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PREFACE 

This Field Excursion Guidebook has been compiled as 

a contribution 

Geomorphology of 

April 1988 at 

to the Symposium on the 

Southern Africa, held from 8-11 

the University of Transkei. The 

basic aim of the excursion is to examine various 

landforms and landscapes throughout southern 

Africa, and to promote discussion on outstanding 

enigmatic problems related to landform genesis and 

landscape evolution in southern Afrtca. The 

subject matter 

limited mainly 

of the excursion is nevertheless 

to coastal areas of southern Africa 

(eastern Transvaal, Swaziland , Natal, Transkei, 

eastern Cape Province, southwestern Cape Province, 

southwest Africa/Namibia). While most of the sites 

mentioned in the text are easily accessible by car 

and foot, it should be emphasised that they should 

be approached with extreme caution. A. number of 

the sites are unstable and dangerous, partlc~larly 
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I.n wet weilther. Approp~late safety measures should 

therefore be taken. 

The organisers of this excur~lon would like to 

thank :=ill the contributors for their help in the 

compilation of this booklet and for allowing 

information to be included on individual areas and 

sites. We also wish to thank them in advance for 

willing to act as field leaders, on what :ts the 

largest slngle cooperative geomorphological field 

excursion to take place in southern Africa to 

date. The author(s) of individual contributions are 

listed in the text where appropriate. 

H.R. Beckedahl 

B.P. Moon 

G. F. Dardis 
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INTRODUCTION 

The last extensive field excursion concerned with 

landforms and landscape in southern Africa was 

organised by A.W. Rogers, in conjunction with the 

South African British Association meeting in 1905. 

This excursion prompted publications by leading 

geomorphologists of that time who participated on 

the excursion; Davis (1906a, 1906b) and Penck 

(1908). These provided a basis for macro-scale 

studies of the southern African sub-continent which 

have endured to the present day (Moon, 1988). 

Numerous field excursions concerned with the 

geomorphology of southern Africa have been 

organised since, notably by the South African 

Geographical Society, the Geological Society of 

South Africa, and the Southern African 

Quaternary Research, but have been 

Society for 

of smaller 

scale, concerned with specific areas or landforms. 

The present excursion is aimed at giving an 
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overview of landforms and landscapes in southern 

Africa, including recent work undertaken by various 

researchers throughout southern Africa, and to 

allow field observation of 

themes considered during 

Dardis and Moon, 1988). 

landforms and related 

the main Symposium (cf. 

The field excursion has been organised on a sub-

regional basis. Six regions will be visited; (A) 

Transkei and the eastern Cape, (B) the southern 

Cape, (C) the southwestern 

(D) the eastern Transvaal, 

Natal and Zululand. 

Cape and Namib desert, 

(E) Swaziland, and (F) 

The southern African landscape constitutes an 

ideal natural laboratory in which to examine 

geomorphic _phenomena in view of its great diversity 

and antiquity. This is apparent in regions A to C, 

within which lie the extensive plains and plateaux 

of the Karoo, spectacular mountain landscapes of 

the Cape and the Great Escarpment, and the stark 

grandeur of the Kalahari and Namib deserts. 

2 



Specific themes such as colluvial stratigraphy 

(Dardis), macrogeomorphology (Weaver), karst 

landscapes (Marker), coastal dune development 

(Illenberger), structural control on the landscape 

(Moon; Hartnady et al.), and desert environments 

(Ward; Wilkinson) are considered in regions A-C. 

Somewhat less spectular but equally enigmatic 

landscapes are examined in regions D-F, where 

themes such as soil erosion (Dardis and Beckedahl), 

macro-scale landforms (Maud) and slope development 

(Moon) are considered. 

The field itinerary is shown on the 

accompanying map. Specific field sites for the 

excursion are shown on the regional maps contained 

within the main body of the text. References are 

given at the end of each section, rather than at 

the end of the field guide. 

BACKGROUND READING 

Dardis, G.F. and Moon, 
Geomorphological Studies 

3 
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Region A: Transkei and the Eastern Cape 
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1. COLLUVIAL STRATIGRAPHY IN SOUTHWESTERN TRANSKEI 

George F. Dardis 

1.1. Introduction 

Stratigraphic and sedimentological information 

concerning colluvial sequences in eastern southern 

Africa is generally lacking for most areas, to the 

extent that little is known of (a) the age of 

colluvium (b) the genesis of colluvium, and (c) the 

relationship between colluvium deposition and 

climatic change. Three sites in southwestern 

Transkei (Fig. 1.1) and examined in terms of their 

stratigraphy, sedimentology and age. 

1.2. Qamata Poort 

The Qamata Poort site (Lat. 29°58'S Long. 27°22'E) 

occurs in a river section on a raised terrace on 
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the Qamata river, a minor tributary stream on the 

upper reaches of the White Kei River. The section, 

which is 300 m in length and varies in height from 

2 to 8 m, lies adjacent to the Umtata - Queenstown 

highway, at an altitude of c. 880 m. 

Three major lithostratigraphic units are present 

in the Qamata Poort section (Fig. 1.2). 

Sedimentary facies types present in the section are 

summarised in Table 1.1. Major lithofacies 

associations are summarised in Table 1.2. 

The lower gravels are the oldest unconsolidated 

deposLts occurring in the Qamata Poort section. 

They range in thickness from 0.2-2.5 m, thinning 

northward in the section. They consist mainly of 

disorganised, matrix-supported boulder gravels 

interbedded 

(5-25 mm) 

with pebble gravel facies and thin 

massive sand beds. Clasts are 

sub-angular to well-rounded and vary in size from 

1-35 ems. Weak imbricate structure is apparent in 

parts of the lower gravels. The boulder gravels 
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TabLe 1.2. GeneraL stratigraphy of the Qamata Poort section 
(After Dardis, 1988) 

Litho- Description 
strati-
graphic 
unit 

3 

2 

1 

Upper 
altern
bed 
facies 

Lower 
Altern
ing bed 
facies 

Lower 
gravel 

Major 
facies 

1 ; 9 

2 

6 

13 

Minor Palaeo
facies environ

mental 
signific 

ance 

5;7;8; Sheetwash; 

5 ; 6 ; 8 ; 
9 

10 

fluvial 

Sheetwash; 
debris 
flow; 
fluvial(?) 

Fluvial 



show evidence on in-mixing with sand and clay-rich 

material in the northern part of the section. The 

grain size and sedimentary structure of the lower 

gravels are similar to those found in high-energy 

braided stream environments (Miall, 1977). 

The surface of the lower gravels (unit 1) is 

marked in places by a weathered surface, 

characterised by in situ disintegration of the 

surface boulders. The overlying alternating beds 

of unit 2 consist of highly calcareous colluvium 

(Logs a and b, Fig. 2; Fig. 3b,e), which grade 

southward into calcareous colluvium interbedded 

with boulder gravel facies. The colluvium is 

generally massive and poorly stratified and 

contains 

calcrete 

significant proportions 

(Fig. 

clast-to-matrix 

1. 3). 

supported, 

The 

show 

of nodular 

gravels 

evidence 

are 

of 

grading, and are characterised by angular to 

sub-rounded clasts. 

The origin of the stratified deposits is not 

14 



Fig. 1.3. The calcareous colluvium unit at Qamata 
Poort, southwestern Transkei, overlain and interbedded 
with boulder gravel facies 
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clear. Most of the clasts are inter-mixed with 

matrix material derived from the calcareous 

colluvium, which might indicate that they formed 

largely as sediment gravity flows (cf. Lowe, 1982). 

The seneral characteristics of these deposits 

suggests that they may be cohesive debris flows, 

which may have been transformed from fully sheared 

flows, where shearing has been restricted to the 

lower part of the flow and overall flow velocity 

was low but steady (Postma, 1986). The presence of 

numerous disorganised boulder and pebble gravel 

facies suggests, 

(cohesive) debris 

Alternatively, some 

however, 

flows 

of the 

that most of the 

were not fully sheared. 

large rounded dolerite 

clasts may have been derived from corestones which 

are commonly found on neighbouring hillslopes. 

Rafting of clasts may have occurred in some 

instances (cf. Rodine and Johnson, 1976) as a 

number of boulder and pebble gravels layers appear 

to contain anomalous out-sized clasts. 

16 



Unit 2 is overlain by a massive, non-calcereous 

colluvium ranging in thickness from 0.2-2.0m. The 

bed contact between units 

planar, marked in placed by 

colluvium is generally 

2 and 3 is generally 

a pebble layer. The 

poorly stratified and 

contains occasional pebble and cobble-sized clasts. 

Predominantly clast-supported boulder and pebble 

gravel facies are interbedded with the upper 

colluvium in the southern part of the section. 

These upper gravels occur as a lenticular unit 

which is c. 5 m in length and varies from 0.5-2.4 m 

in height. It comprises sub- to well-rounded clasts 

varying in size from 1-45 ems. The gravels are 

generally massive and unstratified or poorly 

stratified. The gravel lithofacies formed as 

scour-and-fill features on the surface of the upper 

colluvium and show many 

hi_gh-energy flood deposits 

1984). 

characteristics of 

(Nemec and Steel, 

Radiocarbon dating of nodular calcrete in unit 2 

17 



yielded a date of 4990 +/- 90 years BP 

(Beta-19193). The upper colluvium in unit 3 is 

largely devoid of carbonate material at this site 

and generally shows a planar or erosional lower 

junction with unit 2. Carbonate material appears 

to have accumulated in unit 2 prior to deposition 

of unit 3. On this basis unit 3 is interpreted as 

younger than 4990 +/- 90 1ears BP. The presence of 

an erosion surface separating units 1 (lower 

gravels) and 2 (alternating bed facies) suggests a 

major hiatus in sedimentation at this point. It is 

impossible to establish at this stage the age or 

duration of this hiatus. 

1.3. St. Marks Mission 

A section at St. Mark's Mission 
0 

(lat.32 10' 

long.27°27'; elevation 830 m) (Fig. 1.1) shows c. 

4.5 m of stratified colluvium overlying cobble 

gravels and hardpan calcrete which is cemented to 



sandstone bedrock (Fig. 1.2). The hardpan calcrete 

varias in thickness from c.40 50 em and is 

intermittently exposed. The calcrete is overlain by 

c.70 em of matrix to clast supported and 

disorg.anised cobble graveL Two major colluvium 

layers overlie the gravels. The lower colluvium is 

diamictic, grading up-sequence into massive 

colluvium devoid of carbonate materials. The lower 

diamictic colluvium 

stratified colluvium, 

is overlain by a poorly 

containing irregular to 

sub-rounded carbonate nodules. 

Two carbonate samples wer~ taken for radiocarbon 

dating at the St. Mark's site. The lower sample, 

taken from the hardpan calcrete directly underlying 

the colluvial deposits, yielded a date of 22890 +/-

230 years B.P. (Beta-19191). The upper sample, 

taken fram carbbnate nodules in the colluvium c. 2 

m below surface, yielded a date of 3620 +/- 100 

years B.P. (Beta-19192). 
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1.4. Bolotwa 

A river section at Bolotwa (lat.31° 57' long.27°11'; 

elevation 1075 m), c. 15 km north-west of the St. 

Mark's site (Fig. 1.1), also shows a hardpan 

calcrete layer overlying sandstone bedrock and 

underlying c. 3 m of colluvium (Fig. 1.2). The 

hardpan calcrete is c. 15 45 em thick and is 

overlain by c.0.45 1.5 m of colluvium 

containing carbonate nodules. The nodule-rich 

colluvium horizon grades up-sequence into massive 

colluvium devoid of carbonate nodules. Two samples 

were taken for radiocarbon dating at the Bolotwa 

site. The lower 

calcrete, yielded 

B.P. (Beta-20439). 

sample, taken from the hardpan 

a date of 20460 +/- 210 years 

The upper sample taken from 

carbonate nodules near the base of the colluvial 

sequence, yielded a date of 15830 +/- 210 years 

B.P. (Beta-20435). 

20 



1.5. Problems of dating of carbonate nodules 

The ages of colluvial deposits derived solely from 

the dating of calcium carbonates should be treated 

with a degree of caution. A number of sources of 

error may render the dates either too young or too 

old. "Old" dates may arise due to incorporation of 

older carbonate. "Young" dates may result from 

dissolution and subsequent 

carbonates to include younger 

Polach, 1971; Margaritz et 

recrystallization of 

carbon (Williams and 

al., 1981). Though 

there are no local sources of calcareous bedrock 

in the area, the older calcretes found in the area 

may influence Holocene dates by recrystallization 

or re-cycling of carbonates, and it remains likely 

that the dates derived from this area are 

inaccurate. 

demonstrated, 

However, Watson et al. (1984) have 

though analysis of 13C and 180 

values, that carbonate nodules in Swaziland and 

Natal formed largely in single discrete phases of 

21 



carbonate crystallization, 

subsequent disequilibrium, 

and experienced little 

and meet all the 

conditions necessary for obtaining rigorous 14C 

dates. Dating 

(Dardis, in 

of organic carbonates in Transkei 

preparation) and Swaziland (Dardis et 

al. , in preparation) also suggests that 

mid-Holocene dates on inter-colluvium calcretes can 

be expected. 

1. 6. Conclusions 

If the dates are accurate, the following 

conclusions can be drawn from these results; 

(a) These 

stratigraphic 

sites suggest 

sequences may be 

that colluvial 

very complex in 

nature. The show considerable variation over short 

distances and considerable variation in lithofacies 

composition in reponse to local conditions. Though 

the dates must be treated with a considerable 

degree of caution, evidence of mid-Holocene dating 

22 



of colluvium from other sites in eastern southern 

Africa suggests that they are probably not 

unreasonable estimates of the ages Df colluvial 

deposits in the area. 

(b) Colluvium deposition appears to have 

commenced between 25000-15000 years B.P. in 

southwestern Transkei and was preceded by (dry?) 

conditions conducive to the formation of hardpan 

calcretes. 

(c) The lower gravels at Qamatapoort reflect a 

period of fluvial activity broadly similar to or 

slightly wetter than that of the present day, with 

perrennial stream 

widely fluctuating 

high-energy braided 

sedimentation characterised by 

discharges and deposition of 

stream deposits. The hiatus 

between units 1 and 2 at Qamatapoort suggests that 

stream activity ceased abruptly. Evidence of 

weathering on the upper surface of boulders in unit 

1 suggests that this hiatus may have persisted for 

a relatively long period, possibly several 

23 



thousands of years. The formation of unit 2 at 

Qamatpoort suggests the onset of a period of slope 

instability, where sedimentation was dominated by 

sheetwash and related sediment gravity flow 

processes. Limited 

occurred during this 

initial phase of 

fluvial activity may have 

period. The age of this 

colluviation be 

established accurately at 

the general stratigrapic 

Qamatapoort. However, 

position of the unit is 

broadly similar to neighbouring colluvial sequences 

at St. Mark's and Bolotwa, which post-date ~20000 

years B.P. A period of colluvial deposition 

occurred after c. 5000 yrs BP, resulting in 

deposition of unit 3 at Qamatapoort. This was 

either followed or accompanied by periods of 

fluvial sedimentation, reflecting either higher 

precipitation or highly variable stream discharge. 
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2. GEOLOGY AND GEOMORPHOLOGY OF THE ECCA PASS 
AND GRAHAMSTOWN AREA 

ALex van Breda Weaver 

2.1. Introduction 

The information covered in this section is compiled 

specifically for the area between the foot of the 

Ecca pass (20 kilometres from Grahamstown on the 

Fort Beaufort road) and Grahamstown. The 

information is based on the geological descriptions 

given by Truswell (1977) and Hiller (1985). Figure 

2.1 depicts the geology of the region, whilst 

Figure 2.2 shows a typical transect running 

perpendicular to the strike of the major 

lithological units. 

The rocks of the area comprise mainly those of 

the , Cape Supergroup and the Karoo Sequence. The 

rocks are all sedimentary, being laid down in a 

variety of depositional environments within the 
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last 400 million years. In the geological 

description that follows, the various lithotypes in 

the order that they will be observed on the field 

trip are considered. This is contrary to the 

generally accepted chronosequence used in 

gsological discussions (i.e. oldest to youngest). 

2.2. Geology of the Ecca Pass 

Rocks of the Ecca Group (Karoo Sequence) are found 

along most of the Ecca Pass (this is the type area 

of the Ecca Group), exhibiting alternating layers 

of sandstone (greywackes) and shale. Towards the 

top of the pass are numerous thin yellow-orange 

clay bands which are thought to be the altered 

products of a volcanic ash which fell into the 

Karoo Basin. These represent the first evidence of 

volcanic activity which culminated in ~he vast 

outpourings of lavas of the Drakenberg Formation. 

The Ecca Group is separated from the Dwyka 
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Formation by the White Band. This highly contorted 

layer of rocks has elsewhere yielded the remains of 

Mesosaurus, the oldest of the Karoo Sequence 

reptiles. The depositional environment of these 

formations has not ~een determined with certainty 

but is thought to have been in an almost land

locked sea which remained after the ice masses of 

the early Permian glaciations wasted, and which 

covered most of the interior of southern Africa. 

At the top of the Ecca Pass excellent exposures 

of the Dwyka Formation occur which lies at the base 

of the Karoo Sequence. Dwyka tillites consist of 

boulders, cobbles and pebbles of older rock of 

various origins set in a very fine-grained, blue

grey matrix. The deposit has been interpreted as a 

tillite. 

Moving towards Grahamstown, one passes from the 

Karoo Sequence rocks into those of the Cape 

The Witteberg Group is the youngest of Supergroup. 

the Cape Supergroup rocks and overlies the 
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Bokkeveld Group without any break in sequence. The 

Witteberg Group is composed of hard, pale grey and 

whitish, almost pure quartzite and thinner shales. 

