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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 Droºkloof 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. 



 
 

TERMS OF REFERENCE 
 

The fieldwork for this project was started in September 1992 and finished 

during November of that year. This was done as part of the National Geophysics 

Programme that ran from the 1980s to the early 1990s. The data were processed, but 

results were never published. In 2008 the opportunity arose to do a Master of Science 

using these data. The project became part of the Inkaba yeAfrica initiative and the 

data were reprocessed at the GeoForschungsZentrum in Potsdam from July to October 

of 2008. The reprocessing was completed under the supervision of Prof. Michael 

Weber, Dr. Trond Ryberg and Prof. Ray Durrheim. 

 

Data were interpreted and integrated at the Council for Geoscience and at the 

University of the Witwatersrand under the supervision of Prof. Ray Durrheim. 

 

The Inkaba yeAfrica collaboration between the Council for Geoscience and 

the GFZ follows a partnership that has been growing since 2003.  



 
 

ACKNOWLEDGEMENTS 
 

The past four years as part of the Inkaba yeAfrica collaboration team taught 

me that each and every researcher, student or supervisor, makes a unique contribution 

towards the ultimate goal of Inkaba and that the combination of different interests and 

projects gives a much more powerful output than what any single person could ever 

have dreamed of achieving. And the most important lesson I have learnt is that 

without people supporting your dream, you will find it much harder to realise that 

dream. 

 

Firstly, I would like to thank Prof. Ray Durrheim for taking me on as a 

student, even though he didn�t really know me personally at that stage. He has stood 

by me through the whole process, complementing and giving advice along the 

journey. He even made time to come and visit me at Potsdam when I was doing my 

processing there. Thank you Ray for always being there with a bit of advice, and 

never ceasing to believe in me as a young scientist who wasn�t always motivated. You 

are truly a great mentor and somebody I am proud to be associated with. 

 

I would also like to thank Trond Ryberg from GFZ for taking me on as a 

student who didn�t know much about seismic data processing and seismic reflection 

in general. He patiently explained concepts to me and always made time for me in his 

packed schedule. Also a special thanks to my colleagues and friends at GFZ Haus E. 

You welcomed me into your workplace with open arms and always made time for me. 

A special thanks to Prof. Michael Weber for arranging my stay in Germany and for 

making a space for me in his unit to learn from the best! 

 

I am also very grateful to Prof. Maarten de Wit for organising the funding for 

me to go and spend three incredible months at GFZ in Potsdam. It was truly 

unforgettable experience! 

 

I would like to thank all my colleagues at the Council for Geoscience for 

giving friendly advice and helping with maps etc. and Mr Musa Manzi, from Wits, for 

helping me with the interpretation software whenever I asked.  

 



 
 

And finally I would like to thank my family and friends for walking this road 

with me, believing in me and giving me your unwavering support. Especially the love 

of my life and fiancØ, Rijan, who has encouraged me and never stopped believing in 

me! I love you all and would never have been able to do it without you! 

 



 
 

Contents 

�

CHAPTER 1 INTRODUCTION ........................................................................................................... 1�

1.1 INKABA YEAFRICA ......................................................................................................................... 1�

1.2 PROJECT BACKGROUND .................................................................................................................. 7�

CHAPTER 2 OVERVIEW OF THE TECTONIC SETTING AND LITHOSTRATIGRAPHY .. 11�

2.1 GEOLOGICAL OVERVIEW .............................................................................................................. 11�

2.2 TECTONIC SETTING ....................................................................................................................... 12�

2.3 LITHOSTRATIGRAPHY ................................................................................................................... 20�

2.3.1 The Namaqua-Natal Belt ..................................................................................................... 20�

2.3.2 Cape Supergroup ................................................................................................................. 22�

2.3.3 Karoo Supergroup ............................................................................................................... 25�

CHAPTER 3 REVIEW OF OTHER GEOPHYSICAL STUDIES IN THE AREA ....................... 29�

CHAPTER 4 DATA PROCESSING METHODOLOGY ................................................................. 35�

4.1 DATA ACQUISITION ...................................................................................................................... 35�

4.2 METHOD OF DATA ANALYSIS ....................................................................................................... 36�

4.2.1 Processing Sequence ............................................................................................................ 37�

CHAPTER 5 DATA INTERPRETATION ........................................................................................ 62�

5.1 HIGH LEVEL INTERPRETATION ........................................................................................... 62�

5.2 DETAILED INTERPRETATION ............................................................................................... 68�

5.2.1 Upper Crust ......................................................................................................................... 68�

5.2.2 Middle Crust, Lower Crust and the Moho ........................................................................... 80�

CHAPTER 6 INTERPRETED CRUSTAL MODEL ........................................................................ 92�

CHAPTER 7 CONCLUSIONS ........................................................................................................... 96�

REFERENCES ..................................................................................................................................... 99�

CHAPTER 8 APPENDICES ............................................................................................................. 103�

 



 
 

Table of Figures 
 

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>). ........................................... 1�

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>). ................................................ 3�

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>). .......................... 4�

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

<http://www.inkaba.org/index.php/the-science/phase-i-2003-2007.html>; Lindeque, 2008).6�

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). ............................................................................................................ 7�

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. ......................................................................................................... 8�

Figure 1.7: Enlarged image of the aeromagnetic data clearly indicating the BMA that runs east-west. 

