





data in Figures 2 and 3 give an idea of the annual
variability of the winds. At Gobabeb. cast and south
winds are at a maximum frequency in winter and
have mean velocitics up to 21 km‘/hour, though
actual velocities may exceed 50 km/hour, Winds
from the north wesl show their highest frequency in
swnmer but have consistently lower velocities. In
January diurnal variation is slight, but in the winter
(July) the direction is south casterly at night until
about 1040 hours when it starts backing round the
clock, becoming south easterly again at midnight.

The winds in the Central Namib do not appear to be
as potent as those in the southern Namib. Wind
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Figure 2. Mean wind velocities [ov Gobabeb and Walvis
Bay, December (963 to November 1966, 1 = Walvis Bay,
1400 hours; 2 = Walvis Bay, 0800 hours; 3 = Gobabeb
1400 hours; 4 = Gobabeb 0800 hours.

0 2
million S

Figure 3. Wind rose for Gobabeb to show sand moving
power of winds of each of eight directions, Each axis re-
presents the cube of the velocity of all winds greater in
speed than 20 km//hr, muliiplied by their frequency jn
hours per year.
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velocities reach their maximum off the southern part
of the coast of South West Africa, and at Gobabeh
the southerly winds do not maintain that steady and
violent blast during the day which characterises the
souihern Namib. At Luderitz the average force is
about Beaufort 6, and gales are common, but at
Walvis Bay winds of force 8 are rare, and velocities
are lower still infand. Mcrensky described the winds
of Luderitzland thus: “During the greater part of the
vear hurricane winds blow from the South and keep
the sand dunes constantly shifting. At times this
wind is so boisterous that sand-grains of pin-head
size are hurled through the air above the ground,
whilst gravel as large as beans is transported along
the surface.” The greater variability of direction,
combined with lower velocities, makes the Central
Namib a very different sort of geomorphic environ-
ment to that at Luderitz,

The last aspect of the climatic background is that of
temperature, The whole of the coastal Namib shows
a remarkable similarity in average monthly and
vearly temperatures (Table 1). The temperature
ranges ave also small, with the mean annual range
between warmest and coldest months being 9°C at
both Walvis Bay and Swakopmund. At Gobabeb the
mean March temperature is 24.2 comgared with 17,7
for July, an annual range of only 6,5°C. The average
daily aperiodic range (mean maximum less mean
minimum) is of the order of 16-18,5°C throughout
the year at Gobabeb. Frost is almost unknown in

Table 1. Mcan monthly temperatures (°C).

Walvis~® Luderitz Gobabeb +
|
] 19,05 19,00 22,20
¥ 19,50 19,50 22,10
M 18,54 19,66 24,20
A 18,38 18,27 22,20
M 17,16 16,77 21,80
] 16,11 16,00 18,10
] 14,66 15,22 17,70
A 13,83 15,22 17,90
S 13,94 14,77 18,90
O 15,16 15,61 19,30
N 16,72 16,90 20,30
D 18,05 18,27 21,30
Africa” Port Efienne”
] 22,22 19,44 Sources:
F 22,22 20,00 s Handbook,
M 22,22 20,55 1944
A 20,00 21,11 ‘+ Records at
M 17,77 21,66 NDRS.
] 17,22 22,77 Gobabeb
[ 16,11 23,88 * Mei
A 16,11 26,11 Viergs
S 17,22 23,88
0O 17,77 22,77
N 18,88 19,44
D 21,11 21,66
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young calcretes are seldom more than a metre or
so thick.

Distinct from this younger calcrete is the great calci-
fied conglomerate which caps the older geological
beds in the area of the Kuiseb and Swakop canyons.
This deposit, which may have a thickness as great as
30 m, seems to pre-date the incision of the drainage,
and may well be of Pliocene age, thus correspond-
ing in age to the great Kalahari limestone deposit of
the Kalk Plateau. The conglomerate caps the canyon
to give a feature of marked geomorphic importance.
Another major class of calcrete in the area is that
forming the Pleistocene river terraces. In the area
between the KKhan and Swakop rivers Smith (1965)
has described Upper Pleistocene calcreted terraces
at 12 m above present drainage level. Such low cal-
carcous terraces also line the Tubas.

