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The shape and composition of the land is best understood through the 
processes that created its landforms, prominent features and geology. 
Much happened during Namibia’s geological history, that long period 

lasting thousands of millions of years. The processes included separation, 
collision, upheaval, outbursts and obliteration at a continental scale. They 
determined where Namibia now lies on Earth, and they shaped Namibia’s 
surface, creating hard, rocky highlands in some places and lowlands and 
basins elsewhere. The processes were for the most part sweeping, slow and 
persistent, although they were sometimes punctuated by short-lived, violent 
events, such as the Etendeka eruptions which resulted in the largest known 
deposition of lava in the world (page 60).

Three major forces have defined – and continue to define – the size and 
shape of Namibia’s features. These are geomorphological processes, such as 
volcanic activity and the related tectonic movements of continental plates; 
climatic factors, including solar radiation, wind, rain and waves that cause 
erosion and deposit sediments; and life processes which, given the right 
conditions, can build and alter the shape and composition of the land. 

The combination of time and these forces has given Namibia’s land its 
shape – from the steep drop into the extremely deep abyssal plain under 
the Atlantic Ocean west of the coastline to the inselbergs dotted around 
the country, and the extensive Kalahari Basin. This chapter explores the 
character and shape of Namibia’s surface, its physical formation and 
constituent parts.

The Tsaus Mountains lie 110 kilometres southeast of Lüderitz in 
the Tsau ||Khaeb (Sperrgebiet) National Park. Most isolated peaks 
or inselbergs in Namibia have volcanic or tectonic origins, but 
these layered mountains have origins as marine sediments that were 
metamorphosed by intense pressure and heat during the formation of 
the supercontinent Gondwana, some 550 million years ago. Today the 
area around the Tsaus Mountains is wild and extremely arid, typically 
receiving less than 100 millimetres of rain per year. 
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2.01 Topography of southern 
   Africa and surrounding 
   marine bathymetry1

On average, the subcontinent of southern 

Africa stands higher than other continental 

interiors. Rising from coastal lowlands, the 

subcontinent has a fringe of highlands on 

its western, southern and eastern margins 

which are 1,500–2,000 metres above sea 

level (masl) on average, but reach as high as 

2,500 metres in the west and almost 3,500 

metres in the east. These highlands encircle 

the lower-altitude interior of the subcontinent, 

which ranges between 1,000 and 1,500 metres 

above sea level. As high as some of southern 

Africa’s highlands are, the surrounding oceans 

are deeper with the seabed dropping away to 

depths of more than 5,000 metres below sea 

level (mbsl).

A large area of the interior of southern 

Africa – the Kalahari Basin – filled with 

sediments forms a vast sea of sand. The basin 

extends 3,000 kilometres from the Northern 

Cape of South Africa, across most of Botswana 

and eastern Namibia, through much of Angola 

and northwards into the Democratic Republic 

of the Congo. From west to east, the basin 

is 1,500 kilometres at its widest extent. The 

Kalahari is generally held to be Earth’s largest 

continuous area of sand. It underlies about 

half of Namibia: all of Zambezi, Kavango 

East, Kavango West, Ohangwena and Oshana 

regions, most of Omusati and Oshikoto, and 

large areas of eastern Otjozondjupa, Omaheke 

and Hardap. 

Some of southern Africa’s rivers flow into 

the Kalahari Basin and end there in large 

inland wetlands where waters percolate 

into the flat, sandy landscape or evaporate. 

These wetlands include the Okavango Delta, 

Makgadikgadi Pans, Etosha Pan, Linyanti 

Swamps and Lake Liambezi. Many of them 

were much bigger in the past when rainfall 

was higher.2 Other rivers have found their 

way through the margin of highlands and 

flow down to the sea, the best examples being 

the Kunene, Orange and Zambezi rivers 

(pages 110–117). Many other rivers have 

their headwaters in the subcontinent’s fringe 

of highlands and progressively erode the 

mountains as they flow to the coast.
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Namibia’s marine world

2.02 Ocean floor relief and prominent submarine features off Namibia’s coast

Immediately offshore is the continental shelf – a relatively shallow 

part of the ocean that forms part of the continent and extends 

100–140 kilometres from the coastline in most areas. The widest 

part near the Orange River mouth extends 180 kilometres 

offshore, while the narrowest stretch of about 30 kilometres is 

near the Angolan border. At the edge of the continental shelf, the 

ocean floor drops steeply into the abyssal plain which reaches 

depths of more than 5,000 metres below sea level. 

The Walvis Ridge is a mountain chain of extinct volcanoes 

that extends over 2,500 kilometres in a southwesterly direction 

from the coast at Cape Fria south of the Kunene River mouth 

to the islands of Tristan da Cunha in the South Atlantic Ocean 

(about 37.3 degrees south and 12.4 degrees west). The ridge 

divides the Cape Basin in the south from the Angola Basin in the 

north, forming a major barrier to the circulation of deep oceanic 

waters. Some points along the ridge rise over 4,000 metres above 

Typically, the focus on Namibia is on its land surface, with 
less regard for the part of the Atlantic Ocean adjacent to the 
country and its waters that lap its shore. This marine world, 
however, has a major influence on Namibia’s climate (pages 
76–81), hosts important mineral and living resources (pages 
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66, 70, 198–207) and is an integral part of the country. 
Namibia has the right to the resources the ocean offers in its 
territorial waters and exclusive economic zone (page 6).