SAGS-03-92 depicted in yellow. ............................................................................................ 9�

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). .............................................. 10�

Figure 2.1: Surface geology of the seismic reflection line and surrounding area. .................................. 11�

Figure 2.2: Schematic image depicting the formation of the Bushmanland Group (from: McCarthy and 

Rubidge, 2005). .................................................................................................................... 12�

Figure 2.3: Image depicting the break-up of supercontinent Rodinia (McCarthy and Rubidge, 2005). . 14�

Figure 2.4: Crustal evolution of southern Africa. N-N = Namaqua-Natal; K.C. = Kaapvaal Craton 

(Catuneanu et al., 1998). ...................................................................................................... 15�

Figure 2.5: Extension and rifting of the crust that created the Agulhas Sea in which the Cape 

Supergroup rocks were deposited (adapted from McCarthy and Rubidge, 2005). ............... 16�

Figure 2.6: Depositional environments of the different lithologies of the Cape Supergroup. ................ 17�

Figure 2.7: (a) Image depicting the formation of the Agulhas Sea in which the rocks of the Cape 

Supergroup were deposited, duplicate of Figure 2.5 and (b) Image depicting the formation 

of the Cape Fold Belt due to a subduction zone (from McCarthy and Rubidge, 2005). ....... 18�



 
 

Figure 2.8: Depositional environments of the Karoo Supergroup (Johnson et al., 2006). ..................... 19�

Figure 2.9:  Generalized map depicting the area where the different stratigraphic units of the NNMB 

occurs on the surface (Cornell et al., 2006). ......................................................................... 22�

Figure 2.10: Distribution of the main lithological units of the Cape Supergroup (Thamm and Johnson, 

2006). .................................................................................................................................... 23�

Figure 2.11: Schematic cross-section through the rocks of the Karoo Supergroup (McCarthy and 

Rubidge, 2005). .................................................................................................................... 25�

Figure 2.12: Distribution of the main lithological units of the Karoo Supergroup ................................. 26�

Figure 3.1: Seismic shot showing four clear reflection horizons (Fatti and Du Toit, 1970). .................. 30�

Figure 3.2: Simplified model from Lindeque et al. (2007) showing the interpreted three layer crust. The 

location of the line can be seen on Figure 1.6 as the pink line. ............................................ 31�

Figure 3.3: Calculated crustal thickness throughout South Africa (from Nguuri et al., 2001) ............... 32�

Figure 4.1:  Image of shot 59 showing dead traces. ............................................................................... 38�

Figure 4.2: Image of shot 95 showing noise from passing vehicles. The black lines indicate ............... 39�

Figure 4.3: Image of shot 95 showing the use of a surgical mute to remove noise in the shot. The blue 

lines indicate where the surgical mute was applied to remove the noise of passing vehicles.

 .............................................................................................................................................. 39�

Figure 4.4: Reflections before (left) and after (right) deconvolution (part of shot gather 400). An 

operator length of 140 ms and white noise of 0.2% was used to enhance the image on the 

right. ..................................................................................................................................... 41�

Figure 4.5: Shot 400 with no deconvolution applied. ............................................................................. 42�

Figure 4.6: Shot 400 with an operator length of 140 ms and white noise of 0.2%. ................................ 42�

Figure 4.7: Sketch showing a theoretical Ormsby filter design. ............................................................. 43�

Figure 4.8: Shot 600 with no corrections. ............................................................................................... 45�

Figure 4.9: Shot 600 with trace kill, trace mute, band-pass filter, deconvolution and true amplitude 

recovery applied. .................................................................................................................. 45�

Figure 4.10: Sketch showing how time-variant scaling works theoretically (Yilmaz, 2001). ................ 46�

Figure 4.11: Field ID nr (FID) 56 with trace kill, trace mute, band-pass filter, true amplitude recovery, 

automatic gain control and time-variant scaling applied and with time gates shown as blue 

lines. ..................................................................................................................................... 47�

Figure 4.12: FID 56 with no corrections applied. ................................................................................... 47�

Figure 4.13: FID 56 with trace kill, trace mute, TVS, band-pass filter and true amplitude recovery 

applied. ................................................................................................................................. 48�

Figure 4.14: FID 56 with trace kill, trace mute, TVS, band-pass filter, true amplitude recovery and 

AGC applied. ........................................................................................................................ 48�

Figure 4.15: Sketch showing how the f-k filter is designed (with the red being the pass zone). ............ 49�

Figure 4.16: A shot gather before the f-k dip filter has been applied (1997-1998, Robertson Research 

International Ltd., 25/09/2013, <http://f3.tiera.ru/2/chap08/pgeb0809.htm>). .................... 50�

Figure 4.17: Same shot gather as Figure 4.16 with an f-k dip filter applied (1997-1998, Robertson 

Research International Ltd., 25/09/2013, <http://f3.tiera.ru/2/chap08/pgeb0809.htm>). ..... 50�



 
 

Figure 4.18: A CMP stacked section before (a) and after (b) f-x deconvolution (from: Yilmaz, 2001). 52�

Figure 4.19: Chart showing the surface elevation of SAGS-03-92 (S = left and N = right). .................. 53�

Figure 4.20: Diagram explaining NMO (07/03/2012, Wikimedia Foundation, USA, 26/09/2013, 

<http://commons.wikimedia.org/wiki/File:NMO_Correction.png>). .................................. 54�

Figure 4.21: CVS scan using CDP 2200 � 2220 with velocities 5000 m/s � 7000 m/s. ......................... 55�

Figure 4.22: CVS scan using CDP 2200 � 2220 with velocities 5000 m/s � 7000 m/s. ......................... 56�

Figure 4.23: Enlargement of top left corner of Figure 4.21 (indicated as red block). The red circle is an 

example of where the velocity-time pair will be chosen for these specific CDP numbers. .. 56�

Figure 4.24: The rough NMO velocity model that will be smoothed before use in the NMO correction.

