (A - C) were modified from Dingle (1971a); Dingle (1971c) using the newly derived bathymetry data for the depth profiles.
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5.2.2.1 Orange Shelf
The Orange Shelf is situated between the Lüderitz Arch and the Olifants Valley, extending offshore
up to the Orange Banks, nearly 195 km west of the Orange River mouth, and southwards up to
Childs Bank (Fig. 5.6). It is separated from the Olifants Shelf by the Olifants Valley, a broad
submarine canyon that extends offshore from the Olifants River mouth across the middle and
outer shelf area. The continental shelf widens greatly from a minimum width of 95 km at the
Lüderitz Arch (28°50’S) to a maximum of 240 km just south of the Orange Banks near Tripp
Seamount (29°57’S) before narrowing again to 175 km along the western margin of Childs Bank
(30°52’S). This widening of the shelf area is the result of the extensive Orange Basin sedimentary
delta which underlies the entire continental shelf area between the Lüderitz Arch and the Olifants
Valley submarine canyon (Dingle et al., 1983; Broad et al., 2006).
Inner Shelf:
Except locally off the Orange River mouth, the nearshore area consists of a rugged, narrow (2 - 6
km wide), coast-parallel, rocky nearshore-platform that is bounded by a steep cliff along its
western margin (Fig. 5.6). This rocky nearshore-platform can be found south of the Lüderitz Arch
all the way down to the Orange River mouth, where it roughly follows the -60 m isobath, parallel
to the present coastline (Dingle, 1973a). It becomes less pronounced about 60 km north the
Orange River mouth where it is overlain by thick Quaternary sediments of the Orange River Delta
(see Fig. 5.5 – cross-section A and Fig. 5.6). Between 28°20’S and 28°50’S this 80 km long and 10
to 20 km wide sediment wedge developed across the Orange River mouth, blanketing the rocky
nearshore-platform and part of the middle shelf.
Approximately 20 km south of the Orange River mouth the rocky nearshore-platform appears
again and widens to form a distinct, 6 - 7 km wide, shelf-like feature, with a sheer seaward drop
extending southwards along the West Coast for 50 km towards Port Nolloth (Fig. 5.6). Just north
of Port Nolloth the inner shelf narrows up to 2 km, roughly following the -60 m isobath until it
reaches the Buffels River mouth. From here it gradually widens to between 3 and 5 km and follows
the -80 and -100 m isobaths to Hondeklip Bay.
The rocky nearshore-platform consists of highly resistant Pre-Cretaceous basement rocks that
form part of the on land basement geology (Fig. 5.5). Between Lüderitz and the Olifants River
mouth this rocky nearshore-platform consists of Pre-Cambrian metamorphic rocks and granites of
the Namaqua-Natal Metamorphic Province (Dingle, 1973a; Dingle et al., 1983). The basement
lithologies generally dip gently seawards at an angle between 2.5˚ and 5˚ (Dingle, 1971b). These
rocks are usually overlain by a thin veneer of unconsolidated Quaternary sand, except for the thick
Orange River Delta sediment wedge situated across the Orange River mouth.
The width of the rocky nearshore-platform is largely related to the sediment supply from the
Orange River and the nearshore wave energy. The West Coast is largely micro-tidal, with wave
energy along the majority of the coastline capable of suspending and dispersing mud and fine
sand to storm wave base depths of between -40 and -80 m (De Decker, 1987). Apart from the
Orange River, the margin is fed by ephemeral rivers and is generally starved of terrigenous
sediment (Fig. 5.6). As a result of the high wave energy and low sediment supply, the PreCretaceous basement is exposed along the rocky nearshore-platform with only thin patches of
coarse sand and gravel sediment cover present (De Decker, 1987).
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Figure 5.6 Bathymetry of the Orange Shelf area situated between the Orange River mouth and Childs Bank (The difference in bathymetric
resolution across the South African/Namibian border offshore reflects the northernmost extent of the DAFF ship track data (See Inset
Figure a) - with only ETOPO 1 bathymetric data used north of this border). Bathymetric isobaths are spaced at 5 m intervals for water
depths ranging between 0 and -500m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m intervals for
water depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship Track data
coverage of the new bathymetric map; Inset figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.

Lower Cretaceous strata are confined an inner shelf, coast parallel area which rarely exceeds 50
km in width (Fig. 5.5). It unconformably overlies the Pre-Cretaceous basement and dips seaward
at an angle of between 2° and 4.5° (Dingle, 1973a). A thin layer of Upper Cretaceous sediments
exists on top of the Lüderitz and Columbine-Agulhas Arch basement blocks, but thicknesses
increase to over 8 km at the centre of the Orange basin. A well defined sedimentary hiatus, known
as the Davie Unconformity, reflects a major sea level regression at the end of Cretaceous
sedimentation (Fig. 5.5 – cross-sections A, B and C).
Middle to Outer Shelf:
The middle to outer continental shelf along the Orange Shelf is relatively wide, shallow and
featureless and slopes gently seawards at an angle of less than 0.1° (Fig. 5.4). The middle and
outer shelf and is quite irregular due to the lack of substantial Quaternary sediment cover across
large parts of the shelf, especially in areas such as the Lüderitz Arch and Orange Banks where PostPliocene erosion removed most sediments, revealing the underlying Miocene successions (Dingle,
1973a) (Fig. 5.5).
On the inner part of the middle shelf, adjacent to the rocky nearshore-platform, lies a narrow,
thick, coast parallel Holocene Mudbelt that stretches from the Orange River mouth down to Cape
Columbine (Fig. 5.5) (Birch, 1977; Rogers, 1977; Birch et al., 1991; Rogers and Bremner, 1991;
Meadows et al., 2002; Rogers and Rau, 2006). It owes its origin to sediments discharged by the
Orange and Olifants Rivers throughout the Holocene, with the heavier sand and gravel fractions
transported northwards by longshore drift, and the finer mud particles transported southwards by
poleward flowing undercurrents. These mud particles then settled out along a basement nick
point, situated on the seaward margin of the rocky nearshore-platform, during the Cenozoic sea
level lowstands, to form the prominent Holocene Mudbelt all along the West Coast margin (Birch,
1977; Rogers, 1977; Birch et al., 1991; Rogers and Bremner, 1991; Rogers and Rau, 2006). It
extends along the entire Orange Shelf area, reaching a maximum thickness of 15 m and maximum
width of 20 km, continuing down towards the Cape Columbine headland. The rest of the middle
and outer shelf area along the West Coast margin is covered in a thin veneer of Quaternary muddy
sediments.
Irregularities in the otherwise homogeneous middle to outer continental shelf margin include the
Orange Banks/Shoals and Childs Bank (Fig. 5.6). These are elevated, remnant Neogene limestone
features which shoal gradually upwards from the middle to the outer shelf area (up to water
depths of less than -180 m) and are bounded at their outer edges by sheer cliffs of more than 150
m in height (Fig. 5.5 – cross-sections A and B) (Birch and Rogers, 1973). The Orange Banks is a
shallow elongated area consisting of three distinct banks lying at an average water depth of -160
m. Two of these banks are situated on the outer edge of the shelf break (95 and 140 km offshore),
about 70 km apart from each other, whilst a third, larger one lies 25 km further to the east (90 km
offshore) (Fig. 5.6). The Orange Banks’ northern and western margins are relatively steep and lie
at the edge of the continental shelf while its eastern and southern margins are much gentler and
smoother. The Orange Banks are essentially erosional outliers of horizontal Pliocene sediments
that formed during a major Post-Pliocene sea level regression and erosional event (Dingle, 1973a;
Siesser et al., 1974) (Fig. 5.5 – cross-section A).
Childs Bank on the other hand is a rounded, flat topped, plateau, situated at a water depth of less
than -260 m and lying approximately 125 km offshore, to the southwest of Hondeklip Bay (Fig.
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5.6). It has a very gentle northern, eastern and southern margin but a steep, slump-generated
outer face which lies at the edge of the continental shelf (Figs. 5.10 & 5.11 in Appendix A) (Birch
and Rogers, 1973; Dingle et al., 1983). From here the continental slope drops down steeply form 350 to -1500 m over a distance of less than 60 km. The overall shape of Childs Bank is markedly
different than depicted by previous studies such as the Dingle et al. (1983) map. These earlier
studies indicate Childs Bank to have a much more angular and elongated shape, tapering to a
sharp point towards its western edge, and the adjacent westward slope was also thought to be
more irregular than the new bathymetry data suggest (Fig. 5.6b). Childs Bank consists of resistant,
horizontal beds of Pliocene sediments, similar to that of the Orange Banks, and represents
another perched erosional outlier formed by Post-Pliocene erosion (Dingle, 1973a; Siesser et al.
1974) (Fig. 5.5 – cross-section B).
Shelf Break:
The shelf break changes dramatically along this stretch of the West Coast margin from a normal
and well defined shelf break, to a slump-scarred shelf break along with numerous double shelf
breaks occurring between the Lüderitz Arch and Childs Bank (Figs. 5.4 & 5.6). A clearly
distinguishable double shelf break occurs between the Lüderitz Arch and the northern margin of
the Orange Banks, with the inner break roughly situated along the -210 m isobath and the outer
break situated along the -570 m isobath. The shelf break is well defined and steep along the
western boundary of the Orange Banks lying between the -200 and -270 m isobaths (at roughly
115 to 190 km offshore), possibly representing a slump scarp area (Dingle, 1973a).
Another double shelf break is present between the Orange Banks and Childs Bank (Fig. 5.6). The
inner shelf break lies at -200 m to the south of the Orange Banks (roughly 162 to 172 km offshore)
and at -340 m just north of Childs Bank, whereas the outer break lies between -470 m and -570 m.
These inner and outer slopes are separated by a gentle (0.3°) seaward sloping ledge that reaches a
maximum width of nearly 70 km (Dingle, 1973a). South of 30°31’S the shelf break becomes well
defined again at -360 m and continues all along the western edge of Childs Bank (Fig. 5.6). Another
double shelf break is situated at the foot of the Olifants Valley, just south of Childs Bank, with the
inner shelf break situated at -360 m and an outer shelf break situated at -600 m (Fig. 5.6). This
double shelf break continues southwards up to 32˚12’S where it is overlain by the Olifants and
Berg River sediment wedge (known as the Olifants Delta) where it becomes one, clearly defined
shelf break again, that is situated at a depth of -460 m (± 185 km offshore) (Fig. 5.6).
The shelf break along the West Coast Margin of southern Africa is an erosional/non-depositional
environment due to the workings of internal tides and poleward flowing bottom currents and
consists mainly of relict Pliocene sediments (Fig. 5.5) (Dale and McMillan, 2003; Compton and
Wiltshire, 2009).The continental slope is relatively gentle compared to the world average of 4.4°
(Shepard, 1963) with the average slope varying between 1.0° - 2.0° along the Lüderitz Arch, 1.2° 2.8° along the Orange Banks and 1.5° - 3.2° along Childs Bank (Figs. 5.10 & 5.11 in Appendix A).

5.2.2.2 Olifants Shelf
The Olifants Shelf area is situated between the Olifants Valley submarine canyon and the Cape
Canyon. The northern part of the Olifants Shelf (Fig. 5.7) is relatively wide (up to 186 km), flat and
featureless except for the Olifants Valley submarine canyon that cuts across the middle to outer
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shelf area. To the south of the Olifants Valley lies the Olifants Delta, a broad, thick sediment
wedge that extends southwards from the Olifants River mouth all the way down towards Cape
Columbine, creating a clearly distinguishable feature across the inner and middle shelf area. Just
north of Cape Columbine, at the head of the Cape Canyon (32˚27’S), the Olifants Shelf narrows
considerably (up to 92 km off the Cape Columbine headland) and a prominent rocky nearshoreplatform/inner shelf terrace emerges from underneath the thick Olifants Delta sediments (Fig.
5.7). Here the Cape Canyon seems to have eroded away part of the Olifants Delta sediment
wedge, revealing the underlying Pre-Cretaceous basement rocks (Wigley, 2004).
Inner Shelf:
South of the Olifants Delta sediment wedge, situated roughly 40 km offshore on the outskirts of
St. Helena Bay, is a wide, rocky nearshore-platform/inner shelf terrace, with a distinct outer ridge,
emerges from underneath the younger Cenozoic sediment cover, extending southwards past Cape
Columbine all the way down to the Cape Peninsula (Figs. 5.7 & 5.8). This inshore terrace, which
comprises mainly of Malmesbury Group metasediments and intrusive Cape Granites (Fig. 5.5),
appears to extend northwards underneath the Cenozoic sediment cover towards the Verlorenvlei
Ridge (a small headland consisting of resistant Table Mountain Group sandstones situated off the
Verlorenvlei River mouth) (Fig. 5.7). The Verlorenvlei Ridge along with the prominent Cape
Columbine rocky headland, allowed for a fine Quaternary sediment drape to accumulate across St.
Helena Bay by sheltering it from the north flowing Benguela Current and south flowing poleward
undercurrents.
The Holocene Mudbelt that occupies the lowstand nick point along the inner shelf, adjacent to the
above mentioned inner shelf terrace (Fig. 5.5), and runs as a narrow wedge of mud (and sandymud) from the Orange River pro-delta in the north, towards St. Helena Bay in the south (Birch,
1977; Rogers, 1977; Birch et al., 1991; Rogers and Bremner, 1991; Meadows et al., 2002; Rogers
and Rau, 2006). The suspended sediment load of the Orange River is transported south by
poleward undercurrents and is accommodated within this basement nick point, that was cut
during several sea level lowstands throughout the Cenozoic. This nick point correlates particularly
to the Last Glacial Maxima (LGM) at -128 m (as do the extensive rocky nearshore-platform that
crop out along the majority of the West and South Coast margins). This Holocene Mudbelt quickly
expands from a narrow ribbon, north of the Olifants River mouth, into a thick, expansive sediment
cover upon reaching the Olifants Sediment Delta (south of the Olifants River mouth) (Fig. 5.5). The
thick sediment drape of the Olifants Delta completely covers the rocky nearshore platform south
of the Olifants River mouth.
Middle to Outer Shelf:
The middle shelf area of the Olifants Shelf is dominated by the extensive Olifants Delta, a thick
Cenozoic/Quaternary sediment wedge that lies between the Olifants River mouth and the Cape
Columbine headland (north of St Helena Bay). It formed as a result of terrigenous sediment
discharge by both the Olifants and Berg Rivers into St. Helena Bay (Dingle et al., 1983). The
Olifants Delta is more than 115 km in length and stretches 130 km offshore, where its western
extent roughly follows the -270 m isobath. It has a gentle slope, of less than 0.1°, up to the -170 m
isobath which then steepens to 0.2° towards the outer shelf area.
The Olifants Valley is a wide, shallow submarine canyon that is situated across the entire middle
and outer shelf area, to the north of the Olifants Delta (Fig. 5.7). It consists of a gentle sloping (0.2°
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Figure 5.7 Bathymetry of the Olifants Shelf area situated between Childs Bank and the Cape Canyon. Bathymetric isobaths are spaced at 5 m
intervals for water depth s ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m
intervals for water depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Figure (a) indicates the Ship Track data
coverage of the new bathymetric map; Figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.

to 0.4°), east-west trending valley, roughly 150 km in length, that forms a distinct V-shaped double
shelf break on the outer shelf margin (Figs. 5.12 & 5.13 in Appendix A). The Olifants Valley canyon
head is most likely situated underneath the thick sediments of the Olifants Delta, just offshore of
the Olifants River mouth and can be presently traced only up to the -200 m isobath before
disappearing underneath this extensive sediment delta (Fig. 5.7).
On the middle shelf area, roughly 40 km offshore (on the same latitude as Childs Bank (30°31’S)), a
narrow, well-defined, shallow, north-south orientated valley can be observed. It stretches a total
distance of 50 km to the north of the main east-west striking Olifants Valley (Fig. 5.7). This
“Unknown Valley” has not been revealed by previous studies (see Fig. 5.7b for the Dingle et al.,
1987 map of the Olifants Shelf area). Although the origin of this valley has still to be properly
investigated, it is likely to have formed during a southwards migration of the Orange/ Vaal
drainage system exit point (since the Palaeocene Era) in order to link with the main Olifants Valley
off-shelf conduit. It reaches a maximum depth of -206 m in a surrounding water depth of less than
-195 m (Figs. 5.14 & 5.15 in Appendix A). Further south (northwest of St. Helena Bay) the general
morphology of the middle shelf is smooth and featureless since it is largely covered by the
extensive Cenozoic Olifants Delta, which causes a general westward bulge of the inner shelf area
up to a water depth of -270 m (Dingle, 1973a; Birch, 1975; Rogers, 1977).
Shelf Break:
The outer Olifants Shelf area and shelf break has been greatly disrupted by the Olifants Valley in
the north and the Cape Canyon in the south. The middle and outer shelf areas are defined by a
series of relatively featureless offshore “terraces” which are mainly located along the extensive
Olifants Valley area. The first of these shelf terraces is situated to the north of the main Olifants
Valley, towards Childs Bank, and extends offshore up to the -260 m isobath (Fig. 5.7). The middle
shelf terrace is situated along the central region of Olifants Valley and its outer margin is confined
by the -340 to -380 m isobaths. This shelf terrace marks the shoreward margin of a distinct double
shelf break that deepens southwards up to 31° 83’S where it develops into a single, well defined
shelf break at -510 m.
The outer shelf terrace is much smaller and only exists at the foot of the Olifants Valley, lying inbetween a distinct double shelf break that is evident to the south of Childs Bank. This outer
terrace is a gentle sloping, v-shaped area situated between the -430 and -510 m isobaths where
the Olifants Valley, along with slumping, eroded away part of the continental shelf. These shelf
terraces are primarily relict banks of glauconite sand and Pliocene mud (Fig. 5.5) (Birch, 1975,
1977; Dingle 1971; Dingle and Siesser 1977; Dingle et al., 1983). A well defined shelf break section
is situated between a double shelf break at the foot of the Olifants Valley and a double shelf break
along the western margin of the Cape Canyon. This shelf break varies in depth between -480 and
-600 m.
The southern extent of the Olifants Shelf is disrupted by the Cape Canyon which cuts obliquely
across the entire outer and middle continental shelf, extending to within 20 km off Cape
Columbine. Another well defined double shelf break is situated to the west of the Cape Canyon
(Fig. 5.8). It is roughly 100 km long with the first shelf break generally following the -370 m isobath
and the second shelf break roughly following the -470 m isobath. This shelf break continues
southwards up to where the Cape Canyon cuts into the continental shelf (Fig. 5.8).
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The continental slope along the Olifants Shelf area varies from an average of 1.4° at the double
shelf break (at the foot of the Olifants Valley) to 2.4° along the single shelf break in the centre of
the Olifants Shelf, and between 1.2 ° and 1.8° along the double shelf break to west of the Cape
Canyon (Table 5.1 in Appendix A).

5.2.2.3 Cape Columbine to Cape Agulhas Shelf
5.2.2.3.1 Cape Columbine Shelf
The Cape Columbine Shelf area is situated between the Cape Columbine peninsula and the Cape
Point Valley (Fig. 5.8). The inner shelf area of the Cape Columbine Shelf is dominated by a well
defined rocky nearshore-platform/ inner shelf terrace that stretch southwards from the Cape
Columbine headland all the way down towards the Cape Peninsula (Fig. 5.8). The gentle dipping
middle and outer shelf area (with an average gradient of 0.1°) is generally featureless except for
two, large submarine canyons (the Cape Canyon in the north and Cape Point Valley in the south)
that both cut obliquely across a large part of the middle and outer shelf area (Fig. 5.8).
Inner Shelf:
The wide (35 - 40 km), flat and elevated inner shelf terrace continues all along the western margin
of Cape Columbine, rising sharply from water depths of between -175 and -150 m to less than -90
m. It shallows gradually southwards before terminating against the rocky nearshore-platform
(formed by Cape Granite Suite rocks and Table Mountain Group quartzites) that crop out along the
western margin of the Cape Peninsula. It reaches a minimum width of 8 km off Cape Columbine
and a maximum width of 36 km off Cape Town. The inner shelf terrace is bounded by a rocky ridge
with a steep outward edge which drops down from -80 to -120 m water depth over a distance of 2
km and seems to roughly follow the -110 to -150 m isobaths. This feature might be the direct
result of repeated large amplitude sea level fluctuations which occurred roughly every 100 000
years for the last 900 000 years (it corresponds particularly well with the Last Glacial Maximum at
-128 m) (see Figs. 5.18 & 5.19 in Appendix A) (Elderfield et al., 2012).
The inner shelf terrace along the Cape Columbine Shelf is composed mainly of Pre-Cretaceous
Malmesbury and intruding Cape Granite Suite rocks (Fig. 5.5) and its irregular seafloor topography
reflects long term uplift and erosion by Pleistocene fluctuating sea levels. The more resistant Cape
Granite Suite rocks have pronounced rocky outcrops whilst the Malmesbury Group
metasediments have smooth bathymetric characteristics. Cretaceous outcrops are generally
absent south of Cape Columbine as a result of the Pre-Cretaceous basement outcrops extending
further offshore in the form of this wide, well defined shelf terrace, as well as being overstepped
by younger Palaeogene sediments. A clearly defined contact zone can be observed across this
inshore terrace between the Malmesbury Group metasediments and the Cape Granite Suite rocks
directly west of Cape Town (Green Point) (Fig. 5.8). The rocky nearshore-platform to the south of
this Green Point contact zone (along the entire western margin of the Cape Peninsula) consists
entirely of Table Mountain Group rocks and intruding Cape Granite Suite outcrops (Dingle et al.,
1983) (Fig. 5.5).
Middle to Outer Shelf:
The middle and outer continental shelf west of Cape Columbine is disrupted by an extensive, relict
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Figure 5.8 Bathymetry of the Cape Columbine Shelf area situated between the Cape Canyon and Cape Point Valley. Bathymetric isobaths are
spaced at 5 m intervals for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m,
and at 100 m intervals for water depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Figure (a) indicates the Ship
Track data coverage of the new bathymetric map; Figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.

submarine canyon, known as the Cape Canyon, that trends in a south-westerly direction and cuts
obliquely across both the continental shelf and slope, spanning a distance of nearly 150 km (Fig.
5.8). First described by Simpson and Forder (1968) and Dingle (1971b), it is the larger of two
submarine canyons crossing the western continental shelf of South Africa, with the smaller Cape
Point Valley being situated roughly 25 km south-west of the Cape Peninsula (Fig. 5.8). The Cape
Canyon has a total longitudinal extent of nearly 200 km, a maximum local relief of around -900 m
and can be traced to a depth of -3600 m at the edge of the continental slope (Dingle, 1970a) (Figs.
5.16 & 5.17 in Appendix A). The head of the Cape Canyon is located roughly 23 km off Cape
Columbine, at -168 m water depth, where it starts off parallel to the rocky inner shelf terrace and
carries on as a shallow, indistinguishable feature for nearly 27 km to the southwest before
deepening quickly and forming the northern segment of the Cape Canyon (Figs. 5.7 & 5.8) (Wigley,
2004; Wigley and Compton, 2009). The canyon head is likely buried beneath the thick Quaternary
sediments of the Olifants Delta (Dingle, 1971a, 1971c).
The northern segment of the Cape Canyon is roughly 100 m deep and 10 km wide in water depths
of -200 to -275 m (Figs. 5.16 & 5.17 in Appendix A), becoming progressively deeper and wider to
towards the middle segment (south of the latitude of Cape Columbine), with a ridge in the middle
of two distinct channels that continues southwest for ± 80 km (Fig. 5.9) (Simpson and Forder,
1968; Dingle, 1986; Wigley, 2004). At the Cape Canyon’s middle segment these two channels
reaches depths of up to -600 m (in surrounding water depths of -400 to -550 m) as well as a
maximum width of nearly 30 km (Figs. 5.16 & 5.17 in Appendix A).
The southern segment of the Cape Canyon is much narrower (15 km wide) and deeply incised,
reaching depths greater than -800 m where the local relief is only between -500 to -650 m (Figs.
5.16 & 5.17 in Appendix A). The middle ridge disappears along the southern segment, resulting in
only one deeply cut canyon valley into the surrounding continental shelf and slope. The Cape
Canyon cuts through the Pliocene (T4) and Miocene (T3) sediment cover, exposing the Oligocene
(T2) and Palaeogene (T1) sediments underneath (Fig. 5.5) (Wigley, 2004; Wigley and Compton,
2009). The canyon also departs from its dominant north-south trend at Latitude 33°37’S Longitude
17°24’E (roughly 100 km west of Cape Town) swinging fairly sharply westward down the
continental slope into the Cape Basin before terminating at a depth of more than -3600 m (Wigley,
2004).
The Cape Canyon originated to the north of St Helena Bay, presumably as marine extension of
either the Olifants or the Berg river drainages systems, and is presently overlain by the extensive
Olifants Sediment Delta. Although the present morphology is most likely the result of submarine
erosion throughout the Pleistocene (by turbidity currents channelled through the depression) the
canyon has had a complicated history of erosion and infilling dating from the Palaeogene times
when the Orange/Vaal Drainage System had shifted from its current position and existed in the
proximity of the modern Olifants River mouth (Siesser et al., 1974; Dingle and Hendey, 1984;
Wigley, 2004) (See Section 5.5).
Lower Tertiary (T1) sedimentation was terminated by a major Oligocene regression and erosional
period that lead to the formation of the Cape Canyon by the Palaeo-Olifants River (Dingle, 1971a,
1973c; Dingle et al., 1983). The younger T2 sediments represent Oligocene cut-and-fill structures
that were deposited during this major hiatus, with the only outcrop visible on the southern limb of
the Cape Canyon (Fig. 5.5) (Dingle, 1971b; Wigley, 2004). Upper Tertiary Miocene (T3) sediments
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cover most of the shelf and upper slope north of Cape Columbine forming a seaward thickening
wedge (Birch, 1973; Dingle et al., 1983). South of Cape Columbine it narrows upon reaching the
Cape Canyon, where only lower Tertiary sediments crop out since the Upper Tertiary sediments
have been eroded away in this area. South of the Cape Canyon the Upper Tertiary strata are
confined to small outliers on the outer shelf area before being overlain by Quaternary sediments
southwards along the Agulhas Bank (Fig. 5.5).
South of the Cape Canyon the middle and outer shelf is generally smooth, featureless and narrows
gradually southwards until being once again disrupted by a submarine canyon, the Cape Point
Valley (Fig. 5.8). The Cape Point Valley is much smaller and less prominent, relict submarine
canyon than the Cape Canyon, and is situated ± 25 km south-southwest of the Cape Peninsula.
This relict submarine canyon cuts across the continental slope from southwest to northeast, but
along its northernmost extent, it cuts obliquely across the shelf in a north-northwest to southsoutheast direction (similar to the Cape Canyon), reaching to within 15 km of the present coastline
to the west of Hout Bay (Figs. 5.8 & 5.9). It continues south-eastwards for ± 50 km before swinging
southwest and finally westwards at the shelf break.
The total extent of the Cape Point Valley is 84 km and widens from less than 2 km at its canyon
head (at -200 m water depth) until it reaches a maximum width of 50 km at its southernmost
extent at the edge of the continental shelf. It gradually deepens from -260 m (in surrounding
water depths of -240 m) southwards until reaching depths greater than - 1000 m (in surrounding
water depths of - 450 m) and continues southwest onto the lower shelf slope (60 km from the
shelf break) (Figs. 5.20 and 5.2 in Appendix A). It cuts into the underlying Tertiary and Cretaceous
strata (Fig. 5.5) and reaches a maximum depth of -1360 m at the base of the canyon. A smaller,
less distinct canyon can be seen directly southeast of the Cape Point Valley but it is entirely
confined to the upper continental slope (Fig. 5.9). Little is known about the origin of the Cape
Point Valley but it is likely that the Diep River and other smaller rivers in the Cape Town Area
drained along this route during major sea level regressions throughout the Cenozoic.
The only other significant feature on this part of the continental shelf is an “unknown depression”
situated on the centre of the gentle westward sloping middle shelf area directly west of Robben
Island (± 60 km offshore) (Fig. 5.8). It is a 5 km wide, semi-circular depression, reaching a depth of
-273 m in surrounding -250 m water depth on its western margin, and -230 m on its eastern
margin (it is situated at the foot of a 0.4° seaward slope) (Figs. 5.22 & 5.23 in Appendix A).
Although it was initially regarded as a possible exaggerated ship track artefact in the bathymetric
dataset, numerous track lines, each of different voyages, running across this feature all show a
similar deepening trend towards the centre of the depression. A recent scientific excursion by the
S.A. Agulhas II has brought back single-beam bathymetry data that confirm the existence of this
feature (J.S. Compton, pers. comm., 2013).
Shelf Break:
Between Cape Columbine and Cape Point the shelf narrows quite drastically from ± 100 km to a
minimum shelf width of ± 50 km to the west of the Cape Peninsula, with a major disruption in the
shelf break caused by the cross-cutting Cape Canyon and Cape Point Valley (Figs. 5.8 & 5.9). The
shelf break off Cape Columbine is well defined at roughly -500 m, but a distinct double shelf break
is evident to the south, directly west of the head of the Cape Canyon. This double shelf break is
only noticeable for a distance of 100 km before it is disrupted by the Cape Canyon. The inner
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break occurs at -400 m and the outer break at about -500 m (an outward extension of both the
inner and the outer break occurs on the northern edge of the Cape Canyon at depths of- 450 m
and -540 m respectively). A small double shelf break also occurs on the southern edge of the Cape
Canyon, and is transposed onto the northern part of the Cape Peninsula Shelf area. The inner
break occurs at -270 m and the outer break occurs at about -450 to -580 m. A well defined shelf
break is again evident south of the Cape Canyon, which generally follows the - 390 to -430 m
isobaths, and is situated roughly 90 km offshore. The upper continental slope along the Cape
Columbine Shelf area varies in gradient from between 3.3° and 5.2°, steepening towards the
southern tip of the Agulhas Bank (see Table 5.1 in Appendix A for a comparison to rest of the
continental margin).