The Atlantic Ocean stretches westwards from the Namibian 
shoreline towards South America. The shoreline varies 
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the surrounding seabed, and there are several isolated extinct 

volcanoes that form underwater mountains or seamounts. These 

elevated areas can be clearly seen in the cross-sectional profiles 

alongside. For example, the profile off the coast at Walvis Bay 

passes through the northern slopes of the Ewing Seamount (which 

at its highest point is about 830 metres below sea level) before 

intersecting the Walvis Ridge, which forms a relatively flat plateau 

200 kilometres wide at approximately 2,400 metres below sea 

level. While seamounts are usually volcanic mountains rising 

from the ocean depths, several other landmark features such as 

banks, slumps and benches are found within the margins of the 

shelf. Banks are raised areas that can extend over large distances, 

while slumps and benches result from subsidence, often caused by 

earthquakes or the explosion of methane hydrates (ice-like solids 

made up of methane and water) that release large amounts of 

methane gas from the sea floor.3

Kunene River mouth

Ugab River mouth

Hoarusib River mouth

Walvis Bay

25° S

Lüderitz

Orange River mouth

between rugged rocky bays and sandy sea cliffs. The ocean 
floor descends rapidly beyond the broad continental shelf to 
depths over five kilometres below the surface. This vast stretch 
of deep sea is interrupted by the Walvis Ridge, an underwater 
mountain range or bank, running northeast–southwest out 

to sea. Between the Walvis Ridge and the continental shelf, 
mountains or ‘seamounts’ far greater than anything seen on 
land rise up from the seabed, their peaks often only a relatively 
short distance below the waves.

Tristan da Cunha island is an example of a sea mount that rises above the surface of the ocean. It is a part of an archipelago of islands and is an active 
volcano with its highest point a little over 2,000 metres above sea level. It is home to the most remote island community in the world.



30

Namibia’s 14 islands all lie close to the coast between Walvis Bay 

and the Orange River mouth. Most of them are little more than 

wind- and wave-swept isolated rocks that jut out of the Atlantic 

Ocean. The largest, Possession Island, covers 140 hectares, but 

most are less than 10 hectares in size. The islands first attracted 

interest in the early nineteenth century. Merchants, recognising 

the value of their vast guano reserves, soon stripped the islands 

of guano and shipped it to Europe where it was used for 

manufacturing fertiliser and gunpowder.

Although the heyday of guano mining was between the 1840s 

to 1860s, it continued well into the twentieth century. On Halifax 

Island, the removal of the guano in the 1930s was devastating to 

African penguins that had nested in burrows in the thick guano. In 

recent years there has been a small recovery with several thousand 

birds living on the island, however, they were again severely 

impacted in 2018/19 by an outbreak of bird flu.

The birds and marine life surrounding these islands now 

enjoy greater protection following the proclamation in 2008 of 

the Namibian Islands’ Marine Protected Area (pages 256–259). 

Formal regulations pertaining to each island were gazetted in 

December 2012.

2.03 Namibia’s islands4
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Namibia’s islands are vital bases for seals and seabirds. Ichaboe (middle left), Mercury (middle right) and Possession (bottom right) islands are
particularly important roosting and breeding grounds for cormorants, penguins and gannets. During 1843–1846, Ichaboe in particular came under 
intense pressure from the frenzied guano trade at the time. Almost a century later, a team of workers was photographed mining guano on Halifax Island 
among hundreds of penguins (top). In the 1950s Namibia’s islands were home to significant proportions of global breeding populations of several species 
such as the African penguin (top), Cape gannet (bottom left) and African black oystercatcher. Several species found on these islands, such as the bank 
cormorant, crowned cormorant and Hartlaub’s gull, are endemic to South Africa and Namibia, with 80–90 per cent of all bank cormorants breeding on 
Mercury and Ichaboe islands.



Namibian shores and beaches come in many shapes and textures. Most are long expanses of sandy beaches, with those in undisturbed areas sometimes 
taken up by seals (left). In places, wave action cuts sheer cliffs into the main Namib Sand Sea (second left). Long stretches of the coast are rugged 
combinations of rocks and dunes, with rock faces that get battered by fierce waves; the iconic Bogenfels arch is an excellent example (second right). 
Some beaches in the Skeleton Coast are adorned by a great kaleidoscope of rounded, coloured rocks (right). 

The 1,570 kilometres of shoreline from 

the Orange River mouth to the Kunene 

River mouth is a mix of rocky outcrops, 

smooth sandy stretches and intermittent 

bays and ephemeral river estuaries. The 

sandy stretches are in constant flux, 

the sand shifting northwards under the 

power of the Benguela Current and 

strong prevailing winds from the south. 

