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PREFACE 

This volume contains papers presented at the Southern African Association of geomorphologists' 
Biennial Conference held at Rhodes University, 28'h June to 151 July 1998. It contains those papers and 
extended abstracts which had been received by the time of going to press, 17 out of a total of3 7 oral and 
poster presentations. A full compilation of abstracts is given in a separate volume. The papers are 
presented as submitted as camera ready copies by the authors with minor editing. This is the first time 
that a pre-published proceedings has been put together for a SAAG conference. It is hoped that it will 
provide a useful, if incomplete, record of papers presented. 

SAAG traditionally keeps its conference theme open to encourage all members to come together to share 
their research activities. This year we have encouraged papers under a number of sub-themes which are 
all represented in this volume. The papers represent the broad scope of geomorphology in southern 
Africa. Environmental change and soil erosion are seen to be particularly strongly represented at the 
conference. 

As conference convenor I would like to take the opp~rtunity to thank all those who have contributed to 
the success of this conference: all our sponsors listed on the title page, our host Rhodes University, the 
SAAG council members who doubled up as the Organising Committee, the postgraduate students who 
volunteered their help as drivers, projectionists and messengers during the conference, our keynote 
speakers, excursion leaders and all others who have helped smooth the way to a successful conference. 
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Meadows: Quaternary change and geomorphology 

Abstract 

Quaternary environmental change and 
the geomorphology of southern Africa 

Michael E Meadows 
Department of Environmental & Geographical Science 

University of Cape Town 

The paper begins by examining the question as to why it is important to study Quaternary environmental change in the 
context of southern Africa in particular. The Quaternary has been a crucial period in earth history and has been 
characterised by repeated climatic changes of considerable amplitude; analysis of these fluctuations reveals the ubiquity 
of change and the fundamental dynamism of earth systems. Change is normal and, despite the fact that southern Africa 
was not subject to Quaternary glaciation per se, the influence of variations in, say, amount and seasonality of rainfall, 
has been very marked indeed. The Quaternary also represents the time period during which people have become a 
dominant environmental agent in the sub-continent. 

The relationship between geomorphology and climate in southern Africa is then explored, revealing the degree and 
extent to which landscapes here are determined by changing environmental conditions, especially during the Tertiary 
and Quaternary; how apparent is the legacy of the past? This leads to a consideration of the types of geomorphological 
evidence, some more reliable than others, that can be utilised in order to reveal the details of Quaternary environmental 
changes. Arid and semi-arid landscapes appear to preserve more evidence of former environmental conditions, 
although high contemporary erosion rates and the paucity of long terrestrial sedimentary sequences hinder their 
complete elucidation. 

The paper goes on to explore two case studies of Quaternary change in the subcontinent, with examples from the 
southwestern Cape and Namibia. These examples document the increasing intensity of human impact on landscapes to 
the extent that people now play the dominant geomorphological role, especially in semi-arid and coastal areas. The 
conclusion offers pointers as to how geomorphological evidence of Quaternary change can be used to assist in the 
better management of contemporary and future environmental conditions. 

Introduction: the importance of the southern African Quaternary 

The Quaternary geological perio~, approximating the last 2 million years of earth history, is 

attracting increased levels of scientific scrutiny. The reasons for this are varied, but paramount 

among them is the imperative of understanding environmental changes of the past as a key to 

more appropriate management of changes evidently occurring at present and in the future. The 

logic is irrefutable: the historical (i.e. documentary) record of climate change is impossibly short 

and a full comprehension of the dynamics of contemporary environmental systems, i.e. 

distinguishing 'noise' from 'oscill~1tions' and 'trends' requires a much longer time perspective. 

Study of the Quaternary not only teaches us the ubiquity of change but also the detailed 

responses of the flora and fauna (including our own species) to such change. In short, the 
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Meadows: Quaternary change and geomorphology 

Quaternary is the archive against which we can measure the nature, causal factors, frequency and 

magnitude of contemporary environmental dynamics. But what of the southern African 

Quaternary in particular? There are at least eight underlying reasons why we should seek a more 

comprehensive understanding of Quaternary environmental changes in this sub-continent and 

why geomorphologists need to practice their science with these changes in mind. 

• Arguably the most compelling reason for engaging in a study of the Quaternary in the region 

is that we know so little about it. Despite the publication of a comprehensive review (Deacon 

& Lancaster, 1988), and numerous attempts at 'synthesis' based on the available evidence 

(see, for example, Partridge et al., 1990; Partridge, 1993), some of which is geomorphological 

in nature (Meadows, 1988; Marker, 1998) the number of sites which have revealed reliable 

Quaternary sequences remains relatively small in relation to the geographical area of the sub

continent. By way of example, the distribution of South African sites which have revealed 

evidence of Quaternary vegetation history is shown in Figure 1 (after Scott et al., 1997); large 

areas, in particular the semi-arid Karoo and Kalahari are all but devoid of such studies. Other 

regions by comparison, especially North America and NW Europe have markedly better 

coverage and the syntheses of Quaternary environmental change are, accordingly, both more 

detailed and reliable so that the Quaternary stratigraphy of these areas is well established. 

Figure l hereabouts 

• The sub-continent has provided the geographical locality for the speciation events which 

culminated in the evolution of Homo sapiens sapiens. Precursors of our own species, like 

Australopithicus africanus (the famous Mrs Pies at Sterkfontein, for example), are testimony 

to southern Africa's rich palaeontological heritage. Given the socio-economic circumstances 

prevailing here, southern African nations should amplify their ecotourism attractiveness by 

emphasising the sub-continent's role in hominid evolution; a deeper understanding of the 

environmental backdrop to that evolution can only help to make the palaeoenvironmental 

picture more lucid and marketable. 

• The climate of southern Africa is inherently variable on a wide range of time scales (see 

Tyson, 1986), through seasonal, annual, decadal up to millenia! and beyond. This manifests 

itself particularly in terms of fluctuations in the amount and seasonality of rainfall; for 

example Tyson et al. (1975) have described the importance of a spatially-coherent 18-year 

oscillation in rainfall values over the summer rainfall region for the meteorological record 

2 
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Localities with evidence for Quaternary vegetation history (after Scott, et al., 

1997). AB, Abbot's Cave; AL, Alexandersfontein; AN, Aliwal North; ANY, 

Anysberg; AP, Apollo Cave; BA, Badsfontein; BC, Border Cave; BL. 

Blydefontein; BO, Boomplaas; CE, Cederberg; CF, Cape Flats; CL; Clarens;; DP, 

Deelpan; DR, Drotsky's Cave; ED, Eastern Cape Drakensberg; EK, 

Eksteenfontein; EQ, Equus Cave; FL, Florisbad; GV, Groenvlei; HA, Haaskraal 

Pan; HK, Hangklip; INY, Inyanga Mountains,; KA, Kathu Pan, KUI, Kuiseb 

River; LH, Lesotho Highlands; ME, Melikane Cave; MI, Mirabeb; MO, Moreletta 

River; NO, Norga; NU. Nuweveldberge; OTJ, Otjikoto Lake; PO, Port Durnford; 

PS, Pretoria Saltpan; RC, borehole RC 13-229; RI, Rietvlei Dam; RO, Rose 

Cottage Cave; RV, Rietvlei; SC, Scot; SN, Sneeuberg; SV, Sossus Vlei; TV, Tate 

Vondo; VO, Voordrag; VV, Verlorenvlei; WH, Windhoek; WI, Winterberg; WO, 

Wonderkrater; WW, Wonderwerk Cave. 

3 



Meadows: Quaternary change and geomorphology 

(1910 to 1972). The existence of such fluctuations over longer time periods is also apparent 

and it becomes clear that significant variations in the patterns of precipitation and 

temperature, some of which are in phase with global climate-forcing factors such as the 

perceived solar radiation changes due to orbital eccentricities (Partridge, 1997a) are · a key 

component of southern Mrica's environmental situation and one that needs to be elucidated 

as far as possible. 

• Integral to the variability of rainfall and other climate elements is issue of natural resource 

management. The economy of southern Mrican nations is based primarily on resource 

extraction, the agricultural and pastoral component of which is strongly responsive to climate 

variability. We owe it to the people of southern Mrica to attempt to glean an understanding 

of the details and mechanisms underlying environmental change in order to more reliably 

manage our increasingly stressed agricultural resources. Comprehending the regional and 

sub-continental scale environmental changes in the context of General Circulation Models 

which generate scenarios of future climate conditions is an important goal; Quaternary data 

play a significant part in achieving that goal. 

• A resource-related issue is the problem of desertification in southern Mrica. Initially 

formally identified as an environmental problem in South Mrica by Acocks (1953) in the 

light of his observations concerning the alleged expansion of the Karoo into the grassland 

biome, the debate as to the nature and extent of desertification has been a lively one here (see 

Dean et al., 1996), although there remains little doubt that at least some parts of the sub

continent are subject to severe levels of land degradation in response to mismanagement 

against a backdrop of unreliable precipitation. Associated physical environmental 

implications include soil loss by wind, surface wash and gullying; indeed, such 

geomorphological impacts have been widely described in the region (Dardis, et al., 1988). 

Again, however, such work needs to be placed in the longer temporal context, for there has 

been a tendency for the symptoms of land degradation (e.g. gullies) to be attributed to recent 

human impacts, wherein many may have been in existence for much of the late Quaternary 

and therefore represent a long term adjustment of the landscape to environmental dynamics 

(Garland & Broderick, 1992). 

4 
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• Much has been written about the prolific biological diversity of southern Africa (especially 

among flowering plants, see Huntley, 1994). This in itself represents yet another important 

reason for examining Quaternary environmental changes with a view to establishing the 

factors underlying the evolution and development of the patterns of biodiversity. But the sub· 

continent is also diverse from the perspective of geomorphology; the wide variety of 

geological substrates, a diversity of contemporary climatic conditions (ranging through hyper

arid, to mediterranean-type, to humid sub-tropical) and an altitudinal range from sea level to 

more than 3 000 m combine to produce an impressive array of landscapes and 

geomorphological features. The 'geo-diversity', has been influenced by, and in some cases 

has been a consequence of, Quaternary environmental change and this provides a further 

justification for their elucidation. 

• The southern hemisphere occupies a key position in the global climate system because, in 

comparison to the northern hemisphere, it is much more oceanic in character and therefore 

plays the dominant role in redistributing solar radiation energy. Climate is closely linked to 

oceanic circulation, a linkage which is manifested in the salinity and temperature gradients 

producing the thermohaline circulation, or conveyor, which ultimately transfers North 

Atlantic Deep Water to the southern oceans and in the process impacts on global energy 

distribution (Broecker et al., 1985). An understanding of Quaternary environmental changes 

within and offshore southern Africa becomes a significant element in the reconstruction of the 

dynamics of this thermohaline conveyor {the return limb of which passes offshore of the sub

continent from east to west) which has been held responsible for sub-Milankovitch scale 

global climate changes such as the Younger Dryas at the end of the last glacial (Broecker & 

Denton, 1990). 

Quaternary change in southern Africa: what do we know? 

Of course we know that the impact of Quaternary environmental changes in the polar and 

temperate latitudes was enormous, and that ice sheets and glaciers expanded and contracted 

numerous times during this period. The details of these events are sufficiently well documented 

to have facilitated the construction of a chronostratigraphic sequence of divisions for many parts 

of the northern hemisphere, most particularly North America and Europe (Dawson, 1992) but for 

the rest of the world the situation is subject to considerable uncertainty, the more so in the largely 
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unglaciated parts of the sub-tropics and tropics where the geomorphological impacts of 

Quaternary environmental change may have been relatively more cryptic. For largely semi-arid 

southern Mrica, where conditions were not conducive to glaciation during the Quaternary 

(unlike South America, see Clapperton, 1993), the impact of fluctuations in precipitation has had 

a greater influence on the landscapes than that of temperature (Meadows, 1988). This is not to 

deny that temperature change was significant, but rather that variations in moisture availability 

have a proportionally greater effect on plant growth (and therefore on geomorphological 

conditions) in situations of low rainfall. 

What, then, do we know of the details of climate and environmental change during the 

Quaternary of southern Mrica? As pointed out earlier, there is relatively limited evidence 

available, but there a broadly consistent pattern of change has emerged for the sub-continent. Of 

great~st value have been the reconstructions, albeit scarce, of environmental conditions based on 

extended sedimentary sequences, paramount among which is that from the Pretoria Saltpan (see 

Partridge et al., 1993). Some important conclusions emerge from this multi-disciplinary study, 

principal among them being that southern Mrican Quaternary climate change has occurred in 

phase with orbital-forcing of summer insolation (Partridge et al., 1997), i.e. it has responded in 

concert with global-scale events such as Milankovitch-type precessional perturbations (Figure 2). 

It also emerges that the changes have been of considerable magnitude. Well-defined periodic (23 

kyr) variations in rainfall are evident in the sedimentary record at Pretoria Saltpan, revealing that 

subtropical precipitation in southern Mrica is sensitive to late Pleistocene variations in insolation 

forcing .to the extent that an increase in summer insolation of 15% corresponds to an 

approximately two-thirds increase in mean annual precipitation. Mean annual rainfall minima, 

being around 560 mm, are interpreted by Partridge et al. (1997) as being reached around the time 

of the Last Glacial Maximum, and suggest desiccation was widespread in southern Mrica at the 

time. There are indications, however, that the coincidence of aridity with coolest temperatures, 

may not have prevailed across the entire sub-continent; for example, Meadows and Baxter (1998) 

allude to the likelihood of a wetter LGM in the western Cape and Shaw and Thomas (1996) 

record a wetter Kalahari out of phase with other sub-tropical deserts. Certainly there are 

indications of regional variations in climate response, not surprising perhaps given the high 

degree of contemporary climatic complexity. What is clear from the available information is 

that, except for higher altitude areas, fluctuations in precipitation, both in terms of annual amount 

and seasonality, are the really key elements of climate change in the late Quaternary of southern 

6 
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Figure 2: 
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Africa. Temperature changes are not insignificant, but variation in moisture availability is more 

likely to drive changes in other environmental variables, especially those associated with 

geomorphology. Not all the changes evident are related to orbital-forcing. An impressive 

sequence of luminescence dates on aeolian material from in and around the Kalahari (Stokes et 

al., 1997a, 1997b; Thomas et al., 1997) offers support for an Atlantic Ocean sea surface 

temperature mechanism in driving episodic aridity in the region. 

Figure 2 hereabouts 

What remains to be uncovered regarding the details of Quaternary environmental changes? The 

impacts of these large amplitude fluctuations in precipitation on the physical geography of the 

sub-continent are inadequately resolved. The problem of differential response between regions 

also remains cryptic, especially with respect to the semi-arid and mediterranean-climate regions, 

where long sedimentary sequences are very scarce. This is especially important because, 

arguably, these landscapes bear the imprint of Quaternary changes more strongly than others. 

Perhaps the most significant outstanding issue, however, is the relative roles of human activity 

and climate change in determining environmental characteristics. In order to properly assess the 

response of southern African landscapes to future climate change, we need to establish a clearer 

picture of the nature and extent of anthropogenic forcing in the past. For example, the question 

as to whether soil erosion is accelerating under the influence of increased resource utilisation 

requires a perspective that only palaeogeomorphology can provide. 

The geomorphological importance of the Quaternary: how do we know what we know? 

The answer to this question is dependent on scale. Any landscape is a cumulative product of 

processes which have operated over millenia. With the exception of arid and semi-arid regions 

of southern Africa, the degree of impact of Quaternary events at the landscape scale is relatively 

covert. Thus, larger scale landforms owe their overall morphologies to the sequence of long term 

geological events; Table Mountain in Cape Town, for example, is dominated by lithological, 

structural and geomorphological processes operational over several hundred millions of years. 

Partridge (1997b) reviews the evolution of southern African landscapes and concludes that that 

the large scale physiography of the sub-continent is a function of events that were set in motion 

by the break-up of Gondwanaland. Not surprisingly, perhaps, large scale geomorphic features 

are generally a product of longer term geomorphic processes. At a smaller spatial scale, 

however, we begin to appreciate the importance of environmental change during the Quaternary; 

8 
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the gully systems developed on the granites and shales of the lower slopes of Table Mountain are 

largely a response to Quaternary environmental events and, in particular, human activities 

resulting in accelerated erosion (Rossouw, 1997). Indeed, although accelerated erosion may have 

occurred throughout the geological record in response to changing climate and base level, in 

southern Africa the currently observed soil erosion phenomena, such as sheetwash and donga 

formation, may be considered as essentially Quaternary manifestations. 

Some entire landscapes are indeed more obviously a product of Quaternary events, in particular 

depositional coastal landforms (dunes, estuaries etc.) and the aeolian features of southern 

Africa's semi-arid and arid regions. This is especially true of the Kalahari, where an 

extraordinarily rich assembly of depositional and erosional landforms is preserved to document 

both wetter and drier phases over the last 40,000 years (Shaw and Thomas, 1996). Of especial 

interest are the linear dunes, now stabilised and occupied by savanna woodland vegetation, 

which dominate the landscapes of much of the modern Kalahari (Figure 3) and reflect altered 

palaeowind directions and markedly lower precipitation values at the time of their development. 

Figure 3 hereabours 

The foregoing discussion suggests that, with the exception of xeric and, perhaps coastal, southern 

African environments, evidence for environmental change has to be sought in relatively small 

scale features below the landform scale. Nevertheless, a wide array of types of evidence is 

available to facilitate reconstruction of the palaeoenvironments of the Quaternary. Types of 

evidence and associated implications were reviewed by Meadows (1988); depositional and 

erosional forms of periglacial, alluvial, colluvial, fluvial, lacustrine, aeolian, marine, 

speleological and pedological processes are abundant. The most significant recent development 

in this regard lies in the realm of chronology. Chronometry of Quaternary events has 

traditionally been reliant on radiocarbon dating, although this is limited in application to the last 

40,000 years and difficult to apply in dry environments because of problems with the 

accumulation of organic carbon. Various forms of luminescence dating have emerged in the last 

decade to offer a solution to the problem of dating inorganic sediments of Quaternary age. 

Whereas previously the development and evolution of landforms in, for example, the Kalahari, 

had to be inferred from gaps within subcontinental humid chronologies, Stokes et al. (1997a) 

have demonstrated the application of optically-stimulated luminescence dating in resolving a 

chronology based on sediments from within arid landforms per se. The dearth of long, 

9 
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Figure 3: 
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continuous sedimentary sequences of appropriate age remains, however, a key problem in the 

elucidation of Quaternary palaeoenvironments in southern Mrica. 

Two case studies 

In order to emphasise the importance of Quaternary events in the geomorphology of southern 

Mrica as a whole, three case studies are presented which demonstrate the logic of 

palaeoenvironmental reconstruction and the need for such information in the management of 

contemporary and future environments. 

The late Quaternary in the Western Cape Sandveld: Verlorenvlei 

Situated some 180 km north of Cape Town there is a small marine embayment occupied by the 

coastal fishing settlement of Elands Bay {32° 19'S; 18° 09'E), the significance of which, both in 

modern and prehistoric contexts, is largely attributable to the proximity of an aquatic ecosystem 

that provides valuable fresh water resources in an otherwise marginal, semi-arid coastal 

landscape. This unique wetland system, comprising a river, swamp and semi-estuarine coastal 

lake, is collectively referred to as Verlorenvlei {Figure 4). The site is characterised by a 

markedly seasonal (winter rainfall) semi-arid climate with mean annual precipitation of less than 

300 mm (Sinclair et al., 1986). Broadly speaking, Verlorenvlei falls within the Sandveld of the 

West Coast, a region of distinctive underlying geology (Malmesbury shales overlain by Tertiary 

to Recent unconsolidated sands) and an equally distinctive suite of associated plant communities 

whose constituent plant species commonly display a variety of xeromorphic features such as 

stem and leaf succulence, spinescence and microphylly (Sinclair et al., 1986; Baxter, 1997). 

Figure 4 hereabouts 

Sediment accumulations in and around Verlorenvlei have provided ample opportunity for various 

palaeoecological and palaeoenvironmental analyses to support the large volume of 

archaeological evidence which has been gleaned from adjacent cave and open sites (Parkington, 

1986). With this in mind, sequences of vertically-aligned, depth correlateable samples were 

derived from minimally disturbed and, where possible, highly organic sedimentary deposits in 

the wetland for subsequent palaeoenvironmental analyses (Baxter, 1997). The most promising 

site was identified at the distal, inland, end of the open water contemporary lake, on the farm 

Grootdrift (Figure 4). Initial pilot coring using a gouge auger was followed by the extraction of a 
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6 m vibracore (Lanesky et al., 1979) at what is now known as site GDV1 (Baxter, 1997). This 

was followed by a more intensive geotechnical drilling investigation culminating in the 

extraction of two longer cores, which produced 11.7 m and 17.5 m of intermittent sediment 

respectively (Baxter, 1997). Subsequently, the vibracoring technique was utilised to extract a 

series of six cores in a transect across the vlei at Grootdrift and these have been analysed for a 

wide range of palaeoenvironmental indicators (Baxter, 1997), most particularly fossil pollen. 

The various cores have been subjected to a wide range of physical, chemical and biological 

analyses, including those of particle size determination, geochemistry, stable isotope content, 

shell identification and fossil pollen content. Several of the cores have been dated by the 

conventional radiocarbon method and the remainder are chronologically correlated using 

appropriate stratigraphic and biological indicators. The sediment cores have been supplemented 

by material taken from several cave and open archaeological sites in the region (Baxter, 1997). 

Verlorenvlei and its environs, then, has been the object of intensive Quaternary 

palaeoenvironmental research during the recent past (Meadows et al., 1994; Baxter & Meadows, 

1994; Baxter & Davies, 1994; Meadows & Asmal, 1996; Meadows et al., 1996; Baxter, 1997; 

Meadows & Baxter, 1998; Baxter & Meadows, 1998; Parkington, in prep; Allsopp, 1998). 

While the foundation of much of this work has been palaeobotanical, based mainly on pollen 

and, to a lesser degree, charcoal analysis, a multiplicity of types of evidence has been employed 

on sediments in the wetland and on various cave and open sites within a 20 km radius. The 

resultant late Quaternary palaeoenvironmental picture is a remarkably detailed one. The last 

40,000 years in and around Verlorenvlei have witnessed a complex sequence of events in 

response to changing environmental inputs which include climate change (both temperature and 

precipitation variations are evident), vegetation change (in terms of biomass, cover and 

community structure), sea level change and human activity. Prior to the influx of colonial 

settlers during the past two hundred years, the dominant environmental determinants appear to 

have been sea level fluctuations and also climate (Baxter, 1997). The vegetation communities of 

the surrounding Sandveld have varied markedly in response to changing precipitation inputs and 

the Last Glacial Maximum emerges as a period with cooler temperatures and substantially higher 

moisture inputs, such that scrub forest (today a much restricted community in the area) was a 

dominant element (Baxter, 1997; Allsopp, 1998). 
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The palaeoenvironmental implications of this work are summarised in Figure 5. It becomes 

apparent that the most important influence on the pollen spectra of both cave sites and of the core 

sites in Verlorenvlei, especially throughout the Holocene, is changing sea level (see Figure 6). 

From the evidence at Grootdrift, it is clear that rising sea level from about 5500 BP onwards led 

to the development of a large estuarine embayment which extended the influence of marine 

conditions up to and beyond the Grootdrift coring sites. This is indicated by the occurrence of 

higher frequencies of pollen of xerophytic and halophytic taxa in the lower sediments and is 

supported by the nature of the sediments themselves (Meadows et al., 1994, 1996). Bearing in 

mind that the Verlorenvlei had in all probability up to this point been a freshwater or brackish 

lake, the consequences of this development, both geomorphologically and in terms of availability 

of resources for the human occupation of the region, must have been substantial. Markedly 

fluctuating sea levels postdate this period (Figure 6) and coincide with the cessation (or 

subsequent removal) of sediments accumulating at Grootdrift. The accretion of polleniferous 

sediments at nearby Spring Cave fills in the gap enforced by this hiatus (Baxter, 1997) and 

reveals a picture of salt marsh development at the coastal end of the Verlorenvlei in response to 

sea level regression. From a situation characterised by an open marine embayment or wide 

estuary, the mouth of the Verlorenvlei appears to have become progressively constricted, thus 

facilitating the colonisation of tidal mudflats by salt marsh vegetation. By the time European 

colonial settlers arrived in the area, the Verlorenvlei was effectively a freshwater lake isolated 

from the sea for most of the time allowing the spread of freshwater aquatic vegetation at 

Grootdrift. Subsequent changes in the environment of the region appear to have been strongly 

influenced by the activities of the colonists. Clearance of the shrubland vegetation, planting of 

crops and the introduction of domestic livestock in enclosed pastures are reflected in the 

palaeoenvironmental record at Grootdrift, which documents a decline in grasses, a reduction in 

vegetation cover and an increase in importance of asteraceaous elements which may well be 

predominantly the 'opslag' of over-grazed areas (Baxter & Meadows, 1994). Coincident with 

these events there is a substantially increased sedimentation rate (Meadows & Asmal, 1996), as 

shown in Figure 7. 

Figures 5, 6, 7 hereabouts 

Climate change per se is difficult to isolate from the available evidence, mainly because the 

pollen sequences are mainly indicative of local conditions. Considerably greater moisture 

availability is, however, strongly evident in the last glacial maximum sediments at Eland's Bay 

Cave (Baxter, 1997; Allsopp, 1998), a conclusion which is supported by several other lines of 
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evidence for the Western Cape region as a whole (Meadows & Baxter, 1998). The earlier part of 

the Holocene is not visible from the perspective of pollen evidence, but there are indications of 

somewhat drier conditions than currently prevail around the time of the high sea-level stand 

which may go some way towards explaining a frequently observed mid-Holocene occupational 

hiatus at Eland's Bay Cave and other shelters in the region (Parkington, 1986). 

Important conclusions may be drawn from the Verlorenvlei case study. Firstly, it is apparent that 

late Quaternary environments were highly dynamic entities in and around the Sandveld; 

secondly, the climatic events have left their mark on the sediments, while sea-level fluctuations 

impacted both sediments and coastal geomorphology (Figures 5, 6); thirdly, the impact of human 

activities over a relatively short time period (especially the last two hundred years) has had a 

major influence on characteristic sediments and rate of sedimentation. Indeed, humans, through 

vegetation clearance for agriculture, appear to have become the major environmental factor, and 

although they have not impacted on the large scale landforms, their imprint on current 

geomorphological processes is of considerable magnitude. 

Human impact on the Walvis Bay dunes 

Landscapes in the Walvis Bay area of Namibia (Figure 8) are the result of a complex geomorphic 

interplay between fluvial, marine and aeolian processes. Prominent landform features of the 

region include the Kuiseb Valley and Delta, various dunes of the Namib Sand Sea (including the 

dune field between Walvis Bay and Swakopmund), and the extensive gravel plains and exposed 

bedrock surfaces that extend northwards. Aeolian landforms dominate the geomorphology of the 

Walvis Bay area, most are currently active and in this sense the present day physiography, in 

essence a 'Quaternary' landscape is strongly influenced by currently or recently operational 

processes. Walvis Bay itself is presently experiencing a rapid rate of economic development 

and population growth and there is considerable concern regarding the dynamics of the 

surrounding dune systems, which appear to be invasive and threaten the future of the town 

(Soboil, 1996). 

Figure 8 hereabouts 

With this in mind, Soboil (1996) and Soboil and Meadows (in preparation) attempted to provide 

a more comprehensive understanding of the functioning and dynamics of the dunes in the Walvis 

Bay area. Three principle aims were identified, viz.: a) to describe and classify the various dune 
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types in the area, b) to analyse their historical dynamics by means of sequential aerial 

photography and c) to analyse the factors controlling the distribution, rates and direction of 

migration of the dunes. 

Three broad categories of dune were identified in the study area, namely: vegetated hummock 

dunes, crescentic dunes and linear dunes (Soboil, 1996). Each of these categories was sub

divided into various dune types, based on morphology, vegetation cover and distribution. 

Hummock dunes were split into coastal, river delta and flood-plain forms. Crescentic dunes 

were separated into barchans, small transverse barchanoids and large transverse barchanoids. Of 

the linear dunes, only complex linear types were identified in the study area. Each dune type has 

specific characteristics that determine the role they play in the study area, both ecologically and 

geomorphologically. Hummock dunes are significant in that they are typified principally by 

pioneer vegetation communities that provide an important refuge and food source for many 

desert animals. In addition, these vegetated dunes play a prominent role in trapping and 

stabilising the northward movement of unconsolidated sands in the study area. Crescentic dunes, 

by comparison, are generally characterised by little or no vegetation, are highly mobile and have 

been recorded migrating across the Kuiseb Delta at rates of up to 20 metres per year (Soboil, 

1996). Complex linear dunes are typically sparsely vegetated and more stable than the former, 

advancing at a rate of not more than 1-2 metres per year. 

In examining the landscape dynamics of the study site, multi-temporal comparisons of the 

various dune types were undertaken with the aid of five sets of aerial photographs, dating 

between 1943 and 1980. Each of the dune types identified, as well as other dominant features, 

was mapped with the aid of a PC ARC-VIEW GIS package. In addition, the area encompassed 

by each of these features for the various years was calculated. The results, illustrated in the form 

of maps for 1943 (Figure 9a) and 1980 (Figure 9b) reveal several trends that are linked primarily 

to the geomorphological role played by vegetation in the dune systems of the Kuiseb Delta. The 

most significant observations are as follows: 

• a reduction in the area covered by vegetated hummock dunes in the Kuiseb Delta 

between 1943 and 1980, with the area encompassed by flood-plain hummocks 

decreasing from around 28% to 15.6% and river delta hummocks from 11.5% to around 

6% (Figure lOa); 
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• an increase in the extent of mobile crescentic dune forms in the Kuiseb Delta for the 

same period, with the area encompassed by barchans increasing from 3.9% to nearly 

11% and small transverse dunes from around 12% to almost 28% (Figure lOb); 

• an increase in the overall size of the Swakopmund/Walvis Bay Dune Field between 1963 

and 1980, particularly along the northern leading edge which is dominated by mobile 

barchans and small transverse dune types (Soboil, 1996); 

• a decrease in the size of the salt marsh from an area of 53 km2 in 1963 to just 25 km2 in 

1980 (Figure 10c). 

Figures 9, 10 hereabouts 

These trends are in one sense indicative of a desertification process par excellence. This process 

has been attributed (Soboil, 1996) primarily to the reduction in the frequency and magnitude of 

flood events in the lower Kuiseb River that limits the provision of . water to deltaic shrubs and 

trees. This reduction appears to be a result of both natural and human-induced changes, caused 

by climatic fluctuations, upstream impoundments and inappropriate catchment land-use 

practices. These impacts are being compounded by the over-abstraction from aquifers in the 

lower Kuiseb River and Delta (Figure lOd), and the development of a 7.3 km long flood 

diversion wall (Soboil, 1996). The outcome of all of these processes has been a marked 

reduction in the competence of the Kuiseb River to transport northward migrating dune sand 

towards its mouth, and the subsequent spread of mobile dune forms in the Walvis Bay area. On a 

more local scale, the movement of sand, is also being influenced by off-road vehicles, urban 

expansion and the development of salt recovery pans. It is apparent that, unless flows with the 

magnitude to reach the sea and recharge groundwater levels become more frequent, the trends 

observed in this study will continue. Dune dynamics here are clearly sensitive to human 

disturbance (see also Harmse, 1988). 

What lessons can be learned from the Walvis Bay study? Most importantly there are indications 

that people can dramatically alter sediment dynamics and produce significant developments in 

aeolian processes. In an arid environment such as Walvis Bay, the major landforms of which are 

a product of essentially Quaternary geomorphological processes, this can produce wholesale 

changes in landform distribution. The landscape is sensitive to changes in vegetation cover, 
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which are in turn influenced strongly by management (or, more appropriately. mismanagement) 

factors.. Here, then, is an example of a Quaternary landscape being remoulded by anthropogenic 

forcing factors in such a way that humans are shown to have become the dominant 

geomorphological force even at the landscape scale. 

Discussion and conclusions 

Geomorphology, a science which describes the fundamental dynamism of landscapes, is in 

essence a study in environmental change. What transpires is that the Quaternary represents an 

especially dynamic phase of earth history; its close scrutiny reveals that landscape processes are 

sensitive to changes in climate and other environmental parameters. Moreover, it becomes clear 

that people can take on a dominant role in determining the type and rate of operation of 

geomorphic processes and that, under arid conditions especially, they can impact significantly on 

meso-scale landforms. 

How can such information be of practical use in southern Africa? Both case studies are pertinent 

in this regard. The Verlorenvlei example shows how what was once regarded as a 'pristine' 

environment (Baxter & Davies, 1994) · has in fact been progressively degraded through 

inappropriate land use management; the vlei itself has become choked increasingly by sediment 

derived from a catchment under intensified agricultural exploitation. This perspective has led 

Baxter & Davies (1994) to conclude that Verlorenvlei has reached a state of transitional 

ecological equilibrium in which it endures (thus far at least) a series of human-induced 

geomorphological and ecological changes; failing the timely implementation of an integrated 

environmental management plan, the integrity of this wetland remains severely threatened. The 

point here is that, without the insights of palaeoenvironmental information, the incipient 

degradation of the catchment and its wetland may well have remained cryptically disguised. The 

changes at Walvis Bay, on the other hand, have been more overt and have already directly 

impacted upon the socio-economic activities of the area (Soboil, 1996). In this case, the 

historical perspective has been useful in revealing the range of processes responsible for dune 

migration, information which is essential to the establishment of an effective management plan in 

order to combat its diverse environmental effects. Clearly, looking backwards plays an important 

role in stepping forwards! 
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Abstract 
To date, much of the evidence for Quaternary environmental change in arid areas has come from 

geomorphological sources such as sand seas, palaeolake shorelines, and dry valleys. It has been recently 

realized that other spatially discontinuous landforms, such as sand ramps or climbing and falling dunes, 

may also be of great value in reconstructing palaeoenvironments. The purpose of this study was to 

identify these topographical features, and then to classify these dunes as either sand ramps or climbing 

dunes. Sand ramps and climbing dunes are formed by the accumulation of migrating sand on both 

upwind and downwind sides of topographic barriers, yet they differ in the that sand ramps consist of 

aeolian, fluvial, colluvial, talus and palaeosol material, while climbing dunes consist entirely of aeolian 

sand (Thomas, 1997a). Topographical dunes from two regions of South Africa, namely the Upington 

area of the southern Kalahari and the Breede River Valley in the Western Cape, were examined. Samples 

from these regions were subjected to particle size analysis, scanning electron microscopy, pH and 

conductivity tests in order to determine their morphometric and fundamental chemical properties. 

Samples have also been submitted for optically stimulated luminescence dating. The results of the study 

show the topographical dunes to comprise homogeneous aeolian sand, indicating the features to be 

climbing dunes rathe~ than sand ramps. It is therefore suggested that future research regarding sand 

ramps in South Africa be conducted in semi-arid regions such as the Great Karoo where aeolian sand 

supply is a limiting factor, thus allowing the topographical dunes to be more sensitive to environmental 

changes, possibly causing sand ramps rather than climbing dunes to form. 
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Introduction 

The reconstruction of Quaternary climates is based on the concept that changes in climatic variables, such as 

wind regimes, temperature and precipitation, have implications for the development of landforms. On this 

basis, an understanding of the functioning of present day climatic variables and their influence on aeolian 

landforms can facilitate the use of a relict aeolian landform to infer the climatic conditions that prevailed in the 

past. Climate influences process, which in turn influences landforms and it is through this relationship that one 

can reconstruct past climatic conditions (Meadows, 1988). Palaeoenvironmental interpretations are dependent 

on appropriate identification of the landforms in question, as well as an indication that the landforms are indeed 

relict (Thomas, 1997b ); in other words, that they are not products of current geomorphic processes. Once the 

relict landforms have been identified, they should be compared to analyses of equivalent active modern 

analogues (Thomas, 1997b). Morphological and sedimentary evidence has suggested that the world's deserts 

have experienced a significant episodic expansion and contraction during the Quaternary in response to major 

tectonic and climatic changes (Thomas, 1997b). To date, most of the evidence for Quaternary environmental 

change in arid areas has come from landforms such as sand seas, palaeolake shorelines, and dry valleys. 

Recently, however, it has been realised that other spatially-discontinuous landforms may also be of great value 

in reconstructing palaeoenviroments. In areas that have a history of aridity, but are not conducive to the 

formation of sand seas, sand transport pathways and sand ramps, as well as climbing and falling dunes may 

provide evidence for climatic change. 

Definitions of Sand Ramps, and Climbing and Falling Dunes 

Sand ramps are formed by the accumulation of migrating sand on both or either upwind and downwind sides of 

topographic barriers where aeolian sand transport paths cross undulating terrain (Thomas, 1997a). They occur 

in areas where sand throughflow exceeds sand accumulation until a topographic barrier obstructs the flow of the 

sand (Thomas, 1997a). These barriers have been recognised as a nucleus for sand dune development, and a key 

to the identification of sand ramps is that they are found on the windward side of the topographic barrier 

responsible for their formation. However, some ramps may be so large that they surmount the obstacle 

(Zimbelman et al., 1995). This occurs by means of saltating sand moving up the windward slope of the ramp 

until it spills over the barrier and begins to form a falling dune on the lee side. Sand ramps generally have 

gradual gradients and are an amalgamation of aeolian sands, talus material, fluvial and colluvial sediments, as 

well as palaeosols which were formed during geomorphically stable periods (Lancaster and Tchakerian, 1996). 

They are potentially a major source of palaeoenvironmental information and may be useful indicators of the 

response of aeolian processes to climatic oscillations during the Quaternary. 
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Climbing and falling (obstacle) dunes are similar to sand ramps in that they also form against topographical 

barriers. The main difference, however, is that the former are more mobile and sometimes even migrate across 

the barriers (Thomas, 1997a). Obstacle dunes, consist entirely of aeolian material, while sand ramps consist 

mainly of aeolian material interspersed with colluvial, aJluvial, fluvial and palaeosol units (Thomas et al., 

1997). 

In order to understand fully the implications of using sand ramps and climbing dunes for palaeoenvironmental 

interpretation the factors controlling aeolian transportation along these sand transport pathways and those 

factors controlling deposition should be determined, thereby establishing a modern analogue. The major 

controls on deposition and formation of topographical dunes are wind direction and strength, available sediment 

supply, precipitation and, therefore, vegetation cover (Thomas, 1997a). Sand ramps and climbing dunes are 

found in arid (50 mm of rainfall per year) to semi-arid ( -150 - 350 mm of rainfall per year) climates. The slope 

of these ramps varies between 3° and 31°, although those sand ramps with slopes >25° are classed as falling 

ramps (Lancaster and Tchakerian, 1997). In the Ardakan Desert in Iran, slopes were found to be between 5° 

and 10° (Thomas et al., 1997). In the Great Karoo, South Africa, Marker and Holmes (1993) found the mean 

slope of a sand ramp to be 8°. Climbing dunes, however, are found to be much steeper, with the sand lying close 

to its angle of repose (Thomas et al., 1997). Surfaces of sand ramps are often undulating, covered in talus 

material and vegetation, and can be deeply incised by rivers (Lancaster and Tchakerian, 1997). Climbing 

dunes, on the other hand, although often partially-vegetated, tend not to be covered by talus material due to 

their steep slopes. Both sand ramps and climbing dunes occur mainly on the windward side of topographical 

barriers, and spatial patterns are dependant on the availibility of sand in the region (Lancaster and Tchakerian, 

1997). Mobility of the sand is dependant on the amount of vegetation cover in the area, but is also directly 

related to wind velocity (Lancaster, 1987). According to Lancaster (1987), 4.5 m·1 is the threshold wind 

velocity for sand movement in the southern Kalahari. This paper is not concerned with the details of the effects 

of the above mentioned factors on topograhical dune formation. Suffice to say, further research is necessary in 

order to establish how these controls interact with each other to influence the formation of sand ramps and 

climbing dunes. Examples of sand ramps are reported from Tchakerian (1991); Rendell et al (1994); 

Zimbelman et al (1995); Lancaster and Tchakerian (1996); Rendell and Sheffer (1996); Tchakerian (1997); 

Marker and Holmes (1993); and Thomas et al (1997). 
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The Potential Use of Topographical Dunes as Palaeoenvironmental Indicators 

Wind and precipitation levels are the two most important factors in determining sand movement and deposition 

(Thomas, 1997a). Relict sand dunes can therefore be used to reconstruct palaeocirculation patterns as well as 

to define the past and present extent of aridity in an area (Lancaster, 1981). Sand ramps and climbing dunes are 

especially useful in determining palaeowind directions, since the sand accumulates on the windward side of the 

barrier, and only sometimes creeps over to the leeward side. In addition, precipitation levels influence 

vegetation cover (i.e. an increase in precipitation leads to an increase in vegetation cover), and thus climbing 

dunes are also indicative of fluctuations in precipitation (Thomas, 1997b). Where palaeosols are evident in the 

sand ramp sequence, and where sand accumulation decreases, one can infer increases in precipitation levels. 

Temperature can also affect the aridity of an area, as it affects evapotranspiration rates which are important for 

soil moisture and density of vegetation cover (Thomas and Shaw, 1991). Changes in temperature, however, are 

difficult to detect through the analysis of sterile dune sediments. Thus in order to determine temperature 

oscillations, other types of fossilised evidence such as the pollen found in the palaeosols of sand ramps should 

be used (Summerfield, 1991). 

From a palaeoenvironmental perspective, one of the most valuable aspects of sand ramps is that the multiple 

accumulations of sand, interspersed with periods of soil formation, provides an indication of climatic 

oscillations. During dry phases, sand migrates along sand transport pathways and accumulates against 

topographical barriers (Tchakerian, 1997). When there is an increase in precipitation and therefore a 

corresponding increase in vegetation in the area (Thomas and Shaw, 1991), sand accumulation is minimised, 

and soil formation takes place. At a coarse scale, therefore, sand ramps may reflect changes in precipitation. 

By examining the soil horizons present, the cyclicity of sand transport along these pathways can be determined 

(Zimbelman et al., 1995). In addition, pollen may be found within the palaeosol stratigraphy, and thus pollen 

analysis on the sand ramps may be possible in order to further indicate the type of climate experienced in the 

region at the time of soil formation. Furthermore, the material within sand ramps can be dated using 

luminescence dating of sterile sediments, and radiocarbon dating of organic sediments, thereby obtaining a well 

resolved chronological sequence of the sand ramp. 

Evidence of Quaternary environmental change in arid areas can also be derived from the sedimentological 

analysis of topographical dunes. In the rocky areas of topographic barriers above these dunes, there is the 

possibility that colluvial material may be eroded and then deposited on top of the climbing dune or sand ramp. 

The elucidation of a different type of environment will therefore become apparent through this sequence of 

deposited colluvial material. 
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Limitations 

Despite their great potential, sand ramps and climbing dunes have limitations as palaeoenvironmental 

indicators. A major limitation of using topographical dunes to reconstruct climate change is that the 

transportation and deposition of sand may occur under a variety of arid and semi-arid conditions, and thus the 

degree of aridity of the landscape is often uncertain (Thomas, 1997b). Furthermore, the conditions necessary 

for the formation of topographical dunes may form as a result of an increase in windiness, rather than merely a 

decrease in precipitation levels (Thomas, 1997b). Research has previously highlighted one of the fundamental 

problems with reconstructing arid environments is that of dating (Lancaster, 1981). In dryland areas, sediments 

are often devoid of organic material and can therefore not be dated using radiocarbon dating (Tchakerian, 

1994). With current refinements in the technique of thermoluminescence, and more recently optically 

stimulated and infra-red luminescence dating (which can be applied to sterile quartz and feldspar sediments), 

detailed chronologies of dryland regions are now beginning to emerge (Shaw and Thomas, 1996). 

The southern Kalahari and Breede River Valley: Sand Ramps or Climbing Dunes? 

This research is concerned with the identification of aeolian depositional features in South Mrica, and the 

evaluation of these landforms as indicators of environmental change. Two study areas in South Mrica which 

display semi-arid climatic characteristics have been selected. These topographically controlled aeolian 

depositional landforms were selected according to their location in the summer and winter rainfall regions of 

South Mrica. At present, most southern Mrican investigations into the palaeoenvironmental potential of 

aeolian deposits has occurred within the summer rainfall zone (Holmes, 1998), and thus the Breede River 

Valley sand ramps may help to elucidate environmental changes in a winter rainfall region. In addition, the 

sites are invaluable as they may provide insight into the palaeoenvironmental summer rainfall versus winter 

rainfall "synchronous" controversy in South Mrica. The first study area comprises four topographically 

controlled dunes in the southern Kalahari, near Upington, on the border of the Kalahari Dune Desert (Figure 1 ), 

and the second study area comprises three topographical dunes in the Breede River Valley region near 

Robertson in the southwestern Cape (Figure 2). 