The resistant bands of sandstone form most of the 

high ground around Grahamstown. 

2.3. The Grahamstown Peneplain 

A very noticeable feature near Grahamstown is the 

well-known Grahamstown Peneplain. This flat plain 

is preserved by a layer of silcrete formed largely 

by pedogenic processes. At some time in the early 

Tertiery, deep chemical weathering leached silica 

from the underlying Witteberg and Dwyka sediments 

leaving behind a layer of kaolinite. Upward 

capillary movement was followed by precipitation 

of silica in the upper layers of the soil profile 

and the formation of a layer of silcrete. The 

resistant layer of silcrete has preserved the old 

erosion surface surrounding Grahamstown • 



The rocks of Grahamstown area have been affected 

by the Cape folding episode which climaxed at about 

the time the lower Ecca Group was being deposited. 

Grahamstown was situated within a syncline (Fig. 

2.2). The Grahamstown valley is eroded through 

the silcrete of the peneplain into rocks of the 

Dwyka and Witteberg Groups. The ridges to the 

north and the south of the town are made up of 

Witteberg quartzites. 
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J. THE ALEXANDRIA KARST AREA 

Margaret E. Marker 

3.1. Introduction 

In South Africa karst landforms cover some 50000 

square kilometres. A basic distinction extsts 

bet~een karst areas above and below the Great 

Escarpment. Coastal karst regions such as the 

Alexandria area in the Eastern Cape, have developed 

oh Tertiary sandy micritic limestones and are less 

well ,-known than the inland sites. Offshore, 

"Coastal Limestone" deposits are rel!lt.iiT e ly 

continuous (Siesser, 1972) but on land there are 

four main outcrops, in the far western Cape near:-

Saldanha Bay, in the southern Cape between Cape 

Agulhas and Mossel Bay, in the eastern Cape between 

Port Elizabeth and East London (the Al exand r t.3. 

karst area) and in northern Zululand (Fig. 3.1). 
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3.2. The Alexandria karst 

The limestone is essentially a regression beach 

aeolian deposit with a thin basal member consisting 

of beach cobbles overlain by up to lm of poorly 

fossiliferous marine limestone. Deposition has 

been almost continuous from possibly the late 

Mesozoic Period (Needs Camp, East London) until 

the present. The first phase of deposition appears 

to have been contemporaneous with deep weathering 

on the African planation surface (Partridge and 

Maud, 1987). Precise dating of the limestone is, 

however, constrained by the limited marine facies, 

the nearshore depositional ~nvironment and the 

tendency for macro fossils to be extant species. 

Only with the advent of micro fossil foraminiferal 

dating techniques is clarity emerging. In general, 

the limestone is older inland and is older tn the 

Alexandria area than in the southern Cape where it 

is of Pliocene age (Rogers, 1985). 
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The Quaternary glacio-eustatic low sea levels 

also resulted in sand accumulation onshore as the 

entire floor of Algoa Bay dried and a tombolo 

linked Bird Island with the mainland (Fig 3.2). 

Woody Cape is formed on eroding aeolianite. The 

seaward facing slopes are all heavily masked by 

aeolian sands that retain dune topography to a 

greater or lesser extent. The older dunes of the 

Nanaga dunefield (Illenberger, 1986) are weathered 

red and have calcified aeolianite cores. There is 

little lithological distinction between the 

calcarenite limestone and the younger aeolianite 

but where cross-bedding is 

probable that the deposit 

aeolianite rather 

limestone. 

than part 

pronounced it is 

is a Pleistocene 

of the Tertiary 

In the Alexandria area the limestone overlies 

planed Palaeozoic shales and quartzites in the east 

and north, and Cretaceous marls and sandstones in 

the southwest of the area. It has been 
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hypothesised that the limestone, and thus the 

karst, is associated with specific marine benches 

which are progressively younger seawards, planed at 

+/-240m, 200m, 90m, 60m, 30m, and 15m above 

present sea level. Where the limestone is thin the 

altitudes of the marine bench and the karst surface 

are virtually identical. 

The best developed karst is 

associated with the higher benches since 

ev~rywhere 

there has 

been a longer time span for karst development than 

on the lower ones. This is also true of the karst 

in the southern Cape. 

Essentially the karst area has three geological 

components: (1) an underlying marine planed 

basement (which is incised in places), cut across 

Palaeozoic and Cretaceous strata, ( 2 ) the 

unconformable, dominantly aeolian limestone, and 

(3) Pleistocene sands which retain their topography 

and may be cemented into aeolianite. The latter 

are common close to Port Elizabeth and comprise 
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the Nanaga, Kaba and Woody Cape dune fields. 

The Coastal Limestone hosts a soil-covered 

fluvial karst. Rounded, convex, steep slopes are 

characteristic and high permeability results in a 

scarcity of surface water except where fluvial 

incision has reached impermeable bedrock, as is the 

case of the major allogenic rivers: Bushmans, 

Kariega, Kasuka and Kowie (Fig. 3.2). Although 

thicknesses of over 100 m of limestone are common 

in the southern Cape karst area, in the Alexandria 

area thicknesses of 100 m are reache~ only west of 

Zuney polje where they are also underlain by 

permeable Cretaceous strata permitting vertical 

infiltration. Towards the north and east the 

limestone thins to less than 20 m. The presence of 

shallow, pan dolines inland of the limestone margin 

testify to its former extent. Limestone has been 

more easily stripped above the impermeable 

Palaeozoic strata than elsewhere. 

The Alexandria area is essentially a doline 
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karst. Shallow pan forms predominate in the east 

and north where the soft calcarenite is underlain 

by impermeable planed Palaeozoic strata, whereas 

deep funnel form dolines, uvalas and poljes showing 

a much greater assemblage complexity occur where 

the limestone is thicker and overlies permeable 

Cretaceous strata (Marker and Sweeting, 1983). Dry 

valleys are rare and caves are absent probably 

because of the incoherence of the limestone. Yet 

the De Hoop Reserve in the southern Cape is an 

important caving area. 

Doline distribution is clustered. Density is 

highest where gently inclined surfaces predominate 

and along the margins of interfluves where doline 

formation has been accentuated by stronger 

throughflow. Deeper dolines and larger flat-

floored ovoid uvalas are restricted to areas west 

of Zuney polje and south of Alexandria (Fig.3.3). 

Pan dolines are known to occur preferentially where 

limestone is thin and where vertical percolation is 
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inhibited, promoting lateral solution (Marker and 

Sweeting, 1983). The variation in form of enclosed 

hollows of all types is attributed to the 

i~teraction of two variables: limestone thickness 

and level of saturation below the surface. 

Along the coast seawards of the main ridge that 

underlies the Alexandria forest there is a series 

of blind valleys or poljes. All have laterally 

widened valley floors pocked by sporadic dolines 

through which surplus precipitation drains. The 

poljes are blocked seawards by higher ground formed 

on limestone overlain by blown sand. The polje 

floor area ls related to catchment size although no 

statistical correlation exists. Floor altitude is 

variable and ranges from 65 m to 26 m altitude. 

Lower altitude poljes, such as Zuney, (15 sq km, 13 

m), Grootvlei (0.83 sq km, 145 m) and Kaba (2.6 sq 

km, 65 m) flood after heavy rain. Inland at 

Wycombe Vale and Nanaga, within the oldest 

dunefield, a different type of karst plain or polje 
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has developed~ T.h.a Lorm is less distinctive and 

the hollows are elongate in plan with undulating 

floors. The sides are of limestone but the floors 

are let down onto Cretaceous marl; mapping of the 

limestone/marl contact around each of these poljes 

suggests that they lie astride basement s teps. It 

has been proposed that exposure of the less 

permeable marl took place with recession of the 

step thus allowing lateral widening to occur 

(Marker and Sweeting, 1983). 

3.3. Hydrology of the Alexandria karst area 

The hydrology of the Alexandria karst area is 

complex. No point input 

from precipitation. Most 

occurs, all lnfltration is 

water moves through the 

conglomerate above the basal unconformity. The 

piezometric surface is 

limestone benches and 

irregular reflecting sub

incision and most water 

emerges through major springs along the coast. 
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Borehole yields are generally low, (1590 litres/hr) 

but high yields up to 30 000 litres/hr occur at 

selected sites associated with breaks of gradient 

in the underlying surface resulting in local 

steepening of the piezometric surface and faster 

throughflow rates. The major springs emerge at or 

near sea level between Kleinemond and Woody Cape, 

the sole exceptions being springs at Springmount 

(250m) and Foiest Glade (280m). There is evidence 

that the spring sites are localised by buried 

quartzite ridgas trending northwest to southeast 

and that water is not equally available everywhere 

along this coast. Most of the major emergences 

have already been utilised 

communitie8. 

to supply coastal 

3. 4. The southern Cape karst area 

The karst of the southern Cape is very different. 

It h~sts fewer shallow dolines but deeper uvalas 
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and deep elongate poljes. This is an aligned karst 

but whether it developed syngenetically betweP.n 

durie ridges . or as a function of periodic marine 

withdrawal is not yet known (Fig.3.4). Research is 

still in progress (Russell 1985; pers. comm.). 

3.5. Specific sites 

(1:50 000 3326 CA,3325 DB; 1:10 000 3326 CA 14,15 

18) 

3.5.1. Site 1 

Approaching Zuney polj~ from Alexandria on R72. A 

qua~ry showing the nature of the limestone can be 

approached from the road. Limestone overlies 

Bokkeveld shale at about 90m. 
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3.5.2. Site 2 

Zuney polje on R72 just beyond railway crossing. 

The flat sand infilled floor of the polje overlies 

Jurassic marl sand at 10m. Seawards the dunes 

overlying the low ridge that separates the polje 

from the lower surfaces. Pan dolines pock the 

surface, The polje floods after heavy rain. Large 

yields are obtained from the borehole by the store . 

3. 5. 3. Site 3 

Fontelnkloof overlies a deep incision in the 

basement below the limestone. This incision is 

hypothesised to be a former channel of the Bushmans 

River since a channel in the sea floor f il led with 

Quaternary sediments has been identified (Bremner 

1979). Water is difficult to obtain In this area. 

Note the red sands of the Nanaga dune field. 
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3.5.4. Site 4 

Wtco~be V~le is an elongate polje. Limestone 

overlies Cretaceous sediments whose contact is at 

lo~er altitude near the road than to the north. 

This is the evidence for 

~ields are obtained from 

the step. Large water 

boreholes which provides 

additional evidence for a step. 

3.5.5. S·ite 5 

Nanaga polje lies eithei 

intersectiori of N2 and N7. 

is masked by the dunes of 

side of the cloverleaf 

Its precise topography 

the Nanaga field. Good 

dune sections can be seen to the east on N2. 

3.5.6~ Site 6 

Thornhill (not to be visited) (1:10 000 3326 CA 

19). Approac6 via farm road from Zuney (see map). 



Pe~misslon Mr Max Biggs Doornkloof, Zuney. Not 

negotiable by bus. Most dense cluster of uvalas 

and dolines on an interfluve above 240m bench 

created by drainage disruption (Fig. 3.4). 
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4. THE ALEXANDRIA COASTAL DUNEFIELD, 
ALGOA BAY 

Werner K. IlLenberger 

4.1. Introduction 

The Alexandria coastal dunefield is too large and 

too inaccessible to do justice to its scope, 

grandeur and varlecy 1.1'\ -a brief visit, so the field 

visit to the western end of the dunefield (Fig. 

4. 1) will serve only to introduce some 

characteristics of the dunefield. 

The dunefield, situated on the northern shore of 

Algoa Bay (Fig. 4. 2) ' is the largest coastal 

dunefield in South Africa (Tinley, 1985). It forms 

a strip 2-3 km wide and 50 km loqg, extending fr~m 

the Sundays River mouth to Woody Cape. Apart from 

- the westernmost 2 km, which has been artificially 

stabilized, the dunefield is in pristine condition 

and as such is an excellent example of a 
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transgressive coastal dunefield. 

The stabilization programme was undertaken from 

1957-1977, with the aim of stabilizing the entire 

dunefield. A littoral dune was first built, using 

fencing to trap sand blown from the beach. The 

area in the lee of this dune was then artificially 

vegetated, mainly with Acacia cyclops, an exotic 

bush. The stabilization programme was abandoned in 

1977. 

4.2. Dune types in the Alexandria coastal 
dune field 

The dominant dune type is the transverse dune, 

which forms part of an akle dune pattern (Fig. 

4. 3) • It covers virtually the whole dunefield 

(Illenberger, 1986). Other dune types include 

longitudinal dunes, small reversing transverse 

dunes, megaridges and barchan dunes. Vegetated 

dune types include hummock dunes, the precipitation 

ridge, parabolic dunes and vegetated longitudinal 
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Fig. 4.3. ObLique aeriaL view of part of the ALexandria 
coastaL dunefieLd. The transverse dunes, which form part 
of an akLe dune pattern, migrate to the right. SLipfaces 
are up to 40 m high. The dominant southwest wind bLows 
from the Left. There are some buch pockets (b) within th~ 
active dunefieLd. There is a vegetated dune patch (p) 
aLong the Landward edge. The doubLe breaker zone, with 
an aLmost continuous outer bar, i s typicaL of the medium
to high-energy wave conditions experienced here. Vi ew 
Looking northwest, c. 12 km qast of the Sundays River 
mouth. The dunefieLd is c. 3 km wide. 
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ridges. 

The small reversing transverse dunes occur along 

the 10 km of shoreline east of the Sundays River 

mouth. The interdune areas, referred to as 

slacks, are 

vegetation. 

commonly damp and support spar-se 

The groundwater table is c. 0.5 m 

below the floors of the slacks; water rises from 

the groundwater table by capillary action, keeping 

the slacks permanently damp. The damp sand acts as 

a deflation armour. The only other naturally 

occuring vegetation within the active dunefield are 

occasional small bush pockets, which migrate Nith 

the dunes. 

The precipitation 

slipface"), marks 

ridge (locally termed "main 

the landward boundary of the 

dunefteld and is well vegetated. The vegetation 

plays an important part in the dynamics of the 

precipitation ridge, by trapping sand and hence 

causing the sand to accumulate and form a high 

slipface which moves slowly: the landward migration 
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of the dunefield is about 0.25 m/yr. Where the 

vegetation on the precipitation ridge is damaged, 

landward movement increases to about 1 m/yr. 

4. 3. Development of the Alexandria coastal 
dunefield 

The dunefield has been formed over the past 6500 

years (i.e. since the sea had risen to the present 

la·v~ after the last Ice Age). The shape of the 

~unefield suggests that sand was supplied to the 

dunefield in pulses; three main pulses can be 

detected (Illenberger, 1988). The pulsing sand 

supply could result from small variations in sea 

level during the past 6500 years, climatic changes, 

or destruction of the dune vegetation by 

prehistoric human (Strandloper) activity or 

bushfires. 
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4.4. Source of sand in the dunefield 

The sand in the Alexandria coastal dunefield is 

derived from the sandy 

seaward boundary of the 

beach which forms the 

dunefield. Sand is blown 

from the beach onto the dunefield by the high 

energy 

dunefield 

onshore-directed dominant 

actively transgresses the 

winds. The 

hinterland. 

The formation of the dunefield illustrates a unique 

property of wind transport of sand, which is that 

it can move large quantities of sand uphill, unlike 

any other sedimentary transport processes. 

Sand transport rates calculated from dune 

movement rates and wind data from 15 to 30 cubic 

metres/metre/yr in an east-northeast direction 

(Illenberger & Rust, in press). The sand transport 

rate decreases with increasing distance from the 

sea due to a reduction in wind speed resulting from 

the higher drag imposed by the land surface. 

The total volume of sand blown into the 
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dunefield is 375000 cubic metres/yr. Sand is being 

lost to the sea by wave erosion along the eastern 

third of the dunefields at a rate of 45000 cubic 

metres/yr. The dunefield thus gains 330000 cubic 

metres of sand/year. This results in dunefield 

growth by vertical accretion at c.l.5 mm/yr and 

landward movement of c.0.25 m/yr. The dunefi~ld is 

a significant sand sink in the coastal sa~d 

transport system, removing about one third of the 

sand transported past the adjacent coastline by 

longshore drift. 

The rate of deposition in coastal dunefields can 

be 10 times as high as rates of deposition in 

continental sand seas. The higher rate of 

deposition may result from the abundant sand supply 

on sandy beaches, and the higher energy of coastal 

winds. 

Wind traqsport is slow and steady compared to 

fluvial or longshore drift transport of sediment, 

and catastrophic aeolian events do not seem to be 
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significant in wind-laden deposits. 

4. 5. Geomorphology of the Alexandria coastal 
dune field 

The geomorphology of the area has been described 

by 1llenberger (1988). Of particular lntere~t are 

the late Pleistocene fossil coastal dunes 

immediately landward of the active Alexandria 

<iunefteld (Illenberger, 1988; Fig. 4. 2) • In 

addition, large fossil dunefields of late Tertiary 

and Quaternary age occur towards Alexandria. These 

fossil duneflelds were presumably formed during 

periods of high sea level during the Cainozoic. the 

pr:i mary driving forces in the geomorphic 

devel:>pmeqt t of the northern Algoa Bay area thus 

appear to be wind and sea level change. 
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Region 8: Southern Cape 
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5. GEOMORPHOLOGY OF THE CAPE FOLD 
MOUNTAINS 

Bernard P. Moon 

~.1 Introduction 

The. landscape of the southern and southwestern Cape 

Province is dominated by a series of sub-parallel 

fold mountain range~ (Fig. 5.1). The southern 

ranges are aligned east-west in arcs slightly 

concave to the south and extend from the Great Fish 

River to False Bay. In the west, the ranges strike 

north-northwest from the syntaxis in the vicinity 

of the Hex River mountains. 