 .............................................................................................................................................. 57�

Figure 4.25: The smooth velocity model to be used for the NMO correction. ....................................... 58�

Figure 4.26:  A portion of the CMP stack before migration. .................................................................. 60�

Figure 4.27: The same portion of the CMP stack as in Figure 4.26 after being over-migrated using a 

velocity of 7000 m/s. ............................................................................................................ 60�

Figure 4.28: The same portion of the CMP stack as in Figure 4.26 after being migrated using a velocity 

of 6000 m/s. .......................................................................................................................... 60�

Figure 4.29: Final migrated section of SAGS-03-92 (See Appendix D for enlarged A0 image). .......... 61�

Figure 5.1: Migrated seismic section displaying the upper 10 km�s of the profile. A = Region including 

the boundary between the CFB and the Karoo Supergroup. B, C, D = Strong continuous 

reflections. Pink line (B) shows the Whitehill marker from the Ecca Group and the blue line 

(D) show the major unconformity. ....................................................................................... 65�

Figure 5.2: Unmigrated stacked section. The pink line indicates the continuity of the unconformity 

beneath the CFB (continuation of D under the Cape Fold Belt). .......................................... 65�

Figure 5.3: Part of the migrated section showing the curved reflectors that occur in the lower crust 

(South = Left). ...................................................................................................................... 66�

Figure 5.4: Part of the migrated section depicting the location of the crust � mantle transition (South = 

Left). ..................................................................................................................................... 66�

Figure 5.5: Part of the migrated section (up to 60 km from S) showing the high level interpretation.... 67�

Figure 5.6: Part of the migrated section showing where the Karoo and Cape Supergroup is affected by 

the Cape Fold Belt. ............................................................................................................... 68�

Figure 5.7: Interpreted image of the upper crust (see enlarged version in Appendix D).  Yellow is the 

interpreted source of the Beattie magnetic anomaly. ............................................................ 70�

Figure 5.8: Interpreted image of the upper crust displaying the different lithologies and structure (see 

enlarged version in Appendix D). ......................................................................................... 70�

Figure 5.9: Part of the profile showing the different lithologies and the seismic boundary between the 

Karoo Supergroup and the Cape Supergroup (red line)........................................................ 71�

Figure 5.10: Same as Figure 5.1, but with the interpreted position of the unconformity separating the 

upper and lower crust shown in blue (dashed), (South = Left). ............................................ 72�

Figure 5.11: Part of the profile depicting the position of the borehole KW 1/67 and where the tillites of 

the Dwyka Groups start according to borehole data. ............................................................ 75�



 
 

Figure 5.12: Same as Figure 5.11 with interpretation of seismic section shown. The bright green line 

indicates the interpreted Ecca-Dwyka contact and the location of the Whitehill Formation. 

The dark orange line indicates the extent of the Beaufort Group. The dark green vertical line 

indicates the extent of the Ecca Group and the dark blue vertical line indicates the extent of 

the Dwyka Group. ................................................................................................................ 76�

Figure 5.13: Part of the profile depicting the location of BH. No. 3 and where the contact between the 

Beaufort and Ecca Groups is located. The blue line is the interpreted boundary. ................ 78�

Figure 5.14: Interpreted seismic section (top six km) focusing on the Karoo Supergroup. Borehole data 

(Table 12) was used to aid in the interpretation. Note that no structure is interpreted on this 

image. ................................................................................................................................... 79�

Figure 5.15: Seismic section depicting the north-dipping fabric in yellow. ........................................... 81�

Figure 5.16: Migrated image showing the middle crust lower crust and Moho (indicated on Figure 

5.17). ..................................................................................................................................... 82�

Figure 5.17: Interpreted middle crust, lower crust and Moho. The red line indicates the unconformity 

that separates the Cape Supergroup from the underlying Namaqua Natal Mobile Belt. The 

yellow is the location of the interpreted source of the Beattie magnetic anomaly (Will be 

explained in section 5.3) ....................................................................................................... 83�

Figure 5.18:  Interpreted image of the middle crust, lower crust and Moho displaying the different 

lithologies and structure (SAGS-03-92), (see Appendix D for enlarged version of full 

profile). ................................................................................................................................. 84�

Figure 5.19: Google earth image with the location of the seismic line, overlain by the regional airborne 

magnetic data, depicting the surface expression of the BMA. ............................................. 86�

Figure 5.20: Region of strong reflectivity that coincides with the surface expression of the BMA. ...... 87�

Figure 5.21: Region of high conductivity (bold-red) measured with MT (from: Weckmann et al., 

2007a). .................................................................................................................................. 88�

Figure 5.22: Modelling results of the BMA using two sources (from: Quesnel et al., (2009)). ............. 89�

Figure 5.23: Comparison of the two source model with the MT line (Weckmann et al., (2007b)) and the 

seismic refraction line (Stankiewicz, et al., (2007)), from Quesnell et al., (2009). .............. 89�

Figure 5.24: Image of a part of the lower crust depicting the strong seismic reflections and complex 

structure of the body interpreted as the source of the BMA. ................................................ 90�

