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ABSTRACT 

Geomorphological aspects of the Kuiseb river catchment in 

central South West Africa are analysed . The characteristics of 

the Kuiseb drainage are compared with other Atlantic 

drainage systems in terms of pattern and discharge potential . 

The detailed morphology of Kuiseb longitudinal and cross 

profiles, derived from map analysis , are scrutinised and rele­

vant terrace deposits are considered in an attempt to elucidate 

a sequential history for the catchment. 

INTRODUCTION 

The Kuiseb-Gaub drainage system, a component or South 

West African Atlantic drainage , rises in the Khomas 

Highlands to cross the central Namib desert and reach the 

coast near Walvis Bay (Map 1). The siting of the Desert 

Ecological Research Unit at Gobabeb on the north bank of 

the middle Kuiseb river has resulted in considerable research 

effort being expended in the middle Kuiseb catchment, but no 

overall synopsis of the catchment geomorphology is, as yet, 

available. This paper outlines the characteristics of the Kuiseb 

drainage system as compared with other central Namib 

drainage components. Salient geomorphologica l features of 

the middle Kuiseb valley between Hudaob and Rooibank are 
emphasised . 

2 THE KUISEB SYSTEM 

AS A COMPONENT 

OF ATLANTIC DRAINAGE 

2.1 D r a i n a g e p a t t e r n s 

The watershed between Atlantic and Kalahari drainage lies 

east of the Escarpment , approximately along the longitude of 

Windhoek (l7°E) in central South West Africa. Further south 

the watershed between the Namib endoreic drainage and the 

captured Fish-Orange system trends further west along 

latitude of l6°E (Map 1), Drainage has been presumed conse­

quent on post Jurassic continental break up and to have un­

dergone subsequent modification by capture (Mabbutt, 1955), 

Atlantic drainage has been affected by periodic uplift, max­

imised in the Escarpment zone, with the concomitant neces­

sity to extend courses seawards. 

North of the Kuiseb river, the prevailing alignment is west 

south west, whereas to the south, the trend becomes more 

generally due west (Map 1). By comparison, the orientation of 

the Kuiseb-Gaub system appears distinctly anomalous. From 

its source to Hudaob , the Kuiseb river is aligned southwest. 

The direction alters abruptly westward at Hudaob . From 

Homeb a northerly component is added and downstream of 

Gobabeb the alignment changes again to become northwest 

between Swartbank and Walvis Bay. Delta course alteration 

also to the northwest, downstream of Rooibank , has been 

documented for the historic period since 1885 (Stengel, 1970). 

It has also been suggested that a progressive northward shift 

of the entire lower Kuiseb downstream of Gobabeb has occur ­

red over a longer time span, that the Kuiseb river originally 

flowed west to Conception Bay (van Zyl, unpub.), Advancing 

dunes, attendant on aridification in the late Cenozoic period 

have been cited as the controlling mechanism for these shifts 

(Wienecke & Rust, 1973). 
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Fig. 2: River gradient variation with altitude . 
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evidenced by the terrace sequence west of Tsondab Vlei and 

as postulated by Seely and Sandelowsky (1974) requires long­

term changes in either precipitation totals or in evaporation 

rates or in both simultaneously . Since the catchment area in 

receipt of over 200 mm annual precipitation appears to be 

critical, relatively small amplitude changes in climate could 

cause significant changes in discharge regimes and in the 

energy potential of the rivers. The Kuiseb system's in­

termediate position with respect to discharge characteristics, 

renders it particularly susceptible to such changes . 

3 THE KUISEB CATCHMENT 

WEST OF THE ESCARPMENT 

3.1 Catchment subdivisions 

The Kuiseb-Gaub drainage system can be divided into four 

distinct sections on the basis of catchment characteristics and 

valley morphology (Map 2). East of the Escarpment in the 

Khomas Highlands headwater region, the highland zone, the 

river drains a planed bedrock plateau. The open valley is only 
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Map 2: The Kuiseb Catchment showing major subdivisions. 
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shallowly incised into the former planation surface (Spreitzer, 

