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ABSTRACT

The unusually broad, deep shelf on the western continental margin of South Africa is a
site of high primary productivity associated with the Benguela Upwelling System and is a
repository for Holocene terrigenous sediment delivered by the Orange River. Continental margins
represent the interface between the terrestrial and marine environment and provide the key to
understanding Holocene interactions of the ocean-atmosphere system. Due to present interglacial
sea-level highstand conditions, Holocene margins serve as an analogue for the large continental
shelves of the geological past. This study documents Holocene sediment dynamics on the western
margin of South Africa, with special reference to the terrigenous mud fraction. The distribution
of Holocene terrigenous sediment is used to assess changes in continental and oceanic processes
affecting the margin, including oceanic current circulation, sea-level, sediment supply, organic
matter cycling and inorganic nutrient flux to the ocean.

The Orange River catchment drains ~45% of South Africa and, upon arrival at the western
margin, Orange River sand is transported north by littoral drift. Orange River suspended load
mud is deposited temporarily on the prodelta, before being redistributed to the south by a weak
poleward undercurrent to form a >500 km long, coast-parallel mudbelt. Since ca. 11 000 years
ago (11 ka), Orange River muds have accumulated as the terrigenous prodeltaic mudbelt in a
knick point, eroded during previous sea-level lowstands, at the middle to inner shelf transition.
The Holocene mudbelt is a clayey silt, consisting of up to 98 weight percent very-fine- to medium
silt, deposited at sedimentation rates of 1-2 mm/yr. A depositional model for the Holocene
western margin mudbelt is interpreted using seismic profiles and radiocarbon dated sediment
cores from off the Holgat, Buffels and Olifants rivers. Mudbelt accumulation is controlled by
available accommodation space linked to Holocene relative sea-level and basement topography.
The thick northern mudbelt, north of 31°05’S, is lenticular and rests on a well-defined knick point
created by the onlap of Upper Cretaceous middle shelf sediment on a steep Precambrian inner
shelf. Low accommodation space south of 31°05’S associated with a shallow knick point, which
is partially infilled by Neogene sediment, led to the deposition since circa 2 ka of a thin (<3 m)
mud drape across the shelf. Northern mudbelt deposition initiated after 11 ka, synchronous with
the global meltwater pulse (MWP) 1B sea-level rise, and five internal mudbelt seismic units (H1
to HS) document the shift from early Holocene transgressive (retrogradation) to late Holocene
stillstand (aggradational) sea-level conditions. Decreasing accommodation space in the northern
mudbelt due to late Holocene (<3 ka) sea-level stabilization led to the southward progradation of
the mudbelt and the deposition of units H4 and H5 which blanket the mudbelt.

In contrast to the mudbelt, the middle shelf has a thin (<1 m) Holocene veneer of
calcareous foraminiferal sand that extends over the shelf break (300-500 metres water depth) to
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constitutes <40 weight percent of the Holocene sediment. The provenance and distribution of the
terrigenous clay fraction (<2 wm), transported to the slope in deposition-resuspension cycles in
bottom nepheloid layers, is determined using trace elements, strontium (*’Sr/**Sr) and neodymium
(**Nd/"Nd) isotopes. The Orange River is a major source of terrigenous sediment on the margin,
eroding a variety of lithologies as it traverses South Africa from high rainfall eastern Drakensberg
highlands capped by Jurassic basalts, through a semi-arid central plateau of Palacozoic Karoo
Supergroup sedimentary rocks to the arid western margin of Proterozoic crustal rocks. Two
geochemically distinct endmembers are identified in clay minerals derived from Orange River
catchment soils; a basaltic endmember and a felsic, crustal endmember. The clay fraction of basaltic
soil is enriched in heavy rare earth elements, has a non-radiogenic *’Sr/**Sr ratio (0.711) and a
radiogenic eng (**Nd/'**Nd normalized to primitive mantle) value of -4. Soils derived from the
weathering of felsic, continental crust have clay fractions with flat rare earth element patterns and
radiogenic *’Sr/**Sr ratios (0.731-0.746). The composition of Orange River and tributary suspended
load clay fractions is determined by eroded source soils and Orange River suspended clay fraction
¥7Sr/*Sr ratios become more radiogenic (from 0.714 to 0.740) as eng values become less radiogenic
(from -6 to -9) downstream. Modern Orange River suspended loads delivered to the western margin
are dominated by an Upper Karoo Supergroup (felsic) source due to anthropogenic soil erosion.
Northern mudbelt clay fractions are similarly indicative of a felsic source, with 7S1/*°Sr ratios of
0.728 to 0.740 and non-radiogenic eng values of -9.6 to -10.8, due to particle-size sorting by the
poleward undercurrent. Coarse-grained, crustally-derived illitic clays are deposited proximal to the
Orange River mouth. Fine smectitic clay, common in Drakensberg basaltic soils, is generally
transported either south in suspension by the offshore poleward undercurrent or laterally advects
across the shelf via Ekman drift. Radiogenic isotopes and trace element compositions suggest two
endmember sources for terrigenous clay fractions on the western margin slope. The Orange River-
derived slope clay fraction endmember has heavy rare earth element enrichment, non-radiogenic
7Sr/*Sr (0.714) and radiogenic eng (-9.8) values. A second clay fraction endmember, with a
negative Eu anomaly and more radiogenic *’Sr/**Sr (>0.715) and enq (-11.1) values, is transported
south by poleward bottom-water flow from the Namibian slope. Laser grain-size analysis (LGSA)
confirms terrigenous grain-size fractionation and sediment sorting on the margin in response to ocean
currents. Terrigenous fractions in the shelf mudbelt are coarser grained than on the lower slope
(>2500 metres water depth), but upper slope terrigenous sediments (800-1000 metres water depth)
can be coarser grained than those in the mudbelt. Off-shelf terrigenous sediment transport and fine
fraction winnowing is particularly efficient near the submarine Cape Canyon and areas of steep
bathymetry due to turbulent resuspension by internal tide and wave dissipation.

