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ABSTRACT

Several seismic reflection surveys were conducted in the late 1980s and early 1990s
under the auspices of the SA National Geophysics Programme. These surveys targeted the
Bushveld Complex, Limpopo Mobile Belt (Limpopo Province), Witwatersrand Basin,
Vredefort Dome and the Beattie magnetic anomaly (BMA) in the Southern Karoo. The ~100
km seismic reflection profile described in this study (SAGS-03-92) covers the BMA, the
Southern Cape Conductive Belt (SCCB) and the Karoo/Cape Fold Belt boundary. The profile
runs from approximately Dro®kloof in the south to Beaufort West in the north along the N12
national road. The profile was acquired in 1992, but the complete profile was not interpreted
or published prior to this study. The purpose of this study is to successfully reprocess the data
and to do a structural and stratigraphic interpretation in order to try and understand the

geological history and processes that led up to the formation of the rocks in that area.

SAGS-03-92 reveals a clear image of the crust in the southern Karoo. The crust is
interpreted to be around 37 km thick in the area of investigation and can be classed into three
parts: upper crust, middle crust and lower crust. The upper crust consists of the Karoo and
Cape Supergroup rocks that dip slightly to the south. This interpretation has been confirmed
by two deep boreholes (BH No. 3 and KW 1/67). The seismic fabric shows quite a strong
character in the upper crust and the interpreted boundaries between the different lithologies
(The Table Mountain, Bokkeveld and Witteberg Groups of the Cape Supergroup and the
Dwyka, Ecca and Beaufort Groups of the Karoo Supergroup) are for the most part quite easy
to identify. Within the Cape Fold Belt (CFB), however, the seismic character becomes
distorted in such a way that it is very difficult to make out any features. This is possibly due
to the severe faulting and folding that occurred when the CFB formed. An unconformity that
can continually be followed throughout the profile (although it disappears in the south of the
profile possibly due to deformation when the CFB formed) separates the upper crust from the
middle crust and the unconformity is clearly indicated by a strong series of reflectors on the

seismic profile.

The middle crust is interpreted to consist of granitic-gneisses belonging to the
Bushmanland Terrane (part of the Namaqua-Natal Belt (NNB)). The seismic profile suggests
that the NNB gneisses continue beneath the Cape Fold Belt. The seismic fabric dips steeply to
the north. The middle crust also hosts the source of the Beattie Magnetic Anomaly (BMA).
There is an area of high reflectivity under the BMA on the seismic profile that differs

significantly from the surrounding seismic character. This area is characterised by a bean-



shaped cluster of strong reflections dipping north and south. It is ~10 km wide, with a

thickness of ~8 km and occurs at a depth of ~6 km to ~10 km.

The lower crust is interpreted to consist of either granites belonging to the Areachap
Terrane, Richtersveld or Kheis Province (NNB) or rocks belonging to the Kheis Province.
The seismic fabric of the lower crust dips moderately to the south. The Moho is recognised at
~37 km depth at ~68 km from the south of the profile, but for the rest of the profile, it is

unclear where the Moho is encountered.

The research done for this study correlates well with work done under the auspices of

Inkaba yeAfrica, especially the work done by Ansa Lindeque.
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Chapter 1

1.1 Inkaba yeAfrica
Inkaba is a Xhosa word that means togetherness . Inkaba yeAfrica (IyA) is a

major German  South African combined Earth-science project. From 2004, a cone-
shaped part of the Earth from the core to space has been examined by scientists from
both these countries (Figure 1.1). At its intersection with the surface of the solid
Earth, this cone encircles South Africa (RSA) and the surrounding ocean. South
Africa was chosen for the field work as it is a perfect natural laboratory because of its
unique geology, its gigantic mineral treasure, and its well preserved record of tectonic

movement and record of climatic change that goes back millions of years.

An Holistic Evaluation of Planet Earth

TO EXAMINE THOSE e RE—

NATURAL PHENOMENA i EOE

TECHNOLOGY

ADDED VALUE

WHICH PROVIDE .