1966). The margin of the highland zone is however more dis­

sected and the valley becomes more entrenched immediately 

upstream of the canyon section. West of the Escarpment the 

Kuiseb river demarcates the dune and gravel-pediment 

Namib. Dunes conceal detail of the south bank in the three 

sections west of the highland zone. Between the highland front 

and Homeb, the Kuiseb river has incised through a calcrete 
fanglomerate into underlying bedrock . Incision, reaches its 

most spectacular proportions in the Kuiseb canyon , extending 

from the Kuiseb-Gaub confluence approximately to some 5 

km upstream of Homeb. From this point downstream to 

Gobabeb in the lower canyon section, bedrock cliffs are visi­

ble but incision becomes progressively more open and less 

pronounced . From Gobabeb to Swartbank, although the river 

bed remains clearly defined, the valley is shallow, less than 

lOrn depth within rock-defined banks. Sea wards of th_e Swart­
bank ridges, the valley itself becomes indistinct for the sides 

are formed of less coherent deposits, while below Rooibank , 

no valley exists. River charmels are braided and create the 

delta overlying a recently emerged marine plain. (Fig. 1) 

(Davies 1971). 

The four sub-sections of the Kuiseb catchment comprise a 

bedrock highland zone, where incision has been minimal in the 

core region ; the main and lower canyon downstream to 

Gobabeb superimposed from a calcrete veneered footslope ; a 

shallow valley section between Gobabeb and some kilometres 

downstream of Swartbank where course shifts become ap­

parent and the plain and delta section from Rooibank to the 

coast where bed changes result from every flood. 

3.2 G eo I o g i c a I c o m p o n en t s 

Upstream the drainage system crosses Basement Complex 

rocks. Their geological variation is of significance as a control 

of local pattern and for the provision of load components. The 
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Fig. 3: Postulated gradient change s : 

I Hydrological effects 

2 Tectonic effects 

i) steep gradient associated with braided channel s, 

ii) lower gradient of channel now 

iii) zone of maximum uplift, 

iv) warped surface . 
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A common base-level throughout geomorphological history 

cannot be assumed. The Kuiseb-Gaub system has apparently 

been able to sustain its course for the greater part of the 

Cenozoic period unlike the adjacent Tsondab system. 

A geomorphological history of incision, equilibrium and 

deposition can be traced through an analysis of the cross and 

long proflles of the valley. A series of cross profiles were con­

structed using data from 1 : 100 000 preliminary map sheets 

(Table 2; Fig. 1). The effects of rejuvenation proceeding in­

land from changes in the marine base level can be identified. 
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Valley-in-valley proflles are characteristic , only shallowly in­

cised upstream of the Goagis confluence but becoming 

progressively more pronounced in the canyon section between 

the Gaub confluence and Homeb. At Hudaob the entire valley 

depth exceeds 200 m and within this valley, the 500 m wide 

canyon slot has a depth of 150 m. Downstream of Homeb , 

although the valley-in-valley form persists , the incised valley is 

wider and shallower. The markedly slot-like effects of re­

juvenation manifest in the localised canyon section, may well 

have resulted from differential warping along the mountain 

front as suggested by Wienecke & Rust (1973) in another 

context . 

Downstream of Gobabeb the valley form is far less 

pronounced and from Rooibank it is indistinct since the river 

flows across marine plains into which incision has not taken 

place. On such small-scale cross sections terrace details are 

masked . Field analysis of valley deposits between Homeb and 

Gobabeb , however, demonstrate that periodic incision was 

not sequential. Periodic changes of base level occasioned by 

eustatic sea level fluctuations were superimposed on tectonic 

uplift, resulting in phases of downcutting and an alternation of 

incision and aggradation . 

The long profile of the Kuiseb river, similarly constructed 

from map data , confirms the evidence of the cross proflles 

(Fig. 1). Overall the long profile of the Kuiseb river, like that 

of many arid zone rivers, is convex. This convexity has been 

attributed to increasing desiccation seawards and loss of 

energy since an adjusted bed slope is essentially a transport 

slope in equilibrium with the load and energy available 

(Goudie , 1972; Rust & Wienecke, 1974; Stengel, 1970). 

Steepening may therefore, be a response to energy loss or to 

increased load. In detail the Kuiseb proflle exhibits localised 

marked irregularities of gradient (Fig. 1). These variation s in 

gradient become obvious when expressed as a histogram (Fig. 
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Map 3: Depositional materials of the middle Kuiseb valley as plotted, 1976 (from ai r photo analysis with ground control: Homeb silts after Rust & Wienecke, 

1974). 
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3.4 T err ace d e p o s its an d seq u en c e s 

Periodic rejuvenation and .changes in discharge cause 

depositional sequences which PljOVide evidence of past events. 