5.2 Geology of the Cape Fold Mountains 

The mountain landscape has developed on the folded 

Palaeozoic shales and quartzltic sandstones of the 

Cape Supergroup (Fig. 5.2) which comprises 
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(a) the Witteberg Group (quartzites and 

shales) 

(b) the Bokkeveld Group (shales and subsidiary 

sandstones, and, 

(c) the Table Mountain Group (predominantly 

sandstones and grits, and subordinate shales). 

The Permo-Triassic orogeny has resulted in 

comparatively gentle folding in the west (between 

False Bay and Clanwilliam), but in the south, the 

folding was more intense along east-west axes. 

The lowermost member of the Cape Supergroup (the 

Table Mountain Group) forms most of the major 

ridges because erosion since the Triassic has 

removed the overlying Bokkeveld and Witteberg 

strata. On the inland margin of the fold belt 

ridges are formed on the highly resistant Witteberg 

quartzites. The intermontane synclinal valleys are 

formed on remnants of the once-continuous 
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Bokkeveld shales. Other lithologies which eKert 

control on the landscape are the basement granites 

exposed in the southwestern Cape, and the 

Cretaceous Enon conglomerates which form rugged 

landscape~ where remnants of this formation exist 

in the intermontane valleys (Fig. 5.3). 

5.3 Geomorphology of the Cape Fold Mountains 

Both Jura and inverted relief types are evident in 

the region. In general, the mountain ridges 

comprise anticlines (either intact oc breached) of 

resistant quartzitic sandstone. The Langeberg-

Outeniqua-Langkloof range frequently has a cuesta 

form developed on one limb of a partially eroded 

anticline. The Swartberg Range (Fig. 5.4) is a 

breached anticlinorium, with a wi. d th of 

approximately 15 km north of Oudtshoorn, reaching 

altitudes in excess of 2000 m. Anticlinal ridges 

are evident in the Witteberg near Matjiesfonteln. 
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Fig. 5.3. Rugged reLief on Econ congLomerate, near 
CaLitzdorp 

Fig. 5. 4. The Swartberg range, north of Oudtshoorn 
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The Cape fold mountains are one of the few mountain 

chains in the world that is not ~ssociated with a 

plate margin. There are conflicting ideas 

concerning the mechanism of the folding (Tankard et 

a 1. , 1982). The abrupt change of S'trike at the 

syntaxis and the overall asymmetry of the folding 

and overturning directed towards the continental 

interior are difficult to explain in terms of 

conventional geosynclinal and plate tectonic 

models (Newton, 1973). Suggested mechanisms for the 

folding include gravitational deformation by 

sliding on a tectonically induced slope (Newton, 

1973; 1980) and the flat plate subduction model 

(Lock, 1980) involving a low-angled subduction zone 

between crustal plates. 

Although both Wellington (1955) and King (1963) 

have explained the geomorphology of the Cape fold 

region in general terms more detailed understanding 
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of the landscape has been gained from research into 

drainage development and slope geomorphology . 

5.4 Drainage Patterns in the Cape Fold Mountains 

A notable feature of the drainage of the Cape fold 

region is the transverse drainage which has, in 

places, incised deep gorges through the quartzite 

ridges (for example, Meirings Poort and Seven Weeks 

Poort in the Swartberg, and Kogman's Kloof near 

Montagu). Drawing analogies with the Appalachians, 

Davis (1906) proposed that the present drainage had 

evolved through superimposition 

surface. Other explanations of 

from an uplifted 

the transverse 

gorges (for example, Taljaard, 1949; Maske, 1957; 

Lenz, 1959) have also favoured superimposition from 

a Cretaceous or Jurassic surface. More recently, 

however, Twidale and Van Zyl (1981) have shown that 

headward erosion along structural weaknesses and 

river capture are responsible for the present 



drainage pattern. Such an explanation is broadly 

consonant with Partridge and Maud's (1987) 

suggestion tha~ the Cape mountains are a dissected 

landscape lying above the oldest (African) erosion 

surface of the subcontinent. It is unlikely, 

therefore, that a surface existed from which the 

drainage pattern could have been superimposed. 

5.5 Rock Slopes in the Southern Cape 

Analyses of rock slopes ln the Cape fold region 

(Moon, 1984) have shown that the mountain slopes 

reflect a variety of controls. In addition to the 

obvious structural control of dip-slope forms and 

anticlinal ridges (eg., Fig. 5.5) there is abundant 

evidence of the development 

equilibrium forms, i.e. 

of slopes to strength 

slopes developed to 

gradients which reflect the resistance of the rock 

masses on which they are formed. Examples of such 

slopes are found on the inward-facing slopes of the 
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Fig. 5.5. AnticLinaL ridge in Witteberg quartzite, 
near Matjiesfontein 

Fig. 5.6. Strength equiLibrium sLope on quartzite and 
shaLe, Swartberg 
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Swartberg breached anticline (Fig. 5.6) which have 

been analysed using Selby's (1980) rock mass 

strength technique. 

(Fig. 5.7) shows 

An example of such an analysis 

the correspondence between 

gradients of individual slope units and rock mass 

strength. In the example only four units (K,N,O and 

Q) are not in equilibrium with rock strength; the 

data for the remaining units plot within the 

strength equilibrium "envelope" defined by the 

dashed lines. Such strength equilibrium slopes also 

exist in the transverse gorges where steep slopes 

are frequently cut across steeply dipping strata 

(Fig. 5.8). 

Isolated low-angled erosional rock benches and a 

number of Richter denudational slope forms (on 

Camferskloof Peak and in the Franschhoek valley) 

are indicative that conditions have existed where 

the effects of surface processes have overcome 

controls exerted by rock resistance and structure. 
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Fig. D.B. GoPge side sLope in the SwartbePg Pange 



In general, however, both the gross morphology and 

the detailed form of the mountain landscape 

reflects the dominance of structural and 

lithological control. 
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Region C: Southwestern Cape 

and the Namib Desert 

82 



BOTSWANA 

NAH/8/A 

ATLANTIC 

SOUTH 

OCEAN AFRICA 

100 

km 

Site Locations, southwestern Cape 

83 



A TLANT/C 

OCEA N 

100 

km 

Site Locations, Namib desert 

84 



6. GEOMORPHOLOGY OF THE CAPE PENINSULA 

C.J.H. Hartnady, J.Rogers, J.M. Moore 
and J.R. GrindLey 

6.1 Introduction 

The Cape Peninsula (Fig. 6.1), which includes 

Table Mountain, is separated from the mainland of 

the south western Cape by the sandy Cape Flat. 

The Cape Peninsula is made up of various 

lith~logies (Fig. 6.2); the quartzitic sandstones 

of the Table Mountain Group, the Cape Granites, 

rocks of the Malmesbury Group, rocks of the 

Sandveld Group. There are also Dolerite dykes 

penetrating the Peninsula Formation in various 

areas. Surface deposits of silcrete, ferricrete 

and calcrete are also found in the Cape Peninsula 

area. 

There are a number of sites in the Cape 

Peninsula indicating higher sea levels in earlier 
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Cape Point 

Fig. 6.1. The Cape PeninsuLa 
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times. These are apparent in the form of erosion 

surfaces such as the Green Point Common and in the 

form of boulder beaches at several sites on the 

west coast of the Peninsula. 

6.2. Locality and route descriptions 

The itinerary to be described proc~eds around the 

Cape Peninsula 

and ending at 

beginning with 

in a clockwise directioq, starting 

the University of Cape Town and 

a foray onto the Cape Flats to view 

the youngest strata along the fringes of False Bay. 

In this way, the stratigraphic units are generally 

encountered in order of increasing age. From a 

practical point of view , Chapman's Peak Drive is 

best seen in afternoon light and its parking 

alcoves are more accessible while travelling from 

south to north. 
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times. These are apparent in the form of erosion 

surfaces such as the Green Point Common and in the 

form of boulder beaches at several sites on the 

west coast of the Peninsula. 

6.2. Locality and route descriptions 

The itinerary to be described proceedR around the 

Cape Peninsula 

and ending at 

in a clockwise direction, starting 

the University of Cape Town and 

beginning with a foray onto the Cape Flats to view 

the youngest strata along the fringes of False Bay. 

In this way, the stratigraphic units are generally 

encountered in order of Lncreasing age. From a 

pra'ctical point of view, Chapman ... s Peak Drive is 

best seen in afternoon light and its parking 

alcoves are more accessible while travelling from 

south to north. 
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6.3. UCT - Settler's Way - Macassar. 

Beginning at the University of Cape Town, which is 

founded on deeply weathered, clayey Sea Point 

Formation strata dipping steeply to the south-west, 

the route proceeds eastwards along Settler's Way 

across the valley of the Liesbeek River. The stream 

course appears to be determined by a NNE-striking 

fault zone, running from Constantia Nek through 

Kirstenbosch. This post-Cape faulting and folding 

in turn appears to be controlled by an older 

feature in the pre-Tabl~ Mountain Group basement. 

The Black River is crossed near the Athlone 

Power Station, whete it meets the Elsieskraal 

River, en route to Table Bay. Further downstream 

the Black River links up with the Liesbeek and the 

much larger Diep River to form the polluted estuary 

of the Sout River. 

From west to east across the southern Cape 

Flats, the other modern stream systems are: (1) the 
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Keysers-Diep River system originating on the slopes 

of Table Mountain and entering Sandvlei near 

Muizenberg, ( 2 ) the Lotus River arising on the 

Flats near DF Malan Airport and entering the 

Zeekoeivlei complex, and (3) the Kuils-Eerste River 

system arising in the Joostenbergvlakte, between 

the Tygerberg Hills and the Bottelary Hills, and in 

the mountains behind Stellenbosch and Somerset 

West. The Kuils River is barred from the sea by 

calcrete-capped Late Pleistocene calcarenites. 

6.4 Macassar Site 

The bedrock beneath the Cape Flats consists of 

deeply weathered Malmesbury Group sedimentary 

rocks. IntruBion and contact metamorphosis by Cape 

Granite Plutons has resulted in the formation of 

hornfels along the non-conformity, on which rounded 

foothills develop. These rocks are in turn overlain 

by sandstones of the Table Mountain Group forming 
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the Hottentots-Holland Mountains. 

The vleis of the Kuils River that are dammed by 

Pleistocene calcareous ~andstones of the 

Bredasdorp Formation. During winter these vleis 

overflow into the Eerste River. The aeolian origin 

of the sandstones is particularly apparent on 

aerial photographs by their south-easterly 

orientated parabolic dunes. 

6.5 Swartklip Site 

Evidence suggests that the base of the aeolian 

sands represents a marine sequence formed during a 

Late Pleistocene interglacial high sea level 

135000 years ago. In the intertidal zone, below 

the low cliff, the marine sediments are capped by a 

calcrete. As calcrete only forms above sea level 

this provides evidence that sea level fell after 

the interglaci~l high. 

Subsequently, sea level rose to above that of 
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today, and covered the calcrete with a second 

marine sequence thought to be 125000 years old 

(Late Pleistocene). Abundant molluscs, most of 

species still living today, are found in a bed in 

the cliff, a few metres- above present sea level. 

The elevation of the bed shows that the Late 

Pleistocene (125000 years ago) interglacial sea 

level was slightly higher than that of today and 

the climate was probably, on average, slightly 

warmer. 

Ouring the following glacial period the 

coastline retreated near the mouth of False Bay to 

the 130m isobath (Fii. 6.3). False Bay became dry 

land and dun~s formed behind and steadily covered 

the retreating beach as more and more sea water 

became tr•pped in the continental ice-sheets of the 

Northern Hemisph~re. 

gla~ial period, 

dunefield, reaching 

years ago. 

Therefore during part of the 

False Bay was an extensive 

its greatest extent c.20000 
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6.6. Wolfgat Cliffs Site 

From the top of these cliffs, we can glimpse the 

crests of the parabolic dunes that the Pleistocene 

southeasterly winds created. An indication of their 

age (20000-125000 years) is obtained from the 

extensive development of calcrete crusts on the 

surface of the semi-consolidated dunes. As the last 

Ice Age waned, the sea level rose and the coastline 

inexorably encroached landwards again. The calcrete 

capping the dunes formed during the pre-Flandrian 

regression and hindered erosion by the ocean during 

the Flandrian Transgression. Where the dunes were 

high, as at Wolfgat, impressive cliffs up to SOm in 

height were formed. 

Buried beneath these cliffs and underlying 

Mitchell's Plain is an elongate deposit of slightly 

phosphatic marine sediments of the Pliocene 

Varswater Formation. Bedrock beneath the coastline 

lies about 20 m below present sea level and is 

95 



composed of 

Cliffs and 

stands on 

Malmesbury Group shales east of Wolgat 

Cape Granite to the west. Seal Island 

the N-S contact between the two rock 

formations down the centre of the bay. Malmesbury 

bedrock is best seen along the coast at Gordon's 

Bay and Kogel Bay, whereas granite bedrock is 

visible south of Simon's Town. Tropical weathering 

of the granite to kaolin occurred during 

the Early Tertiary. The impermeability of the 

kaolin assists the formation of the vleis such as 

Zeekoeivlei and Rondevlei that have dammed up 

behind the coastal dunes towards Muizenberg. 

6.7. Fish Hoek Valley 

Two sets of faults transect the Cape Peninsula; a 

dominant northwest/southeast-striking set and a 

less prominent northeast/southwest-striking set. 

The northwest-striking faults cut diagonally across 

the Peninsula, dividing it into a series of fault-
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bounded blocks. The two major faults are the Fish 

Hoek - Noordhoek fault and the Smitswinkel Bay

Die Mond fault. 

The Fisk Hoek Noordhoek fault is a normal 

fault, across which the block to the north 

(Muizenberg) has been downthrown, relative to the 

southern (Smitswinkel Bay - Fish Hoek) block. As a 

result of the faulting, the Cape Granite exposed 

along Jaggers Walk on the southern side of the 

valley is buried below sea level on the Clovelly 

side where the lower formations of the TMG are 

exposed. The Peninsula region between Fish Hoek 

and Smitswinkel Bay has been uplifted relative to 

both the block to its south (Cape Point Reserve) 

and the block to its north (Muizenberg), thus 

representing a horst structure. 

6.8. Froggy Pond 

Variable weathering of granite is observed in road 
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cuttings south of Simon's Town. Weathering took 

place under humid-tropical conditions during the 

Early teriary and was more intense and penetrated 

deeper along zones of narrowly spaced joints and 

fractures in the granite. Corestones of 

fresh granite were preserved where the joint sets 

are more widely spaced. Lowering of the land 

su~face by subsequent erosion then etched out a 

residual tor topography in the granite. 

Well-exposed talus deposits of angular quartzite 

boulders, derived from the TMG scarps above, 

overlie the granite. 

mechanical weathering, 

Talus formation occurred by 

during Pleistocene glacial 

periods probably accelerated by frost action when a 

major regression to the mouth of False Bay withdrew 

the moderating thermal effect of the sea. 

6.9. Smitswinkel Bay 

The roadway above Smitswinkel Bay lies to the north 
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of the Smitswinkel Bay fault. Here the granite-

TMG unconformity is well above the level of the 

road, 100 metres above sea level. However, on the 

south side of the bay, outcrops of TMG sandstones 

can be seen along the coastline. Thus, on the 

south side of the fault, the granite - TMG contact 

is well below sea level. The Smitswinkel Bay fault 

is thus a normal fault, the southernmost block of 

the Cape Peninsula (Cape Point Reserve) having been 

downthrown by over 100 metres relative to the 

Smitswinkel Bay Fish Hoek block. The actual 

fault-plane itself is not visible here, but the 

increasing amount of fracturing in the granite at 

the southern end of the parking area is an 

expression of the faulting. A small dolerite dyke 

intrudes the granite at sea level north of the 

fault, but its relationship to TMG sandstones is 

obscured by talus. 
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6.10. Cape Point 

To view the scenery and geology here it is 

necessary to climb up the path to the old 

lighthouse. From the view point one can identify 

the three promontories at the southern end of the 

Peninsula, from west to east, Cape of Good Hope, 

Cape Maclear and Cape Point itself on which the 

lighthouse stands. Off Diaz Beach, immediately 

west of Cape Point, well developed rip-currents are 

easily observed from this high vantage point. The 

visible hard-rock geology here consists mainly of 

Peninsula Formation sandstones exposed in vertical 

cliffs, with the Graafwater Formation at the base. 

Granite is exposed only at the very high tip of the 

point. 

The submerged Rocky Bank lies in the mouth of 

False Bay, a third of the way across towards Cape 

Hangklip, which itself has a long submarine 

westward extension in Hangklip Ridge. Long-period 
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south-westerly swells are focussed by Rocky Bank to 

create giant "killer waves" around Kogel Bay. 

During periods of low sea level the False Bay 

drainage system would have been largely channelled 

through the narrow gap between Rocky Bank and 

Hangklip Ridge. There is another deep channel 

between Rocky Bank and Cape Point and this would 

have carried a stream system from the Fish Hoek-

Simonstown area, along the steep eastern side of 

the Southern Peninsula. 

South-southwest of Cape Point both outlets from 

False Bay flow down into a bathymetric feature 

known as the Cape Point Valley. Today this is an 

important channel for the upwelling of cold, 

nutrient-rich, South Atlantic Central Water which 

occurs along the west coast north of Cape Point 

during summer south-easterly gales. The rich 

fishing grounds of the Benguela Current originate 

in this region. 

