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in the middle part of the Kuiseb When carrying out our research work on the 
Quaternary landform evolution OF the CentraI 

River, South West Africa Namib Desert (RUSTIWIENEKE, 1973a) From 
January to April 1972 we visited among other re- 
gions the middle part of ICuiseb river between 
Hudaob and Gobabeb (Fig. 1). From Hudaob down- 
stream to its delta at Walvis Bay the river separates 
the Dune Namib in the south from the Namib flats 
in the north. The ICuiseb rivcr changes its coursc 
two times, at Hudaob from a NE/SW direction to a 
EIW direction, and at Natab upstream of Gobabcb 
from this direction to a SElNW one. In this part the 
river Slows in a canyon which has been incised 
more than 200 m into the flats of Namib Desert. On 
the northern side of the canyon the uncovered rock 
basement is dissected deeply and densely forming 
a marginal zone of some km width which is nearly 
lacking on the southern side. Those margins of dis- 
section which are found also accompanying the 
Swakop und IChan rivers can easily bc detected e.g. 
on the well lcnown Gemini V satellite photograph 
(WIENEKEIRUST, 1972). In South West Africa 
they arc caIled "GrarnaduFlas". Thc stages of their 
morphogencsis and the correlation of these stages 
with the morphogenctic stages of the Central Namib 
Dcscrt are not get known. 

Two different surfaces built up by sediments which 
are incrusted by calcrete formation and thercrore 
are forming scarps can be observed upstream of 
Hudaob (Fig. 2). Partly they are mcntioncd in 
literature (SPREITZER, 1965). SPREITZER (19651, 
SCHOLZ (1968) and GOUDIE (1972) describe 
fluvial terraces at Gobabeb and at  Natab about 
10-20 m and 40 m above the actual river bed. 
Furthermore they mention "fossil high water sedi- 
men t~"  at Natab and "lake deposits" at Ossewaterl 
Homeb. From the relative altitude of thcse high 
water sedimcnts (about 15 m above the actual river 
bed) and from the stratigraphical sequence (fossil 
high water sediments overlying dune sands) 
SCHOLZ (1968, p. 103) tries to deduce a former 
dammed up lCuiseb rivcr duc to a natural barring 
of its course by dune formation. 

Our rcsearch worlr carried out in the coastal parts 
of the Central Namib Dcsert between the delta of 
the Kuiseb river in the south and Milc 30 in the 
north, and at the middle part of the Tumns river 
showed us (WIENEICEIRUST, 1973a) that the 
Quaternary landform evolution of these regions 
consists essentially of a repeated a1 ternation of 
stages of arid-stable geomorphic environment with 
stages of humid-active geomorpl~ic environment. 
Arid-stable geamorphic environments are character- 
ized by autochthonic soil formation (crust forma- 
tion) and allochthonic fluvial activity, humid-active 
geomorphic environments by autocllthonic and al- 
loch thonic fluvial activity. In addition, stages of 
arid-active geomorphic environment, i.e. of pre- 
dominantly eolian morphogenesis, can be dcduced 
especially in the southern parts of our area of in- 
vcs t iga t ion. 

We studied the evolution of landforms of that part 
'. 



0 

CAPE CROSS - - - A  
/ \ 

/ 
1 1  

SWAKOFMUND 

SANDWICH BAY 

- - - - v  Trockenf l uO [dry river, r i v i l r e  sdchol 

++++++ F l ug [ flight, vol 1 
einfach [once, une fois]  
2- bis M a c h  [2 to3 times, 2 d 3 fo is l  

4 - 'bis 7- fach I 4  to 7 t irnes, 4 6 7 fois] - 10- bis 12- fach [ l0  Zo 12 times, 10 6 12 fois] 
.- 13- bis 15- fach [ l 3  to 15 times, 13 d 75 fois] 
4- m ~ h r  als 15- fach [ m o r e  t h a n  15tirnes,plus que l5  fois] 