5.2.2.3.2 Western Agulhas Shelf
The Western Agulhas Shelf area extends from the Cape Point Valley to Cape Agulhas (Fig. 5.9). Due
to the noticeable difference in morphology of the continental shelf situated to the west of Cape
Agulhas to that of the east, it is therefore convenient to discuss the continental margin between
Cape Columbine and Cape Agulhas separately from that lying to the east of Cape Agulhas.
The NW-SE striking continental shelf along the Western Agulhas Shelf continues parallel to the
present coastline until reaching the southernmost extent of the Agulhas Bank. The shelf gradually
widens towards the south, from less than 50 km off Cape Point where the Cape Point Valley crosscuts the shelf to more than 160 km to the south of Cape Agulhas. Between Cape Columbine and
Cape Agulhas the shelf can be divided into three well-defined morphological zones; an irregular,
rocky inner shelf area/ rocky nearshore-platform (0 to -125 m); a middle- to outer-shelf zone with
a more subdued relief and a low seaward gradient (-125 to -300 m); and an upper slope with a
steep gradient (-300 to -600 m) (Dingle, 1970c; Gentle, 1987) (Fig. 5.4). The exception to this
general shelf subdivision is the Cape Point Valley submarine canyon which cuts across and disrupts
the outer and middle continental shelf area lying to the southwest of the Cape Peninsula (Fig. 5.9).
Inner Shelf:
The rocky nearshore-platform is extremely narrow (less than 10 km wide) on the western edge of
the Cape Peninsula, but broadens to 21 km once it rounds Cape Point and continues east of False
Bay. From here it follows the general outline of the coastline at an average distance of roughly 20
km offshore, reaching a maximum of 36 km immediately to the west of Cape Agulhas. This rockynearshore-platform expands offshore towards the middle shelf area at numerous seaward
extensions of the highly resistant, on-land, Table Mountain Group headlands such as off Rooi Els,
Gansbaai and Struisbaai (Fig. 5.9). Of these various headland extensions there are two very
prominent rocky ridges extending offshore, namely the Cape Hangklip and Danger Point (off
Gansbaai) ridges (Fig. 5.9). Two other prominent bathymetric features situated along the rocky
nearshore-platform are the east-west trending Six and Twelve Mile Banks. The Six Mile Bank and
Twelve Mile Bank are located at 11 and 20 km offshore to the south-west of Cape Agulhas (Fig.
5.9).
The rocky nearshore-platform is typically very rugged with sediment covered patches in between.
It’s outer boundary is roughly constrained by the -120 to -130 m isobaths, beyond which the
basement rocks are covered by younger Cenozoic sediments (Gentle, 1987) (Fig. 5.5).
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Figure 5.9 Bathymetry of the Western Cape Agulhas Shelf area situated between the Cape Point Valley and Cape Agulhas. Bathymetric isobaths
are spaced at 5 m intervals for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000
m, and at 100 m intervals for water depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Figure (a) indicates the Ship
Track data coverage of the new bathymetric map; Figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.

This depth roughly correlates with the sea level low stand of -128 m during the last Glacial
Maximum (± 25 - 15 ka), which indicates that this rocky nearshore-platform was formed due to
erosion by repeated exposure during major Pleistocene sea level regressions (see Fig. 5.20 in
Appendix A) (Elderfield et al., 2012).
Another prominent characteristic of the Western Agulhas Margin is the overall shape of the
present coastline and general bathymetry along the inner shelf area where numerous
headlands/rocky ridges and embayments exist, especially all along the adjoining South Coast
Margin. This irregular shape of the coastline is mainly due to the underlying geology, with the
highly resistant Table Mountain Group quartzites forming the prominent headlands and rocky
ridges that extend offshore onto the middle shelf area. The soft shale of the Bokkeveld Group and
metamorphic sediments of the Malmesbury Group is eroded more easily and forms the large
embayments, such as False Bay and Walker Bay along the Western Agulhas Margin, in-between
the more resistant rocky headlands (Figs. 5.5 & 5.9).
Middle to Outer Shelf:
The middle to outer shelf areas along the Western Agulhas Shelf is generally smooth and
featureless due to a thick Quaternary (Tu) sediment succession overlying the older Cenozoic and
Cretaceous strata (Fig. 5.5). The middle and outer shelf gently slope seawards at an angle of less
than 0.1°, increasing only at the outer shelf edge towards the shelf break (Table 5.1 in Appendix
A). The only disruption in the otherwise homogeneous continental shelf area is the Cape Point
Valley which cross-cuts and disrupts the entire middle and outer shelf area to the southwest of
the Cape peninsula (off Cape point) (Fig. 5.9).
Shelf Break:
The majority of the Western Agulhas Shelf is bounded by a well defined single shelf break which is
situated at various water depths ranging from -205 m southwest of Cape Agulhas, -300 m south of
Cape Point and up to -400 m west of the Cape Peninsula. A slight double shelf break (stretching for
approximately 112 km) is evident southwest of Cape Agulhas, with the inner shelf break occurring
along the -220 m isobath and the outer shelf break situated along the -300 m isobaths (Fig. 5.9).
This bathymetric nick point along the outer shelf area is likely caused by the underlying
Cretaceous/ Cenozoic boundary along the southern continental slope of the Agulhas Bank. A steep
upper slope with an average gradient of 4.2˚ is noticeable along the entire Western Agulhas Bank
with a sheer drop in elevation from - 300 to -2500 m over a distance of less than 20 km. The lower
slope is much gentler (0.9˚) and continues towards the adjacent Cape Basin (Table 5.1 in Appendix
A).

5.2.3 Newly Discovered and Better Resolved Features along the West Coast
Margin of South Africa:
By correlating the newly derived bathymetric map (Figs.4.1, 4.2 and 4.3 in Chapter 4 and Appendix
B) with the Dingle et al. (1987) bathymetric map, most of the bathymetric features on the
continental shelf along the West Coast margin are displayed in much greater detail in the newer
bathymetric map (see Figs. 5.6, 5.7, 5.8 and 5.9). These newly discovered and better resolved shelf
features along the West Coast margin of South Africa include (from north to south):
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5.2.3.1 Childs Bank (Fig. 5.6 and Figs. 5.10 & 5.11 in Appendix A) is larger and more rounded than
the earlier Dingle et al. (1987) map suggested (Fig. 5.6b) with a sheer linear (NW-SE) seaward drop
along its western edge. This western margin of Childs Bank is rather irregular in shape possibly due
to slumping along this section (See Fig. 5.11 - depth profiles G-H in Appendix A). From the depth
profiles in Figure 5.11 it is clear that Childs Bank can be divided into a well rounded eastern and
middle segment and a more irregular, slumped scarred western segment.
5.2.3.2 The Olifants Valley (Fig.5.7 and Figs. 5.12 & 5.13 in Appendix A) is more clearly defined
along the inner (adjacent to the Olifants Delta), middle and outer shelf margins by the new
bathymetric map compared to the Dingle et al. (1987) map (Fig. 5.7b). The Olifants Valley
stretches from the -150 m isobath, just to the north of the extensive Olifants Delta (roughly 30 km
offshore) in a general east-west direction across the middle and outer shelf towards the double
shelf break situated directly south of Childs Bank (Fig. 5.7). It forms three distinct shelf terraces
with the first situated between the -150 to -260 m isobaths, the second situated between the -340
to -380 m isobaths and the third situated as a distinctly v-shaped, double shelf break terrace
between the -430 and -510 m isobaths.
5.2.3.3 The “Unknown Valley” (Figs. 5.14 & 5.15 in Appendix A) is a newly discovered bathymetric
feature situated on the middle shelf area of the Olifants Shelf, roughly 40 km offshore (on the
same latitude as Childs Bank (30°31’S)). It consists of a narrow, well-defined, shallow, north-south
orientated valley that stretches a total distance of 50 km to the north of the main east-west
striking Olifants Valley (Fig. 5.7). This valley reaches a maximum depth of -206 m in a surrounding
water depth of less than -195 m.
5.2.3.4 The Cape Canyon (Fig. 5.8 and Figs. 5.16 & 5.17 in Appendix A) is much better defined by
the new bathymetric map than in the Dingle et al. (1987) map (Fig. 5.8b) and other earlier studies.
The new bathymetric map clearly illustrate the main Cape Canyon channel (which is found along
the northern section and canyon head) splits into two separate channels along its northern and
middle sections before combining to form a deeply incised, well developed main channel along
the southern section that continues down towards the outer continental slope. The western lying
main channel is much more deeply incised than the eastern lying secondary channel, with their
difference in depth ranging between - 70 and -100 m. The slope of the eastern canyon margin is
also much more gradual than that of the western canyon margin, with the eastern secondary
channel nearly disappearing along the middle part of the northern canyon segment where it is
almost indistinguishable from the centre rise except for a flat, terrace-like structure where the
secondary channel should be situated (Fig. 5.16 in Appendix A). This indicates that the eastern
margin has undergone extensive Post-Pleistocene slumping and erosion since the initial canyon
formation during the Palaeogene through to the Late Pleistocene.
5.2.3.5 The Inner Shelf Terrace (Fig. 5.7 & 5.8 and Figs. 5.18 & 5.19 in Appendix A) is much better
defined in the new bathymetric map than by the earlier bathymetric datasets such as the Dingle et
al. (1987) map (see Figs. 5.7b & 5.8b). It stretches from St. Helena Bay, around the Cape
Columbine headland all the way down to the Cape Peninsula headland. The new bathymetric data
clearly exhibit the morphology of this inner shelf terrace, even revealing the geological nature of
the seafloor, for example, the geological contact zone between the outcrops of the Cape Granite
Suite rocks and that of the Malmesbury Group metasediments off Green Point (Cape Town) (Fig.
5.5). It shows a clearly distinguishable outer edge to the elevated inner shelf terrace which
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gradually becomes less pronounced southwards (Fig. 5.19 in Appendix A). The adjacent seaward
slope also decreases southwards from a sharp, steep seaward dropping slope along the northern
part of the Inner Shelf Terrace (off the Cape Columbine headland) to a much gentler sloping outer
margin along its middle and southern parts. This may be the result of the underlying geology with
highly resistant Cape Granite Suite outcrops situated along the Cape Columbine area, whilst the
softer Malmesbury Group metasediments make up the bulk of the Inner Shelf Terrace to the south
(up towards the Cape Peninsula where outcrops of Cape Granite Suite rock exist) (Fig. 5.5). The
seaward extent of the Inner Shelf Terrace corresponds with Pleistocene sea level low stands at
-110, -128 and -150 m respectively (Fig. 5.18 in Appendix A).
5.2.3.6 The Cape Point Valley (Figs. 5.20 & 5.21 in Appendix A) is much better defined in the new
bathymetric map than by the earlier bathymetric datasets such as the Dingle et al. (1987) map
(see Fig. 5.9b).The new data reveal a distinct canyon head section of the Cape Point Valley that is
situated adjacent to the rocky nearshore-platform (± 15 km offshore). From the canyon head it
starts to deepen gradually southwards up to a maximum of - 1000 m in the vicinity of the shelf
break before continuing southwest onto the lower shelf slope (Figs. 5.20 & 5.21 in Appendix A).
The western slope of the Cape Point Valley is much steeper and more linear compared to the
eastern slope, which has a much more gradual slope and irregular appearance. The eastern slope
also exhibit a series of downward stepping terraces, with the first one situated along the original
NW to SE trend of the canyon head section, whilst the second terrace follows a more N-S trend
which corresponds to the middle section of the Cape Point Valley before it diverts to the SW at the
outer shelf. These terraces indicate a westerly migration of the original Cape Point Valley
submarine canyon since its formation some time during the Middle Cenozoic Era.
5.2.3.7 The “Unknown Depression” (Figs. 5.22 & 5.23 in Appendix A) is a newly discovered
bathymetric feature situated on the middle shelf area of the Cape Columbine Shelf. It is 5 km
wide, semi-circular depression situated directly west of Robben Island (± 60 km offshore) (Fig. 5.8).
It reaches a maximum depth of -273 m in surrounding -250 m water depth on its western margin,
and -230 m on its eastern margin (Figs. 5.22 & 5.23 in Appendix A). Further study is needed to
ascertain how this depression may have originated.
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5.3 Bathymetry and Morphology of the South Coast Margin of
South Africa
5.3.1 Deep Ocean Bathymetry
Morphologically the South Coast continental margin of South Africa differs quite significantly from
the West Coast continental margin owing to its origin as a translational continental margin and not
a divergent continental margin such as the West Coast. It formed during the Early-Cretaceous
break-up of West Gondwana, as a result of translational shearing and separation between the
African and South American Plates along the NE-SW striking Agulhas-Falkland Fracture Zone (AFFZ)
(Ben-Avraham et al., 1997). The Agulhas Bank constitutes a distinctly triangular-shaped
continental shelf area at the southern tip of Africa, which is truncated to the south by the Agulhas
Fracture Zone (Fig. 5.24). Its widest point of 260 km lies due south of Cape Infanta and it narrows
significantly eastwards between Cape St. Blaize and Cape Seal before narrowing progressively
further eastwards towards Port Alfred (Fig. 5.24). Previous publications on the bathymetry and
morphology of South Coast continental margin of South Africa include Dingle (1970b, 1971a,
1973c), Dingle et al. (1971), Rogers (1971), Birch (1971, 1978, 1980), Siesser (1970, 1971),

Figure 5.24 A bathymetric map of the South Coast continental margin of South Africa and adjacent deep ocean basins.
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Dingle and Gentle (1972); Dingle and Rogers, (1972) and Gentle (1987).
The South African South Coast continental margin is bounded by the AFFZ directly at the foot of
the continental slope. The AFFZ along the South Coast Margin can be subdivided into the: (a)
Mallory Trough Segment (b) Diaz Ridge Segment and (c) East London Segment (Ben-Avraham et
al., 1997) (Fig. 5.24). The Diaz Ridge (previously called the North-eastern Marginal Fracture Ridge
by Robson and Dingle, 1986) is a NE-SW sub-cropping ridge which is largely buried by basinal
sediments with bedrock exposures occurring between 24˚ and 26˚ E at the base of the continental
slope in 3-4 km deep water (Ben-Avraham et al., 1997). It bounds the southern margin of the
Outeniqua Basin, separating it from the AFFZ (Fig. 5.24). The Agulhas Marginal Fracture Ridge is
situated roughly 50 km south of the Diaz Ridge and stretches 470 km to the southwest along the
AFFZ.
Seamounts generally occur along the AFFZ with the largest being the Natal, Mallori and Shackleton
Seamounts, situated to the south of the Agulhas Bank (Fig. 5.24). The Agulhas Basin is a deep
ocean basin/abyssal plain found to the south of the Agulhas Bank and stretches all along the
southern margin of the AFFZ (Fig. 5.24). The only significant bathymetric feature that disrupts the
otherwise featureless Agulhas Basin is the Agulhas Plateau. It is a remnant of the original Falkland
Plateau which was sheared away during the break-up of Western Gondwana and is situated to the
southwest of the Agulhas Bank. It reaches depths of less than -2300 m in the surrounding - 5000 m
Agulhas to the west and Transkei Basins to the east. The Agulhas Passage (Fig. 5.24) is a
deepwater passage (between -5000 and - 5400 m deep) situated between the Agulhas Bank and
the Agulhas Plateau. The Transkei Basin lies east of the Agulhas Plateau and is bounded by the
South Coast continental shelf, the Agulhas Plateau and the Mozambique Ridge to the east.

5.3.2 Bathymetry of the South Coast Continental Shelf
The South Coast continental shelf for this study extends between Cape Agulhas and Port Alfred,
equalling a distance of more than 638 km. It consists of a wide, triangular-shaped Agulhas Bank
area (Eastern Agulhas Shelf) and a narrower Outeniqua Shelf to the east. Southeast of the Cape
Point Valley, towards the southernmost tip of Africa (Cape Agulhas), the shelf follows the outline
of the coast in a more or less triangular shape (Fig. 5.25), changing from a general northwestsoutheast trend to a general east-west one (more or less parallel to the AFFZ) at the southernmost
extent of the Agulhas Bank. The shelf generally widens from 168 km, south of Cape Agulhas, to a
maximum of 260 km south of Witsand (near Cape Infanta at about 21˚E) before narrowing
gradually to 220 km directly south of Vleesbaai (southwest of Cape St. Blaize at 21.9˚E). From here
on the shelf narrows to 135 km southeast of Cape St. Blaize (24.8˚E), briefly trending northeastsouthwest, before narrowing further to 95 km and returning to a general east-west orientation
south of Knysna (Fig. 5.25). The shelf continues to trend east-west, parallel to the coastline, and
gradually narrows further east towards Cape St. Francis (up to 47 km), Cape Recife (up to 42 km)
and Port Alfred (up to 37 km) (Fig. 5.25).
The shelf morphology changes quite dramatically from the west to the east of Cape Agulhas. The
rocky inner shelf area changes significantly in both size and shape and prominent local
bathymetric features such as the Alphard Rise and Alphard Banks on the middle shelf area which
form part of a large upwarped Pre-Cretaceous basement outcrop known as the ColumbineChapter 5 - Discussion
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Figure 5.25 The South Coast continental margin of South Africa. Bathymetric isobaths are spaced at 5 m intervals for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at
100 m intervals for water depths greater than -1000 m.
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Agulhas Arch (see Figs. 5.25 & 5.27).
Further east the inner and middle shelf is generally homogenous with a very narrow coast parallel
rocky inner shelf area (except off Cape Seal and east of Cape St. Francis). The shelf break is
generally well defined with a steep continental slope along the Agulhas Bank but becomes more
complex with a double shelf break evident along the entire Outeniqua Shelf area (situated
between Cape Seal and Port Alfred). This irregular shelf break area east of the Agulhas Bank is
known as the Agulhas Slump (Dingle, 1977; Dingle et al., 1983).
The continental shelf and upper slope along the South Coast margin can be subdivided into three
morphological zones consisting of an inner, middle and outer shelf area (Fig. 5.26), similar to that
of the West Coast margin. The rocky nearshore-platform extends from the present coastline out to
the middle shelf in a narrow, coast parallel band. It varies in width from 20 km off Cape Agulhas
and Arniston, narrowing eastwards up to 5 km off Cape Infanta and to less than 5 km all along the
Outeniqua Shelf area until reaching Cape St. Francis where it widens to 12 km (Fig. 5.26). This
widening of the rocky nearshore-platform off Cape St. Francis and Cape Recife is the result of the
Cape Fold Belt swinging south-eastward and forming distinctly syncline and anticline shaped,
highly resistant, Table Mountain Group (TMG) headlands that continues offshore across the inner
shelf area up to where they have been eroded away at a water depth of -110 m (Figs. 5.25 & 5.27).
Numerous headlands and their accompanying east-facing log-spiral bays exist all along the South
Coast coastline, with large, elongated, Holocene submarine spit-bars that extend eastwards
beyond these capes across their adjacent bays (Fig. 5.26) (Martin and Flemming, 1986). These
submerged spit-bars create eastward extensions of the inner shelf area off Cape Infanta, Cape St.
Blaize and Cape Seal (see Figs. 5.28 & 5.29).
The middle shelf is relatively featureless, except for the irregular Agulhas Arch area in the centre
of the Agulhas Bank where Pre-Cretaceous basement lithologies crop out (Figs. 5.26 & 5.27). It has
a gentle average gradient of 0.06° (compared to the world average of 0.12° as determined by
Shepard (1963) – see Table 5.1 in Appendix A) that steepens slightly across the outer shelf towards
a generally well defined shelf break. The shelf break varies greatly between water depths of -200
m to -255 m off Cape Agulhas, -151 m off Cape St. Blaize, -175 m off Cape Seal, -195 m off Cape St.
Francis and around -110 m to 145 m between Cape Recife and Cape Padrone (Fig. 5.26). Beyond
the shelf break the average upper slope gradient is roughly 7.3° off the southern margin of the
Agulhas Bank and 6.0° off the Outeniqua Shelf area, which is relatively steep compared to the
world average of 4.4° (Table 5.1 in Appendix A) (Shepard, 1963).
Figure 5.26 indicates the morphological shelf divisions of the South Coast Margin showing the
inner, middle and outer continental shelf areas along with various bathymetric profiles of the
continental shelf. These bathymetric profiles help to display the change in the morphology of the
continental shelf as one move from west to east regarding its shape, slope and width.
Figure 5.27 indicates the surface Geology of the South Coast continental margin (as discussed in
Chapter 2) along with geological cross-sections across the Agulhas Arch and the Outeniqua Basin.
These cross-sections were adapted from those presented by Dingle (1971a) and Dingle (1971c) to
conform to the new bathymetric data derived from this study.

Chapter 5 - Discussion

Page 170

A

D

B

E

Chapter 5 - Discussion

Page 171

C

F

Figure 5.26 Morphological shelf divisions
of the South Coast Margin indicating the
inner, middle and outer continental shelf
areas, along with bathymetric profiles (A F) of the continental shelf indicating the
change in both shape and slope from west
to east. Bathymetric isobaths are spaced
at 5 m intervals for water depths ranging
between 0 and -500 m, at 10 m intervals
for water depths ranging between -500
and -1000 m, and at 100 m intervals for
water depths greater than -1000 m (Rivers
and Water Bodies are courtesy of DWAF).

Figure 5.27 The surface Geology of the South Coast
continental margin along with geological cross sections
across the Agulhas Bank and Outeniqua Shelf.
Bathymetric isobaths are spaced at 10 m intervals for
water depth ranging between 0 and -1000 m and at 100
m intervals for water depths greater than -1000 m. The
offshore Geology map was modified from Tankard et al.,
1982; Dingle, 1973b; Dingle et al., 1983. The on land
geology is courtesy of the Council for Geoscience (Legend
to the on land geology can be found at the back of
Appendix A). The Geological cross sections (A - B) were
modified from Dingle, 1973b using the newly derived
bathymetry data for the depth profiles.
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5.3.2.1 Eastern Agulhas Shelf
The Eastern Agulhas Shelf area is situated between Cape Agulhas and Knysna (west of Cape Seal).
This shelf area is defined by the wide, prominent, triangular shaped Agulhas Bank area which
widens east of Cape Agulhas up to 260 km offshore (directly south of Cape Infanta at 20°50’E) (Fig.
5.28). It continues for 140 km in a roughly east-west direction before narrowing rapidly to the
south of Cape St. Blaize (22°80’E) towards the Outeniqua Shelf area.
Major shelf features include the prominent Alphard Rise, Alphard Banks and the newly labelled
“Agulhas Arch Anticlines” which dominate the middle shelf area in the centre of the Agulhas Bank
where the buoyant Agulhas Arch basement block is responsible for an upwarping of PreCretaceous and Cretaceous basement rocks and the resulting irregular shelf morphology.
Inner Shelf:
The rocky nearshore-platform narrows fairly quickly to the east of Cape Agulhas, and is much less
rugged and more indented by numerous embayments than along the western margin of Cape
Agulhas. Between Cape Agulhas and Cape Infanta the rocky nearshore-platform narrows
significantly from 20 km (off Cape Agulhas and Arniston) to 5 km (off Cape Infanta) with its outer
boundary generally following the -60 to -70 m isobaths (Fig. 5.28). East of Cape Infanta the width
of the rocky nearshore-platform rarely exceeds 2 km and its outer margin generally follows the -50
m isobath parallel to the coast. A major nick point along the seaward edge of the rocky nearshoreplatform corresponds greatly to the -45 and -75 m glacial and interglacial sea level fluctuations
during the Late Pleistocene (< 50 ka) (Compton, 2011). During these Late Pleistocene interglacial
lowstands, the sea level was situated between -45 and -75 m below the present mean sea level,
whilst during the Last Glacial Maximum (LGM) (See Section 2.5 in Chapter 2 ) the sea level
retreated further from -75 to -128 m (Compton, 2011).
The irregular shape of the coastline along the South Coast margin of South Africa is due to the
nature and morphology of the underlying geology. Along the South Coast margin of South Africa
the rocky nearshore-platform consists almost entirely of Pre-Cretaceous Cape Supergroup
lithologies that form part of the on land east-west striking Cape Fold Belt, that stretches from
Somerset West (east of Cape Town) up to Port Alfred (Fig. 5.27). The coastal headlands (and their
offshore extensions) are formed by the highly resistant Table Mountain Group quartzites (of the
Cape Supergroup) whilst the coastal log-spiral shaped embayments are formed by less resistant
shales of the Bokkeveld Group (of the Cape Supergroup) and metasediments of the Cretaceous
Uitenhage Group (Fig. 5.27). The increase in the amount of headlands and embayments along the
coastline from west to the east of Cape Agulhas is due to the fact that the basement structures of
the Cape Fold Belt run roughly parallel (east to west) to the overstep of Cenozoic and Cretaceous
beds to the west of Cape Agulhas, while to the east they are almost normal to the overstep and
folding is thus much tighter, giving rise to more anticlines and synclines, with anticlines tending to
form the headlands and synclines the adjacent log-spiral embayments (Birch, 1973; Gentle, 1987).
The offshore extent of rocky nearshore-platform along the Western Agulhas Shelf area
(comprising mainly of Table Mountain Group quartzites) is generally confined by the -130 m
isobath which correlates with the LGM sea level of -128 m below the present mean sea level. The
offshore extent of rocky nearshore-platform along the Eastern Agulhas Shelf area on the other
hand (comprising mainly of softer Bokkeveld Group shales) varies between the -45 and -75 m
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Figure 5.28 Bathymetry of the Eastern Agulhas Bank area situated between Cape Agulhas and Knysna (west of Cape Seal). Bathymetric isobaths
are spaced at 5 m intervals for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000
m, and at 100 m intervals for water depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Figure (a) indicates the Ship
Track data coverage of the new bathymetric map; Figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.

isobaths which correlates with the -45 to -75 m interglacial high stands during the Late
Pleistocene. On the central Agulhas Bank the sea level retreated to the outer margin of the
Alphard Rise during the -128 m LGM, creating an expansive “Southern Coastal Plain” as described
by Compton (2011) (Fig. 5.28). A narrow (less than 25 km wide) inshore, terrigenous Holocene
mud belt exists along the seaward margin of the rocky nearshore-platform between False Bay and
Cape Seal (Fig. 5.27).
Middle to Outer Shelf:
The middle to outer part of the continental shelf east of Cape Agulhas has a much gentler seaward
gradient (< 0.1 °) than to the west (Table 5.1 in Appendix A). It is relatively featureless except for
the middle shelf area to the south of Cape Agulhas which is characterised by a variety of local,
small-scale, micro-relief (Gentle, 1987). Between longitudes 20˚ and 21˚E three major shelf
features occur which are unique to the Agulhas Bank namely the Agulhas Arch, the Alphard Banks
and Alphard Rise. The Agulhas Arch is a buoyant Pre-Cretaceous basement block situated between
Cape Columbine and the southern extent of the Agulhas Bank (to the southeast of Cape Agulhas),
where it extends up to 125 km offshore (Figs. 5.27 & 5.28). It is thought to be comprised of a
Cambrian Granite basement overlain by Mesozoic sediments of Malmesbury Group and Cape
Supergroup (the latter crops out extensively in this area) (Dingle et al., 1983).
At the southernmost extent of the Agulhas Arch a prominent, east-west striking, elongated
double ridge exist. In previous publications such as Dingle (1970b; 1971a), Gentle (1987) and
Dingle et al. (1975; 1987) these bathymetric features were incorrectly mapped as northwestsoutheast trending features and were believed to reflect the strike of the Agulhas Arch, forming
part of a large up-warp of basement Pre-Cretaceous rocks. From the new bathymetric data
presented by this study (Fig. 5.28), they are clearly orientated in an east to west direction. Because
of their similar orientation to the Cape Fold Belt found on land they are most likely to be two tight
folding anticlines (now labelled the “Agulhas Arch Anticlines”) that form the furthest offshore
outliers of Table Mountain Group sandstones, situated on the outskirts of Cape Columbine – Cape
Agulhas Arch upwarped basement area (Fig. 5.27 – geological cross-section A).
On the north-eastern flank of the Agulhas Arch Anticlines the bathymetric isobaths swing towards
the northeast reflecting a large Quaternary sediment wedge which has transgressed over the
Cretaceous and Pre-Cretaceous basement rocks to form an elongated and shallow shoal known as
the Alphard Rise (Dingle, 1970b; Gentle, 1987). The Alphard Rise covers an area of nearly 160 km
in length and 60 km wide, trending in a northeast-southwest direction from north of the Agulhas
Arch Anticlines towards Cape St. Blaize, before disappearing roughly 15 km off Cape Baracouta
(Fig. 5.28). The Alphard Banks rises to depths of less than 80 m in its centre before it gradually falls
seawards again (<0.1°). The south-western boundary of the Alphard Rise is bounded by the -140 m
isobath whilst to the south it is more or less constrained by the -110 m isobath. It primarily
consists of uplifted Pre-Cretaceous basement rocks along a northeast-southwest striking ridge that
forms part of the Agulhas Arch. Although the majority of the Alphard Rise lies beneath the
younger Cretaceous strata of the Alphard Group (Fig. 2.18 in Appendix A), outcrops of Table
Mountain Group and Bokkeveld Group sediments are found at the southern section of the Alphard
Rise (Fig. 5.27).
The Alphard Rise defines the eastern margin of a large valley feature that appears to relate to the
Breede River Drainage Valley during Cenozoic sea level lowstands. This Breede River Drainage
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Valley reaches a maximum width of more than 50 km and runs parallel to the Alphard Rise for 125
km from the Breede River mouth towards the southern extent of the 12 Mile Bank, directly south
of Cape Agulhas. Another bathymetric feature that exists near the Alphard Rise is a cluster of
slender pinnacles, situated 64 km south of Cape Infanta, known as the Alphard Banks (Fig. 5.28).
They mark the position where Cenozoic volcanic intrusive plugs protrude above the sea floor up to
depths of less than 20 m below sea level (Fig. 5.27 – geological cross-section A) (Dingle, 1970b;
Gentle, 1987). Unfortunately no extensive bathymetric coverage exists on these rocky pinnacles
due to the hazardous nature they present to surveying vessels (Fig. 5.28a).
Along the eastern margin of the Agulhas Bank the middle to outer shelf bathymetry is more or less
uniform except for an area 90 km south of Cape St. Blaize, where an irregular, seaward bulging
feature occurs on the eastern edge of the Agulhas Bank between the middle shelf and the shelf
edge (Fig. 5.28). This is due to the south-southeast trending, shallow Gouritz River Drainage Valley
lying directly west of it. The Gouritz River Drainage Valley stretches a total distance of 190 km,
emanating from the Gouritz River area (southwest of Cape St. Blaize starting south of the -100 m
isobath) all the way south past the shelf break, disrupting the upper part of the continental slope
(Birch and Rogers, 1973; Gentle, 1987) where it seems to have formed a small, relict submarine
canyon (Fig. 5.28). The shoreward margin of the middle shelf consists of Lower Cretaceous
Uitenhage Group rocks and overlying Upper Cretaceous Alphard Group rocks which extend as far
offshore as the -90 m isobath before disappearing underneath the younger Palaeogene (T1) and
Upper Tertiary (Tu) sediments, which blanket the rest of the middle to outer shelf area (see Fig.
5.27 – cross-section A and Fig. 2.18 in Appendix A).
Between Cape St. Blaize and Cape Seal numerous east-west trending bathymetric ridges occur
along the inner to middle shelf area which have been interpreted as wave-cut platforms caused by
various Quaternary sea level lowstands (at water depths of 40, 50-55, 75-80 and 100-115 m)
(Flemming et al., 1983; Martin and Flemming, 1986). Existing parallel to these wave-cut
platforms, are numerous (up to 14) smaller, relict, coast parallel, Pleistocene dune cordons, very
similar to the ones found on land along the Wilderness and Knysna coastline (Figs. 5.38 & 5.39 in
Appendix A) (Flemming et al., 1983; Martin and Flemming, 1986; Bateman et al., 2004). These
ridges represent palaeodune cordon systems which developed on the landward side of earlier sea
level lowstands, which were then rapidly flooded and preserved on the middle shelf area before
wave- dominated sediment reworking could take place (Martin and Flemming, 1986). Holocene
sediments are found overlying some of these ridges, in the deeper lying areas, and continue as a
narrow (up to 30 km wide) belt along the entire South Coast margin (Fig. 5.27).
Shelf Break:
The shelf break is situated roughly 230 to 260 km offshore all along the southern and eastern side
Agulhas Bank at water depths ranging between -250 and -260 m, but narrows rapidly from 234 km
(at -250 m depth) south of Cape St. Blaize, to less than 80 km (and -150 m meter water depth) to
the south of Cape Seal (Fig. 5.28). Similarly as on the Western Agulhas Shelf, the
Cenozoic/Cretaceous boundary along the Easter Agulhas Shelf is accompanied by more or less
well-marked bathymetric nick point at the top of the continental slope. This is increasingly
evident further east towards Cape St. Blaize where this nick point becomes a well defined double
shelf break (Fig. 5.28). No major features cut across the continental slope except for the shallow
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Gouritz River Valley which imprints itself upon the shelf break some 250 km to the south of Cape
St. Blaize.
South of Cape St. Blaize the shelf break briefly swings to NNE-SSW orientation before returning to
a more or less east-west orientation south of Cape Seal. The double shelf break originates to the
southeast of Cape St. Blaize and continues along the rest of the South Coast Continental margin
until terminating south of Cape Recife. This double shelf break forms part of the extensive Agulhas
Slump, a 750 km long (between 22˚E and 30˚E) and 106 km wide Post -Pliocene submarine slump
that disrupted the continental slope sediments along the entire Outeniqua Shelf margin (Figs. 5.27
& 5.29) (Dingle, 1977). The upper continental slope varies significantly from a very steeply dipping
southern Agulhas Bank margin (>6°) to a more gentle dipping (4.2°) eastern Agulhas Bank margin
(Table 5.1 in Appendix A). The middle slope along the southern boundary drops excessively (at
angles of close to 20°) before levelling out again with a moderate to gentle dipping (1.4°) lower
slope towards the adjacent Agulhas Basin. The steep drop along this linear SW-NE trending outer
edge of the Agulhas Bank is thought to have formed by shearing along the Agulhas-Falkland
Fracture Zone (AFFZ) during the separation of the Falkland Plateau from the African plate during
the break-up of Gondwana (Francheteau and Le Pichon, 1972; Scrutton, 1973).