Figure 5.25: Same as Figure 5.24 with the pink region depicting the interpreted outlines of the source 

of the BMA. .......................................................................................................................... 91�

Figure 6.1: Interpreted tectonic model (See Appendix D for enlarged A0 image). ................................ 95�

 
  
 



 
 

Tables 
Table 1:  Stratigraphy, lithology and thickness of the Table Mountain Group from top to bottom 

(adapted from Thamm and Johnson, 2006). ......................................................................... 23�

Table 2: Stratigraphy, lithology and thickness of the Bokkeveld Group from top to bottom (adapted 

from Thamm and Johnson, 2006). ........................................................................................ 24�

Table 3: Stratigraphy and lithology of the Witteberg Group (adapted from Smith, 1990 and Cole, 

1994). .................................................................................................................................... 25�

Table 4: Stratigraphy and lithology of the Dwyka Group from top to bottom (adapted from Smith, 

1990). .................................................................................................................................... 27�

Table 5: Stratigraphy and lithology of the Ecca Group from top to bottom (adapted from Smith et al., 

1993). .................................................................................................................................... 28�

Table 6: Stratigraphy and lithology of the Beaufort Group (adapted from Smith, 1990 and Cole, 1994).

 .............................................................................................................................................. 28�

Table 7: Coordinates of the 12 seismic stations used in the study of Harvey et al. (2001) .................... 32�

Table 8: SAGS-03-92: Data Acquisition parameters (SAGS3-92-Processing Report from Council for 

Geoscience (previously the Geological Survey of South Africa) ......................................... 36�

Table 9: General Processing Sequence ................................................................................................... 37�

Table 10: Bandpass filter windows and frequencies .............................................................................. 44�

Table 11: Migration parameters for SAGS-03-92 .................................................................................. 59�

Table 12: Borehole logs compiled and adapted from Cole and McLachlan (1994) and Lindeque, 2008. 

The depth indicated, is the bottom boundary of each formation. ......................................... 74�

Table 13: Stacking velocities used for the Normal Moveout Correction.............................................. 112�

Table 14: Velocities used for Kirchhoff depth migration ..................................................................... 120 

 



1 
 

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.  

 

 

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 
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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 für 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.  
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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 IyA 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 



4 
 

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: 

• 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.html>)  

• 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>)  

• 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>)  

• 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>).   

 
Margins 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.html>).  

• 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.html>). 

 

 

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 

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

<http://www.inkaba.org/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 Droºkloof 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). 

 

 

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). 
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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.  

 

 

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. 
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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.  

 

 

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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2.1 Geological Overview 

The seismic profile (SAGS-03-92) starts in the south with the folded and 

deformed sequences of the Cape Supergroup (Figure 2.1). This can be followed for 

about 20 km to the north where the Karoo Supergroup starts (Figure 2.1). The seismic 

line doesn�t extend far enough to the north to encounter the Karoo dolerite sequences. 

This is also confirmed by the geological map (Figure 2.1). The Namaqua-Natal Belt 

and the younger rocks of the Cape Supergroup, lies beneath the Karoo Supergroup.  

 

 

Figure 2.1: Surface geology of the seismic reflection line and surrounding area. 
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2.2 Tectonic Setting 

 

PROTEROZOIC EON 

Around 1800 Ma (Palaeo-Proterozoic) the Congo Craton collided with the 

Kaapvaal-Zimbabwe Craton. This is known as the Ubendian event. Accumulation of 

metamorphosed sedimentary rocks occurred along the western border of the Kaapvaal 

Craton and is known as the Kheis Province. This continental collision formed a 

towering mountain range that lies on top of a metamorphic belt (McCarthy and 

Rubidge, 2005). During the course of time, the mountain range was eroded, exposing 

deeply buried rocks at the surface.  

 

Between 1600 Ma and 1400 Ma (Meso-Proterozoic), rifting occurred and the 

consequence was that the continental crust became thinner and finally subsided to 

levels below sea-level. Shallow water sediments accumulated on this basement and 

this is known as the Bushmanland Terrane (Figure 2.2).  In the eastern part of 

Namaqualand, the crust rifted completely and oceanic crust formed in this void, 

known today as the Areachap Terrane (McCarthy and Rubidge, 2005; Eglington, 

2006). 

 

 

Figure 2.2: Schematic image depicting the formation of the Bushmanland Group (from: 

McCarthy and Rubidge, 2005). 
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Around ~1300 Ma (Meso-Proterozoic), the southern border of the Kaapvaal 

Craton advanced towards a subduction zone and around ~1100 Ma island arcs started 

forming through accretion processes. The rift containing the Bushmanland rocks 

closed and major folding and deformation occurred. This was part of a global event 

known as the Kibaran event.  

 

Kibaran Belts formed as metamorphic belts along the boundaries where 

continents collided to form a supercontinent. The Kibaran Belts also formed 

impressively large mountain ranges (far bigger than anywhere in the world today) and 

when the supercontinent Rodinia formed, (McCarthy and Rubidge, 2005). 

 

Due to the subduction and island arc formation, a high mountain range formed 

(the Kibaran Global Mountain range) that ran from Namibia, through Botswana into 

South Africa. Today, the roots of the mountain range located in South Africa are 

known as the Namaqua Natal Belt (NNB), (McCarthy and Rubidge, 2005). 