Tigurc 1. Sketchmap showing the routes travelled by the authors during their research work in South Wesl Africa in fanuary 
to April 1$72 according to thc frequency of use. 

of the ICuiseb river situated between Hudnob and 
Gobabeb and tried to obtain at least a relative 
geochronology of the gramadulla incision. We aimed 
at a correlation of thc rnorpl~ogenetic stages of [his 
area with the scquence oE morphogenetic stages 
which we had found for the coastal parts of the 
Central Namib Desert. Based on this knowledge we 
hoped to be able to solve the problems of the 
changes of the course of the ICuiseb rivcr at 
Hudaob and at NaZab and of the stages of the 

northern extension of the Dune Namib. It proved 
to be irnpossjble to solve all these problems defjnite- 
ly, becausc we had not enough time, the terrain is 
rough, and several points couId not be visited due 
to the running of the river. But we thinlc we arc 
able to present a principle solution to the problem 
of gramadulla incision, based on the interaction 
of fluvial and eolian morphogenesis with arid pedo- 
genesis, and have elaborated a basis of further in- 
vestigations. 
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2. I N V E S T I G A T I O N  O F  L A N D -  
F O R M S  A N D  OF S E D I M E N T S  

2.1. L a n d f o r m s  

2.1.1. I n t e r p r e t a t i o n  o f  m a p s  a n d  
af  a e r i a l  p h o t o g r a p h s * )  

The interpretat ion of the existing excellent topo- 
graphic maps (1 : 25 000) and of the aerial phota- 
graphs (1 : 36 000, 1962) enabled us to investigate 
the landforms in thcir spatial connection. WC 
limited our study area upstream at the change of 
river course direction at Hudaob. 

On the left, i.e. southern, side of the river, flats 
covered by dune walls of a more or less 5,'N direc- 
tion limit the ICuiseb canyon which is incised morc 
than 200 m. These flats end towards the river at a 
scarp and overlie the basement (Fig. 21, which i s  
stripped at some localities near Hndaob. At Natab 
thc river changes its direction to lthe NW, while the 
scarp of these uppermost flats continues to the 

*) We were given the opportunity to intcrprete the topo- 
graphic maps and the aerial photographs in the office 
oF the Trigonometric Survcy, Windhoek. We want to 
thank Dircctor Rousseau and his staff, especially Mrs, 
1-loltzhauscn, rot fheir cooperation. 

WNW and therefore diverges from thc river jtseIf 
(Fig. 3). It is possible to follow this scarp westward 
for three more dune valleys, but then it can not be 
found anymore. Tlie flats situated above this scarp 
are called the 42 m - terrace by GOUDlE (1972, 
Fig. 9). They can not be connected without doubt 
with the flats at Hudaob, because a dune wall about 
5 km upstream from Natab covers a height difference 
from 510 m (survey level SWA) on its eastcrn side 
to 480 m on its wcstcrn sidc. 

The point of divergence between the so called 
42 m - terrace and the actual river bed is the start- 
ing point of a terrace 10 to 20 m above the river 
level which continues undoubtedly several Itm 
downstream from Gobabeb. Further downstrcam it 
can only be found fragrnentarily, and the interpre- 
tation is not definitive. On the right side of the river 
this terrace is not as prominent as on its left side. 
We werc not able to find more terraces on cither 
side of the river. 