Calcretes are very exlensive elsewhere in southern
Africa, extending in the cast as far as the 500-600
min isohyet, in the south as far as the Cape Flats,
and in the north as far as Mogemedes and Baroise-
land. They typically contain about 79 per cent
CaC0., with silica being the next largest constituent,
and are thought to have a dominantly pedogenic
origin.

POLYGONS AND PATTERNED GROUND

One ol the most interesting aspects of the weathered
layer in the Central Namib is the presence of plenti-
ful polygons in association with calcareo-gypsiferous
crusts. Scholz (1963) has referred to a few small
polvgons on some river alluvium along the Sout-
rivier, north west of Gobabeb, and has illustrated
that in Plate 47 of his thesis. Other small polygons
{generally about 1 m or less in width) have been re-
porfed from gypsum in the Tibesti area of the Sa-
hara (Meckelein, 1957} and have been found in a
sandy, silty, salt duricrust near Abu Simbel, Egypt
{Bulzer and Hansen, 1968). They have also been
described for salt in Death Valley by Hunt and
Washburn (1960). Very large polygons are also
known from the saline crusts of playa lakes in the
western United States, where they have resulted
from desiccation and contraction {Lang, 1943; Will-
den and Mabey, 1961; Christiansen, 1963; Neal,
1965; Neal and Motts, 1967). Some of these
polygons may be as much as 300 m in diamecter.
Desert clay soil polygons and patterned ground are
also well known, Alimen reporting them from North
Africa (Alimen, 1953) and Ollier reporting them
from South Australia (Ollier, 1966).

However, the best polygons at Gobabeb, which arc
developed on river terraces on the south side of the
Kuisgb, seem to be much larger than any others re-
porfed for non-playa areas, and exhibit certain
features not previously encountered (Figure 6).

Like most natural polygonal features, such as some
tundra soils, columnar structures in basalt, and mud
cracks, the columns are random orthogonal polygons
(Lachenbruch, 1962), with a tendency towards
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Figure 6. Diagrammatic representation of polygonal ground

on Kuiseb Terrace crust at Gobabeb. A = Horizontal
pattern of parl of the area of polygonal siructures; B =
Cross-section of polygon with raised margins; € = Cross-

section of polygons with fissure margins.

hexagonal and pentagonal shapes. However, with
the rather variable material in the Gobabeb crust the
perfect hexagons do not always develop, though
stripes or elongated polygons do not appear to be
common. Some of the polygons have internal di-
mensions up to 20 m across, though between 8 and
9 m is the average size, and they show a variety of
foerms. The largest polygons have a raised margin
of whiter calcareous gyperete, with a calcium car-
bonate content of 25-40 per cent, and with a relief
of as much as 40 cm. Other polygons may have very
slightly raised middles, with pebbles forming rings
around the dome, though this form is rare in its
perfect form. A further class of polygon is marked
not by ridges but by depressions along fissures, and
they may or may not have upturned edges.

The polygons occur on the flat surface of the
gypsum-calcrete terrace which lies at about 42 m
above the south bank of the Kuiseb. The terrace
extends well into the dune area. The crust is many
feet deep, and with almost the whole terrace being
cemented to a greater or lesser degree. The bulk of
the cemented material is of sand size (sce Figure
7). and is capped by, and contains some, well-
rounded, wind-polished, fluvial pebbles.