The burial and remineralization of terrestrial and marine organic matter is controlled by

across-shelf advection and sedimentation rate of fine-grained (clay) terrigenous sediment. Sites of
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preferential organic carbon preservation occur in the shelf mudbelt where organic carbon mass
accumulation rates can exceed 40 gC/m*/yr. Variable redox conditions, associated with sediment
deposition-resuspension-transport cycles, enhance organic matter degradation and the cycling of
redox sensitive trace elements.

The offshore mudbelt records Holocene southern African climate variability through changes
in Orange River sediment load. Fluctuations in mudbelt clay content occur in response to catchment
precipitation and Holocene mega-flood events, which can be preserved in onshore palaeoflood
deposits, are a major source of mud to the offshore mudbelt. Enrichment in the clay fraction bulk
organic matter carbon isotope composition (613C0rg) from ca. 8 ka, reaching a pre-anthropogenic
steady state at ca. 5 ka, suggests an increase in C4 vegetation (grasses) in the Orange River catchment
over the Holocene. Radiogenic Sr isotope (*’Sr/*®Sr) trends in the mudbelt clay fraction indicate a
decrease in basaltic soil input since ca. 5 ka. The proliferation of C4 grasses since 5 ka may have
stabilized basaltic Drakensberg highland slopes and shifted sediment production to the felsic Upper
Karoo Supergroup on the lower Drakensberg escarpment. The mid-Holocene change in clay
composition and catchment vegetation corresponds to the termination of the southern African
altithermal and to increased rainfall in the continental interior, associated with southward migration
of the Intertropical Convergence Zone (ITCZ). Since ca. 0.3 ka, anthropogenic land-use changes
have significantly increased Orange River suspended loads and a sharp positive shift in mudbelt

8"Corq values may be linked to the replacement of woody C; vegetation with C4 maize crop farming.

il



ACKNOWLEDGEMENTS

I should like to express my gratitude to and acknowledge the following people and institutions:

Assoc. Prof. John Compton for his guidance, support and unfailing good humour. I appreciate
the many discussions on all things mudbelt and margin, and for his encouragement to become
involved in the international marine scientific community.

Dr. John Rogers for being an endless source of knowledge (and references) on the western
margin of South Africa and for his careful review of Chapters 2, 3 and 5.

I should like to thank the scientists and crew of the R/V Meteor M57-1 cruise, of which I was a
participant, and in particular Prof. Ralph Schneider (chief scientist) for providing the offshore
western margin cores used in this study. I am grateful that I was given the opportunity to be a
part of the development of this research, starting from the sampling of sediment cores at sea.

Prof. Maarten De Wit and Inkaba Ye Afrika programme for financial support, and for providing
the opportunity for me to present and discuss my research at both local and international
conferences/meetings. Funding was also provided through the National Research Foundation.

Dr. Jan-Berendt Stuut at the University of Bremen in Germany kindly performed the
terrigenous laser grain-size analysis (LGSA).