Note that the tip of the Agulhas bank is 300 knm 
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south-east of this site, whereas the shelf break 

due west of here is only 60 km away. The submarine 

Falkland Plateau, now part of the South American 

continental margin, east of Patagonia, rifted past 

the Agulhas Bank between 130 and 100 Ma ago during 

the Early Cretaceous opening of the SQuh Atlantic 

Ocean. Rifting of the South Atlantic margins was 

achieved by northward propagation of the initial 

"crack" and its surrounding zone of faulted and 

stretched continental crust. The south-western 

continental slope of southern Africa is today 

characterised by large-scale submarine slump 

structures, 

in extent. 

some of which are tens of kilometres 

6.11. Noordhoek 

The evidence which suggests that tropical 

weathering created the kaolin deposits comes from 

boreholes drilled in the sandy sediments beneath 
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the Noordhoek farmland. These sediments have been 

drilled to bedrock as much as 90 metres below sea 

level. The lower horizons are angular, coarse 

fluvial sands and thick interbeds of peat that 

contain abundant pollen from either palms or 

Podocarpus (yellowwood). A warm, humid climate ls 

necessary to support such vegetation and to cause 

the leaching for the formation of kaolin (Fig. 

6. 4) • Only equatorial countries (e.g. Uganda) have 

climates that support kaolin formation today. 

Peats in the middle horizons carry pollen rich 

in Compositae (daisies) that characterise the 

Quaternary period (0-2 million years). It is 

therefore assumed that the deeper horizons are at 

least Tertiary in age. 

The penultimate interglacial occurred towards 

the end of the Pleistocene epoch within the 

Quaternary period about 125 000 years ago. We have 

seen the raised marine sequence formed at 

Swartklip. It would appear that the sea also 
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advanced up Wildevoelvlei on the Kommetje side and 

formed a sheltered lagoon at Soutpan in the centre 

of the valley, as ts indicated by the fossil 

presence of large quantities of estuarine 

bivalves. 

Immediately below the view site are vegetated 

dunes of white sand composed of quartz and white 

shell fragments. In between the dunes one can find 

large barnacles and rarer sandstone cobbles that 

cannot have an aeolian origin. 

Moving seawards will see one of the largest 

backshore lagoons along the south African 

coastline, a clear landmark on satellite images of 

the Cape Peninsula. ln winter this lagoon is 

episodically filled by both rain water from the 

surrounding hills and seawater from waves that wash 

over the beach during northwesterly storms, 

particularly those that coincide with spring tides 

causing storm surges. Kelp is frequently washed 

over into the lagoon and their anchoring 
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"holdfasts" occasionally consist of sandstone 

cobbles. However the kelp always t"l) ts and 

disappears, whereas any cobble attached to the 

kelp remains, explaining the pres(~nce of 

cobbles between the dunes. The sand between the 

dunes may therefore be intecpreted as an eGrlier 

part of the lagoon which is now covered by younger 

aeolian sand. 

The coast-parallel zones of dune-lagoon-beach 

have therefore prograded slightly. This was ~aused 

by sea level recovering to about 3 m above Ltq 

present level 5000 years ago, after the last 

glacial period. The Flandrian Tr.!lnsgre,-;s L:>n 

therefore has retreated slightly during th~ last 

few thousand years. 

The beach itself is highly dynamic but i. 11 

general it fl ts midway into a worldwide scheme 

ranging from reflective (very steep) to di3si~atlJe 

(gently sloping like Muizenberg). In summer., when 

energy levels are relatively low, the beach L:; 
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usually in a "transverse bar and rip" state. 

Conversely, in winter, the beach is in a "rhythmic 

bar and beach" state. 

sand from the foreshore 

The winter beach transfers 

to a crescentic offshore 

bar and large cusps develop on the foreshore, 

facing seawards towards similar cusps on the bar 

facing landwards. The summer beach has bars 

perpendicular to the beach between regularly-spaced 

rips onto the beach. In general, the beach builds 

seawards in summer, whereas in winter the beach 

retreats as sand is eroded seawards to the offshore 

bar. 

The dynamic nature of the beach, may be 

contrasted with the consolidated or lithified 

version visible in the sandstones of the Table 

Mountain Group exposed on Chapmans Peak Drive. 

6.12. Chapman's Peak Central Stop 

On the Cape Peninsula, the lower Ordovician 
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Graafwater Formation occurs at the base of the 

Table Mountain Group, lying unconformable on a low 

relief granite platform. Here the formation is 70 

m thick and consists of three facies; 

(1) Quartzarenite facies. This is a fine- to 

medium-grained, well sorted quartz areni.te 

(quartzite), lying directly above the granite 

contact. The quartzite units are tabul;ir or 

lenticular and are separ-ated by thin green 

siltstone drapes. Trough cross-bedding is common 

throughout; although planar cross-bedding also 

occurs. Other sedimentary structures that can be 

seen are ripples, convolute bedding and water-

escape structures such as load casts and flame 

structures. Trace fossils ( 1.. e. the burrows and 

tracks left by soft-bodied animal~) are rare. 

Skolithos, a vertical burrow, Is the most common. 

(2) Interbedded arenite-siltstaone facies. ThL; 

facies consists of a vertical succession of thinly 

interbedded maroon siltstones and quactzose 
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sandstones. Vertically a gradational change from 

siltstone to mudstone occurs. Common types of 

lenticular bedding . Sand-bedding are wavy and 

filled desiccation cracks and clay-draped ripples 

(flaser bedding) are frequent. 

(3) Mudstone facies. This is a maroon to red-

brown mudstones with interlaminated siltstone in 

the lower parts. Ripples, desiccation cracks and 

burrows occur, as well as deformation by load

casting of the overlying Peninsula sandstone. 

The depositional environment of the Graafwater 

Formation is thought to have been a tidal-flat 

deposit behind a barrier-island complex. The 

quartz-arenite facies is associated with a shallow, 

tide-dominated sand-flat zone. 

This is followed by a 

(interbedded arenite-siltstone 

mid-tide 

facies) 

deposit 

and a 

supratidal mudflat deposit (the mudstone facies). 

The graafwater shoreline has been inferred to run 

NE-SW, and to be dominated by the seaward-flowing 
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ebb current. 'We s taward longshore c u rre~n.ts were 

important and sediment transport direc-t(ons were 

mainly to the south-w.est. The scarcity of fossils 

probably ind i .ca tes an environment of · high 

sedimentation rates. This is interpreted to be _a 

mesotidal environment, with a tidal range of 2-3 m, 

compared with the moderp micritidal environment of 

less than 2m. 

In the Ca~e town area~ the 

Formation i.s be twee,n- __ 60,0 and 

overlying Peninsula 

750 - m thic;:k. Its 

thickness increases- nor.thwards and eastwards to 

apprGximately 2000 m in .the Cape _Foldbelt. It . is a 

quartz-arenite complex that covered .the back

ba~rier tidal-flat deposits of the Graafwater 

Formation during a subsequenr marine _invasion 

(transgression). The Peninsula Formation is very 

uniform in composition., be~ng mainly a medium

grained quartz arenite with incl~sions of vein 

quartz, quar.tzite and slate pe_bbles.. It is one of 

the largest accumulations of quartzitic sand in the 
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entire geological record and can be divided into 

five facies on the basis of the assemblages of 

sedimentary structures: 

( 1 ) Facies 1. Plane-bedded sheet sandstones. 

These occur locally at the base of the formation, 

interlayered with the Graafwater Formation. The 

sequence is 1-10 m thick, plane-bedded and dips 

gently northwestward. Their landward dip (NW) and 

overlapping relationship with the underlying 

formation, suggest a barrier-overwash origin. 

(2) Facies 2. Small scale channels. These 

scour-channel units are 30-180 m thick and have 

quartz-pebble or mud-clast basal lags on the floors 

of the channels. They show internal trough and 

planar cross-beds, and plane-bedding. They are 

interpreted as tidsl channel deposits ln estuarine 

sandflats landward of a barrier complex. 

(3) Facies 3. Plane-bedded sandstones. These 

units are 80-350 m thick and dip gently 

southeastward. They are thought to be beach-
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foreshore deposits with the inclinations of the 

beds indicating the beach profile. 

(4) Facies 4. Large-scale channels. These 

channel sequences may be up to 40 m thick and are 

characterised by trough cross-bedding. They are 

suggestive of tidal-inlet origin and show lateral 

migration of the channel ln the direction of 

longshore drift (i.e. south-westwards). 

(5) Facies 5. Sand bar complexes. These are 

tabular to lenticular units of 2-20 m thickness, 

with complex internal cross-stratification. They 

represent longshore (southwestward) - and offshore 

(southeastward) - directed sandbars. 

In terms of depositional environment, the 

Peninsula Formation represents 

coastal-barrier sand deposits 

a sequence of 

that overlap the 

Graafwater tidal-flat deposits, due to marine 

transgre-ss-ton. The lower part of the formation 

consists of small-scale tidal channels (facies 2) 

and washover sheet deposits (facies 1 ) • These 
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grade upward into beach foreshore deposits (facies 

3) and large scale tidal inlets (facies 4), which 

are overlain in turn by sandbar complexes (facies 

5). The littoral facies 1, 3 and 5 can be seen in 

the modern environment along Noordhoek Beach. The 

estuarine facies 2 and 4 can be seen in the 

Keurbooms Estuary at Plettenberg Bay. 

The lower most part of the Pakhuis Formation is 

barely preserved in the Cape Peninsula as a thin 

remnant of 

facetted and 

Beacon (1086 

Mountain. 

glacial deposits, containing ice-

striated 

m), the 

pebbles around 

highest point 

Maclear's 

on Table 

On the short drive up to the next view stop, 

signs of faulting may be noted in the Table 

Mountain Group. 

6.13. Chapman's Peak North Stop 

Some short drill-holes in weathered red shale of 
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the Graafwafer Formation at this locality repres .~i'ft'" 

one of the first investigations into the 

palaeoma~netism of some South African sedimentary 

rocks. The results showed that the palaeomagnetic 

South or "Gondwanaland" pole was located at SO 

degrees north, 11 degrees west, just west of North 

Africa (Morocco) in Graafwater times. In other 

words, the Cape Peninsula was then close to the 

equator, in tropical latitudes. By Pakhuis times, 

however, glacial conditions had emerged. The 

palaeomagnetism of the Pakhuis and Cedarberg 

Formations has not yet been established so we do 

not know if this "Winterhoek glacial episode" was 

due to rapid movement of Gondwanaland towards polar 

latitudes or, alternatively, the onset of a 

particularly severe global glacial climate in 

Ordovician-Silurian times, leading to a great 

expansion of polar ice sheets to low 13titudes. 



6.14~ Bakoven- Camps Bay 

Note the steep modern boulder beach just south of 

Bokven. 

During a severe northwesterly gale in May 1984, 

a storm surge swept across the main road at Camps 

Bay. In consequence, the pool was also completely 

filled with sand. In cont~ast, the Clifton 

beaches were stripped of their sand down to granite 

bedrock. Sand-blasted, polished and fluted granite 

outcrops are seen at the northern end of Camps Bay 

beach, testimony to the power of south-easterly 

gales which swoop down from the Twelve Apostles. 
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7. GEOMORPHOLOGY OF THE CENTRAL NAMIB DESERT 

John D. Ward 

7.1 Introduction 

The Namib is a c. 2000 km long, narrow desert (Fig. 

7.1), lying west of the Great Escarpment, and 

stretching northwards from the Olifants River in 

the Cape Province, to the Carunjamba River in 

south-western Angola. Several major geomorphic 

provinces of the Namib will be observed during this 

part of the excursion, namely: 

- Great Escarpment 

- main Namib Sand Sea of the central area, 

including its northern boundary formed by the 

Kuiseb and Swakop Rivers; 

-ephemeral watercourses, notably the large 

linear oases of the exoreic Kuiseb and Swakop 

Rivers; 

-gravel and duricrust (both calcrete and 
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Fig. 7.1. The Namib Sand Sea and adjacent areas 
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gypcrete) capped plains; 

-inselbergs, composed of a variety of rock 

types, including, marble, quartzite, granite 

and migmatite; 

-raised marine deposits of Late Tertiary and 

Quaternary age. 

Most of these features are particularly well 

evidenced in the Namib-Naukluft Park and West Coast 

Recreation Area. 

7.2 The Sesriem Canyon - Kuiseb Canyon - Gobabeb
Swakopmund Section 

Sesriem Canyon is a small, c. 30 m deep by c. 3 km 

long, gorge on the Tsauchab River where this 

ephemeral watercourse enters the Namib-Naukluft 

Park. The canyon is approximately 3 km south of 

the Nature Conservation camp at Sesriem. 

The Tsauchab River has carved Sesriem Canyon out 

of consolidated, mainly calcified, Cainozoic 

deposits that represent sediments laid down by the 
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forerunner of the modern, incised ephemeral 

watercourse. The incision is thought to have 

occurred at the end of the Tertiary in response to 

epeirogenic uplift of the subcontinent (Korn and 

Martin, 1957; Partridge and Maud, 1987). The 

deposits exposed in the walls of the canyon are 

therefore Tertiary in age, and three units can be 

recognised: 

( 1 ) Basal, arenaceous unit with scattered 

rudaceous lenses and layers. These sediments 

exposed in the basal pa~t of the canyon walls, are 

interpreted as an ephemeral stream (fLuvial) facies 

of the Tsondab Sandstone Formation, a predominantly 

aeolian dune and sand sheet deposit that 

accumulated under desert conditions (Besler an~ 

Marker, 1979; SACS, 1980). There are differing 

views on the age of the Tsondab Sandstone: 

(a) the maximum age is about 15 million years, 

i.e. Middle Miocene (S~lby, 1976; Partridge 1985; 

Partridge and Maud 19~7), and 
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I,·. 

(b) the Tsondab Sandstone accumulated between 

the Late Eocene (c. 40 million years) and Middle 

Miocene (Martin, 

1984, 1987a,b). 

1950; Ward et al., 1983; Ward, 

( 2) Conglomeratic unit 

and argillaceous 

with 

beds. arenaceous 

gravels, displaying crude 

subordinate 

Calcified 

horizontal 

stratification, are well exposed in the upper 

levels of the canyon walls. 

is dominated by greyish, 

The clast assemblage 

bluish and black 

limestone and dolomite, derived from the Naukluft 

Mountains and adjacent Great Escarpment. The 

gravels were o:Jiginally deposited in braided 

streams on a large alluvial fan that thinned 

westwards away from the Escarpment. These 

rudaceous deposits are equated with the 

Karpfenkliff Conglomerate Formation that caps the 

high~lytng terraces flanking the Kuiseb River. The 

conglomerates are dated provisionally to about the 

Middle Miocene by Ward et al., 1983. 



These pre-incision gravels reflect a change from 

arid conditions prevalent during Tsondab Sandstone 

times to a semi-arid climate in about the Middle 

Miocene. 

widespread 

This deduction is borne out by the 

development of alluvial fan-

braidplain deposits over the Tsondab Sandstone, 

particularly adjacent to lnselbergs situated well 

within the Namib tract. Cementation was probably 

effec.ted by groundwater processes. 

( 3) Pedogenic calcrete. A pedogenic calcrete 

commonly caps the conglomerate and is exposed on 

the ·surface 

This unit, 

calcareous 

ln the vicinity of Sesriem Canyon. 

2-3 metres thick, represents a 

soil that formed under 

geomorphologically stable conditions when a semi

arid, probably summer seasonal rainfall (350-450 

mm/yr), climate prevailed for some several hundreds 

of thousands of years (Yaalon and Ward, 1982). 

This calcrete is correlated with the Kamberg 

Calcrete Formation of the central Namib and is 
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considered to be End Miocene in age (Ward et al., 

1983; Ward 1984, 1987a). 

Following this period of landform stability and 

semi-aridity, which is presumed to have been drier 

than that of the Middle Miocene, the climate 

deteriorated further with the establishment of the 

cold-water Benguela Upwelling System in the Late 

Miocene (Siesser, 1977, 1980). The present Namib 

Desert, notably the dune-building phase, thus dates 

back to about the Pliocene, as does the deep 

incision by the westward-draining rivers traversing 

the Namib Desert. Significantly, the southerly 

quadrant (SSE to SSW) wind regime has played a 

considerable role in promoting desertic conditions 

along south-western African coast, both during the 

Tsondab Sandstone times and during the current 

Namib Desert 

orientation 

phase. 

of the 

This is reflected in the 

cross-bedding in Tsondab 

aeolianites, as well as Quartenary palaeo-dune 

deposits, and in the structure and distribution of 
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modern dune types in the Namib. 

Approximately 40 km north of the Sesriem, en 

route to Solitaire, and to the west of the road, 

good exposures of the aeolian facies of the 

Tsondab Sandstone exist on the farm Dieprivier. 

The Kuiseb Canyon also provides examples of 

mesas carved in Cainozoic sediments resting on 

bevelled Late Precambrian Kuiseb Formation schist. 

The deep incision by the Kuiseb drainage system can 

be appreciated on the road through the canyon. 

Immediately upstream of the bridge, on the right 

bank, are calcified conglomerates forming a terrace 

deposit c. 30 m above the present course. These 

deposits represent the first aggradational phase 

after the deep incision by the Kuiseb River and are 

dated provisionally to the Pliocene/Pleistocene 

boundary (Ward, 1987c). 

The Kuiseb Canyon look-out provides a vantage 

point from where the main geomorphic features of 

the central Namib, except the main Namib Sand Sea, 
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can be viewed. Inselbergs of this area have been 

discussed by Oilier (1977, 1978) and Selby (1977). 

7.3 The main dune types of the Namib Sand Sea 

The major dune types in the main Namib Sand Sea can 

be seen en route from Sesriem, via Gobabeb, to the 

coast. Dune type and distribution has been 

summarised in a number of publications (for 

example, Barnard, 1973; Besler, 1980; Harmse, 1980; 

Mckee, 1979, 1982; Ward 1984; Ward and Von Brunn, 

1985; Livingstone, 1985; Lancaster, 1987). 