The main aim of this paper was to identify spatially-discontinuous topographical dunes, and to research whether 

they are sand ramps or climbing dunes. The first objective was to identify these topographical dunes with the 

aid of aerial photographs, and then to ground truth them. Secondly, field sampling and laboratory analysis were 

used, to establish the identity of these dunes and classify them as either sand ramps or climbing dunes. Finally, 
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observations made in the field. The Cape Syntaxis (i.e. the Cape Fold Mountain Belt) dominates the area, and 

these mountains are separated by wide intermontane valleys (Gresse and Theron, 1992) which have been 

cultivated for vineyards, although the steeper slopes are covered by Arid Fynbos and Karroid Broken Veld of 

the Little Karoo (Acocks, 1988). The Bokkeveld and Witteberg bedrock is overlain by rounded boulders and 

clasts supported by finer-grained alluvium of up to approximately 15 m thick. In addition, the Cape Syntaxis 

forms a prominent watershed in the area between the different rivers. 

Methodology 

Initially, in order to determine the location of sand ramps in the southern Kalahari and Breede River Valley 

regions, an analysis of the latest aerial photography and topographical maps was undertaken. The 1:50 000 

topographical maps were first used to try to identify areas in which the conditions for the possible formation of 

topographical dunes prevailed. Once this had been completed, a more detailed analysis using aerial photography 

was conducted so as to locate these dunes in the two study areas. This analysis involved searching aerial 

photographs for steep, large topographical barriers which were lighter in colour and gently sloping on their 

windward side, thus indicating a climbing dune or sand ramp. In each area, a reconnaissance field trip was 

undertaken in order to ground truth the topographical dunes, and subsequently a sampling field trip was 

undertaken based on the principles set out in Gardiner and Dackombe (1983). Surface samples were taken at 

random intervals up the dunes. Where exposed profiles were not visible for sampling on the features, pits were 

dug and sampled at regular 30 em intervals. The maximum depth of the pits were only 2 m, as the pits kept 

collapsing. Slope profile measurements were taken using an abney level, tape measure and ranging rod, as 

described by Young (1972), and slopes were checked using 1:10 000 orthophotographs. Samples for optically

stimulated luminescence dating were also taken from the pits and exposed faces by hammering tubing into the 

faces without exposing the samples to sunlight. Unfortunately, the results of these samples were not available 

at the time of writing. 

Particle size, electrical conductivity and pH measurements were carried out in the laboratory using standard 

procedures. Results were explored using Principle Component and Cluster analyses. PCA is used in order to 

succinctly describe relationships between a complex set of observed measurements (Davis, 1986), and it also 

simplifies the number of variables being studied (Till, 1974). The PCA was conducted on all samples for all 

variables using the STATISTICA (1995) PCA program. PCA's were also conducted on all variables using only 

the southern Kalahari samples and all variables using only the Breede River samples. Cluster analysis differs 

from PCA in that it conceptually seeks differences between observations and then it tries to find groupings of 

phenomena in parameter space (Hewitson, pers. comm.). There is no one correct classification of data and thus 
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Regional Setting 

Due to the lack of evidence of the nature of climate change during the Quaternary in low-latitude dryland 

regions, it is necessary to investigate further the environments of these regions (Stokes et al., 1997). 

Interpreting dryland palaeoenvironments requires an understanding of the conditions under which dunes 

formed, as well as an understanding of the present day climate and environment under which these dunes have 

become relict (Thomas, 1986). A modem analogue of dune functioning is necessary so that researchers can 

compare present day conditions to those conditions necessary for the reactivation of dune systems (Stokes et 

al., 1997). This section provides a brief overview of the present day environmental conditions for the two study 

sites, the southern Kalahari and the Breede River Valley. 

The southern Kalahari 

The southern Kalahari is a semi-arid to arid region which experiences hot, dry conditions all year round. The 

mean annual maximum temperature for this region is 27,9°C, and the mean annual minimum temperature is 

9,9°C, thus inferring a large diurnal temperature range. Most of the rainfall in the southern Kalahari occurs 

during the summer months, although it is sporadic and unpredictable. Mean annual precipitation for the 

Upington region is -150 mm, and evaporation rates are high. The dominant winds in this region are north and 

northwesterly at a speed of about 6,1 m sec-1 for the north wind (Weather Bureau, 1998). Due to the aridity of 

the area, agricultural potential of the land is very low and thus the natural Kalahari Thomveld is used as grazing 

for sheep, cattle and goats (Thomas and Shaw, 1991). The geomorphology of the southern Kalahari is 

dominated by large, partially vegetated linear dunes which form a 100 - 200 km belt in a NNW - SSE alignment 

(Lancaster, 1989). Pans and lunette dunes , as well as dry valleys are also important features on the Kalahari 

landscape and details of these landforms can be found in Thomas and Shaw (1991). 

The Breede River Valley 

The Breede River Valley, like the southern Kalahari, is a semi-arid region, but it differs from the southern 

Kalahari in that it is a winter rainfall area. The mean annual maximum temperature is 24,6°C and the minimum 

is 10,5°C. It experiences hot, dry summers and cool, moist winters, although rainfall is sporadic and 

unpredictable. Robertson falls in the rainshadow of the Cape Fold Mountain Belt (Tyson, 1986) and the mean 

annual precipitation is only 306,5 mm. The northwesterly and westerly winds are dominant at speeds of 6,3 m 

sec-1 and 5,3 m sec-1 respectively (Weather Bureau, 1998). No published work on the geomorphology of the 

Breede River Valley exists and thus descriptions of the macrogeomorphology are given as a result of 
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the study sought to establish the palaeoenvironmental significance of either the climbing dunes or the sand 

ramps. 

Figure 1 A map showing the locality of the southern Kalahari topographical dunes. 

Figure 2 A map showing the locality of the Breede River Valley topographical dunes. 
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different numerical strategies will often produce different results (Williams and Lance, 1977). Two types of 

cluster analysis was carried out using the unrotated component loadings from the PCA results, i.e. joining and 

k-means, using the STATISTICA (1995) Cluster Analysis program. Joining or the single linkage method 

identifies outliers, and ward's method, like discriminate analysis, finds regions in space that are poorly 

populated by observations and it groups them together (Statistica, 1995). 

Results 

The topographical dunes in the southern Kalahari were found to be partially-vegetated ( -40%) aeolian sand 

dunes, on which no exposed faces could be found. On two of the four dunes, pits were dug, but no noticable 

stratigraphic units were visible. The sand was all well sorted with a Munsell colour of SYR 5/8 (yellowish red). 

The sands were apedal, and roots were only present at the top of the pits. In the Breede River Valley, an 

exposed face was found at the Sandput topographical dune, and although it displayed organ pipe structuring 

(Figure 3) in one part, the rest of the profile comprised apedal, unconsolidated well sorted sands. The Munsell 

colour of the sand did, however, vary from 10YR 8/1 (white) to 10YR 5/2 (greyish brown). 

Figure 3 
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A stratigraphic profile of the Sandput topographical dune. 
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It was observed that the possible sources for these topographical dunes are the Orange River, as well as the 

large linear dune field in the southern Kalahari, and the Breede River and its tributaries in the Breede River 

Valley region. It is also evident from the locality of these topographical dunes and their respective sand sources 

that there are active dominant winds in the region. In the southern Kalahari, there are two primary wind 

directions, i.e. the northwesterly and the southwesterly, and in the Breede River Valley, the southeasterly is 

dominant. 

The mean slope obtained for the southern Kalahari dunes is 11,25° and for the Breede River Valley dunes is 

16,3°. The results of the granular composition analysis show that the samples were, according to the texture 

grade charts, classified as either 'sand' or 'pure sand'. The southern Kalahari sand samples are a mixture of 

fine and medium sand, while the Breede River ramps comprise medium and coarse sand (Figure 4). The results 

from the settling column (Table 1: a representative topographical dune from each region is given) indicate that 

the samples vary from very well sorted to moderately well sorted sands. Most of the sample distribution curves 

are symmetrical, and mesokurtic. 
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Figure 4 A sand grade chart for the southern Kalahari and Breede River Valley topographkal dunes. 

With respect to pH and conductivity, no major trends are apparent. The Breede River ramps tend to be more 

acidic than the southern Kalahari ramps, but this could be due to the acidic fynbos vegetation which inhabits the 

area. Table 2 shows the chemical composition of the elements found within each sand sample. The results of 

the analysis show that silicon and oxygen are the two prominent elements found in the sand grains. Aluminium 
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and iron are two secondary elements which are also present, therefore showing that the sand grains are derived 

from a quartz parent material. 

SAMPLE 
Kalahari 
PR.Sl 
PRS2 
PRS3 
PR$4 
PRSS 
PRS6 
Breetle 
SPl 
$P2 
SP3 
SP4 
SPS 
SP6 
SP7 

Table 1 

MEAN MEDIAN SORTING SKEWNESS 

2.35 
2.25 
2.21 
2.26 
2.37 
2.56 

1.62 
1.69 
1.71 
1.78 
1.74 
1.75 
1.87 

2.36 0.6 Moderately well sorted 0 Symmetrical 
2.24 0.61 Moderately well sorted 0.05 Symmetrical 
2.21 0.56 Moderately well sorted 0.02 Symmetrical 
2.24 0.6 Moderately well sorted 0.08 Symmetrical 
2.34 0.59 Moderately well sorted 0.07 Symmetrical 
2.52 0.4 Well sorted 0.16 Positively skewed 

1.67 0.61 Moderately Well Sorted -0.11 Negatively Skewed 
1.71 0.59 Moderately Well Sorted -0.04 Symmetrical 
1.73 0.54 Moderately Well Sorted -0.07 Symmetrical 
1.79 0.48 Well Sorted -0.01 Symmetrical 
1.75 0.50 Well Sorted -0.02 Symmetrical 
1.78 0.51 Moderate!)'_ Well Sorted -0.09 Symmetrical 
1.88 0.58 Moderately Well Sorted -0.02 Symmetrical 

The graphic statistics (Folk and Ward, 1953) for the sand fraction of 
a topographical dune from the southern Kalahari and from the 
Breede River Valley. 

CHEMICAL COMPOSITION TABLE (Weight%) 

KURTOSIS 

1.04 Mesokurtic 
1.05 Mesokurtic 
1.06 Mesokurtic 
1.05 Mesokurtic 
1.05 Mesokurtic 
1.09 Mesokurtic 

1.08 Mesokurtic 
1.17 Leptokurtic 
1.13 Leptokurtic 
1.12 Leptokurtic 
1.08 Mesokurtic 
1.12 Leptokurtic 
1.19 Leptokurtic 

Sample c 0 Mg AI Si K Ca n Fe Cu Sn H2 
PRPS 25.64 
PYP4 0 
PJ;t86 0 
PYS6 0 
KA4 0 
KN4 0 

S4 0 
1\{1\11:1 0 
MM3 0 
SP1 0 
SPS 0 
SP7 0 

Table 2 

35.45 0 0.64 37.33 0 0 0 0.21 0.13 
44.34 0 0.73 52.43 0 0 0 0.46 0.48 
45.58 0 5.04 45.65 0.51 0.16 0.28 1.87 0.28 
49.48 0.3 2.07 44.31 0.26 0.08 0.13 1.88 0.26 
44.09 0 1.46 51.29 0 0 0 1.51 0.29 
44.86 0 0.91 52.33 0 0 0 0.51 0.15 

42.83 0 0.55 55.48 0 0 0 0 0 
31.35 0 0.69 54.93 0 0 0 2.37 3.31 
45.19 0 0.78 52.17 0 0 0 0.64 0.19 
43.61 0 1.26 53.57 0.5 0 0 0.22 0 
36.35 0 0.81 61.58 0 0 0 0.5 0 
50.15 0 0.46 47.38 0 0 0 0.52 0 

A summary table of the weight (in percentage) of the elements 
found within the sand grains. One sample from each topographical dune or 
pit was analysed. 

0.08 0.54 
0 1.56 
0 0.62 
0 1.23 
0.1 1.25 
0 1.25 

0.17 0.98 
1.19 6.16 
0 1.04 
0 0.84 
0.3 0.47 
0 1.49 

The micrographs of the sand grains show evidence of sand grains displaying upturned plates, which are 

indicative of aeolian transport (Krinsley and Doornkamp, 1973). The grains vary in size and shape from 
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angular to spherical and they also vary greatly in roundness. A high proportion of the grains show concoidal 

breakage surfaces, although others have been smoothed by abrasion, and this is mainly due to the grains hitting 

against each other during transport by wind. 

The statisitical results of the unrotated PCA conducted on all samples (Table 3) shows that four factors explain 

most of the variance within the data set and that Factor 1 explains 52% of this variance. When compared with 

the rotated PCA that was conducted there is very little difference between the results, and thus the unrotated 

PCA loadings were used in the cluster analyses. It is evident from Table 3 that %coarse, %medium, %fine, 

mean, and median are the variables that account for a greatest proportion of the variance. PCA's conducted 

separately on the southern Kalahari and the Breede River samples show very similar results. The results of the 

joining and k-means cluster analysis identify three main clusters, showing SP1, MB3 and KA1 as outliers. 

Figure 5 shows the horizontal cluster diagram for all sand ramps. 

Factor Loadings (Unrotated) 
Extraction: Principal components 
i(Marked loadings are> .700000) 

l?Ktor ~f,etor f'a~or Fa~r 

.l ~ 3 4 
%COARSE 0.742873 -0.427622 -0.153695 -0.187214 
%MEDIUM 0.831156 -0.144488 0.1374088 0.2931218 
%FINE -0.897921 0.278576 -0.018664 -0.153336 
%SAND 0.623607 0.6835956 0.15944 -0.161879 
%SILT -0.546792 -0.725792 -0.088027 0.22081 
%CLAY -0.645177 -0.31305 -0.326417 -0.078488 
MEAN -0.906659 0.3157543 -0.011816 -0.081753 
MEDIAN' -0.916214 0.2802169 0.0222703 -0.094733 
SORTING -0.148243 -0.809657 -0.077161 -0.242268 
SKEWNESS 0.18088 0.6026972 -0.453373 0.4284986 
KURTOSIS -0.362214 0.2216485 0.6939133 0.0049174 
PH -0.44599 -0.069705 0.0470298 0.7514302 
COND -0.047434 -0.547081 0.4715939 0.1816862 
Expl.Var 5.201593 2.9237147 1.1008348 1.0812478 
Prp.Totl 0.400123 0.2249011 0.0846796 0.0831729 

Table3 PCA unrotated factor loadings for all topographical dunes in the southern 
Kalahari and Breede River Valley regions. 
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A horizontal cluster diagram for the topographical dunes in the southern 
Kalahari and the Breede River Valley regions. 

Discussion and Conclusions 

The results of the laboratory and statistical analyses do not highlight any significant differences with respect to 

structure, particle size, pH, conductivity, chemical composition, and surface texture of the sand from the 

topographical dunes that were sampled. The implications are therefore that both the southern Kalahari and the 

Breede River Valley topographical dunes contain homogeneous quartz sand that was transported by wind and 

deposited against a topographical barrier. Reviewing the definitions of sand ramps that was given previously in 

the paper, i.e. that sand ramps are an amalgamation of aeolian sands, talus material, fluvial and colluvial 

sediments, as well as palaeosols which were formed during geomorphically stable periods (Lancaster and 

Tchakerian, 1996), then it becomes clear that these aeolian topographical dunes are, in fact, climbing dunes 

rather than sand ramps. According to Thomas eta/. {1997), climbing and falling dunes are steeply sloping and 

consist entirely of aeolian material. Referring to the average slopes for the climbing dunes, i.e. 11,25° and 

16,3° for the southern Kalahari and Breede River Valley respectively, it is evident that these dunes have steeper 

gradients in comparison to the slopes of the sand ramps that were described earlier in the paper (i.e. between 5° 

and 10°). 

The initial aim of this paper was to identify topograhical dunes in the southern Kalahari and the Breede River 

Valley, and then to classify these dunes as either sand ramps or climbing dunes. An objective of this paper was 
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also to evaluate, against the potentials and limitations of using topographical dunes as palaeoenvironmental 

indicators, the potential use of the case study South Mrican dunes as indicators of environmental change. Due 

to the findings of this research, however, it can be concluded that these topographical dunes which were 

identified are climbing dunes, and are therefore not as helpful indicators of environmental change as sand 

ramps. This is mainly due to the homogeneous nature of their aeolian sediments, therefore not highlighting 

periods of environmental change as well as the muliti-sedimented sand ramps. Further research into the 

palaeoenvironmental significance and context of these climbing dunes will be obtainable once the optically 

stimulated luminescence dates from this research becomes available. Perhaps future research should be focused 

in areas that are arid, but are more limited in terms of their sand supply, thus making the topographical dunes 

more sensitive to changes in the environment, and therefore possibly forming sand ramps rather than climbing 

dunes. An example of this type of environment would be the Great Karoo, where a sand ramp by Marker and 

Holmes (1993) has already been identified and researched. 
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CI·IARACTF:RISIN(; TilE NAMAQlJALANI> MtJDBELT: CHRONOLOGY, 
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"! )ql<IT!men( or /\rchaeology. l lnivcrsity ol ('a pl.' 'l 0\VIJ, l<ondcbosch. 770 I 
"Department or Ueological Scicnc•;s, Umvcrsity ol l';tpc !'own, HondchoschJ70 J 

'T11is paper presents tho preliminary findings of recent palynologtcal and chronological analysis 
ofthe Orange River mudbelt material. The sediment is considered to have been largely transported 
from the runoff of the Orange River catchment and is terrigenous in nature. Radiocarbon, pollen, 
stable carbon isotope and 210Pb analysis of this mud (I 0 marine cores of Holocene age) has shown 
some information of aspects of cnv1romnental, vegetation and climate change in the South African 
interior and may provide a b1~tter understanding of the runoffh1story and landuse oftht1 past. 

Keywords: river catchment, deltaic rnudbelt, chronology, radiocarbon dating, palynology, ZH>pb 
measurements, stable carbon isotopes. 

Introduction 

The recovery, in 1994, of ten mannc sediment cores (Fig. I) from the Orange River's deltaic 

mudbelt offNamaqualand heralded the start of a large-scale multidisciplinary project of examining 

inner shelf sediment off South Afl-lcan rivers The Orange River is an important South African 

nver and drains a large portion of the sonthern African intcnor (estimated at around 40%) 

(Dingle el a!., 108 7). 

The broad aim of the collaborative project was to examine riverbornc sediments and thereby to 

establish a record of environment and vegetation change from the interior of southem Africa. 

Mabote's ( 1997a) geochemical and sedimentological study on the core material is reported 

elsewhere. The aims and objectives of this paper are to examine some aspects of preliminary 

palynological findings, based largely on unpublished work by Gray (I 996). This is augmented with 

stable carbon isotope analyses examined in the light of a revised chronolo&'Y established by 

radiocarbon, thermoluminescence (Meadows et al, I 097b) and more recently 210 Pb analysis. These 

have provided a revised core chronology and form a basis upon which the vegetation history ofthe 

interior may be reconstructed 
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FIGURE 1: The Namaqualand mudbelt sample sites. (After Mabote eta/., 1997a and Birch eta/., 
1991). Note: Position ofH2 (opposite Orange River Mouth) and H7 (opposite Buffets 
River). 

Study Site and Methods 

A broadly continuous deposit of Holocene sediments has accumulated on the continental shelf 

offthe west coast of southern Africa (Fig.1). This cohesive deposit of fine-grained sediment on the 

inner shelf is known as the Namaqualand, or Orange River mudbelt (Rogers and Bremner, I 991 ). 

It is thicker off the mouth of the Orange River in its prodelta (where the sediment is dominated 

by laminated silt), whereas the more southerly part of the mudbelt is more thinly deposited and is 

made up of more homogeneous mud. 

The mudbelt is found at a depth of between 80 and 140 metres, below the influence of wave

induced currents (Meadows eta/ .. l997a) and up to about 30 km from the shore. It was detem1ined 

to be terrigenous in origin (Mabote l997b), having been transported from the Orange River 

catchment as suspended load. l11e mudbelt stretches southward and is considered to have been 

deposited on the continental shelf under the action of a southward-flowing countercurrent (Nelson, 
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1989). 

The gravity cores cont.ai11 pollcnrfcrous matenal from which a proxy of the runoff from inland 

and envirOIHnent can be extracted. The identification of non-indigenous pollen may provide a 

reliable stratigraphic marh:r of a Recent date. 

The mudbclt sediments arc tcrri~~enous, but the process dynamics of sedimentation are highly 

complex becaust.~ of the array of variable factors such ;::JS erosion, landuse pattems, soil residence 

time, climate and vegetation . In terms of depositional history, it is believed that a reasonably 

constant rate of deposition has been punctuated with <::.li tre me tlood events (Zawada, 1997 ), which 

bring down sediment loads exceeding an estimated rm:i:l!l annual 60.4 >~ lO('t (Bremner eta!, 1990) 

from time to time Thus, runoff and sedi1nentation arc complex and one cannot assume that a 

wntinuous picture is reflected in t·he sedimentation r:1rc . 

In this project, we decided to concentrate efforts on two cores, H2 and H7 (Fig. I) along with 

their associated box cores (which sampled surf~wc sediments) ., in order to examine the difference in 

character of the widely spaced cores. H2 is situated just opposite the Orange River mouth (Fig.l). 

on the prodelta and contains laminated sediments with dominant fluvial inputs. H7 is situated 

further south opposite the ephemeral Buffcls River where the core material is dominated by marine 

organic matter, whereas H2 is domiuated bv fluvial organic matter 

Con' Ocsc.-iption 

Seven gravity cores and ten snrl~ce grab samples were retrieved from various locations ofthe 

inner continental shelf in the mudbclt between the Orange R1vcr prodelta and the Buffels River 

( Fig. l ). In addition ., three box cores (sampled beside tho positions of cores H2, H5 and H7) were 

retrieved, to check whether surface material was sampled during the gravity coring process, as it 

was thought that the surface of tlte gr(lvity cores 111ight hC!ve been disturbed during the coring 

proccclure.(Dingle, 1994) 

The gmvity cores vary in len!:,rth from ?..J rnetres to 6 metms (Fig.2), whereas the box cores are 

less than I metre in lcng;th Both cores H7. and If? are roughly six metres in length. The cores 

have been cut into hn lengths. HaW of each cort: has been ICt<~incd for archival purposes, whereas 

the other halfhas been subsampled at ) em intervals. Two subsamplcs were obtained: 200m! was 

removed and frozen in airtight plastic jars fbr 1ncasurcment of organic volatiles, wht~reas the 

remainder (---600ml) was stored in airtight phstic Jars at room temperature fix future physical and 

chemical analysis (Meadows t' f <1/ . !997a~ 
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Initial bulk organic AMS radiocarbon dating of 24 samples of the core and grab samples 

(conducted at the National Ocean Sciences (NOSAMS) AMS facility, Woods Hole Oceanographic 

Institute, USA) produced apparent age reversals. This caused a re-examination of the choice of 

dating method and material used. These anomalous radiocarbon dates seemed to occur most 

noticeably in H2, the more laminated which is assumed to be the least disturbed of the cores. 

Here, a radiocarbon date of 990 ±40 years BP (lab no.8871) was obtained at the base (592cm), 

whereas a date of 1630 ±40 years BP (lab no.8874) is obtained further up (472 em) the core 

(Fig.2). The bulk organic dates are reliant on the collective age of both marine and terrestrial 

carbon. Marine carbon in this upwelling zone is at least 400 years in age (Vogel pers.comm.), 

whereas the age of the terrestrial carbon may have a considerable residence time in the sediment. 

H& H4 

FIGURE.2: Stratigraphy of cores. Note palynology sample sites ofH2 and H7 (after Meadows eta/ 

1997a). 
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Berg 
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Pollen 

FIGURE 3: Schematic representation of 
dynamic spatial sources of 
pollen (after Gray 1996) 

Polleniferous material has travelled westwards along with the sediment load down the Orange 

River before deposition in the mudbelt. Some additional pollen, offshore, would have been 

windblown by bergwinds (Shrumon and Anderson, 1982) or derived from chrumel erosion of older 

flood-deposits. Other pollen material was derived locally (Fig.3). Most of the sediment is 

terrigenous as it is composed of mainly clay minerals and quartz but H7 is also found to have a 

higher carbonate content signifying significant marine influence south of the Orange River mouth 

(Mabote, J 997a). 

It was initially thought that if pollen were present within the cores in sufficient quantities, it could 

indicate whether palaeovegetation reconstruction would be viable (Gray, I 996) and it was hoped 

that a reliable marker species could be identified to characterize the invasion of exotic species and 

thereby date the invasion. 

Methodology 

Six samples were chosen in this pilot study to provide a preliminary overview and therefore 

grab, surface and basal sample from the gravity cores H2 and H7 were analysed. The six samples 

(H2 G, H2 .7.2 (9cm-13.5 em) and H2CC1 (597cm-602cm) and H7 Gl, H76.18 (10-15cm) and 

H7CE. (61 0-615cm) of mudbelt material were treated using HCl, NaOH and HF until a relatively 

carbonate- and silica-free reduced fraction was obtained. This process proved particularly difficult 

due to the complex chemistry of the mud created by the marine and fluvial environment. 
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Discussion 

Pollen: 

Pollen is present within the mudbelt in sufficient numbers for the sediments to be used to examine 

vegetation history. More than 39 pollen families were identified in the six samples (Fig.4). This 

was surprising in the light of the small number of pollen categories originally identified in an 

earlier study on the mudbelt by Coetzee and Rogers (1975). The samples were uniformly spore

rich and a ratio of 20 spores: I pollen grain was observed. Another significant accomplishment of 

the study was the refinement of the processing technique (Bates et al., 1978) as clay-rich sediments 

are notoriously difficult and time consuming to process. 

The 39 families identified were classed according to one of five "communities" or biomes 

(Karoo, riparian, succulent Karoo, grassland and "cosmopolitan"). These are not standard biome 

terms, but served a useful purpose in categorising and obtaining some preliminary ideas of trends 

evident in the stratigraphy and vegetation record. Categorisation of families into useful indicators of 

spatial and temporal extent was hampered. by many beng typically "cosmopolitan". In this case, 

dominance within a biome was used as an indicator, or the family was simply placed ·within the 

"cosmopolitan" category. The pollen diagram (Fig.4) was drawn by plotting pollen families as 

percentages and represents the entire pollen sum (the relative method was used). Simple bar graphs were 

constructed to reveal any trends (Figures 5 and 6). 

1

- - ·-- - ----------1 
• Poaceae I 

j 0 Asteraceae I 
I 0 Caryophyllaceae I 
10 Chenopodaceae 1 

10 Fabaceae 1 
o ~LLJ..LU ~L.L.L.u •..1...1...1...L..L..1 .._._.L..LL..u 1 i 0 Juncaceae I 

H7CE H76.18 H7G1 l_':!~cr~~~~a~!_~ H2 CC1 H2 7.2 H2G1 

SAMPLE 

FIGURE 5: Percentage representation of family according to sample. Note: H2 
situated just off the Orange River. H7 off the Buffels River. (after 
Gray 1996). 
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Thermoluminescence dating: 

A thermoluminescence date was recently obtained on a single sample at a depth of beween 560cm 

and 580cm at the base ofthe Core H7 (Meadows et al.,l997a) . The sample was dated at 2189 

±226 years (OS 8890) and thus has supported the bulk organic radiocarbon date of 3290 ± 35 

years just below it. This lent confidence to the radiocarbon dates in H7 (Fig.7). 

AMS and 210Pb dating: 

The radiocarbon AMS dates are considered to be of maximum age due to the nature of the 

source material (mixture of marine and terrigenous material likely to be older than the date of 

deposition). It was considered that the marine organic component could be investigated for greater 

stratigraphic accuracy. Dating of the surface material would be made possible through the use of 
21 0Pb dating. (This method is useful in determining the age of a sediment to younger than 100 

years). 

Nine samples from surface or near-surface sediments were prepared in early January 1998 for 
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210Pb analysis. Salts were removed from the sample by dialysis, whereafter the samples were 

dried, cntshed and sent to Bordeaux, France for analysis. These samples revealed that the 

surficial material was Recent (Jouanneau pers. comm.). Some preliminary indicators are plotted 

in Fig.7. Though there is an apparent age reversal, surface samples are indicated to be Recent in 

both box and gravity cores and therefore we can be confident the grab samples and box cores have 

sampled the surface. We plan to conduct further 210Pb analyses on these cores. 
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FIGURE 7: Summary diagram of stable carbon isotope analysis and selected 210Pb, radiocarbon 
and thermoluminescence dates. Note stable carbon isotopes arc measured in 8 13

C, 
210Pb in Bq!kg and Thcm1olumincscence dates in years BP 

Stable Carbon Isotope analysis: 

Stable carbon isotope analysis was carried out on the organic component of cores H2 and H7 in 

order to provide a reflection of C3 and C4 plants from the terrestrial environment as distinct from 

the standard marine values of -21%0 . The results (Fig.7) are summarised and show that the two 

cores are isotopically distinct and that variation exists within each core (e.g. a more fluvial input 

upcore due to a prograding delta the base of core H2). Isotopic data for H7 cluster near -20%o to 

-21%0 values consistent with the marine imprint on the core, whereas H2 is shifted by +2 to 

+ 3%0 5 13C values (more positive, more enriched in 13C) and therefore indicates a high proportion 
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of C4 grasses. Since the Orange River drains the C4-rich grassland dominated interior, the 

sediments from this prodeltaic core are expected to be similarly enriched. This is reflected by the 

higher proportions of Poaceae (grass) pollen in H2 (Fig.4). 

Synthesi~ . 

Sedimentology and chronology ofthe cores indicate that Core H7 (the southemmost core) ts 

subject to a slower rate of deposition than Core H2 (near the Orange River mouth) and is therefore 

representative of the top part of core H2 in terms of age (i.e expanded) . Thus, direct comparison 

between the pollen assemblage of the two cores m terms of their grab, top and basal samples is not 

possible; comparison within core and between the top and grab samples of both cores is more 

relevant Pollen analysis has nevertheless provided an overview of palaeovegetation reconstruction 

and the possibility of achieving a partial understanding of the chronology. Taking the complex 

depositional nature into account, our conclusions should be viewed as preliminary. 

One of the problems encountered was that of distinh'1.lishing exotic from indigenous pollen grains, 

especially in the Fabaceac family (e.g. Acacia species) . This will be addressed in future analysis. 

It was observed that the morphological variations of Fabaceae pollen in the surface samples were 

of a significantly different character from that viewed further down core and this may indicate that 

exotic species are present in the upper layers (thus supporting the Recent age for the upper layers 

determined through "1"Pb analysis, in contrast to the surface AMS dates which seem to indicate ages 

around 1000 years) . 

Core H7 seems to reflect a Recent upcore increase in Asteraceae (daisy) pollen (Figures 5 and 6) 

and is subject to windblown pollen input from the west coast. This is consistent with the 

disturbance of vegetation, which has recently emerged on the West Coast and manifested in a 

recent proliferation of Asteraceae (Baxter, 1997). The level of grass (Poaceae) pollen within Core 

H2 is far higher than in H7 (Figures.5 and 6) thus indicating the spatial differences of the cores. 

H7 is more subject to localised effects such as that of greater abundance of Asteraceae pollen 

(Figures.5 and 6), whereas H2 is subject to the direct effects ofthe Orange River catchment (and 

interior grasslands) and therefore greater abundances in Poaceae pollen. 

Conclusions 

Preliminary pollen data show a Recent upcore increase in Asteraceae pollen (i.e. surface layers 

of core H7) and a greater abundance of poaceac pollen is found in H2 (Orange River prodelta) 
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(Fig 4). Further palynological analys is of the cores in greater detail will be useful in providing 

clues to the broader trends in vegetation assemblage, runoff histo1y allied to widespread 

erosional/flood change, recirculation problems, human disturbance (land-use change), climatic 

regimes and the broad synthesis thereof at the subcontinental scale. This is supported and 

complemented by 13C data, which show that the two cores are isotopically distinct with the organic 

component of H2 more terrestrial and H7 1norc marine. Together with better chronological control, 

we can begin to construct a stronger base for palaeoveget.."'tion reconstruction of the interior. 

Detailed pollen analysis is presently being undertaken along with additional 2 10Pb analysis to aid 

in the fUJ1her investigation of the core chron<:logy, characterisation ofthe mudbelt and ultimately, 

the catchment itself 
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ABSTRACf 

Evidence is presented to demonstrate that laterisation as a soil process affected the calcareous Wankoe Formation of the 
southern Cape. Remnants of the Tertiary African Surface along the coastal plateau are characterised by deep weathering mantles 
capped by duricrusts of laterite and silcrete. The limestones have been assumed to be the coastal equivalent of the inland African 
Surface. This paper demonstrates that the laterisation process also affected older Tertiary limestones but that the evidence is 
rarely preserved. More often strong weathering resulted in case-hardening of the topography and the formation of dense calcrete. 
The implication is that laterisation as a soil forming process extended from the Mid Tertiary Period until the early Pleistocene 
Period. 

Introduction 

This paper reports a laterite profile with a weakly developed ferricrete crust on Wankoe 
Formation calcareous sediments at a location seawards of the accepted extent of the Tertiary African 
Surface. The African Surface is identified by relict deep weathering profiles capped by duricrusts and is 
widely distributed along the entire coastal platform at altitudes between 180m and 360m. The surface 
also occurs inland of the Langeberg Range. 

In an area between Mossel Bay and Albertinia lying between the Aasvoelberg and Langeberg, 
extensive African Surface remnants have been preserved. Seawards of the Aasvoelberg, Bredasdorp 
Group limestones occur (Kent, 1980). The basal marine De Hoop Formation and the overlying aeolian 
Wankoe Formation of the Bredasdorp Group have been considered as time equivalents of the African 
Surface weathering. It is at a location on these limestones that evidence of laterisation is found. There 
has previously been no suggestion that laterisation affected the Tertiary limestones although laterisation 
has been invoked to explain mottling in the older aeolianites of the Wilderness embayment and of other 
sediments in the Plettenberg Bay embayment (Butzer and Helgren, 1972; Helgren and Butzer, 1977). 

The locality 

The study area (34°21S: 21 °39E) from which the new evidence is drawn, lies 4.5km inland of the 
coast and immediately north of an inland road from Gouritzmond to Still Bay (Figure 1). The locality is 
situated 15km south of mapped African Surface remnants (Malan et al, 1994; Marker and McFarlane, 
1997). It overlies Tertiary Wankoe Formation calcareous deposits which are partially masked by deep 
reddish-yellow sands (Plate 1). A similar area of mobile dunes overlying limestone occurs 1.7km 
southeast on the farm Ystervark Point, now Reins' nature reserve (Figure 1). The evidence discussed in 
this paper is drawn from the northern site. 

The unvegetated area of the inland locality extends 1000m from west southwest to east northeast 
and is 350m in width from north to south (Figure 2). The exposed area slopes from an altitude of 260m 
in the southwest to about 235m in the east. Vegetation surrounding the exposed area consists of tall 
fynbos species as well as invasive Acacia spp. This dense vegetation holds the dune sand, concealing the 
underlying strata. Where vegetation is absent, as on the actual site, sands are highly mobile. The surface 
topography changes from year to year as mobile low dunes of orange-hued sand migrate across the area. 
The locality also has archaeological importance as it is littered with a lag gravel of rounded cobbles, 
stone tools and flakes as well as shards of iron-enriched laterite. The very similar locality some 1.7km 
southeast (Figure 1) also has lag gravels and is of archaeological importance. 
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as the present day northern limit of the Wankoe Formation limestone. The Cretaceous 
sediments east of the Gourits river are also indicated. Asterisks denote position of both 
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Detailed sequence and morphological interpretation 

The spatial distribution of specific sites to be discussed is shown on Figure 2. Altitudes and a 
brief description of each site are provided in Table 1. The vertical associations are depicted on Figure 3. 
At Site A reddish dune sands overlie soft grey to brown sands resting on soft sandstone. This is 
separated from a dark brown to red sandstone which underlies most of the area by a thin undulating 
ferricrete (Plate 2). At Site B which lies at lower elevation, the reddish sandstone surface is 'pot-holed'. 
These irregularities are the surface expression of truncated pipes, a negative solution form between 
limestone pillars. Rarely these truncated pipes retain fills of softer grey-brown sandstone. Some iron 
encrustation occupies incipient joints and being harder, stands proud of the uneven surface. Cobbles and 
artefacts emerge from within the sandstone but their frequency is low (Plate 3). After emergence, they 
move down-slope to form a lag gravel aggradation. Site C provides a remnant vertical sequence. A well
established isolated vegetation clump (Plate 4) retains reddish-yellow dune sands which overlie a red
brown sandstone with pipe development within the sandstone. These former solution pipes are now 
infilled by grey-brown material similar to that seen at Site A and found as fill within the truncated pipes. 
The pipe fills at Site C stand proud from the red sandstone along a low erosion cliff face. Some thin iron 
encrustation occurs on the walls of the pipes. Within the red sandstone, there is a thick 0.3 - 0.5m 
calcrete layer. This indurated crust acts as a surface where the dune sand has moved. Some aeolian 
limestone underlies the calcrete crust. At a depth of 2.3m within the red sandstone, cross bedding 
occurs. This cross bedding suggests that the red sandstone is in situ decalcified aeolian limestone 
(Figure 3). The knoll stands higher than the adjacent uneven surface cut across the same compact but 
soft red sandstone. Exposures uphill as well as south of Site C, at Sites A and F indicate that the 
sandstone surface is highly uneven in addition to being irregular. The variation in altitude is believed to 
be a function of erosion. At Site E, east southeast of Site C, in an area recently exposed by movement of 
dune sand, limestone pillars, up to 1.5m in height, are exposed (Plate 5). They indicate that solution 
piping (a karst process) occurred in the case-hardened karstic surface. The pillars are preserved as a 
consequence of case-hardening ( calcretisation) and burial by dune sand. Similar limestone pillars occur 
east of Site G. Further down slope at Site F, very similar forms are exposed as red pillars in the red 
sandstone (Plate 6). They too are interpreted as remnant weathered karst pillars. There are also red 
pillars west of Site B and east of Site G. At Site G which lies at almost the same elevation as Site E, the 
locality of the limestone pillars, a non-calcareous green and red streaked rock is exposed. This rock has 
been identified as glauconitic siliceous sand (J. Rogers, pers. comm.). The reddish sandy rocks are 
oxidised portions of the glauconitic outcrop. Some interbedded glauconite has also been seen in the red 
sandstone northwest of Site C. 

TABLE 1: Details of sites. 

Site Altitude (metres) Description 
A 260 Vegetated loose dune sand over compact, firm brown sands 
B -250 Pothole topography in red-brown compact sand 
c -258 Bush clump site - vegetated orange dune over calcrete resting on cross-

bedded red sand with piping 
D 240 Pit exposing base of laterite profile 
E 255 Karst pillars in compact limestone 
F 245 Karst pillars in decalcified red sandstone 
G 250 Decalcified green rock 
H 177 Karst hollow north of site 
J 192 Karst hollow east of site 

At Site D, the lowest elevation on the exposed site, a pit was excavated which showed 0.45m of 
the jointed red sandstone overlying 0.30m of mottled white and red sand in tum resting, at a depth of 
0.80m below the surface, on pale coloured firm sand to a depth in excess of 0.50m. As the limestone 
and weathered sandstone are highly permeable and lie adjacent to two karstic depressions (H and J) with 
basal altitudes of 192m and 177m altitude respectively, the discolouration within this pit cannot be 

61 



PLATE 1: The Gouriqua study area. Note mobile dunes and exposed 
compact, soft red sandstone which rests on Wankoe Formation 
sediments. 

PLATE 3: Typical red-brown compact sandstone which 
underlies the Gouriqua locality. Note laterite 
pebbles. 

PLA.TE 5: Limestone pinnacles exposed by dune 
movement at site E. 

PLATE 2: Soft sandstone resting on underlying red-brown 
compact sandstone. 

62 PLATE 6: 

PLATE4: Vegetated knoll of stabilised reddish-yellow 
dune sand overlying calcrete and red sandstone. 

Red sandstone pillars at site F. 



attributed to present day water table fluctuations. Below the elevation of the case-hardened surface all 
sands are de-calcified. Limestone reappears as the surface rock at elevations both below and above' the 
exposed site. The altitudinal relationship of all the sites discussed are shown on Figure 3. A measured 
profile, from the base of Site C to Site D, along the long axis of the site gave a vertical fall of 20m. The 
profile confirmed that the soft sandstone changes colour with depth. A calcareous crust 0.3 - O.Sm in 
thickness occurs at altitudes some 20m above the lowest point and is itself overlain by red sandstone and 
reddish-yellow dunes fixed by tall fynbos. Below the calcrete capping consolidated red sandstone, 
undoubtedly weathered in situ from the aeolian limestone, as shown by the cross-bedding, occurs to a 
depth of 19m. Nowhere in the red sandstone was free calcium present. 
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FIGURE 3: Constructed vertical chart to show the relative altitudes of Sites A to G discussed in the 
text. 

In summary, at this locality unconsolidated reddish-yellow dune sands rest upon a red sandstone 
with a band of thick case-hardened calcrete crust (Table 1). Elsewhere in the district, unconsolidated 
orange to red sands overlie case-hardened Wankoe Formation limestone. Movement of the overlying 
dune sands means that exposures are seen at different places on different visits. Site E shows clearly that 
the calcrete crust is a product of limestone weathering since it is associated with remnant karst pillars. 
Where surface erosion has occurred in the red sandstone, original karst piping associated with pillar 
formation is indicated by pits or 'potholes' in the red surface. The survival of decalcified karst pillars, as 
the red sandstone pillars, as well as the depth of weathered material is indicative of the strength of 
weathering on the Tertiary Wankoe Formation subsequent to its deposition and lithification. 

That laterisation has occurred is shown by the colour change at depth and by the thin layer of 
ferricrete at the surface of the red sandstone, by the presence of ferricrete shards in places attached to 
the uneven red sandstone surface and found on the edges of the pipes beneath the dune sand at Site C as 
well as the quantity of such shards forming a component of the lag gravels on the upper part of the site. 
The laterisation process is confirmed by the alteration in colour downslope from red to mottled to 
bleached sand at depth in the pit at Site D. The greatest concentration of stone tools and of ferricrete 
shards occur adjacent to Site C, at Site B and towards Site E. Site B provides evidence that the rounded 
cobbles as well as ferricrete are derived from a layer within the weathered red sandstone. The ferricrete 
(laterite) has infiltrated incipient joints in the sandstone. 
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Archaeology 

The stones and cobbles which come from a layer within the weathered red sandstone, were 
utilised for tool making. A high proportion of these cobbles have been worked into tools of at least two 
distinct typologies. Three distinct ages are indicated by differences in weathering rind thickness. 
Worked stones, (tools and flakes) comprise 41.7% of the stone population; unweathered Younger Stone 
Age tools comprise 26.7% and mid to early Stone Age, weathered tools, comprise 15% (Figure 4). The 
tool typologies are distinct and have been confirmed (R. Yates, pers. comm.). The weathering rind 
evidence also confirms the distinction of the archaeological typologies. Tools were worked during a 
minimum of three distinct periods. As the entire coastal limestone outcrop is short of material suitable 
for tool making, the presence of a working floor at this locality is a function of the existence of the 
quartzitic cobbles. Since the typologies and the weathering rind groupings indicate two or perhaps three 
very clearly separated periods of use, this may indicate that the area was only clear of dune sand at those 
periods and thus only then accessible as a tool working site. 
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FIGURE 4: (a) Histogram of lag gravel dimensions. Stippled area represents unworked natural cobbles. 
The remainder are angular or worked materials and shards of laterite. 
(b) Histogram of stone tool size differentiated into those with weathering rinds and those 
with very little weathering. 

Sedimentary analysis 

Samples for sedimentary analysis were taken from a variety of surface forms at a number of sites 
as indicated in Table 2. The analyses comprised particle size by the hydrometer and settling column 
methods (Akroyd, 1957; Flemming and Thurn, 1978) as well as XRF of major and minor elements. The 
results of the analyses are presented in Tables 2 to 5 and Figure 5. Sample 4 comprised ferruginous 
pebbles and shards in the pebble to cobble size range. It was therefore not possible to subject this sample 
to the standard particle size analysis mentioned above. 

TABLE 2: Particle size analysis. 

Sample Site Description %Clay %Silt %Sand 
no. 
1 A Current, reddish dune 1 2 97 
2 A,B,C, Compact, soft red sandstone 5 11 84 

F 
3 E Limestone from 2m high pinnacle 3 12 85 
4 c Ferruginous pebbles and shards - - -
5 c Consolidated pipe fill 1 7 92 
6 F Iron impregnated red sandstone 1 9 90 
7 B Grey derived dune material 1 2 97 
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The samples (with the exception of sample 4) are characterised by relatively small proportions of 
silt and clay (Table 2). In terms of overaii texture (Macvicar, 1991), all the samples, with the exception 
of sample 2, can be classified as sand. Sample 2 is marginal between sand and a sandy loam. With 
regard to the sand fraction of the various samples, there is an extremely limited particle size range of <.5 
0. All the sand fractions classify as medium sand, with the exception of sample 6 which is fine sand 
(Table 4). According to Folk and Ward's (1957) graphical values, ail the samples are either well sorted, 
or moderately well sorted. They are generally characterised by low skewness in their distribution around 
the mean, with limited peakedness (kurtosis) to their distribution curves. The similarity in particle size 
distribution between all sands found at this locality points to the consolidated red sandstone, itself 
derived by weathering of the Wankoe Formation limestone, as being the source of the other red and 
orange-hued sands at this locality. There is a subtle, but progressive loss of coarser material with re
working. This is born out by the fact that sample 1 (mobile dune material) has the smallest mean grain 
size, and is positively skewed, implying a tail of finer material. The sequence suggests that aeolian 
activity in this area has been repetitive. 