The dunes reach into the southern walI of the 
canyon which is dissected by short, steep hanging 
valleys down to about 40 m above the actual river 
bcd (Fig. 41, according to the maps and to the aerial 
photographs. At about 40 m relative altitude the 
canyon wall shows some examples of denudational 
terraces. At Hudaob several dunes reach down into 



Figure 3.  Ceomorphological map of thc region near Ossewater and Gobabeb, S.W.A. (Interpretation of aerial photographs and 
of topographical maps and field survey by the authors). 
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Figure 4. Schcrnatic cross section of the Kuiseb canyon near Homeb, S.W.A. (Survey by the authors). (See WIENEKE//RUST 
1972, Fig. 4). 

the river bed itself and are erodcd by the running 
river. At this locality too the hanging valleys reach 
back onto the flats and form a dendritic pattern on 
the basement and on the overlying incrusted sedi- 
ment~ .  At a point E of Hudaob this dissection is 
fossilized by blown sand and dune formation. A 
dunc situated on top or the scarp above the Kuiseb 
canyon bars a system OF tributary valleys. This dune 
separates the upper part of this valley system from 
thc lower part incised into the wall of the canyon 
(Fig. 2). 

On the right, i.e. northern, side of the river the 
basement is uncovered in a zone of several km 

width and is decply and denscly dissected down to 
the actual river level (zonc of gramadullas). This 
type of gramaduIIa incision ends downstream at 
Natab. At this point glacis 6tagi.s (Fig. 7) have been 
formed between the Namib flats and the river bed. 
The tributaries posscss only very shallow valleys on 
thc flats, but are incised deeply into the Namib 
some km upstream of thcir inflow into the ILuiseb 
river. It  is impossible to discern indubitably a 
tcrrace at 10 to 20 m above thc river. 

We found a remnant of a terrace about 40 m above 
the river (460 m) some 5 km upstream of Natab 
(Fig. 3). Two glacis, lying one over the other, and 
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remnants of a terrace consisting of lake deposits 
(information resulting from our ground checks) 
form marginal flats between the northern side of 
the canyon and the river bed. 

2.1.2. F i e l d  c h e c k s  

Due to the running of the JCuiseb river WC could 
not visit all the localities we wanted to check. As 
far as it was possible to do the ground check, our 
interpretations (see 2.1.1.) proved to be correct. 

Jn the area of Homeb and Osscwater two glacis, 
reaching from the tributary valleys into the main 
canyon, arc situated at a lower level Ihan thc 
remnants of a former terrace of Iake deposits. The 
high-water bed of the river is undercutting the 
glacis. The lower one is actually forming the in- 
active bed of the dry gramadulla valleys (Fig. S) .  

The remnant of a 40 m terrace at  460 m is sur- 
rounded by a scarp of 10 m relative height, formed 
in a conglomerate above the basement, and is higher 
than all the other accumulational forms in the val- 
leys (Fig. 9). Therefore the ICuiseb canyon at Homeb 
consists of the landforms shown in Fig. 4. 

2.2. S e d i m e n t s  

2.2.1. S a m p l e  c a l l e c t i o n ,  a n a l y s i g  
a n d  i n t e r p r e t a t i o n  

GOUDIE (1972, Fig. 9) describes "grey si1l"on a 
6 m - terrace at Gobabeb and "lakc deposits" near 
Horncb and Ossewater, while SCI-IOLZ (1968, p. 
103, 104) describes "fossil fIood silt" on both sides 
of the ICuiseb u p  to a position 15 m abovc the river 
bed. He shows e.g. profile Gobabeb XIV containing 
20 cm of weathering debris of gypsum crusts and 
adjacent rocks on top of 40 cm of flood silt, which 
overIies lose dune sands on mica schists. We too 
found these sedirnents e.g. at Natab, but did not 
take samples. 

SCI-IOLZ notcs thc existence of a grey, well strati- 
fied, calcified (17,1°10 CaCO,,) flood silt near Ho- 
meb and Ossewater. He says that it differs petro- 
graphicaIIy from the sedirnents at Natab. 

The sediments described by GOUDIE and SCHOLZ 
have been conserved primarily in the tributary val- 
leys of the canyon (Fig. 10). Flying over the area, 
we could see that their distribution starts several km 
downstream of Hudaob and continues until about 
4 km upstream of Natab. They are to be found in 
positions protected from erosion in the gramadullas, 
but not SO often in the main valley. The sedirnents 
arc stratified nearIy horizontally, they consist main- 

: ly of silt with layers of fine sand (compare further 

1 down). 