All the main dune types are to be found ln the 

Namib Sand Sea, notably, parabolic, barchan, 

transverse, linear, star and network dunes as well 

as a number of combinations, e.g., complex linear 

dunes containing reversing, transverse and star 

elements. The satellite imagery covering the Namib 

Sand Sea clearly illustrates the distribution of 

dune types: 
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(1) The coastal zone up to c. 30 km wide, 

dominated by crescentic dune types. 

(2) The central zone, between c. 20 km and c. 90 

km inland, dominated by linear dunes. 

(3) The eastern zone, between c. 9D km and 130 

km inland, dominated by stellate and reticulate 

network dune types. 

The colour of the 

east to orange in 

dune changes from red in the 

the central area, paling 

westwards to yellowish and off-white in the coastal 

belt .• 

Salient features of these three zones of the 

main N~mib Sand Sea are summarised in Table 7.1 

(after Ward and Bulley; in Brink, 1985). 

7.3.1 Sesriem area 

Large stellate dunes flank the Tsauchab Valley from 

approximat~ly 10 km west of the Sesriem camp 

downstream to Sossus Vlei - the endpoint (terminal 
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TabLe ?.1. Summary of the three zones of major dune 
types in the main Namib Sand Sea 

CliARACTERISTlCS 

Approximat ~ width 

Wind Regime 

Dune Type 

Dune 0(ientation 

COASTAL BELT 

5 - 30l<m 

High-energy, narro~ uni
rrodal, southerly quadrant. 

Southern ~amib: SSW-SSE; 
92\ of sandflow at Kolman
skop from the SSW-SSE; 
Drift Pocential at Pomona 
2823VU · (~ector Units). 
Central Namib: SW-S; 
80\ of sandflow between 
Sandwich Harbour and 
Walvis Bay from SSW; 
Drift Potential at Pelican 
Point 51SVU. 
Summer: S quadrant 
Winter: S _& E quadrant 

Cresce n tic dunes, incl. 
transverse <simple and 
compound), barchanoid & 
barchan types. 
Parabolic dunes rare . 

\mainly N"i\-SE.. 

I 

CENTRAL ZONE 

up to 60Jun 

Low- to intermediate
energy, complex 
bimodal (SSW & NE-E). 
Summer: S quadrant 
Winter: E quadrant,low 
frequency, high speed. 

Central Namib: 60-80% 
of sandflow from S-SW; 
l~-20t of sandflow 
from NNE-E; locally 6-
8\ of sandflow from N
NNW. 

Linear dunes \complex 
and compound ) . 

-ranges 

I 
mainly N-S, but also 

to NW-SE. 

Dune Heigh:. I 3 to so·m; up to lOVm ln i mainly 50 t.O 170m 
<metres) 1 places,e.:;. Sandwich 

Haroour. 

Dune Spacing 100 to l400m 1000 to 2500m 
tmetres) 

Nett Oi~ect.i6n of Nor"ther ly , ranges mainly Northerly, ranges NW 
Sand Dune Movement NNW to ENE. to ESE. 

Ra.tes of sand Dune 
Movement 
(metres/year) 

Loca·l reversals to SSW-W 
caused by eas~erly winds 
during winter. · · 

Bocenfels: 48 
S. Grillental: x- 4.3 

Namib ranoe 24-60 
Grazplatz: 30-:-110 

Along the northern 

I 
boundary, linear dunes 
extend into the Lower 
Kuiseb River at c.l, 

~----~~w~a71-v~i ~s-=sa_y __ : _x-----~~ range O-Z. 
C. range 1-15 

Namib Kuiseb Delta: x -
range O.S -6.5, 
decreases W to E 
acr·oss the Delta 
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EASTERN ZONE 

up to 40krn 

Low-energy, complex 
bimodal to trimodal. 

Summer: S & w qdt. 
Winter: E quadrant 

Central Namib: 53\ 
of sandflow from NE
E; 35t of sandflow 
from wsw-vww 

1 Stellate dunes; 
I Linear dune s with 

I 
anastomosing and 
reticulate patterns. 

I 
Variabl.e; NNW-SSE, 
includes ne~work 
pat terr.. 

! 
Stellate dunes up t o I 
300m; Remainder I 
mostly ~SOm. 

Variabl.e: Stellate 
dunes 600 to 2600m; 
Remainder 100 - 400m 

' Unknown 

I Unknown 



playa) of the ephemeral Tsauchab River some 60 km 

farther downstream. These star dunes are the 

highest in the Namib, reaching up to c. 320 m. 

However, this estimate may be biased because the 

arms of these dunes appear to spill over into the 

Tsauchab Valley from a higher rim. The basal 

portions of these dunes are vegetated, mostly with 

grasses (Stipagrostis spp.; cladoraphis spinosa) 

and several forms, e.g., Hermannia sp. 

Another dune form, which is relatively well 

vegetated, is a low (less than 30 m high), 

anastomising or reticulate network dune that is 

commonly developed as a thin veneer over the 

Tsondab Sandstone in the eastern sector. 

7.3.2 Gobabeb area 

Complex linear dunes, c. lOOm high, front onto the 

Kuiseb River in the vicinity of Gobabeb, the site 

of the Namib Research Institute where the Desert 
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Ecological Research Unit is based. Here three 

major physiographic regions of the Namib Desert are 

clearly visible, namely the sand sea, the linear 

oasis type (Kuiseb watercourse) and the plains. 

The 0-2 m/yr northward extension of the linear 

dunes is checked primarily by fluvial erosion 

during the sporadic floods of the ephemeral Kuiseb 

River. Riparian woodland and extensive stands of 

Stipagrostis sabulicola on the flood plain also 

help retard dune encroachment into the Kuiseb 

Valley. 

7.3.3 The Walvis Bay- Swakopmund area 

Crescentic dune types predominate in the narrow, (8 

km wide, dune belt between the Kuiseb Delta-Walvis 

Bay area and the Swakop River, which provides 

another barrier to northward dune encroachment. On 

the eastern edge of this dune belt, however, a 

number of star dunes have formed, probably as a 
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consequence of interacting SSW and NE winds. 

7.4 The Swakopmund, Henties Bay and Spitzkoppe 
region 

Swakopmund is situated on a large alluvial delta of 

the former Swakop River. Northwards, and parallel 

to the coast, are a number of raised marine 

deposits of probable Late Pliocene, Early 

Pleistocene, Middle Pleistocene, Late Pleistocene 

and possibly even Holocene age (Rust and Wieneke, 

1976). Prominent deposits occur above c. 17 m to 

c. 30 m a.s.l. and contain Striostrea margaritacea 

(oyster) fossils indicative of warmer water 

conditions. These are likely to be Early 

Pliostocene in age but the deposits contain 

reworked, commonly phosphatised, sediments of an 

older marine formation(s). The deposits below c. 

12 m contain a cold-water fauna that is associated 

with the Benguela Upwelling System today. 

Henties Bay is also situated on an alluvial 
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delta, that of the Omaruru River. Limited marine 

erosion is maintaining a sea- facing scarp cut into 

these semi-consolidated sediments. Of interest is 

a sand encroachment problem into the northern part 

of the town. The sand is derived from the lower 

reaches of the Omaruru River and is blown south-

westwards by strong NE "berg" winds in the winter 

months. Grain size is generally coarse and 

therefore is not readily re-worked by the SSW winds 

during the summer months. Although the shadow 

dunes formed to the lee of the shrubs, e.g., 

Arthraeruua leubnitziae and Salsoa sp. cf. s. 

nollothensis, suggest that the NE winds are the 

most effective in this area, their presence is 

largely a function of the coarse grain size of the 

sediment available for aeolian transport. 

The Late to Post-Karoo age intrusives have been 

exposed on the Namib plain as prominent inselbergs 

by erosion following the break-up of West 

Gondwanaland in the Early Cretaceous. The 
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Brandberg, at 2579m, is the highest mountain in 

S.W.A./Namibia. The Klein (1580 m) and Grosse 

(1728 m) Spitzkoppe are also spectacular inselbergs 

that exhibit weathering features typical of 

granite, e.g • ' exfoliation, and also display 

evidence of chemical weathering from the coastal 

fogs. The bulk of the erosion appears to have 

taken place during the Cretaceous. 
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8. TERTIARY EVENTS IN THE TUMAS RIVER BASIN, 
CENTRAL NAMIB DESERT: GEOLOGY AND GEOMORPHOLOGY 

OF THE NAARIP PLAIN 

M. Justin WiLkinson 

8.1 Introduction 

The endoreic Tumas River rises on the inner margin 

of the Namib Platform at the base of the Great 

Escarpment 120 km from the Atlantic Ocean. The 

Tumas basin lies between the major exor~ic Swakop 

and Kuiseb Rivers in the Central Namib Desert (Fig. 

8.1). The Namib Platform is known as a feature of 

particular flatness. The Platform in the Central 

Namib is disrupted not only by the well-known 200 

m-deep Swakop and Kuiseb River canyons, but by the 

broad trough of the lower course of the Tumas River 

valley (an area known until the beginning of this 

century as the Naarip Plain or Desert) which is 10 

- 25 km wide and lies as much as 100 m below its 
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divides. The north-side divide is determined by the 

position of the Swakop River canyon. 

The Tumas River terminates against the inland 

margin of the cordon of high dunes which stretch 

along the coast between Walvis Bay and Swakopmund 

(Fig. 8.1). 

The rainfall gradient across the Namib Desert is 

extreme, decreasing from ca. 150 mm annually at the 

base of the Escarpment to almost zero at the coast. 

Distal long-profiles of streams (and large rivers) 

are consequently convex upwards, probably because 

discharge depletion (by infiltration) downstream 

(Stengel, 1964; Goudie, 1972), as is the case with 

distal reaches of rivers in other hyperarid parts 

of the world. Furthermore, gradients of most 

streams and their larger tributaries vary locally 

in a systematic way, decreasing upstream of, and 

increasing downstream of, valley constrictions. The 

result, particularly 

the tumas drainage, 

well displayed in the case of 

is a series of local 
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convexities superimposed on the convex long-

profile. Subvertical marble beds and dolerite dykes 

commonly constrict the alluvial plain laterally. 

8.2 Geomorphology 

Thirteen events, probably spanning the Tertiary, 

have been identified from the lithologies and 

geomorphology of the lower Tumas basin (Table 

8.1)(Wilkinson, 1988a). 

External correlations of Tumas basin lithologies 

with successions in the Kuiseb River basin are 

suggested in Table 8.2. 

8.2. 1. Event 1: Namib Unconformity Surface; Tumas 
buried valley 

Ollier (1977) has defined the Namib Unconformity 

Surface (NUS) as "a fundamental datum ••• separating 

the metamorphic bedrock from all younger deposits." 

This statement suggests that the 
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TabLe 8.1. ChronoLogy of events and inferred environ
ments in the Lower Tumas River Basin with postuLated 
ages 

Event 

13. Mobilization of gypsum and uranium sur
ficially on all incoherent materials; 
stream bank colluvia; Berg wind-related 
wind streaks; minor incision (Surface S4) 
Holocene . (Southerly winds dominant 
pre-Holocene?) 

9-12. 2nd. and 3rd. phases of gypsification, 
incision and micropedimentation (Surfaces 
S2, SJ). 

8. 1st. incision by Tumas stream. Lower to 
Middle Pleistocene. 

7. Gypsification of Surface S1; Tumas sedi
ment depository recedes. 

6. Onset of permanent upwelling (post mid
Miocene) . (Gypsification?) 

5 . Tumas Sandstone Mb. 2 gravel sheet 
(depositional Surface S1). Miocene. 

4. 

3 . 

2. 

1. 

Tumas Sandstone Hb. 1 (red sandstone). 
Miocene. 

(Dune sand accumulation. Eocene-Miocene?) 

Incision by proto-Swakop; followed by 
Lower Swakop/Khan drainage reorientation. 

Goanikontes fm. (Eocene) 
Leeukop Conglomerate Fm. 

Namib Unconformity Surface (NUS) cut as 
rugged valleys (Tumas canyon). Lower 
Paleocene or Oligocene . 
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Paleoclimate 

hyperarid (rain
fall 0-50 mm/yr) 

hyperarid with 
moister episodes 
(up to ~zoomm/yr) 

moister (up to 
-200 mm/yr) 

arid (rainfall 
<-200 mm/yr) 

arid 

arid - semiarid 
fluvial activity: 
increased rainfall 
on Escarpment at 
minimum 

arid - semiarid 
fluvial activity: 
increased ra i nfall 
on Escarpment at 
minimum 

(arid) 

(arid: Tumas basin 
endoreic?) 

arid to semi
arid 

Semi-arid inland: 
probable exoreic 
drainage 



Table 8.2. Namib Group sediments in and around the Tumas 
basin (After Ollier, 1977; Ward et al., 1983) 

Holocene 

Pleisto
cene 

Plio-Pleis
tocene 

Miocene 

Miocene 

Miocene 

Miocene 

Eocene
Miocene 

Oligocene 

' Eocene 

Eocene 

Central Tumas basin 

small dunefield 

gypsification (S2-4 crusts); 
stream bank colluvia 

first (Sl) gypsum crust 

uranium emplacement 
in Tumas Fm. 

Tumas Sandstone Fm. 
Mb. 2 (gravel sheet) 

Tumas Sandstone Fm. 
Mb. 1 (red sandstone) 

Reorientation of proto
Swakop R. 

Goanikontes fm. (sabkha 
sediments) · 

Leeukop Conglomerate Fm. 

Tsondab drainage and 
other areas 

dune evolution 

Hamilton Vlei conglomerate; 
Oswater conglomerate; Homeb 
silts; dune evolution; cal
cification (tufa, pedogenic
and groundwater-emplaced) 

coastal dune cordon and 
Sossus Fm. (dune sea sands) 

dune sand accumulation? 

Kamberg Calcrete 

'High terrace conglomerates' 
(Tsondab, Kuiseb, Khan and 
Swakop drainages) 

upper levels of Tsondab Fm.; 
evolution of Tsondab 
Planation Surface 

Tsondab Sandstone Fm. 

Basal Breccia/Conglomerate 

Namib Unconformity Surface NUS 
(NUS) cut as rugged valleys 
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chronostratigraphic importance. It has suffer~d 

major modification, however, since the first 

emplacement of post-metamorphic deposits, probably 

in the very early Tertiary, and continues to this 

day to be modified where it is exposed. That the 

NUS is a polygenetic feature is evident from the 

fact that it has been incised and re-bevelled on 

two occasions at least, and is today undergoing 

pedimentation where it is exposed, both in the 

Tumas Basin and elsewhere, for example in the inner 

Central Namib (Rust, 1970) and in the Ugab River 

valley, where two phases of post-"Pedestal Surface" 

modification have been documented (Mabbutt, 19~2). 

Sea level fluctuations and epeirogenic uplift have 

generated a wide coastal tract where marina, 

coastal and terrestrial environments have all held 

sway at different times. 

At its most ancient, the NUS is often equivalent 

in the southern Namib to the late Cretaceous land-

surface where it is dated by the overlying 
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Paleocene Chalcedon-Tafelberg Silcrete Formation. 

In southern Angola, the late Cretaceous Giraul 

Conglomerates overlie the surface (Ward et al., 

1983). 

Unlike the NUS in the Southern Namib where it 

appears as a planar feature (Ward et al., 1983), 

its expression in the Central Namib is anything but 

well-planed, except 

subaerial processes 

where it is exposed today to 

(Figs. 8.2, 8.3)(Wilkinson, 

1988a). The lower Tumas River valley is underlain 

by a relatively steep-sided buried valley up to 100 

m deep. Incision resulting in this significant 

buried canyon is probably pre-Eocene in age. Such 

incision suggests that runoff from the plateau via 

the proto-Swakop and Khan Rivers (see Event 3 

below) was sufficient then, as in th~ recent 

geological past, to enable these rivers to 

maintain connection with the sea. 
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8.2.2 Event 2: Leeukop and Goanikontes Formations. 

8.2.2.1 The Leeukop Conglomerate Formation. 

A thick, calcareous, sandy pebble conglomerate up 

to 80 m thick, lacking outcrop, occupies the buried 

Tumas canyon. Data on 

been derived from several 

the Leeukop Formatlon has 

hundred percussion drill 

holes and some diamond drill holes. The Formation 

probably underlies the 10 km-wide Gawib Flats (Fig. 

8.1) and may underlie flanking valley side-slopes 

of the lower Tumas valley (Fig. 8.3;3). Its 

relationship to 

Heinrich Mountain 

fluvial 

(Langer 

sediments at Langer 

Heinrich Formation, 

described by Hambleton-Jones, 1984) is unclear 

(Wilkinson, 1988a), although Hambleton-Jones (1984) 

has suggested that they may be lateral equivalents. 

The Leeukop Formation is probably the 

continental, fluvial correlative of a Palaeogene 

transgression (Wilkinson, 1988a) with which the 
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Goanikontes lagoonal sediments are associated. 

8.2.2.2 The Goanikontees Formation. 

Silici~lastic and evaporitic deposits of lagoonal 

affinity (coastal sebkha) crop out on the ·north 

side of the Tumas basin along the Swakop canyon rim 

at an altitude of 295+ m. These 2-10 m thick "lime-

cemented feldspathic grits with a large number of 

conglomeratic layers" (Gevers and Van der 

Westhuyzen, 1931) and thin but minable lenses of 

rock salt and gypsum are as yet uncotrelated with 

the main Tumas River succession (Tumas and Leeukop 

Formations)(Wilkin,on, 1988a). 