TABLE3: Sand fraction analysis. 

Sample %Coarse %Medium %Fine Mean Median Sorting Skew Kurtosi 
no. 0 0 0 s 

1 0 41 59 2.27 2.25 .51 .11 1.15 
2 0 64 36 1.89 1.88 .36 .07 1.11 
3 0 41 59 2.02 2.02 .42 .02 1.14 
4 - - - - - - - -
5 1 54 45 1.89 1.88 .43 .05 1.05 
6 2 32 66 2.09 2.06 .61 .15 1.39 
7 1 42 57 2.03 2.03 .5 .05 1.1 

TABLE4: Verbal description of sand fraction, and Munsell colours of samples. 

Sample no. Textural class Sorting Skewness Kurtosis Munsell colour 
1 medium sand moderately positively leptokurtic 7.5YR 6/8 

weii sorted skewed reddish yellow 
2 medium sand well sorted symmetrical mesokurtic 7.5 YR 5/8 

strong brown 
3 medium sand well sorted symmetrical leptokurtic lOYR 7/6 

yellow 
4 - - - - 7.5 YR 3/1 

very dark grey 
5 medium sand well sorted symmetrical mesokurtic 7.5YR4/2 

brown 
6 fine sand moderately positively leptokurtic 5YR4/6 

well sorted skewed yellowish red 
7 medium sand weii sorted symmetrical mesokurtic 7.5YR 6/3 

light brown 

The results of XRF analysis (Table 5 and Figure 5) strongly support the field description and 
morphological interpretation presented above. The red sand from the mobile current dunes comprises 
>97% quartz, with sufficient haematite to impart a reddish tinge to the sand. The soft red sandstone and 
the iron impregnated red sandstone display haematite concentrations of >3% and >18% respectively, the 
latter confirming iron enrichment of this sandstone. Similarly, neither displays a significant 
concentration of calcium, implying either a lack of calcium carbonate, or subsequent decalcification. 
Sample 3 from the limestone pinnacle is clearly calcareous, comprising less quartz and significantly 
more calcareous material than the bulk of the samples. Not surprisingly, XRF analysis of sample 4 
confirms the state of laterisation of this material. The sample comprises >53% Fe20 3 and significantly 
less quartz than any of the other samples. 
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TABLE 5: XRF, major element analysis of samples 1 to 7. 

Sample Si02 Tib2 A}z03 Fe203 MgO CaCQ3>1! Na20 K20 P2Qs 

1 97.01 0.13 0.92 1.67 0.11 0.01 0.01 0.18 0.02 
2 84.86 0.11 2.51 3.32 0.6 0.04 0.01 0.58 0.12 
3 64.1 0.1 1.07 2.41 0.4 15.2 0.01 0.36 0.12 
4 35.78 0.24 4.55 53.98 0.16 0.09 0.02 0.23 0.32 
5 90.44 0.23 2.25 2.53 0.16 0.07 0.02 0.24 0.05 
6 60.19 0.13 2.55 18.82 0.1 0.06 0.03 0.16 0.13 
7 97.86 0.18 0.42 1.12 0.03 0.02 0 0.07 0.01 
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FIGURES: XRF plot of dominant compounds represented in the Gouriqua sand samples. 

Discussion 

The locality is mapped as Tertiary Wankoe Formation, which is a calcareous aeolianite. In other places 
Quaternary sands are mapped overlying the calcareous formations (Malan et al 1994). The Tertiary 
Wan.koe Formation limestone is strongly case-hardened above 200m altitude and on the inland margin 
of the outcrop, particularly where associated with major poljes such as Canca se Leegte and Great 
Wankoe. This belt supports complex karst development and is thus considered to have been subjected to 
strong weathering (Russell, 1989; Marker, 1993). The question remains as to why strong calcretisation 
with case-hardening occurred on most of the older and higher lying limestones but that laterite formed at 
this particular site. The altitudinal relationships suggest that laterisation was accompanied by 
decalcification and soil development to a depth of at least 20m and that the laterisation process was 
subsequent to strong karstification. 

Cobble beds are very rare within the Wankoe Formation, although beach deposits with cobbles 
comprise the basal De Hoop Vlei Formation of the Bredasdorp Group just as the Klein Brak beach and 
marine deposits of Pleistocene age underlie the Waenhuiskrans Formation limestones in the upper part 
of the Bredasdorp Group (Malan, 1990; Viljoen and Malan, 1993). Cobble beds above 200m altitude 
associated with the Tertiary limestone have not previously been reported. The presence of glauconitic 
sands at Site G could indicate that a marine incursion has occurred. However glauconitic sands are 
reported as occurring within the Wankoe Formation (Malan, 1990). 
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Rounded quartzitic cobbles are typical of the Cretaceous Enon Formation fanglomerates and the 
deposits reworked from the Enon Formation and termed the Buffelskloof Formation inland (Viljoen and 
Malan, 1993). Between the Langeberg and Aasvoelberg inland these reworked materials are also 
associated with laterisation and occur at 200m altitude and above. 

Incision into the African Surface, some of which is cut across the Cretaceous Enon beds and 
Tertiary Buffelskloof Formation cobble beds, could account for the existence of isolated areas of 
cobbles within the aeolian limestone deposit. The nearest outcrop of Cretaceous conglomerate occurs in 
a fault trough on Vogelvlei 15km northeast of the locality under discussion and east of the Gourits River 
(Figure 1). Reworked cobbles form high level river terrace remnants at altitudes of approximately 50m, 
on either side of the Gourits River. 

The evidence for laterisation at this limestone locality is strong. A weathering profile to a depth of 
20m has been shown to exist (Figure 3). The locality lies between 260m and 240m altitude. This is far 
below the postulated African surface sea level at 460m (Partridge and Maud, 1987) and well above their 
postulated Post African sea level at 140m. However these sea level altitudes are generalised for the 
entire South African coastal belt. The relationship in this area between the African Surface and the 
coastal limestones can be shown on a profile drawn from inland to the coast (Figure 6) Russell (1989) 
identified a belt of less complex karst development on limestone adjacent to the coast lying between 
140m and 120m. She believed that karst development there had had less time to develop than inland and 
was associated with a sea level at approximately 100-120m. She also suggested that a former sea level 
could be identified adjacent to the area under discussion (Figure 2). The sea level at 100-120m altitude 
cannot account for the boulder deposits under discussion at altitudes of over 240m. Moreover had the 
area been subjected to coastal erosion, the softer relict red pillars must have been destroyed. 
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North south section from the Langeberg to the coast to show the relationship between 
remnants of the African Surface and the coastal limestone. (Horizontal distance 
approximately 55 km; L=laterite profile; S=silcrete capped profile. P=Proteus laterite 
site, TP Tierfontein a laterite site and Platrug a silcrete site at similar altitudes, 
C=Canca se Leegte polje) 

Recent detailed mapping of the African surface remnants immediately inland and north of the 
Aasvoelberg between Mossel Bay and Albertinia shows that the African Surface is composite (Figure 
7). The histogram of extensive bevelled surfaces has been constructed through the use of cumulative 
inter-contour distance along a series of interfluves, using a class interval of 10m. Four prominent bevels 
can be recognised, between 340 and 360m, about 310-320m, just above 200m and a broad belt above 
110m (Marker and McFarlane, 1997). These surfaces suggest that the African Surface and its 
weathering mantles capped by duricrusts existed over a considerable time period and was modified to 
different altitudes at different times. 

Ground control has shown that the 340-360m surface is capped by laterite resting on a deep 
weathering mantle (Marker and McFarlane, 1997). Although detailed mapping has shown that the 
laterite surface at 330-360m altitude had a gradient seawards of between 1:23 to 1:35, there is no reason 
to believe that the gradient would have been constant. The locality discussed in this paper shows 
evidence of laterisation at 240-250m altitude. Even if the calculated gradient was constant, the 
laterisation on the latitude of the area under discussion, cannot represent a continuation of the 330m 
surface inland. 
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Laterisation as a process has also been invoked to explain the red mottled sands developed on 
Early to Mid Pleistocene dune cordons of the Wilderness- Knysna embayment (Butzer and Helgren, 
1972; Helgren and Butzer, 1977). Laterisation of the dune cordons caused rubifaction and mottling but 
did not result in thin ferricrete duricrusts such as are found at this site. These altered older dune sands 
were then termed Knysna Sands. Later SACS (1980) described the Knysna Formation as red sands and 
conglomerate overlying hard rocks of the Cape System and older and implied that the Knysna Formation 

occurred beneath the Bredasdorp Formation. Certainly the soft red sandstone at the locality discussed 
here, bears similarities to the description of the Knysna Formation deposits. Rogers (1988) also 
considered that unconsolidated red sands underlay the Bredasdorp Formation at Hornstras and 
Jongensfontein. These sands he considered to be part of the Knysna Formation. The Knysna Formation 
has now been redefined and restricted to include only the lignite beds and associated consolidated 
aeolianites northeast of Knysna (Jacobs, 1992). The Knysna Formation is considered to be early 
Tertiary in age on the basis of palynology, plant remains and geomorphology. The Bredasdorp Group, 
which is largely calcareous, is now shown as resting directly on Cape System rocks, either Bokkeveld 
shale or Table Mountain Group sandstone, or on Cretaceous Enon group deposits with no intervening 
Knysna sands (Malan, 1990). 
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Histogram of bevelled surfaces for the total area between latitudes 34°00 and 34°15S 
and between longitudes 21°40 and 22°15E based on intercontour distances along 
selected interfluves. The histogram is representative of the African Surface north of the 
Aasvoelberg. The mode between 340-360m is a laterite surface. The mode between 310 
and 320m is representative of the silcrete valleyside benches associated with this high 
surface. The 200m mode may be laterite or silcrete capped over a deep saprolite. The 
lowest mode is a composite of reworked silcrete over thin saprolite and stripped 
saprolite. 
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Recent field work shows that various orange unconsolidated sands abut the limestone and are 
therefore younger, as are the consolidated red dunes that form higher ground north east of the Gouriqua 
locality under discussion here. The evidence derived from the locality discussed in this paper, suggests 
that several generations of orange sands exist, all derived from the consolidated soft red sandstone 
which, as has been shown, is itself a weathering product of the Wankoe Formation. In the Knysna area 
the partially laterised overlying sands are all considered to be much younger than the Knysna Formation 
and are therefore Pleistocene in age (Jacobs, 1992). It appears as if the Knysna Formation does not exist 
as an early Tertiary deposit in the area under discussion. The red sandstone is derived from Wankoe 
Formation limestone and does not form an outlier of the Knysna Formation. 

Laterite profiles have developed inland on Bokkeveld shales, Table Mountain Group sandstones 
and on Cretaceous Enon conglomerates. The African Surface laterisation period must therefore have 
continued well into the Tertiary Period. The results from the African Surface analysis inland indicate 
that the surface has been modified and lowered to form at least four distinct bevels with distinct 
weathering mantles (Marker and McFarlane, 1997). However the cap rock of the lower surfaces are 
most often silcrete overlying truncated saprolite. Silcrete deposition is a product of a change in 
hydrology and does not occur under the same conditions as laterite formation. There is no evidence of 
silicification in the area discussed close to the coast. Furthermore the Wankoe Formation limestones are 
considered to be of Pliocene age (Malan, 1990). Laterisation therefore continued until the Late Tertiary. 
However Helgren and Butzer (1977) argue that laterisation as a soil forming process continued until at 
least the mid-Pleistocene Period and that it was not confined to the Tertiary Period when the African 
Surface soils developed. The existence of a weakly developed laterite on the older Wankoe Formation, 
considered to be Pliocene in age, suggests that laterisation occurred over an extended period. 
Laterisation requires at least a seasonally wet climate and high temperatures. Acid soil conditions are 
inimical to laterite formation. The case-hardening more characteristic of the inland and higher outcrops 
of the Bredasdorp Group limestones also implies strong weathering with periodic drying out to create 
the case-hardened crust. Such karst processes at present are typical of the West and East Indies with hot 
wet climates. 

The presence of cobble beds at altitudes of 200m to 250m could perhaps indicates marine 
incursions to these altitudes during the deposition of the limestone, but there is no evidence elsewhere 
for this. It would require that strong wash intervened during the accumulation of the Tertiary Wankoe 
Formation limestone if the cobbles originated within the limestone. The alternative is to attribute the 
beds to a diversion of the Gourits river at a time when the limestone was saturated (Figure 1). There is 
no other evidence to support this suggestion. 

The use of the locality as a working floor because cobbles were available in an area otherwise 
stoneless, is clear. Two or possibly three distinct periods of use is confirmed by the typologies and the 
weathering rind evidence. Possibly the area was covered by dunes at intervening periods. This implies 
that the dune sands, themselves derived from the weathered red sandstone, are subsequent to the 
lithification of the Wankoe Formation. 

Conclusion 

A locality close to the coast at Ystervark Point has demonstrated that laterisation occurred on the 
Tertiary Wankoe Formation limestone despite limestone providing a poor substrate for development. 
Furthermore the locality suggests that cobbles from Enon or Buffelskloof Formations became 
incorporated within the limestone deposit and were later utilised for tool making at distinct periods. The 
possibility that the red sandstone could form part of the Knysna Formation deposits has been 
discounted. However the red sandstone which is clearly a weathering product from the Wankoe 
Formation limestones, is the source for all other red and orange sands in this region. 
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ABSTRACT 

Multitemporal comparisons of aerial photographs with satellite images of northern Congo/Zaire from 
1955 to 1990 and examinations of soils and carbon isotops on the Mbomou plateau give evidence for an 
ongoing increase in C3-dominated forest plants reducing the extend of savannas. This is effected by 
sufficient annual rain fall (> 1500 mm), intensive processes of bioturbation by termites (Eutermes 
fungifaber SJOST), negative migration processes of the rural population due to the economic crisis in 
former Zaire and an interconnected decrease iri bush-fire frequency as well as the global increase in 
atmospheric C02 effecting higher rates of net-photosynthesis in C3 plants. Studies on alluvial sediments 
show by the help of B13C-values an extension of forests on the Mbomou-Plateau around 7-7,5 ka and 2,5-
3,5 ka. Drier, savanna dominated vegetation patterns are evidenced for 5 ka and I ka up to present 
times. The more humid and arid climatic periods during the Holocene are partly in correspondence with 
high and low lake levels of Lake Chad. 

Introduction 

Marginal ecosystems as the Sahel and the Sudan are characterized by episodical, pronounced 

dry seasons due to a high variability of precipitation. The droughts of 1968-1973 and 1982-1984 

were rather the expression of natural weather dynamics than an evidence for an ongoing natural 

desertification in the sense of a general aridification of the African climate. Nevertheless do 

unadequate farming techniques, overstocking and population growth result in negative feedbacks 

on the natural landscape, causing irrevesible damages to the ecosystems south of the Sahara. 

Over the past I 0-15 years the way of looking at changes in the ecosystems has shifted from a 

local point of view, over a continental to a global scale. On the background of a measured 0.5° C 

rise in the global temperature since 1880 (Farmer & Wigley, 1985) the centre of scientific work 

is now to determine whether one has to expect basic changes in the African climate due to the 

greenhouse effect which would probably exceed the natural variability of precipitation in the 

Sahel and the Sudan. The steady shift of the sub-saharian climate zones towards the equator has 

been expected for a longer time, so that consequently a rising aridity in the Sudan and the humid 

Guinea zone based on empiric data could occur. As early as 1970 reports of the United Nations 

indicated the advance of desert like environments southward by 90-100 km in the Republic of 

Sudan in only 17 years. 

In the nineties for the first time a continental scale of an equatorial shift of the isohyetes in 

West and Central Africa becomes obvious that happened over the past 40 years. L 'Rote & Mahe 

(1996) show on the basis of a map including the interpolation of the average 250, 500, 1000 and 

1500 mm precipitation lines, that in the periods of 1951-1969 and 1970-1989 regional shifts of 

the isohyetes southwards have occured (fig. 1). On a larger scale these modification of the 

precipitaion distribution have to be interpreted as a continuous aridification of the region south of 

the Sahara. Wigley (1992) points out, that a significant increase in the intensity and occurance of 

neagtive precipitation anomalies in the Sahel between 20°W-40°E and 10°-15°N can be 
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recognized since 1965. The phenomena of the isoheyts southward shift is less developed in the 

rain forest areas with a precipitation of more than 1500 mm per year (fig. 1 ). The reasons for this 

are believed to be the minor variability in precipitation and a "trigger effect" of the local climatic 

based on the closed forest ecosystem, that might have prevented, up to now, significant signs of 

aridification. 

FIGURE 1: Spatial and historic dynamics of the 250, 500, 1000 and 1500 mm 
isohyets in West- and Central Africa from 1951-1969 and 1970-1989, after 
L'HOte & Mahe (1996), modified. 

Objectives and methods 

The recent and Holocene dynamics of the vegetation and climate in the transition of three 

ecosystems (Congo-Guinea-Sudan) are examined by the help of case studieS from the Central 

African Republic and Northern Congo (former Northern Zaire) between 4°-6° Nand 22°-25° E. 

This region is currently characterized by a mosaic of rain forests and savannas. It is assumed, 

that due to a positive precipitation balance over the past decades, humidity limits have been 

reached, that favoured the spreading of high forests. On the other side an increased decline in rain 

fall will result in the natural spreading of savanna-like vegetation. Edaphical and human factors, 

as for example bioturbation based on the widespread termites, lateritic crusts and bush fires, play 

an important role in the study of these dynamic vegetation patterns. 

With the help of remote sensed data and pedological and stratigraphical examinations as well 

as by looking at stable isotopes, it will be looked into the question if equatorwards a trend 

towards an aridification as in the Sahel and the Sudan can be observed for the period of 1955-

1990. Studies of alluvial sediments in the region of the Mbari valley in the Central African 

Republic concentrate on the Holocene conditions of climate and vegetation in the transitional zone 

from rain forest to savanna. 
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The study region is situated between 4°-5° N and 24°-25° E and covers an area of 100 km x 

I 00 km in the southern part of the north-equatorial swell in the Democratic Republic of Congo. 

The topographical landscape character is determined by flat wavy peneplain-complexes which 

rise 500-650 m above sea level (Jongen et al., 1960). Uniform, extensive granitic complexes form 

the underlying rock layers of roughly 80% of the region. In the north-western section parts of the 

basic basement of the Mbomou complex crop out. This complex stretches northward into parts of 

the Central African Republic (Cahen & Snelling, 1984). Isolated table mountain-like elevations 

are bound to petrographic resistant lateritic crusts. The region is located in the transition zone of 

tropical rain forest and semi-humid woooland to savanna grassland. The average annual rainfall 

ranges betWeen 1800 mm in the South and 1600 mm in the North (Bultot, 1971-77; Boulvert, 

1983). Based on the above hydrological circumstances satellite pictures show an extensive 

structured vegetation distribution: roundish forest islands of 20-30 km in diameter alternate with 

reticular patterns of tree and grass savanna (savanna woodland). The region shows a low 

population density of 2 inhabitantslkm2
• The past 10-15 years were marked by an economic 

decline of the former Zaire. As a result a migration of parts of the rural population to the South 

took place. The influence of livestock and grazing is marginal due to a livestock density of only 

0.5 animals per km2 (Bell, 1982). In the following it is assumed that the vegetation change, that 

occured during the past decades, based on . climatic reasons, can especially well be observed and 

prooved here due to the uniformity of the remaining goo-factors as geology, relief and soils. 

Multitemporal comparison of aerial photographs and LANDSAT-TM data 

For the study of the vegetation dynamics ofthe recent past historical belguim ortho-air photos 

to a scale of 1:100.000 from 1955 (Musee Royale de /'Afrique Centrale, Tervuren, Belgium), 

and geo-coded quarter scenes of LANDSAT-TM data from Febuary 1990 can be used. In a first 

step air photos are analysed and maps are drawn distinguishing between closed forests, open 

tree/grass savanna, bush fire effected and agricultural (cropping, plantation, pasture) areas. 

Afterwards the draft map is copied on a transparent film and brought into line with the 

LANDSAT-TM quarter scene, processed in the bands 4,5, 7 (RGB). The analogue mapping of 

the historical map information from 1955 with the modern satellite imagery from 1990 indicates 

the dynamics of vegetation cover. The mapping results are quantified through planimetering. 

Afterwards they are presented and analysed as relative and respectively as absolute vegetation 

dynamics for the period of 1955-1990 (Runge & Neumer, in press 1998). 

Vegetation and landscape dynamics 1955-1990 

The comparison of the maps, on the one side the situation in 1955, and on the other side the 

LANDSAT-TM data from 1990, shows that on only 9% of the studied area of 10.000 km2 were 

effected by changes in vegetation cover. It becomes especially clear, that no significant advance 

of savanna vegetation into forest areas has taken place during the last 35 years. A trend towards 

aridification southward cannot evidently be prooved in this region over the last decades. On the 

contrary a growth of forest located in savanna areas has been identified. Under the momentarily 
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climatic condition existing forests are able to expand from fringe areas into the savanna. It is 

distinctive that gallery forest systems were able to expand into the topographical higher situated 

inter-fluvial regions, forming closed forest areas where savanna had been before. 

The persistance of savanna is concentrated to areas where bush fires occured frequently in 

1955. These fires favour the generating of savanna and at the same time prevent a rejuvenation of 

existing forests. On only 2690 ha or 0,23% of the maped area a growth of savanna, not related to 

bush fires, could be observed. Over 3 5 years the outcome of vegetation dynamics (,forest 

growth" minus "savanna growth") results in an absolute increase of the forest area by 2.400 ha. 

This share would theoretically rise to almost 42.000 ha (3,6%) if the number and intensity of 

bush fires would drop. Because of the economical based migration of the rural population from 

North-Congo, a reduction of the agricultural land and the numbers of bush frres has already been 

recognized (Runge, 1998). Compared to the savanna, the forest development is favoured by an 

annual precipitation of 1600-1800 mm. The impression of a more or less stable balance between 

forest and savanna is only related to regulary lighted bush fires. The fires are used by man mostly 

for hunting. They prevent the steady rejuvenation and spreading of the forest, despite of sufficient 

rainfall. Therefore an ecologically measurable trend towards an aridification as in the Sahel, 

based on the multitemporal air phtos and satellite data comparison cannot be prooved for the area 

of 4°-5°N and 24°-25° E. 

Mbomou plateau and Mbari valley study area (5° N/23° E) 

The climate of the Mbomou plateau, situated NE of Bangassou, on the border to the 

Democratic Republic of Congo is tropical, semi-humid with a hot dry-season from December to 

March and a vague rainy season from Aprii-October/N ovember that shows two precipitation 

peaks. The annual rainfall of Bangassou averages 1 622 mm; the annual average temperature is 

25° C. The rainfall varies between 1000-1200 mm in dry years and 1800-2000 mm in wet years. 

The analysis of the daily rainfall events at the Meteorological Station of Bangassou from 1980-

1996 shows that with the beginning of the rainy season morphodynamically effective excessive 

rainfall events occur. The amount of precipitation varies between 60 mm and 100 mm in 24 

hours. During the rainy season typical phases of lower precipitation occur ("short dry seasons"). 

For the 17 year observation period a statiscally very slight rainfall reduction tendency is 

detectable. A linear continuation of this development would result in a reduction of the average 

daily rainfall from currently 12 mm to 6 mm in about 120 years. As natural variations of 

precipitation normally do occur within a period of 30-40 years, the available data from 

Bangassou describes a hypothetical scenario (Runge, 1998). However, as evidenced by other 

stations, some areas of the north-equatorial-swell show an increasing number of years with 

insufficient precipitation. This can be also underlined by comparing the water-levels of the 

Ubangui river with a catchment area of 480.000 km2 from which data is available since 1911 and 

which are declining since the late 60ies (Boulvert, 1996). Under the above background this 

observation can be as well interpretated as a first signal of climatic change towards an 

aridification in the wider study region. 
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The field studies 1995-1996 were especially interested in an isolated forest area with a 

diameter of around I 00 km north-east of Bangassou. This forest complex is surrounded and 

bounded by a relatively open tree and grass savanna. It defines the northernmost extension of the 

central african rain forest. Within this rain forest edaphic caused savannas, developed over 

lateritic crusts with a low amount of fine soil material (lakere) exist. According to Boulvert 

( 1 986) the Bangassou "forest island" is made up by a semi-evergreen forest that is a northerly 

forest fringe formation iforet lisiere), of the Congo basin. Characteristical tree species are 

Trip/ochiton scleroxylon, Terminalia superba, Celtis spec., Aubrevillea kerstingii, Khaya 

grandifoliola, Anageissus leiocarpus (Boulvert, 1986). The forest on the Mbomou plateau reacts 

on climatic modifications by an increasing or decreasing in size. These area and vegetation 

dynamics are especially suitable for drawing conclusions regarding Holocene and recent changes 

in climate. Directly associated are fluvial and morphodynamical processes. The whole region has 

during colonial times never been used commercially. Today the total area is more or less deserted, 

besides a small settlement strip in the Mbari valley, so that one can expect undisturbed natural 

prevailing conditions (fig. 3). 

Geological and geomorphological setting 

The Mbomou plateau slants down just over 200 km to the south towards the Congo basin. The 

underlying basic gneiss (amphibolite-pyroxene) is rich on dark aggregates. This basement 

complex stretches over an area of 75.000 km2 in the Central African Republic and the 

Democratic Republic of Congo. The slightly abowed, floor-like dissected Mbomou plateau is 

bordered by sand and claystones as well as by limestone sediments of the Upper Precambrium 

(Boulvert, 1986). The southern part of the unit has obviously been folded once again in a NE-SW 

direction, and therefore orogenetically been stressed (zone de refo/iation, Lavreau, 1982). This is 

underlined by a zone of acidic granite enclaves between the villages of Yakoma and Zemio. 

Furtheron to the south granitic batholites within the Monga-gneiss do occur. 

The extensive geomormological character of the Mbomou plateau is marked by a hardly 

perceptible incline of relief. The plateau rises from 500 m above sea level in WSW near Ouango 

over a distance of 300 km to 700 m above sea leave} in ENE near Dembia. Besides these 

tectonical and structural caused orientation of the relief, the fluvial shaped slopes of the Mbari 

valley dip southward towards the Mbomou river. From the center of the Congo basin to the North 

an extensive arched swell is ·formed. The uniform plateau surface is characterized by thick 

petrographically resitstant weathering features such as lateritic crusts. The study region has been 

exposed to terrestrial weathering since the Palaeozoic. During the long-time geological scale, the 

primariliy ~esquioxide rich rocks of the Mbomou complex were altered into thick kaolinitic-and 

ferrallitic regoliths that converted to solid lateritic residues (crusts). The topographical highest 

situated laterite plateaus at 700 m a.s.l. are seen by Boulvert (1996) as remnants of Eocene to 

Miocene planation surfaces. 
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PHOTO I: Termite colony of Eutermes fungifaber at a forest fringe near 
Bangassou showing 50 em high mounds. The growth of new grass on the 
laterite-covered surface (/akere') occurs shortly after regular bush fires at the end 
ofthe dry season (Runge, March 1995). 

Termites and bioturbation and their relevance to vegetation dynamics 

Eutermes fungifaber SJOST (eL Cubitermes spec.) 

On the Mbomou plateau especially on the laterite-incrusted, forest-free lakere areas, extensive 

termite colonies of Eutermes fungifaber SJOST (ex. Cubitermes spec.) exist. The mushroom

shaped mounds of Eutermes fungifaber develop within the shortest time (Photo I). On fields that 

have just been cleared from trees and old termite mounds, new mounds of 50 ern in height and 30-

50 em in diameter are formed within 3 months. On a test area of 0,5 ha near Bangassou, 296 

termite hills of Eutermes fungifaber have been counted and surveyed (fig. 2). The fine material 

which is transported to the surface through bioturbation equals 50-60 tons per year and hectar. 

Not taking the denudation rates caused by excessive rainfall into account, the soil surface would 

theoretically show an absolute increase of 3-4 rnm in thickness per year or 30-40 em per century 

(Runge, 1996). 

It seems that stratigraphic concepts are hard to work with because of intensive bioturbation 

processes by termites in the reserach area .. However, further studies showed that the selected 

sites in the alluvial plain of the Mbari valley (see fig. 3) are not being strongly affected by 

termites. At these sites termite hills are normally not developed due to the higher groundwater 

level during the rainy season and periodically occuring floods. The number of termite mounds 

significantly increases on drier and topographically higher areas. By sampling recent and fossile 

Ah-horizons of the soils inside bas-fonds (french: grass covered and periodically flooded areas) it 

is possible to show that also the fossilized soil horizons were mainly uninfluenced by bioturbation 

(Runge, 1996). That the stratigraphy of the sediments is undisturbed can be proved through 

radiocarbon datings which regularity get older with an increasing depth of the sediment; so it 

seems that this method is quite reliable (Runge, 1998). 
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FIGURE 2: Quantification of the soil volume brought up by bioturbation through 
termites of Eutermes fungifaber SJOST on a 0,5 ha test site north-east of 
Bangassou, Central African Republic (field survey: March/Apri11996). 

The rate of bioturbation and denudation on the lakere-sites is subject to a topographical 

gradient. The depth of the fine material increases downslope. The slopes are characterized by a 

cover of shred-like patterns which are roundish to angular interspersed by local outcrops of 

lateritic crusts and thin layers of loose laterite gravels (pisolithes), overgrown iri parts by sparse 

grass. 

Bioturbation processes results in a steady accumulation of fine material. This seems to favour 

the growth and rejuvenation of high growing plants on the lakere areas. Before the barren 

surfaces of the lateritic crusts were only covered by grass. Today trees also tend to grow on the 

applied fine material blanket. The granulometric composition of the fine soil generated by 

Eutermes fungifaber consists to around 70% of sand, 10-15% of silt and 15-20% of clay (Runge, 

1996). During the past decades (up to centuries?) it is detectable that on a number of forest edges 

on the Mbomou plateau forests have expanded into lakere-sites on the expense of former edaphic 

savannas. The soil cover made-off bioturbated sediments is only a few decimetres thick underlain 

again by a solid lateritic crust. The "edaphic disadvantage" for trees on the lakire sites gets 

compensated by bioturbation processes. The present rain fall conditions of more than 1500 mm 

precipitation permits at first the evolution of a shrub-like and later of a forest-like plant cover. 

Only the occurance of regular bush fires can preserve the boundary between forest and lakere 

sites in a more or less stable equilibrium (see photo 1 ). 

Pedological and isotope-geochemical examinations 

Basis of the research on the Holocene climatic and vegetation history of the Mbomou plateau 

are examinations of soil stratigraphy and of stable carbon isotopes in the alluvial sediments. As 

the Mbomou plateau has been a region of terrestrial denudation since the Palaeozoic only deposits 

in river valleys and closed depressions on interflow sections (as ferricret karst) can be used as 

reliable archives of the Quaternary climate and landscape history. Using the information from 2-

4m deep boreholes in the bas-fonds (e.g. "lowlands": grass-covered lake shores, flood plains, old 

77 



river branches, lower terraces) of the Mbari valley, conclusions can be drawn concerning climate 

and vegetation controlled periods of accumulation and erosion processes in the younger 

landscape's history. 

13Cfl1C isotopes, o13C ratio 

Helpful for the reconstruction of former vegetation conditions are fossile humic horizons and 

traces of carbon in the sediments. They can be attributed on the base of o 13C values, the initial 

photosynthetical bond by C3 plants or by C4 plants. This technique uses the fact that during the 

photosynthesis of autotrophic plants different ways of fixing C02 exist. C3 plants (most of the 

trees) use the Calvin-Benson-Cyclus to build the C02 into the cell. C4 plants (most of the 

savanna grass species) distinguish themselves from C3 plants in the way that with the absorbtion 

of carbon dioxide they first build up bodies with 4 and not 3 carbon atoms (Larcher, 1980). 

The diffrenciation in C3 and C4 plants is of great importance for palaeoenvironmental research. 

C3 and C4 plants do not use the carbon isotopes (12C and 13C) existing in the atmosphere in the 

same way. The carbon dioxide of the atmosphere consists to 98,89% of 12C and to l, ll% of 13C. 

(Denffer et al., 1978). The different form of the C02 fixation in C3 and C4 plants results, 

regarding the balance of composition, in a relatively higher share of 13C in C4 plants. The recent 

as well as the fossile carbon in the organic matter of the soil built-up by grass species is slightly 

"heavier" (mass weight) than the carbon that was fixed by C3 plants. The determination of the 
13Cfl 2C ratio is done with the help of a mass spectrometer and is given as the o13C ratio (negative 

value in 96o) (Denffer et al., 1978). 

According to Schwartz ( 1991) 80-85% of the tropical savanna-grass species are C4 plants, 

especially species of the families Panicoidae and Andropogonoidae as well as the Cyperaceae. 

Test results on fresh grass material show o13C values of -10,596o to l5,296o (Schwartz, 1991). 

Only a small group (<I 0%) of the tropical grass species assimilate by using the C3-principle. 

Examples of C3 grasses that grow in the transitional zone of savanna and tropical rain forest in 

the Congo are Cyrtococcum chaetophorum, Graduella marantifolia, Oplismenus hirtellus and 

Commelinidium mayumbense. The latter one is predominantly found in closed forests. They 

show o13C values of -31,496o to -34,596o (Mariotti, 1991), which are characteristical low 

(,lighter'') o13C-values for C3 plants. The order of magnitude can similarily be measured in 

tropical forest trees were cS
13C-values for C3 plants range around -2596o or between -2096o to -

4096o (Denffer et al., 1978; Larcher, 1980). 

Using the organic matter of a soil one can determine with the help of the o13C-ratio which 

primary vegetation types have initially produced the organic material through photosynthesis 

(savanna predominantly: C4 or forest: C3). A study which was undertaken in Congo-Brazzaville 

by Trouve et al. (1991) looks at the speed and intensity of these plant-physiological pedogenetic 

processes. At first pine-trees (Pinus carbea) and Eucalyptus (clone of Eucalyptus urophylla and 

Eucalyptus ABL-saligna) were planted on an area that is covered with savanna vegetation. Over 

a period of almost 30 years the upper soil layer (0-5 em) was analysed to determine the cS 13C

ratio. The cS
13C-value of the organic matter in the soil was measured in the year of the first 

planting at -14,496o under pine-trees and -14,596o under Eucalyptus. The features of the organic 

matter were clearly refering to C4 plants as the primarily source. After 13 years of the planting 
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the a13C-value decreased on the plantation. Due to the enrichment of organic matter originating 

from C3 tree leaves, the a13C-value was measured at -20,4%o under pine-trees and -22,7%o under 

Eucalyptus. The a13C-value reached -25,2%o under pine-trees and -25,1 %o under Eucalyptus after 

19 as well as 28 years (Trouve et al. , 1991 ). This clearly shows that a steady modification of the 

predominant composition of the vegetation is reflected in the organic matter already within a few 

decades. 

To determine what kind of plants created the carbon found within the sediments one can 

compare the a13C-values of fossile Ah-horizons with the today values, so that conclusions can be 

drawn regarding the plants that were growing at a site at a certain time, if radiocarbon dates of 

samples are available as well. According to Mariotti (1991) there are clear diffrences between C3 

and C4 dominated plant societies, if the a13C-values of the organic matter differ in the order of 

12-14%o. The enrichment of 13C in the subsoil through pedogenic processes like infiltration and 

eluviation causes with the increase of organic matter of less than 4%o no ,smearing" of the 

significant diffrences between C3 and C4 plants and can therefore be ignored (Schwartz et al., 

1996). 

Holocene and recent development of climate and vegetation 

on the Mbomou plateau and in the Mbari vaUey 

Drillings of up to 4 m in the alluvial zone of the Mbari valley (fig. 3) prove the existence of 

Holocene sediments dated up to 8 ka (8000 yr.B.P.). It can be suspected that the Mbari alluvial 

fill is much thicker (including pre-Holocene sediments), due to the fact that no unweathered 

bedrock nor saprolite of the Mbomou gneiss have been reached This shows that even 

geologically old planation surfaces contain on suitable topographic positions as valley bottoms 

pedological and sedimentological archives containing important information about the Quaternary 

landscape history. 

The vegetation of the Mbari alluvial zone is dominated by C4-grasses. The predominent 

species are Andropogon schirensis (-12,1%o), Hyparrhenia spec.(-11,6%o), Loudetia 

arundinaria ( -12,196o ), Panicum maximum ( -12, 796o ), and Pennisetum purpureum ( -11 ,3%o) (in 

brackets the corresponding 813C-values for fresh organic grass material, according to Schwartz, 

1991). The recent grass cover shows avergage a13C-values of -12%o. The recent humic topsoil up 

to a depth of 25cm demonstrate 813C-values between -15,5%o to -18,696o. The trend towards a 

greater 13C/12C-ratio can be attributed to the recent plant cover of C4-grasses. The only exception 

is one borehole (813C = -19,4%o) in a thinned out forest on a lower terrace of the Mbari river. The 

magnitude of the a13C-value of fresh grass with recent savanna humus ranges between -13,2%o 

and -17,496o. 813C-values are significantly lower if some trees grow within the grass-savanna 

species. 

Many ofthe surveyed profiles and drills (fig. 3) show with increasing depth a shift of the a13C 

towards smaller ( < -20%o) forest indicating values. A few drills show a shift towards a C3 

dominated forest at first that is reversed again with increasing depth towards a C4-environment 

which is characterized by grass species. However, there are also profiles, where no significant 

change of the a13C-values at increasing depth occurs. At these locations the composition of the 

vegetation cover has stayed more or less the same. 
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FIGURE 3: Location of soil profile pits and drills in the alluvial plain of the 
Mbari valley in south-eastern Central African Republic (compare Runge, 1998) 

Test sites indicate that the climatic modifications during the Holocene have initiated a change 

in the vegetation cover. The reshape of the river geometry of the Mbari has obviously never 

resulted in a lasting, uniform dominance of forest or savanna. A more or less steady alternation of 

savanna-like and forest-like 313C-environments around a limit of -20%o is recognizable (fig. 4). 

The present "islands of rain forest" surrounded by savanna grasslands have already existed more 

or less in a similar way in the Holocene. A pulsating vegetation mosaic of forest and savanna can 

be detected over the time. This is on the one side caused by climatic variations resulting in a 

reduction or an increase of the available moisture. On the other side there is human influence on 

the vegetation mosaic by lighting bush fires and by land use. Along the main settlement centres in 

the Mbari valley between the villages of Bombi and Balifondo II the cleared and open areas grow 

steadily. There, the forest is forced back by the advancing of human induced savannas and 

traditional agriculture. A denser, almost closed forest is developed beyond the Mbari river in the 

northwest where areas are not settled or cultivated (fig. 3). 
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FIGURE 4: Holocene vegetation dynamics in the region of the Mbomou plateau 
showing a maximum ofthe forest expansion at around 7,5-7 ka and 3,5-2,5 ka 
based on a13C-values in %o and 14C (AMS) data (the lighter polynomial 
distribution curve takes 15 datings into account [see Runge, 1998], for the darker 
curve already 19 datings are being used). 

The comparison of 14C(AMS) radiocarbon dated samples with the corresponding o13C-values 

shows a distribution pattern, that marks the climate-historical caused change between forest and 

savanna environments. The polynomial distribution curve in figure 4 summarizes in a first part 

the shift of the vegetation distribution of C4-savannas to C3-forests that occured between now 

and 2,5-3,5 ka .. Around 5 ka the curve indicates an increase of the o13C values to -17%o, which is 

interpretated as renewed forest regression and expension of savanna. Once again a lower o13C

signal of -27,5%o is indicated, which shows the extension of forest, at around 7-7,5 ka. At 8 ka a 

repeated savanna expansion occured detectable by values of around -20%o. This can be seen as an 

expression of drier hydrological prevailing conditions (fig. 4). 

The derived climate and vegetation development in the study area is compared with the well 

explored palaeo-climatic signal of Lake Chad (Servant, 1973; Maley, 1981; Boulvert, 1996), 

which is 1300 km away. Agreements can be seen between the high lake level of Lake Chad 

around 3,5 ka and the maximum of the forest extent on the Mbomou Plateau at around 3 ka due 

to more humid climatic conditions. Another proof is the high lake level of Lake Chad, during a 

wet period in the Sahel, at around 8,5 ka. It corresponds with a period of increased forest 

extention on the Mbomou Plateau, that was shifted temporarily and spatia11y, at around 7,5-7 ka. 

At 6,5 ka the water level of Lake Chad reached another maxium. This phase could not be found 

as a clear forest extension in the study area at that time as the available data seems to be not 

sufficient (fig. 4). However, an increased period of aridification with an extension of savanna 
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took place on the Mbomou plateau at around 5 ka. This corresponds with a lower lake level of 

Lake Chad indicating a drier period at the same time. Since about 1 ka up to more recent times 

savanna vegetation on the Mbomou plateau is increasing in size (due to the growing influence of 

humans?). Lake Chad, besides shorter interruptions, is at the same time slowly drying-out (see 

Maley, 1981). At least three major climatic periods of increased and reduced precipitation were 

evidenced for the Lake Chad basin during the Holocene. Obviously this is due to the shorter and 

faster ecological reaction time of a shallow lacustrine system. Episodical outflow peaks of the 

Chari river have a direct effect on the water level of Lake Chad. A greater outflow for instance 

results in a quick rise of the lake level (Pouyaud & Colombani, 1989). The more complex and 

dynamic succession of forests and savannas on the contrary, based on climate changes, shows a 

temporal and spatial delay in this reaction. It gains intensity if a critical ecological level is 

reached. This could be seen as the reason that besides the spatial caused modifications of the 

climate between the Sahel and the Sudan-Guinea, not all peaks of the lake levels of Lake Chad do 

directly correspond with the maximum of forest extention on the Mbomou plateau. The 813C

curves of savanna and rain forest distribution (fig. 4) can be refined if tests on further boreholes 

and samples from the study region are added. That way more differentiated statements can be 

made regarding the climatic and vegetation dynamics. It also has to be mentioned that local geo

factors on the Mbomou plateau affect the speed of forest and savanna extention. In this context 

the lakere-plains and bioturbation by termites are a good example. 

Speculating on the future development of climate and vegetation in the area, as indicated by 

the lighter (n=I5) polynomical trend-line in figure 4, it could be supposed that a quasi-natural 

regeneration and expansion of the tropical forests to the North will take place. This hypothesis is 

based on the scientific findings of the field work on the Mbomou plateau and the multi-temporal 

mapping for the period 1955 to 1990 in neighbouring Northern Congo that was mentioned in the 

first part. 

Results and discussion 

At around 20-15 ka a climatic controlled, high glacial forest regression occured. This was 

followed afterwards during the Kibangien from 12-3,5 ka by a re-colonisation of forest on the 

Mbomou plateau under more humid and warmer conditions (Boulvert, 1996). This Holocene 

period was regularity interrupted by climate controlled smaller shifts in vegetation composition 

from forest to savanna and vice versa. Periods of aridification lasted for about 2-3 ka. Therefore 

the vegetation cover of the Mbomou plateau during the Holocene showed a dynamic and 

pulsating mosaic of forests and savanna patches consisting of plant communities mainly 

dominated by C3 or by C4 plants. Closed forests dominated the landscape at 7-7,5 ka and from 

2,5-3,5 ka. Drier (warm?) periods characterized by savanna vegetation, containing smaller 

"islands" of rain forest shape the landscape at around 5 ka and from 1 ka until present times. 

However, as evidenced by the multitemporal comparison of remote sensed data, for the last 

decades a tendency of a renewed forest extension is detectable. Besides the parallels in the climate 

and vegetation development on the Mbomou plateau and the Lake Chad, connections most likely 

exist with the amount of atmospheric carbon dioxide used in the photosynthesis process for 

biomass production by C3- (majority of forest trees) and C4- (most grasses of tropical savannas) 
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plants. During the Last Glacial Maximum (LGM) the climatic conditions of Central Africa were 

semi-humid to semi-arid. Wide areas of the Congo basin and swell areas were dominated by C4-

grass-savannas. At that time during the glacial period the earth's atmosphere contained only 

between 160-200 ppm of carbon dioxide (C02) (Polley et al., 1993). Since the beginning of the 

global warming in the late Pleistocene and Holocene approximately 15 ka ago, the average annual 

temperature rose by around 4,5° C. A change in the composition of vegetation occured over a 

large area, due to the warmer and more humid climate. Simu1tanously, just briefly interrupted, the 

amount of the greenhouse gas carbon dioxide rose steadily, which it does continue to do. Since 

1750-1800 the amount of carbon dioxide in the atmosphere rose significantly from a pre

industrial level of 280 ppm to the present level of 350-360 ppm (see Wigley, 1992). C3 and C4 

plants react differently on higher and lower C02-concentrations. Robinson (1994) shows that C4 

grasses reach the maximum netto photosynthesis at carbon dioxide concentrations of 180 ppm. 