1 We loolc three samples from these deposits at Osse- 

l water (profile 70, samples 70/I, 70111, 70/111). For 
comparisons we took samples from an active 
barkhan (55/B), from the recently flooded high- 
water bed of the Kuiseb river at Gobabeb (7711) 

and from the bed of the running river (76JI). For 
further comparisons we analysed a vlei sediment 
(19/IPa, b). Sample 7511 was taken from a cemented 
lens of silt material in the congIomerate of the 
40 m - terrace, some 5 km upstream of Natab. 

Table l shows the contents of CaC03 and of 
CaS04 . 2H20. All the samples contain about 1 to 
2% CaC03. The very elevated content of 7511 - 
taken from a remnant of a terrace which is discon- 
nected from any soil water circulation - indicates 
a very Iong time of crust formation and therefore 
a very high age of thc sediment (mainly fluvial 
gravels). 

The samples have been boiIed with HCI and then 
have been submitted to a ganulometric analysis, 
Fig. 5 shows thc cumulative Frequency curves. 

The samples 55/B and 70/1I show similar cumula- 
tive frequency curves of grain sizes and similar 
colours. 70/II contains about 13,5% < 125p, and 

Table 1. Contents of CaC03 and oE CaS04 . 2H20 from 
selected sediment samples. 

Note: The samples 7011, 11, 111; 7611; T 7 / 1 ;  5518 have not 
been anaIysed regarding their contenk of CZISOd . 2H20. Thc 
sediments which they do represent are not ccmented and do 
not contain nedulcs. 

Table 2. Sediment samples. 

CaSOd . 2Hz0 (%) 

0,14 
I 

39,11 
2,27 

Sample no. I CaC03 (%) 

70/III 
70/II 
7011 
7611 

2,29 
0,84 
2,21 
1,75 

Colour 

7.5 YR 718-6/8 

2.5 Y 8/4 

7.5 YR 5/8 

5 Y 6/3 

NO. 1 Position 

77/1 
7511 

1911Ia 
191IIb 
55/E 

55/B 

7011 

70/II 

70/III 

7511 

7611 

77/I 

2,36 
53,49 
54,lO 
O,76 
5,58 
1,98 

active barkhan, 
S Swakopmund 

profile of lake sedi- 
ments, Ossewater, 
bottom 
dto, 2,10 m above 
bottom 

dto, 2,40 m above 
bottom 

40 m - terrace, 
upstream Natab 

bottom of running 
Kuiseb river, Gobabeb 

actual high-water bed, 
Kuiseb river, Gobabeb 
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shows a colour value comparable to that of sample 
55/B. Therefore the sediment layers of the Osse- 
water profile which arc represented by sample 70111 
can be interpreted as Iayers of barkhan sands mixed 
with somc material which is analogous to that tying 
underneath in thc profile. 

Sample 77/J collected from the reccnt high-watcr 
bed of the river contains about as much clay as 
sample 7OlI from the bottom of the lake sediments. 
Both samples also show high contents of silt. The 
two samples 76/1 ftom the bottom of the running 
river and 70/111 have a very similar grain sizc dis- 
tribution. 

Figure 5. Cumulative frequency curvcs of grain sizc distribu- 
tions of selected sediment samplcs, represented on probabirity 
paper with a logarithmic ordinatc (compare table 2). 

Figure 6 .  Histograms of the frequency distributions of the 
degree of roundness for selected samplcs of gravels (corn- 
pare table 3). 