West of Hudaob, the Kuiseb valley shows a number of minor 

valleyside bevels and within the incised valley, terrace deposits 

have been preserved. The earliest and most extensive surface 

is the high level calcrete caprock which is now in process of 

dissection (Besler, 1972). In many places it is no longer a 

single surface. Calcrete duplication occurs and even the 

highest, and presumably oldest calcrete sheets contain inclu­

sions of rolled calcrete pebbles indicating a prior deposit. East 

of the Escarpment similar surface limestones resting on fluvial 

sands and gravels are considered to be part of the Kalahari 

System and to be early Tertiary in age (Mabbutt, 1955). In the 

Namib , the oldest, thick calcrete rests either on sandrock or 

directly on planed Basement Complex rocks. Similarity in 

geological relationships may thus indicate that the high level 

calcretes of the Kuiseb system may be a Kalahari System 

equivalent and also an Early Tertiary deposit. 

The Kuiseb river has incised through these deposits to expose 

extensive areas of both Basement Complex schists and 

sandrock. Although the tributary gramadulla valleys are 

GEOMORPHOLOGY OF KUISEB RIVER 205 

reputed to show some duplication of incision (Rust & 

Wienecke, 1974) the pronounced break of gradient in most 

channels is likely to be a function of more effective incision by 

the main Kuiseb channel. Sandfilled channels interrupted by 

longitudinal dunes dissect the high level calcretes to the south 

and are also totally unadjusted to the present Kuiseb channel. 

Where the Kuiseb Canyon widens, some kilometres upstream 

of Homeb, a number of distinct deposits and associated ter­

races can be identified and traced downstream (Map 3). Rem­

nants of a pebble-packed , calcrete-cemented conglomerate oc­

cur high on the valley sides but only one 30 m exposure is 

known ; all other remnants have depths of 1 to 2 m only . This 

calcrete conglomerate differs from the high level calcrete 

caprock in the concentration of pebbles. It is likely to repre­

sent a recemented lag deposit derived from destruction of the 

higher calcrete caprock . The location of the cliff exposure in 

the Kuiseb valley indicates that aggradation was 

to the initial canyon incision (Fig. 4.2). Water-laid micaceous 

silts creating at least two distinct terrace levels have been 

preserved in side valleys from a few kilometres upstream of 

Homeb to Gobabeb (Map 3). At Homeb these silts can be 

seen to rest on cross-bedded dune sand and the upper terrace 

level is accordant with that of the pebble conglomerate surface 

DISTANCE CHANNEL PEDIMENT TOTAL VALLEY 

WIDTH 

INCISION 

WIDTH 

(m) 

OVERALL 

DEPTH 

(m) 

INCISION 

DEPTH 

(±m) 

' 

LOCALITY POSITION UPSTREAM GRADIENT GRADIENT 

(Alt. m) (km) (ratio) (ratio) 

50 14 280 423 
100 25 225 100 

Rooibank 150 35 195 100 
200 42 205 100 

Swartbank 250 55 195 100 
300 67 235 100 

Aussinanis 350 82 310 90 
Confluence 

Natab 400 101 370 110 
450 126 500 110 

Hudaob 500 151 495 125 
550 158 150 125 
600 186 550 125 
650 188 40 91 

Gaub Confluence 700 190 45 91 
750 211 425 91 

Goaga s Confluence 800 230 380 91 
850 248 350 
900 260 250 

TABLE 3: Postulated sequence of events for the Middle Kuiseb 

Erosional 

Incision 

Incision 

Incision 

Meander scar red river 

Channel 

Braided channel 
Incision 

Canyon incision 

GEOMORPHOLOGICAL EVIDENCE 

Depositional 

1 m Flood plain terrace 

Colluvial terrace 

Lower silt terrac e 

High silt terrace 

Loose pebbles of low terrace 

Sand filled channels 

Pebble-packed channels 

Pebble conglomerate (calcification) 

High level calcrete (calcification) 

(m) 

No valley 

No valley 

No valley 

2 500 
2 500 
2 500 
2 700 

2 800 
2 600 
4 500 
2 625 
7 500 
5 125 
2 500 
3 000 
2 625 
2 625 

- ?10 

- 10-20 

- 60- 100 

200 60- 100 
800 120- 110 
500 200 
500 200 

I 250 200 
500 160-190 
500 100- 170 
400 130 
400 100 
400 150 

HYDROLOGICAL REGIME 

Channel 

Channel 

Sheetwash : braided 

Channel 

Channel 

Braided 

Braided 

Braided 

Channel 

Fan channels 

30 
30 
150 
150 

100 + 
80- 100 

80 
60 
40 
50 
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