This value corresponds with the conditions during the LGM. With rising C02-concentrations the 

netto photossynthesis rates of C4-grass stays constant. C3-plants, like many trees, show a 

photosyntetical stress reaction with a reduced biomass production if carbon dioxide 

concentrations drops below 200 ppm. If the concentration even drops under 60 ppm, the netto

photosynthesis of C3 plants tends toward zero. C4 plants on the contrary are still 

photosynthetical active. Higher and steadily rising C02-concentrations result in proportional 

increased water intake and biomass production of C3 forest plants. Polley et al. (1993) show by 

an experiment a direct linear link between an increased netto-photosynthesis of C3 plants and an 

increased amount of carbon dioxide in the atmosphere. LUttge (1997) on the other hand points 

out, that long-term tests with C3 plants have shown, that with increased COrconcentrations the 

COrdetermination of the photosynthesis could be also regulated downwards. 

Since around 100-150 years C3 plants do profit from this human initiated "fertilization effect" 

of increased C02 amounts in the atmosphere. If the C02-concentration exeeds 330 ppm, the 

effectivity of the photosynthesis of forest plants compared to C4 grass plants, is increased even 

further (Robinson, 1994). This ,limit" of about 330 ppm C02 has been reached around 1970 and 

since then favours the development of plants that assimilate according to the C3-principle. For the 

surveyed regions this means, that the causes of the observed recent forest extension, besides 

hydrological (sufficient annual precipitation of more than 1500 mm) and economic reasons (drop 

of the number of bush fires and by negative migration processes) have to be seen in context with 

an increased and steadily rising amount of carbon dioxide in the earth's atmosphere. As a result 

of this, this means a first more or less natural impuls of a turning back of the aridification trend 

in equatorial Africa that was outlined in the beginning. It has to be discussed carefully if this 

extension of the forests on the margins of the humic tropics recognized in agreement with Polley 

et al. (1993) continues in the future or if it will change dramatically by turning into a 

"deterministic chaos" with a non-linear dynamic (see LUttge, 1997). 
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ABSTRACT 
Between Cape Point and Cape Maclear at the southern tip of the Cape Peninsula, headward of Dias 

Beach, erosion has exploited a Cretaceous dolerite dyke, which has intruded the Ordovician Table 

Mountain Group sandstone. The result is a steep-sided ravine, cut into the ~lOOm high cliff face. This 

ravine has preserved within it Late Quaternary sedimentary sequences which attest to a variety of 

geomorphic processes which were active during the Late Pleistocene. These sediments have, in turn, been 

incised during the Holocene, and resultant gullies present exposed faces, which facilitated this 

investigation. 

The two main deposits reveal contrasting sedimentary structures, representing very different 

depositional environments. Immediately above the dune cordon, which flanks the modern beach, is a 

sequence ofaeolianite (calcarenite), which displays a variety of low-angle planar, and high-angle cross

bedded laminations. This sand-size material is well cemented, but not completely lithified. Overlying this 

sequence is a massive colluvial deposit comprising unconsolidated, quartzitic sand, as well as angular 

clasts in a number of lags. The deposit does not display any sedimentary structures. The colluvial 

sediments abut the downslope aeolianite along a distinct, abrupt unconformity. 

The aeolianite is interpreted as the product of aeolian deposition by onshore winds during the 

period when sea level was initially retreating towards its Late Pleistocene lowstand. The colluvial deposit 

is interpreted as the midfan remains of an alluvial/colluvial fan formed by debris flow and sheetwash. 

Optically Stimulated Luminescence (OSL) dates from near the base (82 ka) and near the top (31 ka) of 

the main fan exposure suggest emplacement during the Last Glacial. Both deposits are older than had 

been anticipated. While the aeolianite is regarded as the product of a semi-arid depositional phase, the 

emplacement process ofthe colluvial fan suggests the presence of moisture. This, in turn, may imply a 

wetter environment for the southwestern Cape during the Last Glacial. It is known that the Last Glacial 

was generally drier over the summer-rainfall region of South Africa, but the situation for the present 

winter-rainfall region remains unclear. The tentative findings from this study support the notion that 

conditions for the winter-rainfall region of the south western Cape may have been wetter prior to the 

termination of the Last Glacial. 
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INTRODUCTION 

Colluvial deposits and their associated gullies (dongas), which mantle pediment 

slopes are a conspicuous feature of the South African landscape south of the Zambezi 

(Watson et a!., 1984). Although aspects of colluvialisation have been well 

documented for the interior summer-rainfall region of southern Africa, there has been 

limited research into the palaeoenvironmental signals detectable within the colluvial 

deposits of the southwestern Cape. Aeolian sedimentary sequences are another deposit 

common to southern Africa. They are common components of coastal sedimentary 

environments and frequently develop on windward coasts with an abundant supply of 

sand size material (Wilson & Braley, 1997). 

Coastal sedimentary sequences of Quaternary age accumulate in response to two 

factors; global sea-level change and local climatic variation (Barwis and Tankard, 

1983). At Dias Beach, Late Pleistocene deposits, attributed to aeolian and ·colluvial 

processes, form a distinctive facies assemblage, which clearly indicates a shift in 

depositional processes. It is speculated that the exposed section of the sequence was 

deposited during the period between the Last Interglacial (LIG) sea level Highstand of 

120 ka and the subsequent withdrawal of sea level, terminating somewhere near the 

Last Glacial Maximum (LGM). This speculated time frame is supported by two 

Optically Stimulated Luminescence (OSL) dates from the colluvium deposit; 

(Shfd97089) 31.96 +/- 3.5 ka ai i .30m from the upper surface and (Shfd97090) 82.84 

+/- 11.4 ka at 6.20m from the upper surface. At present a third aeolian sample from 

just below the unconformity between the aeolian and colluvial deposits is being dated 

by thermoluminescence. The depositional sequence therefore documents the transition 

from the warm, dry hyperthermal to the cool , wet hypothermal. 
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The aim of this paper is to discuss the changes in depositional environments which 

occurred within the headward confines of Dias Beach, and to examine the 

implications of tht?se changes for our understanding of Late Quaternary 

environmental/climatic change through the interpretation of the lithofacies and 

sedimentary structures exposed within the valley section. 

Using gross lithology and primary physical sedimentary structures, four facies are 

recognised within the valley sequence. These are identified as a basal aeolian 

dunefield facies, which may include elements of additional facies as identified by 

Barwis and Tankard (1983), an overlying massive colluvial facies in excess of 7.5m 

thick, a capping facies of talus and scree deposits and contemporary aeolian material 

originating from the shoreface. 
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FIGURE 1: Location ofDias Beach. 
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LOCALITY AND SETTING 

Dias Beach (23°21' S, 18°29' E) is located at the southern tip of the Cape Peninsula 

in the bay between Cape Maclear to the west and Cape Point to the east (Figure 1. ). 

The study site consists of an area of active, vegetated and partially stabilised dunes, 

belonging to the Holocene Witzand Formation (SACS, 1980), and Late Pleistocene 

89 



calcarenised aeolianites, belonging to the Langebaan Formation (Tankard, 1976; 

SACS, 1980; Rogers, 1982; Roberts and Berger, 1992). These aeolian deposits are 

situated on the inner, central and northern flank of Dias Beach and extend from the 

seasonal backshore lagoon, immediately inland of the respective source beach, up a 

backshore terrace onto flanking higher ground ramped against the base of cliffs 

belonging to the Ordovician Graafwater and Peninsula formations (Figure 2.) 

(Tankard and Hobday, 1977; Hobday and Tankard, 1978; SACS, 1980). These cliffs 

form a nearly continuous vertical barrier some 35-40 metres high, which surround the 

pocket beach to form a contained crescent. Four headward valleys transect the lower 

slopes and act as drainage channels between the surrounding topography and the 

foreshore. 

FIGURE 2: View of the backshore area. (G) Graafwater Formation, (P) Peninsula 
Formation, (A) Aeolianite, (T) Scree and talus accumulations, and (S) 
Comporary aeolian sand accumulations. 
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The location of the study area on the tip of a peninsula means that the provenance 

of sediment is limited to either a very local terrestrial or marginal marine source. The 

geomorphology of the immediate area is dominated by a wave-cut platform, presently 

65 m above sea level (a.s.l.), situated above the backshore cliffs of Dias Beach 

between Cape Maclear and the series of peaks running along the spine of the southern 

Peninsula, with Vasco DaGama Peak (266m a.s.l.) being the most dominant peak in 

the study region (Figure 1.). 
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FIGURE 3: Wind rose and mean annual rainfall for the Cape Point area (SA Weather 
Bureau). 

The study area lies in a Mediterranean-type climatic belt, which generally includes 

the southwestern Cape region. Rainfall is generally restricted to the winter months, 

with the summers being hot and dry. Precipitation events are usually concentrated in 

relatively short intense periods, often associated with the passage of a frontal system 

over the Cape Peninsula. Precipitation peaks occurring from May through to August, 

with the Cape Point area receiving an average of 350mm per annum (SA Weather 

Bureau). The wind direction is strongly bimodal , but this is dependent on the season-

SE winds being dominant during the summer, and both NW gales and SE winds 

occurring during the winter months - the dominant wind direction is however SE 

(Figure 3.). This is due to the presence of a subtropical high-pressure system, often 

centred between 26°S and 30°S, to the west of southern Africa. To the south, this 

high-pressure system borders on the "westerlies", causing a steep pressure gradient. 

The southeasterly winds of the southwestern Cape are the result of winds blowing 

anticyclonically around the high-pressure system. In summer, the centre of the 
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anticyclone lies at about 30°S and this brings strong southeasterly winds to the 

southwestern Cape, but in winter the centre moves equatorwards to 26°S. The 

westerly wind system follows the anticyclone northwards and the southwestern Cape 

is then frequented by mid-latitude depressions, which bring rain from the 

southwestern Atlantic. It has been proposed by some authors (Tankard 1975; Tankard 

and Rogers, 1978) that, with the warmer temperatures at about 120 ka, the South 

Atlantic anticyclone would have moved south of latitude 30°S and intensified. 

However, during a transition to hypothermal conditions, there would have been a 5° 

equatorward shift of the climatic belts, a corresponding reduction in the intensity of 

the high-pressure system and an equatorward expansion of the winter-rainfall region 

as the westerlies shifted closer to the southwestern Cape. 

METHODOLOGY 

The study area was subjected to preliminary mapping and investigation using aerial 

photographs of various scales (1: 10 000; 1: 3000) with more detailed information 

being obtained by subsequent field mapping. The 7m-high vertical cross-section of 

the colluvial deposit, combined with the vertical section exposed by the fluvial 

incision of the main channel, facilitated examination and logging of the deposit's 

internal structure and composition. 

A vertical transect consisting of eight samples was taken from the colluvium 

exposures, and three samples of aeolianite were taken for laboratory analysis (Table 

1.). All preparation and analyses were undertaken according to standard 

sedimentological and pedological procedures (Jackson, 1958; Tucker, 1988). 

Particle size analysis of the sand fraction (63 microns to 2mm) was undertaken 

using a settling column, whereas the hydrometer method was used to determine the 

proportions of sediment in the silt and clay size fractions. To determine the alkalinity 

of the colluvium and the aeolianite, pH readings were taken. The presence of free salts 

and decomposed organic material, which may have influenced pH readings in water, 

resulted in additional pH readings being taken in a 1 mol/1 KCl solution. Electrical 
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resistance readings of a saturated soil paste were determined in order to provide an 

indication of the salt concentration in the samples. 

TABLE 1: Sedimentology of fraction< 2 mm, secondary Fe, organic and carbonate 
content, and Munsell colour of samples. 

SAMPLE DEPTH %GRAVEL %SAND %FINES %Fe %ORGANIC %CARBONATE MUNSELL 

Colluvium 

A02 0.2m 4.8 83.5 11 .7 0.93 0.8 2 10YR6/2 

A1 0.4m 0.1 85.3 14.6 0.9 4 21.47.5YR5/2 

A2 1.3m 0.1 88.4 11.5 0.36 2.6 36.5 10YR 4/2 

A3 3.2m 0.1 81 .3 18.6 2.27 7.2 4.8 10YR 3/2 

A4 4.2m 0.1 85.7 14.2 1.79 4.4 1.9 o7.5YR 4/2 

AS 5.2m 0.4 76.2 23.4 5.11 9.6 9.1 5YR 3/2 

A6 6.2m 0.3 81 18.7 3.22 9.4 7.2 SYR 3/2 

A7 7.2m 0 81 19 2.66 6.6 3.7 5YR 3/2 

Contemporary aeolia'l 

A01 surface 0 98.8 1.2 0.03 0.8 85.3 :sv 8/1 

81 surface 0 96.8 3.2 0.09 58.4 10YR 8/2 

D1 surface 0 98.7 1.3 0.08 1.2 83.7 2.5Y 8/2 

D2 surface 0 99.6 0.4 0.02 2 87.9 5Y 8/1 

Aeolinite 

E1 surface 0 100 0.04 1.4 79.6 

E2 surface 0 100 0.01 3.2 83 

E3 surface 0 100 0.08 2 78.4 

Fluvial 

C1 surface 0 98 2 0,13 1.8 66.8 10YR 8/2 

C2 surface 0 96.8 3.2 0.19 1.6 69.9 10YR 8/2 

Acid leaching with 10% HCl was conducted in order to determine the proportion of 

carbonate which had accumulated in the sediments, as a result of pedogenic formation 

or inherited from calcareous parent material. The content of acid-solubles in the 

sediment, which is equated to calcium carbonate, was established by measuring the 

weight loss after acid leaching. Although this method is the least accurate way of 

determining the carbonate content (Siesser & Rogers, 1970; Nelson, 1982) it was 

considered sufficiently accurate for the purpose of this study. 

To determine why the aeolianite and the colluvial deposits displayed such distinct 

colour differences, secondary Fe phases (crystalline and amorphous) were extracted 

by means of reduction by Na-dithionite (D) in a solution buffered by Na-citrate (C) 

and Na-bicarbonate (B). This CBD extraction method as described by Jackson (1958), 

was undertaken on all eighteen samples from the deposit. Organic matter content was 
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estimated using loss-on-ignition at 430°C (Davies. 1974) and sample colours were 

assessed using MunselJ Soil Colour Charts. 

THE NATURE OF THE AEOLIAN AND COLLUVIAL DEPOSITS 

FIGURE 4: View of study site looking down valley from the Table Mountain Group 
cliffs towards Dias Beach in the Background. (A) Aeolianite. (C) Colluvium 
deposits on the right flank, (D) Partially vegetated active backshore dunes. 
and (F) Ephemeral stream channel, (S) Scree and talus deposits. 

As one progresses up-valley. fluvial incision through the backshore dune cordon, 

aeolianite, colluvium, talus ramps and aeolian sand reworking become evident (Figure 

4.). The dominance of aeolian deposits suggest that phases of aeolian sand 

accumulation has been time-transgressive. The entire system appears to be 

continuously integrated into a dynamic sedimentary environment. The emphasis of the 

study, was the unique exposures of colluvium within a single valley of the backshore 

area. Of concern was the lack of apparent homogeneity between deposits in adjacent 

valleys, with some being matrix-supported and others being clast-supported 

diamictons. These differences may be a function of site exposure, as apart from the 
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study site, the other colluvial deposits were only exposed due to fluvial incision at the 

base of the talus ramps and are thus representative of a distal facies. 

The respective roles of relative sea-level change, climate change, vegetation flux 

and anthropogenic influence on the dune and colluvial deposits evolution are difficult 

to evaluate due to the absence of a detailed high-resolution stratigraphy. However, one 

of the objectives was to attempt to integrate current palaeoenvironmental scenarios for 

the southwestern Cape (Deacon et al., 1984; Cockcroft et al., 1987; Deacon & 

Lancaster, 1988; Partridge et al., 1990; Avery, 1993; Partridge, 1993, Meadows and 

Baxter, 1998) with the study's findings in order to compensate for this limited 

resolution. 

SEDIMENT CHARACTERISTICS 
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FIGURE 5: Graphs illustrating the correlation between high values of Fe (CBD) and 
organics, and low carbonate values as found in the colluvium. The opposite 
is reflected in the aeolian deposits whether partly lithified, as in the case of 
the aeolianites, or contemporary, associated with present dunes in the 
backshore area. 

The particles comprising the calcite-cemented, quartzose and bioclastic aeolianite is 

entirely in the sand fraction, being well sorted and principally of the medium sand 

class. The colluvial material could be classified as a matrix-supported diamicton, 

which is clast free in certain sections of the deposit, with the matrix being dominated 

by the medium to fine sand fraction. The lithic clasts contained within the diamicton 

varied greatly in size from boulders (>256mm) to granules (2-4mm), although having 
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the distinctive characteristic of being angular to subangular. Closer observation by 

petrographic microscope revealed that the aeolianite material was well rounded with 

varying sphericity, while the matrix of colluvium was angular to subangular and 

generally indicated low sphericity. Both deposits lacked well-defined palaeosols, but 

the colluvium contained both ferricrete pisoliths and calcium carbonate veins. The 

increased organic content of the colluvium, combined with the high secondary Fe 

content (Figure 5.), provides tentative evidence for a wetter climate, while the low 

organic content, low conductivity and low secondary Fe content of the aeolianite 

(Figure 5.) are typical of a semi-arid aeolian environment. However, although it is 

possible for the two depositional environments to occur simultaneously, it was rather 

a question of which of the two environments was the more dominant under the 

prevailing conditions at specific periods during the Late Pleistocene. 

The landform assemblage comprising the aeolian and colluvium deposits provided 

sufficient evidence to postulate a lithologic sequence, which points to a general 

reduction in aridity and increase in available moisture within the region during the 

transition from the 120 ka Highstand of the LIG to the subsequent climatic alteration 

and sea-level fall associated with the onset of the following hypothermal. 

The sedimentary and geochemical characteristics support the assumption that the 

colluvium is younger than the aeolianite and that the two depositional environments 

were completely different. However, there is no distinctive evidence of a prolonged 

hiatus between the two facies as exposed at the unconformity. In the same light the 

change from one depositional environment to the other does not seem to be 

gradational. The strong textural similarity between the two deposits has been related 

to the dominant effect of the surrounding geology and the potential for the finer 

fraction of the colluvium to be a mixture of partially reworked aeolian and fluvial 

deposits. 
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DISCUSSION 

The Aeolianite Lithofacies 

FIGURE 6: Stratification exposed within the aeolianites as a result of differential 
weathering of the calcite cement. (L) Low-angle strata, (H) High-angle 
strata, (T) Scree and talus accumulations, and (S) contemporary aeolian 
deposits on the face of the aeolianite and between the talus accumulations. 

The sedimentary structures exposed within the Langebaan formation aeolianite 

indicates numerous low-angle planar, tabular bed sets interbedded between high

angle, large-scale, planar cross-bed sets (Figure 6.). Differential weathering of the 

calcite cement has accentuated the very distinct stratification. The crossbeds dip 

between NW and SE in both sets of strata. Field investigation identified at least six 

distinct sets of aeolian bedding structures linked with varying activity within the 

aeolianite over an extended time period. 

This facies is interpreted as a coastal dune sequence. Deposition is believed to have 

occurred as a series of parabolic dunes and sand sheets ramped against the base on the 

Table Mountain Group cliffs. It is proposed that the onset of deposition coincided 
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with the beginning of the Wurm climatic stage (+/- 120 ka) (Barwis and Tankard, 

1983; Roberts and Berger, 1997) when atmospheric circulation and the Atlantic 

anticyclone was more intense. The occurrence of the pulmonate terrestrial gastropods 

Dorcasia and Trigonephrus throughout the facies is additional evidence of the facies 

origin as a series of aeolian dunes. In accordance with Barwis and Tankard ( 1983 ), it 

is proposed that climate-controlled early cementation during the transition from the 

dry, warm hyperthermal to the cooler, wetter hypothermal was the agent most likely 

to have facilitated the preservation of the aeolian sand bodies (Siesser, 1972; 1974). 

It is proposed that the aeolianite extended right up the valley under investigation, as 

there are still fragments of aeolianite cemented onto the Peninsula Formation 

sediments, which comprise the walls of the valley, approximately Sm below (60 m 

amsl) its uppermost point of contact with the relict marine terrace above. 

The role of sea-level fluctuations, (regressions and transgressions), on the aeolianite 

deposits during the Late Pleistocene, particularly transitions from oxygen-isotope 

Stage Se to 4, could not be determined with any degree of accuracy in this study due 

to lack of an absolute date from the aeolianite. However, sea-level fluctuations (both 

short- and long-term) are considered a significant influence on sand supply to beaches 

and ultimately coastal dunes (Wilson & Braley, 1997). It is postulated that these 

aeolian deposits are synchronous with the aeolian dune cordon on the western shore of 

Lake St. Lucia, which Davies (1976), dated archaeologically as being Sangamon to 

Wisconsinan (120-20 000 yrs B.P.) in age. This postulation is extended to include the 

aeolian sequences besides Langebaan Lagoon which Roberts and Berger ( 1997) dated 

to approximately 117 ka and the aeolian facies at Swartklip which Barwis and 

Tankard (1983) also postulated to be about 120 ka old. This time interval is one of 

known climatic instability (Deacon and Lancaster, 1988). 

There are currently two models which could explain the origin of the aeolian 

sediment which comprises the aeolian facies. The first is linked with the model of 

Tankard and Schweitzer (1974) whereby, during periods of marine regression, the 

adjacent shelf would be exposed to aeolian deflation, hence supplying a far more 
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substantial sediment supply than under normal conditions. However, two factors 

count against this scenario in the case of Dias Beach; the first is that the aeolian facies 

is postulated to be in the region of 120 ka old, based on the absolute dates obtained 

from the overlying colluvium facies and the lithological similarity with the Langebaan 

Formation type-section. During this period sea level was between 2 - 9 m above 

present sea level (Barwis and Tankard, 1983), hence the prospective source of 

sediment would have been reduced rather than enlarged. Secondly, if the proposed age 

is incorrect and the aeolian sequence predates the 135 ka highstand and there was a 

regression as indicated by the sea-level curves of Moore (1982) and Shackleton 

(1977), it is highly likely that vegetation in some form would have invaded the 

exposed shelf and its unconsolidated sediment. The vegetation's superior sediment 

binding qualities would have reduced the effect an exposed shelf would have had as a 

direct source of sediment (Barwis and Tankard, 1983). When this is combined with 

the fact that the gradient of the shelf off Dias Beach is reasonably steep, a regression 

would have had an even more limited effect on the amount of shelf exposed. 

The alternative explanation is dependent on a measurable climate change. It is 

understood (Flemming, 1977; Barwis and Tankard, 1983) that, during the Late 

Pleistocene, wind patterns in the southwestern Cape differed from the present day 

only in their greater intensity. Increased coastal dune activity is thus attributed to the 

effect of a more intense wind and wave climate on the shoreline during the highstand 

of 120 ka and immediately preceding the onset of the Wisconsinan glaciation (Barwis 

and Tankard, 1983). Thus, possibly, a more plausible source of the dune sand is from 

the littoral zone (Barwis and Tankard, 1983). For the input of sediment from the 

littoral zone to be significant, sediment would have had to be supplied to the coast at 

higher rates than the present-day drainage network and headland erosion are capable 

of delivering. Barwis and Tankard (1983) use two separate lines of evidence to 

support this means of sediment supply; climate and geomorphology. 

There is convincing evidence (Tankard. 1976; Schalke, 1973; Coetzee, 1978) that a 

moist, temperate hypothermal climate was present within the southwestern Cape 
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during the Late Pleistocene after the 120 ka Highstand. The existence of higher 

precipitation is known to have rejuvenated rivers, resulting in large plumes of 

sediment being dumped along the shoreline (Tankard and Rogers, 1978). It is 

postulated that the aeolian sequence was deposited during the period of the LIG 

Highstand of 120 ka and the early part ofthe subsequent regression. This is postulated 

on the basis that the climatic change was gradual and, as the climate of the 

southwestern Cape gradually became wetter and cooler, the aeolian depositional 

processes were replaced by the processes of colluviation. The location of the aeolian 

sequence in the central part of the embayment also coincides with that theoretically 

characterised by the lowest rate of net longshore transport and accumulation of 

sediment within the litoral zone (Komar, 1976). The current distribution, as in the 

past. of sand within the backshore region is associated with sand supply and 

wave/wind climate in relation to the beach orientation. 

The correlation of events to depositional structures is relative and based principally 

on the envisaged dominant erosional or depositional mechanisms. A comprehensive 

understanding of the aeolianite facies is needed for further development of this 

speculative hypothesis, with the present interpretation being based principally on field 

observations of the lithology and primary sedimentary structures, and three samples 

taken for geochemical analysis from the aeolianite. Absolute dating of the proposed 

phases will potentially confirm or dismiss this model and relate the deposit to a 

temporal framework of aeolian events. 

The Colluvium Lithofacies 

The colluvium was generated under climatic conditions different from those of 

Holocene times. The climatic conditions evoked for the Dias Beach area, based on the 

lithological evidence, are oscillating phases of warm and wet conditions, followed by 

cooler, wetter conditions. However, the overall trend under Late Pleistocene 

hypothermal conditions is one of reduced evaporation, higher rainfall and cooler 

conditions than present (Tankard and Schweitzer, 1974; Deacon and Lancaster, 1988). 
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The occurrence of iron staining, high secondary iron values and the highest organic 

levels (Figure 5), indicates that the initial sediments of the colluvium facies were 

deposited under wetter, cooler conditions (Tankard, 1974) sometime around 80 ka. 

However, the lack of any large lithic fragments, attest that conditions were not 

sufficiently cold for periglacial conditions to produce significant quantities of 

cryoclastic debris. A progression up the facies then indicates a level, ranging between 

approximately 3 and 5m below the surface, where fine earth and veins of calcium 

carbonate dominate, and values of organic material and secondary iron fall from their 

highest levels within the facies at 5m depth to a trough at 4m and then rebound again 

to slightly higher levels at 3m depth. This trough is interpreted as a drier, warmer 

phase during the downward oscillation to hypothermal conditions. The rebound is 

interpreted as the first of Tankard's (1974) wet intervals, identified at Die Kelders 

which he dates at 45- 40.5 ka B.P .. At 2.5m from the surface is the appearance of the 

lower of the two clast-rich lag lines of coarse, extremely poorly sorted, angular 

cryoclastic debris, comprised principally of Peninsula Formation quartzites, and 

displays only slight chemical weathering, which probably occurred in situ. Above this 

lag deposit the matrix-supported diamicton is again dominant, however, secondary 

iron and organic levels are again lower than at 3m, but the carbonate level has 

increased significantly to the highest level within the facies. It is proposed that this 

represents a warmer, wetter and possibly more seasonal phase within the facies which 

could correspond with the second of Tankard's (1974) wet intervals at Die Kelders, 

which he placed between 36 - 33 ka B.P .. The higher carbonate level could possibly 

be attributed to a renewed input of aeolian bioclastic sediment derived from the 

littoral zone, which at this stage may have been more than 5 kms away due to the Late 

Pleistocene regression which was at this time nearing its lowstand. However, this is 

only speculative as the level lacks any sedimentary structure which may support this 

proposal, but is also lacking any carbonate concretions, which may have been an 

alternation source of enrichment. This level within the facies was dated to 32 ka. 

Above this level, at 1m from the surface, there is another lag deposit, but the 
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cryoclastic debris is on average finer than the other underlying deposit, which is 

similar in composition. Again the lithology is dominantly Peninsula Formation 

quartzite, but the lithic fragments show distinct evidence of more intense chemical 

weathering, which supports a wetter scenario. Again, above this level the matrix

supported diamicton is dominant, with only a few small lithic inclusions. 

DEPOSITIONAL MECHANISM OF THE COLLUVIUM 

The lack of any distinct sedimentary structure within the colluvium facies invokes 

the idea that deposition may have occurred as a combined result of runoff events, talus 

accumulations and even to some degree continual aeolian deposition (Figure 7.). 

The present exposure of colluvium in the Dias Beach valley is the result of active 

back-wasting and erosion of this unconsolidated deposit by the trunk stream of the 

valley. As a result, only the fanhead, and possibly a section of the midfan, remains for 

analysis, although it is believed that at the time of deposition there may not have been 

a complete distal facies to the fan, which would have spread onto the exposed shelf. 

The proposed depositional mechanism was a confined wet alluvial fan drained by a 

trunk stream (Muto, 1993), which aggraded vertically within the confines of the 

valley curved out of the aeolianite and later formed overflow deposits on the right 

flank when the valley became infilled. This model proposes that debris flows, which 

were infrequent, were dammed behind the aeolianite constriction at the base of the 

valley, which although allowing material to pass, slowed the flow sufficiently for the 

flow to "freeze" and lose its mobility. Similarly alluvial sediment, which are the 

dominant sediment type, were deposited over the extended time frame lasting the 

period between the early regression of sea level leading to the Late Pleistocene 

hypothermal (+/-100 ka) and the termination of deposition, which may have been 

during the early Holocene. 
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FIGURE 7: View looking west across the headward vicinity of Dias Beach from the 
study area. (A) Contemporary aeolian material deposited at the base of the 
cliffs and overlying the colluvium. (C) The right bank exposure of colluvium 
at its most headward point. (T) Talus and scree accumulations at the base of 
the cliffs and in the foreground within the headward part of the study area. 
(P) The Peninsula Formation cliffs which surround the pocket beach . (X) An 
alluvial fan deposit in an adjacent valley which lacks the underlying 
aeolianite and provides evidence to support the proposed mechanism of 
deposition. 

Unconsolidated cryoclastic, chemically and physically weathered lithic debris, and 

water flowed from the upper slopes of Vasco Da Gama Peak and the relict marine 

terrace down the headward valleys of Dias Beach. The mass movement of source 

sediment, was limited to intense periods of rainfall, which generated flash floods, 

resulting in the entrainment of surface material which was eroded and mobilised from 

the surrounding area. A series of episodic streams, whose competence and capacity 

increased dramatically during these events, would channel this material down the 

valley as a debris flow. The trunk channel down the valley had been eroded through 

the aeolianite at the foot of the valley, while the dunes were still partially active and 

before they became semi-consolidated, in much the same way as the channel is 

incised into the unconsolidated contemporary dunes in the backshore area. The 
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confined alluvial fan slowly accreted vertically with a convex cross-profile within this 

valley. 

As time progressed. and the system shifted from a depositional environment, a fill 

cycle, to one of active erosion, a cut cycle, as the channel through the aeolianites was 

gradually widened to its present extent, and at the same time removed the trunk 

section of the colluvium deposit, leaving only the right flank and the central deposits. 

The central deposit is not situated in the centre of the deposit, although it is in the 

centre of the lower valley, rather it comprises the left flank, which spread out laterally 

and is situated downslope from the left corner of the distributing canyon. 

Ferricrete is visible within the upper 3m of the deposits. There IS a strong 

suggestion that these may be lag deposits similar in origin to the stonelines, based 

upon their proximity and occurrence within the lag deposits. In other cases the 

nodules may have been deposited by slope-wash. Butzer ( 1982) notes that reworked 

lateritic concretions are commonly found on the shoulders of drainage lines. However, 

the ferricrete horizon is not felt to be pedogenic. The occurrence of iron-mottled zones 

and higher organic content in the lower section of the deposit are suggestive of a 

saturated regolith and the initiation of pedogenic processes. These zones attest to 

distinct hiatus' during colluviation when conditions may have sufficiently stable for 

partial soil formation to have been initiated. 

The local climate, topography and chemical composition of the host sediment are 

critical factors in the development of edaphic and hydrological conditions suited to 

iron precipitation. It is suggested that movement of soil water under warmer climatic 

conditions, produced iron enrichment. Only further analysis will clarify this point. 

The high iron content does provide tentative evidence to suggest warmer, wetter 

conditions. 

It is proposed that the calcium carbonate veins exposed in the central section of the 

colluvium are hydromorphic. This calcium carbonate is probably orthic - that is, it 

was formed within the colluvium matrix. It is the product of subsurface accumulation 

of calcium carbonate leached from the surrounding sediment. The soil carbonates, 
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based on the sloping nature of the deposit, were formed within the vadose zone, being 

precipi,tated probably within 1m of the surface. As this surface was buried by further 

colluvial deposition, the zone of precipitation would progressively move upwards 

with the accumulating sequence. However, the fact that only a cross-profile exposure 

was examined poses the question of whether the precipitated calcium carbonate 

extends into the deposit or is only a surface expression? The lack of carbonate within 

the upper 2.5m of the colluvium indicates that this is probably not the case and that 

climatic fluctuation from a drier to a more humid climate is evident within the 

colluvium. This is particularly evident because, just above the point where the 

carbonate stops, the. ir~n staining begins. The calcium carbonate is indicative of 

seasonally drier conditions. In contrast. the iron staining attest to interludes in the 

process of colluviation when relatively humid (wetter and warmer) conditions 

prevailed. However, it is possible for both calcium carbonate and iron hydroxides to 

be mobilised simultaneously and precipitated at different levels within a single 

sedimentary sequence (Watson eta/., 1984). This implies that the occurrence of such 

distinctive deposits can only be used as a guide, not as fact. 

CONCLUSION 

The lithologic evidence from the Dias Beach area and its surroundings, point 

towards a landform assemblage which has responded to moisture, temperature and 

sea-level fluctuations during the period from the Late Pleistocene LIG to possibly the 

Early Holocene. Of the facies identified, it is postulated that the aeolian facies has an 

age in the region of 120 ka and spans the period of the LIG highstand and the 

subsequent early regression. The colluvial deposit is believed to have been initiated 

after a short hiatus, which facilitated climate-induced cementation of the aeolianite. 

Colluviation was initiated about 90 ka ago and lasted until after the LGM. Two OSL 

absolute dates from within the colluvial facies 82 ka at 6.2m and 32 ka at 1.3m 

confirm the proposed time frame. 
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The nature of this study has severely limited the temporal resolution and should 

rather be seen as a basis for future higher resolution and more detailed lithological and 

geochemical analysis of this challenging yet bountiful record of Late Pleistocene 

climatic conditions within the southwestern Cape. 
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Flood embankment failure mechanisms and frequency within the Tay drainage basin in Scotland is 
quantified in relation to channel plan form and hydrological change by examination of breach data 
(228 breaches in total) collected during an eight year period in which a large number of high 
discharge flood events (up to 120 year RI's) occurred. The data illustrates that over-topping is the 
main mechanism of failure with certain reaches and specific locations, defined according to channel 
planform morphology and past channel change, particularly vulnerable to failure. Hydrogeomorphic 
factors contributing to flood embankment failure location include construction over former river 
channels and on the outside of meander bends. The number of embankment breaches is related to 
flood magnitude above the threshold discharge that induces embankment overtopping; a near-linear 
increase in number of failures with percentage increase in flood peak discharge above the threshold is 
evident. Hydrological data illustrates a marked increase in the frequency of high magnitude flood 
events since 1988 in the drainage basin. The significance of this shift and future possible changes in 
flood magnitude and frequency to flood embankment failure risk are quantified; 5 % shifts in flood 
magnitude result in between a 13 and 26% increase in the number of flood embankment failures. 
Similarly a 5% decrease in flood peak discharges leads to between a II% and 25% decrease. More 
generally it illustrates that land next to geomorphologically dynamic rivers with flood embankments 
are sensitive to past changes in channel morphology and modest changes in flood generating 
conditions. 

Introduction 

In response to floodplain inundation, flood embankments have been constructed along many rivers in 

order to reduce the incidence of flooding. In recent years a large number of high magnitude flood 

events and failure of flood defences have occurred in many countries. This has focused attention on 

the effectiveness of flood control measures, and the possible implications of future climate change 

During large flood events over-topping and flood embankment failure can cause floodplain inundation 

and extensive damage. Flood embankment failures usually result in high-velocity flow across the 

floodplain and land degradation and/or structural damage (Gomez et al, 1997; Gilvear and Harrison, 

1991 ). Knowledge of geomorphic controls on flood embankment instability and channel reaches 

susceptible to flood embankment failure, and the possible extent of failures given differing flood 

scenarios, are therefore important for assessing future flood damage risk, and in the planning, design 

and construction phases of new flood embankments. Few geomorphic studies however, have examined 
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flood embankment failures during large flood events; a study by Gomez et al (1997) of the Sny Island 

levee break during the 1993 River Mississippi flood being a notable exception. Flood embankment 

stability has therefore generally been assessed using theoretical approaches and flume studies 

(Powledge et al., 1989). Furthermore, although a limited number of studies have examined trends in 

flood magnitude and frequency and modelled the impact of future climate change scenarios on 

discharges, none has quantified the impact of hydrological change on the geomorphic stability of 

rivers and flood defences. 

This paper presents a unique data set on flood embankment failures obtained for rivers within the 

River Tay drainage basin during an 8 year period (1990 to 1997) in which there was an unusually large 

number of high magnitude flood events; the largest floods occurring in 1990, 1993 and 1997. 

Embankment failure mechanisms resulting from the floods of 1990 and 1993 were the subject of an 

earlier paper (Gilvear et al, 1994). The location of the study is particularly relevant in that modelling 

exercises emphasize a high sensitivity of mid-latitude and continental margins to global climate 

change (Mayes, I 996), and hence the possibility of future alteration to the frequency and magnitude of 

flood events 

Methodology 

Flood embankment failures 

Following information that a large flood had occurred, embankment failures were recorded using field 

surveys; this consisted of walking the length of the river and observing locations. In some cases failure 

locations were identified by the use of binoculars from high vantage points only; once locations were 

established the breaches were subsequently visited. The survey following the flood of January 1993 

also made use of colour aerial photographs taken two weeks after the flood to identify breach 

locations, and the location of each failure was recorded on l :25,000 scale maps. Field information 

recorded at breaches included flood embankment construction type, length of breach •. and damage to 

the floodplain beyond the breach. At a number of breaches, more detailed investigations were 

undertaken including field mapping, measurement of depth of scour holes, and sediment sampling. 

Detailed observations were also undertaken in reaches without flood embankment breaches, since 

these areas often provided additional information on mechanisms of failure in tltat embryonic stages of 

breaching were visible. Where breaches have occurred, much of the evidence of the mechanisms· and 

factors influencing failure are lost. 

Historical channel change 

The earliest maps alJowing reasonably accurate identification of the location and planform of the River 

Tay are William Roy's Military Survey of Scotland (1747-55) and Stobie's map of Perthshire. From 

these maps, assessments of channel change can be made by comparison with recent maps. Evidence 
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of later changes can be obtained by comparison of Ordnance Survey maps for different dates (at scales 

of 1:25,000, 1:10,560 and 1:10,000 dating from 1862-66), 1900 and 1962-9) and by comparison with 

aerial photographs following 1946. At the locations of all breaches visual comparison of these maps 

was undertaken to determine the relationship between the flood embankment failure location and old 

river channel courses. Channel change on the River Tay upstream of Dunkeld has been the focus of 

more detailed geomorphological investigation ( Gilvear and Winterbotom, 1992); Winterbottom, 

1996 ); within these the reliability of the map data is assessed and more detailed analysis of channel 

change undertaken using GIS techniques. 

Hydrological change 

Hydrological data for each tributary of the River Tay system surveyed for flood embankment 

breaches was obtained from the Scottish Environment Protection Agency. Where a choice of 

gauging stations was available only one was selected (Table 2); selection was based on the 

length of record and proximity to reaches with flood embankment breaches. Annual 

maximum (AM) and peaks over threshold (POT) flood series were extracted from each 

hydrological record, using water years beginning I October in order to include each winter in 

only one water year. The discharge threshold for each POT series was based on procedures in 

the UK Flood Studies Report (NERC, 1975), giving 4-5 events per year on average, and was 

always below the embankment failure threshold. Threshold discharge values for embankment 

failures were obtained from the survey data and are included in Table 2. 

Study area and background 

The Tay catchment 

The Tay drainage system was selected as a study area because of its recent flood history, variable 

meteorological and physical characteristics, and because it spans the east-west gradient of climate 

change being experienced within Scotland. The River Tay has a mean annual di~charge of 160 m3s-1, 

the largest in the UK, and a catchment area of 4690 km2 (Figure 1). 
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Figure 1. The study area showing locations of flood embankment breaches and gauging stations 

The major tributaries of the River Tay pertinent to this study are the Rivers Tummel and Isla with 

catchment areas of 1649 km2 and 432 km2 respectively, and the River Earn which flows into the Tay 

estuary just below the tidal limit and contributes flow from a further catchment area of 880km2. 'The 

Tay and Earn catchments together will be referred to as the Tay system. Average annual precipitation 

varies substantially across the catchment, from >3000 mm in some western mountain areas to< 800 

mm in lowland areas in the east, and includes snow in the winter months. River flows in the upper 

reaches of the Tay and Earn are also influenced by hydroelectric schemes, but their impact on high 

magnitude flood events is generally small. Much of the area lies in the southern Grampian Mountains 

and characteristically has thin soils and impermeable bedrock. The floodplains of the River Tay and 

Earn consist of alluvium overlying sands and gravels of either fluvial or fluvio-glacial origin 

(Bremner, 1939). Land use within both catchments is primarily moorland, but forestry (5%) and arable 

agriculture (Tay 8%; Earn 34%) are also significant land uses. 

Flood embankment construction 

The earliest record of flood embankment construction on the River Tay is a letter dated 23rd January 

1733 within the archives of the Atholl Estates. It is apparent that many of the current flood 

embankments date from the mid 19th century, although numerous repairs and modifications have 

occurred over the years. The size and shape of the flood embankments on the individual rivers are 

indicated in Table 1. They are generally earth-cored embankments protected by wire-mesh and 

vegetation. Their height varies between 1 and 3 metres, the crown between 2 and 3 metres and basal 

width from 5 to 10 metres. Side slopes were typically 1 :2. 
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River Mean height (m) Crest height (m) Mean basal width (m) Width 
range (m) 

Tay/Tummel 2.1 1-3.5 8.6 3-18 

Earn 1.5 0.75-2.25 5.8 4-8 

Isla/Ericht 2.2 2.0-3.0 7.8 6-8.5 

Table I Flood embankment morphology on the River Tay and Earn system 

The flood embankments' design specification has evolved to keep out approximately the 1:5 year 

flood event within the typical hydrological regime. In areas that have been repaired there is a range of 

constructions. Most are still earth-cored, but a number have been protected with a geotextile in recent 

years. At a few highly vulnerable locations, extensive use has also been made of rip-rap and wired 

concrete 'sleepers'. 

Historical channel change 

On valley floors in lowland sections of the Tay system, agricultural flood embankment construction 

and bank protection over the last two hundred and fifty years has resulted in intensively controlled 

river courses. On the Rivers Tummel and Tay, agricultural flood embankment construction resulted in 

some reaches being altered from a multi-channel form to a single course river with old channels 

isolated from the main river and subject to slow infilling (Gilvear and Winterbottom, 1992). The River 

Earn is a lower energy river with a single-thread meandering planform; however sinuosity was 

reduced as a result of channel straightening including the loss of some tortuous meanders in 

association with flood embankment construction. Superimposition of the location of river reaches on 

to the c lassie diagram of Leopold and Wolman's ( 1957) graph that distinguishes between meandering 

and braided rivers shows the River Earn to lie with the meandering domain and the River Tay reaches 

to be close to the meandering/braided threshold (Figure 2); indeed "naturally" many reaches of the 

River Tay are likely to have the characteristics of a wandering gravel bed river (Ferguson and 

Werritty, 1983). Prior to river engineering, floodplain inundation must have occurred frequently and 

both rivers, particularly the River Tay, must have been liable to high rates of bank erosion and changes 

in their course. For instance, on the River Tummel, where the river has created a new course over the 

last I 00 years outwith the position of the historical flood embankments, bank erosion rates in excess of 

2 metres per year have been observed over the last 8 years. Channel change on the River Tay upstream 

of Dunkeld has been the focus of more detailed geomorphological investigations (Gilvear and 

Winterbottom, 1992; Winterbottom, 1996). A vulsions and channel switching appear to be a major 

process of channel change, resulting in adjacant to the present embanked river, one or two former 

courses of the river at different stages of infilling (Figure 3). 
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Figure 3. Examples of the nature of river planform change on the rivers Tay (A)and Earn (B) 

Hydrological change 

Historical records show that flooding in the Tay drainage basin, and presumably also in the Earn 

basin, has occurred frequently in the past. For example, there are reports of flood events on the River 

Tay causing extensive damage in 1837, 1847, 1851, 1853, 1968, 1894 and 1903~ Based on flood levels 

marked on Smeaton's Bridge in Perth, near the tidal limit of the Tay, three floods during the 1990's 

rank in the top twenty since 1800, namely February 1990 (rank 7th), January 1993 (2nd), and March 
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1997 (20t11
). Although the flood event in 1814 caused the highest water level at Perth, levels were 

elevated due to an ice jam behind Smeaton's Bridge. The peak flow magnitude cannot therefore be 

inferred from the peak water level. 