Therefore the Ossewater deposits must be inter- 
preted as a series of still water sediments with 
layers of barkhan sand which is covered by low 
water sediments. The sedimenls represented by pro- 
file 70 have been deposited btl a ICuiseb river which 
was barred by dune formation (" tsandabized").**) 
SCHOLZ (1968, p. 103) postulated such a process 
alrcady as an explanation for the existence of fossil 
flood silt at Natab. Thcre can not be found any 
con:~ection bctween the sedirncnts of Homeb and 
Ossewater and the flood silt at Natab. 

Sample 75/1, taken from a lense of finer material in 
the conglomeratic fluvial gravels of the 40 m - 
terrace, has a high content of fine sand (125-250 ! I )  
and of clay and silt fractions after the dissolution 
of the CaCOs. The cumulative frequency curve of 
its grain size distribution scems to bc composed 
from respective parts of the curves of fluvial (75/I) 
and eolian (55/B) sedirnents. 

2.2.2. T h e  d e g r e e  o f  r o u n d n e s s  
O F  g r a v e l s  

The anaIysis of the degree af roundness of gravcls 
enables statements about the rnodcs of transport. 
We were able to extend REICHELT's (1961) 
method to gravels From arid regions {RUST/ 
WIENEKE, 1973b). Table 3 lists the analysed gravel 
deposits and their geomorphic positions. The dis- 
tributions of the degree of roundness are shown by 
Fig. 6. 

The distributions of the degree of roundness of R 32 
and R 42 are intermittent between the kg- and the 
g-type distributions *"") They reflect conditions of 
fluvial transport in a geomorphic environment 
which is not typical for arid regions. Some of the 
gravels were disintegrated after their deposition and 
have been submitted aftcrwards only to very limited 
transport (ag-type), The samples R 34 and R 35 be- 
long to the kg-type, but they contain some gtaveIs 
of deposits represented by sampIes R 32, 42. Gravels 
of this type of roundness can be found downstream 
until Rooibank. The samples R 36 and R 37 show 
a roundness distribution of the ag-type, according 
to their geomarphic position, i.e. thcy have not bee11 
submitted to effective fluvial transport. The sample 
R 33 shows the roundness distribution of rock 
debris which has not been transported (kt-type). 
Angular (kt) gravels dominate in the sample col- 
lected on the glacis at Ossewater /R 381, but it 
contains nevertheless much subangular {ag) ma- 
terial. This distribution indicates short, ineffective 
transport. 

**) We define a river to be tsondabized, i T  its course i s  
barred by dune formation as is exemplified by the 
Tsondab River (see WIENEKEIRUST 1973a). 

***l kt = kantig = angular, ag = angerundet = subangu- 
lar, kg = kantengerundet = subrounded, g = gerun- 
det = rounded, sg = sehr gut gerundct = well 
rounded. Far the definitions see RUSTIWIENEKE, 
1973b. 
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5. M O R P H O G E N E T I C  S T A G E S  O F  Tablr 3. Analysed gravel deposits. 

L A N D F O R M  E V O L U T I O N  
B E T W E E N  H U D A O B  A N D  
G O B A B E B  

3.1. T h e  s e q u e n c e  o f  m o r p h o -  
c l i m a t i c  s t a g e s  

In RUSTJWIENEKE (1973a) and WIENEKElRUST 
(197313) we published a tablc containing all the cri- 
teria observable in the field which can be used for 
the rccognilion of the morphoclimatic stages of 
Quaternary landforrn evolution i the Ccntral 
Namib Desert. These are the stages of arid-active, 
artd-stable, and humid-active geomorphic environ- 
ments. By using ihesc criteria in interpreting the 
ahovc mentioned landforms and sedimcnts WC werc 
able to deduce a sequcnce or morphoclimatic stages 
for the area of the middle ICuiseb river between 
Hudaob and Gobabeb. 

Thc surfacc of the basement abovc the gramadullas 
is partly uncovered. The ccmcnied fluvial sediments 
(arid stability foIIowing humid activity I?)) form a 
scarp over this surface. We interprete this scarp as 
the scarp of a denudational tcrracc due to different 
rock types. It  is very well formed in the upper parts 
OF the tributary valIeys. We shall give further in- 
formation about this phenomenon in another 
publication concerning the uppcr part of the Rutile 
river (compare Fig. 3 and compare Photo 3 in 
RUSTlWIENEICE 1973a). 