 

Around ~700 Ma (Neo-Proterozoic), Rodinia (the super-continent) started to 

break up, which had the consequence of the crust thinning along the NNMB (Figure 

2.3). This thinning permitted a sea to develop and naturally sediments started filling 

up the sea (McCarthy and Rubidge, 2005). These rocks are known today as the 

Malmesbury Group (occurring in the west), the Kango Group (in the Oudshoorn area) 

and the Kaaimans Group (Knysna Area). They are for the most part buried beneath 

younger rocks. 

 

Around 500 Ma the supercontinent of Gondwana formed in a series of events that 

today is known as the Pan-African event (Figure 2.4). 
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Figure 2.3: Image depicting the break-up of supercontinent Rodinia (McCarthy and Rubidge, 

2005). 

 

 

 

 

 



15 
 

 

Figure 2.4: Crustal evolution of southern Africa. N-N = Namaqua-Natal; K.C. = 

Kaapvaal Craton (Catuneanu et al., 1998). 
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PHANEROZOIC EON 

Gondwana (super-continent) had stabilized around 500 Ma (Ordovician) and 

started drifting northwards. Due to this drifting the continent experienced extension 

and thinning. This created a major rift (Figure 2.5). Flooding occurred in this rift and 

a sea formed, known as the Agulhas Sea (McCarthy and Rubidge, 2005). The 

sedimentary rocks that were deposited into this sea are known today as the Cape 

Supergroup (Figure 2.5). 

 

 

Figure 2.5: Extension and rifting of the crust that created the Agulhas Sea in which the Cape 

Supergroup rocks were deposited (adapted from McCarthy and Rubidge, 2005). 

 

The sediments of the Table Mountain Group was the first to be deposited 

(Figure 2.6) and these were deposited in a setting that ranged from shallow marine to 

fluvial (Thamm and Johnson, 2006).  

 

Around 400 Ma (Early Devonian), further extension and deepening of the 

Agulhas Sea gave birth to the Bokkeveld Group (McCarthy and Rubidge, 2005). The 

sediments of the Bokkeveld Group were largely deposited in a delta that prograded 

toward a wave-dominated marine environment (Figure 2.6), (Thamm and Johnson, 

2006). The sedimentation that fed the delta was obtained from possible fluvial 

systems (Thamm and Johnson, 2006). 

 

From ~370 Ma � 330 Ma (Late Devonian to Early Carboniferous), the 

Witteberg Group was deposited in a shallow marine and deltaic environment (Thamm 

and Johnson, 2006), (Figure 2.6).  
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Figure 2.6: Depositional environments of the different lithologies of the Cape Supergroup.  

 

Cape Orogeny 

The top of the Witteberg Group denotes the end of the Cape Supergroup and 

the Agulhas Sea. This end of sedimentation into the Agulhas Sea happened as result 

of environmental changes. A subduction zone developed along the edge of Gondwana 

resulting in crustal shortening, compression and thickening. As the crust became 

thicker, a mountain range formed where the Agulhas Sea was located and this became 

the Cape Fold Belt (McCarthy and Rubidge, 2005). 

 

Around ~230 Ma Gondwana encountered another subduction zone and the 

consequence of this was stretching, thinning and crustal shortening and thickening. As 

the crust started to thicken, a mountain range formed, known as the Cape Fold Belt 

(Figure 2.7). Due to the �heavy� CFB, the crust could not withstand the load and the 

result was sagging of the lithosphere and the development of a basin. This was the 

start of the formation of the Karoo Supergroup (McCarthy and Rubidge, 2005). 
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Figure 2.7: (a) Image depicting the formation of the Agulhas Sea in which the rocks of the Cape 

Supergroup were deposited, duplicate of Figure 2.5 and (b) Image depicting the formation of the 

Cape Fold Belt due to a subduction zone (from McCarthy and Rubidge, 2005). 

 

At the time when the CFB formed, the southern part Gondwana drifted over 

the South Pole and a thick ice-sheet developed over the early Karoo Supergroup 

(Smith, 1990; Johnson et al., 2006). Glacial sedimentation resulted in the formation of 

the Dwyka Group (~280 - 290 Ma), (Catuneanu et al., 1998; Smith, 1990). The 

character of the Dwyka Group is homogenous and laterally continuous, that suggests 

deposition occurred from floating ice (Catuneanu et al., 1998). This theory is also 

supported by the fact that the Dwyka Group consists of diamictites, conglomerates 

and dropstones.  

 

As Gondwana drifted slowly to the north, temperatures started to warm (in the 

Permian, ~290 Ma), the ice started to melt and a shallow sea remained that was fed by 

large amounts of ice that continued to melt due to warmer temperatures and a major 

rise in sea level. This melting ice carried the clay-rich muds of the Prince Albert and 

Whitehill Formations into the shallow Ecca sea, (Smith, 1990). In the subduction zone 

to the south of the basin a volcanically active magmatic arc spewed ash and mud 

layers into the basin. This abrupt inflow of coarser material from the magmatic arc led 

to the build-up of sandy and silty material of the Ripon and Collingham Formations 
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(basin plain with turbidite fans setting in Figure 2.8), (Catuneanu et al., 1998; Johnson 

et al., 2006; Smith, 1990). Settling of the mud resulted in the Fort Brown Formation 

(prodelta slope environment).  