For three of the largest twenty recorded events to have occurred in the space of the last eight years is 

remarkable. Event magnitudes and recurrence intervals for large floods in the 1990's are shown in 

Table 2. Grew and Werritty (1995) have observed increases in flood magnitude and frequency for 

rivers in all parts of Scotland from the early 1970s. Indeed, with respect to annual rainfall Smith 

( 1995) has established that the steeply increasing annual precipitation over the last two decades are the 

stongest anomaly over the last 230 years. Foster et a/. (1997) have demonstrated the importance of 

westerly weather situations for flooding in the west of Scotland while, in the east, cyclonic and 

southerly situations assume greater importance. Black (1996) has observed that the frequency of major 

floods in Scotland has increased markedly since 1988, and again finds that this shift is most 

pronounced in the west of Scotland and a similar situation has occurred in Western Scandenavia .. On a 

UK basis, a pronounced steepening of the established northwest - southeast annual precipitation 

gradient has taken place, exemplified by an increase in the ratio of Fort William:Kew annual totals 

from <3.5 in the 1960s to> 4.0 in the 1990s (Green et al., 1996). The trend in precipitation totals is 

attributed to a northerly shift in the tracks of Atlantic frontal systems, and an increased dominance of 

westerly airflow over the UK (Hisdal et al., 1995; Green et al., 1996; Mayes, 1995). 

River/gau Data Feb 1990 Jan 1993 Mar 1994 Dec 1994 Jan 1996 Mar 1997 Flow 
ging From failure 

Station Threshold 

Tay 1950 1759 (45) 1878 (65) 856 (<5) 945 (<5) 590 (<5) 1163 (6) 850 
(Caputh) 

Tummel 1977 973 (25) 1047 (~0) 590 (<5) 643 (<5) 334 (<5) 747 (8) 750 
(Pitlochry) 

Earn 1973 363 (10) 414 (120) 294 (<5) 237 (<5) N/A (<5) 38 (<5) 250 
(Forteviot) 

Ericht * 1984 180 (<5) 387 (35) 133 (<5) 131 (<5) 184 (<5) 157 (<5) 160 

(Craighall) 

*Records on the confluent River Isla at Wester Cardean begin 1971 

Table 2 Peak discharges for flood events for which flood embankment failure surveys were 

undertaken, and discharge thresholds (m3s"1
) (Figures in parenthesis are recurrence intervals (years). 

Flood embankment failures (1990-1998) 

Numbers o.fflood embankment failures and breach morphology 

The number of flood embankment failures during flood events on separate reaches of the River Tay 

and Earn systems can be seen in Table 3. In total during the period February 1990 to August 1997, 
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there have been 228 breaches with a total length of 4043 metres; average breach size is therefore 17.7 

metres. Most occurred on the mainstem of the River Tay, followed by the Rivers Earn, Isla and 

Tummel. In part, this reflects the differing length of the reaches although there are marked differences 

in the density of failures between reaches (see below). The largest number of breaches occurred 

during the major rain-on-snow flood of January 1993 (Black and Anderson, 1994). Indeed, on the 

mainstem of the River Tay, 50% of all flood embankment failures during the period February 1990 to 

date (March 1998) occurred during this flood. The equivalent value for the River Earn is 46%. Overall, 

51 % of the failures on all reaches since February 1990 occurred in this one event. The next largest 

number of failures for the combined Tay system occurred during the flood of February 1990, followed 

by that of March 1997, which follows the rank order of the size of the respective flood events. The 

significance of increases in flood magnitude above the failure threshold for each river can be seen in 

Table 4. The Solver facility of the Microsoft Excel spreadsheet was used to define a best-fit line for 

observations of peak flow and number (n) of breaches using the forms: 

n =a (Q-t)b (1) 

respectively, where Q =peak discharge (m3s-1
), t =failure threshold discharge (m3s-1

) and a, and b, are 

model parameters. Each value of n was rounded down to an integer value. Although the curves are 

based on few points, pronounced trends are apparent. 

Tay: n = 0.0041 *(Q-850)1.348 

Tummel: n = 0_0035*(Q-600)1.091 

Earn: n = 0.1508*(Q-250)1. 108 

Ericht (Isla): n = 0.2513*(Q-150)0
·
799 

(2) 

(3) 

(4) 

(5) 

Near-linear increases in the number of embankment breaches are apparent with increases in discharge 

above the failure threshold. The rate of increase is greatest on the Rivers Tay and Earn and less on the 

Isla and Tummel. A 100% increase in discharge above the failure threshold value thus causes the 

predicted number of embankment breaches to increase from 1 to 67 on the River Tay, 3 to 5 on the 

River Tummel, 1 to 31 on the River Earn and 2 to 12 on the River Isla. 
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River reach Reach FLOOD EVENT DATE 
dist. 
(km) 

Feb90 Jan93 Mar94 Dec94 Jan96 Mar97 

Tay: Perth to 37 6 13 0 0 0 1 
Dunkeld 

Tay:Dunkeld to 11 .5 25 35 1 3 0 6 
Tummel contl. 

Tay:Tummel confl . 26.5 5 3 0 2 0 2 
to Kenmore 

Tummel:Pitlochry to 13 2 3 0 0 0 0 
Tay contl. 

Earn: Bridge of Earn 19 10 21 5 0 0 8 
to A9 bridl!e 

A9 bridge to Crieff 21 11 22 5 0 0 10 

Isla 31 3 19 0 0 5 0 

OVERALL TOTAL 159 62 116 11 7 5 27 

Table 3 Number of breaches resulting from significant floods during the 1990's 

Typical breaches consisted of a localized zone of scour, a more extensive zone of topsoil stripping 

and a curcumjacent depositional zones. The deepest area within scour holes were located on the 

floodplain side of the embankment. Within the area of topsoil removal 0.1-0.4 metre deep "spur and 

furrow" topography was characteristic with these being orientated with plough lines. In the 

depositional zone distinct lobes of gravel were closest to the breach with sand and silt deposition at 

greater distance. Coarse material deposition was most likely breached embankment material given that 

scouring did not usually connect the scour hole with the river channel; a 'lip' of floodplain being left 

close to the channel. Despite differences in scale the breach morphologies were remarkably similar to 

that of the Smy Island levee breach caused by the 1993 flood on the Mississippi river and described by 

Gomez et al ( 1997). 

Location and hydrogeomorphic causes of flood embankment breaches 

The location of flood embankment breaches during the flood events of 1990 and 1993 occurred along 

well defined river reaches on the rivers Tay and Earn as indicated in an earlier paper (Gilvear, 1993). 

Embankment breaches occurring since January 1993 have further confirmed the tendency for failures 

to occur at or immediately adjacent to the location of previous breaches (Figure 4), on the outside of 

river meander bends and overlying old courses of the river (Table 4). Figure 4 shows the location of 

flood embankment failures during the 1990's on the reach of the River Tay, between Ballinluig and 

Dunkeld, which has suffered most flood embankment breaches. At a number of locations, flood 

embankment failures have occurred each time a flood above the threshold size for failure has been 

exceeded. These embankments are presumably the most prone to overtopping (the main criterion for 

failure; see below). With larger floods, areas slightly less prone to failure then have a tendency to fail 
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in similar locations to those during previous similar size floods. The similarity of locations between 

J 9th century and recent breaches has been shown by Gilvear and Winterbottom (1992). 

Figure 4. A comparison of the location of historical flood embankment breaches with those occurring 

in the 1990's 

Some 97% of flood embankment failures were diagnosed as being the result of overtopping by 

floodwaters, usually because scour holes were observed away from the river and because of the 

direction of "flattened' vegetation. This was confirmed as the main mechanism by a survey of flood 

damage to the embankments which was nearly always on the side of the embankment away from the 

river. Occasionally overtopping by water returning to the main channel from the floodplain also 

caused failure (2% of all failures). The single occurrence of a failure during the flood of December 

1994 on the River Tay was observed. The eventual breach location on the outside of a pronounced 

bend was the only area of overtopping, and subsequently failure occurred at this, and only this point, 

helping substantiate overtopping as the main criterion for failure. The propensity for failures to occur 

on the outside of river bends revealed earlier by Gilvear et al. (1994) was also prevalent during later 

floods, and can be attributed to super-elevated water levels causing initial overtopping at these 

locations. This, together with the susceptibility for embankments to fail over former river courses, 

especially at locations of former avulsions, resulted in the close coincidence of embankment failures 

between flood events. At the location of infilled or partially infilled former channels the height from 

embankment crest to the floodplain is also greater and promotes accelerated flow velocities with 

regard and hence the possibility and extent of sediment scour. Failures on tributary embankments 

perpendicular to the river occurred from ponding on the upstream side, with overtopping causing 

erosion and scour on the downstream side. The other 3% of failures resulted from scour and erosion of 
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the toe of the embankment. Depending on the size of the floodplain at the breach location, water levels 

in the river and on the floodplain usually equalised in less than 1 hour; thereafter transfers of water 

and sediment and scour were deactivated. 

Overlying former river channel ( < 250 years) 18 

Overlying area of former fluvial activity(> 250 years) 8 

(interpreted from aerial photographs) 

On outside of meander bend 25 

Overlying former river channel ( < 250 years) and on outside of meander bend 10 

Overlying area of former tluvial activity(> 250 years) and on outside meander bend 4 

Perpendicular to valley sides and river 8 

Return tlow from floodplain restricted 2 

Straight section 25 

Table 4 Percentage occurrence of location of breaches in reference to channel morphology and 

planform change. 

Changes in flood hydrology and effects on flood embankment frequency 

Figure 5 shows annual maximum flood series for river flow gauging stations corresponding to each of 

the four river reaches identified in Table 4 (while the Craighall station is closest to the areas of 

embankment damage on the River Isla, data for Wester Cardean are presented here to show a longer 

record for the same area). All dates relate to water years beginning 1 October. Since the late 1970s, all 

three stations on rivers draining westerly areas (Pitlochry, Caputh and Forteviot Bridge) have shown 

an increase in the magnitude of the mean annual flood (Figure 5), and an increase in the frequency of 

floods exceeding embankment failure thresholds. 

Annual maxima for the water years 1989/90 and 1992/93 are especially pronounced for the River Tay 

at Caputh (Figure 5A) and River Tummel at Pitlochry (Figure 5B). The data suggest that the shift 

towards an increased frequency of large floods began in the water year 1988/89. Thus on the River 

Tay, four of the largest ten floods since 1950 have occurred since 1988, as have the two largest floods. 

Similarly on the River Earn (Figure 5c) five of the six largest floods since 1973 occurred after October 

1988, with the two largest also occurring during the later period. In contrast on the River Isla at Wester 

Cardean (Figure 5d) only two of the largest t~n since 1971 occurred after October 1988. 

By combining breach numbers from equations 2-5 with peaks-over-threshold river flow data, it is 

possible to produce systematic estimates of the number of breaches occurring throughout the entire 

length of a river flow record. Time series of the annual estimated number of breaches for each reach 

are presented in Figure 6. These plots combine the effects of the increases in flood frequency and 
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magnitude on breach numbers, for the periods of available hydrological record. Because the number 

of breaches in any reach is dominated by the occurrence of large floods (Figure 6), the total number of 

breaches estimated for the water years 1988/89-96/97 is at least three times greater than the number 

occurring in the preceding ten years for each of the reaches (Figure 6). 
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Figure 5. Time series analysis of annual maximum floods on the rivers Tay (A), Tummel (B), Earn 

(C) and Isla (D) 
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Figure 6. Estimated numbers of embankment failures since 1978 showing the increase in frequency 

since 1988. 

Climate change scenarios and flood embankment failures 

No physical grounds are known which would preclude the maintenance of post-1988 flood conditions 

on a longer-term basis in the future. Such a scenario can therefore be explored as one possible 

representation of the frequency of flood embankment failures in the Tay and Earn catchments in the 

future. Trends in the data show that a shift towards higher failure frequencies will be most 

pronounced in the west of the area if more westerly conditions are maintained, and attention is focused 
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on these areas accordingly. In the Tay, Tummel and Earn reaches combined, the estimated number of 

failures rose from an average of 5.4 failures y"1 between 1978179 and 1987/88 to 26.1 failures y"1 

between 1988/89 and 1996/97. If this flood behaviour were sustained, and failures were continually 

repaired to original specification, the rate of failures in these reaches in future would continue (as more 

recently) at >4.5 times the annual rate experienced in the decade to 1987/88. 

Further scenarios can be considered. The Climate Change Impacts Research Group (CCIRG, 1996) 

reports possible annual precipitation total increases of over 15% for much of Scotland by the 2050's 

and, both simplistically and conservatively, this could result in a future distribution of flood 

magnitudes each nominally 5% greater than those recorded in the period 1988/89-96/97. Table 5 

indicates the increase in the number of embankment failures that would be expected in such a 

situation, based on the peak flow-failure relationships established for each reach (see above; Figure 2). 

The increase in the number of failures in each reach ranges from 13% (River Isla) to 26% (Earn). The 

relationships used are derived empirically from data collected in six flood events, so it can be 

confidently stated that the number of failures is highly sensitive to flood magnitudes, i.e. the increase 

in breach numbers is disproportionately large in relation to the increase in flood magnitudes. Table 5 

also shows that the same high level of sensitivity app1ies in the reverse direction with a 

decrease in flood magnitudes by 5%. It should be noted that the number of events causing 

breaches over the 9-year period varies by no more than 2 for each reach as flood magnitudes 

are increased or decreased by 5% (Table 5). In each case, the number of breaches associated 

with the two largest floods remains between 58% and 62%, emphasizing their overall 

importance. In reality, future changes in flood behaviour will be determined by changes in the 

timing, amount and distribution of precipitation, and may be affected by changes in the 

characteristics of transient snowpacks. Moreover, the exact extent to which an increase in 

flood peaks in the medium term will lead to channel change and bankful channel capacity is 

unknown. Nonetheless, the sensitivity demonstrated here indicates the importance of future 

shifts in flood behaviour in relation to the damages to be expected to flood embankments. 

Event magnitudes 5% more Event magnitudes 5% less 

River Estimated Average No oftloods Number of No of floods Number of No of 

Number of Number Causing breaches Causing 
breaches tloods 

Breaches per year Breaches 
(and% 

Breaches 
(and % change) causing 

1988-96 
change) breaches 

Tay 109 12.1 7 129 (+25%) 8 89 (-18%) 5 

Tummel 4 0.4 2 5(+25%) 2 3 (-25%) 2 

Earn 121 13.4 7 153 (+26%) 8 91 (-25%) 7 

Isla 63 7.0 7 71 (+13%) 7 56 (-11 %) 7 

OVERALL 297 33 358 (+21%) 239 (-20%) 

Table 5 Effect of increasing/decreasing recent flood magnitude on breach numbers and frequency 

123 



Conclusion 

Field surveys in the Tay and Earn catchments reveal that 228 flood embankment breaches have 

occurred between the water years 1989/90 and 1996/97. The breach number-discharge relationships 

derived from the 1989/90-1996/97 data set were applied retrospectively, showing that annual breach 

numbers between 1988/89 and 1996/97 were more than three times greater than those occurring in the 

preceding 1 0-year period. Survey work indicates that overtopping is the dominant mechanism by 

which embankments fail in flood events, followed by floodplain basal scour; these two processes 

being exacerbated on the outside of meander bends and overlying former river courses. 

If the recent climatic conditions, responsible for the upturn in flooding in this area, persist or produce 

further increases in flooding, then the costs of embankment repairs or strengthening will be high and 

may increase further. Flood peak discharge-embankment damage relationships show that small 

changes in flood magnitudes can be expected to produce large changes in breach numbers. With a 5% 

increase or decrease in event magnitudes relative to the peaks-over-threshold series for 1988/89-

I 996/97, breach numbers for the same period can be expected to increase or decrease by 20-21%. 

Climate change scenarios for Scotland and other marginal areas of north-west Europe include 

substantial precipitation increases, particularly for winter, and such changes in long-term breaching 

must therefore be considered as easily being plausible scenarios. Such patterns would impact severely 

on agricultural communities, in addition to the high indirect costs of embankment failures, through 

damages to property, crops and livestock. 

The significance of this work for flood hazard management is considerable. In many areas, the 

ongoing costs of embankment repairs are likely to exceed the quantifiable benefits of protection, and 

choices should be made between heightening embankments and abandonment where further 

expenditure is not justifiable. Such choices should clearly be addressed in the Tay and Earn 

catchments, and are likely to be equally important in other areas experiencing similar conditions, e.g. 

western Scandinavia, Ireland and other marginal areas of north-western Europe. 
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ABSTRACT 

The recognition of the ecological reserve in the new South African Water Bill poses new challenges to river 

scientists. If the reserve is to be protected it must first be defined and quantified for all river systems subject to 

water related developments. Cost effective methods of extrapolating from known systems are required. An 

important consideration in extrapolation is the river type- an expression of the channel as it relates to aquatic and 

riparian habitats. River zonation concepts were developed by South African ecologists in the 1960s and 1970s to 

assist in the classification of ecologically uniform stretches of rivers. This paper reviews the different zonation 

concepts and presents a geomorphological classification of South African river zones that can be applied to 

ecological river typing. The classification is tested on three rivers, the Sabie, Buffalo and Olifants. 

Introduction 

River channels are geomorphological features which are formed by the water and sediment that 

they transport. Geomorphological processes at both the catchment and in-channel scale determine the 

channel form and associated aquatic and riparian physical habitat. The natural geomorphological system 

provides an important framework for river classification and river typing as is being recognised 

increasingly by river ecologists and managers in South Africa. 

The new National Water Bill of June 1998 includes a far reaching departure from the previous Act 

of 1956, that is the recognition of the Reserve which constitute the only water rights under the new Bill. 

This Reserve consists of two parts, the ecological reserve and the basic human needs reserve. The 

ecological reserve relates to the quantity and quality of water necessary to protect the sustainable 

functioning of aquatic ecosystems of the water reserve concerned. Once defined, the Reserve has priority 

and cannot be allocated to development uses. This is a fundamental change in legal thinking in a country 

where the environment formerly had no legal protection under the Water Act. 

The new law will only provide effective protection to the environment if scientists can give the 

reserve a legally defensible definition. For a given length of river it will be necessary to specify and 

justify the volume, timing and quality of the flow of water required to maintain ecological functioning. 

Considerable progress has already been made in recommending instream flow requirements below 

reservoirs. Application of the Building Block Methodology (BBM) as described by King and Louw (in 

press) is now standard practice for any DWAF related reservoir feasibility study. The recommended 

instream flow requirement is considered in the design of the dam and the proposed operating rules. 

Geomorphologists have played a central role in the development of the Building Block Methodology; 

their main role has been to recommend flows to maintain the physical structure ofthe channel. 
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The BBM was developed to fit into the time scales of the standard engineering phases used by the 

Department of Water Affairs and Forestry (DWAF) such as reconnaissance, pre-feasibility and 

feasibility, and is therefore a suitable method in relation to large scale developments. With the reserve 

concept written into the law it is now necessary to define the reserve for every 'significant' water 

resource from which allocations to other water users are proposed, including forestry and irrigation. 

These are generally small scale, relatively low cost developments so that appropriate low cost methods 

of assessing the reserve have to be developed. This is a major challenge being addressed at present by 

aquatic scientists in South Africa. 

A team headed by the Institute for Water Quality Studies, DWAF, is currently developing a 

method to estimate the Preliminary Reserve, designed to provide initial guidelines to water allocators. 

These guidelines will eventually be refined by full scale methods when necessary. Among the methods 

being developed are extrapolation techniques which use previous BBM results for similar rivers to 

predict the IFR for other rivers. This requires that rivers are classified into river types which are assumed 

to have similar reserve requirements. River typing is following a three tier hierarchical approach. The 

first two levels relate to catchment features which can be derived from regional scale attributes such as 

physiography, altitude, geology and vegetation. The third level relates to the linear features of the stream 

network. This is the level at which the channel geomorphology and its relationship to stream habitat are 

taken into account. 

The challenge to geomorphologists is to provide a classification of river channels that can be 

derived in the first place from a desk-based exercise using data which are readily available at a national 

level. The classification that has been proposed is one based on river zonation concepts derived from 

map derived measures of the channel. The proposed zonal classification is examined in the rest of this 

paper. 

Ecological River Zonation 

Zonal classifications have been widely adopted by ecologists to explain variations in biotic 

distributions down the long profile of a river (Hawkes, 1975). A major contribution to ecological 

zonation was that oflllies and Botsaneanu (1963). They developed a system which divided streams into 

eight zones based on physico-chemical variables. These zones correlated closely with biological zones. 

Their basic structure was adopted by Harrison and Ellsworth (1958) Harrison (1965) and Noble and 

Hem ens ( 1978) for the classification of South African river zones. Their zones are summarised in Table 

2.1. It is clear from this table that ecologists implicitly recognised concomitant changes in both stream 

biology and geomorphology that could be related to the longitudinal river profile. Olif(l960) applied 

a similar classification to the Tugela River in which he recognized the effect of rejuvenation in the lower 

profile. Chutter (1967) developed a zonal classification for the Vaal which was explicitly 

geomorphological. Chutter recognised an eroding zone, an unstable depositing zone and a stable 

depositing zone. 

Although useful in describing distributions, ecological zonation concepts were largely replaced by 

the river continuum concept proposed by Vannote ( 1980). Zonation was criticised as viewing the river 

as separate fragments. Vannote argued that river ecosystems respond to the flow of energy and matter 

through the system rather than to site specific variables. It is undeniable that any point along a river 
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cannot be isolated from the channel and catchment upstream which determines the inputs to that point. 

Classification, however, demands that systems are subdivided into their component parts. Zonation 

provides a framework for classification which can be used to describe like streams, but which also retains 

the idea of a longitudinal change down the system. 

As noted above, zonal classifications developed for South Africa were implicitly 

geomorphological. It therefore makes sense to develop a geomorphological zonal classification that can 

be used as a first step to classifYing the components of a river network. 

Table 1 Ecological Zonation of South African Rivers (after Harrison, 1965 and Noble and Hemens 1978) 

Zone Physical characteristics Flow Turbidity 
characteristics 

High altitude Source often with sponge or spring. Sub stream Slow flow, often Negligible, 
source zone bedrock or humic turf. seepage, but even during 

maybe storms 
dispersed with 
waterfalls 

Mountain Mountain torrents, waterfalls and rapids; little or no Fast to torrential, Negligible, 
stream true emergent vegetation. Substratum bedrock, turbulent, always even during 

boulders and smaller stones. Deposition negligible, oxygenated. storms 
stone surfaces clean. 

Foothill: rocky Gradient moderate but still noticeable. Substrate Fast, but with Generally 
bed dominated by bedrock, boulders and smaller stones, slow flowing low, turbid 

but with occasional patches of gravel and coarse pools during floods. 
sand. Some epilithic growth. Sparsely distributed 
emergent vegetation. May or may not be 
interspersed with occasional waterfalls. 

Foothill: sandy Stony runs alternate with sand or sediment. Lower flow Extremely 
bed Marginal riverine vegetation becomes noticeable and velocity but fast variable, 

islands may form within river channel. in rapids and turbid at least 
during floods. during floods. 

Midland river Further reduction in gradient. Deposition increases. Generally slow. Variable but 
Substratum predominantly sand and finer sediments, usually 
but with occasional stony runs . Emergents can turbid. 
become extensive. 

Lowland river Substratum changing to fine silts. Flood plains and Flow relatively Usually 
meanders can occur or channels may be braided. slow turbid 
Islands often present. Emergents usually prominent 
in channel and on margins. 

Swamp Area of wet spongy ground with a substratum of fine Generally slow Negligible to 
clays and silts high in organic materials . Channels low turbidity 
are braided and usually blind. Emergent except during 
macrophytes are dominant and form dense floods . 
impenetrable masses . 

Geomorphological River zonation 

A number of river classification systems have been based on the concept of geomorphological 

zonation down the long profile. Probably the earliest geomorphological zonal classification was that of 

Davis (1890) who subdivided the channel and adjacent catchment in terms of slope gradient. The steep 

headwater zones were termed youthful, being characterised by high potential energy and active 
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degradational processes, the foothill areas were termed mature, with more gentle slopes, less active 

degradation and a tendency to equilibrium between erosion and sediment deposition in the channel, a 

condition traditionally termed' grade'. The lower zones of the river and catchment, characterised by low 

gradients and therefore low potential energy, were termed old age, and were thought to be zones 

dominated by low velocity flows, deposition and low rates of catchment denudation. Davis's scheme has 

been discredited because his ideas were not based on a good understanding of river processes. For 

example, it has often been assumed from Davis's model that flow velocity is highest in headwater 

reaches, decreasing with proportion to gradient changes down the long profile. This thinking can be seen 

in the zonal descriptions of Harrison (1965) and Noble and Hemens (1978) (Table 1). More recent 

research has shown that as long as discharge increases downstream so too does the average flow velocity 

due to a marked reduction in channel roughness. In headwater areas flow velocities are highly variable, 

with rapid flow over waterfalls and cascades, but very slow flow within pools. In lowland areas velocities 

are much more uniform, but overall velocity is at least equal to that higher up the stream system. 

Despite criticisms of Davis's approach, the idea of a progressive downstream change in river 

characteristics remains valid and has provided the basis of a number of more recent zonal classifications. 

Schumm ( 1977) envisaged an idealised fluvial system as consisting of three zones: an upper zone of 

sediment production (source), where the major controls were climate, diastrophism and land use; a middle 

zone (transfer) essentially in equilibrium; a lower zone (sink or depositional area), where controls were 

base level and diastrophism. 

Pickup (1984) explained variation in bedload characteristics and movement in the Fly and Purari 

Rivers of Papua New Guinea in terms of five separate zones, each with their own characteristic particle 

size distribution. The zones were labelled as the "source", "armoured", "gravel-sand transition", "sand" 

and "backwater" (Figure 2.3). Pickup stresses that these zones reflect variations in the controls of 

gradient, bed material, stream power potential, and the ability to move different sized materials at 

different frequencies. The resultant segments or zones have a distinctive set of slope, sinuosity and width

depth ratio values. 

Geomorphological zonation of South African Rivers 

Zonation concepts are based on downstream changes in the river long profile. In South Africa river 

long profiles reflect regional geological events and long-term fluvial action. Uplift and tectonic warping 

provide the template upon which the profile develops. Over geological time the profile becomes adjusted 

(or graded) to transport the sediment that becomes available to the river channel. A typical graded profile 

developed on homogenous bedrock is concave in shape. The steep headwaters are in equilibrium with 

coarse materials being transported by relatively low flows in low order streams, whereas the lower 

gradient lowland areas are in equilibrium with the transport of finer materials by increasing flows in high 

order streams. 

This classic long profile may be disrupted by a number offeatures including local outcrops of more 

resistant rock and rejuvenation due to tectonic uplift or a fall in sea-level. In South Africa widespread 

rejuvenation occurred due to uplift and tilting during both the Miocene and Pliocene (Partridge and 

Maude, 1987). The axis of uplift runs more or less parallel to the east and south coast and reached a 

maximum of 800m in the Natal midlands in the middle Pliocene (Figure 1 ), about 4 million years ago. 
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As a result the rivers draining the Great Escarpment in the Eastern Cape Province, Kwa-Zulu Natal and 

Mpumalanga having steepened long profiles with typically a concave upper section above a steeper 

gorged lower section. This has disrupted the classic bed material sequence so that sand bed channels in 

the lower reaches may be replaced by bedrock, boulder and cobble. The extent of uplift decreases towards 

the west, becoming negligible in the Western Cape. 

----- - . 
·' 

200 A Plrocene tectonic movement 

Kilometres ..-- Escarpment 

-- Axis of uplift 

Figure J. Miocene and Pliocene axes of uplift in relation South African rivers systems. 

Other considerations relating to the long profile concern the downstream increases in flow 

discharge and sediment. The catchments of many South African rivers show a marked difference between 

high rainfall, headwater areas and the low rainfall, semi-arid lowland areas. The downstream increase 

in discharge characteristic of humid climate rivers may not be so marked in South African rivers. The long 

profile of many semi-arid rivers often display a tendency towards convexity; this may partly explain the 

steepening of the lower courses of some rivers. The distribution of sediment input is also not uniform 

along the channel. Because of the high rainfall of the headwater catchments the vegetation cover is 

generally good, comprising either natural montane forest or high altitude grassland. Surface erosion is 

therefore limited, but mass movement processes bring mixed material into the channel. Debris flo\vs are 

prevalent in the fynbos areas of the Western Cape. Lower down the catchment human populations 

increase whilst the natural vegetation cover decreases in response to the lower rainfall. This, combined 

with the steep rejuvenated slopes, give rise to a significant supply of sediment along the length of the 

profi I e. Hence in terms of Schumm's zonation (Schumm, 1977), the source zone extends down the length 
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of the river and may be considered as overlapping with a transfer zone which is carrying sediment from 

higher up the catchment. Sink zones are limited largely to estuaries. 

Rowntree and Wadeson (in prep) have developed a zonal classification system for South African 

rivers modified from Noble and Hemens (1978). The terms used by Noble and Hemens have become 

entrenched in the ecological literature so that it was felt important to adopt these where appropriate. An 

attempt was made to give each zone a geomorphological definition in terms of distinctive channel 

morphological units and reach types as described in Table 2 (Rowntree and Wadeson, in prep). After 

working in a number of different rivers around the country it has become clear that channel gradient is 

a good indicator of channel characteristics and that differences down the profile can be identified from 

an analysis of gradients taken off a l: 50 000 topographic map. 

Table 2 Classification of Channel Types Based on Reach Morphology (after Rowntree and Wadeson, 

in prep) 

Reach Type Reach morphology 

ALLUVIAL CHANNELS 

Step-Pool 

Plane-Bed 

Pool-Riffle 

Regime 

Characterised by large clasts (boulders or cobbles) which are organised into 
discrete channel spanning accumulations that form a series of steps separating 
pools containing finer material. 

Topographically uniform bed formed in coarse alluvium, (cobble or small 
boulder) lacking well defined scour or depositional features. 

Characterised by an undulating bed that defines a sequence of coarse bars 
(cobbles or gravel) (riffles) and scour pools. 

Occur in either sand or gravel. The channel exhibits a succession of bedforms 
with increasing flow velocity. The channel is characterised by low relative 
roughness. Plane bed morphology, sand waves, mid channel bars or braid bars 
may all be characteristic. 

BEDROCK CHANNELS 

Bedrock Fall 

Cascade 

Pool-Rapid 

Bedrock rib 

Planar Bedrock 

A steep channel where water flows directly on bedrock with falls and plunge 
pools. 

High gradient streams dominated by waterfalls, cataracts, plunge pools and 
bedrock pools. May include bedrock core step-pool features. 

Channels are characterised by pools backed up behind channel spanning 
bedrock intrusions forming rapids. 

Formed in steeply dipping bedrock; alluvial areas separate rock ribs which span 
the channel, significant pools, rapids or falls absent. 

Predominantly bedrock channel with a relatively smooth bed. Significant pools, 
rapids or falls absent. 

Experience from the nine rivers listed in Table 3 was used to derive the zones and associated 

gradients given in Table 4. With the exception of the Mogalakwena, a tributary of the Limpopo, these 

rivers are either coastal and/or escarpment rivers. Rivers of the highveld or the karoo are not represented. 
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Zone classes in Table 4 are described in terms of characteristic reach types described in Table 2. Table 

4 is divided into two sections. The first relates to a 'normal' profile, the second to a rejuvenated profile. 

The rejuvenated lower reaches of rivers show many of the features characteristic of their upper reach 

counterparts, except that the scale of the channel is much bigger due to a higher stream order. It should 

be noted that the gradients given in Table 4 should be used as a guide line only; the zone boundaries 

represent transitions between the different channel types rather than clear breaks. It must also be borne 

in mind that the resolution of the analysis is determined by the contour interval of 20 m and on the 

accuracy with which the contours are placed on the map. In gentle sloping areas in particular the relative 

degree of variation within a 20 m height range can be significant and more than one reach type can be 

found between two contours. 

The zonation and associated gradients given in Table 4 were derived from analyses of the long 

profile of the rivers in Table 3, from impressions gained from aerial videos and, for all but three of the 

rivers, from spot site visits. The terminology was developed in consultation with river scientists who were 

familiar with the different rivers. Three rivers have been described in detail: the Bufffalo, the Sabie and 

the Olifants (Western Cape). For each ofthese rivers the long profile was divided into reaches defined 

in terms of similar gradient. Field visits were made to classify each reach in terms of the classification 

given in Table 2. These analyses provide a useful means of testing the consistency of the zone 

classifications and associated gradient classes. 

Table 3 Selected River Systems for Geomorphological Zonation Studies 

River Province River Province 

Mogalakwena Northern province Mzimvubu Eastern Cape- Transkei 

Olifants Western Cape Mvoti Southern Natal 

Berg western Cape Tugela Northern Natal 

Eerste Western Cape Sabie Mpumalanga 

Buffalo Eastern Cape - border 

General characteristics of the Sabie, Buffalo and Olifants Rivers 

The three rivers represent distinct geomorphological environments. The Sabie rises abovel700 m 

in the high veld of the Great Escarpment and flows across the semi-arid low veld, traversing the Kruger 

Park before entering Mozambique. The total length of the river up to its confluence with the Mkomati in 

Mozambique is 210 km. The Buffalo is a shorter river (125 km) which rises above 1300 min the forested 

Amato Ia mountains of the Eastern Cape, crossing the coastal plateau before reaching the sea at East 

London. The Olifants river rises in the Cederberg mountains of the Western Cape above 700 m. It flows 

northwards through the well defined Olifants valley before meeting with its much larger Karoo fed 

tributary, the Dorings. The Olifants then crosses a coastal plain before reaching the sea near Vrehdendahl, 

a total river length of280 km. 
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Table 4. Geomorphological Zonation of River Channels (after Rowntree et a/. 1996, Rowntree and 

Wadeson (in prep), with acknowledgement to Harrison and Ellsworth, 195 8, Olif, 1960 and Chutter, 1967) 

Geomorphol- Characteristic Diagnostic Channel Characteristics 
ogical zone gradient 

A. Zonation associated with a 'normal' profile 

Source zone not specified Low gradient, upland plateau or upland basin able to store water. 
Spongy or peaty hydromorphic soils. 

Mountain 0.1-0.7 A very steep gradient stream dominated by vertical flow over bedrock 
headwater with waterfalls and plunge pools. Normally first or second order. Reach 
stream (MH) types include bedrock fall and cascades. 

Mountain 0.01 - 0.1 Steep gradient stream dominated by bedrock and boulders, locally cobble 
stream (MS) or coarse gravels in pools. Reach types include cascades, bedrock fall, 

step-pool, plane bed, pool-rapid or pool riftle. Approximate equal 
distribution of 'vertical' and 'horizontal' flow components. 

Foothills 0.005- O.ot Moderately steep, cobble-bed or mixed bedrock-cobble bed channel, 
(cobble bed) with plane bed, pool-riffle or pool-rapid reach types. Length of pools 
FHcb and nftles/rapids similar. Narrow flood plain of sand, gravel or cobble 

often present. 

Foothills 0.00-0.005 Lower gradient mixed bed alluvial channel with sand and gravel 
(gravel bed) dominating the bed, locally may be bedrock controlled. Reach types 
(FHgb) typically include pool- riffle or pool-rapid, sand bars common in pools. 

Pools of significantly greater extent than rapids or riffles. Flood plain 
often present. 

Lowland sand 0.0001-0.001 Low gradient alluvial sand bed channel, tytcally regime reach type. 
bed (Lsb) Often confined, but fully developed mean ering pattern within a distinct 

flood plain develops in unconfined reaches where there is an increased 
silt content in bed or banks. 

B. Additional zones associated with a rejuvenated profile 

Upland flood 0.0001-0.001 An upland low gradient channel, often associated with uplifted tateau 
plain (UFP) areas as occur beneath the eastern escarpment; meandering san bed 

regime channels. 

Rejuvenated O.ot- 0.5 Moderate to steep gradient, often confined channel (gorge) resulting 
bedrock fall I from uplift in the middle to lower reaches of the Ion~ profile, limited 
cascades (RBF lateral development of alluvial features, reach types mclude bedrock fall, 
/RC) cascades and pool-rapid. 

Rejuvenated 0.00-0.01 Steepened section within middle reaches of the river caused by uplift, 
foothills: often within or downstream of gorge; characteristics similar to foothills 
(RFHcb& (gravel/cobble bed rivers with pool-riffle/ pool-rapid morphology) but 
RFHgb) of a higher order. A compound channel is often present with an active 

channel contained within a macro channel activated only during 
infrequent flood events. A flood plain may be present between the active 
and macro-channel. 

All three rivers are characterised by a concentration of rainfall over the head water areas and 

sub-humid to semi-arid lower catchments. Rainfall over the Sabie catchment varies from 2000 mm to 

450 mm, the Buffalo from 2000 mm to 500 mm and the Olifants from 1300 mm to less than 300 mm. 

Both the Sabie and the Buffalo have been affected by significant uplift and rejuvenation. The Sabie 

below the Great Escarpment crosses three planation surfaces of Partridge and Maud ( 1987), the African 

surface of the early Cretaceous, the Post African surface of the Early Miocene and the Post African II 
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surface ofthe late Pliocene. Uplift in this area was probably around 300m in the Miocene and somewhat 

less than 600 m in the Pliocene. The lower Buffalo river crosses the Post African I surface and the marine 

platform of the earlier African surface. Uplift in this area was in the order of200 m and 800 min the 

Miocene and Pliocene respectively. In contrast, the western Cape experienced much reduced uplift, 150 

m and l 00 m in the Miocene and Pliocene respectively in the catchment area of the Olifants river. (In the 

Cape Town area down warping occurred during the Miocene). The Olifants is largely confined to dissected 

mountainous country and only crosses small remnants of the African and Post African I erosion surfaces 

near the coast. 
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Figure 2. Long profiles of the Sabie, Buffalo and 
Olifants rivers 

The geology of the three areas is also 

significantly different. Much of the Sabie is 

underlain by intrusive rocks- gneiss, tonalite and 

granites. These rocks tend to produce coarse 

sands on weathering. The Buffalo catchment is 

largely underlain by Karoo sediments, 

predominantly mudstones, shales and sandstones, 

which give rise to fine textured sediment. 

Dolerite dikes are frequent and outcrop along the 

length of the channel, providing local inputs of 

fine sediment. The geology of the Olifants 

catchment is complex. The upper catchment is 

comprised of fine grained shales, mudstones and 

sandstones. The middle catchment is dominated 

by sandstones and quartzites of the Table 

Mountain Group. The lower catchment is 

underlain by carbonaceous shales and limestones 

of the Malmsbury Group. The predominant 

sediment producing rocks in the upper Olifants 

are sandstones and quartzites which produce a 

sandy bedload. Even in flood conditions the 

water of the Olifants remains clear. 

River zonation 

The long profile of the three rivers are given in Figure 2. The relatively steep gradients of the lower 

Sabie and Buffalo can be seen. Only the Olifants has a lowland reach. This occurs below the confluence 

with the Dorings river. The characteristic reach types of the three rivers according to the designated zones 

can be see from Table 5-7. It can be seen from these tables that there is a concurrence between zones 
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defined in terms of gradient and channel morphology and bed material. The characteristic reach types 

observed in each zone are described below. 

Source zone 

Source zones are generally too short to be identified from topographic maps and as a class are 

independent of gradient. The type and extent of the source zone must be identified in the field. This zone 

will not be considered further in this paper. 

Mountain headwater zone 

The most prevalent reach morphology was bedrock fall, with cascade, boulder step-pool and, 

locally, plane bed and pool-riffle. Slope gradients ranged from 0.0998 to 2.3448, but were generally below 

0.50. As was the case for all zones, the different reach types within the zone could not be distinguished 

in terms of gradient and must be the response to local conditions that are not picked up by the long profile. 

Mountain stream 

The mountain stream zone makes up a significant length ofthe upper Sabie river, less so in the 

Buffalo and Olifants rivers. Cascades were especially prevalent in this zone, together with plane bed, 

pool-riffle in small boulder /cobble and pool-rapid. In mountain streams the pools are short and formed 

in bedrock. The observed gradient was from 0.0 l 04 to 0.0414. In all three rivers there was a clear break 

in the profile between the mountain headwater and mountain stream zones. 

Foothill cobble bed zone 

This zone is found in all three rivers, but in the Sabie it tends to form short sections within the 

mountain stream zone, rather than being a continuous zone following the mountain stream zone. A wide 

range of channel morphology was observed, including pool-rapid, planar bedrock and pool-riffle. 

Cascades and plane bed reaches were absent from this zone. Bedrock controlled reaches were common. 

The dominant mobile bed material was cobble. Observed gradients ranged from 0.0056 to 0.0097. There 

is no clear break between mountain stream and foothill cobble bed zones, but 0.01 appears to represent 

a reasonable transition between the two classes. 

Foothill gravel bed zone 

This zone was well represented in the middle and lower reaches of all three rivers. This was a 

complex zone. The Sabie and Buffalo both showed significant bedrock control in this section. The 

resulting reach morphology was dominated by pool-rapid, with planar bedrock, plane bed, pool-riffle and 

regime. Surprisingly, cascade and bedrock fall were also noted. In this reach the pool-rapid reaches were 

mixed, with long alluvial pools separated by rapids over bedrock outcrops. The riffles of the pool-riffle 

reaches were formed in gravel. Sand was the most pervasive mobile bed material in this zone. 

The observed gradient range was from 0.0013 to 0.0049. Although there is no sharp break between 

the foothills cobble bed and foothills gravel bed zones, there is a clear transition from cobble dominated 

reaches at higher gradients to sand dominated reaches at lower gradients. Pools also become more 

extensive in the lower gradient reaches. 0.005 appeared to represent a useful break point between the two 

zones. 

Lowland sand bed zone 

This zone was observed only in the Olifants river. For gradients ofO.OOI and below all channels 

were regime, with mobile sandy beds. 

Rejuvenated zones 
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Rejuvenated zones are characterised by gradients significantly higher than expected for the imposed 

flood discharges responsible for sediment transport and maintenance of channel form. Hence the stream 

power (given as the product of discharge and gradient) is increased above that for a 'normal' profile. This 

is reflected in the reach morphology of these zones. Rejuvenated bedrock fall reaches occur in both the 

Buffalo and Sabie rivers, with gradients ranging from 0.155 to 0.325, equivalent to mountain headwater. 

Characteristic reach morphology included bedrock fall and cascade. Rejuvenated cascades were also 

confined to the Buffalo river. A variety of reach morphologies were observed, including cascade, bedrock 

fall, plane bed and even a local section of meandering pool-riffle. Gradients ranged from 0,0116 to 

0.0268. Rejuvenated foothills (cobble bed) were identified in the Buffalo and Olifants rivers where 

gradients ranged form 0.0055 to 0.0079. Cascades and pool-rapid morphology were observed in both 

nvers. 