Ar-id coastal climates are probably indicated by 

these sebkha deposit~. 

8.2.3 Event 3: Proto--swakop/Khan River 
reorientationo 

Stocken (1975) suggested that the Swakop River may 

have flowed in a southwesterly direction from 

Langer Heinrich Mountain, debouching 25 km south of 
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its present mouth in the vicinity of Walvis Bay 

(Fig. 8.1). Such a proto-Swakop River would have 

crossed the Gawib Flats (now occupied by a non

functional northern tributary of the Tumas River) 

and then flowed down what is today the west end of 

the lower Tumas basin. 

Stocken's (1975) hypothesis explains several 

aspects of concerning 

existence of a large 

the NUS, in particular the 

valley of the lower Tumas 

River, 10-25 km wide, cut ca. 100 m lower than the 

surrounding levels of the Namib Platform. This 

feature is presently buried beneath 50-120 m of 

sediment. It also explains the existence of 80-100 

m-thick fluvial deposits which crop out along the 

south side of the Swakop River canyon between 

Langer Heinrich Mountain and the Husab Mountain 

(Fig. 8.1). It accounts for the unbroken tract of 

valleyed country which stretches 90 km from Langer 

Qeinrich Mountain to Walvis Bay. Furthermore, it 

explains the underfit nature of the Tumas River, 
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and accounts for the existence of the two major 

north-bank tributaries: (1) A wide tributary 

valley enters the lower Tumas River near the Tumas 

end-point vlei. As a linear extension of the 

present Khan River canyon, the tributary appears to 

fill the role of a lower proto-Khan River (Fig. 

8. 1) • (2) The Gawib Flats, underlain by a large 

mass of sediments, are suggestive of a beheaded 

proto-Swakop River (Fig. 8.1). The present course 

of the Swakop River describes a distinct change in 

direction at Langer Heinrich Mountain (from 

southwesterly to westerly), suggestive of an elbow 

of capture (Fig. 8.1). 

The hypothesis does, however, not explain why 

the Swakop River should have switched to this more 

northerly position to flow directly transverse to 

several ranges of hills of resistant lithologies. 

Palaeogene sedimentation of the continental 

littoral may have been sufficiently thick in the 

vicinity of the Husab - Witpoortberg area to allow 
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the Swakop River to reorientate its course across 

low parts of the Swakop-Khan divide, thereby 

establishing the present shorter, west-flowing 

route. Reorientation as a phenomenon of the lower 

courses of two other west coast rivers is reported 

by Hendey (1983) for the Orange and Olifants. 

8.2.4 Event 4: Tumas Saridstone Formation (and ~rior 
sandsheet?) 

8.2.4.1 Tumas Sandstone Formation 

At least 37 km in length, the Formation stretches 

along the 5-8 km-wide axis of the lower Tumas 

valley to within 15 km of the coast (Fig. 8.1). It 

thickens from 10-15 m in the east to 15-20 m in the 

west, and comprises two members - a thicker, red 

sandstone and a thin grey overlying gypcreted 

gravel sequence (Fig. 8.4). Red sandstones of 

Member 1 consist of structureless fine sand with 

many, thin, coarse sand laminae and pebble 

stringers. Occasional thicker pebble conglomerate 
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lenses occur as do individual "floating" pebble~. 

Since the red sandstone is best developed along the 

course of the present Tumas valley, it appears to 

be related to post-reorientation times (Wilkinson, 

1988a). 

8.2.4.2 Prior sand sheet 

It has been argued that the Tumas Sandstone 

comprises a long series of mainly sedim~rit gravity 

flows, phenomena familiar in deserts, mainly in 

alluvial fan settings (Wilkinson, 1987; 1988a; 

1988b). Mass flows of fine sand texture, lacking 

gravel-sized material, are less common, since 

gravity flows are characteristically competent to 

transport very coarse clasts. Marked predominance 

of one particular 

(extrinsic) control 

occasional coarse 

textural class implies prior 

of sediment calibre since 

inclusions give evidence of 

manifestly high competence. Since the modal class 

of sands in the sandstone lies squarely in the 
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narrow range of world dune-sand textures, it is 

~1~usible that blown sand was the source material 

for the great number of flows which apparently make 

up Member 1 sands. 

The clear implication is that a dunefield 

existed in the central Tumas basin. Since ~rlglnal 

duna1 structure is absent, substantial rew~rking of 

the aeolian sediments by fluvial processes, and 

depo~ition with fluvial admixtures in the form of 

the red sandstone, is suggested. The existence 

today of a small dunefield and numerous mas~ 

on the proximal Tumas alluvial plain 

flows 

adds 

~ircumstantial e-vidence to the argument. The volume 

of the Member 1 sandstone suggests, however, that a 

substantially larger field of sand was reworked. 

On the strength of the pan_.Namib stratigraphic 

sequences as presently known (Ward -et al., 1983) ~ 

the Tumas Sandstone may well constitute an outlier 

of the Tsondab Sandstone. Ward (1984) has noted the 

existence of fluvial units dominated by fine sand 
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in the Tsondab Sandstone south of the Kuiseb River. 

Since significant aeolian activity takes place 

at present to the west and south of the Tumas 

basin, climates responsible for the dunefield were 

probably as arid as that of today. Persistent 

aridity is implied by the volume of sands. It must 

be postulated that the Escarpment Zone, at least, 

became wetter than it is today (probably semiarid), 

in order to explain the existence of mass flows, 

since stream discharge is today almost non-existent 

in the Tumas River. The fact that gravity flows in 

fluvial settings are by definition features 

generated by flow cessation, indicates that such 

discharges regularly ended on the distal alluvial 

plain of the lower Tumas River. 

8.2.5 Events 5 and 6: Tumas Formation Member 2; 
subsequent upwelling 

The thin (average 2 m) Member 2 (Fig. 8.4) 

conglomerate of the Tumas Formation is the last 
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manifestation of the fluvial phase, a phase which 

possibly declined with the establishment of 

permanent oceanic upwelling, and consequent local 

aridification, at least some 10 million years ago. 

After this time the depository of the Tumas basin 

appears to have shifted inland since deposition on 

the alluvial plain of the Tumas valley ceased. 

Morphogenesis became dominated by gypsic duricrust 

development (Table 8.1) and minor linear incision 

by the trunk and larger tributary streams. 

Member 2 appears to correlate with the uppermost 

terrace gravel conglomerates which occur in many 

Namib stream basins. 

8.2.6 Events 7, 9, 11: Gypsum soil formation; 
Swakop and Kuiseb River canyon incision 

The succession of soil formation (events 7, 9, 11) 

and trunk stream incision (with valley widening) 

(events 8, 10, 12) occurs three times with apparent 
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cyclic periodicity (Fig. 8.5a,b). Geomorphic age 

correlates with gypsum soil thickness such that 

thick (up to 1.5 m), petrogypsic horizons have 

developed on the oldest surface with less indurated 

crusts up to 80 em and 20 em thick on the 

subsequent surfaces. 

Present-day hyper-arid conditions are 

morphogenetically stable in the lower Tumas valley 

and are characterised most conspicuously by gypsum 

crust development. Gypsum is mobile under present 

near-surface conditions, but cannot be flushed from 

the environment since fog moisture provides the 

solvent. Events 7-12 were probably analogous in 

terms of formative environment (Table 8.1). 

Dating of the onset of gypsification is 

difficult. Fog will probably have been common once 

vigorous Benguela Current upwelling was established 

in late Miocene times. Fog and rainfall will have 

mobilized gypsum in surficial levels of host units, 

i.e. sulphur derived from marine hydrogen sulphide 
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exhalations, as put forward by Martin (1963), and 

from nearby gypsiferous rock outcrop (Wilkinson, 

1981). 

The nota8le change in chemical environment from 

carbonate in the Leeukop Conglomerate to sulphate 

in the overlying Tumas Sandstone levels, could 

relate to the late Miocene des.iccation trend: 

calcic horizon development in (?) mid-Miocene times 

(Kamberg Calcrete Formation along the Kuiseb River 

canyon rim: Table 8.2), a period demonstrably too 

moist for sulphate buildup, may have given way 

later to sulphate ~ccumulation. 

Minimal surface flushing recorded by these 

pedogenic phenomena correlates well with the 

hyperaridity demanded by buildup of the large sand 

masses south of the Kuiseb River in the form of the 

Sossur Sand Formation (Table 8.2). 

8.2.7 Events 8, 10, 12: Trunk stream incision and 
micropedimentation 
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The Tumas River has cut into Tumas Formation units 

by between 1 and 15 m on three occasions (Figs. 

8.5a,b). Valley widening has subsequently generated 

transverse slopes, as glacis d'erosion which 

support the 

ascribed to 

gypsum crusts. Incision episodes are 

the extrinsic control of increased 

stream discharge under conditions of heavier local 

rainfall in the Tumas basin; and to controls 

internal to the system such as adjustments of 

critical gradient, 

of the depository 

flow confined by 

sediment starvation downstream 

of the Tumas basin, and river 

indurated stream banks. Storms 

producing more vigorous discharge more frequently 

than is the norm in the Tumas basin today, must be 

proposed to explain incision phases. 

Similarly, scul~ure of micropediments in the 

lower Tumas is conceivable e-nlr under conditions of 

surface flow across the weak Tumas sandS"'•~-s., flov 

which does not occur under present morphostatic 

conditions, as the existence of the modern gypsum 
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crust on the surfaces shows. Local climates 

characterised by greater rainfall 

implied. 

seem to be 

Formative climates cannot, however, have been so 

moist as to promote wholesale karstification of 

pre-existing crusts. Tunisian gypsums are presently 

experiencing solutional attack under precipitation 

conditions of 150 mm annually. The persistence of 

gypsum crusts through phases of increased flow and 

localized rainfall thus seems to define the degree 

of climatic change experienced during incision 

phases. It must be postulated that local rainfall 

remained below 200 mm at maximum or that rainfall 

excursions above this level were of limited 

duration. Rainfall during phases of micropediment 

cutting may have been confined, therefore, to the 

narrow range between minimal figures of the 

present regime, and 150-200 mm, the upper limit of 

gypsum preservability. 

Unlike the Tumas drainage which typifies most 
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Namib desert basins, the larger Swakop and Kuiseb 

Rivers maintained outlets to the Atlantic Ocean, 

during continental margin uplift, and underwent 

significant incisian to form 200 m-deep canyons 

(Table 8.2). 

8.2.8 Event 13: Modern morphogenesis 

Present morphogenesis is characterized by stable 

surfaces with consequent gypsum 

Fluvial activity is very 

crust development. 

restricted, and 

unconsolidated gypsum 

micropediment surfaces 

precipitation in the 

erust development on 

indicates the lack of local 

form of rainfall. The 

dominance of fog versus rainfall precipitation thus 

appears to have morphogenetic consequences. Other 

features of this morphogenetic phase are the 

mobilization of uranium minerals. 

Aeolian activity is responsible for such minor 

features as isolated coppice dunes within a few 
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hundred metres of sand supply points in majbr 

thalwegs. A small dunefield exists at the junction 

of the Gawib Flats and the Tumas River where sand 

supply is copious. Reg surfac~s - have developed 

locally by deflation of pebbly gravity flow 

veneers; deflation has given rise to wind streaks 

and two small deflation hollows in the lower Tumas 

basin. 
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9. GEOMORPHOLOGY OF THE EASTERN TRANSVAAL 

Bernard P. Moon 

9.1 Introduction 

The area around the Blyde River canyon in the 

is one of eastern Transvaal (Fig. 9.1) 

considerable diversity. To the east of the 

escarpment is a granite landscape which evidences 

several phases of planation. The Great Escarpment 

is well developed and separates the granite 

lowlands from an area which is being actively 

dissected by fluvial erosion. Karst features are 

developed on the Malmani 

the escarpment and ridge 

(Bankenveld) has evolved 

shales and quartzites. 
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Great Escarpment 

Waterfalls 

10 km 

Fig. 9.1. The Great Escarpment and drainage between 
Sabie and the BLyde River canyon, eastern TransvaaL 
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9.2 The Escarpment and Erosion Surfaces. 

In the eastern Transvaal the Great Escarpment (Fig. 

9.2) finds expression on the basal members of the 

Transvaal Sequence (Godwan Subgroup and Wolkberg 

Group rocks) and is capped by the highly resistant 

Black Reef Quartzite. Overlying this, and dipping 

gently westwards, is the Malmani Subgroup dolomite 

which is in turn overlain by the shales and 

quartzites of the Pretoria Group. The basement 

granite which forms the undulating terrain and 

plains to the east of the escarpment which has 

retreated to its present position since Cretaceous 

times. The area has been extensively faulted and is 

intruded by numerous diabase dykes. 

Following the recent macro-scale geomorphic 

interpretation by Partridge and Maud (1987), the 

area to the west of the escarpment has not been 

subject to planation. It is classified as a 
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Fig. 9.2. Sketch geologicaL cross-section across the Great 
Escarpment near Graskop, eastern TransvaaL 



mountainous area above the oldest (African) surface 

and exhibits structural control. East of the 

escarpment, however, the African (early Cretaceous) 

surface in its dissected variant form and both the 

Post African I (Miocene Pliocene) and Post 

African II (late Pliocene) surfaces are in evidence 

(Fig. 9.3). 

Post African nickpoints have eroded headwards 

through the escarpment, incising deep river 

valleys. The most pronounced of these is the 1000 m 

deep Blyde River canyon. At the head of the canyon, 

at the confluence of the Blyde and Treur Rivers, 

spectacular potholes are developed in the Black 

Reef Quartzite. Elsewhere in the area the same 

quartzite stratum forms nickpoints marked by 

waterfalls, for 

Falls. Near to 

has exploited 

example Lisbon, Berlin and Mac Mac 

Graskop easterly-flowing drainage 

geological weaknesses and eroded 

through the escarpment to capture southerly flowing 

minor streams. 
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9.3 The Granite Landscape 

The multicyclic granite landscape of the lowlands 

has developed through deep weathering (during the 

existence of the African surface) and stripping of 

weathe~ed material during the Post African phases 

of erosion. Numerous bornhardts and other 

residuals exist, particularly in the vicinity of 

Nelspruit and White River, and these reflect the 

uneven depths to which deep weathering of the 

bedrock 

granites 

projected 

progressed. Deep 

is .most clearly 

African surface 

weathering of 

ftVident below 

(Fig. 9.3); and 

the 

the 

the 

stepped character of some inselbergs (eg. Bushman's 

Kop) is further evidence of the multicyclic nature 

of the landscape (Twidale, 1988). 

The erosional history al-orre (Fig. 9.3) does not 

fully explain the diversity o~ landscapes on the 

granitic rocks. The re~ationships between surfaces, 
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relief and the nature of the underlying granitic 

rocks have been explored (Lageat and Robb, 1984). 

Differential weathering and erosion and the nature 

of landforms has been shown to be related to the 

composition and mineralogy of the granitic material 

as well as texture and porosity, all of which 

exhibit marked variability in the granite regions. 

There is thus a lithological control imprinted onto 

this planed landscape. 

9.4 Karst Landforms of the Region 

The karst landscape of the Blyde River Valley and 

elsewhere in the eastern Transvaal differs 

markedly from the "classical" karst areas of the 

northern hemisphere. There is significant soil 

cover as a consequence of the high proportion of 

insoluble material within the dolomite. Although 

there is subsurface drainage there is sufficient 

surface flow to maintain an integrated surface 
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drainage network. The region has been termed a 

fluvio-karst landscape by Marker (1971) who 

suggests that the landscape developed principally 

in a wetter phase. 

Apart from abundant examples of karren, surface 

features characteristic of a karst landscape are 

not well developed. There are few dolines or other 

closed depressions. Nevertheless, the floor of the 

Blyde River Valley (Fig. 9.4) south of Bourke's 

Luck Potholes is a karst plain of limited extent, 

and karst cones have formed on the valley sides 

(Marker, 1988). Tufa deposits are well developed in 

the Kadishi Valley and further to the north at 

Strydom Tunnel. 

Subsurface karst development is in evidence at 

numerous localities. The best known examples are 

Sudwala Caves (west of Nelspruit) and Echo Caves 

(Fig. 9.5) but there are many smaller caves 

throughout the area. According to Marker (1971) the 

caves are largely phreatic in origin and their 
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opening to the surface and existence in the vadose 

zone at present is a consequence of the lowering of 

the water table following fluvial incision. 

The analysis of speleothems and earth fill 

deposits preserved within Echo Cave provide 

evidence of climatic fluctuations during the 

Quaternary (Marker and Brook, 1970). The dating of 

events is tentative, but three discrete periods of 

speleothem development in the higher passages of 

the cave appear to have resulted from wetter and 

drier climatic conditions. On this basis, and from 

the evidence of interlayered clay fills and calcium 

carbonate deposits in the cave, Marker and Brook 

(1971) suggest that there were at least six wetter 

and five drier phases in the area during the 

Quaternary. Support for this interpretation has 

been derived from archaeological work (Louw, 1969; 

Vogel, 1969) which is interpreted as indicating 

four fluctuations from wet to dry before 53 000 

years BP. 
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With the exception of tufa formation in th~ 

Kadishi Valley, and presumed continuing subsurface 

karst action, the karst landscape is relatively 

inactive at present. Marker (1971) concluded that 

the development of the karst landform assemblage 

developed mainly in wetter, pre-Quaternary times. 

The karst forms are largely relict and are being 

degraded under present conditions. 
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10. BEDROCK-INCISED GULLIES , BARBERTON 
MOUNTAIN LAND 

George F. Dardis and Heinrich R. Beckedah ~ 

10.1. Introduction 

The morphology of bedrock-incised gullies is 

described at Maid of the Mist Mountain (Latitude 

25° SO'S Longitude: 31° S'W Altitude: 1480 m), 20 

km southeast of Barberton and factors associated 

with the development of the gully network are 

outlined. 