Because of the minimal rainfall of the area it is dif-
ficult to atiribute the polygons to setting and drying
of the crust under present rainfall conditions, though
infrequent storms of high intensity could conceiv-
ably have some effect. It is tempting to suggest a
slightly higher rainfall in the past. The lack of fines
in the polygon sediments seems to exclude any idea
that they are formed either in playas or by expansion
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Figure 7. Particle sizes of polygonal ground material from
Gubabeb (I and 2) in comparison with Namib dune sand
(mean of 14 samples) (3).

and contraction of clays. These have been the two
favourite explanations for patterned arid ground in
other lands. Any explanation through frost action,
akin fo that occurring in tundra envirgnments, is
ruled out by the almost complete absence of any
frost. Evidence from elsewhere in South West Africa
does not suggest a particularly cold period since the
formation of the terrace, probably Upper Pleisto-
cene, upon which the polygons rest. The raised
nature and different material of some of the polygon
rims preclude any explanation involving the stresses
produced by the movement of massive 100 m dunes
across the crust, though the results of such pressures
have yet to be fully explored. Thus, unless there was
some increase in humidity since the terrace was
formed, it is difficult to explain the great size of the
polygons (though the thickness of the crust may be
one reasen) or, indeed, the existence of the polygons
at all.

The Kuiseb River

The Kuiseb River rises in the Khomas Hochland
near Windhoek, and as a result of the relatively high
rainfall and runoff in its upper catchment, is the
first major river to reach the Atlantic north of the
Orange. Even the Kuiseb, however, loses itself in a
‘delta’ inland from Walvis Bay. Within the Namib
it has no south bank tributaries, though a few small
north bank wadis, like the Soutrivier bring in some
flow on rare occasions. Not all these gullies seem
to have been able to adjust themselves 1o the in-
cision of the Kuiseb, and so ‘hang’ above the main
channel by a small amount.

Like other rivers of the north and central Namib,
the long profile of the river Kuiseb shows a tendency
towards convexity, rather than the concavity charac-
teristic of most rivers, (see Figure 8, and Stengel,
1964, 1966). As Leopold, Wolman and Miller {1964)
write: ‘Rivers increase in size downstream as
tributaries increase the contributing drainage area
and thus the discharge. Concomitant with the down-
stream increases in the channel’'s width and depth
and the general tendency for bed-particle size to de-
crease, the gradient generally flattens. In general the
longitudinal profile is concave to the sky'. If, how-
ever, discharge does not increase downstream, as in
the case of the Namib rivers, it is possible, if the
other variables allow (load, size of debris, flow re-
sistance, velocity, width, depth, etc.,) that the river
will have an increased slope in its lower portions.

However, as Leopold ef al. point out, even the
Indus, Murray, Rio Grande and Nile, all of which
have decreasing discharge downstream, show a
tendency for concavity. It is probable that the very
sharp decrease in discharge associated with the very
marked climatic gradient of the Namib is responsible
for this highly distinctive feature of the Namib
rivers.
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Figure & Longitudinal profiles of Namib Rivers (after
Stengel, 1964, 1966). A = Kuiseb; B = Tubas; C = Klein
Windhoek running into Swakop; D = Khan;, E = Swakop;
F = Ugab; G = Omaruru.
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Nevertheless, there are some significant deflation
forms in the Central and Northern Namib. Some are
visible on the west side of the road from Walvis Bay
to Rooibanlk, whilst Maack (1966) mentions defla-
tion basins of considerable extent in the Stormberg
Sandstone between the Koichab and Hoarusib
Rivers.

The desert pavement characteristic of the gravel
plains of the Namib may in part result from the
deflation of fine materials to leave a coarser residue
at the surface. Such desert pavements are well docu-
mented for other areas (Commonwealth Bureau of
Soils, 1966), and exist in other parts of southern
Africa, partcularly in the area to the south of Ken-
hardt, Cape Province. The relief on some of these
pavements can be measured in cm per hectare, and
their surfaces, judging by the way in which vehicle
and other tracks remain even after strong winds,
seem to have developed a certain stability. In other
areas of the world it has been shown by field obser-
vation and laboratory experiment that alternate ex-
pansion and cracking of the soil during wetting and
drying can result in upward movement of stones
(Springer, 1968; Jessup, 1962), but this process can
only be of limited utility in this extremely arid area.