Table 5. River zonation in the Sabie river (see Table 4 for explanation of zone classes) 

Distance Height Median Zone Bed material Reach type 

(km) (km) gradient class (two dominant classes) 
0 1640 0.3260 MH bedrock bedrock fall 

1.1 1500 0.1629 bedrock bedrock fall 
1.1 1480 2.3448 ? ? 
1.2 1400 0.4953 ? ? 
1.3 13 80 0. 1790 bedrock cascade 
1.9 1300 0.1361 bedrock I boulder bedrock fall 

------~] __ 11~2----~J~~l----------~~d!~E~}-~~~~d~!lJl~~~---------E~E~-~~qi~~~-~-E~£~----------
31.8 820 0.2078 RBF bedrock I boulder I sand cascade 
50.5 540 0.1552 bedrock bedrock fall 
12.0 1040 0.0168 MS boulder I gravel I sand plane bed (rapid & pool) 
19.9 980 0.0122 cobble/gravel pool-riffle 
20.7 960 0.0240 bedrock/boulders bedrock pool-rapid 
26.8 900 0.0163 bedrock cascade 
31.1 860 0.0139 bedrock/boulder cascade/plane bed 
31.7 840 0.0349 bedrock/boulder cascade 
46.7 620 0.0199 bedrock/boulder cascade/pool-rapid/riffle 
49.1 580 0.0998 bedrock bedrock fall 
50.4 560 0.0149 bedrock cascade 
52.5 520 0.0104 bedrock/boulder cascade 

----~~~~---{~~----6:~~~~----Rc--------9~~~~;;t~f~~---------------------E;~~~~~E _______________ _ 
18.2 I 000 0.0064 FHcb cobble/gravel pool-riffle 
25.6 920 0.0081 cobble/gravel pool-riffle 
29.6 880 0.0071 boulder/cobble pool-rapid 
39.0 760 0.0084 bedrock/cobble pool-rapid/riffle 
48.9 600 0.0090 cobble/sand pool-riffle 
65.9 460 0.0049 FHgb bedrock/sand pool-rapid 
78.6 400 0.0035 bedrock/cobble pool-riffle 

114.6 280 0.0033 ? ? 
126.3 260 0.0017 sand 
135.8 240 0.0021 bedrock/sand 
150.8 200 0.0027 bedrock/sand 
175.1 160 0.0017 bedrock/sand 
185.7 120 0.0038 bedrock 
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Table 6. River zonation in the Buffalo river (see Table 4 for explanation of zone classes) 

Distance Height Median Zone Bed material Reach types 

(km) (m) gradient class (two dominant classes) 
0.2 1040 0.5291 MH bedrock cascade 
1.5 800 0.1614 bedrock cascade 
2.8 620 0.1042 boulder ----------------------~!e.E..P~~! _______________ _ ----6r:6 ____ 28o ___ o.3252 ___ IlliT _____ bedrockiboutder planar bedrock 

5.0 540 0.0414 MS cobble/boulder plane bed 
6.6 520 0.0125 cobble/boulder pool-riffle 

12.6 3~2---~·222~----------------~e~!~£~-----------------P~~J!~Pl~{pJ~~~~~~---------------63.2 ____ 260 0.0123 RC bedrock/boulder anab. plane bed+ bedrock fall 

107.8 60 0.0116 bedrock bedrock fall I meandering pool riffle 
15.6 460 0.0066 FHcb bedrock pool rapid I planar br 
38.7 360 0.0056 bedrock anabranching pool-rapid 

----~~] ____ 2~9---~·99J] _____________ ~~EEl~$!~~~~------------------~~~~~~iE _______________ _ 
111.3 40 0.0057 RFHcb bedrock bedrock fall 

10.9 500 0.0046 FHgb bedrock planar bedrock 
32.0 400 0.0035 gravel/cobble/bedrock pool rapid/pool-riffle 
49.8 320 0.0036 bedrock/cobble/gravel anabranching & single thread pool rapid & 

61.5 
77.9 

101.6 
125.6 

300 0.0017 
180 0.0043 
140 0.0013 

0 0.0029 

bedrock 
bedrock/boulder 

cobble/gravel 
cobble/boulder 

plane bed 

planar bedrock 
pool-riffle I bedrock fall 

pool 
plane bed I estuary 

Table 7. River zonation in the Olifants river (see Table 4 for explanation of zone classes) 

Distance Height Median Zone class Bed material Reach type 

(km) (m) gradient (two dominant classes) 
16.99 520 0.1412 MH bedrock/boulder bedrock fall 
4.93 700 0.0111 MS ? ? 

16.70 560 0.0142 ? ? 
27.85 300 0.0281 bedrock/boulder pool-rapid 

9.08 660 0.0097 FHcb cobble/gravel wetland pool/riffle 

33.90 260 0.0066 bedrock/boulder pool-rapid --rs634 _____ 4o--iO.oo79--RFffcb _____ bedrocf/boulaer ______________ cascactelpooT~a?Tct ___________ _ 
69.52 160 0.0026 FHgb cobble/sand pool-riffle 

91.89 140 0.0009 sand braided regime 
100.53 120 0.0023 cobble/sand pool-riffle 
127.07 80 0.0015 ? ? 
153.80 60 0.0007 Lsb sand braided regime 
176.34 20 0.0010 sand/gravel regime 
280.42 0 0.0002 sand regime 

No attempt was made to identify rejuvenated foothill gravel bed reaches, but it is possible that in 

the Sabie and the Olifants rivers much of the lower section of this zone is rejuvenated as indicated by the 

prevalence of bedrock controlled reaches. The foothill zone would be expected to be alluvial in character 
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and equate to the transfer zone of Schumm (1977). The significant bedrock component is likely to be a 

result of rejuvenation and an excess of stream power relative to the position in the long profile. 

It is apparent that rejuvenated reaches are comprised of reach types similar to their upstream 

counterparts, together with reach types usually associated with higher gradients. For example, cascades 

were observed in all three rejuvenated zone classes; bedrock fall was observed in both the rejuvenated 

bedrock fall and rejuvenated cascade zones. This supports the need to consider stream power when 

predicting channel morphology. 

Conclusions 

The results of this study have demonstrated that channel reaches can be assigned to zones on the 

basis of reach gradient. Each zone has a characteristic assemblage of channel morphologies as described 

in Tables 2 and 4. It was found that although gradient appeared to be a good indication of the zone class, 

the more specific reach morphology could not be predicted from gradient alone. The gradient classes given 

in Table 4 appear to represent satisfactory boundaries between zones. It must be remembered, however, 

that the boundaries represent transitions rather than clear breaks. 

It is recommended that a gradient analysis of the river long profile can be used as the initial step in 

identifying river zones. In the first instance this exercise is carried out mechanically, digitising the stream 

network in ARCINFO and manipulating the cover in ARCVIEW to derive the gradients for each reach. 

It is then necessary to apply judgement to group the reaches into final zones and to decide on zone 

boundaries. Short reaches of a steeper or gentler gradient may be included in a longer zone, or boundaries 

can be moved to represent natural breaks in the long profile. Rejuvenated zones must be identified with 

respect to their position in the long profile. Stream power must also be taken into account as indicated by 

the distribution of bedrock fall and cascade reaches in lower gradient sections of the lower profile. Stream 

order can be used as a first approximation of stream power and should be incorporated as a second level 

of classification. 

In conclusion, river zones can be identified from the long profile as derived from a 1: 50 000 

topographic map. River zones provide a useful classification for the identification of river types as 

required for the assessment of the Preliminary Reserve. It must be remembered, however, that the 

classification is based on a desk top exercise and that zones can be comprised of a variety of reach types. 

Field verification will always be necessary. It is also necessary to confirm the validity of 

geomorphological zones as surrogates for habitat availability and biological diversity in terms of species 

distribution and abundance. It is hoped that as this zonal classification is applied through the river typing 

exercise its ecological validity will be tested. 
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Abstract 

Hazelmere Dam, located on the Mdloti river 12 km from the K waZulu Natal coast was completed in 1975, and since 
then has lost more than 25% of its original design capacity through siltation, a fact which could threaten its economic 
life. This has occurred partly because of high ammal average sedinJent accumulation rates under normal climatic 
conditions, and partly as a result of the 1987 floods, an extreme event with a return period of between 50 and 200 
years. The objective of this work was to indicate why sedinJent production rates per km2 of catclunent area indicated 
by dam siltation are higher than in most other KZN dam catclunents. 
Basic rainfall, soil and slope conditions cause the Mdloti catclunent to have a high erosion potential, which has been 
exacerbated in recent years by large scale population increases, vegetal degradation and road construction activities. 
These together created conditions for massive sediment transport during the 1987 floods. 
hl term of the theories of flood geomorphology the study concluded that the ongoing debate on the effectiveness of 
extreme events in doing geomorphological work must take account of short term human induced changes in catclunent 
use if it is ever to be resolved credibly. 

Introduction 
Completed in 1975, Hazehnere Dam, located on the Mdloti river some 25 km north of Durban (Fig 

1 ), has show a steady increase in accumulated sediment, such that there are now concerns that its 

economic life may be curtailed.( Espey, pers comm, Umgeni water). Four bottom surveys of the 

dam since 1975 show that by 1993 the original design capacity of almost 24 million m3 had 

reduced by more than 6 million m3 (Table 1), reflecting an average annual sediment accumulation 

of rate of0.3358 million m3 and a total capacity loss of25%. 

The figures also show clearly that the eight years between 1979 and 19.87 experienced a rate of 

sedimentation more than twice that of the preceding four and the following six years. This is due 

mainly to massive sediment inflows which occurred during the floods of September 1987. Between 

September 26-30 the effected areas ofKZN received between 800-900mm of rain. For some stations this 

was close to the annual mean, and represented an increase pf 800% over and above the norm for 

September. Table 2 shows the rain:full record for four stations in the Mdloti catchment. It is clear that the 

region covering most of the catchment above the dam, represented by the Ndwewe data, was by fur the 

worst affected. Not only did it receive the most rain over the five days, but daily intensity on the 27 and 

28 Septembc':'" fur exceeded anything experienced by the other stations. In comparison, the station at 

Nagle Darn, west and directly outside ofthe catchment received only 96,5mm for the whole five days. 

Van Bladem and Burger (1989) compiled the 1987 flood statistics for the Mdloti. Peak. inflow discharge 

for the event at Hazelmere was estimated to be 1830 cumecs, 73 times greater than the wet season 

average. Discharges well above 1000 cumecs were sustained for more than 12 hours, and in excess of 
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500 cumecs for more than 36 hours. They estimated the return period for the event to be between 50 and 

200 years Ninety-two percent - 3,290 million m3
- of all sediment delivered to the dam was retained 

within it. 

FIGURE 1: Hazelmere Dam in the Mdloti Catchment 

TABLE 1: Sediment Accumulation in Hazelmere Dam 

YEAR REMAINING DAM ACCUMULATED DAM CAPACITY 
CAPACITY [M3X106

J SEDIMENT [M3X1 061 REDUCTION% 
1975 23,901 - -
1979 22, 914 0,987 4,29 
1987 19,224 4,677 19,57 
1993 17,857 1,367 25,29 
Source: Department ofWater Affairs, 1993 
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TABLE 2: Rainfall records in mm during 26-30 September 1987 for four weather stations in or near the Mdloti catclunent 

26 SEPT 27 SEPT 28 SEPT 29 SEPT 30SEPT 
STATION 
Ndwedwe 0 371 306,5 11,5 0 
Mt Edgecombe 135,4 172 35,8 0 0 
Nsuze 41 145 273 0 0 
Nagle Dam 11,8 '65 11,9 7,8 0 
Source: Weather Bureau, Pretona 

Sedimentation in two comparable KZN dams, Ntshongweni, on the Mlazi river, and Henley, on the 

Msunduze, which like Hazelmere were both affected by the 1987 but not the 1984 Demoina 

floods, was between 4 and 28 times less when the relative catchment sizes are taken into account. 

Not only this, but mean annual accumulation rates exclusive of such extreme events in most KZN 

dams are far less. The objective of this study was to examine and document some of the factors 

which could account for both the overall high rate of siltation in Hazelmere Dam since its 

construction in 197 5, and for the excessive sedimentation rates experienced during the floods. 

The Study Area 

The catchment ofthe Mdloti river lies in the sub-tropical Natal Sugar Belt. Average annual 

temperature ranges from 17°C inland to 21 °C at the coast. Mean annual rainfall varies from 967 

mm above Hazelmere Dam to 982 mm at the coast ( Maree and Mallory 1994), most of which falls 

in the summer months from September to March. Mean Annual Evaporation (A-class pan )is 

assessed at 1200 mm for the whole catchment. 

The Mdloti river itself has its source some 850 m above sea level. It is 81 km long and has a total 

catchment area of 550 km2 
, of which about 80% is upstream of the dam, located 12 km from the 

river mouth. Mean discharge varies between 0,34 cumecs in the dry season to 25 cumecs in the wet 

season (Grobbler 1987). Average annual runoff into Hazelmere dam is 70,54 million m3 (Mare and 

Mallory 1994). Annual inflow varies with rainfall, and annual runoff coefficients between 1988 

and 1991 were between 17-35% ofrainfall (Umgeni Water 1993). 

In the west of the catchment lithology consists of granites, gneisse and schists of the Basement 

Complex. Central sections comprise largely Natal Group Sandstones. To the east of them Dwyka 

Formation diamictites and Ecca group shales outcrop, and at the coast very small deposits of 

Quaternary dune and beach sands of the Berea and Bluff Formations are found ( Govt. Printer 

1988). Soil characteristics, described by King (1982), the South African Sugar Association (1984) 

and Francis (1988) are related to underlying lithology. Basement soils are typically nutrient-rich 

and light to moderate brown, although they may be grey and sandy on sloping areas. those on Natal 

Group Sandstones tend to be grey to dark brown, low in lime and nutrients, and Dwyka soils are 
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typically light grey and sandy in the upper profile, tending towards a yellow, clayey compositioo 

lower down. Ecca soils show high variability. In some areas they may be deep brown, clayey and 

quite fertile, but elsewhere may be paler and highly leached. 

Moll (1976) noted that natural vegetation in the catchment was dominated by Acacia Sieberina 

Savanna, with the Dry Valley Lowland Scrub and Woodland Mosaic dominating river valleys. A 

small patch of Secondary Aristida junciformis Grassland occurs in the south central section, with 

the coastal regions dominated by Coastal Forest and Palm Veld. In the region in general, Iroo Age 

human occupation from the 6th century onward (CMAI 1984) has had a noteable impact on 

vegetation and land use. Iron Age people certainly resided on sites along the adjacent Umgeni river 

form the 6th century BC, and it is probable that they were also present in the Mdloti from that time. 

Later, in the 16th and 17tJJ. century Bantu tribes entered from the north, subsisting from shifting 

cultivation and cattle breeding. European settlement ofKwaZulu Natal began in 1820. Shortly after 

this several exotic crops were introduced, the most significant in coastal regions being sugar cane, 

citrus, mango and litchi. Further inland timber became important, in particular black wattle, 

eucalyptus and pine. Current land use in the catchment is dominated by rural subsistence farming 

and natural veld for grazing, although commercial cultivation, and timber productioo are important 

near the coast and at the inland extremes of the catchment respectively. Below the dam some 75% 

of the catchment land area is under sugar cane, although this figure falls to 22% above the dam. A 

schematic relationship between land use and landforms is shown in Figure 2. 
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FIGURE 2: The relationship between landform and landuse in the Mdloti valley 
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Current population for the catchment is difficult to assess precisely since census data is gathered 

for magisterial districts whose boundaries do not correspond exactly with the catchment perimeter. 

The population of the catchment above the dam is located mainly in the lnanda and Ndwedwe 

districts, and in 1991, the date ofthe last available census, was between 400-600 thousand 

(Central Statistical Services 1992). 

Erosion Potential in the Umdloti Catchment 

At the coarsest level of analysis national assessments of denudation (Le Roux 1990) and sediment 

yield (Rooseboom 1975) show the Mdloti catchment to lie in a region where denudation progresses 

at the rate of between 75 and 1 OOmm per 1000 years, and sediment yield is in the order of 400 -

600 t km'2 
yr·L Both figures are quite high quite high in South African terms and indicate a 

significant potential for erosion, Furthermore they find support in more detailed analysis. 

Although the average gradient of the Mdloti at 1 in 90, or slightly less than 1%, is not high, the 

entire catchment is rugged. From the slope map (Fig 3), more than two thirds of the catchment has 

slopes in excess of 10%, and one fifth of its area exceeds 20%. Most ofthe steeply sloping areas 

are used for subsistence farming and livestock grazing. 
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FIGURE 3: Distribution of slope gradient in the Mdloti catchment 
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Smithen's (1981) national map shows mean annual rainfall erosivity at 300-400 El3o units to be 

quite low (Smithen 1981 ), but this could be misleading. Seuffert eta/ (1992) note that in sub

tropical winter rainfall areas daily rainfall totals of more than 40 mm frequently include spells with 

a high potential for runoff and erosion, and it seems likely that the same holds true for the summer 

rainfall area. Certainly, daily totals in excess of 1 OOmm have a strong possibility of producing 

runoff and causing erosion. Consideration of long term rainfall records from 4 stations, Ndwedwe 

and Mount Edgecombe, located directly in the study area, and Nsuze and Nagle Dam just outside it 

show that annual number of rainfall days with high erosion potential - those in which more than 

40 mm fell- are greatest in the Ndwedwe region ofthe catchment above Hazelmere Dam (fable 3). 

This declines towards the west (Nagel dam station) and below the dam (Mt Edgecombe station). 

TABLE 3: Average number of days per year with more than 40mm of rain 

STATION NUMBER OF DAYS 
Ndwedwe 6,3 
Mount Edgecombe 4,4 
Nsuze 3,3 
Nagle Dam 2,4 

The area lacks detailed information on soil erodibility, although on the basis of soil and slope 

combined Rooseboom et a/ (1992) claim that more than half the catchment is either highly or 

moderately erodible. On the basis of slope, rainfall and soil therefore the Mdloti catchment must 

be regarded as fragile, and potentially erosive, but not more so than many other KZN catchment 

areas, and natural predisposition to erosion cannot entirely explain the rapid siltation of the Dam. 

For erosion potential to become actual erosion, and for the eroded sediments to accumulate in the 

dam, the circumstances which initiate, control and sustain catchment erosion processes must be in 

place. There is a wealth of literature to show that in general terms these circumstances may be 

determined by a large array of factors, but typically these are related to catchment land use and 

management, climate and fluvial geomorphology of the river system. Within this context, the 

present study investigated a number of factors which could explain the temporal sedimentation 

pattern ofthe dam since its closure. 

Land Use and Catchment Management 

Changes in Population Density 

Census data from 1985 and 1991 for the Inanda and Ndwedwe magisterial districts which together 

include most of the catchment are shown in Table 4. demonstrating massive increases in 

population. In Ndwedwe the changes were from 138 000 to 318 000 inhabitants, giving 
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corresponding increase in population density from 1.55 to 3,56 people km"2
, a change of 130% in 

6 years. In Inanda the change was from 215 000 to 299 000, density increasing by 39% from 5,77 

to 8.03 people km"2
· • It is probable that much of the increase is due to the displacement and 

relocation of people prior to the construction of the neighbouring Inanda Dam completed in 1990 in 

the adjacent Mgeni catchment. The way of life of the newcomers is similar to the original residents, 

largely dependent on remittances from migrant workers, and old age pensions. Each household may 

grow vegetables and fruit for personal consumption, and keep a few goats or cattle. Fuel needs not 

provided by gas or paraffin must be met by gathering local timber. 

TABLE 4: Population changes from 1985 to 1991 in two magisterial districts covering the Mdloti catchment 

DATE NDWEDWE INANDA 
Total pop Density [km1 Total pop Density [km2

] 

1985 138 588 1,55 215 027 5,77 
1991 318 093 3,56 299 379 8,03 

.. 
Source: Central Statistical services, 1992 

Comparison of air photos from June 1973 and July 1989 show that throughout the catchment 

several new sites were settled between the two dates, removal of vegetation and land clearance had 

taken place on a significant scale, and new paths and tracks created. Watson's (1993) study of a 

similar large and sudden increase in population in the Mfolozi catchment, some 200km distant, 

showed that radical land use modification brought about by such change could cause increases in 

soil loss far greater than a simple variation in land use intensity, but that after some years erosion 

tended to abate as the landscape adjusted to the new set of circumstances. It seems likely that the 

Mdloti catchment would respond in a similar way, and that catchment erosion probably increased 

significantly after about 1985, when the settlement took place. 

Road Construction 

The catchment is traversed by several gravel and dirt roads, and comparison ofthe 1970 and 1989 

1:50 000 topographic sheets shows that the system was extended by some hundreds of kilometres 

between the two dates. Drainage from the gravel road system has certainly resulted in erosion. 

During this study a number of road erosion sites were studied in detail. The first was a road cut 240m 

long in colluvium overlying granite and orthogneiss. The cut (Fig 4) is designed with a 30% slope up to 

50 m wide above the carriage way and is about 240 m long. The slope of the cut is greatly modified by 

erosional features along the whole of its length, such that the affected surface area exceeds 9400 m2
· 

Erosional features include large erosion-excavated box-like gullies several metres deep, large and small 

rills and sub-surface piping. Sediment from these features has accumulated at the base of the slope, 
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whence it is washed into a drainage channel directed under the carriage way via culverts now choked 

with sediment. 
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FIGURE 4: The road cut a), b), and c) show erosion on the road cut; d) shows the profile 

In order to asses the rate of erosion on the cut 500 x 100 mm erosion pins were installed in the gully 

walls, rills and the surface slope, and re-inspected after 47 days during which a total of 306,6 mm of rain 

fell on 6 separate days (Table 5). One day, the 26 January 1997 received 110,6 mm. Many of the erosion 

pins in the trench and gully systems were never recovered as the head cut and side walls had collapsed, 

indicating headcut and sidewall erosion of at least 1 OOmm during the period. Pins in rills and on the land 

surface were less exposed, indicating that sheetwash and rill erosion were had been less prevalent. 

Erosion of the road cut since its inception is estimated to have released about 5400 m3 of sediment into 

the drainage system. 
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TABLE 5: Twenty-four hour rainfall figures between December 1996 and January 1997 for Ndwedwe 

DATE 24HOUR 
RAINFALL [mm] 

16Dec 40 
05 Jan 55 
09 Jan 03 
12 Jan 49 
16 Jan 49 
26 Jan 110,6 

Source: Weather Bureau, Pretona 

A large gully system in residual granite soil east of the road, just north of the site described above funned 

the second site. The gully (Fig 5) is some 500 m long, 20 m deep, and although only 1 m wide on 

average at its base, is more than 20 m wide at the top where it enters the Mdloti valley. Situated in a 

natural drainage line, it gathers runoff from a small natural catchment, but receives large amounts of 

runoff from the road. At least 10 different sources of road runoff were observed leading into the gully. 

(a) 

East.-.... West 

.J~ 
1m 

Channel Bed 

(b) 

Transportational Midslope 

East ......... West 

J§ 
1m 

HGURE 5: The gully - (a) near the gully head; (b) near the mouth as it approaches the Mdloti fiood plain 

Comparison with 1989 air photos show that the gully has eroded more than 50 m headwards in the last 7 

years. Erosion pins were installed in the gully head fro the same period as the road cut. results showed 

that during 4 7 days headward erosion and widening had progressed by approximately 80 mm, and in 

places had deepened its bed by 220mm. The 80 m length of the gully actually surveyed has released an 

estimated 24 000 m3 of sediment since its inception. 

A gully system at a third site nearby but to the west of the road was noted, but not investigated in detail. 

Cut partly in fill material derived from the road cut and piled on the downslope side of the road it has 

nevertheless eroded into natural soil below that. It is estimated that some 2500 m3 of sediment was 

released by the gully system. These represent only three of several erosional sites associated with road 
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construction, and together they account for at least 32 000 m3 of released sediment, which would 

ultimately make its way into the Mdloti river to be trapped by Hazelmere dam. 

Termites 

Where they occur, tennites can have considerable influence on rates of soil erosion. Goudie (1988) notes 

that they can reduce plant cover, remove organic material from the soil, affecting aggregate stability, and 

bring fine material to the surface, such that it becomes available for transport. 

Tennites are widespread in the Mdloti catchment. In a test area near the road a densityoflOOO -1500 

termitaria ha"1 was noted. They are typically conical with an average height of 500 mm and an average 

diameter at the base of 600 mm. The nature oftermitaria occurrence -cones built up from the land 

surface - means that bare surface area in the immediate surroundings is increased. Where a density of 

1000 termitaria ha"1 of the above dimensions occurs, the bare surface area is increased by 550m2
. 

Volume of the additional erodible material brought to the surface in the same circumstances would be 

more than 23 m3 ha·I. 

F1uvial Geomorphology of the Mdloti River 

Since the late Pleistocene the Mdloti has developed a number of terraces. Comparison of air photos from 

1973 and 1989 shows several sites where the river has started eroding into its terrace system, and is 

deepening its floor. Whether this is part of a long term change in the fluvial dynamics of the river, or 

whether it is attributable to a single exceptional event during the time period is unclear, but the result is 

certainly that a large amount of sediment has been transported through the catchment during the 13 years 

between the two generations of air photos. 

Hazelmere siltation rates between 1975 and 1987 

The main objective of this study is to indicate the factors controlling the temporal pattern of 

sedimentation in the years between 1975 and 1993, based on evidence accumulated during this study. 

The following attempts this by integrating all available information to describe a set of conditions and a 

sequence of events which triggered a surge, and subsequent decline in sedimentation. 

Physical characteristics, especially soil and slope conditions, in the Mdloti catchment make it clear that 

the region has a natural susceptibility to soil erosion. To this may be added the effect of termites, which 

increase the area of bare ground and make available significant quantities of sediment for erosion. 

However, human induced modifications in catchment conditions during the eighties introduced an 

additional set of erosion-enhancing conditions. The increase in population density, by enlarging the area 
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used for subsistence and small scale fanning, degrading vegetal cover, and swelling the numbers of 

livestock, increased catchment susceptibility to erosion. Expansion of the gravel road network, 

exacerbated by poorly designed drainage measures added a third erosion inducing condition. 

On their own none of these would be sufficient to cause the excessive sediment deposition experienced 

during the years in question. For example the material produced by the road erosion sites described in this 

study, at 32000 m3 is only a fraction of the 6 million m3 which has accumulated in the dam. For road 

erosion alone to account for the siltation would mean that at least one such erosion site would need to 

occur in every 2 km2 of the catchment above the dam, and air photo analysis shows that this is certainly 

not the case. 

Although it is not possible to quantify soil loss from any of the other conditions described, we propose 

here that natural predisposition of the catchment to erosion, together with recently implemented 

catchment management changes, conspired not only to provide a steady supply of sediment to the dam 

under average climate and discharge conditions, but also created ideal an environment for a major erosion 

event, which needed only to be triggered before it happened. 

Figure 6 shows diagrammatically the probable sequence of events which caused excessive sedimentation 

in Mdloti dam. Most of the sediment accumulated in late 1987 after the floods in September that year. 

Prior to that, naturally erosive conditions had been exacerbated by a rapid increase in rural population 

density, associated degradation in vegetal cover, and extension of the rural road network. This enabled 

the massive and exceptional rainfall during the 1987 floods to generate huge quantities of runoff, 

sweeping sediment from degraded land and poorly drained gravel roads. At the same time the Mdloti, by 

virtue of the enormous flood discharges, was for some days competent not only to transport any land 

based sediment delivered to it, but also had the capacity to scour its bed and banks to contribute even 

more material to Hazelmere dam. 

For the periods 1975-9 and 1987-93, the average rate of sediment accumulation in the dam was 

approximately 0,2 million m3 per year. This probably approaches a normal rate for the catchment when 

no extreme rainfall events occur. 
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F1GURE 6: Events and conditions leading to massive soil loss and the siltation ofHazelmere Dam 

Geomorphological Implications 

Whether more geommphological work is accomplished by large infrequent flood events or by the 

cumulative effect of frequent low magnitude floods has been the source of lively debate for several years 

(Baker et a/1988). The contention of Wolman and Miller (1960), that on balance greater 

geomotphological control is exerted by frequent small events such as bank full discharge, has been 

subsequently contested by several accounts of massive geomotphological changes resuhing from rare, 

events of enormous discharge. The issue is complex, and revolves around several factors. The definition 

of geomotphological work, basin and channel factors, regional variations in rainfall and hydrological 

regimes, must all be taken into account. Whether a flood event is considered as high magnitude-low 

return period or not depends entirely upon the timespan under consideration. 
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That the 1987 KZN flood was an extreme event in tenns of the few htu1dreds of years or so ofhuman 

occupation of the area, and that the Mdloti system evinced a powerful geomorphological response is 

beyond dispute, but whether the Mdloti is a catchment whose form owes more to rare extreme events 

than common, low magnitude floods is tu1clear. However, what has emerged is an implication that 

attempts to interpret the geomorphological effectiveness and temporal geomorphological significance of 

floods cannot tu1dertaken in isolation from the relatively short term catchment changes induced by human 

modification. 

Catchment Management hnplications 

None of the events and circumstances alone would have resulted in such a large delivery of sediment to 

the dam. The extreme event of the floods, although it would have increased erosion in the channel and 

catchment, would probably have generated far less runoff and sediment had there been no population 

density increase, less degradation of vegetal cover and no road extension activities. Treigaardt et al 

(1988) note that ''Natal is especially prone to floods" . They point out that between April 1856 and April 

1988 35 serious floods- approximately 1 every 3,8 years occurred in KwaZulu Natal Province, each 

following extraordinary rainfall events. 

The Integrated Catchment Management (ICM) approach to water resource planning recognises that 

"each component of the hydrological cycle is influenced by, or influences other components of the cycle, 

and none can be viewed in isolation ... ...... .. .. .. Typically ICM must follow a systems approach to water 

resource management. This involves consideration of the whole natural system and all its linkages, 

including both natural and human systems and their interrelationships." (Dept ofWater Affairs and 

Forestry, 1996, p7-22). 

This implies that effects of events, circumstances and changes in catchments are to some extent 

predictable, and even though the timing and occurrence of extreme events cannot be forecast, climatic 

extremes are always possible, and planning should proceed with such a possibility in mind. The 

foregoing study makes a strong case for integrated catchment assessment and management in water 

resource planning in KwaZulu Natal. 
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SOIL EROSION AND FLOODING ON THE SOUTH DOWNS, 
SOUTHERN ENGLAND 1981-93 

JOHN BOARDMAN 

ABSTRACT 

The South Downs in southern England have been farmed for 5000 years: the initial loess 
cover is now a thin, stony remnant as a result of erosion. During the 1980s field monitoring of 
erosion events in an area of 36 km2 showed that average rates of erosion are low (0.5 to 5.0 m3 

ha -J yr-1
) but that occasional storms result in losses of 200m3 ha-1 yr-1

• On soils that are only 15 
ems thick such rates pose a threat to future farming. However, of greater significance in the 
short term are the effects of soil-laden runoff on urban areas: flood damage to property has 
been a regular event since the conversion of this area to winter cereals in the 1970s. Soil 
conservation measures are negligible consisting mainly of engineering works and limited land 
use change at sites where property damage has occurred. Conversion to grass under the 
current Set-aside scheme could be an effective conservation approach. In the longer term, 
increasing stoniness of soils, and the economic incentives for arable farming in marginal areas 
will determine the future of erosion on the South Downs. 

Introduction 

The South Downs is a dissected upland area in south-east England rising to just over 200 m. It 
is composed of chalk, a soft Cretaceous limestone. Dry valley networks of periglacial origin 
dissect the chalk landscape, giving rise to valley-side relief of up to 150 m with cultivated 
slopes of up to 25 degrees. The principal soils are thin, stony rendzinas containing high 
proportions of silt (60 - 80 %) of loessic origin. Stones are either chalk or flint. The soils are 
silty clay and silt loams rarely thicker than 25 em and frequently with A horizons of only 15 
em over bedrock. In valley bottoms superficial deposits of greater than 1 m depth occur; these 
contain Holocene palaeosols. Mean annual rainfall on the eastern South Downs is between 
750 and 1000 mm with an autumn peak. The mean annual temperature is 9.8°C with a January 
mean of3.9°C and a July mean of 16.3°C (Potts and Browne, 1983). 

Archaeological, palaeobotanical and palaeozoological studies show that that the area has a 
history of cultivation of 5000 years in places, and that this has led to erosion of a once thick 
loess cover which in the early Holocene supported deciduous forest (Thorley, 1981; Bell, 
J983; Ellis, 1986; Favis-Mortlock et al., 1997). Soils and parent materials were eroded and 
transported to valley bottoms, the flood plains of major rivers, and the sea. More is known 
about the early history of erosion particularly in the Bronze and Iron Ages, when most of the 
soil cover seems to have been lost, than about erosion during the last two millenia. Bell (1982) 
shows that the date of the beginning of colluviation in southern English valleys varies from 
5000 BP to 3000 BP, presumably due to factors related to the timing of woodland clearance 
and introduction of cultivation rather than climate change. As a result of the long history of 
erosion on the Downs, modem farmers are cultivating the remnants of a once thicker soil 
cover. 
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In the first forty years of the twentieth century farming on the Downs was mainly concerned 
with the grazing of sheep, but a ploughing-up campaign during the Second World War 
brought much of the area under cultivation. After the war large areas remained under cereals, 
primarily barley planted in the spring. The area under cultivation extended as more powerful 
agricultural machinery permitted the working of steeper slopes. In the late 1970s, in common 
with other areas of the country, a change to autumn planted or 'winter' cereals took place. In 
the 1980s these higher yielding cereals came to occupy 55% ofthe farmed area in the eastern 
South Downs, with even higher proportions in places. The cultivation of soils often 
considered 'marginal' was a result of high guaranteed prices for cereals under the Common 
Agricultural Policy of the European Economic Community. 

TABLE 1. Erosion rates in the monitored area, South Downs, 1982-1991 

Year 
82-83 
83-84 
84-85 
85-86 
86-87 
87-88 
88-89 
89-90 
90-91 
91-92 

Median soil loss (m3 ha-1) 
1.7 
0.6 
1.1 
0.7 
0.7 
5.0 
0.5 
1.4 
2.3 
1.2 

Total soil loss (m3
) 

1816 
27 
182 
541 
211 
13529 
2 
940 
1527 
112 

Number of sites 
68 
7 
25 
49 
34 
97 
1 
51 
43 
14 

Monitoring erosion on the eastern South Downs 

An area of about 36 km2 of farmed land was monitored from 1981-92. The monitoring 
comprised regular visits to all arable fields and estimation of amounts of soil lost by 
measurement of volumes of rills, gullies and fans. Morphometric characteristics of sites were 
obtained by field measurement or from maps; farming practice, soil type, crop cover were also 
recorded. There are seven raingauges of various types in, or very close to, the monitored area. 

In addition to regular monitoring, several sites have been the focus of more detailed studies 
(Boardman and Robinson, 1985; Boardman, 1988) and experimental work (Robinson and 
Boardman, 1988). The results of anomalous rainfall patterns have been examined (Boardman, 
1991) and the database containing 389 erosion events in the monitored area and a further 25 
nearby has been used as the basin for predictive and modelling studies (Boardman and Favis
Mortlock, 1993, submitted; Favis-Mortlock, 1994, 1998; Favis-Mortlock and Boardman, 
1995; Favis-Mortlock and Savabi, 1996; Harris and Boardman, 1990, 1998). 

Total soil loss per year and median rates are shown in Table 1 (Boardman, 1998a). The range 
of median values is one order of magnitude and 89% of soil loss occurs in three years with 
72% in the autumn of 1987. Relatively low average values are in line with the results of other 
monitoring schemes (Boardman, 1998b ); experimental plot studies tend to produce estimates 
of erosion rates which are much higher (Evans, 1994 ). 
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Although average rates are low, rates on individual fields may reach over 200 m3 ha-1 yr-1
• In 

1987-88 rates on 18 fields exceeded 10m3 ha-1 (Figure 1). These were often the source of 
runoff which affected adjacent urban areas. 
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FIGURE 1. Magnitude and frequency of soil erosion events in the monitored area, eastern 
South Downs 1982-91 

Agricultural practices typical of winter cereal cultivation are intimately associated with 
erosion. Many fields are under continuous cereal cropping. Cereals are sown from mid
September onwards into a fine tilth attained by power harrowing. Farmers growing large areas 
of cereals may take up to six weeks to complete drilling. During this, the wettest time of the 
year, interruptions may occur and late harvests may also delay the onset of drilling. In wet 
years such as 1982 and 1987, agricultural vehicles produce compacted wheeltracks in which 
tilling is often initiated. Drilling is followed by rolling of the seedbeds and applications of 
herbicides and insecticides in the winter and nitrogen in the spring, operations which may 
give rise to further soil compaction. 

Rainfall events of 30 mm in two days are sufficient to initiate rilling on smooth, bare cereal 
fields in the autumn and these are frequent; for example in the three months September -
November 1982-91 22 events exceeded this threshold (Boardman and Favis-Mortlock, 1993). 
In the same years the maximum daily rainfall in the erosion season was about 63 mm falling 
over 12 hours which has a return period of around 25 years; this initiated severe erosion in 
October 1987 (Boardman, 1988). While land use remains much the same from year to year, 
rainfall amount during the erosion season is a reasonably good predictor of annual erosion 
(Boardman and Favis-Mortlock, 1993). However, event rainfall is not a good predictor of 
event erosion (Boardman and Favis-Mortlock, submitted). Rainfall intensity seems to be 
much less important than quantity: in the autumn of 1987 the maximum short-period intensity 
was 40 mm hr-1 for 15 minutes. 
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The association of widespread and prolonged drilling and related operations with the wettest 
period of the year is unfortunate: the risk of erosion is a logical outcome of this coincidence 
and provides a 'window of opportunity' for erosion of approximately two months. The 
erosion season is ended by the growth of the crops: approximately 30% cover being sufficient 
to inhibit erosion (Boardman, 1992). 

Off-site impacts of erosion and runoff 

Urban areas are concentrated along the coast; the dry valley systems 'drain' to the south 
toward the coast and therefore into urban areas. For the first half of the twentieth century 
flooding has not been a problem since grassland was the dominant land use on the Downs and 
runoff rarely occurred; when there was runoff it was clean water. The urban area expanded in 
the 1920s and 30s - in many cases along dry valley bottoms and the lower slopes of the 
Downs. This was partly the result of planning restrictions which limited development along 
the skyline. Thus at the time when housing spread into valley bottom sites there was little or 
no risk of flooding. 

Localised erosion and flooding occurred on the Downs in 1958 and 1976; prior to this there 
are few records from the twentieth century (Boardman, 1990). Frequent and sometimes 
serious erosion became a feature of the 1980s as a consequence of the introduction of large 
areas ofwinter cereals. Erosion in the autumns and winters of 1982-83, 1987'788, 1990-91 and 
1993-94 was accompanied by flooding of urban areas. Table 2 shows a clear, asso9iation of 
flooding incidents with the months October to December and a concentration in the wetter 
months, particularly October 1987. 

In the years 1976-93 damage to property by runoff from agricultural land occurred at 33 sites 
(Figure 2). At several sites flooding has occurred in more than one year so that the total 
number of incidents is 60 (Boardman, 1995). For example at site 26 (in Sompting) houses 
have been flooded in 1980, 1987, 1 ~90-91 and 1993. 

The first high-profile incident occurred at Highdown, Lewes where a group of houses were 
flooded in November 1982 as a result of two daily rainfalls of just over 30 mm on a recently 
drilled cereal field (Stammers and Boardman, 1984). Many features of later cases are 
exemplified here. The farmer was unable and unwilling to provide flood protection and the 
local council, although they had no statutory responsibility, was under pressure from elected 
representatives to protect householders. Emergency measures included a small dam, trench 
and piping to take water away from houses and into the road drainage system. 

The local authority, Lewes District Council, was faced with negotiating and implementing a 
long-term solution. A permanent dam and sewer to a nearby river would have cost in excess 
of £200,000 with doubts about maintenance, siltation and safety of the dam. The preferred 
solution, one of change to a less high risk land use (ideally permanent grass) could not be 
enforced by the local authority on a reluctant farmer. In the following year, the farmer planted 
spring cereals, perhaps aware of the risk of repetition and private prosecution. Subsequently, 
the field was sold to Lewes D.C. who have used it for sheep grazing and as a public open 
space. In 1993, following reseeding in the autumn, the houses were again flooded by soil
laden runoff. 
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TABLE 2. Timing of damage to property on the South Downs, 1976-1993. Each symbol represents a site where property damage occurred. In some 
cases the date of damage is not known precisely. Rainfall figures for each month (mm) at Southover, Lewes, are also given 
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FIGURE 2. Location of damage to property on the South Downs, 1976-1993 
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In 1987 serious flooding occurred at many sites in urban areas on the South Downs, notably at 
Rottingdean where 74 houses were affected. Estimates of expenditure by householders of 
£300,000 and £153,000 by the local authority exclude fire service and police costs. Of the 
costs to individual householder, £112,000 of uninsured losses had to be borne directly by 
householders (Robinson and Blackman, 1990). 

In October 1987 Breaky Bottom vineyard and farmhouse were flooded by muddy water on at 
least ten occasions (Figure 2). An estimated 635 tonnes of soil was dumped on the property. 
The farmhouse, built in 1827, had been flooded in 1976 and 1982 as a result of similar events. 
In 1987 the source of the water was not in dispute: field surveys and an air photograph 
showed it to be recently drilled winter cereal and ploughed fields upvalley and under the 
ownership of one farmer. There was also little doubt that he was aware of the risk of flooding 
to his neighbour at the vineyard since there had also been extensive publicity of the flooding 
issue in the area. More contentious was the role of rainfall in the erosion event; a nearby 
gauge showed 63 mm having fallen in 12 hours. 

A long-running legal case resulted from this incident with costs for damage in excess of 
£80,000 being claimed by the owner of the vineyard against the neighbouring farmer. 

Legal advice given in several similar cases indicates that to sue successfully for negligence it 
must be shown that: 

• the farmer was aware of the risk to the neighbour or that a reasonable farmer in that 
position ought to have foreseen the risk. This may be demonstrated by previous flooding 
at the site; the farmer having been warned of the risk by an expert report; or meetings, 
leaflets (such as codes of good practice), or advice which the farmer could be shown to 
have received. 

• the rainfall event that led to the flooding was not 'exceptional' but within the range of 
events that a farmer might be expected to encounter during working life. 

• farming practices, including decisions regarding land use, were such as to cause or 
exacerbate the flooding 

• no measures were taken to protect the neighbour. 

At Breaky Bottom the plaintiffs case was that flooding was largely the result of unwise 
farming practices - the growing of large areas of winter cereals on steep slopes - rather 
than excessive rainfall. After five years of preparation, the Breaky Bottom case was settled out 
of court a week before trial in January 1993 with the plaintiff recovering damages of an 
undisclosed amount. A judicial ruling on the issue of liability for runoff is still awaited in the 
English courts. 

At many sites of flooding on the South Downs emergency engineering solutions have been 
adopted. This has been necessary for periods of two to three months until crops grow, 
infiltration increases, and overland flow is inhibited. However, as a long-term solution these 
measures are not effective and may indeed provide a false sense of security. For example, 
dams built in response to 30 mm of rainfall may not be effective if twice that amount falls. 
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Also, structures become neglected, overgrown and ineffective as the memory of the last 
flooding event fades. 

The alternative and necessary approach, that of land-use change at vulnerable sites, has been 
remarkably difficult to put into practice. On the South Downs there has been no forward 
planning so that all responses to the threat of flooding have come after the event. In some 
cases the origin of runoff has been on farm land owned by local authorities and then it has 
been possible to bring pressure to bear on farmers to alter land use, usually by offering a 
compensatory lower rent. In other cases the threat of future legal action may have acted as a 
incentive to change land use. There are however sites with a history of flooding where little 
has been done and the threat remains. National government in the form of the Ministry of 
Agriculture, Fisheries and Food (MAFF) has been remarkably passive in reacting to the issue 
of runoff from agricultural land. This is not simply a South Downs problem but is a current 
issue in other areas (Boardman, 1994) and in other regions of the European Community 
(Boardman et al., 1994 ). Codes of practice now offer advice to farmers on how to avoid 
erosion (MAFF/WOAD, 1993; MAFF, 1997) but there is no site-specific soil conservation 
advice available and as yet no effective legal constraints acting to protect urban areas at risk of 
flooding. European Community Set Aside regulations require farmers to take out of arable 
production a small percentage (originally 15%) of farmland each year in order to control over
production of food crops. Set Aside could be used as an effective protection for urban areas if 
the return to grass of sites at risk of erosion were actively encouraged. 

Conclusion 

Annual rates of erosion on eroding arable fields on the South Downs during the 1980s are 
relatively modest at between 0.5 and 5.0 m3 ha·'. Occasionally, much higher rates are recorded 
in wet autumns. Soils on the South Downs are not high yielding in terms of cereal production 
and are too shallow and stony for high value arable crops. Erosion rates are not therefore an 
issue in terms of agricultural productivity now, although maintenance of modest yields will 
require increasing inputs of fertilisers as soils become stonier and more droughty. However, 
high erosion rates are associated with frequently occurring off-site impacts. The flooding of 
roads and houses by soil-laden water from arable fields results in costs which are borne by 
local councils, fire and police services, water authorities, insurance companies and individual 
householders. Prevention of flooding consists almost entirely of reacting to events with 
emergency engineering measures. Some longer-term solutions involving land-use change 
have been adopted at certain sites. There has been a lack of central ministerial leadership 
particularly from MAFF and local councils have tended to act independently, in an 
uncoordinated manner in reaction to events in their area of responsibility. Use of Set Aside 
offers a way forward with a site-targeted, compensation-based approach of rewarding farmers 
for protecting adjacent urban areas by limited land-use change. At several sites, such as 
Sompting, there remains the risk of serious flooding and property damage and the prospect of 
successful legal action should this occur. Whilst unfortunate for those flooded, this would be 
helpful as it would enshrine in English law the issue of liability for runoff associated with 
unacceptable farming practices and would clarify the unfair position local councils find 
themselves in as defenders of private property. These issues were foreshadowed in discussion 
of the flooding at Highdown, Lewes in 1982 (Stammers and Boardman, 1984 ), and little has 
changed since. 
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ABSTRACT 

The geomorphic impacts of artificial drainage in form of railway culverts are examined on a steep hills lope at 
Kwezana near Alice, Eastern Cape. An insight into the erosion and surface hydrological conditions of the hills lope 
at the pre- and post- railway construction stages is gained by analysing aerial photographs of the area for 1939 and 
extensive field surveys. Runoff concentration through a series of railway culverts is noted to induce dramatic 
incision of ephemeral stream channels. Field surveys indicate that no appropriate measures were taken to prevent 
the scour of the channels at the culvert outlets. Instability of the entire hillslope triggered off by the phenomenal 
channel incision is envisaged. Gullying has spread laterally from the channel sidewalls into the overgrazed banks 
and abandoned cultivated fields. The implications ofthis for rural land use are manifest in the shift from cultivation 
on the lower gentle slopes to the upper steep ones. Measures to curb the escalating erosion problem are discussed 
in this paper. 