10.2. The Saddleback Pass gully system 

The study area occurs in steep mountain terrain, 

with slope angles from 20-40 degrees. D~bris slope 

material has been largely removed from the 

hillslopes at this site, exposing the bedrock 

(Fig. 10.1). Rock stripping (cf.Schmitz and 
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Fig. 10.1. The bedrock-incised guLLy system at 
Maid of the Mist Mountain, Barberton Mountain 
Land, South Africa 
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Rooyani, 1987) at the site is localised, occu~r.ing 

in a zone 200 m long by 30 m in depth. The bedrock 

comprises quartzitic sandstones of the Archaean 

Moodies Group (Swaziland Supergroup), which is a 

relatively unmetamorphosed assemblage (Eriksson, 

1978, 1980). The sandstones are coarse-grained, 

reflecting derivation from granitic 

were of widespread occurrence at 

rocks w11ich 

the time of 

deposition of the Moodies Group. The rocks are drab 

or whitish ln colour, ~eflecting a relatively hl3h 

'l u a r t z c o n t en t ( E r. i k s s o n , 1 9 7 8 ) . 

The gullied bedrock zone consists of a series of 

deep (0.2-3.0 m) gullies of subparallel pattern, 

the length of the area of generally extending along 

exposed bedrock (Fig. l 0. 2). The depth of the 

incision into bedrock increases downslope, from 0,3 

m at the top to 3.0 m at the base of the slope. The 

gullies in the lower part of the gullied zone are 

open (unconfined), continuous conduit forms (type 7 

soil erosion forms; Dardis et al., 1988). Waterfall. 
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Fig. 10.2. Sub-paraLLeL guLLy forms 

Fig. 10.3. LateraL variations in depth of guLLying 
due to structuraL variations in the bedrock 

186 



features are common within the gullies in this 

region, suggesting that they are 

with overland flow processes. 

mainly associated 

There is clear 

evidence, however that the gullies may underlie the 

debris slope materials in the upper part of the 

gullied zone. The gullies underlying the debris 

slope materials at the top of the eroded zone are 

v-shaped. They vary in width and depth up to 1.5 m. 

The size of these features suggests that they 

extend for some distance upslope (possibly up to 

50-100 m), beneath the regolith cover. These are 

distinctly different from the u-shaped, bedrock

incised tunnel erosion features seen at Mqanduli, 

Inxu Drift and at Ncise in Transkei (Beckedahl and 

Dardis, 1988; Dardis and Beckedahl, 1988a,b). 

Distinct lateral variations in the severity of 

gullying are evident.These appear to be related to 

changes in bed inclinations within the Moodies 

Group sandstones, which often results in the abrupt 

termination of gullying (Fig. 10.3). Small-scale 

187 



gul-lying and grike formation also occurs 

throughout the eroded zone. Sub-vertical grikes are 

common and 

pronounced 

sandstones. 

appear to be associated with a 

structural lineation within the 

It also influences the asymmetry 

apparent in most of the gullies (Fig. 10.4). 

The hedrock was apparently overlain by clast

supported debris slope materials. These deposits 

are exposed in a bedrock outlier within the eroded 

zone (Fig. 

(cf. Walker, 

10. 5). They consist of di3organised 

1975), angular to sub-angular clasts 

set ln a coarse granular matrix. The debris slope 

deposits vary in thickness from 0.4~2.0 m. Remanie 

exposures within the gullied zone suggest that the 

presently exposed gullied bedrock was at one time 

overlain by debris slope deposits of up to 2 m in 

t h t c k n e s s, - and t h a t the be d r o c k 1 n t h a t a rea w a s 

probably up to 2-3 m hisher in the gullied zone 

than at present. 

The debris slope materials appear have been 
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Fig. 10.4. Asymmetr>ic guUy for>m containing water>fal 
featur>es 
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Fig. 10.5. An uneroded outLier in the guLLied bedrock 
zone, overLain by c.2 m of debris fLow deposits 

190 



removed from the eroded zone by two main processes; 

(1) fluvial activity associated with gullying, and 

(2) mass movement. Remnants of debris slope 

materials occur on the crests of interfluves in the 

eroded zone, while much of the debris slope 

materials have accumulated as talus at the base of 

the eroded zone. Debris slope material at the upper 

boundary of the gullied bedrock zone appears to 

have been relatively unstable. This has resulted in 

debris flow into and across the eroded zone, 

infilling gullies in transit (Fig. 10.6). 

Vegetation growth on the debris slope accumulations 

is relatively poor which suggests that they are 

either active at present or have been active in the 

recent past. 

10.2. Origin of the gully system 

The gully network may have had two possible modes 

of development; (1) by subsurface processes, and 

' l' . 



Fig. 10.6. A debr-is flow in the guLLied bedr-oak zone 
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(2) by subaerial processes. 

Although there is clear evidence that the network 

developed to its present extent largely as a result 

of overland flow, the morphology 

boundary between the gullied zone 

of 

and 

the upper 

the debris 

slope materials 

of the network 

suggests that initial development 

was probably the result of 

subsurface processes, related, possibly, to erosion 

by percolating groundw~ter at the regolith

bedrock interface (Fig. 10.7)(cf. Jones, 1987). It 

is feasible, given the 

forms, that erosion has 

years. It seems likely, 

development of the 

magnitude of the erosional 

been undeiway for several 

however, that the rate of 

gully system has been 

accelerated by road cutting. Similar bedrock 

erosional features occur in the Barkly Pass area in 

the northeastern Cape Province and also appear to 

be associated with road cutting. Gullies of thts 

type may develop as a result of a change of base 

level, resulting in a change from sheetflow (or 
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Fig. 10.7. TunneL-erosion(?) forms at the upper 
boundary of the guLLied bedrock zone 
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pipe flow) to downward gullying, or enhanced 

sheetflaw or plpeflow leading to stripping of 

debris slope materials (Fig. 10.8). Mass movements 

may result from lateral subsurface eluviatlon of 

material along the seepage line and from build-up 

of water pressure the regolith ( cf. 

Campbell, 1975; Jones, 1987). Seepage faces form 

on the regolith, leading to further downslope 

migration of debris slope deposits (cf. Hadley and 

Rolfe, 1955). Removal of the debris slope 
., 

materials would ultimately increase runoff 

generation (cf. Bryan et al., 1978), while changes 

in hydraulic gradient would accelerate downcuttlng. 
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11. GEOMORPHOLOGY OF SWAZILAND: I NTRODUCTION 

Tanya A. S. Bowyer-Bower 

11.1 Introduction 

Swaziland is a landlocked country of southern 

Afrlc~. The population of the country is estimated 

as 634 000 (1982), and it covers an area of 17362 

km2. Geo g raphically, S w a 7. ll and is :it vi. de d l rt to 

four distinct zones (see Site Location Map). From 

west to east these are the Highveld, Middlev e ld, 

Lowveld and Lebombo, 

11.2 Physiographic re g ions 

The Highveld, a dissected edge of the Tran s vaal 

Plateau, comprises 29% of the country. It l s ·'l 

hilly and deeply dissected landscape arl~i.ng from 

the jointing and faulting of the me tamorphic 

quartzites and shales of the Barberton and Pongola 
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Se.q uence s, together with part of the Archaean 

Granite complex. ~he Onverwacht Group rocks of the 

Barberton Sequence are notable as the oldest 

s~dim~ntary rocks in tbe world (c. 3. 5 Ga ; Tankard 

et al.., 1982), and contain some of 1;:1\e first 

evidence Qf qrga.nic life. The Figtree Gro\.lp Qf the 

Rarberton Sequ~nc~ contains banded i ro.ns tones, 

which are mined for i ro .n ore at Ngwenya. Con co rdati t 

summits of 1200 m to 1300 m o~cur wit;:h altitqdes 

rising to 1800 m in the north~est. The mean annual 

rainfall is the highest in the country averaging 

1100-2000 mm, 75% of which falls between October 

and March. Tl\e high rainfall gives rise to a 

severely leache~ sotl which supports only .a 

relatively sour grassland vegetatiori, largely 

unsuitable for intensive grazing. Winter frosts, 

poor soils, and frequent burning restrict natural 

tree growth. Some 12 000 ha, however, have been 

successfully planted to conifers and eucalyptus 

since the 1940s. 
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The Middleveld comprises 26% of the ~ountry, 

with an altitudinal range from 1110 m to 33Q m. It 

is an undulating landscape of open plains and . small 

hills mostly underlain by the Pre-Cambrian granites 

and granodiorites of the Archaean Complex. R~lnfall 

decreases from west to east and from n~rth to 

south, with mean values between 1150 and ~60 mm 

p.a. Vegetation grades from woody savannah in the 

west to dri.er savannah with less tree growth in the 

lower east~rn parts. The Middleveld is th~ most 

densely populated region of Swaziland, suppo~ting 

half the total population. It contains soils well 

suited to agiiculture, as exemplified i~ th~ 

productive Malkerns Valley. 

The Lowveld is the largest region of Swaziland 

comprising 37% of the 

low relief (300 m - 150 

rocks of the Karoo 

country. It is an area of 

m in altitude) formed on 

Sequence. The lower 

sedimentary rocks are tillites, above which occur 

shales and sandstones containing coal measures, 
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1hich are currently mined. 

comprise basalts and rhyolites, 

The upper strata 

extruded some 200 

million years ago, prior to the fragmentation of 

Gondwanaland. Mean annual rainfall in the Lowveld 

is varies from 500 to 750 mm p.a., but potential 

evaporation exceeds precipitation throughout the 

year. The 

temperatures 

prolonged winter drought and higher 

result in soils that are less 

leached, and a drier but more nutritious savannah 

grassland, capable of suppoiting good grazing. 

Areas of the Lowveld are also being successfully 

cleared of their natural vegetation and irrigated 

for sugar cane. 

Finally, the Lebombo comprise 7-8% of the 

country - a narrow belt along the eastern border 

with Mozambique and Zulu land. The Lebombo 

escarp._ment, comprising rhyolites of the Karoo 

Sequence, rises sharply from the Lowveld to a 

maximum of 770 m and falls gradually in the east to 

the coastal plains of Mozambique. It is dissected 
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by rivers flowing into the Indian Ocean. Rainfall 

is similar to that of the Middleveld, with a mean 

annual value of 840 mm. Vegetation on the eastern 

slopes is limited, but on the western slopes 

reflects the coastal influence. 

The current system of 

the nation's history over 

land tenure relates to 

the last 100 yrs. By 

independence (1968), 56% of the 1 a n r1 w a s S 111 a z t 

owned. It is estimated that 17% of the total land 

area is under cultivation; 30% is rocky and steep, 

and 10% is built up area. Thus 43% ls theoretically 

available for development. Much of the 43% is 

however, grazing land, and is often seriously 

overstocked and eroded. 

11.3 Erosional history 

There is clear evidence of sheet e~osion on much 

of the grazing land. More spectacJlar visually, 

but arguably not more severe in terms of soil loss, 
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are the numerous gullies (dongas) found throughout 

the country, frequently attaining depths in excess 

of 15 m. "Ravine type" dongas develop mostly in 

deep soils and weathered bedrock on the steeper 

slopes of granite and granodiorite in the Highveld 

and upper Middleveld. Evidence suggests that many 

are related to past and/or present land use 

activities, for example a path leading to a 

watering point. Some gullies appear to be currently 

increasing in size, whilst others are stable 

features of the landscape. Dongas eroded in 

colluvium, found mostly between 200 400 m 

altitude in the lower Middleveld, are notable 

spectacular for the "organ-pipe" type erosion of 

the sidewalls. A stratum of stone age artefacts is 

often exposed within these features, and in 

combination with interpretation of colluvial 

properties and stratigraphy (Goudie and Bull, 1984; 

Watson, Price-Williams and Goudie, 1984; Price

Williams, Watson and Goudie, 1982), has 
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contributed towards an understanding of the 

palaeoenvironmental history of southern Africa. 

Throughout Swaziland distinctive tors, mostly of 

the more resistant granite, are common. Swaziland 

is well watered relative to much of southern Africa 

with five main, largely perennial, rivers flowing 

eastwards, two of which rise in the country. 
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12. GRANITE LANDFORMS IN THE MIDDLE HIGHVELD REGION 
OF SWAZILAND 

George F. Dardis and Heinrich R. BeckedahL 

12.1. Introduction 

Two granite landform types are examined in the 

Malolotsha area in Swaziland; Erosional bornhardt 

and tor-like forms, and "ravine-type" gullies (type 

8 soil erosion forms; Dardis et al., 1988) incised 

into deeply-weathered granites. 

12.2. Geology of the area 

The Malolatsha area lies within terrain which, in 

places, is underlain by Archaean rocks of the 

Moodies Group quartzites, Onverwacht Group cherts 

and Lochiel Granite (Wilson, 1980). The sites 

examined here are underlain by Lochiel granite. 

The granites are lithologically complex, containing 
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xenoliths of gneiss and cut by a complex stockwork 

of quartz-feldspar pegmatites (Hunter, 1974). 

12.3. Bornhardt and Tor-like forms 

Hill summits in the Mololatsha area are 

characterised by bornhardt and tor-like rock 

erosional forms (Fig. 12.1). These are generally of 

low relief and are well rounded. They occur as 

block- or boulder-strewn inselberg forms (i.e. 

nubbins; Twidale, 1988), up to 5 m in height. 

12.4. "Ravine-type" gullies 

A "ravi r e-type" gully (Hooker, 1984; Watson et al., 

1984) has developed on steep slopes in the 

Malolotja nature reserve, where the Lochiel 

Granite has been subject to deep weathering (Fig. 

12.2). 

The gully is steep-walled and v-shaped. The 
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depth of the gully 

to be determined 

(up to 20 m in places) appears 

by the depth of in situ 

weathering. No pipe features are apparent at the 

site, except in secondary collavial materi!lls 

formed by collapse and "mulching" on the sidewalls 

of the gully. These materials occur. in some 

instances only. There is little evidence of 

largescale movement of colluvial materi,ql;; on the 

sidewalls, or. in the gully section, to suggest 

largescale movement of colluvium on adjacent 

htllsides. 

Thus, despite eviJence for partial ~avttatian on 

the sides of the gully, there is no substantive 

evidence to suggest that soil piping take~ place. 

This supports the view that, where relatively 

homogeneous materials are subjected to accelerat e d 

erosion, a v-shaped gully form (type 8 soil eroslon 

form) will develop, as a result of erosion by 

overland flow (Dardis et al., 1988). 
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12.5. Relationship between landforms 

The association of forms is interesting as it 

demonstrates; 

(a) considerable variation in the form of 

granite landforms 

This may reflect 

over relatively short distances. 

differential weathering and 

erosion of contrasted and juxtaposed rock types, 

lateral variations in 

differential stripping 

exposure (Twidale, 1988). 

fracture 

of regolith, 

densities, 

or phased 

(b) deep weathering on relatively steep slopes 

suggests long term slope stability ln the area, 

prior to gully incision. 

(c) the ravine-type gully suggests a condition 

of unusual geomorphic instability, with a 

relatively high magnitude geomorphic response, in 

an area where in situ weathering (i.e. an area of 

slope stability) has been underway for a long 

period of time, possibly millions of years. Gully 
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forms of this magnitude and type are developing in 

other areas of eastern s ocu the r n A f r. i c a_ (e.g. 

Lebowa) which s u g g e s t s a h fgh: mag uJ_ t u de , low 

frequency event occurring over a wide ar~a. 
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13. LATE HOLOCENE EROSION AND COLLUVIUM DEPOSITION 
IN THE MIDDLE HIGHVELD REGION OF SWAZILAND 

GeoPge F. DaPdis and HeinPich R. BeckedahZ 

13.1. Introduction 

Gully forms and colluvial stratigraphic sequences 

are examined briefly in the middle highveld region 

of Swaziland. The gully forms have been previously 

described by Hooker (1984) and Watson et al. 

(1984). The colluvial stratigraphy has been 

described by Price-Williams et al. (1982) and 

Watson et al. (1984). New data is presented to 

suggest that the colluvial sequences in this area 

have been subject to partial Late Holocene erosion 

and resedimentation. 

13.2. Gully forms 

"Organ-pipe" dongas (cf. Hooker, 1984; Watson et 
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al., 1984) and associated micro-erosion forms are 

examined at Mashila. These forms (Fig. 13.1) have 

been described from colluvium-mantled parts of 

Swaziland and Natal (Price-Williams et al., 1982; 

Watson et al., 1984; Hooker, 1984). At Mashila, 

degraded organ-pipe gully erosion forms occur in 

massive and poorly stratified colluvium. The 

colluvium is coarse-grained and calcareous in 

places. The coarseness of the matrix is a result 

of derivation from weathering of granodiorite, with 

limited subsequent surface sediment transport 

(Goudie and Bull, 1982). The colluvium forms a 

pediment, discordantly overlying a debris fan, the 

latter consisting of boulder-sized materials. 

The organ-pipe gully forms are characterised by 

heavily-fluted sidewalls (Fig. 13.2). Pipes or 

related subsurface cavitation features are 

generally absent from these gully forms; occasional 

remnants of soil pipe forms have, however, been 

observed at this site. 
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13.2. Late Holocene erosion at Mkondvo 

Exposures in gullies in the Mkondvo valley show 

that th~y contain two major units of colluvium. 

The lower (Bovu) colluvium varies in colour from 

red (2.5 YR 5/8) at the surface to brown (10 YR 

4/6) at the base, and in thickness from 0.2-2.0 m, 

is unconformably overlain by an upper (Mphunga) 

colluvium which ranges in thickness from 1.5-3.0 m. 