5.3.2.2 Outeniqua Shelf
The Outeniqua Shelf is situated between Cape Seal and Port Alfred, stretching a total distance of
340 km and consists of a relatively narrow shelf with rather irregular middle shelf topography due
to the occurrence of relict aeolianite dune cordons and marine terraces. The shelf generally trends
in a west-southwest to east-northeast direction but swings to a northeast-southwest orientation
off the centre of Algoa Bay and continues parallel to the coastline from there onwards (Fig. 5.29).
The Outeniqua Shelf gradually narrows from Cape Seal (80 km) eastwards until reaching a
minimum width of 35 km off Port Alfred. Its southern margin is mainly bounded by the east-west
trending double shelf break which forms part of the extensive Agulhas Slump (Dingle, 1977).
Inner Shelf:
The inner shelf area widens upon reaching the Cape Seal headland (Fig. 5.29) to form a 5 km wide,
50 m high, flat and shallow sediment ridge, known as the Robberg submerged spit-bar (Martin and
Flemming, 1986). The headland itself consists of resistant Table Mountain Group quartzites, whilst
the spit-bar consists of a 50 m thick, Holocene sedimentary wedge that formed along its southern,
eastern and north-eastern margins (see Figs. 5.36 & 5.37 in Appendix A). It formed due to easterly
littoral sediment transport as a result of a predominant south-westerly swell and surface wind
along this section of the South Coast margin (Martin and Flemming, 1986). Its southern extent is
bounded by the -90 m isobath and the eastern extent by the -60 m isobath. Further east the rocky
nearshore-platform expands greatly (up to 10 km offshore) towards the western margin of Cape
St. Francis where a distinctive wave-cut terrace can be observed which stretches up to 72 km
offshore to the west of Cape St. Francis and is bounded by the - 100 m isobath on its seaward
margin (Fig. 5.29).
The general east-west strike of the Cape Fold Belt changes to a more southeast-northwest
orientation in the vicinity of Cape Seal giving rise to the prominent headlands at Cape St. Francis
and Cape Recife (Fig. 5.29). The folding within the Table Mountain Group quartzites creates the
Chapter 5 - Discussion

Page 177

b)
a)

Chapter 5 - Discussion

Figure 5.29 Bathymetry of the Outeniqua Shelf area situated between Cape Seal and Port Alfred.
Bathymetric isobaths are spaced at 2 m intervals for water depths ranging between 0 and -500 m, at
10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m intervals for water
depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Figure (a) indicates
178 et al. (1987)
the Ship Track data coverage of the new bathymetric map; Figure (b) indicate Page
the Dingle
bathymetric map in order for comparison.

irregular bathymetry at these headlands, with anticlines causing bathymetric highs and synclines
the bathymetric lows. The truncation of these extended rocky nearshore-platform areas (situated
at Cape St. Francis along the -110 m isobath and at Cape Recife along the - 90 m isobath) are
mainly due to wave erosion during Pleistocene sea level fluctuations. This is substantiated by the
presence of a definitive wave-cut terrace that extends to the west of Cape St. Francis as well as
across the outer margins of St. Francis and Algoa Bays (Fig. 5.29).
In-between these two headlands, two prominent embayments exist, namely St. Francis Bay and
Algoa Bay. They were formed due to the erosional nature of the underlying Lower Cretaceous
Uitenhage Group metasediments and Bokkeveld Group shales, whereas the headlands consists of
more resistant Table Mountain Group quartzites (Fig. 5.27). Although the terrigenous sediment
drape that exists inside both these embayments is related to river drainage by the Gamtoos and
Sondags Rivers, no obvious river valleys or channel structures extend offshore of these two river
valleys (Dingle et al.,1983). These Uitenhage Group metasediments also overlie the eroded
Bokkeveld Group shales in the major embayments that form onland extensions of the Pletmos,
Gamtoos and Algoa Sub-Basins that form part of the main Outeniqua Sedimentary Basin (see Fig.
2.9 in Chapter 2, Section 2.3.1).
Middle to Outer Shelf:
A distinct middle to inner shelf terrace is situated along the southern extent of both the St. Francis
and Algoa Bay embayments, which seems to correspond to the same water depth as the
truncation of the rocky inshore-platform at the Cape St. Francis and Cape Recife headlands (Fig.
5.29). Although it seems to originate to the southwest of Cape Seal (Figs. 5.36 & 5.37 in Appendix
A), it only becomes a pronounced shelf feature roughly 72 km to the west of the Cape St. Francis
headland, from where it extends all the way eastwards past Cape St. Francis and Cape Recife
headlands up to Cape Padrone before disappearing in the vicinity of the middle shelf area. East of
Cape St. Francis up to five consecutive shelf terraces becomes prominent along the middle shelf
area (Fig. 5.29 and Figs. 5.38 & 5.39 in Appendix A). These shelf terraces are defined by various
“nick points” situated at water depths ranging from -40 to -45 m, -75 to -80 m, -100 to -105 m and
-110 to -115 m (Fig. 5.29) (corresponding to those determined by Martin and Flemming (1986)).
They appear to be wave-cut terraces that were formed by the numerous -45 to -128 m Pleistocene
and Holocene sea level lowstands (see Section 5.6) (Dingle, 1970b; Dingle et al., 1983).
Off Cape St. Francis where these wave-cut terraces are best developed, typical “saw-tooth”
bottom topography occurs along the middle and outer shelf area due to smaller, parallel ridges to
the wave-cut platforms (Dingle, 1970b) (Fig. 2.29 and Figs. 5.38 & 5.39 in Appendix A). These
ridges are considered to be relict calcareous dune cordons (or cemented aeolianite limestone
ridges) that originated parallel to these low Pleistocene strandlines, similar to those found off the
Wilderness/Knysna area. Eastwards of Cape St. Francis these ridges become progressively more
deeply buried and only rarely protrude above the Holocene sediment drape. These ridges were
most likely formed by several transgressive-regressive couplets throughout the Pleistocene with
palaeo-shorelines situated at depths of -40 m, -50 to -55 m and at -65 to -75 m (see Section 5.6),
which correlates with the depths of the numerous wave-cut “nick points” (Tankard, 1976; Siesser
and Dingle,1981; Martin and Flemming, 1986).
The inner section of the middle shelf along the Outeniqua shelf area is dominated by Lower
Cretaceous Uitenhage Group sedimentary rocks which crop out all along the coastline between
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Cape St. Blaize and Cape Padrone, especially along the rocky nearshore-platform. They are
overlain by Upper Cretaceous sediments of the Alphard Group (see Fig. 27 and Fig. 2.18 in
Appendix A) which only crop out in small areas on the middle shelf to the west of Cape Seal and to
the east of Cape St. Francis as well as on the continental slope area of the Agulhas Slump (Dingle,
1977; Dingle et al., 1983).
Overlying these Cretaceous rocks is a thick blanket of Palaeogene (T1) sediments belonging to the
Cape St. Blaize Group (Fig. 5.27). They are situated mainly to the west of Cape St. Francis (all along
the middle shelf up to the Alphard Rise) as well as to the east of Cape Recife up to Port Alfred,
extending up to the outer shelf area in some places. A thin Neogene (Tu) succession covers these
Palaeogene sediments along the outer shelf area, extending onto the middle shelf area between
Cape St. Francis and Cape Recife, and continues out onto the continental slope (Fig. 5.27).
Neogene sediments reach a thickness of ±600 m between the Agulhas and Recife arches but thin
to ±200 m over the Recife Arch before reaching a maximum thickness of 1300 m on the seaward
face of the Recife Arch (Dingle, 1973c; Gentle, 1987). A thin, coast parallel Holocene sediment
wedge is situated along the middle shelf of the Outeniqua Shelf area, adjacent to the rocky
nearshore-platform, reaching a maximum of 30 km offshore of Algoa Bay (Flemming et al., 1983;
Martin and Flemming, 1986; Flemming and Hay, 1988). Little or no Quaternary sediment cover
exists along the outer continental shelf to the east of Cape St. Francis due to the erosive influence
of the Agulhas Current. This is reflected by the irregular bathymetry found along the middle and
outer shelf along this section of the Outeniqua Shelf (Fig. 5.29).
Shelf Break:
A clearly defined double shelf break is evident along the Outeniqua Shelf area between Cape St.
Blaize and Cape Recife (Fig. 5.29) with a clearly distinguishable upper slope “nick point” situated
on the outer shelf area at a water depth of -180 m between Cape Seal and Cape St. Francis. The
inner shelf break is situated at -150 m water depth, roughly 80 km to the south of Cape Seal and at
-130 m water depth, roughly 38 km to the south of Cape Recife (Fig. 5.26 and Table 5.1 in
Appendix A). The continental shelf narrows considerably between Cape Seal and Cape Recife,
where the double shelf break pinches out to form a well defined, single shelf break, which extends
eastwards along the Outeniqua Shelf and continues along the East Coast margin. The outer shelf
break and adjacent upper and middle slope between Cape St. Blaize and Cape Recife consists of
multiple slope “terraces” stepping downwards towards the lower shelf slope. The main outer shelf
break “terrace” deepens from -360 m (south of Cape Seal) to over -700 m (south of Cape Recife).
East of Cape Recife the shelf break is again well defined but remarkably steep, reaching slopes of
between 5° and 11˚, before swallowing from a depth of -160 m to less than -120 m off Port Alfred.
These slope “terraces” may be the result of large scale Post-Pliocene slumping along a region
called the Agulhas Slump (Dingle, 1977). It stretches a total of 750 km along the South and East
Coast margins of South Africa, from the eastern margin of the Agulhas Bank all the way east into
the Transkei Basin (off East London), and is bounded by the Agulhas Marginal Fracture Ridge
(which forms part of the AFFZ) along its seaward margin (see Figs. 5.24 & 5.27) (Dingle, 1977). It
consists of proximal and distal allochthonous sediment masses separated by a large glide plain
scar, and its structural elements are mainly controlled by large Cretaceous and Palaeogene
depositional features along its head region, and by older basement ridges along its toe region
(Dingle, 1977).
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5.3.3 Newly Discovered and Better Resolved Features along the South Coast
Margin of South Africa:
By correlating the Final Bathymetric Map of the South African Continental Margin (Figs. 4.1, 4.2
and 4.3 in Chapter 4 and Appendix B) with the Dingle et al. (1987) bathymetric map, most of the
bathymetric features on the continental shelf along the South Coast margin are displayed in much
greater detail in the newer bathymetric map (Figs. 5.28 & 5.29). These newly discovered and
better resolved shelf features along the South Coast margin of South Africa include:
5.3.3.1 The “Agulhas Arch Anticlines” (Figs. 5.30, 5.31 & 5.32 in Appendix A) are situated along
the southernmost extent of the Agulhas Arch and at the southern tip of the Alphard Rise. Although
these two ridges were identified in earlier bathymetric maps, such as Dingle (1970b; 1971a),
Gentle (1987) and Dingle et al. (1975; 1987), they were incorrectly mapped as northwestsoutheast trending features and were believed to reflect the strike of the Agulhas Arch, forming
part of a large up-warp of basement Pre-Cretaceous rocks. From the new bathymetric data
presented by this study (Fig. 5.28 and Figs. 5.30, 5.31 & 5.32 in Appendix A), they are clearly
orientated in an east to west direction and consist of two parallel, high relief (rising up to 50 m
from the seafloor up to a water depth of -80 m) bathymetric features situated 5 km apart from
one another.
The northern feature is much more prominent whilst the southern feature seems buried beneath
the Quaternary sediments that blanket the middle and outer shelf area of the Agulhas Bank.
Because of their similar orientation to the Cape Fold Belt found on land they are most likely to be
two tight folding anticlines that form the furthest offshore outliers of Table Mountain Group
sandstones, situated on the outskirts of Columbine-Agulhas Arch upwarped basement area (Fig.
5.27 – geological cross-section A). Here they may have been uplifted, along with the Agulhas Arch
basement material, and then uncovered as a result of erosion by the Agulhas Current (since these
Table Mountain Group quartzites are much more resistant than the surrounding Bokkeveld Group
shales and Malmesbury Group metasediments).
5.3.3.2 The Alphard Rise (Figs. 5.30 & 5.31 in Appendix A) is a 60 km wide area of shallow relief
that stretches nearly 160 km, from the north-eastern flank of the Agulhas Arch Anticlines, in a
northeast direction towards Cape St. Blaize, before disappearing roughly 15 km off Cape
Baracouta. It represents a large Quaternary sediment wedge which has transgressed over the
Cretaceous and Pre-Cretaceous basement rocks to form an elongated and shallow shoal known as
the Alphard Rise (Dingle, 1970b; Gentle, 1987). Although the Alphard Rise was indicated on the
Dingle et al. (1987) map it is much better resolved by the Final Bathymetric Map of the South
African Continental Margin (Figs. 4.1, 4.2 & 4.3 in Chapter 4 and Appendix B).
5.3.3.3 The Alphard Banks (Figs. 5.30, 5.31 & 5.33 in Appendix A) are a cluster of slender
pinnacles, situated on the shoreward margin of the Alphard Rise, roughly 64 km south of Cape
Infanta. They mark the position where Cenozoic volcanic intrusive (basalt and trachyte) plugs
protrude above the sea floor up to depths of less than 20 m below sea level (Fig. 5.27 – geological
cross-section A) (Dingle, 1970b; Gentle, 1987). These shallow depths are not indicated on the
depth profile in Figure 5.31 (in Appendix A) due to the hazardous nature these outcrops represent
to marine vessels and were thus not completely surveyed over. Although the Alphard Banks were
indicated on the Dingle et al. (1987) map they are much better resolved by the Final Bathymetric
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Map of the South African Continental Margin (Figs. 4.1, 4.2 & 4.3 in Chapter 4 and Appendix B).
5.3.3.4 The Breede River Drainage Valley (Figs. 5.30 & 5.31 in Appendix A) is a wide (up to 50 km),
shallow palaeo drainage valley situated along the north-western margin of the Alphard Rise. It
runs more or less parallel to the Alphard Rise for a distance of 125 km, from the Breede River
mouth (at Cape Infanta) towards the southern extent of the 12 Mile Bank, directly south of Cape
Agulhas. The palaeo drainage route for the Breede River during the numerous Cenozioc sea level
low stands (including the Last Glacial Maxima of -128 m below the current MSL) may have had
multiple meandering river locations throughout this Breede River Valley.
5.3.3.5 The Gouritz River Drainage Valley (Figs. 5.34 & 5.35 in Appendix A) is a newly indicated
bathymetric feature situated along the eastern margin of the Agulhas Bank. It is a shallow, southsoutheast trending palaeo drainage valley that is up to 190 km long and 45 km wide. It originates
at the Gouritz River area (southwest of Cape St. Blaize starting south of the -100 m isobath) and
stretches all the way south past the shelf break. It disrupts the outer shelf area and upper part of
the continental slope (Birch and Rogers, 1973; Gentle, 1987) where it seems to have formed a
small, relict submarine canyon. A distinct rise area is situated all along its eastern margin.
5.3.3.6 Wave-cut terraces and palaeodune cordons off Cape Seal (Figs. 5.36 & 5.37 in Appendix
A). Multiple east-west trending bathymetric ridges occur along the middle shelf area between
Cape St. Blaize and Cape Seal, which have been interpreted as wave-cut platforms caused by
various Pleistocene sea level lowstands (Flemming et al., 1983; Martin and Flemming, 1986). Up to
14 small, relict, coast-parallel palaeodune cordons exist adjacent to these wave-cut platforms
(similar to the ones found on land in the Wilderness area), which developed on the landward side
of earlier sea level lowstands (situated at -40 m, -50 to -55 m and at -65 to -75 m below the
present mean sea level) (Tankard, 1976; Siesser and Dingle, 1981; Flemming et al., 1983; Martin
and Flemming, 1986). Unfortunately very few of these shallow features were revealed by the new
Bathymetric map produced during this study (Fig. 3.36). Along the middle to outer shelf area
(between water depths of -100 to -115 m) numerous wave-cut shelf terraces exist trending in a
general east-west direction. These newly defined bathymetric features may be western extensions
of the prominent wave-cut shelf terraces found off the Cape St. Francis (Fig. 3.38).
5.3.3.7 Wave-cut terraces off Cape St. Francis and Cape Recife headlands (Figs. 5.38 & 5.39 in
Appendix A). A distinct inner shelf terrace (between -100 and -117 m) is situated along the
southern extent of both the St. Francis and Algoa embayments, which seems to correspond to the
same water depth as the truncation of the rocky nearshore-platform at the Cape St. Francis and
Cape Recife headlands (Fig. 5.29) (Birch, 1980; Dingle et al., 1983, 1987). It only becomes a
pronounced shelf feature roughly 72 km to the west of the Cape St. Francis headland, where two
east-west trending ridges crop out, from where it extends all the way eastwards past Cape St.
Francis and Cape Recife headlands up to Cape Padrone before disappearing in the vicinity of the
middle shelf area. East of Cape St. Francis up to five consecutive shelf terraces becomes
prominent along the middle shelf area (Fig. 5.29 and Figs. 5.38 & 5.39 in Appendix A). These shelf
terraces form bathymetric “nick points” at water depths ranging between -40 to -45 m, -75 to -80
m, -100 to -105 m and -110 to -117 m (Fig. 5.29) and appear to be wave-cut terraces that were
formed by the multiple -45 to -128 m Late Pleistocene sea level lowstands. These shelf features
are much better resolved by the new bathymetric map compared to previous bathymetric
datasets such as the Dingle et al. (1987) map (Fig. 5.29b).
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5.4 Bathymetry of the East Coast Margin of South Africa
5.4.1 Deep Ocean Bathymetry
In general the resolution of the bathymetry of the East Coast Margin of South Africa is relatively
low compared to the West and South Coast Margins, largely due to much less dense ship track
coverage (less bathymetric data collected) along this continental margin. The overall bathymetry is
discussed here from the newly produced data from this study , combined with previous work on
the bathymetry and morphology of the East Coast continental margin which include Birch (1981,
1982, 1996); Flemming (1980, 1981); Flemming and Hay,(1988); Martin (1984); Martin and
Flemming (1986, 1988); Dingle et al. (1978, 1983; 1987); Dingle and Robson (1985); Hay (1984);
Partridge and Maud (1987); Bosman et al. (2005); Green (2009a, 2009b, 2011) and Green et al.
(2007, 2008, 2009, 2013).
The continental shelf and slope along the East Coast Margin is very narrow, steep, and irregular,
running parallel to the South African and Mozambique coastline except for the large protruding,
fan-shaped Limpopo and Tugela Cone features off the Limpopo and Tugela rivers (Fig. 5.40)
(Dingle et al., 1977; Dingle et al., 1983; Martin and Flemming, 1988). The Tugela Cone, situated
between Cape St. Lucia and Durban (Fig. 5.40), is an asymmetrical sedimentary feature with a
steep, south-west trending southern face and a more gentle sloping eastern side, due to a change
from a sheared margin to a short rifted section (Martin, 1984; Martin and Flemming, 1988). It is
littered with numerous terraces and valleys, with the Tugela Canyon being the most prominent.
The Tugela Canyon cuts obliquely across the southern part of the Tugela Cone and reaches a
maximum depth of -800m (Dingle et al., 1977; Martin, 1984; Martin and Flemming, 1988). The
East Coast continental shelf of South Africa, to the south of the Tugela Cone, is bounded by the
Agulhas-Falkland Fracture Zone (AFFZ) and the adjacent Natal Valley (deep ocean basin) to the
east (Fig. 5.40) (Dingle et al., 1983; Hay, 1984; Dingle et al., 1987; Martin and Flemming, 1988).
The Natal Valley (Fig. 5.40) was formed as a result of the translational shearing along the AFFZ
during the Early-Cretaceous break-up of Western Gondwana (see Chapter 2) (Dingle et al., 1983;
Martin and Flemming, 1988). Along its eastern margin the Natal Valley is bounded by the aseismic
Mozambique Ridge, which separates it from the extensive Mozambique Basin lying further to the
east (Fig. 5.40). The Natal Valley shallows northwards towards the Limpopo Cone (situated to the
south of the Mozambique Coastal Terrace) and deepens southwards up to abyssal depths of -4000
to -5000 m where it merges with the Transkei Basin. South of 30°S the Natal Valley is orientated
northeast to southwest, while further north it lies in a general north-south direction, following the
overall shape of the present coastline and continental shelf (Martin, 1984). The Northern Natal
Valley is an aseismic Marginal Plateau (Martin, 1984) and can be subdivided into eight
physiographic provinces namely the Continental Shelf, Tugela Cone, Limpopo Cone, Central
Terrace, Inharrime Terrace, Mozambique Ridge, Deep Ocean Basin and Almirante Leite Bank (Fig.
5.40) (Dingle et al., 1978). The development of all these features is directly related to the break-up
of Western Gondwana (when the Falkland Plateau sheared away along with the South American
Plate) and the subsequent expansion of the Indian Ocean during the Late Jurassic to Early
Cretaceous periods (see Section 2.2 in Chapter 2) (Tankard et al., 1982; Dingle et al., 1983; Martin
and Flemming, 1988; Séranne and Anka, 2005; Broad et al., 2006; Watkeys, 2006).
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The sea floor of the Northern Natal Valley descends downwards to the south in a series of steps to
a depth of -2000 m over a distance of 450 km (Martin et al., 1982). The first of these comprises of
the continental shelf east of Maputo (Mozambique) and the upper reaches of the Inharrime
Terrace (Fig. 5.40). Just off Maputo a short steep slope separates the shelf from a second
bathymetric terrace delineating the upper part of the Limpopo Cone (Martin et al., 1982). It has a
gentler and smoother surface than the Tugela Cone, with a prominent terrace between -400 and
-800 m (stretching 300 km south of the Limpopo River mouth) (Dingle et al., 1977, Martin, 1984).
It was formed due to terrigenous sedimentary influx from the Limpopo River since the Cretaceous,
similar to the Tugela Cone. The only irregularity on the surface of the Limpopo Cone is a shoal (-55
m) at the base of the continental slope off the Limpopo River mouth. Its western margin coincides
with a narrow, smooth-floored valley separating it from the gentle continental slope directly east
of Maputo, while its eastern margin merges with the southerly projecting Inharrime Terrace. To
the south it dips steeply from a depth of -800 to -1200 m towards the Central Terrace.

Figure 5.40 Bathymetry map of the East Coast continental margin of South Africa and adjacent deep ocean area.
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The Inharrime Terrace (Fig. 5.40) is a smooth, convex sedimentary feature extending 140 km to
the south-west from Ponta Zavora (Mozambique), along the eastern margin of the Tugela Cone.
Its eastern slope descends towards the northern end of the Mozambique Ridge in two steps
separated by a shoulder between -100 and -850 m (Martin et al., 1982). A secondary bathymetric
lobe curves towards Maputo from its western flank. Together the Limpopo Cone and the
Inharrime Terrace form an extensive sedimentary pile which in-fills the north-western corner of
the Natal Valley (Martin et al., 1982). The smoothness of the slope to the south-east is interrupted
by a series of SW-NE trending rocky, volcanic seamounts of the Almirante Leite Bank (Fig. 5.40)
(shallowest point is roughly -71 m deep). Over 80 seamounts are spread over a 130 km area
characterized by channels, sediment mounds and moats surrounding the seamount flanks (Dingle
et al., 1977, Martin et al., 1982). A Central Terrace occupies the area (-1200 to -2000m) between
the Limpopo Cone, Tugela Cone and the Mozambique Ridge (Fig. 5.40). It generally slopes gently
towards the south-east with three rocky outcrops disrupting an otherwise smooth topography. At
the northern end it is bounded by the relatively steep slope of the Limpopo Cone, whilst its
eastern and western margins are flanked by wide prominent valleys. A steep slope forms its
southern boundary leading to a Deep Ocean Basin (Dingle et al., 1977).
The Mozambique Ridge (Fig. 5.40) is a prominent feature to the east of the Natal Valley. It runs
approximately in a north- south direction and has a rugged, precipitous eastern flank that drops
from -2000 m at its crest to depths of around -3000 to -5000 m into the adjacent Mozambique
abyssal Basin (Dingle et al., 1977; Martin, 1984; Martin and Flemming, 1988). Its crest, which
consists of numerous rocky pinnacles and flat sedimentary areas, loses its identity northwards,
and merges with the hills and valleys of the eastern side of the Almirante Leite Bank (Fig. 5.40). On
its western flank the slopes are less steep, with rocky ramparts situated to the south of 28° S
(Dingle et al., 1977). The Mozambique Basin is an extensive abyssal plain, situated between the
Mozambique Ridge and the Madagascar Ridge (see Fig. 5.1), that reaches water depths in excess
of -5000 m. It was formed during the rifting stage of Gondwana break-up when the Indian Ocean
expanded along the centre of the Mozambique Basin.

5.4.2 Bathymetry of the East Coast Continental Shelf
The East Coast continental margin of South Africa (Fig. 5.40) consists of an extremely narrow,
coast parallel continental shelf, ranging in width of between 1.3 and 45 km (the world average
being 74 km according to Shepard (1963)) (see Table 5.1 in Appendix A). The shelf break is
situated at -61 to -100 m between Kosi Bay and Richards Bay, at -100 m between Port St. Johns
and Durban and at -110 m between Port St. Johns and Port Alfred (the world average is -132 m
according to Shepard (1963)), before the shelf starts to widen along the South Coast margin
(Flemming, 1981; Goodlad, 1986) (Fig. 5.40). The adjacent continental slope is very steep (average
of between 4.5° and 16° - see Table 5.1 in Appendix A), reaching a maximum value of 25° off the
Port Shepstone Shelf area (where the world average is only 4.4° according to Shepard (1963)).
Although it is a passive continental margin, formed by rifting and translational shearing, it does
not display typical passive continental margin morphology such as a wide, gentle sloping
continental shelf and slope adjacent to a deep ocean basin (Martin and Flemming, 1988). The
narrow continental shelf to the south of Durban is the result of translational shearing along the
prominent Agulhas-Falkland Fracture Zone (AFFZ), in which the Falklands micro-plate moved
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south-westwards (past the Agulhas Bank and all the way west towards the tip of South America)
during Gondwana break-up, which also marks its seaward extent (Figs. 5.40 & 5.42).
No significant sediment accumulation exists on the East Coast continental shelf due to the
narrowness of the shelf, with the majority of the Cretaceous to recent sediments being confined
to the adjacent continental slope and deep ocean basins as well as underlying the extensive
Limpopo and Tugela Cones (Dingle, 1973d; Dingle et al., 1983). Tertiary sediments are relatively
thin to non-existent along the continental shelf area due to a major Neogene uplift and erosion
cycle which removed most of these sediments and deposited them along the adjacent deep ocean
margin (Partridge and Maud, 1987). Holocene sediments are restricted to a modern day
progradational highstand sedimentary prism that stretches along the entire East Coast margin on
the shoreward margin of a linear, coast parallel Late Pleistocene aeolianite ridge (Flemming,
1981). This is greatly due to the erosional nature of the fast, poleward-flowing Agulhas Current
that exists along the outer margin of the continental shelf. Where the coastline and adjacent shelf
is offset to the west, cyclonic eddies are induced within these coastal bights (Pearce et al., 1987),
causing an accumulation of Holocene sediments along these margins.
Morphologically the continental shelf can be subdivided into an inner shelf (0 to -50 m), a middle
shelf (-50 to -70 m) and an outer shelf (-70 m to the shelf break) (Birch, 1981; Hay, 1984) (see Figs.
5.41 & 5.42). Flemming (1981) divided the shelf platform into a nearshore and offshore zone,
separated by a “drowned and partly reworked Pleistocene sediment ridge” which lies at water
depths ranging between -40 and -80 m. This sediment ridge is the remains of a flooded coastal
dune cordon which extends along the major part of the shelf area and is almost continuous
between Durban and Port Grosvenor, covering an area of nearly 195 km and includes major
bathymetric features such as the Aliwal Shoals and Protea Banks (Birch, 1981, 1996; Flemming,
1981; Hay 1984; Bosman et al., 2005). This ridge not only forms an effective barrier to cross-shelf
sediment dispersal, it also limits the influence of the fast poleward -flowing Agulhas Current on its
shoreward side, giving rise to a much smoother, gentle sloping, Holocene sediment covered
inshore area (Birch, 1981; Flemming, 1981; Hay, 1984).
Up to 24 submarine canyons exist along the East Coast continental margin, with the majority of
them only indenting the outer shelf margin and disrupting the adjacent continental slope, unlike
the well developed submarine canyons dissecting the West Coast margin (see Figs. 5.43 to 5.50)
(Flemming, 1981; Hay, 1984; Green et al., 2007, 2009; Green and Uken, 2008; Green, 2009a;
Green, 2011). Numerous slump scars are also visible along the continental slope, especially along
the steeply dipping southern margin between Port Alfred and Durban.
The East Coast continental shelf is discussed from south to north and subdivided into seven
segments: the Port Alfred Shelf (between Port Alfred and East London); East London Shelf
(between East London and Port St. Johns); Port Shepstone Shelf (between Port St. Johns and
Durban); Durban Shelf (between Durban and Richards Bay); St. Lucia Shelf (between Richards Bay
and Sodwana) and the Sodwana Shelf (between Sodwana and Kosi Bay) (see Figs. 5.43 to 5.50).
Figures 5.41 and 5.42 indicate the surface Geology of the East Coast continental margin (as
discussed in Chapter 2). It also indicates the morphological shelf divisions of the East Coast Margin
showing the inner, middle and outer continental shelf areas (Flemming, 1981; Birch, 1981; Hay,
1984) along with various bathymetric profiles (A - I) of the continental shelf (see Figs. 5.41 & 5.42).
These bathymetric profiles help to display the change in the morphology of the continental shelf
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Figure 5.41 Geological map of the southern East Coast Continental margin between Port Alfred and Durban. Bathymetric profiles (A - E) indicate the shape of the continental shelf and the extent of the inner, middle and outer shelf divisions (Image modified from Flemming, (1981); Birch, (1981); Hobday (1982); and Hay,
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Figure 5.42 Geological map of the northern East Coast Continental margin between Scottburgh and Kosi Bay. Bathymetric profiles (E - H) indicate the shape of the continental shelf and the extent of the inner, middle and outer shelf divisions. The inset figure indicates the Pre-Gondwana break-up setting of the Durban Basin
(Inset figure
modified from Broad et al. (2006)). A Geological cross-section (A - B) across the Tugela Cone indicates the underlyingPage
morphology
along the East Coast margin (Geological cross-section modified from Flemming, (1981); Birch, (1981); Hobday (1982); and Hay, (1984)).
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(regarding its shape, slope and width), moving from south to north. A geological cross-section across
the Tugela Cone is indicated in Figure 5.42. This cross-section was adapted from Birch (1981) to
conform to the new bathymetric data derived from this study.