Heather Sessions and Dr. Geoff Bailey at the Department of Marine and Coastal Management,
Cape Town, are thanked for the analysis of TOC control samples on the LECO CHNS
analyzer.

Dr. John Pether and Prof. Jenny Day identified the species of molluscs used for radiocarbon
dating.

Dr. Ian Newton in the Department of Archaeology for assisting in stable isotope analysis.
Miranda Waldron in the Electron Microscopy Unit for her assistance with SEM analysis.
Shireen Govender and Dr. Petrus Le Roux for their guidance with radiogenic isotope column
chemistry, the TIMS and the new MC-ICP-MS.

Fayrooza Rawoot and Dr. Andreas Spdth for their assistance with trace element ICP-MS
analysis.

The technical staff in the Department of Geological Sciences for their help and support over the
years.

To my fellow postgraduate students, for making the long hours in the marine laboratory,
especially those spent wet-sieving, seem shorter.

And finally to my parents, without whose never-ending love, support and encouragement this
thesis could not have been realized. Thank you, most of all.

Thank you

v



TABLE OF CONTENTS

ABSTRACT 1
ACKNOWLEDGEMENTS v
Table of Contents \%
List of Figures viii
List of Tables ix
1  INTRODUCTION 1
1.1 BACKGROUND AND MAIN RESEARCH OBJECTIVES 2
1.2 MAJOR THEMES AND THESIS STRUCTURE 3
1.3 RELATED MANUSCRIPTS FOR PUBLICATION 5
1.4  DEFINITIONS AND ABBREVIATIONS 6
2 GEOCHRONOLOGY OF HOLOCENE SEDIMENT ON THE WESTERN MARGIN 8
Preface 8
ABSTRACT 9
INTRODUCTION 9
Regional setting 10
METHODS 11
RESULTS 13
Sedimentology 13
Radiocarbon analyses 14
DISCUSSION 14
Radiocarbon ages 14
Sedimentation rates 15
Regional sedimentation patterns 18
CONCLUSIONS 19
ACKNOWLEDGEMENTS 19
REFERENCES 19
3 HOLOCENE MUDBELT DEPOSITION ON THE WESTERN MARGIN 21
3.1 ABSTRACT 21
3.2 INTRODUCTION 22
3.2.1 Geological evolution of the margin 26
3.2.2 Sources of mudbelt sediment 27
3.3 METHODS 29
3.4 RESULTS 35
3.4.1 Offshore Holgat River deep water core (GeoB 8333) 38
3.4.2 Offshore Holgat River intermediate water core (GeoB 8332) 40
3.4.3 Offshore Holgat River shallow water core (GeoB 8331) 40
3.4.4 Offshore Buffels River core (GeoB 8327) 43
3.4.5 Offshore Olifants River core (GeoB 8323) 43
3.5 DISCUSSION 43
3.5.1 Sedimentology and stratigraphy 43
3.5.1.1 Post-sampling alteration 56
3.5.2 Organic matter provenance and preservation 57
3.5.2.1 Organic matter provenance 57
3.5.2.2 Organic matter burial and preservation 60
3.5.3 Western margin mudbelt deposition 66
3.5.3.1 Mudbelt geometry and accommodation space 66
3.5.3.2 Mudbelt internal architecture 71




Contents

3.5.3.3 The mudbelt record of Holocene sea-level change 74
3.5.3.4 Holocene changes in margin sediment flux 81
3.5 CONCLUSIONS 82

4 HOLOCENE SEDIMENT PROVENANCE AND DYNAMICS ON THE WESTERN MARGIN 87

4.1 ABSTRACT 87
4.2 INTRODUCTION 88
4.2.1 Regional and geological setting 91
4.2.2 Margin sedimentation 95
4.2.3 Oceanographic setting 99
4.3 METHODS 101
4.4  RESULTS AND DISCUSSION 107
4.4.1 Provenance of margin terrigenous sediment 114
4.4.1.1 Sediment source endmembers and river suspended loads 114
4.4.1.2 Orange River palacoflood provenance 122
4.4.1.3 Sediment provenance of the offshore mudbelt 122
4.4.1.4 Provenance of offshore terrigenous slope sediments 123
4.4.2 Holocene terrigenous sediment dynamics on the margin 129
4.4.2.1 Productivity and trace element mobility 141
4.5 CONCLUSIONS 146