Calcium carbonate infilling cracks along the 

unconformable boundary between the two colluvium 

units at Mknodvo (Fig. 13.3) have been dated at 

30,300 ~ 30 years BP (GrN-9012)(Price-Williams et 

al., 1982). The lower Bovu colluvium is devoid of 

artefacts, while the upper Mphunga colluvium 

contains a Middle Stone Age assemblege which 

resembles Beaumont's MSA assemblege from Sibebe 

Shelter in northern Swaziland, the latter having 

been dated to 22850 ~ 160 years BP. On the basis 

of the date from the base of the Mphunga colluvium 
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at Mkvondvo, the Mphunga colluvium is considered to 

have formed after 30000 years BP. An upper 

terminus was suggested by Price-Williams et al. 

(1982) for the Mphunga colluvium at 12000-10000 

years BP, through the interpretation of faunal 

material (Pelorovis sp.; known to have disappeared 

between 12000 and 10000 years ago in the southern 

Cape Province, South Africa) discovered in the 

uppermost one metre 

Mtimpili (Site J, Fig. 

11660 + 50 years 

of a colluvial sequence at 

13.3), and from a date of 

BP (GrN-9680) for nodules 

surrounding the stratigraphic position 

faunal material. 

of the 

A series of Holocene dates obtained from 

carbonate nodules from a number of sites in 

Swaziland and Natal (Price-Williams et al., 1982; 

Watson et al., 1984) were considered to have been 

subjected to varying degrees of dissolution and 

reprecipitation, with concomitant isotopic 

rejuvenation of nodules, and were therefore 
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considered to be most likely erroneous. 

A visit to the Mkondvo Valley colluvium site in 

1987 uncovered wood fragments and organic detritus 

at depths of up to 2.5 min colluvium at Mkondvo 

(Fig. 13.3). Three sections in the upper 

(Mphunga) colluvium (Fig. 13.4, 13.5) yielded wood 

fragments and organic detritus interbedded with 

colluvium. At section 1 

detritus was found associated 

(Fig. 

with 

13.5), organic 

thin (0.1-1.0 

em) parallel-laminated muds, forming a small 

divergent basinal infill in the colluvium, 

approximately 40 ems wide and 25 ems in depth. The 

muds are overlain by c.2.5 m of massive and 

apparently structureless light grey ~alluvium. At 

section 2, three distinct organic-rich horizons 

were identified. The lower two horizons contained 

organic detritus and showed some evidence of 

The upper horizon interbedded mud laminae. 

consisted of remains of tree bark without evidence 

of associated mud laminae. The upper organic-rich 

horizon is overlain by c.1.5 m of light grey 
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colluvium. An MSA hand-axe was uncovered in the 

colluvium layer separating the upper and middle 

organic-rich horizon in section 2. The upper 

organic-rich horizon in section 3 was contigous 

with the organic-rich horizon in section 2 and 

consisted mainly of tree bark. A further section 

showed a buried soil c.0.5 m below surface. 

13.3. New dates from Mkondvo 

Four new dates obtained from wood 

detritus from the upper colluvium 

(Table 13.1) indicate that parts of 

and organic 

at Mkondvo 

the upper 

colluvium may be late Holocene in age, or at least 

have been subject to considerable late Holocene 

resedimentation. These dates accord well with 

Holocene dates obtained 

palaeosols interbedded with 

(Dardis, submitted). 
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Table lJ.l. Radiocarbon dates from the Mkvondvo site, 
Swaziland 

Sample No. Material Depth (m) Section 

Beta 22303 Wood 1.7 2 

Beta 22304 Wood 2. 1 2 

Beta 22305 Organic mud 2.5 1 

Beta 22306 Wood 1.7 3 

Beta 22307 Palaeosol 0.4 4 

Beta 22308 Soil 0.2 4 

I. c. Insufficient carbon for analysis 
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870 +-120 
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13.4. Late Holocene erosion rates 

The results suggest that colluvial stratigraphic 

sequences in this area may have had a relatively 

complex sedimentation history. The Mkondvo site 

and the Matatiele site in Natal (see Fig. 13.3) 

clearly indicate that 

the late 

colluvium deposition did not 

Glacial Period (12000~1~000 cease during 

years BP). The new dates, which are considerably 

more reliable than those derived from pedogenic 

carbonates, suggests that colluvium deposition (or 

resedimentation) occurred at varying rates 

thoughout the Holocene. Resedimentition has been 

suggested in some instances by SEM analysi~ where 

the intensity of edge abrasion oq qu~rtz grains 

increased dramatically up-sequence in upper 

colluvium layers in Swaziland (Goudie and Bull, 

1984). 

Partial resed!mentation in colluvial sequences 

will resu-lt in the development of a relatively 
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complex stratigraphy over time, and would account 

for the varying dates obtained from this and other 

sites in eastern southern Africa. 

The dates are significant as they give some 

indication of the relative instability of the 

colluvium reservoir. Erosion rates at Mkondvo 

(which we assume are reflected in sedimentation 

rates) were relatively low (0.07 mm/yr) from 300bO 

to 870 years BP. This accords well with rates from 

Cedarville, St. Marks and Bolotwa (see Fig. 13.2) 

for the late Pleistocene and early to late Holocene 

periods (Table 13.2). Sedimentation rates 

increased to 1.0 mm/yr from 870 - 360 years BP at 

Mkondvo, which accords well with late Holocene 

rates at Cedarville and Qamatapoort. Dramatic 

increases in sedimentation rates appear to have 

occurred at Mkondvo for the period 360 years BP to 

the present (Table 13.2), with rates of up to 20 

mm/yr having occurred in the past 100 years. 
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TabLe 13.2. Estimated erosion rates for seLected coLLuvium 
sites in eastern southern Africa (see Fig. 13.3. for 
LocaLities) 

-----·----· 
Site Period Estimated Mean 

(yr BP) Sedimentation 
rate (mm/yr) 

-----· -------------· ·-------------.. ~ 

Mkvondvo 30,000 +- 870 0.07 

870 +- 360 1. 00 

360 +- 100 4.00 

100 +- present 20.00 

Cedarville 11,400 +- 2,100 0. 11 

2,100 +- present 0.60 

st. Marks 23,000 +- 3,600 0. 18* 

3,600 +- present 0.14'~ 

Qamatapoort 4,990 +- present 0.60 

Bolo twa 15,830 +- present 0.16* 

-----------------·--
* The St. Marks and Bolotwa sites occur in 
areas of present day low mean annual 
precipitation (<600 mm pa). 
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Region F: Natal and Zululand 
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14. GEOMORPHOLOGY OF NATAL 

Rodney R. Maud 

14.1 Introduction 

Two main aspects of geomorphology form the focus of 

this part of the excursion. These are: 

(a) coastal geomorphology associated with 

Pleistocene sea level and climatic changes, and 

(b) the expression of major cyclic erosion 

surfaces in the landscape. 

In addition, some phenomena associated with the 

Permo-Carboniferous glacial Dwyka Formation 

tillites will be examined. 

14.2 The St. Lucia and Mdloti regions 

St.Lucia is located on the outer margin of the 

Zululand coastal plain. Beneath a thin veneer (30m) 

of Cenozoic, largely aeolian, sediments, this plain 
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is underlain 

depo .s its, the 

by a wedge of Cretaceous marine 

thickness of which increases from 

zero at the inner margin where bedrock Karoo and 

Basement formations crop out, to about 3 000 m at 

its outer margin. The plain terminates in the south 

at Mtunzini, south of which the bedrock formations 

crop out along the coastline. 

Most of the route from St.Lucia to Mdloti is 

located on the a dissectjd ~arine bench at an 

elevation of approximately 110 m. This untilted 

bench is correlated with the Post African II 

erosion surface {Partridge and Maud, 1987). 

The tilted fault block and horst and graben 

structure of the 'atal coast is well displayed 

along the route. Immediately south of the Mfolozi 

River, basalt of the Letaba {Drakensberg) 

Formation is faulted against basement g,t~nite

gneiss, visible near the Msinduse River. 

Unconformably above these two formations, upper 

Cretaceous marine sediments straddle the Eteza 
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Fault (Beater and Maud, 1960). Bet~ 
een Mtunzini and 

the Tugela River, the regional 
Stt' 

inland. Very 
llctural dip is 

considerable erost 0 n 
accompanied and 

post-dated the immediately 
late Jurassic 

in 
tnts This area. 

disruption of Gondwanaland 

ha"tng 
initiated the 

erosion is interpreted as 

Great Escarpment, and as tel> 
tesenting the 

provenance region for the great 
accumulation of 

Cretaceous sediments offshore. 
l'ne 

Gondwanaland initiated 

erosion cycle which was 

break-up of 
the pol:y .... 

c:yClic "African" 
terminat~d 

tilting of the continental matgtn 

Miocene(Partridge and Maud, 1987). 

by uplift and 

tn the early 

The fault-bounded Ngoya hotst 
:ls discernable 

immediately south of the Mhlatu~e a 
1 "~~er, with the 

110 m mat:tne near level dissected 

against its base. 

The lower 

are incised 

courses of 

up to 90m below prese 
nt 

to Pleistocene glacio-eustatic 
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Of the region 

sea level due 
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in the Saalian and Weichselian, the valleys having 

been filled in the main with post-glacial alluvial 

and estuarine sediments. Along this coast, a 

polycyclic coastal d~ne of Pleistocene~ rests on 

a _ flight of ma~ine-cut benches. T~is dune, 
' 

extending over a with of c. 5 km inland from the 

shoreline, is interpreted as reflecting sea level 

and climatic changes during Pleistocene times 

(Maud, 1968). 

14.2.1 Site 1: Mdloti beach 

At this site (the only section of rocky shoreline 

in the area), an oyster bed apparently related to 

the former intertidal zone of a high sea level of 

+8m, rests on aeolianite at an elevation of about 

6m above present sea level. The 8m Eemian high sea 

level overtopped the aeolianite deposited during 

the transgressio~ from the preceding Saalian low 

sea level. The aeolianite overlies a thin horizon 
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of pebbly beach rock which rests on sandstones of 

the Vryheid Formation (Ecca Group) of the Karoo 

Sequence just below present low low tide level. 

Beneath the Durban Bluff, the aeolianite descends 

to nearly lOOm below present sea level. Solution 

pipe "karst" weathering of the aeolianite is well 

developed. 

The nature of the beach sand should be noted at 

t hi s locality. In that it is derived from erosion 

of the granitic coastal hinterland, it is markedly 

feldspathic, with microcline feldspar 

predominating. This, and the dune sands derived 

therefrom, are markedly succeptible to weathering. 

The feature is of great significance in the 

formation of the polycyclic coastal dune in this 

region, which depending on age, varies in degree of 

weathering and thus clay content and colour; clay 

contents of up to 50% are present in places on 

this in-situ weathered feature (Maud, 1968). 
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14.2.1 Site 2: Umgeni Quarries 

The site is located on the south bank of the Mgeni 

River about 4 km upstream of its mouth, and 

comprises a vertical former quarry face over a 

kilometre in length. 

The quarry face is one of the best sections of 

the glacially-derived Permo-Carboniferous Dwyka 

tillite, the basal formation of the Karoo Sequence, 

in South Africa. The massive unbed~ed, but jointed, 

nature of the tillite with its included erratic 

pebbles and bouldars is well documented (King and 

Maud, 1964). The thickness of the Dwyka tillite in 

the Durban area varies from e. 300 t~ 400 m. 

Across the top of the quarry tqere is a near

horizontal marine-cut bench at an elevation of 

about 70 m. Resting thereon, at one locality, 

Pleistocene aeolianite is present. 0\n either side 

of this, the reddish brown clayey sand of the Be~ea 

Formation derived from the aeolianite by weathering 
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is apparent (Maud, 1968). 

The depth of regolith to bedrock in the 

alluvium-filled channel of the Mgeni River 

immediately of the site is some 60 m. 

14.2.3 Site 3: Carinthia road, Umgeni 

This 

side 

site is located upslope 

of Carinthia road, about 

on the right hand 

150 m from the 

junction with Quarry Road. It is about 1 km west of 

Site 2. 

The striated surface 

sandstone formed by the 

of the 

continental 

Natal Group 

Dwyka ice-

sheet is exposed. The surface is the stoss-face of 

a roches moutonnees. Ice movement in this region, 

as shown by the striae, was from th~ northeast 

(King and Maud, 1964). 

14.2.4 Site 4: Electron Road, Springfield 
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This site is located to the left of the end of 

~lectron Road, about 300 m from its junction with 

Quarry Road. It is about 1 km west of Site 3. 

The cliff face is the exposed consequent fault line 

scarp of the Springfield fault (King and Maud, 

1964). On its western or inland side, shale of the 

Pietermaritzburg Shale Formation (Ecca Group) has 

been dropped against sandstones of the Natal Group 

which form the cliff face on the eastern or seaward 

side. Eros1on of the le$s resistant shales has 

exposed the fault face which is slickensided. Like 

all the other faults of end-Jurassic age in the 

region, this fault is a normal or gravity fault. 

Its throw is about 500 m, and it forms part of the 

conjugate shear fracture pattern of faulting in 

the Natal coast which developed as a result of 

continental rifting at the breakup of Gondwanaland 

(Ke~_d, 19~61). The faulting in coastal Natal has had 
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a marked effect on landscape development in the 

region. 

14.2.5 Site 5: Cowles Hill 

This site is located on a laybye on the Old Main 

Road from Durban to Pinetown,from where a panoramic 

view of the c~clic erosion surfaces of the coastal 

hinterland of Natal may be appreciated. 

Preserved on the resistant sandstones of the 

Natal Group, making the flat skyline of the Kloof

Hillcrest p~ateau, is the African cyclic erosion 

surface (King, 1982; Partridge and Maud, 1987). To 

the southwest it may be seen on the surface of the 

Ufudu plateau, and to the south on the Inwabi 

plateau. Cowles Hill behind and above the view-site 

evidences a small remnant of the surface. The rise 

of the surface into the interior from the coast is 

clearly apparent. On the Ufudu plateau, the 

inclined sandstone strata are truncated by the 
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African surface. This proves 

of the surface and that it 

the erosional origin 

is not structurally 

controlled. It undoubtedly owes its presence in 

coastal Natal, however, to its preservation on 

resistant sandstones of the Natal Group in many 

places. 

The "African" erosion surface is characterised 

by deep 

region, 

laterite 

1987). 

weathering (30 

the development 

duricrust on 

m and more) and, in this 

of a relatively thick 

it (Partridge and Maud, 

Structurally, the Kloof, Ufudu and Inwabi 

plateaux are seaward-tilted fault blocks. 

The area below the view-site, comprises the 

"Rolling Surface" of King (1982), previously his 

Late Cenozoic I surface (Kihg and King, 1959), or 

the Post African I surface of Partridge and Maud 

(1987), with younger river tncision affecting the 

area. 

The "African" and Post African I surfaces 
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diverge in altitude in an inland direction from the 

coast where their axes of no relative movement more 

or less coincide. Inland, the Ciskei-Swaziland 

axis, on which both surfaces were tilted 

monoclinally seawards, is located about 100 km 

inland from the coast (Partridge and Maud, 1987). 

The African erosion cycle, which is polycyclic 

in nature, was initiated at the time of breakup of 

Gondwanaland in the late-Jurassic, was terminated 

by uplift in the early Miocene (18 Ma). In this 

region, the amount of uplift along the axis at this 

time was of the order of 250 m. The ensuing Post 

African I erosion cycle was terminated at the end 

of the Pliocene (2,5 Ma) by uplift of the order of 

900 m in this region. This has given ris e to the 

spectacular incision and scenery of the region 

(such as the Valley of a Thousand Hills, to be 

viewd at Site 7), immediately seaward of the axis 

of uplift and tilting (Partridge and Maud, 1987). 

Whereas King (1982) views the initial and all 
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subsequent structural movements in the Natal 

coastal region to be of a monoclinal nature, 

Partridge and Maud (1987) consider the initial 

structure caused by continental rifting at the end-

Jurassic to be one of tilted fault blocks and 

horsts and grabens, the early Miocene and late 

Pliocene uplifts and seaward tilting, only, being 

of a monoclinal nature. 

(_ 

14.2.6 Site 6: Hillcrest 

At a smaLl cutting on the left hand side of the 

road the vesicular laterite duricrust present on 

the African erosion surface in this region (Maud, 

1965), can be viewed. 

On the way to this site, deep weathering in the 

Natal Group Sandstone beneath the African surface 

at the top of the Field's Hill at Wyebank will have 

been seen in passing. 

14.2.7 Site 7: Botha's Hill and Valley of a 
Thousand Hills 
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From the Rob Roy Hotel there 4s a panoramic view 

northwards over the Valley of a Thousand Hills. At 

this site the differential rise of the African and 

Post African I erosion surfaces in an inland 

d~rection is well displayed, as is the structural 

control of the top-o,graphy by resistant sandstones, 

as in the caae of the Natal Table Mountain, to the 

north. The incision as a result of the major end

Pliocene uplift and seaward tilting of the region 

is also magnificently displayed. 

14.3 Botha's Hill to Margate 

The geomorphology to be seen along this portion of 

the route is very similar to that seen between St. 

Lucia and Mdloti. 

The route traverses the dissected but untilted 

110 m marine bench of the Post African II cycle as 

far as Sezela. Its width on the south coast is 
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narrower th.an on the north-~eoast. Incised Y.alleys 

are again also traversed. , South of Ktwalume the 

route foilows the coastline:, on the seaward side . of 

the polycyclic coastal dunefield, which on the 

south coast is much n~rrower than on the north 

coast. 
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