 

By the time the Adelaide Subgroup of the Beaufort Group (~250 Ma to ~220 

Ma) was deposited, the basin was almost completely filled with sediment (due to the 

continuous growth of the deltas into the basin. Deposition of the Adelaide Subgroup 

occurred as upper delta-plain and fluvial mud and sand in the Late Permian (high-

sinuosity river setting in Figure 2.8), (Johnson et al., 2006; Smith, 1990). 

 

 

Figure 2.8: Depositional environments of the Karoo Supergroup (Johnson et al., 2006). 
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The Karoo Dolerites that intruded the Karoo Supergroup at ~180 - 150 Ma, intruded 

the crust to the north of the study area. From the surface geology (Figure 2.1) it can be 

seen that they had no influence on the stratigraphy and geology in the area traversed 

by the profile line and will not be discussed in this dissertation. 

 

2.3 Lithostratigraphy 

 

2.3.1 The Namaqua-Natal Belt 

 

The Namaqua-Natal Belt (NNB) is a ~400 km wide belt that runs from 

Namibia and Namaqualand in the west of southern Africa to Natal in the east of South 

Africa, an approximate distance of 1400 km, (Cornell et al., 2006). The NNB is 

described as a system that includes igneous and metamorphic rocks that formed 

during the Namaqua Orogeny (~1200 � 1000 Ma) that was part of the global Kibaran 

event. 

 

The Namaqua Sector of the Namaqua-Natal Province is divided into five sub-

sectors: the Richtersveld Terrane, the Bushmanland Terrane, the Kakamas Terrane, 

the Areachap Terrane and the Kaaien Terrane (Figure 2.9). 

 

• Richtersveld Terrane: 

The Richtersveld Terrane (Figure 2.9) was formed around 2000 Ma and 

consists of low to medium grade supracrustal rocks (e.g. basalt) of the Orange 

River Group and granitoid and batholith intrusions of the Vioolsdrif Suite 

(Cornell et al., 2006).  

 

• Bushmanland Terrane: 

The Bushmanland Terrane (Figure 2.9) consists of granitic gneisses that were 

formed around 2000 Ma, supracrustal rocks consisting mostly of sedimentary 

and volcanic sequences that were deposited around 1600 � 1200 Ma, and 

intrusive granitoids that were deposited around 1200 � 1000 Ma (Cornell et 

al., 2006). 
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• Kakamas Terrane: 

The Kakamas Terrane consists of metamorphosed supracrustal sandstone and 

gneisses and Namaquan granitoids that intruded around 2000 Ma (Cornell et 

al., 2006). 

 

• Areachap Terrane: 

The Areachap Terrane consists of relatively young supracrustal gneisses and is 

intruded by granitoids. It was deposited between ~1000 - 1300 Ma (Cornell et 

al., 2006) and is distinguished by its massive sulphides.  

 

• Kaaien Terrane: 

The Kaaien Terrane consists of a series of deformed quartzites that has a 

tectonic fabric and was deposited from ~1200 � 1000 Ma (but this is still 

under debate), and undeformed, metamorphosed volcanic rocks (Cornell et al., 

2006). 
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Figure 2.9:  Generalized map depicting the area where the different stratigraphic units of the 

NNMB occurs on the surface (Cornell et al., 2006). 

 

2.3.2 Cape Supergroup 

 

The Cape Supergroup (CSG) was deposited over a period of ~170 million 

years, ranging from the Early Ordovician (~500 Ma) to the Early Carboniferous (~330 

Ma), (Thamm and Johnson, 2006; Tankard et al., 2009). The Cape Supergroup 

comprises the Table Mountain, Bokkeveld and Witteberg Groups and can be traced 

over a distance of 1000 km along the southern Cape (Figure 2.10).   
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Figure 2.10: Distribution of the main lithological units of the Cape Supergroup (Thamm and 

Johnson, 2006). 

 
• Table Mountain Group (TMG) 

The TMG was deposited during the Ordovician (~500 Ma) to the Early 

Devonian (~400 Ma) in a shallow sea with sediments being fed in by a fluvial 

system (Thamm and Johnson, 2006) and is sandstone dominated (Figure 2.10). 

The TMG becomes thicker and more deformed to the south (in the Cape Fold 

Belt region) and this makes studying it quite difficult. In the study area, the 

following formations within the TMG are encountered: Nardouw Subgroup 

(Baviaanskloof, Skurweberg and Goudini Formations); and the Cedarberg, 

Peninsula and Sardinia Bay Formations, (Table 1). 

 

Table 1:  Stratigraphy, lithology and thickness of the Table Mountain Group from top to 

bottom (adapted from Thamm and Johnson, 2006). 

Subgroup Formation Lithology Maximum 

Thickness (m) 

Nardouw 
Baviaanskloof Sandstone 200 

Skurweberg Sandstone 400 

Winterhoek 
Goudini Sandstone 300 

Cedarberg Shale, siltstone 50 

Peninsula Peninsula Sandstone 2700 
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• Bokkeveld Group 

The Bokkeveld Group conformably overlies the TMG. The Bokkeveld Group 

was deposited during the Early Devonian (~400 Ma) to Middle Devonian 

(~380 Ma), (Thamm and Johnson, 2006) and consists of alternating fossil-

bearing shale, sandstone and mudstone (Figure 2.10). It was deposited in a 

wave-dominated delta setting (Thamm and Johnson, 2006). It has three 

Subgroups, namely Ceres, Bidouw and Traka, although only the Traka 

(Sandpoort, Adolphspoort and Karies Formations) and Ceres Subgroups 

(Boplaas, Tra-Tra, Hex River, Voorstehoek, Gamka and Gydo Formations) are 

encountered in the study area, (Table 2). The Ceres Subgroup is up to 1610 m 

thick and the Traka Subgroup up to 2300 m in the eastern part of the Cape 

Supergroup (east of 21
), (Thamm and Johnson, 2006), Figure 2.10.  