5 HOLOCENE CLIMATE CHANGE RECORD FROM THE WESTERN MARGIN MUDBELT 150

5.1 ABSTRACT 150

5.2  INTRODUCTION 151

5.2.1 Southern African climate variability 154

5.3  RESULTS 157

5.4  DISCUSSION 157

5.4.1 Mudbelt deposition 157

5.4.2 The mudbelt record of climate change 159

5.4.2.1 Holocene changes in Orange River catchment vegetation 159

5.4.2.2 Provenance of mudbelt clay and changes in catchment erosion 162

5.4.2.3 Comparison of mudbelt clay content to southern African records 165

5.5 MUDBELT CLIMATE RECORDS IN CONTEXT OF GLOBAL CLIMATE CHANGE 171

5.6  CONCLUSIONS 174

6 SYNOPSIS 177
6.1 PROVENANCE AND DYNAMICS ON THE WESTERN MARGIN 178

6.1.1 Terrigenous sediment sources 178

6.1.2 Holocene terrigenous mudbelt accumulation 179

6.1.3 Shelf-slope sediment dynamics 182

6.2 HOLOCENE CLIMATE CHANGE AND THE ORANGE RIVER SYSTEM 186

6.3 FUTURE RESEARCH 187

7 REFERENCES 190
APPENDIX A SUPPLEMENTARY 234
A1 Photomicrographs of radiocarbon age dated specimens 235

A2 Mudbelt XRD scans 236

A3 Slope multicore stratigraphy 243

A4 Terrigenous fraction XRD scans and SEM images 247

A5 Comparison of laser grain size analysis and wet-sieving 254

vi



Contents

APPENDIX B DATA
B1 Mudbelt grain-size analysis (wet sieving)
B2 Slope grain-size analysis (wet sieving)
B3 Onshore sampling locations and grain-size analysis (wef sieving)
B4 Laser grain-size analyzer results (J.-B. Stuut)

258
259
265
268
269

vii



LIST OF TABLES

CHAPTER 2

Table 2.1

Table 2.2

Location, water depth and length of offshore western margin multicores (MUC) and gravity
cores (GC).

Radiocarbon analysis of Orange River palaeoflood deposits near the town of Prieska.

Table 2.3 AMS and conventional radiocarbon analyses of carbonate material recovered from sites on
the western continental margin of South Africa.

CHAPTER 3

Table 3.1  Calcite (CaCO3) and total organic carbon (TOC) content and 8"C,,, of bulk sediment from

Table 3.2

the western margin mudbelt and upper and lower slopes.

Calcite (CaCO3) and total organic carbon (TOC) content and 613C0rg of bulk sediment and
clay (<2 wm) fractions of onland Orange River catchment source soils and palaeoflood
deposits, and of rivers suspended loads and bank deposits.

Table 3.3  Compositional trends in mudbelt sand (>63 wm) fractions.

Table 3.4 Calculated mean mass accumulation rates (MAR) of organic carbon in western margin shelf
(northern mudbelt) and slope sites.

CHAPTER 4

Table 4.1 Annual runoff statistics for the Orange River and its major tributaries (after De Villiers et al.,

Table 4.2

Table 4.3

Table 4.4

Table 4.5

2000) (Data from Hart, 1985; Martins and Probst, 1991).

Calcite (CaCOs), terrigenous fraction and total organic carbon content (TOC) in wt% and
613C0rg and trace element (in ppm) composition of the clay fraction (<2um) from onshore
source soil, river suspended load, river bank and Orange River palacoflood deposits, as well
as from offshore northern mudbelt (off the Holgat River) and slope cores.

Clay fraction (<2um) rare earth element distribution (in ppm) of onshore and offshore sites.

73r/%Sr and "*Nd/ 144Nd, analysed by TIMS and MC-ICP-MS, and calculated eyq4 for onshore
and offshore samples.

Statistical results of laser grain-size analysis (LGSA) from the terrigenous fraction of onshore
and offshore samples.

11

11
16

33/34

36

37
61

93

107-
109

110-
112
115

130

viii



LIST OF FIGURES

CHAPTER 2

Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Map of the distribution of core sites in this study from the western continental margin of South
Africa. The extent of the mudbelt (Rogers and Bremner, 1991), regional bathymetry (Birch et
al., 1986) and location of onshore Orange River palacoflood deposits are shown.

Locations and vertical sections of Middle Orange River palacoflood deposits at sites F and G
near the town of Prieska.

Variations in the coarse-silt size fraction (38-63um) for Holgat River cores GeoB 8331, 8332
and 8333, and for the Buffels River core GeoB 8327 (data from MacHutchon, 2003).

