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Doline Karst occurs in the upper catchments of the Tsondab, Gaub and Kuiseb 

rivers in the central Namib. The karst extends from the Escarpment foot west­

wards decreasing in density and altitude for 40 to 50 km. The existence of 

this well-developed karst is anomalous. The aridity and episodic torrential 

showers are not conducive to infiltration with attendant karst development . 

The impurity of the Namib Limestone, the chief karst host is similarly inhibi­
tive. The existence of the karst arouses questions. 

The analysis yielded results that question assumptions that the limestone 
surface has undergone deformation and is multicyclic. It confirms the view 
that in the Namib there exist two limestones capable of hosting karst that are 
age and altitude distinct. 

INTRODUCTION 

A relict sporadically dense shallow doline karst can be recognised from air 
photos and on the ground immediately west of the em bayed mountain of the 
Namib escarpment . Various workers have recorded the existence of dolines 
without consideration of their morphology or of their karst implications 

(Huser 1976 , Marker 1978, 1980). The dolines occurring in the Ubib valley 
have been acknowledged as being out of phase with the present aridity (Mar­

ker 1980). This paper demonstrates the distribution of karst in the catchment 

of the Tsondab, Gaub and Kuiseb rivers of the central Namib and considers 
problems of karst evolution and implications for the elucidation of the land­

scape history. 

THE KARST: DISTRIBUTION AND MORPHOLOGY 

The actual area surveyed extends from 23°10' to 24°00' south and from 

15° 15' to 16°00' east (Figure 1 ). This area was selected after another geomor-
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The karst map was compiled from stereoscopic air photo coverage on a 
scale of approximately 1:60 000 (Figure 1 ). Ground checking was made of 
accessible areas. Every distinct doline large enough to identify on the photos 
has been mapped. For the Ubib embayment air photos on a scale of 1:44 680 
were used and the survey extended 12 krn east of 16° 00' east to include the 

entire karst zone (Figure 2). Any unequivocal karst drainage patterns and 
marked breaks of slope, the apparent limits to karst development, were also 
plotted. 

The do line distribution shows particularly high densities in areas of the 
Ubib catchment . High densities are also recorded from the middle Tsondab 
valley and locally from sites such as Aruvlei, Carp Cliff and the Kuiseb residual. 

1n general doline density diminishes westwards with isolated doline occurrence 
rather than clusters 30 to 50 krn from the Escarpment. On the ground it is 

apparent that most dolines are located on the highest local surface and have 

developed in what has frequently been classed as calcrete but which is geo­
logically better considered to be a limestone (Besler & Marker 1979). Dolines 

are absent wherever dissection interrupts the level surface. Dolines are also 

absent from some plains otherwise apparently suitable for doline development 

such as south of Donkerhoek, in the upper Tsondab catchment and east of 

the Kamberge. 

When the dolines, individually and as clusters, are plotted , a straight line 

relationship between doline altitude and distance west from the mountain 

front can be recognised (Figure 4). Only seven dolines lie outside the 99 % 

confidence limits. The Tsondab dolines do not show such a distinct relation­

ship as they are less spread, but the correlation is again high (Table 1). This 

suggests that doline development is associated with a single surface and not 

with several such surfaces as postulated by Huser (1976). The addition of 

plains without doline development to the plot shows that many lie outside 

or close to the confidence limits, that is, either above or below the main 
karst development level. 

Most dolines are let down a maximum of 2 to 3 m below the general 
broken surface level. The limestone surface is rubble strewn or covered by a 
stony lag of water worn cobbles where the limestone is more properly a fan­
glomerate, or of angular quartz fragments where the limestone has a colluvial 
component . These lags indicate that the doline surface is now degrading. The 
dolines are by no means preferentially located where the limestone has fewer 
inclusions. 

The gradient of the doline sides is low, rarely exceeding 2° and maximum 
floor diameters are 25 m. Such large diameter dolines have level silted floors, 
the product of wind deposition . Smaller dolines tend to be partially infilled 

with either rubble, insoluble cobbles or quartz, weathered out from the lime­
stone. The present morphology of these dolines has clearly been modified by 

infilling, since any hollow in that environment acts as a local trap. 
Although dolines are widespread and conspicuous , they are not the only 

karst form . Associated drainage disruption occurs and may be far more exten-
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Figure 3. The Kuiseb residual (all altitudes in metres). 
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sive than identified, since, in such an arid environment subject to only sporadic 

high intensity runoff, the surface evidence is difficult to attribute directly to 

karst development. Solution-widened joints and associated microkarren are 

found on the surface of limestone residual margins (Figure 6). The polygonal 

patterns of the Kuiseb terraces and Tsondab Flats may possibly be other karst 

forms. Calcium carbonate mobilisation and reprecipitation has been an im­

portant factor in landscape evolution for every level surface is encrusted and 

patches of cemented colluvium fringe are also known. The original calcium 

carbonate source is undoubtedly the Palaeozoic Schwarzkalk and dolomite 

bands in the Damara System of the mountain hinterland. 