The first stage of incision of the Kuiseb rivcr is 
represented by the 40 m - tcrrace upstream of 
Natab and by the hanging valleys of the southern 
canyon wall which are incised to this level (humid 
activity). Afterwards the dune walls reached at least 
thc southern side of the ICuiseb valley (arid activity), 
where are Iying like glaciers in the Table 4. Morphoclimatic stages of middle Kuiseb river. 
hanging valleys, and where tliey impeded any fur- 
thcr autocl~thonic dissection (Fig. 2, east of Huda- 
ob}. Hereafter the allochthonic river ICniseb incised 
and deepened its valley to form a canyon {arid sta- 
bility), followed by a consequent stage of strong 
incision of the gramaduFZa vallcys (humid activity). 
Later the ICuiseb was tsondabized as documented 
by the sediments of profile 70 (arid activity), thcrc- 
after FoIIowed a new period of incision of both the 
main river and its tributaries (humid activity, upper 
glacis), a t  least a sccond period of humid activity 
(lower glacis), and the present stage of arid stability. 
Thesc are the morphoclimatic stages which can be 
deduced directly from the study of landforms and 
of sedimcnts. The sequence i s  incomplete, because 
the changes from an arid active geomorphic en- 
vironment to a hamid active one and vice versa 
are only understandable by means of an inter- 
mediate, perhaps short, stage of arid stable geo- 
morphic environment. Therefore we have to except 
a sequence of at least 12 rnorphaclimatic stages, 
starting with the first main period of incision of thc 
river Kuiseb (40 m - terrace). Thesc stages are 
listed in the table 4. It is very probable that this 
list remains still incomplete. Note: The stages written in brackets are deduced indirectly. 

No. I Geurnorphic position 

R 32 

R 33 

R 34 

R 35 

R 36 

R 37 

R 38 

R 42 

So called 42 m - terracc of GOUDTE, 
dune valley S Gobabcb, gravel flats, 
polished gravels (corrasion) 

Southern side of the valley of Kuiseb 
river near Natab, 50 m above the rivcr, 
crest formed in mica schisls 

Soutbern sidc of ICuiseb valley near Na- 
tab, about 12 m above the river, lower 
cdgc of so called 20 m - terrace 

Northcrn side OF Kuiseb valley, upstream 
Natab a t  the limit of thc gramadulIa 
zone, upper edge of the gIacis from the 
Namib flats to the river 

Lower part of a small valley ending on 
this glacis (R 351, on both sidcs of the 
vallcy mica schists with wins  of 
quartzite 

Upper limit of the valley (R 36), still 
Namib llats reaching down on intcr- 
fluvcs 

Os~cwater,  upper glacis formed in front 
of profile 70, 2 m above tllc bottom of 
this trihuta y vallcy 

CongIomcratc of 40 m - terrace, 5 km 
upstream Natab, polished gravels, ex- 
clusively weathered quartz gravels 

Main geomorphic or sediment 
critcria 

40 m - terrace, hanging 
valleys 

dunes on the southern 
side of the canyon 
canyon 
gramadulla vaIIeys 

Ossewater sediments 

upper glacis of Homeb 

lower glacis of Homeb 
actual river bed 

Morphoclimatic stages 1 Geomorphic 
environment 

12 

11 

10 

9 

8 
7 
6 
5 

4 
3 
2 
f 

humid activity 

(arid stability) 

arid activity 

arid stability 
humid activity 
(arid stability) 

arid activity 
(arid stability) 

humid activity 
(arid stability) 

humid activity 
arid stability 
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This sequence shoffs once more that the sedirn~nts 
of the 40 m - terrace have been calcified during 
several different periods. The analysis of the degree 
of roundness showed that the gravels of the 40 m - 
terrace (R 42) and of the so calIed 42 m - terrace 
south of Gobabeb (R 32) most probably were trans- 
ported under conditions of fluvial transport, which 
are not typical: for geomorphic environments of arid 
regions. Therefore our statements about the oldest 
stags in table 4 need not to be correct, sincc WC 

uscd our concept of morphoclirnatic stages in an 
arid region. 