QUATERNARY CLIMATIC CHANGE IN THE
CENTRAL NAMIB

The whole history of climatic change in southern
Africa is most uncertain, and the whole old chronol-
ogy based on the Vaal River Terrace sequence has
been shown convincingly to be inadequate (Partridge
and Brink, 1967). One of the most fundamental
problems in southern Africa is the absence of ma-
terials that can be reliably dated by isotopic means.
Organic carbon materials and pollen are rare, and
inorganic carbonates like calcrete are at present the
subject of severe doubts (Ruhe, 1967). However,
that there has been several marked fluctuations in
the Kalahari Desert in the Pleistocene cannot be
doubted (Grove, 1969), but the climatic relations of
the Namib are such that a marked change in the
Kalahari does not necessarily mean a similarly
marked change in the Namib. Moreover, evidence
from the river valleys of the Namib, which have
their sources in the Highlands, would essentially be
exfernal evidence. However, tufaceous cave deposits
in the Erongo Mountains (Martin and Mason, 1954)
and a suggestion by Korn and Martin that there was
a widespread Middle Stone Age pluvial in the
Naukluft, are of more relevance to the Namib. In
addition, as mentioned previously, Martin has shown
that near the coast calcrete is being altered to a
gypsum and that it is thus a fossil feature, probably
the result of wetter conditions. Although climate is
bur one feature controlling soil genesis, it would
seem from work carried out by French soil scientists
in North Africa, and by myself in Libya, that cal-
crete it only forming at present in moderately moist
semni-arid zones where rainfall is around 400 mm
per annum. In southern Africa, many calcretes,
which by their relationship to present valley incision,
are young, and which appear to be fresh rather than

weathered, sand-blasted or dissolved, are present on
the wetter margins of the Kalahari in areas with
around 250-300 mm annual rainfall. It is conceiv-
able that the Namib calcretes formed under similar
conditions, though no reliable figures can possibly
be given.

There are two further lines of evidence which point
to moister conditions during the Pleistocene in the
Central Namib. The first comes from the study of
the fauna and sediments of the raised beaches fur-
ther to the south by Carrington and others at the
South African Museum, Cape Town. Evidence of a
warm water fauna has been found, indicating a
change in the nature of the Benguela Current,
which would probably greatly change climates in the
coastal zone. The coarsc nature of some raised
beach material would also indicate the provision of
larger quantities of cobbles in streams draining to
the Atlantic. This is particularly true of the 17-21 m
terrace on the Namaland coast (Carringlon, per.
comm., 1968; and Carrington and Kensley,
1969). Haughton (1931) also found evidence of
warm water faunas on this west coast of southern
Africa. The second line of evidence comes from soil
studies near Gobabeb by Scholz (1968). He has
described a fossil, red-brown scil from just east of
the Kuiseb, which lies below the gypsum crust, and
has all the characteristics of being formed under
alternating warm and moist conditions. The soil has
the following profile:

Depth Horizon

(cm)

0-3 A Ochre brown, gritty sand
with incoherent fabric, cover-
ed by a loose layer of quartz
grit.

3-7 Ca, As above, but containing
CaCo..

7-30 Ca.  Brownish-yellow, somewhat
loamy sand, rich in CaCo0s,
with polyhedral fabric and a
loose network of roots.

30-40 Y Yellowish-white, very co-
herent gypsum crust free of
CaC0..

40-80 fCY, Reddish-brown clay, partly

consolidated by gypsum,
Reddish-brown clay-gypsum
crust with scattered white
specks.

80-100 + fCY.

However, there seems to have been insufficient
moisture for the Tubas, which rises within the
Namib, to incise itself at all deeply into the Tubas
Flats or to breach the coastal dune chain. Moreover,
the superbly endemic fauna of the Namib has been
seen as evidence of the permanence of arid condi-
tions in the Desert. Koch (1960) wrote: “The limited
exploration so far carried out shows that the
endemic tribes, genera, and species far outnumber
those found in other deserts of the world and in no
other deserts do we find species showing such ex-
treme specialisation and adaptation. This leads to
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