THE UBIB EMBAYMENT 

The Ubib embayment on the farm Donkerhoek has locally high densities of 

dolines ranging from a maximum of 24/km 2
• Average cluster densities are 

17 /km2 in the north, in the east, 11 /km 2 and in the south, 12/km 2• Doline 
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Figure 5. Hypothetical cross section to indicate favourable localities for karst develop­
ment. 
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Figw:e 6. Cross section of a limestone residual at Berghof showing karst pipes with in­
ftlling by colluvium. 

distribution is clearly related to the present distribution of remnants of the 
limestone surface (Figure 2). Dolines are absent along major channels where 
incision has occurred and where the surface is affected by slope dissection. 
They are also absent north of the Ubib river where the presence of bedrock 
outliers may indicate that the limestone is thin. They are absent where collu­
vial fans with steeper gradient converge to bury the limestone surface (Figure 
5). The broader interfluves show a degree of blind valley development with 
imposition of a karst drainage pattern. Along the margins of the residuals 
massive jointed limestone is exposed, the overlying cobbles or rubble having 

been stripped. The limestone blocks carry rain pit karren of recent formation 
but no indubitable evidence of solution widening along joints is present. In 

the Ubib embayment dolines are the major karst forms and are clearly relict. 

The present geomorphological process is fluvial incision initiated by episodic 

storms. This, with attendant slope degradation is destroying the doline karst 

and associated blind valleys. Furthermore, the annual rainfalll50-250 mm is 

probably too low to account for such a dense doline karst. 
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surfaces are less pronounced in the Tsondab valley than further north. Local 
multiplication of surfaces occurs where converging drainage creates a number 
of different base levels, as in the vicinity of Cha Re on the northwest edge of 
the Ubib embayment, the area studied by Hiiser (1976). These surfaces have 
been attributed to distinct erosion cycles (Hiiser 1976) whereas it is more 
probable that only two surfaces are cyclic and the other s are structurally · 

induced under specific local conditions. Remobilisation of calcium carbonate 
has ensured that every surface except the lowest is calcretised. 

Almost all karst development is restricted to the case hardened upper 

Namib Limestone although isolated dolines are located in the softer lower 
limestone as mapped by Hiiser (1976). A few dolines and sand filled pits also 

occur close to the Kuiseb river on a limestone co-extensive with the pedimented 

sandstone surface. Sections at Kamberg Cliff and at Carp Cliff suggest that a 

later phase of limestone deposition occurred following a period of incision by 

major rivers into Damara System bedrock and Namib Sandstone (Besler & 

Marker 1979). A similar depositional history is recorded on the north eastern 

side of the Kuiseb residual. There sandstone in situ is overlain by reworked 

sandstone and then by limestone . Both the Namib Limestone and this later 

limestone can support doline development but Namib Limestone is the domi­

nant karst host rock. Polygon development is however related to solutional 

widening of joints in the sandstone. It has therefore a very different distribu­

tion from other karst forms. 

The lithology of the Namib Limestone is variable. In the Ubib embayment 

a hard fairly pure limestone contains angular quartz and pebbles. Untler micro­
scopic examination it is apparent that the limestone is actually a conglomerate 

of waterwom limestone pebbles in a sparitic matrix. Considerable recrystalli­
sation has occurred with calcite rims forming round individual inclusions. The 
matrix tends to exhibit reticulate veining within pressure cracks. In other 
samples the limestone pebbles contain allochems other than calcite. The degree 
of foreign inclusions appears to be related to proximity to bedrock outliers. 
At Berghof the limestone is also crystalline and hard but contains fewer quartz 
inclusions. It is however overlain by angular partially cemented quartz rubble 
that fills pipes and solution hollows in the limestone surface (Figure 6). The 
rubble is younger than the karst phase. Further east the limestone contains far 
more sand derived from reworking of the sandstone. Near the Kuiseb river the 
purer limestone is overlain by a lithified conglomerate in a limestone matrix 
but with little evidence of intervening karst development. 

The Namib Limestone is always welllithified particularly where exposed. 