5.4.2.1 Port Alfred Shelf
The Port Alfred Shelf area is situated between Port Alfred and East London, stretching a total
distance of 125 km along the East Coast Margin (Fig. 5.43). The continental shelf in this area
generally trends parallel to the coastline in a northeast-southwest direction and gradually narrows
northwards from 37 km (off Port Alfred) to 23 km (off East London). It is bounded by a steep
continental slope (average slope of 10°) that falls away quickly towards the adjacent abyssal Transkei
Basin and the southernmost extent of the Natal Valley to the north (off East London) where it quickly
reaches depths greater than -2000 m (Fig. 5.40). The Port Alfred and Port St. Johns Shelf areas fall
into the same offshore sedimentary compartment according to Flemming (1981).
Inner Shelf:
The inner shelf area is confined to a narrow (2 to 6.5 km), coast parallel, rocky nearshore area (Fig.
5.43). To the south of the Great Fish River mouth this rocky nearshore area consists mainly of
outcrops of Palaeozoic Table Mountain Group rocks of the Cape Fold Belt, whilst to the north it is
made up entirely of Permian Karoo Supergroup rocks, which dominate the on land geology along the
Port Alfred Shelf area (Fig.5.43). These rocks are mainly overlain by a Pleistocene to Holocene
nearshore sediment wedge that covers the entire inner shelf margin to the north of the Great Fish
River mouth giving this inner shelf margin a relatively smooth appearance compared to the irregular
and rocky inner shelf margin to its south.
A prominent 6.5 km wide and 12.5 km long nearshore sediment wedge is situated 20 km to the
south of East London (Fig. 5.43). This nearshore sedimentary wedge flattens out between water
depths of -38 and -45 m and then steeply drops down to -70 m over less than 500 meters. Apart
from this sedimentary wedge the inner shelf area is more or less uniform and has an average slope
of 1.0° (Table 5.1 in Appendix A), which is relatively steep compared to the world average shelf
gradient of 0.12° (Shepard, 1963).
Middle to Outer Shelf:
The middle and outer shelf areas to the north of Port Alfred are mainly devoid of sediments due to
the fast poleward- flowing (2 m/s) Agulhas Current situated on the seaward margin of the
continental shelf (see Section 2.4 in Chapter 2) (Flemming, 1980, 1981; Dingle et al., 1983; Hay,
1984). These areas are dominated by a conveyor belt of bed load transport where dunes, activated
by the Agulhas Current, move up to 3.5 m southwards per day (Flemming, 1980, 1981).
The middle and outer shelf area north of the Great Fish River mouth is characterised by a clearly
defined linear ridge that runs parallel to the coastline for 60 km before terminating in a small, crossshelf valley, situated just to the south of the prominent nearshore sediment wedge described above
(Fig. 5.43). This ridge acts as a divide between the middle and outer shelf and reaches depths of -75
m in surrounding water depths of -85 m on its western margin and -98 m on its eastern margin (Fig.
5.43). It is possible that this ridge is a relict Pleistocene aeolianite ridge that formed during the Late
Pleistocene sea level low stands, similar to the ones found along the South Coast Margin and from
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Figure 5.43 The Port Alfred Shelf area situated between Port Alfred and East London. Bathymetric isobaths are spaced at 2 m intervals for water
depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m intervals for water
depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship Track data coverage of the new
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Port St. Johns northwards along the East Coast Margin (Birch, 1979, 1981; Flemming, 1981). On its
seaward margin the outer shelf area is relatively flat (<0.1°) and featureless with little or no
sediment cover, as a result of the erosive poleward-flowing Agulhas Current, revealing the
underlying older carbonate bioherms (Flemming, 1980, 1981).
Between Port Alfred and the Great Fish River mouth a distinct wide, shallow valley exist, stretching
across the middle and outer shelf areas. This may be an offshore incised river valley of the Great Fish
River that formed during the numerous Cenozoic sea level lowstands (see Sections 5.5 and 5.6). A
second incised cross-shelf valley is situated at the south-eastern margin of the prominent inshore
sediment wedge (Fig. 5.43). It cuts across the middle and outer shelf and continues onto the
continental slope where a small submarine canyon (labelled the “Unknown” Canyon) exists, roughly
32 km south of East London. It quite possibly originated at the Keiskamma River mouth, since it
trends in an east-west direction towards this area, but it has been concealed by the thick Quaternary
nearshore sediment wedge along the inner shelf area. The outer shelf area at the foot of this valley
has been indented slightly by the “Unknown” submarine Canyon (Fig. 5.43). North of this valley the
middle and outer shelves both seem to extend seawards in a large, flat (<0.1°) shelf terrace, that
continues northwards past East London.
Shelf Break:
A clearly defined, single shelf break is found all along the Port Alfred Shelf area (Fig. 5.43). The shelf
break shallows northwards from a depth of - 150 m offshore of Port Alfred, to a depth of -110 m
offshore of East London. It is disrupted by an unknown submarine canyon that indents the outer
shelf area roughly 32 km to the south of East London (Fig. 5.43). The Dingle et al. (1987) map (Fig.
5.43b) also show a minor indentation in the same area, supporting the existence of this shelf
indenting submarine canyon. The only large river system that exists nearby is the Keiskamma River
system, which may have influenced this submarine canyon’s development since there is small valley
situated at the head of the submarine canyon leading in that direction (Fig. 5.43). The continental
slope tends to steepen northwards as the continental shelf becomes narrower. It has an average
slope of 10 °, reaching a maximum steepness of 22° just south of the Unknown submarine canyon
(Fig. 5.43). This is incredibly steep when compared to the world average of 4.4° (Shepard, 1963) (see
Table 5.1 in Appendix A).

5.4.2.2 East London Shelf
The East London Shelf area is situated between East London and Port St. Johns, stretching a total
distance of 220 km along the East Coast Margin (Fig. 5.44). The continental shelf is orientated in the
general northeast-southwest direction and narrows northwards, especially in the vicinity of Port St.
Johns, where three shelf indenting submarine Canyons, namely the Port St. Johns, Mzimvubu and
Mbotyi Canyons exist (Fig. 5.44). The East London Shelf continental shelf narrows northwards from
23 km off East London to about 6 km off Port St. Johns, with the shelf break generally following the
-110 m isobath.
Inner Shelf:
The inner shelf area is confined to a thin (less than 5 km wide), coast-parallel area which mainly
consists of seaward dipping Permian Karoo Supergroup and Cretaceous basement rocks overlain by a
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Figure 5.44 The East London Shelf area situated between East London and Port St. Johns. Bathymetric isobaths are spaced at 2 m intervals for
water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m intervals for
Chapter
5 -greater
Discussion
Page 192of
water
depths
than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship Track data coverage
the new bathymetric map; Inset figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.
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thick Cenozoic nearshore sediment wedge that extend seawards off major river mouths (Fig. 5.44). It
dips seawards at angles between 0.7° and 1.3° which gradually decreases seawards towards the
middle and outer shelf areas (Table 5.1 in Appendix A). The only major bathymetric feature found
along the southern part of the East London Shelf is a 14 km wide, seaward extending, nearshore
sediment wedge, situated roughly between 20 and 70 km to the north of East London off the mouth
of the Great Kei River (Fig. 5.44). This sedimentary wedge was likely deposited by the Great Kei River
during periods of major continental uplift and erosion throughout the Cenozoic (see Section 2.5 in
Chapter 2). It is nearly 50 km long and reaches a maximum height of 30 m above the adjacent middle
shelf area, with its outer margin being roughly constrained by the -70 m isobath. There is a well
developed incised drainage valley running across the northern half of this sediment wedge, from the
mouth of the Great Kei River seawards, continuing onto the middle shelf area. This may suggest
fluvial erosion during the more recent Pleistocene to Holocene sea level lowstands, after the bulk of
this sediment wedge was already deposited (Fig. 5.44). Similar, but much smaller sediment wedges
can also be found northwards off the mouths of the perennial Qora and Mbashe Rivers, with small,
seaward extending incised drainage valleys running through their centres (Fig. 5.44).
Just south of Port St. Johns, at the head of the Port St. Johns Canyon (where the coastline is offset to
the west and forms the Port St. Johns Bight), the inner shelf area widens to form a 2.6 to 4 km wide,
12 km long and relatively flat, nearshore sediment wedge. This sediment wedge consists of 75 %
muddy sediments and reaches a maximum thickness of 32 meters at its centre (Birch, 1982; Martin
and Flemming, 1986). Towards Port St. Johns this sediment wedge expands across the middle shelf
area, forming an undifferentiated, gentle seaward sloping margin (with an average slope of 1°),
which is roughly bounded by -80 to -90 m isobaths (Figs. 5.44 & 5.45). North of Ports St. Johns it
continues out onto the shelf edge at the head of the Mzimvubu Canyon (Martin and Flemming,
1986). A submerged and nearly buried Pleistocene aeolianite ridge exists along the outer margin of
this sediment wedge off the Port St. Johns Bight, providing a sheltered shoreward margin against the
poleward-flowing Agulhas Current (Flemming, 1981; Martin and Flemming, 1986).
The formation of this expansive sediment wedge is due to a cyclonic eddy being present along the
stretch of the continental shelf situated between the Port St. Johns Bight in the south and the
Waterfall Bluff structural offset to the north (see Section 2.4 in Chapter 2). The core of the Agulhas
Current overshoots the shelf at the Mbotyi Canyon (north of Port St. Johns along the Port Shepstone
Shelf) which causes a north-flowing inshore counter-current and littoral drift resulting in a northerly
sediment transport direction (Flemming, 1981; Martin and Flemming, 1986). This, together with the
damming action of the aeolianite dune ridges along the Port St. Johns Bight, resulted in the
deposition of a thick sedimentary wedge along this “sheltered” continental shelf section, with the
bulk of these terrigenous sediments derived from the Mngazana and Mzimvubu Rivers. The Agulhas
Current only influence sediment dispersal again along the middle and outer shelf areas lying to the
south of the St. Johns Canyon head, where the distinct middle and outer shelf terrace is situated
(Fig.5.44).
Middle to Outer Shelf:
The middle shelf area between East London and the St. Johns Canyon head is relatively flat and
featureless (Fig. 5.44). It is roughly bounded by the -70 to -90 m isobaths and slopes gently seawards
at angles of between 0.1 and 0.7° (Table 5.1 in Appendix A). Off the prominent sediment wedge off
the Great Kei River mouth, the middle shelf narrows considerably due to the seaward extension of
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the nearshore sediment wedge. Off the Port St. Johns Bight the middle shelf starts to widen
northwards, marking the seaward extent of the expansive nearshore sediment wedge situated
between the St. Johns and Mzimvubu Canyons (Martin and Flemming, 1986). This extensive
sediment wedge creates an undifferentiated inner and middle shelf area off Port St. Johns which
extends out towards the shelf edge off the Mzimvubu Canyon (Figs. 5.44 & 5.45).
The outer shelf area is also relatively wide (up to 15 km), flat (average slope of 0.3°) and featureless
all along the East London Shelf except for the area off Port St. Johns, where the St. Johns Submarine
Canyon disrupts the outer shelf area and the nearshore sediment wedge extend up to the shelf edge
to the north of it (Figs. 5.44 & 5.45).
Shelf Break:
A clearly defined, single shelf break is found all along the East London Shelf area at a constant depth
of -110 m (Fig. 5.44). The St. Johns canyon disrupts the shelf just 10 km to the south of Port St.
Johns, which causes the overall shelf to narrow dramatically from 14 km to less than 6 km. The
canyon head is situated 9 km offshore at a depth of -110 m. From here it deepens quickly towards
the upper slope (up to depths of greater than -625 m) before it continues along the continental
slope down towards the adjacent abyssal plains of the Natal Valley. Two other canyons, the
Mzimvubu and Mbotyi Canyons, also indent the continental shelf and slope to the north of the St.
Johns Canyon (Figs. 5.44 & 5.45), though they are less prominent as the St. Johns Canyon.
The upper continental slope along the East London Shelf generally steepens from the upper towards
the lower slope. The average upper slope gradient varies between 3.6° and 8.8° (average upper
slope is 6.2°) whilst the lower slope gradient varies between 1.9° and 3.4° (average lower slope is
2.7°). The middle to lower continental slope has numerous slope indenting canyons that continues
eastwards into the adjacent deep ocean basin (Fig. 5.44).

5.4.2.3 Port Shepstone Shelf
The Port Shepstone Shelf area stretches a total of 248 km between Port St. Johns and Durban. In
order to better illustrate this narrow continental shelf area it has been subdivided into three smaller
areas situated between Port St. Johns and Port Edward, Port Edward and Scottburgh and between
Scottburgh and Durban (as indicated by Figures 5.45, 5.46 and 5.47).

5.4.2.3.1 Port St. Johns to Port Edward
The general alignment of the stretch of coastline between Port St. Johns and Port Edward (Fig. 5.45)
is southwest to northeast, with a major structural offset at Waterfall Bluff (situated 6 km south of
Port Grosvenor) due to structural displacement along the onshore, and possibly offshore extension
of the Egosa Fault (Dingle, 1979; Birch, 1981; Hay, 1984). This structural offset is emphasised by the
change in on land geology from Permian Karoo Supergroup rocks, to the south of the Egosa Fault, to
Early-Palaeozoic Natal Group rocks to the north of it (Fig. 5.41). The shelf generally widens from
7 km off Port St. Johns in the south to more than 9 km off Port Grosvenor and Port Edward in the
north, reaching a maximum width of 14 km just to the south of the Waterfall Bluff structural offset
(Fig. 5.45).
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Figure 5.45 The Port Shepstone Shelf area situated between Port St. Johns and Port Edward. Bathymetric isobaths are spaced at 2 m intervals
for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m intervals
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greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship Track data
coverage of the new bathymetric map; Inset figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.
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Inner Shelf:
Between Port St. Johns and the Mzintlava River mouth the inner and middle shelves are more or less
undifferentiated, forming an expansive sediment wedge (as discussed in Section 5.4.2.2) that extend
seawards (at an angle of between 1° and 1.4°) up to the shelf edge at the head of the Mzimvubu
Canyon where it reaches a maximum seaward extent of 7.5 km (Fig. 5.45). North of the Mzintlava
River mouth it becomes well defined, narrowing (<2 km) and steepening (1.6°) northwards up to the
Waterfall Bluff structural offset (south of Port Grosvenor) where it forms the shoreward margin of a
relatively flat (0.3°) nearshore sediment wedge that is situated to the south of the waterfall Bluff
structural offset (Martin and Flemming, 1986). It only starts to widen to the north of Port Grosvenor
(off the Umtentu River mouth) where it merges with the middle shelf area to form an
undifferentiated and uniform sloping (<0.7°) shelf section that continues all the way north up to Port
Edward (Hay, 1984) (Fig. 5.45). The only irregularity along this otherwise homogenous inner shelf
sediment wedge is small seaward extension the sediment wedge off the Umtentu River mouth.
Middle and Outer Shelf:
Between Port St. Johns and the Mzintlava River mouth the middle and inner shelf areas are
dominated by a thick (up to 32 m) nearshore sediment wedge that extends across to the shelf edge
at the head of the Mzimvubu Canyon (Martin and Flemming, 1986). The outer shelf terrace is not
well developed between Port St. Johns and the Mzimvubu Canyon, but widens to the north of the
Mzimvubu Canyon to form a clearly defined, flat, outer shelf terrace, situated between the -90 and
-110 m isobaths, stretching northwards up to where it is disrupted by the Mbotyi Canyon (Fig. 5.45).
North of the Mzintlava River mouth the expansive sediment wedge widens to form a 3.5 km wide
and flat sedimentary terrace, before narrowing again off the Waterfall Bluff offset (Fig. 5.45). The
outer margin of this sediment wedge is situated 6 km offshore and generally follows the -60 m
isobath in a linear northeast-southwest direction. A sequence of small, sub-parallel palaeodune
ridges exist on this flat sediment terrace on the southern margin of the Waterfall Bluff structural
offset (Martin and Flemming, 1986). This Cenozoic sediment wedge lies to the south of the Egosa
Fault (on the southern margin of Waterfall Bluff structural offset) and formed as a result of the
protection that this structural offset provides against the strong, poleward- flowing Agulhas Current
(Flemming, 1980; Hay, 1984). The presence of a cyclonic eddy on the leeward side of the Waterfall
Bluff structural offset (that corresponds to the one off the Port St. Johns Bight) also greatly
influenced the formation of this thick sediment wedge due to northern littoral drift of sediments
deposited by major rivers such as the Mzimvubu and Mzintlava Rivers (Harris, 1978; Flemming, 1980,
1981; Martin and Flemming, 1986). The core of the Agulhas Current overshoots the outer shelf edge
off the Mbotyi Canyon head, which then transports these bed load sediments off shelf into the
adjacent Natal Valley (see Section 2.4 in Chapter 2) (Flemming, 1980, 1981; Martin and Flemming,
1986).
Situated between the Mbotyi Canyon and the Egosa Canyon is a 6 km wide, flat outer shelf terrace
known as the Waterfall Bluff Terrace, which is roughly constrained by the -90 and -100 m isobaths
(Fig. 5.45). This Waterfall Bluff Terrace continues northwards for 16 km, up to the Egosa Canyon,
before the outer shelf area becomes undifferentiated from the middle and inner shelf areas (Hay,
1984). This undifferentiated shelf area continues all the way north up to Port Edward, becoming
increasingly more gently inclined northwards from 1.1° off Port Grosvenor to less than 0.5° off Port
Edward.
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A remnant, coast-parallel Pleistocene dune ridge is situated roughly 2 to 4 km offshore along the
middle shelf area between Port Grosvenor and the Msikaba River mouth, with its base level situated
along the -50 to -60 m isobaths (Hay, 1984; Martin and Flemming, 1986). It disappears to the south
of Port Grosvenor where it is likely to be buried underneath the extensive nearshore sediment
wedge (with only a few small outcrops present along its outer margin), and to the north before
reappearing again off Port Edward. These aeolianite ridges are very linear and parallel to the present
coastline, acting as barriers against the abrasive poleward-flowing Agulhas Current along its seaward
margin, damming up the terrigenous Holocene sediments along their inshore margins all along the
Port Shepstone Shelf (Flemming, 1981; Hay, 1984; Martin and Flemming, 1986).
Shelf Break:
The continental shelf break along the Port St. Johns Shelf area is sharp and well defined, followed by
a sheer drop (at an angle of between 7° and 23˚) along the continental slope and rise towards the
adjacent deep ocean margin of the Natal Valley (Fig. 5.45). The shelf break varies from a depth of 110 m to the south of the Mbotyi Canyon to a depth of -100 m to the north of it, all the way up to
Port Edward. The shelf break is disrupted by four major shelf indenting submarine canyons, namely
the St. Johns, Mzimvubu, Mbotyi and Egosa Canyons, along with two minor submarine canyons off
Port Edward, namely the Umtentu and Umtamvuma Canyons (Fig. 5.45).

5.4.2.3.2 Port Edward to Scottburgh
Between Port Edward and Scottburgh the continental shelf gradually widens from 9 km (off Port
Edward) to 12 km (off Port Shepstone and Scottburgh) and runs more or less parallel to the relatively
linear coastline (Fig. 5.46). The continental shelf and shelf break are generally featureless except for
the prominent Protea Banks (which form part of a large, linear, coast parallel, relict Pleistocene
coastal dune ridge) which is situated on the middle to outer shelf area, roughly 10 km to the southeast of Port Shepstone (Fig. 5.46). Four submarine canyons exist along this part of the continental
shelf, but are mainly confined to the adjacent continental slope, causing no major shelf indentation
and disruption.
Inner shelf:
The inner shelf area between Port Edward and Port Shepstone is quite narrow (less than 4 km wide)
and steeply inclined (1°), but gradually widens from the Umzumbe River mouth (about 22 km to the
north of Port Shepstone) northwards to form an extensive, 7.8 km wide, gentle sloping (< 0.3˚),
nearshore sediment wedge situated between Scottburgh and Umkomaas (Fig. 5.46) (Hay, 1984). It is
roughly confined by the -40 m isobath all along the continental shelf between Port Edward and
Scottburgh. An aeolianite dune cordon is situated along the outer margin of the inner shelf area off
Port Edward, but disappears northwards before cropping out again along the inner shelf margin off
Scottburgh just seawards of the prominent Aliwal Shoals (Fig. 5.42).
Middle and Outer Shelf:
The middle shelf area becomes well defined again to the north of Port Edward and gradually widens
northwards from 2.5 up to 6 km just to the south of Port Shepstone (Fig. 5.46). It is roughly
constrained between the -40 and -60 m isobaths and slopes gently seawards at angles of between
0.2° and 0.3˚, until reaching the narrow outer shelf area (situated between -60 and -100 m) where
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Figure 5.46 The Port Shepstone Shelf area situated between Port Edward and Scottburgh. Bathymetric isobaths are spaced at 2 m intervals
for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m
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water depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship
Track
data coverage of the new bathymetric map; Inset figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.
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the slope angle increases (>0.4°) towards the steeply inclined self break (Fig. 5.46).
The middle shelf area between Port Edward and Scottburgh is dominated by an immense, linear,
coast parallel relict Pleistocene dune ridge, which lies between the -50 and -60 m isobaths
(Flemming, 1981; Birch, 1984; Hay, 1984; Martin and Flemming, 1986). This dune ridge is situated
roughly 7 km offshore off Port Shepstone, 6 km offshore off the Ifafa River mouth and 5 km offshore
off Scottburgh (Hay, 1984; Martin and Flemming, 1986). Forming part of this relict Pleistocene dune
ridge is a large shoal area, known as the Protea Banks, which is situated southeast of Port Shepstone
between the -40 and -50 m isobaths (Fig. 5.46) (Birch, 1984; Flemming, 1981; Hay, 1984). The Protea
Banks is situated roughly 8 km offshore and rises 15 to 25 m above the surrounding seabed (Hay,
1984). The dune ridge gradually decreases in height to the south and disappears underneath the
Holocene shelf sediments, where topographic irregularities on the inner and middle shelf may
represent eroded remnants of this ridge, before surfacing again off Port Edward (Hay, 1984).
Northwards, towards Scottburgh, two parallel Pleistocene dune ridges appear, forming the seaward
extent of both the inner and middle shelf areas along a thick nearshore sediment wedge (Fig. 5.46)
(Flemming, 1981; Martin and Flemming, 1986). The presence of this dune cordon along the
shoreward margin of the middle shelf area protected the inner shelf area from the erosive nature of
the Agulhas Current, resulting in a thick sediment package forming along its shoreward margin
(Flemming, 1980; 1981; Hay, 1984). As a result the nearshore sediment wedge widens significantly
from 4 km off the Ifafa River to 7.8 km off Scottburgh reaching a maximum thickness of up to 34 m
(Fig. 5.46) (Martin and Flemming, 1986).
Shelf Break:
The continental shelf between Port Edward and Scottburgh is bounded by a well defined shelf break
situated at -100 m water depth with a steep continental slope and rise on its seaward margin (Fig.
5.46). At least four minor submarine canyons disrupt the shelf break and outer shelf area between
Port Edward and Scottburgh, namely the Margate, Protea, Umzimkulu and Umzumbe Canyons (Fig.
5.46). These canyons only slightly indent the continental shelf, reaching a maximum of up to a
kilometre onto the outer shelf terrace, and are mainly confined to the adjacent continental slope
area (Hay, 1984).
North of the Umzumbe Canyon the continental slope gradually becomes gentler, shallower and
widens considerably northwards, forming the southern extent of the extensive Tugela Sedimentary
Cone. The Tugela Cone originated due to major terrigenous sediment influx from the Tugela River (to
the north of Durban) since the Cretaceous periods of continental uplift and erosion, forming an
extensive offshore sedimentary prism that stretches nearly 300 km from Port Shepstone up towards
Cape St. Lucia (Hobday, 1982; Goodlad, 1986; Broad et al., 2006) (Fig. 5.46).

5.4.2.3.3 Scottburgh to Durban
Between Scottburgh and Durban the continental shelf runs more or less parallel to the present
coastline, narrowing slightly from 12 km off Scottburgh to only 8 km off Durban (Fig. 5.47). The shelf
area between Scottburgh and the Illovo River mouth is characterised by an extensive sedimentary
terrace, which is largely centred around the Aliwal Shoals (Flemming, 1981; Hay, 1984; Bosman et
al., 2005) (Fig. 5.47).
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Figure 5.47 The Port Shepstone Shelf area situated between Scottburgh and Durban. Bathymetric isobaths are spaced at 2 m intervals for water
depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between -500 and -1000 m, and at 100 m intervals for water
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depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship Track data coverage of the
new bathymetric map; Inset figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.
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Inner Shelf:
The inner shelf area gradually expands north of the Mtwalume River mouth to form an extensive,
nearshore sediment wedge, situated between Scottburgh and Umkomaas (Fig. 5.47) (Flemming,
1981; Hay, 1984). North of Umkomaas this sediment wedge narrows abruptly to less than 2 km off
the Illovo River mouth, where it gives way to a wide, flat middle shelf terrace (Fig. 5.47). This gentle
sloping (<0.4°) nearshore sediment wedge extends a maximum of 7.8 km offshore and is generally
outlined by the -40 to -60 m isobaths. It represents a massive, thick (up to 34 m sediment thickness),
north-eastward prograding sand body according to Birch (1981); Flemming (1981); Hay (1984);
Flemming and Hay (1988) and Martin and Flemming (1988), known as the “Illovu submerged spit
bar”. It formed due to major terrigenous sediment influx from the perennial Illovu, Mkomazi and
Mpambanyoni Rivers whose exits are situated along this stretch of coastline.
Situated about 4 km to the east of Scottburgh, close to the centre of this extensive nearshore
sediment wedge, lies a major bathymetric feature known as the Aliwal Shoals (Fig.5.47). It is a 3 km
long, 380 m wide, northeast-southwest trending aeolianite ridge that rises from depths of -24 and
-30 m to just 6 m below mean sea level, causing it to be regarded as a major shipping hazard in this
area (Flemming, 1981; Hay, 1984: Bosman et al., 2005). For this reason no new bathymetric data was
collected by DAFF for this study in the vicinity of the Aliwal Shoals, although a high resolution
bathymetric dataset exists that was compiled by Bosman et al. (2005). The Aliwal Shoals is thought
to form part of a series of large, reworked Late Pleistocene palaeodune ridges that exist along the
inner shelf area between Port Shepstone and Durban (Flemming, 1981; Bosman et al., 2005). Two
parallel, linear palaeodune ridges exist along the seaward margin of this shoal area, with the
shoreward ridge marking the extent of the nearshore sediment wedge (Fig. 5.47). The seaward
aeolianite ridge lies along the southern extent of the nearshore sediment wedge and defines the
extent of the middle shelf area where it starts to slope down towards the outer shelf terrace.
To the north of this nearshore sediment wedge the inner shelf narrows abruptly towards the Illovo
River mouth, forming a very narrow (<2 km), 15 km long, steeply dipping (1.6°), coast parallel inner
shelf section on the shoreward margin of a large, flat middle shelf terrace (Fig. 5.47). North of this
middle shelf terrace the inner shelf starts to widen (from roughly 20 km south of Durban), forming a
undifferentiated shelf area with a average slope of 1° that continues up towards the northernmost
extent of the Durban Bluff (the prominent headland situated along the Durban coastline).
Middle to Outer Shelf:
Between Scottburgh and Umkomaas the middle shelf area is very narrow and is situated along the
seaward margin of the broad nearshore sedimentary wedge (known as the “Illovu submerged spit
bar”), between water depths of -50 and -80 m. Roughly 12 km north of Umkomaas the middle shelf
levels off at -42 m, forming a wide, relatively flat (<0.2°) terrace with a maximum width of about 6.5
km to the north of the Illovo River mouth. From the -54 m isobath seawards there is a gradual
(< 0.8°) slope down towards -68 m before it levels off again marking the beginning of the narrow
outer shelf terrace (Fig. 5.47). Up to two coast-parallel aeolianite dune ridges exist along this wide
middle shelf terrace, the outermost one marking the seaward extent of this terrace at roughly -54 m
(Martin and Flemming, 1986). Both these palaeodune ridges greatly affected the formation and
preservation of the extensive “Illovu submerged spit bar” by sheltering it from the erosive polewardflowing Agulhas Current that is situated along the outer shelf margin.
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The outer shelf terrace narrows slightly northwards of Scottburgh along the extensive middle shelf
terrace where it is between 2 and 3 km in width (Fig. 5.47). North of this middle shelf terrace the
shelf becomes undifferentiated, with a moderately seaward sloping shelf area (at an angle between
0.7° and 1.4°) that extends all the way up towards the northern tip of the Durban Bluff.
Shelf Break:
The shelf break commences sharply at a depth of -100 m off Scottburgh and Umkomaas, but
becomes less pronounced to the north (off the Durban Bluff) where the southern extension of the
Tugela Cone greatly affects the topography of the outer continental shelf and continental slope (Fig.
5.47).The upper continental slope varies between 2.9° and 3.1° along the Scottburgh to Durban Shelf
area, with the lower continental slope rapidly broadening and decreasing in slope towards the
southern extension of the Tugela Cone.