FUNDAMENTAL INSIGHTS
INTO THE WORKINGS OF
= WHICH IMPACT THE
KRATEL SRR SOCIO - ECONOMIC
DEVELOPMENT OF

SOUTH AFRICA & GERMANY

Figure 1.1: Inkaba yeAfrica — The studying of a cone-shaped section of Earth from core to space.
(2013, Inkaba yeAfrica, South Africa, 12/09/2013,
<http://www.inkaba.org/index.php/general/introduction.html>).

This German  South African collaboration started with two giants in the
geological world. In 1912, Alfred Wegener (Germany) wrote Die Entstehung der
Kontinente und Ozeane where he investigated the global effects that continental

break-up might have had on the climate and other phenomena. Alex L. du Toit (South

1



Africa) was inspired by these ideas and dedicated a 1937 publication Our wandering
continents to Alfred Wegener (Source: 2013, Inkaba yeAfrica, South Africa,
12/09/2013, <http://www.inkaba.org/index.php/general/introduction.html>).

IyA is collaboratively run by expert scientists from both South Africa and
Germany and staffed by postgraduate students. The different projects give students
the chance to be exposed to multidisciplinary fields and to acquire knowledge from
scientists with years of experience. For both senior and junior members of the team,
IyA offers the possibility of collaboration, exposure and a chance to obtain knowledge

and experiment with new techniques.

The German partners in this collaboration are members of the
GeoForschungsZentrum (GFZ), Alfred Wegener Institute for Polar Research (AWI),
the Bundesanstalt f r Geowissenschaften und Rohstoffe (BGR), University of Kiel,
Max Planck Institute, Potsdam Institute for Climate Impact Research, Technical
University of Munich (TUM), University of Regensburg, University of Bonn and
University of Hannover. The South African partners include the Hartebeeshoek Radio
Astronomy Observatory (HartRAO), African Earth Observation Network (AEON),
University of Cape Town (UCT), University of the Witwatersrand (UW), University
of the Western Cape (UWC), Nelson Mandela Metropolitan University (NMMU),
University of KwaZulu Natal (UKZN), Stellenbosch University (SU), Council for
Scientific and Industrial Research (CSIR), University of Durban-Westville (UDW),
Council for Geoscience (CGS), Petroleum Agency South Africa (PASA), Agricultural
Research Council (ARC), University of the Free State (UFS) and Rhodes University
(RU).

The work of IyA is divided into 3 multidisciplinary themes which all address
fundamental aspects of Earth Science in South Africa, namely: Heart of Africa,
Margins of Africa, and Living Africa (Figure 1.2). Each category consists of different
projects which are staffed by researchers and students from different South African
and German universities, research councils and research institutions. This project is

part of the Margins of Africa theme.



Figure 1.2: The three themes of the project: Heart of Africa, Margins of Africa and Living
Africa (2013, Inkaba yeAfrica, South Africa, 12/09/2013,
<http://www.inkaba.org/index.php/general/about-us.html>).

Alerting citizens of natural hazards and satisfying the need for economic
growth without endangering the environment and providing resources for the
increasing world population are only some of the challenges the world face today. All
of the challenges are in one way or another linked to the way our planet works. By
understanding all the changes that occur on our planet, inside and out, IyA will help to
further scientific knowledge to tackle these challenges and to increase overall

understanding as to how our planet works.

Heart of Africa
This part of lIyA focuses mainly on the way energy is transferred from the core

of the Earth to the surface and into space. For example, the study of the increasing
size of the South Atlantic magnetic hole (Figure 1.3) and the effects it has on
humankind. Scientists are trying to link present day observations of the magnetic field
with historical observations to predict future behaviour. This magnetic hole occurs



where the geomagnetic field that surrounds the earth is much weaker than near the
equator. This can have very serious effects for humankind, e.g. it interferes with
communications systems of aeroplanes and satellites. To examine this growing
magnetic hole, a number of observation stations have been installed, Hartbeeshoek
and Hermanus magnetic observatories have been improved, and some new
observatories were opened at Keetmanshoop and Matjiesfontein (Combrink et al.,
2007).

Figure 1.3: The growing magnetic hole (2013, Inkaba yeAfrica, South Africa, 12/09/2013,
<http://www.inkaba.org/index.php/the-science/phase-i-2003-2007.html>).