It is relatively thin rarely exceeding 5 m although up to 10m have been 
recorded. This minimal thickness could be anticipated to inhibit karst develop-

. ment. However wherever dolines have developed the limestone rests on Namib 

Sandstone. It is postulated that the lack of thickness is compensated by the 

permeable character of the underlying sandstone . If this is the case it may fur­

ther be postulated that dolines are preferentially developed in hard Namib 

Limestone overlying Namib Sandstone which ensures a capacity for vertical 
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stone providing a thick permeable substrata. Where the sandstone is absent or 
where later deposits bury the limestone karst development is absent (Figure 5). 

Lithification, in particular recrystallisation and induration, takes time. 
The evidence from the Ubib and Berghof samples where Namib Limestone 
has been partially protected by colluvium from degradation indicates that the 
limestone is probably older than previously postulated (Besler & Marker 
1979) . The protective colluvium caps isolated residuals in the Berghof area 
and fills karst hollows and pipes in the limestone surface implying that karst 
formati9n preceded the emplacement of colluvial gravels onto a continuous 
undissected Namib Limestone surface. The karst is therefore also old. Blumel's 
(197 6) evidence that where complete limestone sections are preserved, the 
Namib Limestone has a case hardened upper portion, suggests that after em­
placement as a fan deposit the limestone was exposed to subaerial lithification 
prior to or coincident with karst formation. 

The diminishing concentration of dolines away from the mountain front 
and downslope accords with the view that runoff from the impermeable 
Damara System basement relief promoted high density doline development 
in the mountain embayments. Such a pattern is characteristic of most doline 

development. Nevertheless it can also be deduced that the climatic regime dif­
fered at that time. At present total precipitation is of the order of 150 to 
250 rnm per annum, almost too low given the high evaporation rates, for any 
karst solution to occur. Furthermore most rain falls as high intensity storms 
promoting run off at the expense of infiltration . Little vegetation cover is 
present resulting in low carbon dioxide potential. It is postulated that both a 
higher total precipitation and a more evenly distributed rainfall regime with 
lower intensity individual storms obtained at the time of maximum karst 
development. This would have favoured a high density of vegetation cover 
particularly on the mountain slopes with concomitant greater carbon dioxide 
availability to promote solution. 

The consistently low gradients, under 1°, both for the doline surface slope 
and for selected sections across the original Namib Limestone surface would 
appear to refute the view that deformation along the mountain front post­
dates the development of the Namib surface and explains pedimentation into 
it (Rust & Wienecke 1973). There is no evidence within the area studied for 
such flexing. Nevertheless renewed incision has undoubtedly occurred to 
initiate and cut the multiple sandstone surfaces and the valley in valley Kuiseb 
incision. This incision was not as marked to the south in the Tsondab catch­
ment. The evidence from this analysis is insufficient to establish whether the 
differences in degree of dissection are a function of warping or of differences 
in discharge. 

The karst evidence confirms the view that there are at least two limestones 
as distinct from calcretised surfaces in the Namib. The main karst host rock 

is the Namib Limestone of the Namib Formation. This is highly jointed and 
lithified. At lower elevation along major drainage lines and infilling valleys 

incised into the Namib Formation is a bedded limestone, also hosting karst 

197 

'-



,; 

Marker, M.E. 1972. Karst Landform analysis as evidence for climatic change in the 
Transvaal. S.A. Geog. Joum. 54:152-62. 

Marker, M.E. 1972. A note on the occurrence of Karoo sediments near Pretoria. Trans. 
GeoL Soc. S.A. 77:69·70 . 

Marker, M.E. 1978. Relict pluvial terraces on the Tsondab flats, Namibia. J. Arid. . Env. 
2:113-7. 

Marker, M.E. 1980. A systems model for karst development with relevance for southern 
Africa. S.A.Geog. J. 60:151-63. 

Rust , U. & F.Wienecke 1973. Grundziige der quartaren Reliefentwicklung des Zentralen 
Siidwestafrika. JSWA &. Soc. 38:5-30. 

Siesser, W.G. 1978. Aridification in the Namib: evidence from ocean cores. In: E.M.van 
Zinderen Bakker (ed.),Antarctic glacial history and world palaeoenvironments : J05-
ll3. 

Tankard, A.J. & J.Rogers 1978. Late Cenozoic palaeoenvironments on the west coast 
of southern Africa. J, Biogeog. 5:319-37. 

199 

..... 

.. , 

·, 

e.·:·: 

..•. 

-: ... 

J 