Introduction 

The geomorphic impacts of artificial drainage have been either underestimated or overlooked by 

engineers in many construction projects. Inadequate engineering constructions may lead to an irreversible 

morphodynam ical sequence of events causing lasting damage to the environment (Verstappen 1983). The 

impacts of runoff concentrated and channelled from man made surfaces into the natural terrain have been 

documented by different scholars (e.g. Beckedahl and Dardis 1988, Brinkate and Hanvey 1996 and 

Harbor 1997a). Despite this, the repercussions of the so generated runoff on the physical landscape 

remain a neglected area of study (Beckedah I and Dardis 1988 and Harbor 1997a). Besides, earth 

scientists and engineers have developed independently over the years. The regrettable effect this has had 

is that the potential impacts of construction projects on the environment have, in may instances not been 

identified at the pre-construction phase. 

The term 'artificial drainage' first used by by Beckedahl and Dardis (1988), is used here in the same 

context to refer to unnatural, often accelerated runoff associated with roads, buildings, reservoirs and 

other man- made features. Areas disturbed for construction activity have soil erosion rates 2 to 40,000 

times greater than pre-construction conditions (Harbor 1997a and b). Quite often, engineers have 

assumed that they can put more water into natural channels without inducing negative impacts. This is 

borne testimony to by their failure to install mechanisms to ameliorate the impact of runoff 

concentration, as is the case in the present study. Channels can respond to such modifications by 

changing their slope, roughness, width, depth or in any combination of these (Cooke and Doornkamp 

1990). This paper examines a case of dramatic incision of ephemeral streams triggered off by runoff 

concentration through a series of railway culverts on a steep hillslope. The inducement of instability of 

the entire hillslope by the combined role this and other anthropogenic influences is investigated and the 

implications on rural land use are assessed. 
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Study area 

K wezana ridge. 6 km west of Alice, Eastern Cape, slopes from 7 40m above sea level towards the 

K wezana river. The ridge is drained by several first and second order ephemeral streams which 

are tributaries of K wezana river. The shallow rocky Mispah soils that dominate the area are 

underlain by shales of the Beaufort group. A dolerite intrusion forms part of the crest of the ridge. 

Fairly deep colluvial and alluvial soils Ire adjacent to some ofthe ephemeral streams. The mean 

annual precipitation based on the gauging station at Alice is 574mm (Uys 1983). The Eastern 

Province Thornveld which is the natural vegetation ofthe area (Acocks 1988) has been greatly 

modified due to a long period of human occupance and overutilisation. It is along the shoulder 

of this ridge, with angles of slope ranging between I I 0 and 16°, that the railway route between 

Fort Beaufort and Alice lies (Figure I). 

Culverts and Stream Channel Incision 

The threshold slope gradient for railway construction is much lower than that of roads. Hence in 

many instances, as is the case in the present study, the upper elements of slope, along ridge 

shoulders are preferred. As a standard engineering practice, culverts were installed under the 

railway at all the natural drainage lines on the hillslope in question. At such steep angles of slope, 

the potential for vigorous channel erosion at the culvert outlets is very high. "Outlets from 

concrete channels and culverts are sites of potential erosion problems. because at these locations 

concentrated flow is released from a non-erosive conveyance structure (metal or concrete pipe 

or channel) into a channel of more erodible material" (Harbor, in press p. 14 ). 

In order to establish the pre-railway construction erosion conditions on the hillslope, aerial 

photographs for the area for 1939 were analysed stereoscopically Notwithstanding the fact that 

the railway was constructed in 1902 (Joseph Pers. Comm), this set of aerial photographs- the 

earliest available for the area - provides a reliable benchmark against which the pre-construction 

surface hydrological and erosion conditions can be depicted. Evidence from the set indicates that 

there is no visible incision at the culvert outlets. Progressive changes in erosion on the hillslope 

were monitored from the subsequent sets of aerial photographs of the area for 1949, 1963 and 

1975. No significant change in the stream channel conditions is discernible from the 1949 and 

1963 sets. On the contrary, dramatic incision of the stream channels. patiicularly at the culvert 

outlets is distinctly noticeable from the 1975 aerial photographs. 

Noteworthy is the fact that the streams draining the hillslope depend entirely on flow from 

periodic rainfall. By implication, their erosive capacity is a function of rainstorms of different 

magnitudes and recurrence intervals. During rainstorms, particularly those ofhigh magnitude, the 

concentration of flow by the railway culvetis may exceed the ability of the stream channels to 
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resist erosion. That extreme rainfall events occurred in the area between 1970 and 1975 is 

documented by Uys ( 1983) as well as their erosivity by Weaver (1990) and Kakembo (1997). 

Hence. the scour ofthe stream channels can be accelerated dramatically, especially if some critical 

threshold for erosion is surpassed. This may explain the stream channel incision observed from 

the 1975 aerial photographs, referred to above. 

A major question that arises from this observation is; why was there no significant erosion 

associated with culverts before the 1970s? In addition to the severe storms of the 1 970s, probably, 

the runoff potential of the area upslope of the culverts increased due to grazing pressures. 

Secondly, monthly rainfall data for Alice station obtained tJ·om the Computing Centre for Water 

Research (CCWR) indicate that such extreme storms did not occur in the earlier period. 

Figure I shows the land use distribution in the area in 1939. It is noticeable that cultivation fields 

are located on the gentle slopes downslope the railway line. Pastures and other vegetation along 

the ephemeral streams are badly degraded and are observed from aerial photographs as patchy 

ground. Overgrazing and other forms of injudicious utilisation of vegetation are thus evident in 

the area as from this date. 

Figure 1 Land use distribution in the study area in 1939 
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Field surveys were conducted to gain an understanding of the present land use distribution 

pattern, surface hydrological and erosion conditions on the hillslope. Spectacular incision was 

observed as the main characteristic feature of the ephemeral stream channels, especially at the 

culvert outlets (See Figures 2 and 3). 

Incision at 
culvert outlet 

Figure 2 

Figure 3 

Railway 
Headward incision 

Gullying on abandoned 
cultivation 

Aerial photograph for 1975 showing incision at railway culverts 

Channel incision at one of the culvert outlets (stream 4) 

Channel depth variations at the culvert inlets and outlets. hereinafter referred to as the 'incision 

ratio', were measured for the streams labelled 1-4 in Figure 4. These variations are presented in 

Table 1 below. The depths for the stream channels 1-3 were noted to be limited by the resistant 

bedrock on the channel bed as opposed to channel 4 which is lined by fairly deep colluvium. 
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Table 1 Culvert inlet : outlet incision ratios 

Stream Slope angle Channel depth Channel depth Incision 

Channel above the at culvert inlet at culvert outlet ratio 

culvert (0
) (m) (m) 

1 11 0.4 3.5 1:9 

2 12 0.1 3.2 1:32 

3 11 0.2 3.8 1:19 

4 15 0.5 5.2 1:10 

Such high incision ratios are a lucid indication of the impact of runoff concentration by the 

culverts on the stream channels. The critical variable here is the slope angle which is the cardinal 

determinant of the runoff velocity. Besides. runoff concentration at the culvert inlet with the 

concomitant channel incision implies that the catchment area for that specific point along the 

stream channel has been increased. Under unaltered surface hydrological conditions, hillsope 

runoff will join the stream channels gradually, depending on the slope geometry. According to 

Whitlow (I 994 ), catchment area above a gully headcut is a surrogate for the amount of runoff 

entering it. It is also a key variable determining the rate of gully extension. In the present study, 

head ward incision of the stream channels which takes the form of multiple gullies on the uphill 

side of the culverts is evident (Figure 2) . This could be attributed to the increase in the catchment 

area for the specific point referred to above. The runoff concentration thus induced inevitably 

increases flow magnitude and frequency downstream. 

It was observed during field surveys that rill and gully erosion forms have extended laterally from 

the channel sidewalls. These forms of erosion are more pronounced on the overgrazed stream 

banks and the formerly cultivated land (Figure 2). The degradation of pasturelands, particularly 

along the ephemeral streams was noted to have enhanced the lateral extension of the rills and 

gullies. It can thus be inferred that the incision ofthe ephemeral streams has triggered off a series 

of chain reaction effects. hence instability of the entire hillslope. Tributary gullies are seen to 

adjust themselves in relation to the incised stream channels. This signifies a fall in local base level. 

a phenomenon observed as well in studies elsewhere by Chonacher ( 1982 ), Beckedahl and Dardis 

( 1988) and Dardis and Beckedahl ( 1988). 

The hillslope instability has had significant implications for rural land use. These are manifest in 

the abandonment of cultivation on the gentle slopes downslope the railway to the steep ones on 

the upslope side of it (Figure 4 ). Strip cropping is employed as an erosion control measure on 

these steep slopes. Nevertheless, such measures where strip widths are hardly 2 metres are 

considered inadequate for slope angles ranging between I In and 16°. The recommended strip 

width for such slope angles is at least IS metres (Morgan 1986, Cooke and Doornkamp 1990) 
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This spells the perpetuation ofthe erosion problem even on the previously unaffected slopes 

Figure 4 Present land use distribution in the study area 
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The focus of the theme "geomorphology and soil erosion" during this conference is finding 

solutions to the problem rather than augmenting existing theory. It is therefore imperative at this 

stage to discuss erosion mitigation measures from an informed perspective. The problem in the 

present study has been identified to stem from the inadequacy of an engineering project in terms 

of the failure to protect stream channels from the scouring action of runoff concentration at 

railway culverts. In order to prevent a repeat of the scenario described in the present study, there 

is a need to formulate a legislative framework for erosion control on engineering projects. 

Standard specifications relating to the conveyance of concentrated runoff to a receiving channel 

without damage from erosion should be stipulated . The handbook of erosion and sediment control 

(by the Virginia Department of Conservation and Recreation, I 992) is a prototype of this. Using 

this as a working document, specifications can be modified to suit South African conditions. 

The pre-construction stages of road or railway projects are outlined by Gerrard (I 990). These 

tend to concentrate on the potential damage to the projects with little or no consideration for the 
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potential impacts on the environment. It is suggested that as a prerequisite, geomorphological 

studies of the environmental impact of engineering projects at the planning and reconnaissance 

phases should be carried out As pointed out by Gregory and Walling ( 1987), engineers must be 

made aware of the various feedback mechanisms that operate to produce chain reaction effects 

This will allow project designers to work around areas with high erosion potential and to schedule 

land disturbing activities to minimize erosion potential (Harbor, in press). 

Despite the damage already done in the present study, the starting point should be that of 

minimising the stream channel scouring action by putting in place appropriate erosion control 

measures, particularly at the culvert outlets. This would entail a two pronged process, namely to 

enhance the resistance of the channel to erosion and to reduce the flow maximum velocity to a 

level at which the channels are stable. As a standard erosion control mechanism, storm sewer 

outlets involving a flared apron to spread out flow should be installed at all culvert outlets. This 

has to be complemented by a rip-rap apron which, according to Harbour (in press), will increase 

roughness and provide a relatively erosion resistant zone Appropriate grass linings should be 

established further downstream to provide good protection against erosion. It was observed 'at 

two of the railway culvett outlets that concrete linings were installed as erosion deterrents. Their 

inadequacy is evident in the drastic vertical incision visible on their downslope edges. 

Secondly, there is also a need to control tlow velocities by slowing runoff The existing culverts 

could be modified to a smaller size which may be determined by calculating peak flows. It must 

be ensured that the peak flows out ofthe culverts are below the channel erosion threshold and that 

the railway line does not get flooded. The result would be more ponding of water on the uphill 

side of the embarkment. and a longer period of release of water through the culverts, at a lower 

velocity (Harbor, pers. commun.) Headward incision by multiple gullies above the ponding zone 

was alluded to earlier. This could be contained by installing diversion ditches to direct runoff 

around the gullies. The suitable design for such diversion ditches is described by Harbor (in press). 

Erosion control on the overgrazed stream bank pasturelands and abandoned cultivation can be 

achieved by planting Vetiver grass ( J/efivera zizanioides). According to Erskine ( 1992), Vetiver 

grass otfers the prospect of being an economic and efficient means of protecting land against 

erosion in rural areas. It is a fast grower, a soil binder ( Karar el a/ 1997), and is also appropriate 

tor gully stabilisation as its tibrous roots go as deep as 1 metres. It is unpalatable to livestock and 

can withstand temperatures as low as -9"C This is a cost effective erosion control programme 

whose successful implementation requires the involvement of the community. 

It is also suggested that the maintenance routines for railway lines and roads should not be 

confined to the project alone, but should also f()cus on the impacts on the surrounding terrain. 

Quite often, the author has seen the maintenance on the section of the railway referred to in this 
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study, carried out on regular basis The failure by the maintenance engineers to link this 

environmental damage to engineering inadequacy is therefore glaringly evident. Maintenance and 

inspection should be carried out in the presence of an erosion and sediment control specialist . 

Legislation to enforce these erosion control practices should be put in place. 

Conclusion 

This paper highlights one case where chain reaction effects triggered off by the alteration of 

hillslope runoff conditions has lead to environmental damage. Besides this case study and the 

similar ones that have been reported in the paper. many other areas affected in the same manner 

are evident along many railway and road routes. This underscores the urgent need to evaluate the 

potential impacts ofrunofl'concentration at the pre-construction stages of all engineering projects. 

Sufticient mitigation measures should be installed at all the sites susceptible to damage from 

altered runoff conditions. 

The paper also identifies the need tor close cooperation between engineers and geomorphologists, 

particularly soil erosion specialists on construction projects. The scenario described in this study 

is the regrettable result of the two working independently. The formulation of legislative 

framework for erosion control on construction sites is another imperative that emerges from this 

case study The enforcement of such legislation will be a deterrent to negligent engineering 

practices that may inflict considerable damage to the environment. Through legislation, it should 

be an obligation on the pat1 of engineers to undertake rehabilitation tasks at sites where 

environmental damage is directly linked to inadequate engineering constructions. 
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On a global scale some 1.2 billion hectares of land have been degraded to the point where their original 
functions are impaired. The type of degradation recognised to have the most devastating effect on the 
productivity of the land, thus having a significant effect on the standard of living of millions of people, 
is soil erosion. 

In 1992 the Water Research Commission developed an erodibility index map for Southern 
Africa. The consideration of a single factor in estimating soil erosion (potential erosion) may not concur 
with actual erosion as experienced on the ground. It was within this context that this investigation was 
undertaken. The aim ofthis study was to assess whether the erodibility index map of Southern Africa 
compares favourable with actual soil erosion. 

A sub-catchment with an areal extent of 1 340 km 2 situated within the Tugela and the Umgeni 
catchments was chosen to effect this study. The method of data extraction for the investigation involved 
stereoscopic interpretation of areal photographs. The data from the soil erosion map developed from 
stereoscopic interpretations of air photos was then compared to that of the erodibility index map. The 
technique employed to execute the comparison was the chF test. 

The comparison between actual and potential soil erosion indicates a discrepancy. The 
discrepancy, however, could be attributed to the issue of scale. The map developed by Rooseboom et 
a! at a scale of 1 :50 000 is an over generalized one. The map developed from the interpretation of air 
photos was then modified to represent a generalized version of actual soil erosion. A comparison 
between actual and potential soil erosion did not differ significantly from the previous results. The 
discrepancy leads the researcher to conclude that the erodibility index map of Southern Africa does not 
represent actual erosion on the ground. 

Introduction 

The resource base of the South African natural environment is crumbling at such a rate that its overall 

capacity to support both humans and other forms of life is greatly diminishing. One particular 

environmental problem that has generated much concern among conservationists, researchers, 

government officials and all those concerned with the standard of living of the masses is the annual 

loss of productive top-soil. This problem which, to a very large extent, is a consequence of 

mismanagement of the land is considered as the greatest challenge confronting the South African 

nation and yet South Africans are complacent about it (Verster et al 1993). 

Soil as a resource 

Stocking (1995) contends that soil is the primary means of food production. It sustains primary 

producers (all living vegetation) and decomposers (micro-organisms, herbivores, carnivores). It also 

serves as major sinks for heat energy, nutrients, water and gases. 

The importance of soil to the overall development of a country can be assessed by the contribution 

179 



agriculture makes to economic development. Firstly, economic development expands the demand for 

food which, if unfulfilled, impedes further development. Secondly, exports of agricultural products 

increase badly needed foreign exchange earnings. Thirdly, the agricultural sector must supply a 

significant part of the expanding labour needs of the industrial sector. Fourthly, as the dominant sector 

in a peasant economy, agriculture must provide capital for industry and social overhead investment. 

Finally, rising cash incomes in agriculture can be a very important source of demand (Wilber 1979). 

According to Verster et al (1993) more than 1,5 million households in South Africa are dependent 

directly on agriculture, an activity that utilises about eighty percent of the total surface area in this 

country. Soil, in supporting this very important and very essential activity thus becomes the most 

fundamental natural resource sustaining economic development and human well-being in South Africa. 

The true value of soil can, at best, be demonstrated by monitoring the consequences of its degradation. 

Soil degradation 

Soil degradation refers to the decrease in soil quality as measured by the changes in its properti~s and 

processes and the resulting decline in productivity at the present time and in the foreseeable future .. 

Stocking (1995) asserts that on a global scale remote sensing evidence indicates that since 1945 some 

1,2 billion hectares of land equivalent to the size of China and India combined have been degraded 

to the point where their original biotic functions are impaired. About 9 million hectares of this area, 

are unreclaimable while some 3 million hectares have become totally unsuitable for cultivation. There 

are three known types of soil degradation brought about by a variety of human actions. These include 

physical (erosion, compaction and crusting), chemical (loss of fertility, acidification, salinization, soil 

pollution) and biological (invasive biota, eelworms and plant pathogens). Authorities on soil 

degradation are of the conviction that the type of degradation that has the most devastating effect on 

the land is soil erosion. It significantly affects the standard of living of the millions of people that 

depend on the soil for their livelihood. 

The effect that erosion has on productivity can be assessed in a number of ways. First, nutrients 

associated with organic matter (nitrogen and phosphorous) and the cation exchange capacity of colloids 

(potassium and calcium) are lost in sediments and run-off. Second, soil and plants lose water as a 

result of run-off. The removal of top-soil decreases the soil's infiltration capacity. Water losses in 

run-off can increase from 20% to 50% of the total rainfall as a result of surface sealing and crusting. 

Finally, because erosion is selective of the fine and more fertile fractions of the soil, the eroded 

sediments are very often relatively richer than the soil from which they were detached and transported 

(Stocking 1995). 

South African soils, in general, are very fragile and susceptible to erosion. Physical factors such as 

geology, climate and steep slopes as well as poor management practice and lack of adequate 

monitoring and enforcement contribute significantly to the loss of productive top soil in South Africa. 

Over 30 % of South Africa experiences soil loss rates in excess of 4 tonnes per hectare per year. 
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The efficient, effective and economical utilisation of soil, South Africa's most basic resource, is 

essential for enhancing the economy and the socio-economic well-being of the mi11ions who are 

dependent on it directly or indirectly. It is imperative for authorities concerned with the management 

of this resource to be familiar with its sediment yield potential. The implementation of activities 

supported by soil in accordance with the sediment yield potential for the area in which the activity will 

occur will inevitably alleviate the loss of productive top-soil. Information relating to sediment yield 

potential for South African soils has been made available in an erodibility index map. 

The erodibility map 

The erodibility variable, one of several known to influence soil erosion, describes the role of soil 

properties in influencing soil erosion. These properties include organic matter, texture, permeability, 

fine sand and silt. The erodibility factor, however, is only one variable known to influence soil erosion. 

Other factors include vegetation, rainfall, landuse, and topography. These variables are components 

of the USLE model which has gained immense popularity in most parts of the world for predicting 

soil loss. These components are required to be considered in totality rather than in isolation in 

estimating sediment yield. Some variables may be more significant than others in contributing to soil 

loss but the less significant ones, nevertheless, must be taken into consideration. 

Contextualising the problem 

The erodibility map, based on soil properties, can certainly be used to determine the potential erosion 

of an area. The map describes the erodibility status of the area in terms of three classes viz., high, 

medium and low. It gives no indication of the erodibility values in different parts of South Africa. 

The assumption here is that soil erodibility has a dominant influence over soil erosion in South Africa. 

Consequently the other variables influencing soil erosion were omitted. The erodibility map, according 

to Rooseboom et al (1992), can be used in conjunction with the other variables known to influence 

soil erosion to estimate the erosion potential in South Africa. It is within this context that this 

investigation is being executed. The primary aim of this investigation is to determine whether the 

erodibility status of the study area as presented by Rooseboom et al (1992) corresponds to the actual 

erosion status on the ground. Such an analysis could provide insight into the importance of erodibility 

as an indicator in the estimation of erosion potential. A significant degree of correspondence can 

arouse a very high level of interest among authorities concerned with soil erosion. Discrepancy, on 

the other hand, can render the erodibility factor as being less important in estimating soil erosion. 

Aim, objectives and hypotheses 

The overall aim of the study was to assess whether the erodibility index map reflects actual soil 

erosion on the ground. The objectives of the study were: 

(i) to create a soil erosion classification map of the study area; 

(ii) to compare the areal distribution of the important soil erosion classes with that of the classes 

in the erodibility map; 

The hypothesis, formulated on the basis of areal distribution of the classes of soil erosion, reads that 
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Figure 1. Erodibility Index map (Rooseboom eta!. 1992) 
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the distribution of soil erosion classes on the actual erosion map differs significantly from that on the 

erodibility index map. 

Study area 

The study area, as shown in figure I is located within the Tugela catchment and the Umgeni 

catchment. It is situated in the province of Kwa-Zulu Natal and is located between 29° and 29° 

30'south latitude, and 30° and 30° 15'east longitude. The total extent of the area, represented by two 

1:50 000 topographical maps (2930 AA and 2930 A C), is 1340 km2
• 

The sub-catchments have also been earmarked for future development and an assessment of the soil 

erosion status of this area can provide authorities with vital information for development. The 

ultimate decision in choosing this study area relates to the problem under investigation. This area, 

according to the erodibility map produced by Rooseboom et al (1992) includes the three different 

levels of erosion. 

Methodology 

The technique chosen for the investigation was air photo interpretation. 

The researcher, in executing this study, had to ensure that the two sets of data to be compared, were 

extracted from sources with a common scale. The data for this study was available in aerial 

photographs with a scale of 1 :20000 and from the erodibility (potential erosion) map developed by 

Rooseboom et al. The latter was on a scale of 1 :5000 000. The researcher was confronted with the 

problem of extracting data from sources with scales that differed significantly. The small scale erosion 

potential map is characterised by low levels of information. It can be considered as a very generalised 

map. The smallest demarcated area depicting a certain level of potential erosion on the map measures 

200km2
• This problem of comparing data from maps of varying scales was overcome by enlargement 

of Roosebom' s map and reduction of the map developed from air photos. 
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Results and Discussion 

Areal distribution of soil erosion classes 

The stated hypothesis concerns a comparison between actual and potential erosion based on the areal 

distribution of the different classes of soil erosion. Highlighting the differences in sections or regions 

within the study area would be most useful to authorities concerned with soil erosion. On site 

differences between actual and potential soil erosion could also be easily noticed. In certain areas the 

differences may be insignificant or less significant than others. The parameters (sub-regions, sub

catchments), for that purpose are not present and to effect the comparison the potential and actual soil 

erosion maps were divided into quadrants (figs 3 and 4). The results are reflected in Table 1. 

Table 1 Areal distribution of erosion classes in quadrants 

QUADRANT CLASS ACTUAL POTENTIAL (km2
) 

(km2
) 

One High 51.6 98.8 
Moderate 115.9 0 

Low 167.5 236.2 

Two High 8.6 107.4 
Moderate 107,4 0 

Low 219 227.6 

Three High 82 0 
Moderate 90 231.8 

Low 163 103.2 

Four High 30 0 
Moderate 206.2 244.8 

Low 50.7 98.2 

The comparison of the different classes of soil erosion was restricted to each quadrant. The technique 

employed to execute a comparison between pote.ntial soil erosion and actual soil erosion on the basis 

of soil erosion classes was the chi2 test. In each quadrant of the potential soil erosion map a particular 

class of soil erosion was compared to its counterpart in that quadrant of the actual soil erosion map. 

The table below reflects, in terms of significance at the 99% confidence limit, the difference between 

potential and actual soil erosion with respect to the distribution of the different classes prevalent in 

each quadrant. 
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QUADRANT 

One 

Two 

Three 

Four 

Quadrant one 

Table 2 Difference in the distribution of classes 
between potential and actual soil erosion 

CLASS CALC.VALUE CRIT.VALUE 

High 408 6.64 

Moderate 139.7 6.64 

Low 18 6.64 

High 143 6.64 

Moderate 154 6.64 

Low 37.2 6.64 

High 35 6.64 

Moderate 39 6.64 

Low 14 6.64 

High 272 6.64 

Moderate 40 6.64 

Low 49 6.64 

DIFEREENCE 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

Significant 

The application of the chi2 test to the measures of the low class of soil erosion in the first quadrant 

of each map produced a calculated value of 18. This value was in excess of the critical value which 

at the 99% confidence limit was 6.64. The difference between potential soil erosion and actual soil 

erosion at the low class of soil erosion can be said to be significant. The calculated value derived for 

the comparison between potential and actual soil erosion at the moderate class was 139.7. The critical 

value of 6.64 at the 99% confidence-level for this comparison indicates that the difference is very 

significant. At the high class of soil erosion the comparison between potential and actual soil erosion 

in the first quadrant the calculated value was 408 . This value was far in excess of the critical value 

of 6.64 determined at the 99 confidence limit. The difference between potential and actual soil erosion 

in this class is therefore significant. 

Quadrant two 

In quadrant two of the potential and actual soil erosion map the calculated value obtained from the 

application of the chi2 to the low class of erosion was 37.2. The difference between potential and 

actual soil erosion at the low class of soil erosion in the second quadrant is therefore significant. The 

calculated values determined from the comparative test for the moderate and high classes of soil 

erosion was 154 and 143 respectively. These values indicate a significant difference between actual 

and potential soil erosion at the moderate and high classes of soil erosion in the second quadrant of 

the study area. 
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Quadrant three 

In this part of the area under investigation the calculated values obtained from the application of the 

comparative test to measures of low, moderate and high classes of soil erosion were 14, 39 and 35 

respectively. All of these values were in excess of the critical value 6,64 determined at the confidence 

level of 99%. It can, therefore, be said that the difference between potential and actual soil erosion 

at the three classes of soil erosion in this quadrant of the study area is significant. 

Quadrant four 

The difference between potential and actual soil erosion at the three classes of soil erosion in this 

quadrant was found to be significant. The comparative test yielded values of 49, 40 and 272 for low, 

moderate and high classes of soil erosion respectively. 

The results obtained from the application of the comparative test indicate that the difference between 

potential and actual soil erosion based on areal distribution of soil erosion classes is significant. The 

hypothesis which reads that the distribution of potential soil erosion classes differs significantly from 

that of actual soil erosion classes is accepted. 

Scale discrepancy 

The discrepancy in the areal distribution of the classes between potential and actual soil erosion could 

well be attributed to the issue of scale. It was noted earlier in the study that the potential erosion map 

at a scale of 1 :500 0000 represents a very generalised version of soil erosion. The smallest demarcated 

area depicting a certain level of potential erosion on the map measures 200km2
• An area of such 

magnitude could very easily be characterised by more than one class of erosion. In the light of the 

above the researcher attempted to compare the distribution of the classes between potential and actual 

soil erosion on a generalised level. The execution of such a comparison required the modification of 

the actual soil erosion map to a generalised one (Fig 5). The generalised map was developed on the 

basis of: 

(i) elimination of all areas that are equivalent and smaller than 200 km 2
; 

(ii) incorporation of the eliminated areas into the dominant class of erosion; and 

(iii) joining the polygons to demarcate at a general level the classes of actual soil erosion. 
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Figure 5. Areal distribution of actual erosion (generalised) 
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Table 3 Differences based on generalisation 

QUADRANT CLASS CALC.VALUE CRIT.VALUE DIFFERENCE 

One High 1.4 6.64 Insignificant 
Moderate 20 6.64 Significant 

Low 36 6.64 Significant . 

Two High 2.6 6.64 Insignificant 
Moderate 29.5 6.64 Significant 

Low 24.9 6.64 Significant 

Three High 26.2 6.64 Significant 
Moderate 4.2 6.64 Insignificant 

Low 64 6.64 Significant 

Four High 14.5 6.64 Significant 
Moderate 0.7 6.64 Insignificant 

Low 192 6.64 Significant 

The results from the application of the comparative test revealed that the difference between actual and 

potential erosion at the high class in the first two quadrants was insignificant. The difference could 

be attributed to the fact that this class of erosion was prevalent in this part of the study area in both 

maps. A significant level of difference was computed between potential and actual erosion at the 

moderate class in the first two quadrants. The difference could well be due to the fact that while this 

class was visibly evident on the actual erosion map it was non existent on the potential erosion map. 

The first two quadrants of the potential erosion map were dominated by the low class of erosion. This 

class was not the predominant one in this area on the actual erosion map. Consequently the difference 

between actual and potential erosion at the low class was found to be significant. The difference 

between actual and potential erosion at the high class in quadrants three and four was found to be 

significant. The prevalence of this class of erosion on the actual erosion map and its absence on the 

potential erosion map could well be the reason for the diffference. The presence of the moderate class 

of erosion in almost similar proportions and parts of the third and fourth quadrants in both maps may 

account for the difference between actual and potential erosion to be insignificant. The upper regions 

of the third and fourth quadrant are charactertised predominantly by the low class of erosion on the 

potential erosion map. This region of the actual erosion map is characteristic of the three levels of 

erosion. The significant level of difference between potential and actual erosion in the low class may 

be attributed to this factor. 

Conclusion 

The classes of soil erosion prevalent in the study area, based on the SARCCUS system, were slight, 

slight to moderate, moderate and severe. The erosion classes on the potential erosion map were 
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restricted to certain areas only whereas the actual erosion map indicates the classes to be prevalent 

throughout the study area. A comparison between the two on the basis of areal distribution of the 

classes of soil erosion revealed that a significant difference exists between potential and actual soil 

erosion. The hypothesis formulated in terms of areal distribution was accepted. 

Specific conclusions emerging from the results are listed below: 

* Soil erosion is prevalent throughout the study area. Potential soil ere>sion concurs with· actual soil 

erosion on the basis of erosion status. 

* Study area is characterised by three classes of soil erosion (low, moderate and high). Potential soil 

erosion concurs with actual soil with respect to the presence of classes of erosion. 

* The areal distribution of the the low class of actual soil erosion concurs with that of potential 

soil erosion. 

* The areal distribution of the high and moderate classes of actual soil erosion do not concur with 

those of potential soil erosion. 

Further conclusions emerge in the broader context of the study, for example, it is clear that a 

comparison of maps of relatively different scales can influence the results significantly. For results 

of such work to be valid, relative levels of generalisation must somehow be made similar. This could, 

perhaps, be done by applying the technique described earlier on. 

Finally, the discrepancies between the erodibility map and the generalised map of actual soil erosion 

clarly indicates that soil erosion in the Natal Midlands is not due to erodibility factor alone. Other 

variables must be considered to explain soil erosion in this area. This forms the basis for further 

research. 
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THE GCTE SOIL EROSION NETWORK 

BOARDMAN, J. and LORENTZ, S.A. 

Oxford University and University ofNatal, Pietermaritzburg. 

Abstract 

A Core Research Project within the Global Change and Terrestrial Ecosystems (GCTE) programme is 

the Soil Erosion Network. The objective of the Network is to identifY the most suitable experimental and 

monitoring databases, and the most robust models for global change studies. Meetings at Oxford ( 1995) 

and Utrecht ( 1997) attempted to evaluate erosion models at both field and watershed scale using common 

datasets. Some results ofthe exercises will be shown. 

Introduction 

The International Geosphere-Bioshpere Programme (IGBP) provides an international, interdisciplinary 

framework for the conduct of Global Change science. It adds value to nationally funded activities 

through the identification and agreement of research priorities, development of methodologies, 

coordination of effort and exchange of data and results. IGBP is subdivided hierarchically: one of its 

Core Projects is the Global Change and Terrestrial Ecosystems (GCTE) project. GCTE is divided into 

a number of Foci of which one is Global Change Impact on Agriculture, Forestry and Soils. Again, this 

is subdivided and of concern here is a Task: Soil Degradation Under Global Change (Ingram and 

Gregory, 1996). 

The objectives of Soil Degradation Under Global Change are: 

• To refine and adapt current soil erosion models for use in global change studies in a variety of 

conditions 

• To design and undertake experiments to provide improved mechanistic understanding of the 

relationships between global change and soil erosion, to aid model development. 

The task will be implemented through a series of four, interrelated Core Research Projects (CRP's). 

Experimental and modelling aspects will be closely integrated in each CRP, leading to the development 

of the models necessary for predicting erosion from plot-to regional scales. The first CRP is designed 

to coordinate the activities of the other three, which are all strongly interrelated: 
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CRP l The GCTE Soil Erosion Network 

CRP2 Linking erosion processes across temporal and spatial scales 

CRP3 Key thresholds for soil erosion 

CRP4 Soil erosion feedbacks to global change 

The Soil Erosion Network was launched at an international workshop help in ORSTOM Bondy, Paris 

in March 1994. Two major publications have so far emerged as a result ofNetwork activities: 

• A guide to the location, scope and content of existing network contributions has been prepared; 

this is subdivided into models, experiment and monitoring (GCTE Focus 3 Office, 1997 and is 

available at http://nwnta.nmw.ac.uk/GCTEFocus3/report6.htm) 

Thirty nine papers from the NATO~funded Oxford workshop (September 1995) which 

considered modelling aspects of soil erosion by water (Boardman and Favis-Mortlock, 1998). 

This workshop addressed modelling at the field scale and used a set of previously circulated 

common data sets for the model assessment exercise. 

Papers from a workshop at Utrecht (March 1997) are currently in press. This workshop considered 

catchment-scale modelling of sediment yield using a similar common dataset approach. Results from 

these two model evaluation workshops are summarised here. 

Field scale erosion modelling (Oxford 1995) 

A set of erosion, runoff, meteorological, soils and vegetation data were prepared in two sets. The first, 

the calibration or training set, included the results of runoff and eroded mass for a set of rainfall events. 

The second, the prediction set, was submitted to model developers without the results of runoff and 

eroded mass since these were to be estimated. 

Table 1. Field scale erosion models used in the model evaluation. 

Erosion Model Modeller Country 

GLEAMS Dr A. Nicks USA 

EUROSEM Dr J. Quinton UK 

GUEST Prof C. Rose Australia 

EPIC Dr R. Srinavasan USA 

WEPP Dr M. Nearing USA 

MEDAL US Prof M. Kirkby UK 

GLEAMS/EPIC/WEPP Dr D. Favis-Mortlock UK 
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The models included in this comparison exercise, listed in Table 1, were to be run either by the model 

developer or by an individual or group closely associated with the development of the model. While the 

results of the prediction exercise failed to produce any conclusive or common model deficiencies, a 

useful set of conclusions were compiled: 

• Modellers must be familiar with the data and should have some local knowledge of the system 

being modelled or alternatively, some expert information is needed with the data, 

• Since the models handle different time and space scales and different processes it is not 

surprising that predicted results varied widely between models, 

• Model predictions over long term data sets were superior to those over short term event based 

predictions, 

• Both continuous and event based models have a role to plat in the GCTE brief and 

• Certain process descriptions in current models could be improved with respect to: 

heterogeneities of land use, including intercropping, 

socio-economic aspects, 

links with wind erosion. 

Besides the results of the model comparison, this workshop included papers on erosion process modelling 

and experimentation. Some catchment scale sediment yield models were presented and the scene was 

set for the catchment scale model evaluation exercise. 

Catchment scale erosion and sediment yield modelling (Utrecht 1997) 

Similar sets of calibration and prediction data were prepared for the evaluation of catchment scale 

sediment yield models. The data were extracted from experimental catchments in the south of Holland 

and from northern KwaZulu-Natal, South Africa. Hence the models, listed in Table 2, were to be tested 

against data from a temperate and semi-arid zone. Each of these data sets contained a calibration and 

prediction subset. 

The results of the model comparison revealed specific shortfalls in all the models while general 

conclusions included: (De Roo et a/1998) 

• Using models for other spacial and temporal scales than those for which they were developed 

leads to erroneous results, 
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Table 2. Catchment scale sediment yield models used in the model evaluation. 

Erosion Model Modeller Country 

ACRU Dr S. Lorentz South Africa 

AGNPS Dr D. Garen USA 

EROSION3D Prof. Dr J. Schmidt Germany 

EUROSEM Dr J. Quinton UK/Italy/Spain 

KINEROS-2 Dr R. Smith USA 

LIS EM Dr A. De Roo & Dr V. Jetten Netherlands 

MEDRUSH Prof M. Kirkby UK 

WEPP Dr M. Nearing USA 

Calibration rules should be standardised: a calibration rule should be determined using the 

calibration set and this same rule should be subsequently used for validation or prediction, 

In a catchment in which the sediment transport process is limiting, calibration using peak 

discharge is to be preferred over total discharge, where this distinction can be made in a model, 

Calibration should be performed with a limited number of parameters, however, these need not 

be the same set of parameters for different models, 

Detailed raster based models do not necessarily produce better results than models with 

"representative elements" or hydrological response units, although they may reproduce 

topographical processes in more detail, 

Correct loads at catchment outlets can often be simulated without simulating internal processes 

correctly and finally 

Any empirical approach such as the USLE appears weak for extreme events, probably due to the 

lack of adequate scour and channel processes description. 

Conclusions 

The GCTE Soil Erosion Network has produced some valuable workshop results, collaborations and 

metadata sets as indicated in this paper. Interested researchers are encouraged to participate in this 

network and benefit from the results. 
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ABSTRACT 

The inability to give greater prominence to environmental considerations in land redistribution transfers 
is due in part to the absence of a readily accessible and reliable means of rapidly assessing the capability 
of land identified for allocation. Concern that allocating inappropriate land in the Mfolozi catchment 
would exacerbate its already serious soil erosion problem, motivated Watson and Ramagopa ( 1997) to 
identify those parts of the catchment that are not suitable for transfer because they are already severely 
gully eroded or are susceptible to this form of erosion. This paper describes a follow up to their study 
dealing with badland erosion. Two principal data sources were available for use. Firstly, an unpublished 
geomorphological map showing the location and spatial extent of the badlands. And secondly, maps and 
associated memoirs delimiting and detailing the topographic, substrate and rainfall characteristics ofthe 
catchment's landtypes. Data on the veldt type, bioclimatic and landuse characteristics of these landtypes 
was extracted from various additional sources. The coverage of each badland within each of the possible 
16landtypes, within each of the catchment's 43 subcatchments was recorded. Statistical analysis focused 
on verifying the significance of differences between the landtype data sets and on identifying functional 
relationships between them and the badland data set. The study identified four subcatchments that are 
already severely affected by badland erosion. It also identified the four landtypes most susceptible to this 
form of erosion and hence unsuitable for allocation to peasant farmers. 

INTRODUCTION 

With twenty five areas transferred during the majority government's first three years, KwaZuiu Natal 

is the leading province in terms of Land Reform Programme delivery. South Africa's new Land Policy 

clearly acknowledges that unless the zoning, allocation and planning of transfer projects is directed 

by land capability considerations, and the necessary measures to regulate appropriate land use in them 

implemented, the land reform process will inevitably have detrimental environmental repercussions 

(DLA, 1997). Unfortunately there is a serious disparity between the tenets of this policy and the reality 

of land reform in the province. Although occupation of most transfers has reached an advanced stage, 

many of their land use plans have yet to be completed. The beneficiaries of those few transfer projects 

for which such plans are available, have received no advice regarding the most appropriate 

environmentally sustainable land use options and practices recommended for them, let alone had any 

obligation placed on them to implement them (Watson, 1998). Given the constitutional obligation to 

redress the injustice of forced removals, the lack of prominence given to environmental considerations 

in restitution transfers is understandable because as Turner (1997) noted opposition to them on 

environmental impact or sustainability grounds is likely to succeed only in exceptional cases. To date 

however, restitution transfers comprise a very small fraction of the total land reform transfers in 

KwaZulu Natal. 

Watson's ( 1998) environmental audits of a substantial sample of the redistribution transfers revealed 
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that few were likely to be sustainable in terms of basic resource needs, and that erosion was well 

represented in a significant proportion of them prior to transfer. Inability to gl.ve greater prominence 

to environmental considerations in redistribution transfers is due to a number of constraints including:

( a) the 'willing seller, willing buyer' policy principle directing land acquisition (DLA, 1997); (b) the 

urgency of the present government's need to be seen to be delivering on its election promises, and 

recognition that people will take the land anyway if they seriously want it (Turner, 1997); (c) the fact 

that while nationally the Department of Land Affairs is responsible for transferring land, and 

monitoring and evaluating the environmental sustainability of the transfers, the responsibility for 

planning their development, implementation and general aftercare falls on several government 

departments at provincial level (Turner, 1997), and (d) the absence of a readily accessible and reliable 

means of rapidly assessing the capability of land earmarked for allocation to rural land reform 

beneficiaries (Watson, 1997). Estimates of land type productivity potential developed by the 

Department of Agriculture eg. Scotney eta!, (1987) and Guy and Smith (1995) are derived from 

sophisticated climate, slope and soil data inputs relevant to large scale, mechanised, commercial 

agriculture and have yet to be calibrated for the mostly subsistence/small scale cultivator and 

pastoralist activities of these beneficiaries. This paper gives the further findings of investigations into 

quick, cheap and efficient ways of identifying land suitable for allocation to peasant farmers. 

Soil erosioi1 in the Mfolozi catchment is already cause for concern with the deleterious effects of 

cyclone Domoina having been largely attributed to it (Watson, 1990; 1993) and Ramagopa's (1996) 

estimate that 17 and 25 percent of the catchment is severely and very severely eroded, respectively. 

Watson (1996) found that peasant farmer settlement in a moderately erodible part of the catchment 

under the previous government's "Betterment Scheme", caused a huge 25- and 11- fold increase in 

eroding and sparsely vegetated surfaces, respectively. Her findings suggest that unless land capability 

considerations are used to select land for transfer, the Land Reform Programme will exacerbate the 

catchment's soil erosion problem. Land that is either already eroded and/or susceptible to erosion is 

obviously not suitable for transfer to the mainly peasant farmer beneficiaries of rural land reform. 

Watson (1997) demonstrated that information rapidly gleaned from geological and topocadastal maps 

could be used to identify such land, irrespective of the type of landuse present. Unfortunately; the 

reliability of this approach was restricted to parts of the catchment with a stable land use history. 

Watson and Ramagopa (1997) analyzed the influence of landtype variables on the distribution of 

gullies throughout the catchment, and identified landtypes susceptible to gully erosion, as well as those 

which are already severely affected by this form of erosion. Gully erosion was the initial focus of this 

essentially functional relationship research approach as the few studies that had been carried out on 

peasant farmer perception of soil erosion in South Africa when this investigation commenced viz., 

Garland et at (1994), Pile (1996), and Brinkcate and Hanvey (1996), all found that only gully erosion 

was perceived as a problem. This author has subsequently conducted interviews with sixty peasant 

farmers in the catchment, thirty of whom have homesteads located in close proximity to badlands. 

There was no significant difference in the perception of badlands between the two groups. They do 

indeed perceive them as a problem for essentially the same "loss of productive land" and "threat to 

the safety of livestock and children" reasons given for gullies being perceived as a problem in the 
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studies cited above. In addition, half of the male respondents noted that "they are dangerous to walk 

across when one returns home drunk at night" ! In the second application of this approach described 

in this paper, priority was therefore given to identifying those parts of the catchment which are 

affected by or susceptible to badland erosion. 

DESCRIPTION OF THE MFOLOZI CATCHMENT 

The Mfolozi, KwaZulu Natal's second largest catchment covers an area of approximately 10 075 km2 

in which Pitman et al ( 1981) identified 43 Quaternary subcatchments. The river system comprises two 

major tributaries which converge east of the Hluhluwe Umfolozi Park (Fig. 1 ). The White Mfolozi and 

Black Mfolozi both rise in the north-west portion of the catchment at altitudes of 1620 and 1524 

m.a.m.s.l. respectively, and traverse over 400 km on their course to sea (Begg, 1988). The catchment 

contains 11 physiographic, 14 geological, 11 soil, 10 vegetation and 8 bioclimatic type categories as 

identified by Turner ( 1967, appendix to Phillips, 1973), Kent (1980), Fitzpatrick (1978), Acocks (1988) 

and Phillips (1973), respectively. Given this very high landtype diversity, susceptibility to badland 

erosion is obviously tremendously variable. For the purposes of this study the catchment was divided 

into landuse regions, the predominant physiographic characteristics of which are shown in Table 1. 