Heart of Africa also examines the influence that sun cycles and atmospheric
vapour content have on the current day climate, crustal deformation and ocean-tide
models (De Wit and Horsfield, 2007). Another issue that is being investigated in this
theme is the question of whether the magnetic field that surrounds our planet is
heading for a polarity reversal. SWARM satellites were launched in 2009 to acquire
trustworthy data to better understand this phenomenon and to predict and calculate
future variations of the geomagnetic field (19/09/2013, Wikimedia Foundation, Inc.,
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United States of America, 21/09/2013, <http://en.wikipedia.org/wiki/Swarm _

(spacecraft)>).

Living Africa
Geophysical, geological and geochemical techniques are used to investigate the

seas, soils and rock that arose from the Gondwana break-up, which can help us
understand the geotectonic history and climate change (De Wit and Horsfield, 2007).

The projects include:

e Neogene Quaternary paleo-oceanography from the geochemistry of
sediment successions on the South African margin (2013, Inkaba yeAfrica,
South Africa, 21/09/2013, <http://www.inkaba.org/index.php/the-
science/phase-i-2003-2007.htm1>)

e Seismic stratigraphy of the South Atlantic marine basins: clues to Neogene-
Quaternary changes in tectonics, ocean currents and sea level (2013, Inkaba
yeAfrica, South Africa, 21/09/2013, <http://www.inkaba.org/index.php/the-
science/phase-i-2003-2007.html>)

e Generation, migration and sequestration of natural gas during post-breakup
history of the South African continental margin (2013, Inkaba yeAfrica, South
Africa, 21/09/2013, <http://www.inkaba.org/index.php/the-science/phase-i-
2003-2007.html>)

e Past precipitation patterns in South Africa from lake climate archives, relation
to southern oscillation and the Antarctic Ice Regime (2013, Inkaba yeAfrica,
South Africa, 21/09/2013, <http://www.inkaba.org/index.php/the-
science/phase-i-2003-2007.html>).

Marqins of Africa

This part of IyA studies the reasons for, and the results of the break-up of
Gondwana. This information is vital in the reconstruction of past variations in ocean
currents, which have a direct influence on climate. The information is also important
for modelling the hydrocarbon potential of off-shore sedimentary basins. Land sea
margins, the crust and the Beattie magnetic anomaly (BMA) are also studied and
investigated by using seismic and magnetotelluric measurements (Figure 1.4) (De Wit
and Horsfield, 2007). The projects include:
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The Western (Atlantic) volcanic rifted margin: lithospheric structures,
magmatic processes and offshore basin evolution (2013, Inkaba yeAfrica,
South Africa, 21/09/2013, <http://www.inkaba.org/index.php/the-
science/phase-i-2003-2007.html>).

The Agulhas  Karoo Geoscience Transect: from a sheared margin to the
continental interior (2013, Inkaba yeAfrica, South Africa, 21/09/2013,
<http://www.inkaba.org/index.php/the-science/phase-i-2003-2007.html>).

The South-east African margin and its marine basins and ridge systems (2013,
Inkaba yeAfrica, South Africa, 21/09/2013,
<http://www.inkaba.org/index.php/the-science/phase-i-2003-2007.htmI>).

Dredge sampling of the South Atlantic Volcanic Ridges and Seamounts (2013,
Inkaba yeAfrica, South Africa, 21/09/2013,
<http://www.inkaba.org/index.php/the-science/phase-i-2003-2007.htmI>).
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Figure 1.4: Location of the profiles studied in the Margins of Africa theme. SCCB = Southern
Cape Conductive Belt; BMA = Beattie Magnetic Anomaly; NVR profile = near vertical seismic
reflection profile; MT profile = Magnetotelluric profile; WRR profile = Wide-angle refraction
profile; NNMB = Namaqua-Natal Belt; and the yellow lines are offshore seismic reflection

(2013, Inkaba yeAfrica, South Africa, 12/09/2013,

<http://Www.inkaba.orq/index.php/the—science/phase—i—2003—2007.html>; Lindeque, 2008).
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1.2 Project Background
The reflection seismic data studied in this dissertation were collected from 9 -