5.4.2.4 Durban Shelf
The Durban Shelf area stretches 155 km between Durban and Richards Bay and is unique from the
rest of the shelf with regards to both shape and morphology (Fig. 5.48). It widens dramatically from
6 km (off the Durban headland) to over 38 km at its widest margin (due east of the Tugela River
mouth) and narrows again to 18 km upon reaching the Richards Bay structural offset. This shelf area
is better known as the Tugela Cone, a triangular-shaped marginal plateau that was formed by
terrigenous sediments deposited by the Tugela River since the Early Cretaceous (Hobday, 1982;
Goodlad, 1986; Martin and Flemming, 1988). Off-shelf the Tugela Cone extends up to 220 km to the
south-east of the Tugela River mouth onto the northern margin of the Natal Valley (Goodlad, 1986;
Martin and Flemming, 1998) (Fig. 5.40).
The bulk of the Tugela Cone is comprised of Mid-Cenozoic and older sediments with a relatively thin
upper-Cenozoic layer on top (Fig. 5.42). The Agulhas Current was believed to be active during the
Tertiary, preventing any accumulation of thick Tertiary sediments on the continental shelf (Dingle et
al., 1983; Martin and Flemming, 1988). Furthermore extensive periods of major sea level regression,
caused by continental uplift and erosion, during the Early to Middle Oligocene and Late Pliocene to
Early Pleistocene resulted in vast amounts of Tertiary sediments being eroded from the continental
shelf and deposited off shelf into the adjacent Natal Valley deep ocean basin (Siesser and Dingle,
1981; Partridge and Maud, 1987). Early Pleistocene unconsolidated sediments are confined to the
outer shelf while Mid-Late Pleistocene aeolianite cordons span the inner to outer shelf areas, being
mantled by younger Holocene sediments along their shoreward margins (Flemming, 1980, 1981;
Martin and Flemming, 1986, 1987; Green et al., 2008).
On land the major Richards Bay structural offset caused the termination of the Dwyka and Ecca
Group sediments (of the Karoo Supergroup) against an outcrop of Basement Granites and Gneisses
and displaced the north lying Lebombo Group volcanogenic sediments (lying to the south of this
fault line) eastwards so that they possibly continue southwards offshore, underneath the Tugela
Cone (Figs. 5.42 & 5.48). This structural offset resulted in a seaward extension of the shoreline to the
north of the Mlalazi River towards Richards Bay, creating a southward facing embayment which
shelters the large inshore sediment wedge (to the south of it) from the erosive nature of the
poleward- flowing Agulhas Current. This structural offset also affected the main Agulhas Current
flow along the continental margin causing a large semi permanent cyclonic eddy to form on its
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Figure 5.48 The Durban Shelf area situated between Durban and Richards Bay. Bathymetric isobaths are spaced at 2 m intervals for water
depths ranging between 0 and -500 m, at 10 m intervals for water dept\hs ranging between -500 and -1000 m, and at 100 m intervals for
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depths
than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship Track data coverage
of the new bathymetric map; Inset figure (b) indicate the Dingle et al. (1987) bathymetric map in order for comparison.

leeward margin (see Section 2.4 in Chapter 2), which greatly influences sediment transport across
the entire continental shelf section of the Tugela Cone, between Durban and Richards Bay. This semi
permanent clockwise eddy resulted in the transportation of the bulk of the Quaternary sediments
along a northern littoral drift and an accumulation of thick Holocene sediments along an extensive
nearshore sediment wedge that lies between the Tugela River mouth and the eastern margin of the
Richards Bay structural offset (Fig. 5.42) (Harris, 1978; Flemming, 1980, 1981; Martin and Flemming,
1986).
Inner Shelf:
The inner shelf area narrows just north of Durban, from 7.4 km to less than 4 km, and continues
northwards as a thin, coast parallel and steeply inclined (1.0° to 1.4°) shelf area up to the Tugela
River mouth. Just to the south of the Tugela River mouth the inner shelf starts to widen gradually,
forming the southern limit of an extensive Holocene nearshore sediment wedge that stretches for
nearly 90 km northwards up to Richards Bay (Fig. 5.48). North of the Mlalazi River mouth this
sediment wedge widens considerably, forming a prominent triangular shaped (up to 20 km wide)
Holocene “submerged spit bar” extending off the Richards Bay structural offset (Fig. 5.48). A narrow,
NE-SW trending, Late Pleistocene aeolianite cordon marks the seaward extent of this spit bar (at a
water depth of between -45 to -50 m), where it has a damming effect on the Holocene sediments
against the Agulhas Current along its seaward margin, and continues northwards past Richards Bay
(Martin and Flemming, 1987).
This southward extension of the Holocene nearshore sediment wedge as a submerged spit bar is the
direct result of the cyclonic eddy that is situated across the continental shelf (between Durban and
the eastern extent of the Richards Bay structural offset) (Harris, 1978; Flemming, 1980, 1981; Martin
and Flemming, 1986). This cyclonic eddy causes a northern transport of bedload sediments along the
coastline, up to the eastern extent of the Richards Bay structural offset, where it is terminated by
the fast poleward-flowing core of the Agulhas current (situated along the middle and outer shelf
area, on the seaward margin of the palaeodune ridge), ending in the formation of a south-eastward
spinning gyre (see Section 2.4 in Chapter 2). The shape of the submerged spit bar reflects both the
damming effect brought on by the aeolianite dune cordon along its eastern margin as well as the
northern sediment transport direction, caused by the cyclonic eddy and the sheltering of the
Richards Bay structural offset.
Middle and Outer Shelf:
The middle shelf area widens significantly from 2.4 km off the Durban headland to form a wide (< 12
km), gentle sloping (<0.3°) and relatively featureless shelf area that continues northwards up to the
Tugela River mouth (Fig. 5.48). The middle shelf area is bounded by a thin, coast parallel aeolianite
dune cordon along its seaward margin that disappears where the middle shelf starts to widen
northwards (Fig. 5.42). To the south-east of the Tugela River mouth the middle shelf quickly widens
to form a extensive, 26 km wide, relatively flat (<0.1°) middle shelf terrace that might be a
southward continuation of the inshore sediment wedge situated to the south of the Richards Bay
Structural offset (Fig. 5.48). North of this flat middle shelf terrace the middle shelf quickly narrows
again, due to outward extension of the Holocene nearshore sediment wedge in the form of a
southward extending submerged spit bar off the Richards Bay structural offset, and continues to
narrow northwards towards Richards Bay (Fig. 5.48).

Chapter 5 - Discussion

Page 204

The seaward margin of this shelf terrace is confined by a large remnant Pleistocene aeolianite
cordon, which extends roughly from the widest point of the middle shelf area, along the -60 to -75 m
isobath, northwards before disappearing off the eastern margin of the submerged spit bar (Fig.
5.42). This palaeodune cordon acted as a barrier to the abrasive core of the Agulhas Current lying on
its seaward margin, resulting in a thick sediment build up along its shoreward margin and allowing
Holocene sediments to be reworked and redistributed by energetic clockwise gyres and eddies all
along the inner and middle shelf areas (see Section 2.4 in Chapter 2) (Flemming, 1980, 1981; Martin
and Flemming, 1986, 1987).
The outer shelf area widens northeast of Durban to form an up to 14 km wide, gentle sloping (<0.4°)
outer shelf terrace (bounded by an poorly defined shelf break), which then narrows abruptly due
east of the Tugela River mouth, where the Continental shelf changes to a more north-south
orientation and is disrupted by the Tugela Canyon head, which indent the outer shelf area directly
offshore from the Tugela River mouth (Fig. 5.48). A small, relict Pleistocene aeolianite ridge is
situated along the outer shelf margin, adjacent to the shelf edge just to the north of the Tugela
Canyon head at -75 m water depth, with another parallel, but much smaller ridge situated to its
south at -80 m (Fig. 5.42) (Flemming, 1981; Martin and Flemming, 1987). The outer shelf area
narrows northwards of the Tugela Canyon head where it is confined to a narrow (less than 6 km
wide), gentle sloping (<0.4°) margin which continues up towards Richards Bay. Another small, shelf
parallel aeolianite dune ridge exists along the shelf break at -75 m water depth to the east of the
submerged Holocene spit bar.
Shelf break:
The southern section of the Durban Shelf area is bounded by a poorly defined NE-SW trending shelf
break situated at roughly -100 m between Durban and the Tugela Canyon head (Fig. 5.48). It has a
gently inclined upper continental slope (between 1.6° and 3.4°) that decreases towards the lower
continental slope (0.8°) and the adjacent Northern Natal Valley due to the expansive off-shelf extent
of the Tugela Cone (Fig. 5.40). The shelf break swings towards a more NNE-SSW direction at the
widest part of the continental shelf (directly due east of the Thugela River mouth and to the south of
the Tugela Canyon head) and becomes well defined again at -100 m north of this point.
The upper continental slope increases northwards from an average of 3° to the east of Durban, up to
more than 9° at the Tugela Canyon head, before decreasing to more than 4.3° off Richards Bay. Two
irregularities occur on the continental slope namely the Tugela and 29˚ 30’S Canyons, the former
also slightly indents the outer continental shelf at the widest margin of the Durban continental shelf
area (due east of the Tugela River mouth) (Figs. 5.47 & 5.48) (Martin and Flemming, 1988).

5.4.2.5 St. Lucia Shelf
The St. Lucia Shelf area stretches a total of 160 km between Richards Bay and Sodwana (Fig. 5.49)
and forms part of a linear, clastic coastline that is bounded by a very narrow continental shelf with
an adjacent steep continental slope (Martin and Flemming, 1988; Ramsay, 1994; Green et al., 2007).
The continental shelf narrows considerably from 18.6 km off Richards Bay, to less than 3.7 km
(roughly 13 km to the south of St. Lucia), before widening again slightly to 7 km off St. Lucia. North of
St. Lucia the shelf gradually narrows again to less than 4 km along the seaward margin of Lake St.
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Lucia, continuing northwards (up to Sodwana) as a narrow, coast parallel continental shelf (Fig.
5.49).
The continental shelf is especially narrow where the Leven and Leadsman submarine Canyons (in the
vicinity of Lake St Lucia) and the Diepgat Canyon (just to the south of Sodwana) indent the shelf,
reaching a minimum width of 1.3 km off the Leven and Diepgat Canyon heads (see Fig. 5.54 in
Appendix A) (Green et al., 2007; Green, 2009a; 2011). Other smaller, less distinct submarine canyons
are situated along the St. Lucia Shelf, but are mainly confined to the continental slope and rise and
do not disrupt the continental shelf and shelf break (Green et al., 2007; Green, 2009a; 2011).
The shoreward margin along the St. Lucia shelf is dominated by an extensive Late Pleistocene coastal
dune cordon (similar to that of the Durban Bluff) that stretches along the shoreline from Richards
Bay to Sodwana as an almost uninterrupted sequence. This dune ridge reaches heights of more than
100 m above the present mean sea level and dammed up the large Lake St. Lucia estuary to the
north of St. Lucia and the extensive Zululand Coastal Plain lying to the north of it (Fig. 5.42) (Cooper
et al., 2011).
Inner Shelf:
The inner shelf area narrows considerably north of the wide Holocene submerged spit bar, situated
to the south of the Richards Bay structural offset, and continues to narrow north of Richards Bay
(Figs. 5.48 & 5.49). A small, distinct incised valley disrupts the inner and middle shelf areas at the
entrance to the Richards Bay Harbour where it clearly eroded away a significant part of the inner
shelf sedimentary wedge (Fig. 5.49).
North of Richards Bay the inner shelf area forms a very narrow (1.5 km) and steep (1.1° - 1.6˚) coast
parallel sediment wedge that continues until about 25 km south of St. Lucia where it merges with
the middle shelf area to form a very narrow and undifferentiated shelf section roughly 17 km long
(Figs. 5.42 & 5.49). It briefly widens (up to 4.5 km) and becomes more gently inclined (0.4° - 0.8°) off
St. Lucia before rapidly narrowing northwards to form a very narrow inner and middle shelf section
along the seaward margin of the Lake St. Lucia estuary. From Lake St. Lucia northwards the
continental shelf becomes extremely narrow (between 0.9 and 4 km wide), with very little or no
differentiation between the steeply inclined (1° - 1.7°) inner, middle and outer shelf areas all the way
up to Sodwana (Fig. 5.49).
A narrow, coast parallel Pleistocene aeolianite dune ridge constrains the seaward margin of the
inner shelf area, continuing from the seaward margin of the large Holocene spit bar situated to the
south of the Richards Bay structural offset, northwards past Richards Bay before it disappears
underneath the narrow sediment wedge along the narrow shelf section to the south of St. Lucia (Fig.
5.42). No extensive palaeodune ridges have been identified north of this, but numerous exposures of
Late Pleistocene sediments in the form of thin, aeolianite/beach rock reef complexes occur as
discreet lineaments on the shelf, shelf edge and in canyon heads (McLachlan and McMillan, 1979;
Dingle et al., 1983; Ramsey, 1991). A thin, unconsolidated Holocene sediment wedge extends from
the shoreline up to water depths of -90 m, where it unconformably overlies emergent shelf
sedimentary rocks of Late Cretaceous and Tertiary ages (Dingle et al., 1983).
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Figure 5.49 The St. Lucia Shelf area situated between Richards Bay and Sodwana. Bathymetric isobaths are spaced at 2 m intervals for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between 500 and -1000 m, and at 100 m intervals for water depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship Track data coverage of the new bathymetric map; Inset figure (b)
indicate the Dingle et al. (1987) bathymetric map in order for comparison.
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Middle and Outer Shelf:
The middle shelf area between Richards Bay and St. Lucia follow a similar trend to the inner shelf,
narrowing from 5.2 km off Richards Bay, to less than 0.3 km off the narrow shelf section to the south
of St. Lucia (Fig. 5.49). It briefly widens up to 2 km off the St. Lucia embayment before the shelf
narrows dramatically along the seaward margin of the Lake St. Lucia estuary, continuing northwards
as an extremely narrow, gentle sloping (0.7° -1.5˚) continental shelf with an undifferentiated inner,
and middle shelf area.
The outer shelf is somewhat distinguishable from the middle and inner undifferentiated shelf section
by an increase in slope (1.6° – 2.6°) towards the shelf break with a very steep basinward dipping
upper slope along its seaward margin. A small, flat (0.3°) outer shelf terrace appears just to the north
of the Diepgat Canyon head, widening slightly (up to 1 km wide) towards Leven Point (Sodwana) and
continuing northwards past Sodwana (Fig. 5.49).
A thin veneer of sediments mantles relict outer shelf gravels due to strong north to south
geostrophic flows induced by the poleward-flowing Agulhas Current (Flemming, 1978, 1981; Ramsey
et al., 2006). A bedload parting zone exists along the southern margin of Lake St. Lucia according to
Flemming (1981) and Flemming and Hay (1988) as a result of a large cyclonic eddy situated to the
north of Maputo caused by the large structural offset along the southern margin of the extensive
Mozambique Coastal Plain (see Section 2.4 in Chapter 2). The bulk of the shelf sediments north of
Lake St. Lucia are transported along a northern littoral drift and deposited off shelf into the adjacent
Northern Natal Valley via the Leven, Leadsman and Diepgat shelf indenting submarine canyons (Fig.
5.49). Several linear bedforms (such as northward migrating dune fields and sand streamers) exist
along the outer shelf margin as a result of this northern bedload transport conveyor belt (Flemming,
1980, 1981; Green and Uken, 2008).
Shelf Break:
The shelf break lies roughly at -100 m off Richards Bay, shallowing slightly northwards up to -90 m
off St. Lucia before returning to -100 m between Lake St. Lucia and Sodwana. The shelf break
shallows briefly up to a minimum depth of -65 m where the continental shelf is disrupted by the
heads of the Leven, Leadsman and Diepgat Canyons (Fig. 5.49 and Fig. 5.54 in Appendix A) (Green et
al., 2007; Green, 2009a, 2011). Its seaward margin is distinguished by a sheer drop along the
continental slope and rise into the neighbouring deep water (less than -1000 m) of the Northern
Natal Valley. The continental slope generally varies between 6˚ and 12˚ and the continental rise
between 2.7˚ and 3.7˚.

5.4.2.6 Sodwana Shelf
The Sodwana Shelf area stretches 75 km between Sodwana and Kosi Bay (Fig. 5.50). It consists of an
extremely narrow, undifferentiated continental shelf area (between 2.3 and 5.7 km) that widens
gradually northwards (north of 27° 12’ S) as it nears the southernmost extent of the Limpopo Cone
(Fig. 5.40). The Sodwana continental shelf has numerous shelf indenting canyons which disrupts its
outer shelf margin (Fig. 5.50).
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Inner Shelf:
The continental shelf widens slightly north of Sodwana but is greatly disrupted by the Jesser, Leven
and White Sands Canyons just north of Leven Point (Fig. 5.50). The inner and middle shelves are
mostly undifferentiated and steeply slope seawards at angles of between 1.1° to 1.5° from Sodwana
northwards up to roughly 35 km to the south of Kosi Bay (27° 12’ S). North of 27° 12’ S the shelf
gradually flattens out with a relatively wide (2 - 3 km), steeply inclined (1° - 1.2°) inner shelf area that
is situated all along the coastline towards Kosi Bay.
Middle and Outer Shelf:
The mainly undifferentiated and featureless continental shelf between Sodwana and 27° 12’ S has a
relatively steeply dipping seaward slope of between 1.0° and 1.5˚ (compared to the world average of
0.12 as indicated by Shepard (1963) – see Table 5.1 in Appendix A) and is bounded by a well defined
shelf break (between -90 and -100 m), very steep continental slope (10° - 19˚) and gentle continental
rise (2 - 6˚). North of 27° 12’ S the middle shelf flattens out to form a narrow (< 3 km wide) middle
shelf terrace that continues northwards past Kosi Bay (Fig. 5.50). This middle shelf terrace is
bounded by a gentle sloping seaward margin that flattens out again to form a very narrow (< 1 km)
outer shelf terrace that stretches from the Kosi Lake System northwards past Kosi Bay (Fig. 5.50).
Similarly to the St. Lucia Shelf this continental shelf area is influenced by a large cyclonic eddy
situated on the leeward side of the extensive Mozambique Coastal Plain (Fig. 5.40). This counter
current to the south-flowing Agulhas Current results in a northward littoral drift that transport
bedload sediments northwards as well as off shelf along the numerous canyons situated along the
outer continental shelf (see Section 2.4 in Chapter 2). Current-related features such as large,
northward migrating dune fields exist along the middle and outer shelf areas and can be clearly
observed lying to the south of both the North and South Mabibi Canyon heads on the multi-beam
bathymetric images in Figure 5.54 in Appendix A (Green et al., 2007; Green and Uken, 2008).
Shelf Break:
Numerous canyons transect the continental shelf and slope along this area namely the Wright,
White Sands, South Mabibi, Mabibi, South Island Rock and Island Rock Canyons (see Fig. 5.54 in
Appendix A) (Green et al., 2007; Green, 2009a, 2011). The canyon heads cut deep into the
continental shelf as a result of the narrow and steep nature of the continental margin along this
particular stretch of coastline. The shelf break is generally situated at -90 and -100 m but shallows up
to -65 m off the Wright and White Sands Canyon heads (Fig. 5.50 and Fig. 5.54 in Appendix A). The
adjacent upper continental slope has an average gradient of 7.1° whilst the lower slope has an
average gradient of 2.9° and flattens out northwards towards the southern extent of the Limpopo
Cone (Table 5.1 in Appendix A).
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Figure 5.50 The Sodwana Shelf area situated between Sodwana and Kosi Bay. Bathymetric isobaths are spaced at 2 m intervals for water depths ranging between 0 and -500 m, at 10 m intervals for water depths ranging between 500 and -1000 m, and at 100 m intervals for water depths greater than -1000 m. The rivers and water bodies are courtesy of DWAF. Inset figure (a) indicates the Ship Track data coverage of the new bathymetric map; Inset figure (b)
indicate the Dingle et al. (1987) bathymetric map in order for comparison.

b)

5.4.3 Better Resolved Features along the East Coast Margin of South Africa:
By correlating the Final Bathymetric Map of the South African Continental Margin (Figs. 4.1, 4.2 and
4.3 in Chapter 4 and Appendix B) with the Dingle et al. (1987) bathymetric map, most of the
bathymetric features on the continental shelf along the East Coast margin are displayed in much
greater detail in the newer bathymetric map (see Figs. 5.43 to 5.50).
However bathymetric map provided by Hay (1984) for the area between Port St. Johns and Durban is
of a similar resolution to that of the new bathymetric map produced in this thesis, therefore no
significantly new bathymetric features can be reported except for the shape of the shelf indenting
submarine canyons that exist along this section of the East Coast margin. The Aliwal Shoals have also
been mapped in great detail by Bosman et al. (2005) and are not as detailed in the newly derived
bathymetric map mainly because of the lack in data coverage in this area due to the hazardous
nature they present to survey vessels. Similarly the shelf indenting canyons along the St. Lucia to
Kosi Bay continental shelf area have been mapped in great detail by Green et al. (2007) using multibeam echo sounding equipment.
These better resolved shelf features along the East Coast margin of South Africa include:
5.4.3.1 The Tugela Cone (Fig. 5.51) (mainly the continental shelf section of the Tugela Cone) is
slightly better resolved on the Final Bathymetric Map of the South African Continental Margin than
in previous studies such as Flemming (1981) and Dingle et al. (1987). The newly derived bathymetric
map clearly indicates a thick sedimentary wedge along the inner shelf area to the north of the Tugela
river mouth that widens northwards to form an extensive, triangular shaped sediment wedge along
the southern margin of the Richards Bay structural offset (Fig. 5.51).
5.4.3.2 Most of the southern East Coast margin submarine canyons (Fig. 5.53) (between Port St.
Johns and Scottburgh) are better resolved in the Final Bathymetric Map of the South African
Continental Margin than in previous studies such as Hay (1984) and Dingle et al. (1987). The main
shelf indenting canyons along the southern part of the East Coast margin include the St. Johns,
Mzimvubu, Mbotyi and Egosa Canyons. The other canyons only slightly indent the outer continental
shelf area and are less pronounced on the newly derived bathymetric map.
One other shelf indenting canyon (termed the “Unknown Canyon” in this study) exists to the south
of East London which have not been mapped by previous studies, although it is slightly revealed by
the Dingle et al. (1987) map (see Fig. 5.43).
5.4.3.3 The northern KwaZulu-Natal submarine canyons (Fig. 5.54) were mapped in great detail by
Green et al. (2007) using multi-beam echo-sounding equipment. These highly detailed multi-beam
derived images (taken from Green and Uken (2008)) were superimposed onto the new bathymetric
map in order to indicate their true shape and shelfward extent. The single-beam echo-sounding
dataset is not nearly as detailed as the multi-beam dataset as can be seen from the adjacent
continental shelf bathymetry (Fig. 5.54) and is certainly something to aspire to in the future for the
entire South African continental margin.
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5.5 Modern and Palaeo Drainage Systems
Modern and palaeo drainage systems of South Africa have had a significant effect on the shape and
extent of the present continental margin of South Africa. River systems have been eroding the
continental margin since the Gondwana break-up and are responsible for major terrigenous
sediment influx to the continental shelf and adjacent continental margin during episodes of
continental uplift and sea level regressions (see Chapter 2).

West Coast Margin
The presence of the Great Escarpment, situated along the entire West Coast margin of South Africa
(Fig. 5.55), has had important implications in the offshore depositional history. Originally it was
nearly 1500 m high (due to basement uplift during Gondwana break-up rifting), acting as a barrier in
deflecting river systems away from the rifted margin (up to 100Ma) (Gilchrist and Summerfield,
1990). Since then it has been greatly eroded and is currently situated more than 50 km from the
present coastline. It has also been breached in two places (at 28˚S and 31˚S) along the West Coast
margin by the Orange and Sout/Krom rivers (the latter being a tributary of the Olifants River) (Fig.
5.55).
Terrigenous sediment discharge by the major river systems along the West Coast margin of South
Africa has steadily declined since the Late Cretaceous era due to a change in climate to a drier
(during the Lower Tertiary) and ultimately an arid hinterland (since the Late Mesozoic Era) (Dingle
and Hendey, 1984). The largest extent of the modern hinterland bordering the West Coast Margin is
arid with precipitation of less than 100 mm per annum. Perennial runoff is restricted to major rivers
such as the Orange, Olifants and Berg rivers (Figs. 5.55 & 5.56) which have contributed to only small
quantities of terrigenous sediments to the shelf since the Early Holocene Era (Birch et al., 1972).
South of the perennial Olifants River (31°S) the area seaward of the Great Escarpment is
characterized by rugged topography comprising of Palaeozoic sandstones, shales and tillites of the
Cape and Karoo Supergroup Systems, underlain by older metamorphic rocks and granites which are
mainly exposed in the lower coastal areas. Despite the relatively high annual rainfall in this area (100
- 500 mm per annum) the only major sediment-carrying rivers to the south of the Olifants River are
the Olifants and Berg rivers (Simpson, 1971).
From the Olifants River climate becomes increasingly arid as one move northwards with the 100-150
km wide coastal stretch of Namib Desert (mean annual rainfall less than 100 mm) lying just north of
the Orange River. This desert stretches from the coast all the way to the foot of the Great
Escarpment (altitude of 1000 m) bordering the higher interior plateau (Figs. 5.55 & 5.56). Due to
coastal sand dunes most of the rivers are blocked off from the sea, except for the perennial Orange
River which cuts across both the Great Escarpment and coastal desert to discharge a great volume of
sediment into the sea (Simpson, 1971). Most of the Namib Desert sand is derived from sediment
load discharged by the Orange River (Dingle et al., 1987).
The Orange River is approximately 2300 km long (Fig. 5.55), has an annual discharge of 6.5 x 106 m3
yr-1 and drains the entire Vaal/Orange River catchment area of 953 2000 km2 which has a natural
run-off of more than 12 x 106 m3 yr-1 (Dingle and Hendey, 1984; www.dwaf.gov.sa). The Olifants
River (285 km) has a catchment area of roughly 46 220 km2 whilst the Berg river (294 km) has a 7
715 km2 catchment area (Fig. 5.55). The West Coast margin contributes about 4.1% (7 x 106 m3 yr-1)
of the total annual discharge of the entire South Africa (Dingle et al., 1987) (Fig. 5.55).
Chapter 5 - Discussion

Page 212

Figure 5.55 Drainage areas of southern Africa showing the perennial (dark blue) and non-perennial (light blue) rivers. Area 1 = between the Kunene and Orange Rivers; Area 2 = West Coast margin: Orange, Olifants and Berg Rivers; Area 3= South Coast margin: Breede, Gourits and Gamtoos Rivers; Area 4 = East Coast
6
3
margin: Tugela and Limpopo Rivers. Run off yield is in (x 10 m /yr). The sedimentary deltas of the Orange, Olifants, Berg, Thukela and Limpopo Rivers are also indicated. (Image modified from Dingle et al. (1983), (1987)).
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During the Late Cretaceous to Cenozoic Era the Vaal/Orange catchment area drainage system
alternated between the modern Orange River (28˚S) and Olifants River (31˚S) mouths as exit
points (Dingle and Hendey, 1984). During the Palaeogene Era the Vaal/Orange River drainage
system shifted south and broke through the Great Escarpment at the present position of the
Sout/Krom River (at 30˚ 46’S) and exited in the vicinity of the present Olifants River mouth, giving
rise to the formation of the Cape Canyon across the continental shelf and presumably the Olifants
Valley as well (Fig. 5.56) (Dingle and Hendey, 1984; Partridge and Maud, 1987, 2000; Partridge,
1998; De Wit, 1993, 1999; Wigley, 2004). There is also an on land palaeo drainage valley roughly
100 km south of the modern Orange River mouth, which may have been used as an exit during the
Late Cretaceous times. Arid conditions commenced during Late Miocene causing the Orange/Vaal
discharge to revert back to its present (28˚S) exit point (Dingle and Hendey, 1984). Brown et al.
(1995) reasoned that the Palaeo Olifants River was the dominant terrigenous sediment supply
during the Early Cretaceous after which the Orange River switched to its northern exit where the
Orange River Delta system has been the dominant sediment source ever since (Wigley, 2004).
Offshore extensions of palaeo drainage systems exist where severe lowering of the sea level (due
to major regressions) resulted in the extension of the on land drainage networks on to the
adjacent continental shelf, greatly influencing the erosion and infill of the major submarine
canyons such as the Olifants Valley, Cape Canyon and Cape Point Valley (Fig. 5.56) (Wigley, 2004).
During the Middle Oligocene and Early Pliocene major marine regressions, sea levels may have
reached low stands in excess of -200 m below the present mean sea level (see Section 2.5 in
Chapter 2) (Siesser and Dingle, 1981; Dingle et al., 1983).
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Figure 5.56 Map showing the drainage patterns along the West Coast Margin of South Africa. The major river systems along the West
Coast Margin are the Orange, Olifants and Berg rivers. Blue arrows indicate major drainage systems and light blue lines indicate palaeo
drainage systems on the continental shelf that can be identified from the bathymetry (Image is modified from Dingle et al. (1983),
(1987)).
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South Coast Margin
The southern Cape region of South Africa is at the current interface of the southern African winter
and summer rainfall zones (Bateman et al., 2004). The winter rainfall region lies west of Cape St.
Blaize (22˚E) with a more homogeneous rainfall region between Cape St. Blaize and Cape Padrone
(26˚E) and a summer rainfall region to its east. The major river systems along the South Coast
margin (Fig. 5.57) are the Breede River, which originate in the mountains of the Cape Fold Belt and
the Gouritz River, whose headwaters originate from the Great Escarpment. The Breede River
System (Fig. 5.57) is approximately 240 km long, has an annual discharge of 1873 x 1013 litres per
annum and drains a catchment area of 7765 km2 (Rogers, 1971). The Gouritz River System drains
only 540 mm3 yr-1 (due to it originating in the Karoo region and it being fed by the Touws, Gamka
and Olifants Rivers which have very low annual rainfall), but has a much larger catchment area of
roughly 28 147 km2 (Rogers, 1971) (Fig. 5.57). The South Coast margin contributes about 17.9 %
(30.59 x 106 m3 yr-1) of the total annual discharge of the entire South Africa (Fig. 5.55) (Dingle et
al., 1987).
Two drainage-related shelf features exist on the South Coast margin namely the Breede and
Gouritz River drainage valleys (Fig. 5.57). The Breede River drainage valley is a shallow, wide, well
developed valley on the western margin of the Alphard Rise. The Gouritz River drainage valley is
less pronounced, stretching from the mouth of the Gouritz River all the way to the outer shelf area
of eastern Agulhas Bank where remnants of a submarine canyon can still be seen (see Figs. 5.30,
5.31, 5.34 and 5.35 in Appendix A).
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Figure 5.57 Map showing the drainage patterns along the South Coast margin of South Africa. The main rivers along the South Coast Margin include the Breede, Gouritz, Gamtoos and Sundays rivers. Blue arrows indicate major drainage
systems on the continental shelf that can be identified due to the bathymetry (Image is modified from Dingle et al. (1983); Dingle et al. (1987)).
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East Coast Margin
The main watershed of South Africa lies along the escarpment of the Drakensberg Mountains and
continues northwards along the Lebombo Mountains into Mozambique (Fig. 5.58). Although the
majority of the rivers along the East Coast margin are fairly short they have very a high annual
discharge due to the elevated hinterland relief and high annual rainfall during the summer wet
season. Annual rainfall exceeds 800 mm over much of the East Coast and Drakensberg Mountains
and decreases towards the west. Fluvial discharge has been the main source of terrigenous
material along the East Coast margin since Early Cretaceous times (Partridge and Maud, 2000) and
the rivers along the KwaZulu-Natal and Mozambique coasts drain the entire eastern margin of the
Drakensberg Mountains, Lebombo Mountains and the Mozambique coastal plain (which covers a
quarter of Mozambique) (Fig. 5.58). The East Coast margin contributes a staggering 78% (133 x 106
m3 yr-1) of the total annual discharge of the entire South Africa (Dingle et al., 1987) (Fig. 5.55).
Two major river systems dominate the sedimentary input along the East Coast Margin namely the
Tugela and Limpopo Rivers (Fig. 5.58). The Tugela River exists some 84 km north of Durban and
lies at the centre of the extensive Tugela sediment cone, which reaches a maximum width of 45
km offshore from the Tugela River mouth. It has a total catchment area of 29 100 km2 and flows
some 500 km from its point of origin 974 meters above sea level in the Drakensberg Mountains of
Lesotho (Fig. 5.58). It delivers vast quantities of sediment in excess of 4.405 x 106m3 to the East
Coast margin on a seasonal basis (Flemming, 1980). The Limpopo River originates along the
border of Zimbabwe and South Africa, crosses the Lebombo Mountains at their northernmost
extent and drains the entire Mozambique coastal plain (Fig. 5.58). It is 1750 km long and drains a
staggering drainage basin of over 415 000 km2. South of Durban numerous smaller perennial rivers
exist (such as the Umzimkulu, Mzimvubu, Great Kei and Great Fish rivers) but do not contribute a
large percentage to the annual terrigenous sediment discharge along the entire East Coast Margin.
Due to the narrowness of the continental shelf along the East Coast Margin of South Africa the
offshore river drainage systems are characterised by numerous small incised and infilled river
valleys as well as several shelf indenting submarine canyons disrupt the shelf break and outer shelf
area of the continental shelf (Fig. 5.58) (Martin and Flemming, 1986; Green et al., 2007, 2013;
Green, 2009a; Green and Garlick, 2011). A large fluvial derived submarine canyon known as the
Tugela Canyon is situated on the off-shelf margin of the Tugela Cone and extends up to the
Northern Natal Valley deep ocean area (Fig. 5.58). This canyon has been eroded deeply into the
Tugela sediment cone by the Tugela River System during various sea level lowstands since Early
Cretaceous times (see Section 2.5 in Chapter 2) (Goodlad, 1986; Walford et al., 2005). Other shelf
indenting submarine canyons such as the St. Johns, Leven and Wright Canyons may also be linked
to major palaeo-fluvial courses (Flemming, 1981; Dingle et al., 1983; Hay, 1984; Green et al., 2007,
2013; Green and Uken, 2008; Green, 2009a, 2011, Green and Garlick, 2011).
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Figure 5.58 Map showing the drainage patterns along the East Coast margin of South Africa. The major river systems along the East
Coast Margin are the Tugela and Limpopo rivers although a large amount rivers exsist with high annual discharge rates . Blue arrows
indicate major drainage systems on the continental shelf that can be identified due to the bathymetry (Image Modified from Dingle et
al. (1983)).
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5.6 Late Pleistocene Sea Level Fluctuations
During the Late Pleistocene marine regressions the sea level has occupied water depths of -45 to
-50 m, -75 to -90 m and -110 to -130 m below the present mean sea level (MSL) (Tankard et al.,
1982). These sea level lowstands created a distinct rocky nearshore-platform along the West and
South Coast Margins as well as wave cut terraces and submerged Late Pleistocene palaeodune
ridges along the South and East Coast Margins that indicate the position of these palaeo
strandlines.
The Late Quaternary sea level curves for South Africa have been compiled by Ramsay (1995);
Compton (2001) and Ramsay and Cooper (2002) (Fig. 5.59). The global Quaternary sea level curve
of Waelbroeck et al. (2002) shows the sea level fluctuations during the last 450 000 years (Fig.
5.59). Since Marine Isotope Stage (MIS) 8b (250 000 years BP) there have been two complete
glacial/interglacial cycles. Maximum Quaternary sea levels of +5 m were attained during the Last
Interglacial Highstand (MIS 5e), approximately 125 000 years BP (Ramsay and Cooper, 2002).
Between 90 000 and 12 000 years BP the sea level dropped beyond the shelf break, with sea level
stillstands at -45 m below MSL (MIS 5d & 5b), -75 m below MSL and at -128 below MSL, the latter
which signifies the Last Glacial Maximum (LGM) (between 26 000 and 18 000 years BP), before
rapidly rising from this eustatic low to a glacial minimum of +3 m and then lowering to the present
MSL (Fig. 5.59) (Compton, 2001, 2011; Ramsey and Cooper, 2002).