It is difficult and not without the possibility of  
crrors ta correlate the landform evolution down- 
stream O F  Natab with our sequence listed jn Table 4, 
because it is impossible to Follow both landforms 
and scdiments found in the part of the vallcy be- 
tween Hudaob and Natab further downstream. On 
the other hand we cannot prove that our sequence 
is compIete. If was especially difficult to correlate 
the sequence of morphoclimatic stages found for 
the area of Horneb and Ossewater with the one 
which we had elaborated for the coastal Namib 
Desert. 

3.2. A n  a t t e m p t  a t  a g e o c h r o n o -  
l o g i c a l  c o r r e l a t i o n  

In comparison to the rnorphoclimatic evolution of 
the coastal Namib Desert, stages of arid-activc en- 
vironment have been more numerous at the middle 
lCuiseb river. Without doubt we can correlate stage 
a observed in the coastal parts (R'UST/WIENEICE, 
1973a, Fig. 9) and stage 1 of table 4. The lower 
glacis (stage 2) may have formed during the humid- 
active stages b, c. The forming of the upper glacis 
(stage 4) may be correlated with the stagc of humid 
activity posterior ta the 17 m marine terrace. Then 
the tsondabizing of the river ICuiseb at I-Iorneb and 
Ossewater {stage 6) took place during the forming 
of the 17 m marine terrace - or even earlier. 
Therefore it may be possible to correlate the main 
stagc of gramadulla incision (8) with the humid- 
active environment prior to the 17 m terracc forma- 
tion. This shows that the dunes had reached the 
southcrn side of the Kuiseb canyon upstream of 
Natab in the Middlc Pleistocene (?). The 40 m - 
terrace is evcn older, which assumption is backed 
by the degrec of roundness of the gravels. I t  is im- 
possible to indicate the stages for the incrusted dc- 
nudational terraces above the gramadullas and for 
the fossil red dunes at the inner margin of Namib 
Desert which are overlying thcm (e.g. farms Solitaire 
and Rostack). 

Since it is impossible to continue a correlation O F  
landforms and sediments downstream, every at- 
tempt at geochronological correlations of the se- 
quence of morphoclimatic stages which we were 
able to elaborate remains doubtful. The fossiI flood 
silts at Natab described by SCHOLZ as an example 
of the tsondabization of the river ICuiseb can not be 
ranged into the list of table 4, nor the so called 
42 m - and 10 to 20 m - terraces of the ICuiseb 

river neither of which can be followed downstream 
to the coast. 