 

Table 2: Stratigraphy, lithology and thickness of the Bokkeveld Group from top to 

bottom (adapted from Thamm and Johnson, 2006). 

Subgroup Formation Lithology Maximum Thickness (m) 

Traka 

Sandpoort 
Mudrock, siltstone, 

sandstone 
400 

Adolphspoort Sandstone 600 

Karies 
Mudrock, siltstone, 

sandstone 
1300 

Ceres 

Boplaas Sandstone 100 

Tra-Tra Mudrock, siltstone 350 

Hex River Sandstone 60 

Voorstehoek Mudrock, siltstone 300 

Gamka Sandstone 200 

Gydo Mudrock, siltstone 600 

 

• Witteberg Group 

The quartz-sandstones and mudrocks of the Witteberg Group were deposited 

during the Late Devonian (~350 Ma) to the Early Carboniferous (~330 Ma), 

Figure 2.10. Deposition occurred in a shallow shelf and delta setting (Thamm 

and Johnson, 2006). The Witteberg Group comprises three Subgroups namely: 

Kommadagga (Dirkskraal, Soutkloof, Swartwaterspoort and Miller 

Formations), Lake Mentz (Waaipoort, Floriskraal and Kweekvlei Formations) 
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and Weltevrede (Weltevrede and Witpoort Formations). Only the Lake Mentz 

and Weltevrede Subgroups occur in the study area (Thamm and Johnson, 

2006), (Table 3). 

 

Table 3: Stratigraphy and lithology of the Witteberg Group (adapted from Smith, 1990 

and Cole, 1994). 

Subgroup Formation Lithology Maximum Thickness (m) 

Lake Mentz 

Waaipoort Mudrock, sandstone 460 

Floriskraal Shale, sandstone 120 

Kweekvlei Shale 200 

Weltevrede 

Witpoort Sandstone 850 

Weltevrede 
Sandstone, siltstone, 

shale 
850 

 

2.3.3 Karoo Supergroup 

 

The Karoo Supergroup (Figure 2.11) is a retroarc foreland basin that presently 

covers an area of ~700, 000 km² with a cumulative thickness of about 12 km (Johnson 

et al., 2006). It preserves a ~100 Ma record of sedimentation from the Late 

Carboniferous (~280 Ma) until the Middle Jurassic period (~180 Ma), (Catuneanu et 

al., 1998).  

 

 

Figure 2.11: Schematic cross-section through the rocks of the Karoo Supergroup (McCarthy and 

Rubidge, 2005). 
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The Karoo Supergroup consists of five different groups: Dwyka, Ecca, 

Beaufort, Stormberg and Drakensberg (Figure 2.12), (Catuneanu et al., 1998; Smith, 

1990). There is a significant stratigraphic gap that separates the Dwyka, Ecca and 

Beaufort Groups from the overlying Stormberg and Drakensberg Groups. This 

stratigraphic gap relates to the Anisian-Ladinian interval (Middle Triassic, ~250 � 230 

Ma), (Catuneanu et al., 1998). Only the Dwyka, Ecca and Beaufort Groups will be 

discussed in this dissertation as the profile does not traverse any Stormberg or 

Drakensberg rocks. 

 

 

Figure 2.12: Distribution of the main lithological units of the Karoo Supergroup  

(Johnson et al., 2006). SAGS-03-92 stretches 100 km southwards from Beaufort West.  

 

• Dwyka Group 

The Dwyka Group was deposited from the late Carboniferous (~290 Ma) to 

the early Permian (~280 Ma) in a glacial setting and comprises the Elandsvlei 

and the Mbizane Formations (Table 4). The Dwyka overlies Precambrian 
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bedrock to the north and unconformably overlies the Cape Supergroup to the 

south (Johnson et al., 2006). The Elandsvlei Formation consists mostly of 

massive diamictite with lesser mudrock and has a progressive increase in 

thickness to the south (up to 800 m) (Johnson et al., 2006; Smith, 1990). The 

Mbizane Formation occurs to the north of this profile and will not be 

discussed. The Dwyka - Ecca boundary is difficult to define as the change 

from glaciomarine (Dwyka) to fully marine (Ecca) was gradual (Catuneanu et 

al., 1998). 

 

Table 4: Stratigraphy and lithology of the Dwyka Group from top to bottom (adapted 

from Smith, 1990). 

Subgroup Formation Lithology 

Dwyka 
Elandsvlei Diamictite, conglomerate, mudrock with 

dropstone Mbizane 

 

• Ecca Group 

The Ecca Group was deposited in the Permian (~290 Ma to ~250 Ma) ranging 

from a deep marine to a shallow marine environment (Smith, 1990; 

Catunueanu et al., 1998) and consists of sixteen formations (Johnson et al., 

2006). The southern part of the Ecca Group (near the CFB) consists of the 

Prince Albert, Whitehill, Ripon, Collingham and Fort Brown Formations 

(Table 5). The Prince Albert Formation contains dark greenish-gray shales 

with sporadic silty layers. It formed in a deep marine environment and is 

confined to the western half of the basin. The Whitehill Formation contains 

carbonaceous shale that has weathered to a white colour on surface (this 

makes it a very good marker) and also formed in a deep marine environment. 