METHODOLOGY 

Two principal data sources were available for this study. Firstly, Looser's unpublished 

geomorphological map. Looser (1988, 1989) details how data obtained during extensive field surveys 

was integrated with data extracted from topocadastal maps, orthophoto maps and aerial photographs 

to produce a 1: 1 00 000 map showing the location of nineteen categories of potential sediment sources 

over the entire catchment. Land Type Survey Staff's (1986, 1988) Richards Bay and Vryheid Land 

Type Maps and Memoirs, comprised the second principal data source. On these 1 :250 000 maps the 

coincidence of terrain form and macroclimate zone boundaries delimit landtypes within broad soil 

patterns. Watson et al's ( 1996) preliminary assessment of the methodological approach used in this 

study, confirmed that such a detailed landtype depiction was not necessary. The broad soil pattern 

boundaries were therefore accepted as landtype boundaries. 

The boundaries of the 43 subcatchments and 16 landtypes were superimposed on the geomorphological 

map. Data recording units comprised each landtype within each subcatchment. Watson et al (1996) 

concluded that one badland surface covering a substantial portion of such a unit potentially affects land 

capability to the same extent as several small such surfaces in a unit of equivalent area. The 

cumulative proportion of the units affected by badland erosion was therefore measured. Following 

procedures described by Fisher and Yates (1963), the parametric nature of this database was 

established. In order to establish threshold values for different classes of badland erosion,frequency 

distributions of the proportions the units affected by badlands were plotted on· semi-logarithmic graph 
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Table 1: Predominant biophysiographic characteristics of major landuse regions. 

UPPER REACHES MIDDLE REACHES LOWER REACHES 
Characteristic 

Former Former Former Hluhluwe Former Former 
Natal Kwazulu KwaZulu Umfolozi Park KwaZulu Natal 

Proportion of subcatchments = 16 subcatchments = 3 subcatchments = 15 subcatchments = 4 subcatchments = 3 subcatchments = 2 
catchment % of total area = 38 % of total area = 9 % of total area = 35 % of total area = 6 % of total area = 6 % of total area = 6 

Annual mean= 874 mean= 747 mean=815 mean= 762 mean= 837 mean= 1147 
Rainfall (rom) range = 600 - 1200 range = 600 - 900 range = 700 - 1000 range = 700 - 900 range = 700 - 1000 range = 800- 1400 

El30 * = 500 - 600 EI30 = 400 - 500 EI30 = 600 - 700 EI30 = 500 - 600 EI30 = 600 - 700 EI30 = 600 - 700 

Altitude range = 365 - 1665 range = 840 - 1580 range= 120- 1445 range = 50 - 620 range= 15- 350 range= 0- 80 
(m.a.m.s.l.) mean range = 661 mean range = 642 mean range = 665 mean range = 3 31 mean range = 299 mean range = 80 

Geological Vryheid sandstone & Dwyka tillite Vryheid sandstone & Vryheid sandstone & Letaba basalt Unconsolidated 
formations shale, Dwyka tillite shale, Dwyka tillite shale superficial deposits 

Soil forms Mispah, Farningham & Mispah, Williamson Mispah, Williamson Mispah Msinsini Fernwood, Maputa 
Doveton 

Veld types Northern Tall Natal Sand Sourveld Lowveld, Zululand Lowveld Lowveld, Coastal Coastal Forest & 
Grassveld, Natal Sand Thornveld Forest & Thornveld Thorn veld 
Sourveld 

Bioclimatic Drier Faciation of Drier Faciation of Riverine & Lowland and Riverine & Lowland: Coastal Lowlands: Coastal Lowlands: 
regions Upland Mixed Short Upland Mixed Short Lowland to Upland: Mixed Short/Medium Evergreen Forest, Evergreen Forest, 

Thicket & Woodland Thicket & Woodland Mixed Short/Medium Thicket & Woodland Mediumtrall Thicket Mediumtrall Thicket 
Thicket & Woodland & Woodland & Woodland 

Erosion Moderate** Moderate High Moderate Low Moderate 
Hazard 

Land use Commercial beef, Subsistence farming Subsistence farming Wildlife conservation Small scale sugarcane Commercial sugarcane 
sheep & maize and subsistence farming and Wildlife 
farming, afforestation farming conservation 

*According to Rooseboom et al (1992), **According to Ramagopa (1996) 



paper. Following Fisher and Yates (I 963), gaps or steps in them were arbitrarily selected as 

representing the boundaries between five severity classes as shown in Table 2. 

Table 2: Threshold values for badland erosion severity classes 

EROSION SEVERITY % SUBCATCHMENTILANDTYPE AFFECTED 

Very High > 21 

High >15- 21 

Moderate >1 I - 15 

Low > 5 - II 

Very Low > 1 - 5 

Differences between the landtypes are significant (Land Type Survey Staff, 1986, 1988). For each unit, 

the following data were extracted from the corresponding Memoirs:- the dominant terrain types' slope 

length class, slope shape class and slope angle class, the dominant soil form, . the most erodible soil 

form, the dominant geological formation, the weakest geological formation and the mean annual 

rainfall. In addition, the dominant veld type and bioclimatic region present within each unit was 

identified using Acocks's (1988) and Phillips's (1973) respective maps. Finally, information about the 

main landuse practices carried out in each unit was acquired principally from Begg (1988). As his 

information was largely based on aerial photographs taken in 1970, 1976 and 1981, air photos taken 

in 1992 and/or field surveys carried out in 1995, were used to verify or update this data in those parts 

of the catchment where significant changes in landuse were known to or believed to have subsequently 

taken place. The entire landtype database was also found to be parametric. Use of the standard 

Analysis of Variance test at a 99% confidence level showed that differences between the dominant and 

most erodible soil data sets, between the dominant and weakest geology data sets, and between the 

bioclimate and landuse data sets, were all not significant. However, differences between all 

combinations of the remaining nine landtype characteristic data sets were found to be significant. 

The standard Pearsons Product Moment Correlation Coefficient test was used to measure the degree 

of association between the two major groups of data sets ie. the badland group and the landtype group. 

As the number of inputs for each data set was in excess of 100, a coefficient of 0,19 was accepted as 

the threshold for significance at 95 %confidence level following Table No. VII in Fisher and Yates 

(1963) . Forward Stepwise Multiple Regression Analysis was used to try to explain the functional 

relationships between these data sets. It was selected for its ability to eliminate the influence of 

multicollinearity amongst, and so assess the relative importance of, the independent landtype variables 

(Shaw and Wheeler, 1985). 
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Figure 2. The variation in the severity of badland erosion in the Mfolozi's subcatchments. 
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RESULTS AND DISCUSSION 

The Jandtype variables considered in this study accounted for an average of 45% of the variability in 

the distribution of the badlands (Table 3). The best predictor of this form of erosion was slope length 

with an r-value of 0,38. An improvement in this value to 0,49 was obtained by including climatic, 

vegetal cover and substrate variables in the regression. The influence of these variables clearly ranked 

ahead of lithological and topographic variables, but the inclusion of the latter improved the r-value to 

a more substantive 0,71 . Watson and Ramagopa (1997) realised that the lack of a significant difference 

between the bioclimatic and landuse data sets was probably due to the landuse categories used (refer 

Tab. I) being too broad. They also acknowledged the need to integrate the influence of landuse 

history. Examination of the earliest available aerial photographs of thirty contemporary badland areas 

selected for ease of access in ground truthing, revealed that they were all well established in 

193711939. As there is therefore a strong probability that a substantial portion of the badlands in the 

catchment were initiated before the period for which reliable archival records are available, no attempt 

was made to refine the landuse data for this study. 

Table 3: 

Slope length 

Bioclimate 

Multiple regression analysis of landtype variables influencing the spatial distribution 

of badland erosion in the Mfolozi catchment. 

VARIABLES OF INFLUENCE Rz 

(-0,38) 0,45 

(-0,41) 

Mean Annual Rainfall (-0,46) 

Veld type ( 0,46) 

Soils ( 0,49) 

Terrain Units (-0,54) 

Slope Angle ( 0,58) 

Geology ( 0,62) 

Slope Shape ( -0,71) 

R2 indicates the proportion of erosion variability accounted for by the full range of landtype 

characteristics assessed . 

Very severe badland erosion (refer Tab. 2) was found in two subcatchments viz., W223 and W224 

located in the former KwaZulu and former Natal portions respectively, of the upper reaches of the 

catchment. Both these subcatchments are located in the Dry Upland bioclimatic region. Of the eleven 

bioclimatic types present in the Province, Scotney (1978) rated two including the Dry Upland as the 

most prone to erosion. It is evidently particularly prone to gully erosion. Although Watson and 

Ramagopa (1997) found low gully densities in both these subcatchments, most of those with high 

densities occurred in this bioclimatic type. Likewise, 42 and 75 percent of the gullies respectively 
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studies by Liggitt ( 1988); and Liggitt and Fincham (1989); and Botha (1992), occurred in the Dry 

Upland type. Both these subcatchments have a large altitudinal range (686 and 818m, respectively), 

and experience moderate rainfall erosivities (average EJ30 = 401-500). Subcatchment W223 is 

predominantly underlain by friable Dwyka tillite and covered by moderately erodible Mispah soils 

(DATS, I 976). The predominant use of its Natal Sand Sourveld vegetal cover is subsistence farming. 

While subcatchment W224 is predominantly underlain by more resistant dolerite and granite 

lithologies, its Cat1ref soil cover is highly erodible. Its Highland Sourveld vegetal cover is used for 

beef and sheep production, whilst maize cultivation and afforestation are also well represented. Eighty 

and 96 percent of the badland erosion in subcatchments W223 and W224 respectively, occurred in 

landtype CA. The balance in W223, occurred in landtypes DC, BB, FB and EA respectively, nine, 

seven, three and one percent. The balance in W224 occurred in landtypes EA, FA and IB respectively, 

two, one and one percent. 

Severe badland erosion (refer Tab. 2) was also found in two subcatchments viz., W222 and W243. 

They are also respectively located in the former KwaZulu and former Natal portions of the upper 

reaches of the catchment, and in the Dry Upland bioclimatic region. In common with subcatchments 

W223, subcatchment W222 has a high altitudinal range (660m), experiences moderate rainfall 

erosivities (average EI10 = 40 1-500), is underlain by friable Dwyka tillite, covered by moderately 

erodible soils (Avalon and Bergville) and Natal Sand Sourveld, is predominantly used for subsistence 

farming, and according to Watson and Ramagopa (1997) also has a low gully density. Forty, 32, 23 

and five percent of its badland erosion occurred in landtypes BB, FB, CA and AB, respectively. In 

comparison, whilst W243 has a high altitudinal range (714m), is underlain by Dwyka tillite and 

covered by moderately erodible (Williamson) soils, it experiences more erosive rains (average EI30 = 

601-700), is covered by Northern Tall Grassveld, and according to Watson and Ramagopa (1997) has 

a high gully density. Sixty eight and 32 percent of its badland erosion was found to occur in landtypes 

BD and FB, respectively . 

Moderate, low and very low severity badland erosion (refer Tab. 2) was found to occur in two, two 

and three subcatchments viz., W215 and W217; W214 and W221, and W216; W225 and W241, 

respectively. Badlands were therefore not represented at all in 32 of the Mfolozi catchment's 43 

subcatchments. The total area (in hectares) covered by badlands in the 11 subcatchments affected by 

this form of erosion, expressed as a percentage of the total area (in hectares) of the corresponding 

landtypes in which they occur in these subcatchments, is shown in Figure 3. The pedological 

characteristics of all the landtypes represented in the catchment are shown in Table 4. Landtypes AC, 

AD, BA, HA. HB and IA are not reflected in this Figure because they were devoid of badlands. 

Despite the fact that landtypes AC and AD both occur in the Riverine Interior bioclimatic region 

which is the other one rated as very prone to erosion by Scotney (1978), their other predominant 

biophysiographic characteristics obviously combine to give them an overall resistance to badland 

erosion. While both lnndtypes have moderate slope angles (5-10°) and are covered by Northern Tall 

Grassveld, landtype AC has longer slopes (2001-3000m), is underlain by a more resistant lithology 

(dolerite) and covered by less erodible soils (Farningham and Balmoral) than AD -the equivalent 
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Figure 3. Badland erosion cover as a percentage of corresponding affected landtype. 
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characteristics of which are 1001-1500m, Pietermaritzburg shale and Oatsdale soils, respectively. 

Landtype BA has shorter slopes and occurs in the Dry Upland bioclimatic type, otherwise its 

predominant physiographic characteristics are the same as landtype AC. Although these characteristics 

suggest that AD is more prone to erosion than AC and BA, Watson and Ramagopa (1997) found AD 

had significantly lower gully densities than them. On the basis that these Jandtypes are not affected 

by nor apparently susceptible to badland erosion, they may be rated as suitable for land transfer. 

However, based on a gully erosion perspective Watson and Ramagopa (1997) suggested that landtype 

AC should only be considered for allocation to peasant farmers once areas in more suitable landtypes 

have been exhausted. Landtypes HA, HB and IA are found only in the catchment's lower reaches 

mainly in the coastal lowlands bioclimatic region. Although their predominately short(< 250m) and 

gentle ( < 5") slopes are covered by the highly erodible soils (Fernwood, Dundee and Maputa), their 

resistance to badland erosion is evidently due to the good cover provided by either by sugarcane or 

thicket, closed woodland or forest vegetation. Watson and Ramagopa (1997) also found that landtypes 

HA, HB and IA were the most suitable landtypes to allocate to peasant farmers in view of the fact that 

they were devoid of gully erosion. However, as they also acknowledge the final decision regarding 

the transfer of land reform areas will not simply be based on the influence of erosion on land 

capability, but will take into account a wide range of historical, cultural and socio-economic factors. 

Their condition regarding the allocation of these landtypes merits reiteration, that is, that a high degree 

of cover over the erodible alluvial soils must be maintained. 

An overview of significant correlations between the individual biophysiographic variables considered 

and the badlands ·within the individual affected subcatchments and landtypes, reveals that they are best 

represented in the most erodible substrates of short, straight and gentle footslopes. Badland erosion 

is represented to varying degrees in the balance of the landtypes included in Figure 3. Of these 

landtypes BB, DC, EA and IB emerge as the most suitable. Their relative resistance to badland erosion 

is due to the fact that are characterized by slopes of moderate length (250-750m) and angle (5-10°), 

soils of low (Southwould, Makatini) to very low (Msinsini) erodibilities and resistant (Vryheid 

sandstone and dolerite) geology. Landtypes BB and EA have however, been rated by Watson and 

Ramagopa ( 1997) as unsuitable for allocation to peasant farmers on account of their high gully density 

and susceptibility. 

Figure 3 suggests that landtypes CA and FB are only moderately susceptible to badland erosion. Their 

characteristic very long ( 1500-3000m) and steep slopes ( 10-20") evidently restrict the potential 

influence of their substantial coverage of weak (Dwyka tillite) lithology and highly erodible (Vasi) 

soils. Both these landtypes were in any event rated by Watson and Ramagopa (1997) as definitely not 

suitable from the gully erosion perspective. From this perspective these authors rated landtypes BD 

and DB as moderately suitable, FA as definitely not suitable, and AB as not suitable. The interaction 

of shorter (500-750m), gentler (5-1 0°) slopes, susceptible (Hartebees, Sterkspruit) soils and (Dwyka 

tillite) geology are evidently responsible for landtypes BD, DB and FA being more susceptible to 

badland erosion and hence not suitable. Areas earmarked for transfer within these landtypes should 

only be considered once potential transfers in more suitable landtypes have been exhausted. The reason 
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Table 4: Pedological characteristics of landtypes. 

LANDTYPES PEDOLOGICAL CHARACTERISTICS 

Red-yellow apedal, freely drained soils 

AB Red dystrophic &/or mesotrophic 

AC Red & yellow dystrophic &/or mesotrophic 

AD Yellow dystrophic &/or mesotrophic 

Plinthic catena: upland duplex & margalitic soils rare 

BA Dystrophic &/or mesotrophic; red soils widespread 

BB Dystrophic &/or mesotrophic; red soils not widespread 
.. 

BD Eutrophic; red soils not widespread 

PlinthiC catena: upland duplex & margalitic soils common 

CA Undifferentiated 

Prismacutanic &/or pedocutanic diagnostic horizons dominant 

DB B horizons not red 

DC In addition, one or more of: vertic, melanic, red structured diagnostic 
horizons 

One or more of: vertic, melanic, red structured diagnostic horizons 

EA Undifferentiated 

Glenrosa &/or Mispah Forms (other soils may occur) 

FA Lime rare or absent in the entire landscape 

FB Lime rare or absent in upland soils but generally present in low-lying soils 

Grey regie sands 

HA Regie sands dominant 

HB Regie sands & other soils 

Miscellaneous land classes 

IA Undifferentiated deep deposits 

IB Rock areas with miscellaneous soils 

Source: Broad soil patterns (Land Type Survey Staff, 1986, 1988). 
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why badland erosion is so well represented in landtype AB is not readily apparent. Although it occurs 

in the erosion prone Riverine Interior bioclimatic type and is poorly protected by Lowveld, it is 

characterised by slopes of moderate length (750-1 OOOm) and angle (5-10°), resistant soils (Famingham, 

Balmoral) and geology (dolerite). Field surveys of a sample of ten of them (selected for ease of 

vehicular access) revealed that unlike those sampled in the other landtypes, they were all continuous 

with large river channels. Steps in their slope profile suggest that whereas the badlands in the other 

landtypes are largely intrinsically regulated, those in this landtype are regulated by fluctuations in the 

base level of the river channel. Irrespective, it should be exempt from distribution if at all possible. 

Nomoya, located between Tugela Ferry and Weenen is an example of a transfer project that is 

seriously debilitated by badland erosion. Although not a restitution project, the beneficiaries had strong 

historical and cultural reasons for wanting to purchase this particular land. The footslope represents 

the only level land on the project and about a third of it is already affected by badlands. The project 

became progressively bush encroached from the early 1980's when the previous owner ceased actively 

farming it. Despite this, field data collected at five metre intervals along ten transects through the 

badlands revealed that the average vegetal cover was less than 30%. Headcutting, piping and 

undercutting processes were all evidently very active in the channels as were surface wash processes 

on the interchannel slopes. Interviews with representatives of most of the beneficiary families revealed 

that while they recognised that these badlands restricted the productive potential and environmental 

sustainability of the project, they did not know how to ameliorate this. Despite the abundance of 

thorny branches that could be used to create barriers, financial constraints were cited as the reason why 

the suggestion that the badland area be fenced off to keep livestock out, was inappropriate. Watson's 

(1998) detailed audit of such projects clearly shows that those with poorer land capability potential 

have greater need for support in the form of both finances and advise, after transfer. 

CONCLUSION 

This study identified four of the Mfolozi's 43 subcatchments as being unsuitable for allocation to 

peasant farmers because badland erosion in them is already severe. It then identified three landtypes 

that are susceptible to badland erosion that should not be readily allocated. A further very susceptible 

landtype was identified as needing to be exempt from allocation. lntergrating the findings of this study 

with those of Watson and Ramagopa (1997) who similarly identified subcatchments and landtypes but 

from a gully erosion perspective, the land capability of a substantial portion of a total of 14 

subcatchments is already seriously affected by gully and/or badland erosion, and half of the 16 

Jandtypes present in the catchment are susceptible to one or both of these forms of erosion. The final 

stage of this broader study into using different types of soil erosion as indicators of land capability, 

focuses on sheet or surface wash erosion. Its findings should be available in the near future. Once they 

are also intergrated, it is likely that an even greater proportion of the catchment will be rated 

unsuitable for transfer under the Land Reform Programme to peasant farmers. Given the increase in 
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the rally cry for an equitable distribution of land as the 1999 elections approach, it may be necessary 

to compromise land capability considerations and focus more on after transfer support. 
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Extended abstract 

The Morokweng impact structure (centred at 23°32'E and 26°3l'S on the Ganyesa Dome, in the western 

part ofthe Northwest Province: Hart eta/., 1997; Corner eta/., 1997; Koeberl eta/., 1997, and refs. 

therein) at present can hardly be identified at the near-flat land surface of the region. It was first 

recognised as a strong, near-circular anomaly, which was later revealed as the geophysical expression 

of a large impact melt body, when drill core material from a number of boreholes in the Ganyesa Dome 

became available for detailed mineralogical and geochemical studies. The melt rocks were shown to be 

mainly derived from crustal materials and to contain a small, but significant chemical contribution from 

a meteoritic projectile. Shock metamorphic deformation effects, which are diagnostic evidence of the 

ultra-high pressure and temperature conditions only associated with hypervelocity impact of 

extraterrestrial materials, were identified in several minerals from granitic country rock underlying the 

melt body, as well as in mineral and rock inclusions in the melt rock. Thus, the presence of an impact 

structure in the region around Morokweng is firmly established. Two independent studies obtained 

identical ages for the meld rock of 145± 2 Ma, which represents the time of impact. The original size 

of the now deeply eroded impact structure is not well constrained, but geological and impact-scaling 

considerations suggest that the Morokweng impact structure might have been as large as 200 km in 

diameter. This would place Morokweng into the small group of the four largest known terrestrial impact 

structures. 

A long-term large-scale study of the evolution of the Molopo drainage (Boatsman, in prep.) has 

revealed a strong interaction in the past between the impact structure and the Molopo drainage lines. The 

record of the long-term drainage evolution ofthe Molopo River system goes back to well over 300 Ma. 

The earliest drainage evidence points to a pre-glacial valley system that was in place prior to the Permo-
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Carboniferous glaciation that affected the central parts of Gondwana . . This early drainage system, as 

revealed by the pattern ofsuboutcrops ofthe Dwyka Tillite Formation, flowed in a westerly to north

westerly direction to link up with a major south-westerly trending drainage line from the centre of the 

Kalahari (Karoo) Basin. 

Information on the next stage of the Molopo palaeodrainage evolution comes, after along 

geological hiatus, from the pre-Kalahari (~pre-75 Ma) topography of the Cainozoic Kalahari Basin. The 

pre-Kalahari palaeodrainage has been preserved under the cover of the sediments of the Kalahari Group. 

A compilation of isopach data from the geological maps of the Molopo basin in Botswana and South 

Africa indicates the existence of a generally southward draining proto-Molopo system that existed prior 

to the initiation and deepening of the Cainozoic Kalahari Basin. Comparison of pre-Kalahari geology 

with the reconstructed drainage pattern for that period indicates a close relationship between geological 

structures and drainage pattern. The pre-Kalahari proto-Molopo River and associated proto-Morokweng 

River both partially followed a semi-circular path around the impact structure. The proto-Morokweng 

River used an inner, annular path, at a distance of about 35 km from the centre of the aeromagnetic 

anomaly over the Ganyesa Dome, whereas the proto-Molopo appears to have been influenced by an outer 

feature of the ring structure, with a radius of about 80 km. It is interesting to note that the Vaal River 

makes use in a similar way of the geological structure of the Vredefort Dome in the central part of the 

Witwatersrand basin, known to represent the deeply eroded central uplift structure of the oldest 2023± 

4 Ma) and largest (originally> 250 km in diameter) impact structure known on earth (Reimold and 

Gibson, 1996). 

The date of the initiation of the Cainozoic Kalahari basin has been estimated by Partridge and 

Maud ( 1987) as late Cretaceous ( ~ 75 Ma). The Molopo drainage area is situated largely across the south

eastern rim of the basin. The formation of the Kalahari Basin caused an interruption ofthe southward 

flowing proto-Molopo drainage. As a result of basin formation the headward-section of the Molopo 

drainage became back-tilted in relation to the rim of the basin and the initially endoreic Molopo drainage 

was thus transformed into an endoreic drainage system. Besides the influence of neotectonics, the 

Molopo drainage became also affected by climatic changes. The general climatic trend in the region 

during the Cainozoic has been one of steady aridification, which, with time, was interrupted by humid 

pulses of decreasing force (de Wit, 1993 ). A large body of red-brown montmorillonitic clays 

accumulated within the back-tilted, semi-circular headward section of the Molopo drainage under 

generally more arid climatic conditions. 

Eventually the back-tilted section of the Molopo drainage was totally filled with sediments of 

the Kalahari Group. The westward tilting of the Molopo drainage was exacerbated in the course of the 

late Neogene due to the warping ofthe Griqualand-Transvaal Axis of uplift during part ofthe Pliocene 

(5-3 Ma; Partridge, 1997a, b) and, possibly, as early as the mid-Miocene (~18 Ma), as suggested by 

Marshall (1990). As the result of a more humid period in the Pliocene, the Molopo drainage was revived 

and re-established as an exoreic drainage on top of the duricrusted Kalahari Group sediments, but now 

in a more westerly(~ present) position due to the late Neogene tilting. With the infilling of the back

tilted section the affinity between the geological structures and the pattern of the Molopo drainage was 

much reduced. The present Molopo shows no clear relationship with the Morokweng impact structure 

anymore. 
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THE RESPONSE OF TWO INTERRELATED RIVER COMPONENTS; 
GEOMORPHOLOGY AND RIPARIAN VEGETATION, TO INTERBASIN WATER 

TRANSFERS IN THE ORANGE-FISH-SUNDAYS RIVER INTERBASIN TRANSFER 
SCHEME. 

1. Abstract 

AJE DU PLESSIS 

Department of Geography 
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ggad@girajfe. ru. ac.za 

Any change to the dynamic components and interactions of fluvial systems will be reflected in the 

reaction of the river morphology. Interbasin water Transfers (IBTs) represents such a change, as it 

involves an increased discharge in the recipient streams. This study aims to identify the specific 

interactions between the two river components of riparian vegetation and river morphology that will 

change due to the transfer of water within the semi-arid Karoo region of the Eastern Cape (South Africa). 

A mutual relationship exists between the two components and therefore this dramatic change in flow 

(from ephemeral stream to perennial river), has lead to definite changes in the riparian vegetation 

distribution downstream due to the direct influence of the IBT on the geomorphology. Due to a more 

homogeneous river morphology (reduction in the type of morphological unit present), specific riparian 

species, especially sedge species, have been lost in the middle reaches of the river which, under natural 

conditions, have the most diverse species composition. 
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2. Introduction 

River systems usually consist of well defmed spatial boundaries and represents open systems by which energy 

and material are exchanged with an external environment. The dynamic nature of such a fluvial system at any 

given point in time and space is a reflection of the integrated set of control mechanisms (Figure 1) upstream 

which determine the hydrological regime and the amount and type of sediment being transported. 
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Fig.l: Control mechanisms of river morphology (Rowntree & Dollar, 1996:33). 

Therefore, a change to any of the variables in Figure 1 will clearly reflect the reaction of the river morphology. 

lnterbasin transfers represent such a change. lnterbasin transfers (IBTs) can be seen as a mass transfer of 

water between geographically distinct river basins that has been developed to overcome wa~er supply 

problems within a country (Petitjean & Davies,1988:819). It is clear that such a transfer of water will result 

in an increased flow discharge within the recipient channel and therefore it represents a direct and indirect 

impact on the river morphology. 

Two sets of variables are recognised as significant in controlling river morphology; (i) the catchment 

variables (larger scale) which determine the hydraulic and sediment regime of a river and (ii) the site variables 

(smaller scale) which determine and control channel stability, eg. bed and bank sediment characteristics and 

riparian vegetation (Rowntree, 1991 :29). As geomorphological research tended towards the smaller scale, the 

study of biological factors such as riparian vegetation has been facilitated. 

Viles (1988:5-6) introduced the term biogeomorphology through which research attention can be focused on 

the mutual relationship that exists between geomorphology and riparian vegetation; (i) the influence of 

geomorphology on the distribution of vegetation and (ii) the influence of vegetation on geomorphological 

processes and landforms. It is within this context that the proposed research will be carried out. 
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3. Aim and objectives 

As mentioned before, interbasin transfers (IBTs) result in most significant changes to both the geomorphology 

of a river as well as the riparian vegetation. Complex interrelationships exist between these two river 

components. The aim of this study therefore, is to develop a better understanding of the reaction of river 

morphology and riparian vegetation to the influence of the IBT, a comparatively small research literature still 

exists on fluvial geomorphology devoted to the interrelationships between riparian vegetation and river 

morphology. In order to accomplish this, the research will be focussed on the following objectives: 

• To emphasize the importance of ecological factors such as riparian vegetation within a 

fluvial geomorphological context; 

• To indicate the specific interrelationships that exist between river morphology and riparian 

vegetation; 

• To determine the processes within both geomorphology and riparian vegetation that will 

change as a result of the IBT; and 

• To indicate the response of the morphology and riparian vegetation to these changes. 

4. Study area 

In order to indicate the influence of an IBT on the geomorphology and riparian vegetation of a river, a 

comparison must be made between the natural (above IBT inlet) and regulated (below IBT inlet) states of the 

river. Another alternative to this method, is to choose another river or stream, still in its natural state, within 

the same catchment as the regulated river. The Skoenmakers River (regulated) and the Volkers River (natural) 

have been chosen as representative of such a comparison, as these two rivers 'lie within the same catchment 

(area of± 560krn2
), have similar rainfall figures and approximately equal size subcatchrnent areas (Figure 

2). 

Fig. 2: Study area and Orange-Fish-Sundays River Jnterbasin Transfer Scheme outline. 
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The regulated Skoenmakers River (subcatchment area of approximately 270km2
) forms part of the Orange

Fish-Sundays River ffiT which involves water transfers from both the Orange River and its tributary, the 

Caledon River, to the Great Fish and Sundays Rivers. Under natural conditions the Skoenmakers River was 

a small ephemeral stream but the transfer of water from the Orange River since the late 1970s and early 1980s 

has converted it into a much bigger, perennial river. The Volkers River (subcatchment area of approximately 

290krn2
) on the other hand is a typical ephemeral, gravelbed river, as found in semi-arid regions of the eastern 

Cape, and has its source within the Zuurgberg mountain range near Kirkwood. 

The two rivers (located at 33 °00' to 33 °25' S and 25 o 17' to 25 o 67' E) also form part of the larger Sundays 

River catchment area (±21 250km2
) which drains a large area of the semi-arid Karoo region of the eastern 

Cape. Both rivers are alluvial controlled systems with some bedrock intrusions (mostly dolerite dykes) along 

the length of the rivers. The long profiles for both rivers have been constructed by means of digitized Arc/Info 

covers. These are illustrated in figure 3a and 3b below . 

Fig. 3a: Long profile of the Volkers River. 

5. Methodology 

5.1 Geomorphology 

Fig. 3b: Long profile of the Skoenmakers 

River. 

Maps of the research area were studied and digitized in order to assist in site selection. Approximately 10 

sites were chosen along the length of both the Skoenmakers and Volkers River, based on attributes such as 

gradient, accessibility, stream order, etc. 

The research focuses on the morphological unit as a spatial scale. River channels are composed of a number 

of morphological units (channel bar, river bank, etc.), each with its related set of hydro-geomorphic processes 

and distinctive vegetation communities. For the purpose of this study, emphasis is placed upon the channel 

bar, channel shelf, river bank and bank edge. This means that a strip of at least five metres in width from the 

waters edge will be used in order to collect data on the relevant parameters, eg. bank geometry (height, slope, 

etc.), bank material (particle size, soil moisture, etc.), channel geometry (cross-sectional profile, etc.), channel 

material (coarse woody debris, bed composition, sediment load, etc.), and channel and bed condition (stable, 

erosion or deposition). 
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The exact procedures for data collection of the bank and channel parameters will be based on the methods 

indicated in Gordon et al. (1992). It will include procedures such as discharge measurements by means of 

a current meter, collection and analysis of sediment samples, surveying for cross section profiles, etc. 

5.2 Vegetation data 

At each cross section, data will be collected for the classification and description of the relevant vegetation 

parameters, eg. type (grass, reed, tree, etc.), diversity (mixed, climax. etc.), density, height, extent, position 

(bank, terrace, etc.), etc. This data collection will be based upon the Braun-Blanquet method of vegetation 

sampling. According to this method, the study sites must be divided into selected, representative, 

homogeneous transects or quadrats of a specific minimum size. 

The distribution of these transects will depend on the specific morphological units present at each site. 

Quadrat size varies from one vegetation type to another and therefore methods of progressive doubling of 

quadrat size and resulting species-area curves will be used to establish the size (Kent and Coker,1992:40-42). 

For each cross section, presence-absence data will be collected for every species identified on the transects, 

positioned parallel to the stream and extending the width of the morphological unit. 

5.3 Hydrological data 

Discharge and velocity data are recorded by means of an electromagnetic current meter at selected sites along 

the Skoenmakers River. This data, together with runoff data records from the Department of Water Affairs 

and Forestry (DW AF) for the period 1978 to the present will be used to construct flow frequency and flow 

duration curves (Gordon et al., 1990:351-364). 

6. Discussion 
Data on all the relevant components of the study (geomorphology, riparian vegetation and hydrology) is still 

being gathered and analysed, and therefore it should be noted that no quantitative results are available yet. 

This discussion will therefore concentrate on information obtained from the literature review and field 

observations made during a number of field trips. It is evident that the following issues stand out as most 

important when looking at the IBT influence on geomorphology and riparian vegetation distribution: 

6.1 Ephemeral stream to perennial river 

This is possibly the most significant change of the IBT influencing both the geomorphology and riparian 

vegetation. In a semi-arid region like the Karoo (eastern Cape), where ephemeral streams are represented by 

a certain type of geomorphology and therefore a certain riparian vegetation structure, a dramatic change in 

flood type like this can have significant effects. Runoff data records (1978-1998) reveals an increase of the 

average daily discharge from 3.349 cumecs to 7.643 cumecs during the 'wet' season (December/January). 

Aerial photographs of the region before (1966) and after (1990) the completion of the IBT show an increase 

in the woody riparian species along the Skoenmakers River. This is possibly due to the increase in water 

availability to the riparian vegetation which resulted in much lower wat~r stress on these species. Riparian 

vegetation species have higher transpiration rates than terrestrial species and therefore they require a 

permanent supply of water for at least part of the year (Van Coller, 1992). 
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The IBT might cause a shift in seasonal vegetation downstream because of the higher deposition rates of 

sediment (which also caries the plant seeds) downstream and the changed flow regime of the river. According 

to Davies (1979: 128) prolonged flooding (as caused by the IBT in this instance) leads to a steady change in 

grass and sedge species composition. 

The influence of the increased discharge on the geomorphology of the Skoenmakers River is evident as severe 

bank erosion occurs along the upper and middle reaches of the river where bank incision. of up to 4m occurs 

at most sites (Figure 4 ). This bank incision has also lead to the collapse of the banks in the upper and middle 

reaches and subsequent felling of trees. 
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Fig. 4: Cross-section of site 2 in the upper reaches of the Skoenmakers River, approximately 3.5km 

below the inlet canal of the IBT. 

6.2 Habitat diversity and site availability to riparian vegetation 

In order to indicate the riparian vegetation distribution along the vertical and horizontal gradients, sites should 

be representative of a number of morphological units but field observations show clearly that the types of 

morphological units (and therefore site availability) have been decreased considerably along the Skoenmakers 

River. This is a possible IBT influence as increased discharge has resulted in a much more uniform 

geomorphology in most areas where the habitat diversity is usually much higher under natural conditions. 

The highest biodiversity should be found in the middle reaches of a river for this region has got the highest 

environmental heterogeneity (Hughes, 1990:303). Examination of aerial photographs, as well as engineers' 

records on surveys l;>efore the completion of the ffiT should provide proof of this. Completion of the fieldwork 

component for the riparian vegetation and analysis of the data should reveal any possible influence of the IBT 

in this regard. 

Morphological units such as mid-channel bars, terraces and islands has been described by Van Coller and 

Rogers ( 1996: 15) as the "central component of regeneration niche" for riparian vegetation, as these 

morphological features serve as nursery bars for vegetation, eg. Ficus sycomorus. Due to incision, erosion 

and local degradation of the banks, caused by the IBT, these morphological units (vegetation sites) have been 

prevented from forming. 
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6.3 Age ojthejluviallandform 

According to Van Coller (1992:67) the age of the fluvial landform is an important factor when looking at the 

relationship with riparian vegetation. Recent deposits includes coarse sandy sediment with low organic matter 

content on the surface of channel bars and shelves or terraces at low elevations. Vegetation associated with 

these deposits includePhragmites mauritianus, Cassia occidentalis, Sesbania sesban, etc. Older deposits, 

on the other hand, include fine silt with high organic matter content on densely vegetated surfaces of larger 

islands, terraces, etc. and can be associated with species like Combretum microphyllum, Lantana camara, 

Ficus sycomorus, etc. 

Formation of terraces, channel bars and islands due to flow resistance, sediment trapping and bank 

stabilization, helps to stabilize the channel (Van Coller, 1992:69). It is therefore important to realize that the 

stabilizing effect of the vegetation has not yet been fully accomplished in the Skoenmakers River due to the 

relative short time period since the start of the water releases from the IBT in the early 1980s. 

6.4 Type of surface substratum 

This factor goes hand in hand with the age of the fluvial landform mentioned above. Important distinctions 

can be made in comparison between bedrock and alluvial deposits, coarse and fme sediment and therefore, 

erosion and deposition. These factors are all incorporated in the basic underlying processes (found in any 

fluvial system) of erosion, transport and deposition of sediment which will influence the geomorphology and 

therefore, the riparian vegetation as well. 

A comparison between the Skoenmakers and Volkers River shows an increase in riparian vegetation diversity 

for the lower reaches of the Skoenmakers River. This is possibly due to the fact that the fmer deposits with 

a higher organic matter content has been introduced to the system by the mT. In comparison, the surface 

substratum of the Volkers River consists mostly of coarse sand with a very low level of fertility. 

6.5 Elevation above the water level 
Most of the attention by riparian ecologists has been given to this component but quantification has often been 

neglected. Species distribution is closely linked to the elevation above the channel. This has been recorded 

in studies on the Sabie River (bedrock controlled system) and has been observed during a field trip to the 

Great Fish River (See Figure 2). 

The Skoenmakers River also shows the typical riparian vegetation structure expected at specific elevations. 

The typical structure (Figure 5) is as follows: Woody species at higher elevations, changing to shrubs and 

juveniles of tree species, toward the middle of the bank slope and fmally reeds, sedges and grass at the bottom 

of the bank slope and on the water's edge. An important factor here is the flooding frequency and the question 

now arises of what the influence of the mT was in changing the flooding frequency and therefore influencing 

the riparian vegetation structure. 
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Fig. 5: Riverine morphological units associated with typical riparian vegetation structure (Rowntree, 
1991:29). 

7. Conclusion 

It is evident that future management of regulated rivers, especially those in semi-arid regions, as well as 

instream flow assessments should be executed within a multi-disciplinary context due to the complex 

interrelationships that exist between the river components. Fluvial geomorphologists can therefore add much 

to this research field by ensuring consideration of the river as an integrated system through time and space. 
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Title 

Towards the rehabilitation of Noord Brabant Gully System 

(Golden Gate Highlands National Park, South Africa) 

Authors 
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Abstract 

A reconnaissance of the slope on which the Noord Brabant 

(NB) Gully System is located facilitated observations of 

morphological features on the meso- and micro-scale during 

an initial geomorphic investigation undertaken over a one 

year period. The purpose of the terrain evaluation was to 

recommend rehabilitation measures. 

The weathered parent material of the soils is prone to 

erosion, whilst the local climate and previous land-use 

practices predispose the slope to a range of erosion 

processes. Taking into account the land-use and geological 

history it was possible to infer specific causal processes 

for the gully system using detailed morphological mapping. 

These were found to be overland and subterranean flow, 

solution, crusting, piping, and gully wall collapse. 

INTRODUCTION 

In reconnaissance of the slope on which Noord Brabant (NB) 

Gully system is located, observations were made of 

morphology as a means of inferring possible causal 

processes. Such morphology was analysed with the aim of 

identifying processes which were of a highly erosive nature 

and could be slowed by altering the existing morphology. Of 

import was the predominant lateral growth of the gully 

system, as identified by Brady (1993), which was augmented 

by the construction of agricultural terraces and terrace 

embankments. When the slope was no longer cultivated due 

to a change in land-use, it was susceptible to erosion. 

Field observations of faunal activity were recorded and 
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were found to support the work of Goudie (1988) and 

Mitchell (1988) in that faunal activity enhances geomorphic 

processes already operating. 

STUDY AREA 

A line map of the study area is given in Figure 1, with the 

study site location indicated. The annual average 

precipitation for the area is approximately 800mm. Snow is 

not uncommon in the winter months when sub-zero night-time 

temperatures are the norm; daily temperature ranges of 2o·c 

are recorded frequently in these same months. The site was 

a gully system situated on a gently inclining (20.) East

North-East facing mid-slope, with an extensive sandstone 

outcrop forming a 3m cliff above it. The ridge crest was 

capped by a dolerite intrusion. 

FIGURE 1 : SKETCH MAP OF STUDY AREA AND STUDY SITE 
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OBSERVATIONS 

Figure 2 shows the entire gully system as viewed from the 

sandstone outcrop. During a rainstorm a substantial volume 

of water is transported over this area as overland flow 

with the force such water concentrated on the slope below . . 
The lateral expansion of the gully is clearly visible. 

FIGURE 2 NB GULLY SYSTEM 

J Pope (1995) 

Evidence of case hardening was observed on the sandstone 

outcrop; with the subsequent loss of cementation agents the 

sandstone is washing out and remnants of less erodible 

materials are left as free-standing structures. The 

microtopography created by this process affects the pattern 

and speed of overland flow over the outcrop. 

A road is situated at the base of the slope on which NB 

gully system is situated and silt deposits of a fine 

texture have accumulated here; Figure 3 illustrates 

crusting evident in this area which some researchers cite 
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FIGURE 3 CRUSTING SEEN AT THE BASE OF NB GULLY SYSTEM 

J Pope (1995) 

Height measurements of the sidewalls were over 5m in places 

in 1995; photographic evidence of NB gully system channels 

is not presented here but the extent of gullying is severe 

with deep rills on the footslope. Side wall collapse and 

slumping are prevalent, but a process of natural 

reclamation may be in progress; vegetation carried with 

the soil movement from above sometimes re-establishes in 

the gully floors. At the gully head there is a woodlot of 

Poplars; previous research has highlighted the extreme 

efficiency of Poplars in effecting water transport through 

higo evapotranspiration rates. 
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Ant mounds were prevalent in the mid- and footslope regions 

of NB gully system, whilst mole heaps were evident higher 

up near the gully head. Goudie (1988) and Mitchell (1988) 

refer to observations of the enormous amount of soils which 

are turned by moles, and the role of ants in the process of 

mineral translocations within soil profiles. The mole 

burrows and ant nests may augment subterranean flow, whilst 

on the surface, the effect of the microtopography created 

by these may slow the speed of overland flow and decrease 

the intensity of raindrop splash erosion. Figure 4 is of 

an ant mound in the midslope region; the photograph also 

illustrates the sparsity of vegetation cover in the area. 

FIGURE 4 : ANT MOUND : MIDSLOPE : NB GULLY SYSTEM 

J Pope (1995) 

Biopedoturbation effected by the moles and ants causes 

seeds of vegetation to be brought to the surface, which may 

be seen as part of a natural reclamation process. In 

respect of other faunal activity, burrows were prevalent in 

the sidewalls of NB gully system; these were utilised by, 

amongst other fauna, birds, which may well have assisted in 
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bringing new seed material into the gully system. However, 

piping may be exacerbated by the burrow systems of certain 

faunal species whilst, in other sections of the gully 

system, burrows may augment drainage and retard solution. 

DISCUSSION 

Observations of morphology assisted in identifying 

processes of import which, together with laboratory tests, 

aided in directing possible rehabilitation recommendations. 

Laboratory tests were conducted to gauge texture, 

structural status, pH and electrical conductivity, 

Atterberg limits, and organic and moisture content of the 

soils sampled at specific points within the N B gully 

system. The results are not presented here but sampling 

was done on the North and South side of the gully system 

and Liquid Limit of the soils was found to be generally 

low, suggesting that the soils were susceptible to the risk 

of mass movement. The Plastic Limit of the soils was found 

to be at a low percentage moisture content suggesting that, 

with an incremental change in moisture content, the soils 

could be prone to mass movement. Field observations of 

soil included identifying the colour of horisons within 

soil profiles according to the Munsell Colour Chart, and 

taking infiltrometer readings at the same points where 

sampling was undertaken. These observations and analyses 

of laboratory results were executed to guide rehabilitation 

recommendations as they assisted in identifying the 

erodibility of the study site and in inferring causal 

processes. Field measurements were undertaken of gully 

sidewall heights and rill widths; the steepness of the 

gully sidewalls and extent and intensity of shading are 

seen to be of import. 

CONCLUSION 

The field observations and measuremel)ts, together with 

analyses of laboratory test results assisted in assessing 

the state of erosion to be severe. The intention of 

highlighting the processes and suggesting which were of 

dominant importance was to assist in informativelr planning 
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suitable reclamation. Both overland flow and solution were 

seen to be most prevalent and it is the opinion of the 

authors that geologists, hydrologists, botanists and 

agronomists be consulted in planning appropriate measures 

to counteract these processes. These initial terrain 

evaluation observations may aid in directing further 

research to guide such plans, but the location of the study 

site within a conserved area should be borne in mind and if 

vegetation reclamation measurers are considered the 

employment of species alien to the area should be avoided. 
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