18 September 1992 along a line that runs approximately from Dro®kloof in the south
to Beaufort West in the north (Figure 1.5) along the N12 national road in the Western
Cape (Line number: SAGS-03-92). This was done as part of the National Geophysics
Programme that ran from the 1980s to the early 1990s. This project (dissertation)
became part of the Inkaba yeAfrica initiative (and falls under the Margins of Africa
umbrella). The data were reprocessed at the GeoForschungsZentrum (GFZ) in
Potsdam from July to October of 2008. The reprocessing was completed under the
supervision of Prof. Michael Weber (GFZ), Dr. Trond Ryberg (GFZ) and Prof. Ray
Durrheim (CSIR, Wits).
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Figure 1.5: Satellite image of the southern Cape showing the approximate location of SAGS-03-
92 (in red), the surrounding towns and the deep boreholes (>2000 m deep) in the vicinity (Image
source: Google Earth).



What makes the area interesting is that the line covers geology ranging from
the Mesoproterozoic to Jurassic age and includes the Namaqua-Natal Belt, Karoo
Supergroup and the Cape Supergroup rocks. It also crosses features such as the
Southern Cape Conductive Belt (SCCB) and the Beattie Magnetic Anomaly (BMA)
(Figure 1.6). The BMA runs east-west through South Africa and is more than 1000
km long (Beattie, 1909) (Figure 1.7). This makes it one of the largest magnetic
anomalies in the world. The origin of the BMA has been investigated and speculated

on, but is largely still unknown.
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Figure 1.6: Regional aeromagnetic map of the southern Cape in South Africa. The white dots
indicate the Beattie anomaly; the black dashed line indicates the Southern Cape Conductive Belt
and SAGS-03-92 is shown in yellow. The seismic refraction line (Stankiewicz et al., 2007) is
depicted in grey and the seismic reflection line that was reported on by Lindeque et al., 2007 is
depicted in pink.
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Figure 1.7: Enlarged image of the aeromagnetic data clearly indicating the BMA that runs east-
west. SAGS-03-92 depicted in yellow.

The purpose of this study is to gain a better understanding of the subsurface
along this profile. In order to achieve this, the data were reprocessed and structurally
and stratigraphically interpreted to try to comprehend what geological processes were
involved in the formation of the crust. Information on the subsurface of the
surrounding area is limited (only a few deep boreholes that have been drilled) and
only a few in-depth investigations have been conducted, especially using the seismic

reflection technique.



There has been renewed interest in the Karoo, due to the possibility of
utilizing shale-gas as an energy source, this area is also of interest to the oil and gas
industry and the knowledge we gain from interpreting the subsurface might be very

valuable in the near future.

The National Geophysics Programme was commissioned to investigate major
geological features with the seismic reflection technique. This line, SAGS-03-92, was
the last of the deep seismic reflection surveys that was carried out under the auspices

of the National Geophysics Programme.

Other regional seismic surveys that were conducted in the late 1980s and early
1990s include the Southern Bushveld line (to delineate the southern part of the
Bushveld Complex), Pontdrift-Pietersburg line (across the Limpopo Mobile Belt),
Wits-Vredefort line (across the Potchefstroom syncline in the Witwatersrand Basin),
Sekhukuneland line (across the northern part of the Bushveld Complex) and the
Sishen-Keimoes line (across the boundary between the Kaavaal Craton and the NNB).
These were all conducted by the National Geophysics Programme. The locations of
the lines are shown in Figure 1.8.
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Figure 1.8: Localities of the seismic lines that were conducted under the auspices of the National
Geophysics Programme and CGS (Cole and Graham, 2007).
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Chapter 2

2.1 Geological Overview
The seismic profile (SAGS-03-92) starts in the bowith the folded and

deformed sequences of the Cape Supergroup (FigliyeThis can be followed for

about 20 km to the north where the Karoo Supergstars (Figure 2.1). The seismic
line doesn’t extend far enough to the north to enter the Karoo dolerite sequences.
This is also confirmed by the geological map (Fegdrl). The Namaqua-Natal Belt

and the younger rocks of the Cape Supergroupb&esath the Karoo Supergroup.

Figure 2.1: Surface geology of the seismic refleoti line and surrounding area.
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