Figure 5.59 The global eustatic sea level curve according to Waelbroeck et al. (2002) showing the glacial to interglacial cycles (1 through
11) during the last 450 thousand years (Image modified from Cawthra, 2010).
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West Coast Margin
Sea level regressions and erosional events throughout the Quaternary have led to the formation
of a narrow, prominent, coast-parallel rocky nearshore-platform along the entire West Coast
margin that continues along the South Coast margin (Figs. 5.60 & 5.61).This rocky nearshoreplatform becomes especially evident between Cape Columbine and the Cape Peninsula where it
forms a wide, flat inner shelf terrace. Between the Orange River mouth (south of the Orange River
sediment wedge) and Hondeklip Bay this rocky-nearshore platform corresponds to the -75 m sea
level lowstand, while between Hondeklip Bay and the Olifants River mouth it corresponds more
with the -128 m LGM. Further south, up to the Cape Columbine headland, the rocky-nearshore
platform corresponds with sea level lowstands ranging between -45 to -100 m.
Between Cape Columbine and the Cape Town (northern margin of the Cape Peninsula) the outer
margin of the extensive rocky inner shelf terrace is bounded by the -128 to -160 m isobaths. The
former corresponds with the LGM at 18000 BP while the latter may reflect wave base during these
sea level lowstands, with major wells feeling bottom up to -40 m water depth. South of the Cape
Town the outer margin of the rocky nearshore-platform corresponds greatly with the sea level
lowstand during the Last Glacial Maxima at -128 m, with features such as the Rocky Banks, Cape
Hangklip headland extension and the rocky banks east of the Cape Hangklip headland extension
being constrained by this sea level lowstand (Fig. 5.60).The southernmost extension of the Cape
Point and the shoreward margin of the Rocky Banks correspond to the -75 m glacial sea level
lowstand. Between Gansbaai and Cape Agulhas the outer margin of the rocky-nearshore platform
corresponds greatly with the -128 m sea level lowstand during the LGM (Figs. 5.9 & 5.60).
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Figure 5.60 The Late Pleistocene sea level lowstands that influenced the erosion and shape of the present rocky nearshore-platform
along the West Coast margin of South Africa.
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South Coast Margin
To the east of Cape Agulhas the outer margin of the rocky nearshore-platform (formed by the
resistant Table Mountain Group sandstones) is bounded by the -75 m isobath. Towards Cape
Infanta the rocky-nearshore platform narrows considerably and corresponds to the -45 m sea
level lowstand (during the MIS of 5d and 5b) (Figs. 5.59 & 5.61). The less resistant Bokkeveld
Group shales that are found between Cape Infanta and Cape Seal, have been eroded away during
these Late Pleistocene marine regressions, giving rise to this narrow, coast parallel rocky
nearshore-platform that is bounded by the -45 m isobath. The large submerged spit-bar off Cape
seal generally corresponds to the -75 m sea level lowstand as well as the rocky nearshore-platform
all the way eastwards up to Cape Padrone (Fig. 5.61). East of Cape Padrone the rocky nearshoreplatform is constrained by the -45 to -60 m isobaths.
Up to 14 linear, parallel, aeoliante coastal dunes are situated between Cape St. Blaize and Cape
Seal at water depths ranging from -40 m, -50 to -55 m and -65 to -75 m below the present MSL
(Tankard, 1976; Siesser and Dingle, 1981; Flemming et al., 1983; Martin and Flemming, 1986). A
distinct inner shelf terrace is situated along the southern extent of both the St. Francis and Algoa
embayments at water depth ranging between -100 and -117 m, which seems to correspond to the
same water depth as the truncation of the rocky nearshore-platform at the Cape St. Francis and
Cape Recife headlands (Figs. 5.29 & 5.61) (Birch, 1980; Dingle et al., 1987). East of Cape St. Francis
up to five consecutive shelf terraces becomes prominent along the middle shelf area, situated at
water depths ranging from 40 to -45 m, -75 to -80 m, -100 to -105 m and -110 to -117 m (Figs. 5.29
& 5.61 and Figs. 5.38 & 5.39 in Appendix A). These are wave-cut terraces that were formed by the
numerous -45 to -128 m Late Pleistocene sea level lowstands (Fig. 5.59).
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Figure 5.61 The Late Pleistocene sea level lowstands that influenced the erosion and shape of the present rocky nearshore-platform as well as aeolianite palaeodune cordons and wave cut terraces situated along the South
Coast margin of South Africa.

East Coast Margin
The East Coast margin is defined by an extensive Pleistocene to Holocene nearshore sedimentary
wedge that stretches along the entire coastline. This nearshore sedimentary wedge varies in
thickness, width and shape depending on the source of Holocene terrigenous sediments as well as
the strong influence on sediment dispersal along the shelf by the poleward-flowing Agulhas
Current and numerous Agulhas Current derived cyclonic eddy systems (see Section 2.4 in Chapter
2). This expansive nearshore sediment wedge is largely constrained by the -45 m isobath which
corresponds to the interglacial sea level lowstand during the Late Pleistocene (Figs. 5.59, 5.61 &
5.62).
Numerous submerged, linear Late Pleistocene aeolianite dune cordons exist along the East Coast
continental shelf situated at water depths ranging between -40 and -80 m (Flemming, 1981, Birch,
1982; Flemming et al., 1983; Hay, 1984) (Figs. 5.62 & 5.63). These palaeodune ridges represent
shoreward margins of sea level lowstands throughout the Late Pleistocene, similar to the present
coastal dune cordons that exist all along the Northern KwaZulu-Natal coastline (Flemming et al.,
1983; Martin and Flemming, 1986). Wave-cut nick points in the bedrock exists at water depths of
-40 m, -50 to -55 m, -75 to -80 m and -100 to -105 m which correspond to sea level low stands
throughout the Late Pleistocene, similar to those found along the South Coast margin (Fig. 5. 59)
(Martin and Flemming, 1986).
The present shelf break is situated between -100 and -110 m along the majority of the East Coast
continental shelf, which means that this entire continental shelf was exposed during the Last
Glacial Maximum (at -128 m below MSL) (see Figs. 5.62 & 5.63). This LGM resulted in the
formation of numerous shelf incised (and later infilled) river channels and valleys up to -105 m
according to Martin and Flemming (1986). This LGM sea level low stand also influenced the
formation and further incising of the numerous shelf indenting submarine canyons along the East
Coast continental margin (Flemming, 1981; Martin and Flemming, 1986; Green et al., 2007, 2011;
Green 2009).
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Figure 5.62 The Late Pleistocene sea level lowstands that influenced the erosion and shape of the present nearshore sedimentary
wedge as well as aeolianite palaeodune cordons situated along the East Coast margin of South Africa between Port Alfred and Richards
Bay.

Chapter 5 - Discussion

Page 226

Figure 5.63 The Late Pleistocene sea level lowstands that influenced the erosion and shape of the present nearshore sedimentary
wedge as well as aeolianite palaeodune cordons situated along the East Coast margin of South Africa between Richards Bay and Kosi
Bay.
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CONCLUSION
6.1 Introduction
The continental margin of South Africa has been poorly represented bathymetrically, mainly due to
the lack of any large-scale scientific exploration since the earlier funded research expeditions done
by SANCOR and the Joint Geological Survey/University of Cape Town Marine Geoscience Group
during the 1970’s and 1980’s. These earlier surveys ultimately resulted in compilation of the Dingle
et al. (1987) “Bathymetry around Southern Africa” map. Since then no new, large scale bathymetric
data of the South African continental margin have been made available for scientific use. This is
essentially why this project was undertaken with the main objective to create a new, updated,
higher resolution bathymetric map that would help to improve our understanding of the geological,
morphological and oceanographic processes that helped shape the South African continental shelf
throughout the ages.
This Masters Project has successfully produced a detailed Bathymetric Map of the South African
Continental Margin (Figs. 4.1, 4.2 and 4.3 in Appendix B) that covers the entire continental shelf
area, extending from the Orange River mouth along the West Coast margin to Kosi Bay along the
East Coast margin. Digital single-beam echo-sounding data collected by the Department of
Agriculture, Forestry and Fisheries (DAFF) over the past two decades were manually processed,
gridded (using the Kriging method in Surfer 9) and plotted in order to create a final, detailed
bathymetric map. Satellite Altimetry data from the ETOPO 1- 1 Arc-Minute Global Relief Model
(Amante and Eakins, 2009) was used to complement this dataset along the deep ocean margins,
adjacent to the continental shelf, as well as the shelf areas lying to the north of the Orange River
mouth and Kosi Bay, where the DAFF dataset has insufficient or no bathymetric data coverage.
Kriging of the single-beam echo-sounding bathymetric data (see Chapter 3) produced a Digital
Elevation Model (DEM) which was then used to derive the bathymetric contour map, colour-relief
image, shaded relief map and subsequent bathymetric maps displayed throughout this thesis. Along
with the large-scale bathymetric maps found at the back of this thesis (Figs. 4.1, 4.2 and 4.3 in
Appendix B), the DEM remains an important product of this study and can be of great scientific
benefit in research directions such as marine geology, oceanography, marine biology, fisheries,
mineral exploration, etc. where it can be applied to various aspects of the South African Continental
Margin including its geology, physical oceanography, palaeo drainage systems as well as Late
Cenozoic sea level fluctuations.

6.2 Bathymetry
The bathymetry of the South African continental shelf is displayed in great detail by the newly
derived Bathymetric Map of the South African Continental Margin (see Figs. 4.1, 4.2 and 4.3 in
Appendix B). When compared to previous publications on the bathymetry of the South African
continental shelf (see Section 3.8 in Chapter 3) the new bathymetric map clearly display most of
these previously documented bathymetric features in much greater detail and higher resolution. The
newly derived bathymetric map also revealed numerous new bathymetric features along the South
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African continental shelf which have not been identified in previous bathymetric studies. Since there
is a much denser bathymetric data coverage along the West and South Coast margins compared to
the East Coast Margin, the latter has a much lower resolution bathymetric map area as a result and
has fewer better resolved bathymetric features. Below is a summary of these better resolved and
newly derived bathymetric features along the South African continental margin (arranged from the
West Coast to the East Coast Margin):

6.2.1 West Coast Margin:
Childs Bank (Figs. 5.10 & 5.11 in Appendix A) is larger and much more rounded than the earlier
Dingle et al. (1987) map suggested (see Section 5.2 in Chapter 5) with a sheer linear seaward edge
along its western edge compared to the narrow, irregular seaward margin in the Dingle et al. (1987)
map.
The Olifants Valley (Figs. 5.12 & 5.13 in Appendix A) is better defined compared to the Dingle et al.
(1987) map (see Section 5.2 in Chapter 5) and can be traced from the -150 m isobath (just to the
north of the extensive and well defined Olifants Delta) in a general east-west direction across the
middle and outer shelf towards the double shelf break. An “Unknown Valley” (Figs. 5.14 & 5.15 in
Appendix A), situated roughly 40 km offshore on the middle shelf area of the Olifants Shelf (lying at a
right angle to the main Olifants Valley), is a newly discovered bathymetric feature along the West
Coast Margin. It consists of a narrow, well-defined, shallow, north-south orientated valley that
stretches a total distance of 50 km to the north of the main east-west striking Olifants Valley.
The Cape Canyon (Figs. 5.16 & 5.17 in Appendix A) is much better defined in the newly derived
bathymetric map than in the Dingle et al. (1987) map and other studies. The new bathymetric map
clearly indicates the main Cape Canyon channel (which is found along the northern section and
canyon head) splitting into two separate channels along its northern and middle sections before
combining to form a deeply incised, well developed main channel along the southern section that
continues westwards towards the outer continental slope.
The Inner Shelf Terrace (Figs. 5.18 & 5.19 in Appendix A) that stretches from St. Helena Bay, around
the Cape Columbine headland all the way down to the Cape Peninsula headland is much better
defined in the new bathymetric map than by the earlier bathymetric datasets such as the Dingle et
al. (1987) map. It shows a clearly distinguishable outer edge to an elevated and relatively flat inner
shelf terrace which gradually becomes less pronounced southwards towards the Cape Peninsula (Fig.
5.19 in Appendix A).
The Cape Point Valley (Figs. 5.20 & 5.21 in Appendix A) is also much better defined in the new
bathymetric map than by the earlier bathymetric datasets such as the Dingle et al. (1987) map as
well as South African Navy Fair Chart Data (see Section 3.8 in Chapter 3). The new bathymetric map
shows a clearly defined, north-south trending submarine canyon that cuts across the outer and
middle shelf areas, adjacent to the rocky nearshore-platform along the Cape Peninsula, before
swinging to the west towards the continental shelf break (Fig. 5.20 in Appendix A.
The “Unknown Depression” (Figs. 5.22 & 5.23 in Appendix A) is a newly discovered bathymetric
feature situated on the middle shelf area of the Cape Columbine Shelf. It is 5 km wide, semi-circular
depression situated directly west of Robben Island (± 60 km offshore).
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6.2.2 South Coast Margin:
The “Agulhas Arch Anticlines” (Figs. 5.30, 5.31 & 5.32 in Appendix A) are two prominent, east west
trending ridges situated along the southernmost extent of the Agulhas Arch and at the southern tip
of the Alphard Rise. Although these two ridges were already identified in earlier bathymetric maps,
such as Dingle (1970b; 1971a), Gentle (1987) and Dingle et al. (1975; 1987), they were incorrectly
mapped as northwest-southeast trending features and were originally believed to reflect the strike
of the Agulhas Arch, forming part of a large up-warp of basement Pre-Cretaceous rocks. From the
new bathymetric data presented by this study (Figs. 5.30, 5.31 & 5.32 in Appendix A), they are clearly
orientated in an east to west direction and consist of two parallel, high relief (rising up to 50 m from
the seafloor up to a water depth of -80 m) bathymetric features situated 5 km apart from one
another. These two features may form part of the extensive onshore, east-west trending Cape Fold
Belt.
The Alphard Rise (Figs. 5.30 & 5.31 in Appendix A) is an area of shallow relief that stretches nearly
160 km from the north-eastern flank of the Agulhas Arch Anticlines in a northeast direction towards
Cape St. Blaize, before disappearing roughly 15 km off Cape Baracouta. Although the Alphard Rise
was indicated on the Dingle et al. (1987) map, it is much better resolved by the newly derived
Bathymetric Map of the South African Continental Margin (Figs. 4.1, 4.2 & 4.3 in Appendix B).
The Alphard Banks (Figs. 5.30, 5.31 & 5.33 in Appendix A) are a cluster of slender pinnacles, situated
on the shoreward margin of the Alphard Rise, roughly 64 km south of Cape Infanta. They mark the
position where Cenozoic volcanic intrusive plugs protrude above the sea floor up to depths of less
than 20 m below sea level (Dingle, 1970b; Gentle, 1987). Although the Alphard Banks were also
indicated on the Dingle et al. (1987) map, they are much better resolved by the newly derived
Bathymetric Map of the South African Continental Margin (Figs. 4.1, 4.2 & 4.3 in Appendix B).
The Breede River Drainage Valley (Figs. 5.30 & 5.31 in Appendix A) is a relatively wide, shallow
palaeo drainage valley situated along the north-western margin of the Alphard Rise. It runs more or
less parallel to the Alphard Rise for a distance of 125 km, from the Breede River mouth (at Cape
Infanta) towards the southern extent of the 12 Mile Bank, directly south of Cape Agulhas. This
palaeo drainage valley is much better resolved in the new bathymetric map compared to the Dingle
et al. (1987) map.
The Gouritz River Drainage Valley (Figs. 5.34 & 5.35 in Appendix A) is a newly indicated bathymetric
feature situated along the eastern margin of the Agulhas Bank. It is a shallow, south-southeast
trending palaeo drainage valley that is up to 190 km long. It originates at the Gouritz River area
(southwest of Cape St. Blaize) and stretches all the way south past the shelf break where it disrupts
the outer shelf area and upper part of the continental slope in the form of a small, relict submarine
canyon. No evidence of this canyon exists in the Dingle et al. (1987) bathymetric map.
Multiple east-west trending wave-cut terraces and palaeodune cordons are situated along the South
Coast Margin between Cape St. Blaize and Cape Seal (Figs. 5.36 & 5.37 in Appendix A). Fourteen
small, relict, coast parallel, Pleistocene palaeo dune cordons (similar to the ones found on land in the
Wilderness and Knysna area) exist up to 15 km offshore, which developed on the landward side of
earlier sea level lowstands (situated at -40 m, -50 to -55 m and at -65 to -75 m below the present
mean sea level) (Tankard, 1976; Siesser and Dingle, 1981; Flemming et al., 1983; Martin and
Flemming, 1986). Along the middle to outer shelf area (between water depths of -100 to -115 m)
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numerous wave-cut shelf terraces exist, trending in a general east-west direction.
These wave-cut terraces continue eastwards between Cape St. Francis and Cape Padrone where a
distinct inner shelf terrace is situated between -100 and -117 m water depth off the Cape St. Francis
and Cape Recife headlands, extending eastwards along the southern extent of both the St. Francis
and Algoa embayments. East of Cape St. Francis up to five consecutive shelf terraces becomes
prominent along the middle shelf area, forming clearly defined bathymetric nick-points at water
depths ranging between -40 to -45 m, -75 to -80 m, -100 to -105 m and -110 to -117 m that
correspond to the -45 to -128 m Late Pleistocene sea level lowstands (Figs. 5.38 & 5.39 in Appendix
A) (Dingle et al., 1983; Martin and Flemming, 1986). These shelf terraces are much better resolved
by the new bathymetric map compared to any previous bathymetric datasets such as the Dingle et
al. (1987) bathymetric map.

6.2.3 East Coast Margin:
The Tugela Cone (see Fig. 5.51 in Chapter 5) (mainly the continental shelf section of the Tugela Cone)
is slightly better resolved in the newly derived bathymetric map of the South African continental
margin than in previous studies such as Flemming (1981) and Dingle et al. (1987). The new map
clearly indicates a thick sedimentary wedge along the inner shelf area to the north of the Tugela
river mouth that widens northwards to form an extensive, triangular shaped sediment wedge along
the southern margin of the Richards Bay structural offset. This bathymetric feature is clearly the
result of northern littoral sedimentary drift caused by the giant cyclonic eddy system that is situated
between Durban and the Richards Bay structural offset (see Section 2.4 in Chapter 2).
Numerous submarine canyons situated along the southern section of the East Coast Margin
(between Port St. Johns and Scottburgh) are better resolved in the newly derived bathymetric map
than in previous studies such as Hay (1984) and Dingle et al. (1987) (see Fig. 5.53 in Chapter 5). The
main shelf indenting canyons along the southern part of the East Coast margin include the St. Johns,
Mzimvubu, Mbotyi and Egosa Canyons, with the other canyons only slightly indenting the outer
continental shelf area. One shelf indenting canyon (termed the “Unknown Canyon” in this study)
exists to the south of East London which have not been mapped by previous studies, although it is
slightly revealed by the Dingle et al. (1987) map (see Fig. 5.43 in Chapter 5). Unlike along the
southern part of the East Coast Margin, the submarine canyons along the northern KwaZulu-Natal
continental margin (north of Richards Bay) have been extensively mapped using a high resolution
multi-beam echo-sounding system by Green et al. (2007).

6.3 Geology
The underlying geology of the continental margin of South Africa has a great influence on the overall
shape and morphology of the continental shelf. Since the break-up of the Supercontinent Gondwana
(± 120 million years ago) the continental margin of southern Africa has undergone major geological,
oceanographic and bathymetric transformations. This continental break-up led to the formation of
two very unique continental margins: a divergent western and north-eastern continental margin that
formed due to tensional rift faulting (which is characterized by a wide continental shelf area with a
gentle sloping continental slope) and a translational southern and south-eastern continental margin
that formed due to shearing along the Agulhas-Falkland Fracture Zone (which is characterized by a
narrow continental shelf with a steeply sloping continental slope), both of which are clearly
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displayed in the new bathymetric map of the South African continental margin (Figs. 4.1, 4.2 and 4.3
in Appendix B). The following newly resolved bathymetric features also convey the nature of the
underlying geology:

6.3.1 West and South Coast Margins:
6.3.1.1 Rocky nearshore-platform:
An extensive, narrow, coast parallel rocky nearshore-platform is situated along the entire West and
South Coast margins. This rocky nearshore- platform comprises of Pre-Cretaceous basement rocks
that have been uncovered due to wave and current erosion during sea level regressions that
generally correspond to the major -45, -75 and -128 m sea level lowstands throughout the Late
Pleistocene. The rocky nearshore-platform between the Orange River and Olifants River mouths
consists of Proterozoic Namaqua-Natal metamorphic rocks, while south of the Olifants River mouth,
up towards the Cape Columbine headland it consists of outcrops of Proterozoic Malmesbury Group
metasediments, intruding Palaeozoic Cape Granite Suite granites along with overlying Palaeozoic
Table Mountain Group sedimentary rocks (see Section 2.3 in Chapter 2). Between Cape Columbine
and Cape Town, the rocky-nearshore-platform extends to form a wide (up to 30 km), distinct inner
shelf terrace, consisting of Malmesbury Group metasediments and intruding Cape Granite Suite
rocks. At Green Point (Cape Town) a geological contact zone exists between these Malmesbury
Group metasediments and intruding Cape Granite Suite rocks, which is clearly defined on the new
bathymetric map (Figs. 5.18 & 5.19 in Appendix A). South of this contact zone the rocky-nearshoreplatform narrows all along the western margin of the Cape peninsula, where it consists of Table
Mountain Group sandstones of the Cape Supergroup, with extensive outcrops of Cape Granite Suite
rocks in-between.
Further east along the South Coast margin the irregular shape of the coastline is due to the nature
and morphology of the underlying geology. Here the rocky nearshore-platform consists almost
entirely of Pre-Cretaceous Cape Supergroup lithologies that form part of the on land east-west
striking Cape Fold Belt that stretches from Somerset West (east of Cape Town) up to Port Alfred (see
Section 5.3 in Chapter 5). The coastal headlands (and their offshore extensions) are formed by the
highly resistant Table Mountain Group quartzites (of the Cape Supergroup) whilst the coastal logspiral shaped embayments are formed by less resistant shales of the Bokkeveld Group (of the Cape
Supergroup) and metasediments of the Cretaceous Uitenhage Group. The increase in the amount of
headlands and embayments along the coastline from west to the east of Cape Agulhas is due to the
fact that the basement structures of the Cape Fold Belt run roughly parallel (east to west) to the
overstep of Cenozoic and Cretaceous beds to the west of Cape Agulhas, while to the east they are
almost normal to the overstep and folding is thus much tighter, giving rise to more anticlines and
synclines, with anticlines tending to form the headlands and synclines the adjacent log-spiral
embayments (Birch, 1973; Gentle, 1987).
6.3.1.2 Childs Bank:
Remnants of Neogene calcareous limestones exist along the West Coast Margin as prominent
bathymetric features such as the Orange Bank and Childs Bank. These bathymetric features were
formed during a major Post-Pliocene sea level regression and erosional event (Dingle, 1973a; Siesser
et al., 1974).
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6.3.1.3 Agulhas Arch:
The Cretaceous and Cenozoic sediment successions are generally overlain by a thin veneer of
Quaternary terrigenous sediments along the majority of the South African continental shelf except
along the Columbine-Agulhas Arch, where uplifted Pre-Cretaceous and Cretaceous basement rock
outcrops exist due to the presence of an underlying buoyant Columbine-Agulhas Arch basement
block (Dingle et al., 1983; Wigley, 2004). The Agulhas Arch shallow basement area is defined by
prominent bathymetric features such as the Alphard Rise (an area of shallow basement material
where numerous Pre-Cretaceous and Cretaceous outcrops exist), Alphard Banks (a cluster of
Cenozoic volcanic intrusive plugs) and the “Agulhas Arch Anticlines”.
Because of their similar orientation to the Cape Fold Belt found on land the ”Agulhas Arch
Anticlines” are most likely to be two tight folding anticlines that form the furthest offshore outliers
of Table Mountain Group sandstones, situated on the outskirts of Cape Columbine – Cape Agulhas
Arch upwarped basement area (see Section 5.2 in Chapter 5). Here they may have been uplifted,
along with the Agulhas Arch basement material, and then uncovered as a result of erosion by the
Agulhas Current (since these Table Mountain Group quartzites are much more resistant than the
surrounding Bokkeveld Group shales and Malmesbury Group metasediments).

6.3.2 East Coast Margin:
6.3.2.1 Nearshore Holocene sediment wedge:
The nearshore Holocene sediment wedge is a major bathymetric feature along the East Coast margin
whose outer extent largely corresponds to the -45 and -75 sea level fluctuations during the Late
Pleistocene (see Sections 5.4 & 5.6 in Chapter 5). It consists of Pleistocene to Holocene sediments
that have either been dammed behind the large, linear, coast parallel Late Pleistocene palaeodune
ridges along the inner and middle shelf areas, or have been reworked by cyclonic eddies of the
Agulhas Current that exist south of prominent structural offsets in the coastline.

6.4 Other newly resolved features
6.4.1 Physical Oceanography:
The main influence on terrigenous sediment dispersal along the South African continental shelf is
the neighbouring ocean current systems. The West Coast margin of South Africa is dominated by the
north flowing Benguela Current System as well as a northern longshore drift, resulting in the bulk of
the terrigenous sediments derived from the West Coast to be transported northwards and off shelf
into the adjacent deep Cape Basin. A poleward undercurrent disperses fine grained sediment in the
opposite southward direction along the West Coast Margin leading to the formation of an expansive
Holocene Mudbelt (lying to the south of the Orange River up to the embayment directly north of the
Cape Columbine headland) from the suspended load of the Orange and Olifants rivers.
These influences can be correlated with the bathymetry of the West Coast margin such as the very
poorly developed, narrow sedimentary wedge situated off the Orange River mouth that is due to the
northern and off shelf dispersal of the bulk of the Orange River derived terrigenous sediments since
the Late Pleistocene. Where the Cape Columbine headland sheltered the dispersal of sediments
from the north flowing Benguela Current, it allowed only for southward distribution of terrigenous
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sediments by the poleward undercurrent, and created a thick Olifants Delta. Along with this
extensive sediment delta it also led to the accumulation of a thick and wide section of the Holocene
Mudbelt, compared to a much narrower Holocene Mudbelt that is situated northwards, adjacent to
the rocky nearshore-platform.
Along the South and East Coast margins the fast poleward flowing Agulhas Current is focused mainly
on the outer continental shelf and upper slope, resulting in a relatively thin Cenozoic sediment cover
along the majority of the East Coast margin and eastern part of the South Coast margin. This is
evident in the newly derived bathymetric map where the outer shelf area (and in some areas the
middle shelf as well), along the eastern part of the South Coast Margin and the majority of the East
Coast Margin, clearly displays a flat, terrace-like nature where the Agulhas Current has swept the
majority of the shelf sediments away and deposited them into the adjacent deep ocean margin of
the Natal and Transkei Basins.
A distinct, narrow, coast-parallel nearshore sedimentary wedge can be observed north of Port Alfred
all the way up to Kosi Bay. This nearshore sedimentary wedge is generally confined to a narrow,
steeply inclined inner shelf area but expands seawards in some areas as a result of the damming
effect caused by numerous linear, coast-parallel Late Pleistocene palaeodune ridges (along the inner
and middle shelf areas) against the erosive nature of the fast poleward-flowing Agulhas Current
along the outer continental shelf and slope (see Section 5.4 in Appendix A). On the southern margin
of large offshore structural offsets, such as at the Waterfall Bluff and Richards Bay structural offsets,
the nearshore sedimentary wedge widens considerably due to accumulation of sediments along the
leeward margin of these offsets. This is a combined result of protection these offsets provide against
the strong poleward-flowing Agulhas Current and the northward sediment dispersal by cyclonic
eddies formed by the Agulhas Current and these offsets (see Section 2.6 in Chapter 2).