3.3. U n s o l v e d  p r o b l e m s  

We have arrived at  the conclusion that the forrna- 
tion of the gramadullas in the middle part of the 
Kuiseb river was a multistadial process which started 
obvioudy a very long timc ago. Over this time 
period we cannot exclude the influence of tectonic 
movements (positive crust deformations) on amount 
and effectiveness O F  incision. Some other problems 
still remain to be solved. It is uncertain i f  the glacis 
of Horneb and the glacis of Natab were formed 
contemporaneously, since there is a gap between 
them for more than 4 km. Since both groups of 
glacis are not far apart it might be possible to 
postuIate that they were formed in the same stages. 
Further observations contradict this assumption. 
The formation of the glacis at Horneb indicates 
stages of gramadulla incision, but the gramadulla 
zonc ends downstream at  Natab. There the undis- 
sected Namib flats reach thc valley of thc Kuiseb 
river. We do not yet know why the gramadullas are 
limited to the area upstream of Natab. Furthermore 
the so called 42 m - terrace starts to diverge from 
the river itself at Natab, i.e. at ihis point the Kuiseb 
changes the direction of its course. Therefore most 
probably Further investigations in the area of Natab 
may aid in connecting the morphogenesis of the 
middle part of the ICuiseb river, presented in this 
paper, which the morphogenesis of i t s  lower part. 
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La partic centrnle de  la riviPrc ICuiseb en arnont de  
Natab montre une zone dissectEe profondcmcnt et 
dens6ment qui existe prjncipalement dans la paxtie 
septentrionale de la valI6e. La morphogenPse dc 
c e t t ~  zone ii Gramaduflas n'a pas encore 6tE Eclair- 
cie. Nous avons Stud% les formes du relief et les 
sediments, analyse des Gchantillons des scdirnents et 
des galets, et naus avons r6ussi 5 deduire douze 
phases morphoclimatiques des la premiere phase 
d'activitE fluviale du Kuiseb et dc ses tributaires. 
Nous avons essay6 de carreler cette s6quence des 
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phases avec lagueIlc que les auteurs ont 6IaborE et 
public pour les rsgions cbtisres du dEsert du Namib 
Central. Les probl6mes qui restent pas solus et les 
possibilites d'inves tigations futures sont indiquk. 

Z U S A M M E N F A S S U N G  

Am rnittleren Kuiseb, oberhalb von Natab, ist vor 
allem die nordliche Randzonc des Tales auf einige 
km Breite tie€ und engstiindig zertatt. Die Morpho- 
genese dieser Gramadullas ist bis heute ungeklart. 
Wir untcrsuchtcn Relief forrnen und Sedirnente, 
analysicrten Sedimentproben und Schottervorkorn- 
men und konnlen hieraus eine Abfotge von zwol f 
lcljrnarnorphologischen Phasen ableiten, beginnend 
rnit der ersten Eintiefungsphase des Kuiseb und sei- 
ncr Ncbenriviere. Es wird versucht, diese Abfolge 
rnit der von den Autoren fiir die kijstennahe Zen- 
trale Namjb erarbeiteten und verijffentlichten zu 
korrelieren, Noch ungeloste Probleme werden pra- 
zisiert und Ansatze zu weiteren Untersuchungen 
angedeutet. 

S U M M A R Y  

In the middle parts of the TCuiseb river upstream of 
Natab, mainly the northern side of the canyon is 
deeply and closely dissected, forming a marginal 
zone of some km width. This type of dissection is 
called gramadulla incision, and its morphogenesis is 
not yet understood. We checked landforms and sed- 
iment~,  analysed sediment samples and gravels, 
and were able to establish a sequence of twelve 
morphoclimatic stages starting with the first stage 

of incision of the river and its tributaries. An at- 
tempt is made to correlate these stages with the 
sequence of morphoclimatic stages which the 
authors elaborated and published for the coastal 
Namib Desert. Unsolved problems are stressed, and 
the trend of further investigations is indicated. 
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Figure 7. View from ihe southern side 
of the running Kuiseb (foreground) at  
Natab, northeastward. In the background 
glacis @tag& on the right side grama- 
dulla zune ending. 

Figure 8. Gramadulla valley at Homeb. 
Foreground running Kuiseb undercutting 
the lower glacis, i.e. valley bottom. 
Settlement situated at ihe dissected up- 

.- n per glacis. 



Figure 9. 111 !hc furcground 40 111 - terrace remnant. Denudational scarp Forn~cd in caluilird conglomerates. In t l~c middle- 
ground the wcstcrnmost rclicts or Ossewaler sediments (light grcy), compare Fig. 4. 

Figure 10. E Osscwater, typical position o l  Dsscwaler sedilnents in t ribulary valleys (prutcctian against erasion). 
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