The base and the top of the Ecca are diachronous as the environment changed 

very gradually. The Collingham and Ripon Formations consist of siltstone, 

sandstone and shales and were deposited in deep marine environment. The 

other formations of the Ecca Group are not relevant for this study and will not 

be discussed further.  
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Table 5: Stratigraphy and lithology of the Ecca Group from top to bottom (adapted from 

Smith et al., 1993). 

Formation Lithology 

Fort Brown Shale and sandstone 

Ripon Graywacke, siltstone and sandstone 

Collingham Siltstone and sandstone 

Whitehill Carbonaceous shale 

Prince Albert Dark shale with silty layers 

 

• Beaufort Group 

The Beaufort Group was deposited from the middle Permian (~250 Ma) until 

the middle of the Triassic (~220 Ma) in a dominantly fluvial environment 

(Smith, 1990; Catuneanu et al., 1998) and consists of the lower Adelaide 

Subgroup and the upper Tarkastad Subgroup (Table 6). The southern part of 

the lower Adelaide Subgroup consists of the Koonap, Middleton and Balfour 

Formations in the south-east and the Abrahamskraal and Teekloof Formations 

in the west (only the Abrahamskraal Formation is relevant for this 

dissertation). The Abrahamskraal Formation is up to 2500 m thick and consists 

of weathered brown layers of limestone and greenish-grey cherty layers, 

mudstone and interbedded sandstone (Johnson et al., 2006). The upper 

Tarkastad Subgroup occurs to the east of this profile and is not relevant to this 

study. 

 

Table 6: Stratigraphy and lithology of the Beaufort Group (adapted from Smith, 1990 

and Cole, 1994). 

Subgroup Formations Lithology Maximum Thickness (m) 

Tarkastad 
Burgersdorp 

Mudstone, 

sandstone 

1000 

Katberg Sandstone 1000 

Adelaide 

Teekloof 
Mudstone, 

sandstone 

1000 

Abrahamskraal 
Mudstone, 

sandstone 

2500 
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Chapter 3 REVIEW OF OTHER GEOPHYSICAL 
STUDIES IN THE AREA 

 
 
 

Seismic Reflection 

As far as can be ascertained, no seismic reflection data was acquired in the 

area before 1965. From November 1965 to February 1966, Soekor (Southern Oil 

Exploration Corporation (Pty.) Ltd) collected a reconnaissance profile in the Southern 

Karoo from Beaufort West to Loxton (S.W. Karroo Line 1, Fatti and Du Toit, 1970) 

Unfortunately no map could be found that depicts the location of the line, but it is 

described as running through Beaufort West and Seekoeigat in the direction of 

Loxton. The authors only interpreted shallow depths to about 2.5 s TWT (two-way 

travel time), as there was no borehole data available that might have assisted in 

interpretation of deeper reflectors.  

 

The results were described as being quite good and four reflection horizons 

could be seen clearly. They interpreted (from the surface down) the first horizon to be 

the White Band (Whitehill Formation at ~4.25 km depth) on top of the Dwyka Group, 

the second horizon to be the top of the Bokkeveld Group (at ~5 km depth), and the 

third and fourth horizons to be the top (at ~5.25 km) and bottom (at ~6.5 km depth) of 

the Table Mountain Group (Cape Supergroup) respectively (Figure 3.1). The 

velocities that were derived are as follows:  

• Interpreted White Band: 4620 � 5053 m/s 

• Bottom of the Table Mountain Group: 4922 � 5212 m/s  

 

However, it was made clear by Fatti and du Toit (1970) that the reflections 

don�t necessarily coincide with geological boundaries, as reflections are due to 

changes in acoustic impedance. Therefore, the interpreted geological boundaries 

might be proven wrong in the future. 

 

The authors also observed that the surface layers throughout the seismic line 

are folded and the fold amplitude increases and wavelength decreases in the direction 

of the Cape Fold Belt. 
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Figure 3.1: Seismic shot showing four clear reflection horizons (Fatti and Du Toit, 1970). 
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Lindeque et al., (2007) interpreted an Inkaba yeAfrica seismic reflection 

survey across the Southern Karoo (Figure 1.6) and found that the crust consists of 

three main layers. The survey, IyA-200501 was done in 2005.  The upper crust 

consists of the Karoo and Cape Supergroups. The middle crust, which also hosts the 

Beattie magnetic anomaly (BMA), is interpreted to be the subsurface continuation of 

the metamorphic Bushmanland Terrane. The lower crust may represent the granulite-

gneisses of the Namaqua sub-province, but this is speculation. A clear image of the 

Moho boundary occurs at ~43 km below surface (Figure 3.2). 

 

 
Figure 3.2: Simplified model from Lindeque et al. (2007) showing the interpreted three layer 
crust. The location of the line can be seen on Figure 1.6 as the pink line. 
 

Receiver Functions 

Nguuri et al., (2001) studied the crustal thickness throughout South Africa 

using receiver function analysis of seismograms collected between 1997 and 1999 

during the Southern African Seismic experiment. The authors processed 35 

teleseismic events. The results for the Namaqua-Natal and Cape Fold Belts are very 

limited compared to the other regions of RSA, but they measured the crustal thickness 

to be approximately 40 - 50 km throughout, except where it becomes thinner near the 

coast, with a thickness of about 30 km (Figure 3.3). 

 