Sedimentation rates for northern mudbelt cores GeoB 8331 and 8333 from off the Holgat
River (a) and GeoB 8327 off the Buffels River (b).

CHAPTER 3

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11
Figure 3.12

Figure 3.13

Figure 3.14

The terrigenous mudbelt on the shelf and the Benguela Upwelling System (after Wefer et al.,
1996) on the western margin off South Africa. Offshore shelf and slope core sites and
onland sampling sites are shown.

Bathymetric map of the western margin shelf showing the extent of the mudbelt (Birch et al.,
1991; Rogers and Bremner, 1991), bathymetry after Dingle ef al. (1976). Locations of core
sites and seismic profiles in this study (Schneider ef al., 2003) and core sites from Meadows
et al. (1997), Dale and McMillan (1998) and Compton et al. (2000) are included.

Stratigraphic columns, calibrated radiocarbon ages (Herbert and Compton, 2007) and
cumulative grain-size trends for the multicore and gravity core from site GeoB 8333 (118
mwd) off the Holgat River. Bulk sediment geochemical trends and geophysical logs
(Schneider et al., 2003) are shown.

Stratigraphic columns, calibrated radiocarbon ages (Herbert and Compton, 2007; Weldeab et
al., pers comm., 2004) and cumulative grain-size trends for the multicore and gravity core
from site GeoB 8332 (115 mwd) off the Holgat River. Core geophysical logs (Schneider et
al., 2003) and bulk sediment geochemical trends are included.

Stratigraphic column, calibrated radiocarbon ages (Herbert and Compton, 2007) and
cumulative grain-size trend for the gravity core from site GeoB 8331 (97 mwd) off the
Holgat River. Core geophysical logs (Schneider et al., 2003) and bulk sediment geochemical
trends are included.

Stratigraphic column, calibrated radiocarbon ages (Herbert and Compton, 2007) and
cumulative grain-size trend (MacHutchon, 2003) for the gravity core from site GeoB 8327
(88 mwd) off the Buffels River. Core geophysical logs (Schneider et al., 2003) and bulk
sediment geochemical trends are included.

Stratigraphic column, calibrated radiocarbon ages (Herbert and Compton, 2007) and
cumulative grain-size trend (Steinberg, 2007) for the gravity core from site GeoB 8323 (92
mwd) off the Olifants River. Core geophysical logs (Schneider et al., 2003) are included.

Photomicrographs (A to E) of mudbelt core base, high-energy sand that contains reworked
Pleistocene material.

Well-cemented faecal pellet from the sand fraction of gravity core GeoB 8331 off the Holgat
River.

(A and B) SEM images and EDS analysis of a mudbelt phosphorite-glaucony grain,
reworked from underlying Pleistocene deposits.

Photomicrographs (A to F) of prodeltaic, low-energy mudbelt sand fractions.

The >125 um fraction from a storm sand deposit at 1.77 mbsf in mudbelt core GeoB 8332
off the Holgat River.

Representative photomicrographs (A and B) of the diatomaceous ooze from 5.45-5.50 mbsf
in core GeoB 8333 off the Holgat River.

SEM images (A to C) of pyrite framboids that are common in the prodeltaic mudbelt.

10

12

14

17

23

25

39

41

42

44

45

46

47

48

50
51

52

54

X



Figures

Figure 3.15  Photomicrographs (A and B) of oxidized surface mudbelt sand fractions. 54
Figure 3.16  Photomicrographs (A and B) of prodeltaic, low-energy mudbelt coarse silt fractions. 55
Figure 3.17  Sand-sized (>63 wm) gypsum grains from mudbelt core GeoB 8331. 56

Figure 3.18 High resolution seismic profile and interpreted section from offshore of the Holgat River, 68
with equivalent position of core sites GeoB 8331, 8332 and 8333.

Figure 3.19  Seismic profile and interpreted section from offshore of the Buffels River, showing projected 69
position of core site GeoB 8327.

Figure 3.20  Seismic profile and interpreted section from offshore of the Olifants River, with equivalent 70
position of core site GeoB 8323.

Figure 3.21  Correlation of coarse silt fraction trends from deep to shallow water offshore of the Holgat 73
River (GeoB 8333, 8332 and 8331) and from north to south along the mudbelt from offshore
of the Holgat, Buffels (GeoB 8327) and Olifants (GeoB 8323) rivers.

Figure 3.22  Relative sea level change over the past 100 ka on the South African margin (Ramsey and 75
Cooper, 2002) and the past 10 ka on the western margin of South Africa (Compton, 2001,
2006).