6.4.2 Palaeo Drainage Systems:
The main drainage systems along the West Coast Margin of South Africa include the Orange/Vaal
River System, the Olifants River and the Berg River which have all been active since the break-up of
Gondwana and the formation of the Atlantic Ocean. As a result two large Cretaceous to Cenozoic
offshore sediment deltas exists off the Orange and Olifants Rivers, namely the Orange and Olifants
Deltas, the latter of which is clearly defined by the new bathymetric map. Palaeo drainage systems
are clearly evident along the West Coast Margin with three major submarine Canyons, namely the
Olifants Valley, Cape Canyon and Cape Point Valley, situated across the relatively wide continental
shelf area. These canyons were originally formed by paleao-Orange, Olifants and other river systems
during major sea level lowstands when these river systems expanded onto the continental shelf and
are currently eroded further by ocean currents and slumping. A newly discovered palaeo drainage
valley (termed the “Unknown Valley”) exists just to the north of the main east-west trending Olifants
River Valley and may represent a southward extension of the palaeo-Orange River System where it
may have linked up with the palaeo-Olifants River Drainage Valley (Figs. 5.12 & 5.13 in Appendix A).
Along the South Coast Margin the main river drainage systems are the Breede and Gouritz River
Systems, both of which show clearly defined incised palaeo river valleys across the continental shelf
in the new bathymetric map. The Breede River Drainage Valley stretches along the shoreward
margin of the Alphard Rise, extending from the coastline up to the outer shelf area (Figs. 5.30 & 5.31
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in Appendix A). The less prominent Gouritz River Valley is situated along the middle to outer shelf
area of the eastern Agulhas Bank, terminating in which is either an infilled or partially formed
submarine canyon along the outer shelf margin (Figs. 5.34 & 5.35 in Appendix A).
The East Coast Margin is dominated by a high terrigenous sediment supply by numerous river
systems that exist as a result of the elevated on land topography adjacent to the shoreline (the
nearby Drakensberg Mountains that form part of the Great Escarpment) and the relatively high
annual rainfall. Of these the Tugela and Limpopo Rivers are the most prominent with extensive
sediment cones, namely the Tugela and Limpopo Cones, dominating the bathymetry of the
continental margin between Durban and Richards Bay and north of Kosi Bay.
The new bathymetric map reveals several small, incised river channels existing across the nearshore
sediment wedge off larger river systems such as the Great Kei, Qora and Mbashe Rivers (situated
between East London and Port St. Johns. These may suggest fluvial erosion during the more recent
Late Pleistocene to Holocene sea level lowstands, after the bulk of the sediment wedge was already
deposited (see Section 5.4 in Chapter 5). Another such incised river channel exists off the Richards
Bay lagoon mouth, where a large part of the nearshore sediment wedge has been completely
eroded away (see Section 5.4 in Chapter 5).
Several submarine canyons, situated along the East Coast Margin between Port Alfred and Richards
Bay, may have originated due to fluvial erosion during the Last Glacial Maximum (LGM) sea level
lowstand of -128 m below present Mean Sea Level. The new bathymetric map indicate the most
prominent of these shelf indenting canyons to include the St. Johns, Mzimvubu, Mbotyi, Umzumbe,
29°30’S and Tugela Canyons (see Section 5.4 in Chapter 5). Of the shelf indenting canyons along the
Northern KwaZulu-Natal continental margin (between Richards Bay and Kosi Bay) only the Leven and
Wright Canyons indicate any signs of fluvial incision during major sea level regressions (according to
Green et al. (2007, 2011, 2013); Green (2009a); Green and Garlick (2011)).

6.4.3 Late Pleistocene Sea Level Fluctuations:
Newly derived and better resolved bathymetric evidence of sea-level fluctuations exists as a narrow,
coast-parallel rocky-nearshore platform, wave-cut and eroded shelf terraces (such as those found
between Cape St. Blaize and Cape Padrone along the South Coast Margin) as well as relict palaeodune cordon systems (aeolianites) situated along the shoreward margin of these palaeo coastlines
similar to the ones found along the Wilderness and Northern KwaZulu-Natal coastal margin. These
better resolved and newly derive bathymetric features that correlate mainly to Late Pleistocene sea
level fluctuations include the following:
6.4.3.1 West Coast Margin
Sea level regressions and erosional events throughout the Quaternary have led to the formation of a
narrow, prominent, coast-parallel rocky nearshore-platform along the entire West Coast margin that
continues along the South Coast margin (see Sections 5.2 and 5.3 in Chapter 5). Between the Orange
River mouth (south of the Orange River sediment wedge) and Hondeklip Bay this rocky-nearshore
platform corresponds to the -75 m sea level lowstand, while between Hondeklip Bay and the Olifants
River mouth it corresponds more with the -128 m LGM (see Section 5.6 in Chapter 5). Further south,
up to the Cape Columbine headland, the rocky-nearshore platform corresponds with sea level
lowstands ranging between -45 to -100 m.
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Between Cape Columbine and the Cape Town (northern margin of the Cape Peninsula) the outer
margin of the extensive rocky inner shelf terrace is bounded by the -128 to -160 m isobaths. South of
the Cape Town the outer margin of the rocky nearshore-platform corresponds well with the sea level
lowstand during the LGM at -128 m, with features such as the Rocky Banks, Cape Hangklip headland
extension and the rocky banks east of the Cape Hangklip headland extension being constrained by
this sea level lowstand. The southernmost extension of the Cape Point and the shoreward margin of
the Rocky Banks correspond to the -75 m glacial sea level lowstand. Between Gansbaai and Cape
Agulhas the outer margin of the rocky-nearshore platform corresponds greatly with the -128 m sea
level lowstand during the LGM.
6.4.3.2 South Coast Margin
To the east of Cape Agulhas the outer margin of the rocky nearshore-platform is bounded by the -75
m isobath. Towards Cape Infanta the rocky-nearshore platform narrows considerably and
corresponds to the -45 m sea level lowstand (see Section 5.6 in Chapter 5). The less resistant
Bokkeveld Group shales that are found between Cape Infanta and Cape Seal, have been eroded
away during these Late Pleistocene marine regressions, giving rise to this narrow, coast parallel
rocky nearshore-platform that corresponds to the -45 m sea level lowstand . The large submerged
spit-bar off Cape seal generally corresponds to the -75 m sea level lowstand as well as the rocky
nearshore-platform all the way eastwards up to Cape Padrone. East of Cape Padrone the rocky
nearshore-platform is constrained by the -45 to -60 m isobaths.
According to previous studies by Tankard (1976); Siesser and Dingle (1981); Flemming et al. (1983)
and Martin and Flemming (1986), up to 14 linear, parallel, aeoliante coastal dunes are situated
between Cape St. Blaize and Cape Seal at water depths ranging from -40, -50 to -55 and -65 to -75 m
below the present MSL, which correspond to the major sea level lowstands during the Late
Pleistocene. The newly derived bathymetric map indicates a distinct inner shelf terrace along the
southern extent of both the St. Francis and Algoa embayments at water depth ranging between -100
and -117 m, which seems to correspond to the same water depth as the truncation of the rocky
nearshore-platform at the Cape St. Francis and Cape Recife headlands. East of Cape St. Francis up to
five consecutive shelf terraces become prominent along the middle shelf area, situated at water
depths ranging from 40 to -45 m, -75 to -80 m, -100 to -105 m and -110 to -117 m (Figs. 5.38 & 5.39
in Appendix A). These are wave-cut terraces that were formed by the numerous -45 to -128 m Late
Pleistocene sea level lowstands.
6.4.3.3 East Coast Margin
A clearly defined, extensive, coast-parallel, Pleistocene to Holocene nearshore sedimentary wedge
stretches along the entire East Coast margin. This expansive nearshore sediment wedge is largely
constrained by the -45 m isobath which corresponds to the interglacial sea level lowstand during the
Late Pleistocene (see Section 5.4 in Chapter 5). Numerous submerged, linear Late Pleistocene
aeolianite dune cordons also exist along the East Coast continental shelf, situated at water depths
ranging between -40 and -80 m (Flemming, 1981, Birch, 1982; Flemming et al., 1983; Hay, 1984).
These palaeodune ridges are clearly evident in the newly derived bathymetric map and represent
shoreward margins of sea level lowstands throughout the Late Pleistocene, similar to the present
coastal dune cordons that exist all along the Northern KwaZulu-Natal coastline (Flemming et al.,
1983; Martin and Flemming, 1986).
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The present shelf break is situated between -100 and -110 m along the majority of the East Coast
continental shelf, which means that this entire continental shelf was exposed during the Last Glacial
Maximum (at -128 m below MSL) (see Sections 5.4 and 5.6 in Chapter 5). This LGM resulted in the
formation of numerous shelf incised (and later infilled) river channels and valleys up to -105 m
(Martin and Flemming, 1986). This LGM sea level low stand also influenced the formation and
further incising of the numerous shelf indenting submarine canyons along the East Coast continental
margin (Flemming, 1981; Martin and Flemming, 1986; Green et al., 2007, 2011; Green 2009).

6.5 Other Applications of the Newly Derived Bathymetric Map
The Bathymetric Map of the South African Continental Margin and accompanying bathymetric
dataset (in the form of a DEM/DTM, bathymetric contour shape file, shaded relief image and colour
image) can be used for a variety of scientific applications:
1) Marine Geological/Oceanographic Studies – This newly derived bathymetric map is a
marked improvement on the Dingle et al. (1987) “Bathymetry around South Africa” map and
will be useful for all future scientific work done on the South African continental margin.
2) Sea Fisheries (Department of Agriculture, Forestry and Fisheries) and the South African
National Biodiversity Institute (SANBI) – This new bathymetric map will aid in the planning of
specified trawling areas for the fishing industry (by DAFF) as well as help in planning the
expansion of marine protected areas (by SANBI).
3) South African Naval and Hydrographical Office Charts (SANHO) – This new bathymetric
dataset can be used to improve on existing SAN and Fair Charts by combining a
Hydrographically corrected version (that complies with the SANHO and IHO Standards for
hydrographic surveys) of the DAFF dataset with existing SAN datasets.
4) GEBCO/ETOPO Maps – This new bathymetric dataset can significantly improve on both the
existing GEBCO and ETOPO datasets. These maps were derived from satellite altimetry data
combined with ship track lines of single- and multi-beam echo-sounding datasets. They both
lack in single-/multi-beam echo-sounding data around the South African continental shelf
area which means that their shelf bathymetry is mainly derived from satellite altimetry.
Because satellite altimetry is not very accurate in shallow water areas such as continental
margins the dataset of this thesis will significantly improve on the existing GEBCO 30 ArcSecond Dataset and the ETOPO1 – 1 Arc-Minute Global Relief Model (Amante and Eakins,
2009).
5) Engineering Geology - Recently the Council for Geoscience, in collaboration with ESKOM,
undertook a preliminary study of the onshore and offshore geology for the Thyspunt Nuclear
Power Station project. They used the new Bathymetric Map of the South African Continental
Margin in order to help with the planning and study of the seafloor morphology and fault
lines in the area offshore from Thyspunt, near Cape St Francis. This map could prove useful in
other Marine Engineering ventures as well, providing a detailed bathymetric background on
which future bathymetric and geophysical surveys can be planned.
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6.6 Future Map Improvements
A major improvement on the Bathymetric Map of the South African Continental Margin dataset
would be to include other datasets (comprising of both analog and digital single- and multi-beam
echo-sounding bathymetric data) from sources such as the Council for Geoscience, CSIR, The South
African Naval and Hydrographical Office, the Department of Agriculture, Forestry and Fisheries, De
Beers SA, Petro SA, Petroleum Agency SA, Fugro, Tullow Oil, only to name a few. These major
companies and institutions could be assembled in a joint venture with the Universities of Cape Town
and KwaZulu-Natal in order to create a more extensive and detailed bathymetric database of the
entire South African Continental Margin that would be available for scientific use.
Another improvement would be to process the raw single beam data using a software package
specifically designed for cleaning and gridding bathymetric data such as Fledermaus, Qinsy or Caris
Hips and Sips. These programs would allow for faster processing of the bathymetric data as well as
better visualization of the data whilst editing in order to improve on the overall accuracy and
reliability of the final bathymetric dataset and make it easier to incorporate other bathymetric
datasets from wider sources.
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Map Projection:
All maps produced during this study were plotted in ArcGIS 9.3 (ESRI Inc.) using the World Geodetic
System (WGS) 1984 datum as the geographic coordinate system. The WGS 84 meridian of zero
longitude is the IERS Reference Meridian, 5.31 arc seconds or 102.5 metres (336.3 ft) east of the
Greenwich meridian at the latitude of the Royal Observatory. The WGS 84 datum surface is an oblate
spheroid (ellipsoid) with major (transverse) radius a = 6378137 m at the equator and flattening f =
1/298.257223563. The polar semi-minor (conjugate) radius b then equals a x (1 - f), or 6356752.3142
m. The WGS 1984 geographic coordinate system can be summarized as follows:
Geographic Coordinate System: GCS_WGS_1984
Datum: D_WGS_1984
Prime Meridian: Greenwich
Angular Unit: Degree
Spheroid: WGS_1984
Semimajor Axis: 6378137.000000000000000000 (a)
Semiminor Axis: 6356752.314245179300000000 (b)
Inverse Flattening: 298.257223563000030000 (f)

Software Packages Used:
• ArcMap 9.3 (ArcGIS 9.3) - (build 1770) - 1999-2008 ESRI Inc. Used for displaying
bathymetric contours, .tiff files, .dxf files, shapefiles and other data that was used
to create all the maps throughout this thesis (see Section 3.6.3).
• Grapher 8 - Version 8.1.388 – 1992-2009 Golden Software Inc. Used for evaluating
single-beam echo-sounding data and removing erroneous and sporadic singlebeam data for each individual Ship Track (see Section 3.6.2).
• Surfer 9 – Version 9.11.947 – 1993-2010 Golden Software Inc. Used for producing
the gridded dataset by means of the Kriging method. Also used to create the
bathymetric contour .dxf/.shp files and Digital Elevation/Terrain Model
(DEM/DTM) (see Section 3.6.4).
• Global Mapper 12 – Version 12.02 – 2002-2012 Global Mapper TM. Used for
creating a high resolution Shaded Relief Image of the final gridded bathymetric
dataset and for general dataset display (see Section 3.6.4).
• Echoview – Version 4.9.53.16879 – 1995-2010 Myriax Pty Lt. Used to display and
export Echotrack single-beam echo-sounding bathymetric-data to an Excel
spreadsheet .csv file format (see Section 3.6.1).
• DDS Export Wizard – internal program developed by DAFF. Used in conjunction with
Echoview to export Echotrack single-beam echo-sounding bathymetric-data to an
Excel spreadsheet .csv file format (see Section 3.6.1).
• Microsoft Excel - Used to manage the uncorrected and corrected single-beam echosounding bathymetric data and creating a final.csv type file for Surfer 9 gridding.

Appendix A

Page 257

Chapter 2: Geological Setting
Section 2.2:
Event

Geomorphic manifestation

Climatic oscillations and
glacio-sea level changes
(most pronounced during
middle and late Pleistocene)

Low-level marine benches,
coastal dune deposits, river
terraces and Kalahari sands.

Post-African II cycle of major
valley incision, especially in
the south-eastern coastal
hinterland

Major Uplift (between 200
and 900 m)

Incision of coastal gorges, down
cutting and formation of higher
terraces along interior rivers,
formation of the Post African II
erosion surface (with planation
restricted to eastern Lowveld
region).
Asymmetrical uplift of the
subcontinent and major
westward tilting of previous
landsurfaces of the interior, with
monoclinical warping along the
southern and eastern coastal
margins.

Post-African I cycle of
erosion

Development of imperfectly
planed Post-African I erosion
surface. Major deposition in the
Kalahari Basin.

Moderate uplift of 150-300
m

Slight westward tilting of the
African subsurface with limited
coastal monoclinical warping.
Subsidence of the Bushveld Basin.

On land sedimentation

Offshore sedimentation

Age

Ma

Quaternary sediment
deposition

Accumulation of cones off
mouths of major rivers
(Orange, Olifants, Tugela and
Limpopo Rivers). Widespread
erosion elsewhere following
development of near shore
current circulations.
Renewed sedimentation in
deep ocean basins.

Late Pliocene to
Holocene

2-0 Ma

Late Pliocene

±2.5 Ma

Early midMiocene to late
Pliocene

18-2.5 Ma

End of early
Miocene

±18 Ma

Late
Jurassic/early
Cretaceous to
end of early
Miocene

150-18
Ma

Late Jurassic
/early
Cretaceous

180/140
Ma

Deposition of Kalahari
Group sediments. Onshore
deposition of the Algoa,
Bredasdorp, Sandveld and
Maputuland Groups.

Renewed sedimentation
giving rise to the Algoa Fm.
(south coast), upper
Alexandria Fm. (southeast
coast), Sandveld and
Bredasdorp Fms. (south and
west coasts) and
Elandsfontein and Varswater
Fms. (west coast). Major
resurgence of sedimentation
in deep ocean basins.

African cycle of erosion
(polycyclic)

Advanced planation throughout
the subcontinent. Surface at two
levels above and below the Great
Escarpment. Development of
deep-weathered laterite and
silcrete profiles. Development of
Kalahari Basin with onset of
sedimentation towards the end of
the Cretaceous.

Sedimentation of the
Zululand Group marine
deposits. Formation of the
majority of Kimberlites (±
90 Ma) and other Cenozoic
intrusive rocks.

Widespread epeirogenic
sedimentation in several
pulses, as exemplified by
offshore upper Cretaceous to
Palaeocene Alphard Fm.,
Mzinene and St. Lucia
Fms.(off the south-east
coast) and lower Alexandria
Fm. (off the south coast).
General slowing of shelf
sedimentation from end of
Cretaceous, culminating in a
major Oligocene
unconformity.

Break up of Gondwana
through rift faulting

Initiation of the Great
Escarpment owing to high
absolute elevation of the
Southern African portion of West
Gondwana. Deposistion of Enon
conglomerate Fm.

Rift related extrusion of the
Drakensberg and Lebombo
Group volcanic sediments
terminating the Karoo
Supergroup sedimentation
and causing crustal
weakening. Also intrusion
of the Karoo Dolerites.

Rapid, localized taphrogenic
sedimentation producing
Uitenhage Group (south
coast)

Table 2.1 A summary of the major geomorphic events in southern Africa during the Mesozoic and resulting on land and offshore
sedimentation. (Adapted from Dingle et al. (1983); Partridge and Maud (1987)).
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Section 2.2:

Table 2.2 Regional lithostratigraphic and tectono-sedimentary framework of the Mesozoic and Tertiary rocks of southern Africa (Adapted from Tankard et al. (1982); Dingle et al. (1983); CGS - Stratigraphy of South Africa (2001); Broad et al. (2006)).
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Table 2.3 Geologic Time Scale approved
By the U.S. Geological Survey Geological
Names Committee (2006).

Section 2.3:

Figure 2.18 Cretaceous and Cenozoic stratigraphy for the Orange, Outeniqua, Durban and Zululand Basins (Image modified from Dingle
(1970b), (1971a), (1973a); Dingle et al. (1983); Martin and Flemming (1988); Cawthra (2010)).
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Section 2.3:

An estimate of the sea level variations since the Palaeocene (after Siesser and Dingle, 1981; Dingle et al., 1983)

Figure 2.19 A summary diagram of the Cenozoic sedimentary events that moulded the South African continental shelf (Image modified
from Partridge et al. (2006)). The sea level curve shows a rough estimate of the sea level variations during the Cenozoic (after Siesser and
Dingle (1981); Dingle et al. (1983)).
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Chapter 3: Derivation of the Bathymetric Map
Section 3.2 Single-beam echo-sounding:
Different Types of Transducers
•

The Piezoelectric transducer is made up of two plates with a layer of quartz crystals in
between. When an electric potential is introduced across the plates, it produces a variation
in the thickness of the quartz layer (the piezoelectric effect). Alteration of the electric
potential causes vibration of the quartz and consequently the entire unit. The amplitude of
the vibration will be a maximum if the frequency of the electric potential matches the quartz
natural frequency (IHO Manual on Hydrography, 2005).

•

The Magnetostrictive transducer has an axis of iron surrounded by a coil of nickel. A direct
current (D.C.) or pulse through the axis generates a magnetic field over the coil which leads
to the contraction and consequently a reduction of its diameter. When the electric current
along the axis stops the coil returns to its original size. When an alternating current signal
(A.C.) is applied to the axis the contractions and expansions of the coil is generated
according to the signal characteristics. Again the amplitude of the induced vibration will be a
maximum if the frequency is equal to the transducer material’s natural frequency or
frequency of resonance. This type of transducer is generally less efficient than piezoelectric
transducers (IHO Manual on Hydrography, 2005).

•

The Electrostrictive transducer which uses the same principle than the piezoelectric
transducers, except it uses different materials (usually polycrystalline ceramics or certain
synthetic polymers) that do not exhibit naturally piezoelectric characteristics and thus needs
to be polarized during their manufacturing process. They are much lighter, reversible and
can be arranged in arrays (known as multi-beam transducers), which has similar
characteristics to a single transducer but increases the amount of pulses generated and
received (IHO Manual on Hydrography, 2005).

Sound Velocity Measurement
•

A Sound velocity profiler is an instrument used to measure the sound velocity profile through
the water column. It has one pressure sensor to measure depth, a transducer and a reflector
a certain distance, d, apart. The sound velocity is calculated by the equation c = 2d/Δt, where
Δt is the two-way travel time of the acoustic signal between the transducer and the reflector
(similar to the depth measurement performed by echo sounders) (IHO Manual on
Hydrography, 2005).

Tidal Measurements
•

Tidal data are collected at various tidal measurement stations situated around the globe and
are available for download through their websites. The data can then be applied to the
bathymetric dataset in order to correct for any tidal variations, which is mainly confined to
shallower areas on the continental shelf (< 50 m).
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Section 3.3 Satellite Altimetry:
Principles of Gravity (g) measurements at sea – how it affects the sea surface
It is easier to measure the changes in the values of gravity rather than to measure the absolute value
of gravity itself. The variations in gravity are expressed relative to a reference ellipsoid, which
coincides roughly with the sea-level over the oceans and with the geometrical projection of sea-level
over the continents. The difference between the value of gravity measured (g) and the value of the
ideal reference ellipsoid is called the gravity anomaly.
This anomaly can be expressed in various ways:
(a) If the value of g which would have been observed had the observation been at sea-level is
calculated, the difference is the free-air anomaly. In this case only the effect of the height of the
observation above or below sea-level is taken into account (Keen, 1986).
(b) If the gravitational effect of an infinite sheet of rock, of thickness equal to that of the height of the
observation above sea-level, is subtracted from the free-air anomaly a simple Bouguer anomaly
results. Topographic corrections might also be subtracted if the variations in topography from a
plane surface are to be taken into account. The effect of known variations in subsurface density
might also be considered (Keen, 1986).
(c) A third type of anomaly is the isostatic anomaly. Although there are variations in elevation
(topography) and of density of rocks over the surface, nevertheless at some level below Earth’s
surface, the compensation level (the masses per unit area above) are equal, regardless of location.
This can be visualized in two ways:
•

Light crustal material of uniform density may project downwards into a dense substratum wherever
the surface (sea floor) is elevated (Airy’s hypothesis: tPc + rPm = (h + t + r) Pc) (Fig. 3.12 a).

•

Crustal columns of different densities that terminate at a uniform depth may produce a variation in
surface (sea floor) topography (Pratt’s hypothesis: Pct = P1 (h + t)) (Fig. 3.12 b).
The attraction of the configuration of either hypothesis may be calculated and subtracted from the
Bouguer anomaly, resulting in the isostatic anomaly.

Figure 3.12 Isostasy: the assumptions of Airy (left) and Pratt (right). Note that the crustal density ( ρc) is constant above the lower
boundary (Mantle) of the Airy figure, but ρ1, ρ2 and ρn are different from each other above the lower boundary in the Pratt figure (Image
modified from Keen (1986)).

Long-wavelength (greater than a few 100 km) topography, such as oceanic plateaus, is “isostically
compensated” (as in Airy’s hypothesis) and generate zero gravity anomalies which means they
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cannot be accurately mapped using satellite altimetry, except for their boundaries (Smith and
Sandwell, 2004). Medium to small sized features, such as seamounts, are not isostically
compensated and can be mapped using gravity (Smith and Sandwell, 1994, 1997). The only
limitation to short-wavelength (about 10 km) resolution is the “upward continuation” of the gravity
field from the seafloor to the sea surface which causes a scale dependant attenuation of these
gravity anomalies (Smith and Sandwell, 2004). If the wavelengths of the anomalies are long
compared to the water depth they will suffer little attenuation, whilst wavelengths that are much
shorter than π times the water depth will be strongly attenuated (Smith and Sandwell, 2004). Since
satellite altimetry measures the gravity at the sea surface, and not at orbital altitude, it can detect
the upward continuation (> 4 km) and thus provide very accurate gravity measurements. To predict
topography from gravity it is important to stay within the band of wavelengths where gravity and
topography may be correlated.
The sub-seafloor geology can also influence Earth’s gravity field mainly as a result of the variation in
sediment thickness. For example: continental margins and nearby abyssal plains contain thick
sediment successions which cause their own gravity anomalies and consequently there is little
correlation between these anomalies and the seafloor topography (Smith and Sandwell, 2004).
The topography of the sea floor creates gravity anomalies that can tilt the sea surface in ways that
are measurable with a radar altimeter (Fig. 3.13) (Smith and Sandwell, 2004). These sea surface tilts
may be directly interpreted as an anomaly in the direction of gravity called a “deflection in the
vertical” (perpendicular to the pull direction of gravity) and can range between amplitudes of 1 to a
few hundred microradians (0.2 to 60 arc- seconds) (Haxby et al., 1983; Sandwell, 1984; Smith and
Sandwell, 2004). A one microradian vertical deflection can be related to roughly 1 MilliGal anomaly
in the acceleration of gravity (Smith and Sandwell, 2004).

Figure 3.13 Topography of the sea floor adds its own attraction to the Earth’s usual gravity pulling the sea surface up around the seamount
and tilting the direction of gravity. This tilt in the sea surface is then measured by the satellite altimeter and from these measurements the
topography of the sea floor can be inferred. Pw = water density; Pc = Crustal density; Pm = Moho density (Image modified from Sandwell
(1984); Sandwell and Smith (1997); Smith and Sandwell (2004)).
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The relationship between geoid height and topography is expressed in the Fourier transform domain
(Dorman and Lewis, 1970).

Where k is the wave number (i.e. 2π/wavelength), and N(k) and H(k) are the Fourier transforms of
the geoid height and topography (h) respectively. The transfer function on the right side of the
equation contains model parameters (Pw is water density of 1025 kg m-3; Pc is crustal density of 2800
kg m-3; s is water depth of 5km; and d is moho depth of 11 km) as well as G, the universal
gravitational constant, and g, the gravitational acceleration (Sandwell, 1984).
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Section 3.5 Data acquisition for this project:
3.5.1 Schematics of the F.R.S Africana II:
The F.R.S. Africana II (Fig. 3.21) is a steel hulled fisheries vessel built specifically for Marine Research
by Dorbyl Marine of Durban in 1979 and was commissioned in March 1982. It is the flagship of the
DAFF fleet of oceanographic research vessels. Her main role is to act as a platform for research and
monitoring undertaken to guide the management of South Africa’s offshore fisheries.
DAFF has been monitoring the biomass of small pelagic fish species since 1984, using hydro-acoustic
survey techniques to determine the Sardine (Sardinops sagax) and Anchovy (Engraulis encrasicolus)
resources of South African coastal waters and setting the annual total allowable catch levels
accordingly (Coetzee et al., 2008). Their survey programme comprises of an annual summer spawner
biomass and recruitment survey of these commercially important pelagic fish species. Using singlebeam echo-sounding to determine the extent of fish schools (in order for trawling and sampling)
they also record the bathymetry of the sea floor in moderately good resolution.

Figure 3.21 Photograph of the F.R.S. Africana II (May 2010).

The ship has a raft-mounted machinery system enclosed in an acoustic hood in order to reduce noise
interference with her extensive suite of acoustic equipment. The main trawl and hydrological
winches are of finger capstan design and are augmented by three other specialised scientific
winches. There are eight laboratories on board providing comprehensive facilities for various
research disciplines and three containerised laboratories for specialised studies (Fig. 3.22). The
Africana II was extensively refitted in 2001. The vessel is based in Cape Town, South Africa and is
managed for the Department by Smit Pentow Marine. Characteristics of the F.R.S. Africana II are
summarised in Table 3.1.
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Vessel Characteristics:

Operational Characteristics:

Length

77.85m

Cruises

45 days

Beam

15.25m

Range

20 000 nautical miles

Mean Draught

5.7m

Speed

Actual Draught

6.3m

Gross Tonnage

2471.11 tons

(Maximum)

Up to 14.5 knots

Registered Tonnage

617.78 tons

(Cruising)

12 knots

Displacement

3337 tons

(Minimum)

1 knot

Personnel

52

Engines

1790-kW (2400BHP)

(Crew)

33

(Scientists and technicians)

19

Positioning and navigation

Satellite GPS

Ice Capability

Class A1

Radio

-

Table 3.1 Summery of the characteristics of the F.R.S. Africana II.

Figure 3.22 Diagram showing the layout of the F.R.S. Africana II. Main Research Laboratories and the Echotrack Processing Room are
indicated as well as the 5 winch systems.
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3.5.2 The F.R.S. Algoa:
The F.R.S. Algoa (Fig. 3.23) was originally the French fishing trawler Ludovic Jego and was acquired
by DAFF in the mid 90’s and extensively refitted as a fisheries research ship for service around the
coast of South Africa. A wide range of vertical and towed arrays can be deployed via four scientific
winches, an A-frame and hydraulic davit. It has six laboratories and a computer room that is served
by a DAFF designed and built PC-windows data distribution system and a peer-to-peer RG45
Ethernet local area network. A stabilized platform and scientific echo-sounder system is installed in a
sonar compartment (or blister). The F.R.S. Algoa’s acoustic systems include a SIMRAD EK500
scientific echo sounder system with 38 KHz and 120 KHz split beam operating frequencies and a
SONARDATA Echoview acoustic integration and analysis software. The vessel is well equipped with
modern navigation and communication systems (including the now standard satellite GMDSS and HF
radio email system) (Table 3.4).
Although the F.R.S. Algoa is more than capable of trawling and collecting data at -1000 m, it is mainly
used for pelagic, mesopelagic and inshore demersal surveys in addition to regular plankton and
physical/chemical oceanographic sampling trips. The vessel is based in Cape Town and is managed
for the department by Smit Pentow Marine.
Vessel Characteristics:

Operational Characteristics:

Length

52.55m

Cruises

15 days

Beam

10.8m

Range

6 000 nautical miles

Mean Draught

3.75m

Speed

Actual Draught

4.6m

(Maximum)

Gross Tonnage

759.38 tons

12.5 knots

(Cruising)

11 knots

Registered Tonnage

-

(Minimum)

0.5 knots

Displacement

-

Personnel

36

(Crew)

22

(Scientists and technicians)

14

Engines

1.472-kW

Navigation
Radio

Satellite GPS
satellite GMDSS
HF radio email system

Table 3.4 Summery of the characteristics of the F.R.S. Algoa.

Figure 3.23 Photograph of the
F.R.S. Algoa (Image source:
http//www. MarineTraffic.com).
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Section 3.6 Data Processing Techniques:
The RAW bathymetric dataset provided by the Fisheries Division of DAFF:
VoyageNum

233

233

233

233

233

233

233

233

233

233

Date

14/05/2007

14/05/2007

14/05/2007

14/05/2007

14/05/2007

14/05/2007

14/05/2007

14/05/2007

14/05/2007

14/05/2007

Time

15:45:00

15:46:00

15:47:00

15:48:00

15:49:00

15:50:00

15:51:00

15:52:00

15:53:00

15:54:00

Lat

33 45.81S

33 45.73S

33 45.64S

33 45.55S

33 45.47S

33 45.39S

33 45.30S

33 45.22S

33 45.13S

33 45.05S

Long

018 15.14E

018 15.05E

018 14.96E

018 14.87E

018 14.78E

018 14.69E

018 14.60E

018 14.51E

018 14.42E

018 14.34E

GPSStat

DiffFix

DiffFix

DiffFix

DiffFix

DiffFix

DiffFix

DiffFix

DiffFix

DiffFix

DiffFix

PosStat

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

WriteStat

1

1

1

1

1

1

1

1

1

1

BakWrStat

-

-

-

-

-

-

-

-

-

-

MinsLogged

1

2

3

4

5

6

7

8

9

10

Station

-

5/22/2007

5/22/2007

5/22/2007

5/22/2007

5/22/2007

5/22/2007

5/22/2007

5/22/2007

5/22/2007

5/22/2007

ATUnits

Deg.C

Deg.C

Deg.C

Deg.C

Deg.C

Deg.C

Deg.C

Deg.C

Deg.C

Deg.C

APUnits

hPa

hPa

hPa

hPa

hPa

hPa

hPa

hPa

hPa

hPa

HUUnits

%RH

%RH

%RH

%RH

%RH

%RH

%RH

%RH

%RH

%RH

Speed

7.4

6.5

7.2

6.6

7.4

6.8

6.7

6.7

7

8.1

Heading

314.7

317.2

314.9

318.2

314.8

317.3

316.3

318.6

314.4

316.2

SOG

7.7

6.9

7.6

6.7

6.3

7.4

6.9

5.9

7

6.1

COG

312

323

323

323

306

325

317

318

313

313

42

43

42

43

44

45

999

12

46

48

Grid
PrevGrid
StnCodes
StnComm
DepthUnits
FlUnits

Spare1
Spare2

Spare3
Spare4
Depth
AirTemp

16.57

16.66

16.66

16.66

16.66

16.66

16.66

16.66

16.66

16.66

AirPress

1007.19

1006.82

1007.01

1007.01

1007.19

1006.82

1007.01

1007.19

1007.01

1007.19

Humidity

89.19

89.19

89.19

89.19

88.47

89.19

89.19

89.19

89.19

88.47

18.6

18.5

17.7

18.3

16.9

18.6

17.3

13.8

18.1

17.5

SeaTemp
Salinity
Fluor
Light
WindSpdTK
WindSpdTM

9.6

9.5

9.1

9.4

8.7

9.6

8.9

7.1

9.3

9

WindDirT

325

332

334

326

323

329

325

332

324

327

WindSpdRK

26.2

25.3

25.2

25

23

26

24.1

19.6

25

23.4

WindSpdRM

13.5

13

13

12.8

11.8

13.4

12.4

10.1

12.9

12.1

WindDirR

11

15

18

10

9

11

9

14

9

11
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H.WireOut

8

8

8

8

8

8

8

8

8

8

H.WireSpd

0

0

0

0

0

0

0

0

0

0

H.WireLd

0

0

0

0

0

0

0

0

0

0

B.WireOut

0

0

0

0

0

0

0

0

0

0

B.WireSpd

0

0

0

0

0

0

0

0

0

0

B.WireLd

20.39

20.39

20.39

20.39

20.39

20.39

20.39

20.39

20.39

20.39

L.WireOut
L.WireSpd
L.WireLd
S.WireOut
S.WireSpd
S.WireLd
P.WireOut
P.WireSpd
P.WireLd
S.WireOut
S.WireSpd
S.WireLd
ShaftRevs
TSGTemp

Table 3.5 The unedited excel spreadsheet as provided by DAFF. They contain all the information collected by the various equipment
onboard the vessel. Only data in the Voyage Number, Date, Time, Lat, Long and Depth rows (highlighted in grey) were used to construct
the Final Bathymetric Map of the South Africa Continental Margin. The rest of the data was regarded primarily as metadata.
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Grid Information
Grid File Name:
Grid Size:
Total Nodes:
Filled Nodes:
Blanked Nodes:
Blank Value:

\Extent\FinalData_blanked.grd
4668 rows x 8001 columns
37348668
5592514
31756154
1.70141E+038

Grid Geometry
X Minimum:
X Maximum:
X Spacing:
X Extent:
Y Minimum:
Y Maximum:
Y Spacing:
Y Extent:
Vertical Datum:
Horizontal Datum:

12
36
0.003
12 to 36 °E
-38
-24
0.0029997857295907
-24 to -38° S
None
WGS 84

Univariate Grid Statistics
Z
Count:
1%%-tile:
5%%-tile:
10%%-tile:
25%%-tile:
50%%-tile:
75%%-tile:
90%%-tile:
95%%-tile:
99%%-tile:

5592514
-3673.46706385
-2814.04257362
-2207.48290208
-1100.61997147
-281.367454697
-138.754571906
-85.3560897211
-51.1184832641
-8.56269859136

Minimum:
Maximum:

-4662.29841644
4.60018890917

Mean:
Median:
Geometric Mean:
Harmonic Mean:
Root Mean Square:
Trim Mean (10%%):
Interquartile Mean:
Midrange:
Winsorized Mean:
TriMean:

-746.42714463
-281.367347534
N/A
N/A
1178.50893147
-643.995918782
-380.506210486
-2328.84911376
-680.205895952
-450.527363192

Variance:
Standard Deviation:
Interquartile Range:
Range:
Mean Difference:
Median Abs. Deviation:
Average Abs. Deviation:
Quartile Dispersion:
Relative Mean Diff.:

831729.968028
911.992307001
961.865399563
4666.89860535
N/A
189.380578657
605.615209299
N/A
N/A

Standard Error:
Coef. of Variation:
Skewness:
Kurtosis:

0.385644937793
N/A
-1.59848362982
4.75149417314

Sum:
Sum Absolute:
Sum Squares:
Mean Square:

-4174404256.32
4174410754.85
7.76734930826e+012
1388883.30155

Table 3.6 Grid information and statistics of the Final Bathymetric Map of the South African
Continental Margin (gridded using Surfer 9).
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Section 3.7 Post Processing Techniques:
3.7.1 Data Validation

The following descriptive statistics were created for the F.R.S. Algoa, F.R.S. Africana II and Inshore
Data used for creating the Final Bathymetric dataset:
F.R.S. Algoa

Before Editing

Statistics

Latitude

After Editing

Longitude

Depth

Statistics

Latitude

Number of values

949376
36.95583333
14.98216667
32.46595994

Number of values

1278300

1278300

1278300

Minimum

-79.5622

11.82767

-4004.2

Minimum

Maximum

-0.72483

122.1105

-4.2

Maximum

Mean

-31.8124

22.64635

-145.622

Median

-33.3503

19.2285

-94.2

Standard error

0.003637

0.005898

0.172427

Standard error

95% confidence interval

0.007129

0.011561

0.337957

95% confidence interval

99% confidence interval

0.009369

0.015193

0.444137

Variance

16.91296

44.47296

Average deviation

2.880727

Standard deviation

4.112537

Coefficient of variation

Longitude

Depth

949376

949376

13.6745

-1982.2

40.94366667

-5.2

21.19316724

-150.259603

18.59416667

-111.2

0.003038267

0.00550276

0.137574471

0.005954998

0.010785397

0.269645673

99% confidence interval

0.007825952

0.014173978

0.354363568

38005.36

Variance

8.763754758

28.74744964

17968.60688

5.476934

109.4991

Average deviation

2.161851255

4.229335305

94.69623384

6.668805

194.9496

Standard deviation

2.960363957

5.361664819

134.0470324

-0.12927

0.29448

-1.33874

Coefficient of variation

-0.09118

0.25299

-0.8921

Skew

2.516

1.531

-7.208

1.957

1.396

-2.36

F.R.S. Africana

Before Editing

Statistics

Latitude

Mean
Median

Skew

After Editing

Longitude

Depth

Statistics

Number of values

2716766

2716767

2680941

Number of values

Minimum

-55.6875

0

-11527.3

Minimum

Maximum

122.1105

992.7

Maximum

20.286457

-225.03431

Median

0
33.853353
34.178833

19.4715

-124.8

Standard error

0.0015987

0.0022644

0.275366

95% confidence interval

0.0031334

0.0044383

99% confidence interval

0.0041179

Variance

6.9434054

Average deviation
Standard deviation

Mean

Coefficient of variation
Skew
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-33.5455

Latitude

Longitude

Depth

2506442

2506442

2506442

11.298

-4981.21

32.23843333

-6.3

20.13953459

-181.02095

Median

-37.1975
16.35033333
33.64772442
34.16366667

19.40395

-122.81

Standard error

0.001124012

0.001971255

0.147992028

0.5397171

95% confidence interval

0.002203062

0.003863659

0.290064256

0.0058327

0.7092872

99% confidence interval

0.002895227

0.005077555

0.381197558

13.930743

203286.18

Variance

3.166643692

9.739650208

54895.19098

1.5189319

2.8682725

182.13354

Average deviation

1.385477184

2.617076741

118.1315131

2.6350342

3.732391

450.87268

Standard deviation

1.779506587

3.120841266

234.2972279

-0.07784

0.18398

-2.00357

-0.05289

0.15496

-1.29431

-2.879

1.493

-7.973

1.31

0.665

-6.264

Mean

Coefficient of variation
Skew
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Inshore Data

Before Editing

Statistics

Latitude

After Editing

Longitude

Depth

Statistics

3633077

3633077

3633077

16.39805

-1349.4948

Minimum

32.213847

-1.530214

Maximum

22.030536

-56.800028

Mean

Median

-34.8779
28.652817
32.838353
33.632417

20.1751

-36.609953

Standard error

0.0008755

0.0024843

95% confidence interval

0.001716

0.0048691

99% confidence interval

0.0022551

Variance

2.7848378

Average deviation
Standard deviation

Number of values
Minimum
Maximum
Mean

Coefficient of variation
Skew

Latitude

Longitude

Depth

3604435

3604435

3604435

-34.8779
28.65281734

16.39805

-1355.79475

32.21384667

-1.530214

21.99349957

-55.692989

Median

-32.8489825
33.64843333

20.16182083

-35.647274

0.0446603

Standard error

0.000878042

0.002480719

0.044840594

0.0875342

95% confidence interval

0.001720962

0.004862208

0.087887539

0.0063989

0.115036

99% confidence interval

0.002261659

0.006389833

0.115500337

22.421592

7246.3338

Variance

2.778867047

22.18157617

7247.361236

1.3768031

4.1317043

42.360062

Average deviation

1.372802117

4.102628165

41.63933109

1.6687833

4.7351443

85.1254

Standard deviation

1.666993415

4.70973207

85.13143506

-0.05082

0.21494

-1.49869

-0.05075

0.21414

-1.52858

1.015

0.696

-5.82

1.029

0.708

-5.934

Number of values

Coefficient of variation
Skew

Table 3.8 Statistics of the single-beam echo-sounding data collected by DAFF (F.R.S. Africana II, F.R.S. Algoa and other Inshore Survey Data)
produced in Grapher 8. The Table on the left show statistics of data prior to error correction and the table on the right show data after the
error correction processing step in Section 3.6.2. Bold red values indicate a reduction in the various categories.

Explanations of the descriptive Statistics
The Standard Error of Mean is an estimate of the standard deviation of means that would be found if
the many samples of n items were repeatedly collected from the same population. It is usually
estimated by the sample estimate of the population standard deviation (sample standard deviation)
divided by the square root of the sample size:
SE = s/ √n
Where:

s = sample standard deviation
n = number of data values (for a sample)

The Standard error of mean generally decrease with an increase in sample size.
If the Confidence Interval (CI) is the value of the confidence interval reported by the worksheet, the
range of values between the sample and the mean minus CI and the sample mean plus the CI is
expected to include the true mean of the underlying population 95% of the time or 99% of the time.
It is thus a type of population parameter used to indicate the reliability of an estimate.
The population Variance is the average of the squared deviations of each data value about the
mean. It measures how far the spread of measurements is spread out from the mean. The variance
is calculated by:
n

∑ (xi – mean)2/ n

i= l

The Average Deviation is the average of the difference between the absolute values of
measurements and the mean.
The Standard Deviation is the square root of the variance and measures the degree to which
individual values in a sample differ from the sample mean.

Appendix A

Page 273

The Coefficient of Variation is the standard deviation divided by the mean.
The Coefficient of Skewness is a measure of asymmetry is the distribution. A positive value indicates
a longer tail to the right while a negative value indicates a longer tail to the left.

3.7.2 Internal self-consistency
3.7.2.1 XYZ at Track Line Intersects:
ID

Lat_dd

Long_dd

Number
of values

Minimum

Maximum

Sum

Mean

Standard
Deviation

0

-32,684

17,767

97

-104,9

-97,8

-9846,1789

-101,507

1,2614463

1

-32,665

17,986

45

-37,2

-34,2

-1615,9872

-35,910826

0,6642235

2

-32,667

18,087

236

-27,5

-20,9

-5409,5954

-22,922014

1,05195

3

-32,414

17,809

366

-155,7

-144,2

-55708,706

-152,20958

1,4788573

4

-32,374

17,991

440

-110,5

-104,2

-47623,02

-108,23414

0,9515695

5

-32,463

18,06

11

-87,2

-80,2

-898,98806

-81,726187

0,535412

6

-32,572

18,137

31

-37,1

-35,7

-1131,2069

-36,490546

0,262093

7

-32,33

18,178

192

-81,7

-74,2

-14929,595

-77,758307

1,1734613

8

-32,298

18,31

86

-29,0

-26,2

-2386,7068

-27,752405

0,473912

9

-33,874

18,363

67

-47,2

-43,1

-2974,5051

-44,395599

0,5048135

10

-33,896

18,437

31

-20,4

-15,7

-550,62746

-17,762176

0,692979

11

-33,963

18,327

71

-58,2

-43,2

-3889,1908

-54,777336

2,4797705

12

-33,9

18,22

42

-108,5

-106,9

-4528,7248

-107,82678

0,42793

13

-34,155

18,282

58

-68,1

-60,6

-3717,22

-64,09

1,9702855

14

-33,804

18,214

60

-107,7

-102,9

-6295,0696

-104,91783

1,114323

15

-33,736

18,176

41

-109,6

-101,6

-4296,7791

-104,79949

2,044736

16

-33,609

17,984

50

-43,3

-40,6

-2093,0286

-41,860571

0,692264

17

-33,647

18,349

16

-43,7

-40,9

-672,34448

-42,02153

0,490272

18

-33,439

18,167

38

-43,3

-40,6

-1591,9354

-41,893037

0,729483

19

-33,167

17,753

10

-167,2

-165,2

-1661,51

-166,151

0,6122395

20

-33,218

17,797

8

-159,1

-158,3

-1269,8

-158,725

0,286138

21

-33,366

17,86

7

-155,4

-154,2

-1083,22

-154,74571

0,161697

22

-33,305

17,878

5

-135,6

-133,2

-673,98

-134,796

0,6664045

23

-33,109

17,528

13

-137,8

-133,2

-1755,1

-135,00769

1,2366985

24

-33,122

17,796

5

-137,8

-135,2

-682,81

-136,562

0,472776

25

-33,0

17,78

15

-121,8

-117,7

-1808,1

-120,54

1,21315

26

-33,054

17,87

36

-55,2

-50,2

-1856,8879

-51,580219

1,0839185

27

-32,701

16,62

156

-569,2

-564,3

-88353,105

-566,36606

1,2658635

28

-32,657

16,808

58

-388,7

-380,2

-22387,46

-385,99069

1,629554

29

-32,614

16,991

24

-319,7

-314,5

-7613,2

-317,21667

1,395975

30

-32,571

17,198

175

-286,7

-282,7

-49857,425

-284,89957

0,7958265

31

-32,505

17,422

104

-243,4

-240,2

-25163,577

-241,95748

0,5136255

32

-32,462

17,609

40

-192,9

-180,2

-7547,51

-188,68775

1,088827

33

-32,084

18,224

34

-84,2

-82,2

-2825,8

-83,111765

0,780936

34

-32,085

18,166

12

-103,7

-98,2

-1228,5

-102,375

0,490572

35

-32,014

16,986

29

-263,5

-262,2

-7620,7

-262,78276

0,334323
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36

-31,75

17,983

22

-49,3

-46,9

-1060,3642

-48,198371

0,6059465

37

-32,069

17,316

13

-184,04

-180,6

-2369,17

-182,24385

0,928195

38

-31,108

16,651

21

-257,8

-254,9

-5385,11

-256,43381

0,820885

39

-31,08

17,009

11

-214,7

-205,2

-2310,78

-210,07091

0,9645795

40

-30,956

16,89

25

-223,5

-221,1

-5555,45

-222,218

0,624596

41

-30,933

17,444

35

-140,2

-133,2

-4864,62

-138,98914

1,362785

42

-30,339

17,139

24

-140,7

-137,3

-3339,92

-139,16333

1,121274

43

-30,449

17,233

26

-131,5

-123,2

-3337,01

-128,34654

0,54949

44

-30,269

16,154

35

-217,3

-214,6

-7556,9

-215,91143

0,579764

45

-29,758

16,49

19

-165,8

-163,2

-3125,29

-164,48895

0,808533

46

-29,605

15,609

39

-184,3

-181,9

-7134,52

-182,93641

0,58093

47

-29,488

16,289

30

-162,7

-160,3

-4852,72

-161,75733

0,566668

48

-29,226

16,814

41

-78,6

-76,5

-3179,3038

-77,543995

0,546949

49

-30,451

15,775

12

-265,8

-264,1

-3177,95

-264,82917

0,452078

Average:

62,244898

-142,7158

-138,0454

-9135,087

-140,5848

0,8793653

Table 3.9 Statistics for the 50 Track line Intersects calculated in Surfer 9.
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Chapter 5 Discussion:
Section 5.2:

Table 5.1 The morphology of the East Coast continental margin of South Africa indicated by the average gradients, maximum gradients,
shelf widths and shelf breaks of the continental shelf and continental slope of each bathymetric area (Table modified from Goodlad,
(1986)).
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Section 5.2.3 Newly Discovered and Better Resolved Features along the
West Coast Margin of South Africa:
5.2.3.1 Childs Bank

Figure 5.10 A detailed image of Childs Bank showing the positions of the depth profiles (A - H) in Figure 5.11. Bathymetric
isobaths are spaced at 10 m intervals (with the depths of the most important isobaths labelled).

Profiles A - B and C - D (Figs. 5. 10 & 5.11) indicate the general shape of Childs Bank along an eastwest direction, showing it’s overall rounded, flat topped profile as well as the sheer drop towards
its western margin continuing along the steep shelf slope.
Profiles E - F and G - H (Figs. 5. 10 & 5.11) indicate the general shape of Childs Bank along a northsouth direction. Profile E - F indicates the rounded shape of Childs Bank whilst profile G - H
suggests a more irregular outer margin which may be result of slumping along this outer edge
region.
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Figure 5.11 The various depth profiles across Childs Bank. Profiles A - B and C - D are from west to east and profiles E - F and G - H
are from north to south.
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5.2.3.2 Olifants Valley

Figure 5.12 A detailed image the Olifants Valley showing the positions of the depth profiles (A - H) in Figure 5.13. Bathymetric
isobaths are spaced at 10 m intervals (with the depths of the most important isobaths labelled).

Profile A - B (Figs. 5.12 & 5.13) indicates the gentle sloping Olifants Valley in an east to west
trending depth profile (from west to east).
Profiles C - D, E - F and G - H (Figs. 5.12 & 5.13) indicate the general shape of the Olifants Valley
along a north-south direction at various sections across the inner, middle and outer shelf areas.
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Figure 5.13 The various depth profiles across the Olifants Valley. Profile A - B is from west to east and profiles C - D, E - F and G - H
are from north to south.
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5.2.3.3 Unknown Valley”

Figure 5.14 A detailed image of the Unknown Valley situated to the north-east of the main Olifants Valley
showing the positions of the depth profiles (A - D) in Figure 5.15. Bathymetric isobaths are spaced at 10 m
intervals (with the depths of the most important isobaths labelled).
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Profiles A - B and C - D (Figs. 5.14 & 5.15) indicate the general shape of this Unknown Valley along
an east-west direction.

Figure 5.15 The various depth profiles across the “Unknown Valley”. Profiles A - B and C - D are from west to east.
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5.2.3.4 Cape Canyon

Figure 5.16 A detailed image of the Cape Canyon showing the positions of the depth profiles (A - F) in Figure 5.17.
Bathymetric isobaths are spaced at 10 m intervals.
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Profile A - B indicates the shape of the northern segment of the Cape Canyon; Profile C - D
indicates the shape of the middle segment and; Profile E - F indicates the shape of the southern
segment of the Cape Canyon. All profiles lie in a general east-west direction and are displayed
from west to east.

Northern Segment

Middle Segment

Southern Segment

Figure 5.17 The various depth profiles across the Cape Canyon. Profiles A - B, C - D and E - F are from west to east.
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5.2.3.5 Inner Shelf Terrace

Figure 5.18 A detailed image of the Inner Shelf Terrace showing the positions of the depth profiles (A - H) in Figure 5.19. Bathymetric
isobaths are spaced at 10 m intervals.
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Profiles A - B, C - D, E - F and G - H (Figs. 5.18 & 5.19) indicate the general shape of inner shelf
terrace along an east-west direction. Cenozoic sea level fluctuations that correspond to the
erosion on the outer margin of the Inner Shelf terrace are indicated in coloured isobaths for
Pleistocene sea level low stands at -110, -128 and -150 m in Figure 5.18.

Figure 5.19 The various depth profiles across the Inner Shelf Terrace. Profiles A - B, C - D, E - F and G - H are from west to east.
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5.2.3.6 Cape Point Valley

Figure 5.20 A detailed image of the Cape Point Valley showing the positions of the depth profiles (A - F) in
Figure 5.21. Bathymetric isobaths are spaced at 10 m intervals.
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Profile A - B indicates the shape of the northern segment of the Cape Point Valley (Figs. 5.20 &
5.21); Profile C - D indicates the shape of the middle segment; and Profile E - F indicates the
shape of the southern segment of the Cape Point Valley (all profiles are in a general west-east
direction). Cenozoic sea level fluctuations that correspond to the erosion on the outer margin of
the Inner Shelf terrace and Rocky Nearshore-platform areas along the inner shelf are indicated in
coloured isobaths for Pleistocene sea level low stands at -110, -128 and -150 m in Figure 5.20.

Figure 5.21 The various depth profiles across the Cape Point Valley. Profiles A - B, C - D and E - F are from west to east.
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5.2.3.7 “Unknown Depression”

Figure 5.22 A detailed image of the “Unknown Depression” showing the positions of the depth profile (A - B) in Figure
5.23. Bathymetric isobaths are spaced at 10 m intervals.

Profile A-B indicates the shape of an “Unknown Depression” situated on the middle shelf area,
west of Cape Town from a west-east perspective (Figs. 5.22 & 5.23).

Figure 5.23 A depth profile of the “Unknown Depression”. Profile A - B is from west to east.
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5.3.3 Newly Discovered and Better Resolved Features along the South Coast
Margin of South Africa:
5.3.3.1 Agulhas Arch Anticlines; 5.3.3.2 Alphard Rise; 5.3.3.3 Alphard Banks; 5.3.3.4 Breede River
Valley:

Figure 5.30 A detailed image of the Agulhas Arch and Alphard Rise areas showing the positions of the depth profile (A - F) in Figure
5.31. Bathymetric features include the Alphard Rise and Alphard Banks, Agulhas Arch Anticlines and Breede River Valley. Bathymetric
isobaths are spaced at 5 m intervals.

Profile A - B indicates the shape of the western section of the Breede River Valley and Alphard
Rise bathymetric features, as well as the two Agulhas Arch Anticlines (Fig. 5.32), situated on the
middle shelf area (southeast of Cape Agulhas) from an south-north perspective (Figs. 5.22 &
5.23). Profile C - D indicates the middle sections of the Breede River Valley and Alphard Rise, as
well as the Alphard Banks (Fig. 5.33), situated on the middle shelf area from a south-north
perspective (Figs. 5.22 & 5.23). Profile E -F indicates the eastern sections of the Breede River
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Valley and Alphard Rise on the middle shelf area from a north-south perspective (Figs. 5.22 &
5.23). The major Cenozoic sea levels of the last -45 to -75 m interglacial high stands (during the
Late Pleistocene) and the -128 m sea level of the Last Glacial Maximum are indicated in Figure
5.30.

Figure 5.31 The various depth profiles across the Eastern Agulhas Bank. Profiles A - B, C - D and E - F are from south to north.
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5.3.3.1 Agulhas Arch Anticlines:

Figure 5.32 The Agulhas Arch Anticlines. Bathymetric isobaths are spaced at 5m intervals.

5.3.3.3 Alphard Banks:

Figure 5.33 The Alphard Banks. Bathymetric isobaths are spaced at 5m intervals.
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5.3.3.5 Gouritz River Valley:

Figure 5.34 The Gouritz River Valley area showing the positions of the depth profiles (A - F) in Figure 5.31. Bathymetric
isobaths are spaced at 5m intervals.
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Profile A - B indicates the shape of the northern segment of the Gouritz River drainage Valley
(Figs. 5.34 & 5.35); Profile C - D indicates the shape of the middle segment of the Gouritz River
drainage Valley; and Profile E - F indicates the shape of the southern segment of the Gouritz
River drainage Valley which seems to be very deeply incised nearer to the shelf break area –
possibly the initiation of submarine canyon erosion by this Gouritz River palaeo-drainage system
(all profiles are in a general west-east direction).

Figure 5.35 The various depth profiles across the Gouritz River Valley. Profiles A - B, C - D and E - F are from west to east.
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Figure 5.36 The continental shelf area between Cape St. Blaize and Cape Seal showing the positions of the depth profiles (A - N) in Figure 5.37. Bathymetric isobaths are spaced at 5 m intervals. The position
of Pleistocene dune ridges and aeolianites are courtesy of Martin and Flemming (1986).

Outeniqua Shelf:

5.3.3.6 Outeniqua Shelf Wave-cut Terraces and Palaeo Dune Cordons off Cape St. Blaize and
Cape Seal:
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Profiles A - B, C - D, E - F, G - H, I - J, K - L and M - N (Figs. 5.37a & 5.37b) indicates the shape of
the continental shelf area between Cape St. Blaize and Cape Seal, revealing the positions of wave
cut shelf terraces along the inner to middle shelf areas as well as possible shelf terraces along
the seaward margin of the middle shelf area. No clear shelf terraces and palaeodunes were
revealed along the Wilderness embayment (see depth profile C - D), but their positions are
indicated in Fig. 5.36 as was determined by Martin and Flemming (1986).

Figure 5.37a The various depth profiles across the Outeniqua Shelf area between Cape St. Blaize and Cape Seal. Profiles A - B, C - D, E - F
and G - H are from south to north. Profile a - b indicates the inshore section of the Wilderness embayment as indicated in profile C - D.
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Figure 5.37b The various depth profiles across the Outeniqua Shelf area off Cape Seal. Profiles I - J, K - L and M - N are from south to
north.
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Figure 5.38 The continental shelf area between the western margin of Cape St. Francis and Cape Padrone showing the positions of the depth profiles (A - J) in Figure 5.39. Bathymetric isobaths are
spaced at 5 m intervals.

5.3.3.7 Outeniqua Shelf Wave-cut Terraces and Palaeo Dune cordons off Cape St. Francis and
Cape Recife:
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Profiles A - B, C - D, E - F, G - H, I - J and K - L (Figs. 5.39a & 5.39b) indicates the shape of the
continental shelf area between Cape St. Francis and Cape Padrone, revealing the positions of
wave cut shelf terraces along the inner to middle shelf areas. A very irregular middle and outer
shelf area between Cape St. Francis and Cape Recife is also apparent from the new bathymetric
map.

Figure 5.39a The various depth profiles across the Outeniqua Shelf area between Cape St. Francis and Cape Recife. Profiles A - B, C - D,
E - F and G - H are from south to north.
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Figure 5.39b The various depth profiles across the Outeniqua Shelf area between Cape Recife and Cape Padrone. Profiles I - J and K - L
are from south to north.
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5.4.3 Better Resolved Features along the East Coast Margin of South Africa:
5.4.3.1 Tugela Cone:

Figure 5.51 The Tugela Cone area showing the positions of the depth profiles (A - F) in Figure 5.52. Bathymetric isobaths are spaced at
5m intervals.

Profiles A - B, C - D and E - F (Fig. 5.52) indicate the shape of the continental shelf area between
Durban and Richards Bay. The inshore sediment wedge can clearly be observed widening
northwards, and the linear palaeodune cordons can also be observed in these bathymetric depth
profiles.
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Figure 5.52 The various depth profiles across the Tugela Cone. Profiles A - B, C - D and E - F are from southeast to northwest.
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5.4.3.2 Southern East Coast Margin Submarine Canyons:

Figure 5.53 The numerous shelf indenting submarine canyons situated along the southern part of the East Coast continental margin
between Port St. Johns and Scottburgh.
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5.4.3.3 Northern KwaZulu-Natal Submarine Canyons:

Figure 5.54 The numerous shelf indenting submarine canyons situated along the Northern KwaZulu-Natal continental margin between
the Lake St.
Appendix
A Lucia estuary and Kosi Bay. The high resolution inset images were taken from Green and Uken (2008) which were produced
Page 304
using multi-beam echo-sounding bathymetric data collected by Green et al. (2007).
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APPENDIX B
Bathymetric Maps of the South African Continental Margin
Figures 4.1, 4.2 and 4.3
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Figure 4.1
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Isobaths spaced at 10 meter intervals between water depths of 0 to -500 m, at 50 meter intervals between water depths of -500 to -1500 m and at 100 meter intervals between water depths greater than -1500 m.
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