Figure 3.23  The depositional history of the northern mudbelt, interpreted using a seismic profile from off 77
the Holgat River.

Figure 3.24  Areal changes in the depo-centre of the mudbelt on the middle-inner shelf during the 78
Holocene with present day bathymetry.

CHAPTER 4

Figure 4.1 Bathymetry (after Dingle et al., 1976; Dingle and Hendey, 1984; Dingle et al., 1983; 92
Partridge and Maud, 1987; Shannon and Nelson, 1996) and oceanographic processes (after
Lutjeharms, 1996; Shannon and Nelson, 1996) off western South Africa. The onshore
geology (CGS, 2006) of the major drainage basins feeding the western continental margin is
also shown.

Figure 4.2 Schematic cross section across the Orange Shelf offshore of the Holgat River (after Corbett, 95
1996; Wigley and Compton, 2006).

Figure 4.3 Distribution of surficial sediments on the western margin of South Africa showing the 97
sediment texture (A), composition (B) and organic matter content (C) (after Rogers and
Bremner, 1991).

Figure 4.4 Conceptual model of oceanic processes in the Benguela Upwelling System during active 99
upwelling (A) and quiescent (B) periods.

Figure 4.5 The location and vertical sections of the sampled onshore Middle Orange River palacoflood 102
sites D, F and G located near the town of Prieska.

Figure 4.6 (A and B) The distribution, sources and ocean transport of clay minerals in the modern 114
South Atlantic (modified from Kuhn and Diekmann, 2002; Diekmann et al., 2004).

Figure 4.7 Radiogenic isotope trends in onshore and offshore terrigenous clay fractions from the 116
western margin; (A) 8781/3%Sr vs. 1/Steone,s (B) €ng VS. 1/Ndeone and (C) &g Vs. 87Gr/%sr,

Figure 4.8 PAAS normalized rare earth element (REE) distributions for terrigenous clay fractions from 118
(A) onshore river suspended loads and river bank deposits, (B) onshore Middle Orange
River palaeoflood deposits and (C) for the offshore mudbelt off the Holgat River.

Figure 4.9 Trace element discrimination plot showing the distribution of offshore terrigenous clay 119
fraction compositions compared to onland soil and river clay fractions.

Figure 4.10 PAAS normalized REE distributions for terrigenous clay fractions from (A) river suspended 124
loads and river bank deposits, (B) Middle Orange River palacoflood deposits and (C) for the
mudbelt off the Holgat River.

Figure 4.11 Onshore terrigenous grain size distributions, determined by laser grain size analyser 129

(LGSA).
Figure 4.12  Offshore terrigenous grain size distributions, determined by LGSA. 132
Figure 4.13  Terrigenous sediment dynamics model for the western margin of South Africa. 134

Figure 4.14 Western margin slope steepness (A) and areas of maximum internal wave and tide 137
dissipation (B) (from Swart, 2008), with studied slope sample sites superimposed.




Figures

Figure 4.15

Correlation between shelf (mudbelt) and slope total organic carbon (TOC) content and
selected trace elements (U, Ni, Cu, Ba and Mn).

CHAPTER 5

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Relation between relief, average annual rainfall (blue isohyets) (South African Weather
Bureau; Compton et al., submitted A) and average annual sediment production (from
Bremner et al., 1990, modified after Rooseboom, 1975) in the Orange River catchment.
Discussed southern African palacoclimate record sites are included.

The distribution of main southern African vegetation biomes. Modified after Scott and Lee-
Thorp (2004).

(A) Present day austral summer and winter atmospheric circulations over Africa (from
Nicholson, 2000). (B) Schematic of zonal Walker Circulation displacement during Southern
Hemisphere El-Nifio-Southern Oscillation (ENSO) conditions (from Tyson and Preston-
Whyte, 2000).

Variations in mudbelt clay content and clay fraction geochemistry, used to interpret changes
in Orange River suspended loads and catchment climate. Ages of onshore Orange River
palaeoflood deposits (Zawada et al., 1996, 2000; Herbert and Compton, 2007) are included.

The mudbelt clay content record compared to high-resolution southern African SRZ
(Makapansgat speleothem, Lee-Thorp et al., 2001, Holmgren et al., 2003; Wonderkrater
pollen, from Scott, 1999), Antarctic (Taylor Dome, Steig et al., 2000) and Greenland (GISP
II, Grootes et al., 1993) ice core records. Precessional summer insolation at 15°S and 65°N
are included.

141

152

154

155

160

166

Xi