Of the entire coastline, 61 per cent is 

2.04 Coastal margin
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mainly rocky. 

Over the past few hundred million 

years, sea level has varied between 

several hundred metres below and above 

its present level as a result of uplift, 

subsidence and climate change. The 

coastline therefore moved to the west 

when sea level dropped, or to the east 

(inland) when it rose.

The Swakop River and its mouth on the southern edge of Swakopmund. Like all the coastal rivers 
in Namibia, the Swakop stops wind-blown sand from shifting north. Only the Orange and Kunene 
rivers have true estuaries with mouths that open to the sea. The mouths of ephemeral rivers are 
usually closed except at times of exceptional rains and river flow. 

32
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Walvis Bay’s sandy peninsula has changed markedly in recent 

years. These changes were mapped from images taken between 

1973 and 2016 (the image shown here). Over those 43 years, 

the peninsula extended northwards by about one kilometre, and 

narrowed to less than half its width, such that only 600 metres 

of sand separated the ocean on the west from the lagoon on the 

eastern side of the peninsula. The orange blocks are saltpans prior 

to harvesting the salt. [Image centre 22.98° S, 14.47° E]

2.06 Changing shape of Walvis Bay’s 
         peninsula

The area of Walvis Bay’s lagoon has grown substantially, with a net 
increase in its sediments. The abundance of tiny marine organisms in the 
shallow sediments provides food to the great numbers of flamingos and 
other birds that gather here. 

What about changes in sea level? Current monitoring indicates that 
sea level is rising at almost two millimetres per year.5 However, this is 
largely considered to have been the result of a decrease in air pressure 
over the Atlantic Ocean and the expansion of its slightly warmer water, 
rather than from ice melt in polar regions. With the impacts of climate 
change and additions from glacial melts and ice sheets, this rate of rise 
in sea level is expected to increase significantly in coming years. Several 
coastal towns and resort areas will become vulnerable to the destructive 
forces of the sea and the tides, and a break in Walvis Bay’s narrowing 
peninsula may come sooner than is expected.

0 100 m

20042020 1909

Eduard Bohlen

The Eduard Bohlen (right) was a German cargo 

ship which ran aground near Conception Bay in 

1909 while travelling from Swakopmund to Cape 

Town. Since then, the wreck has remained the 

perfect visual marker to monitor the shoreline. 

In 2004, ninety-five years after it ran aground, 

the build-up of sand deposits along the coast had 

added an average of 4.1 metres of beach per year, 

meaning that the wreck was then about 390 metres 

inland of the shoreline. In the 16 years up to 2020, 

the rate of expansion increased to 6.9 metres per 

year when the distance between the wreck and the 

shoreline increased by another 110 metres placing 

it about 500 metres inland, as shown in this 

satellite image taken on 1 September 2020, and 

available in Google Earth. [23.99° S, 14.45° E] 

2.05 Shifting sands and 
         shipwrecks
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Topography6

Elevations measure the rises and falls 
of Namibia’s surface, which we call 
its topography. Parts of the country 
that stand high were once lifted by 
geological processes and have remained 
elevated because their rocks resist rapid 
erosion. Typically, they consist of hard 
minerals that do not easily disintegrate 
or dissolve. The oldest rocks in 
Namibia were formed more than two 
thousand million ago (page 52), and 
many remain standing proud today 
having been heated, frozen, pelted, 
submerged, and pressured at times 
during their long history.

By contrast, lower areas in Namibia 
are in places where geological forces 
once created valleys, rifts or basins. A 
large part of eastern Namibia was like 
that, but it is now filled with sediments 
deposited there by wind or water. This 
is the Kalahari Basin (pages 26–27). Its 
surface has been levelled by the shifting 
of sediments into gaps and troughs 
across thousands of kilometres. The 
low-lying coastal plain was formed by 
the breakup Gondwana as Africa and 
South America spread apart, leaving at 
first a narrow valley that then widened 
as the separation grew (page 61).

Most of Namibia’s peaks are in the centre 

of the country. Exceptions to this are the 

Brandberg at 2,573 metres above sea 

level (masl) in the coastal plain and the 

Gamsberg at 2,350 metres above sea level 

which straddles the escarpment. The lower 

elevations of a rift valley, which stretches 

north of Windhoek, are visible on the 

map. Just to the south of Windhoek in 

the Auas Mountains is Namibia’s second 

highest peak, Moltkeblick (2,479 metres 

above sea level).

As shown in the graph alongside, 55 

per cent of Namibia lies between 1,000 

and 1,399 metres above sea level, much 

of this covering the eastern half and 

central-northern areas. Only 4.2 per cent 

of the land lies above 1,600 metres above 

sea level, and only 8.3 per cent below 

500 metres.

2.07 Elevation
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These profiles show how the coastal plain 

rises evenly over a distance of 150 to 

200 kilometres from the shoreline. The 

gradual rises continue eastwards in many 

areas of Namibia, but there are also sharp 

2.08 Elevation profiles 

rises along escarpments in the central 

areas. Elevations then decrease gradually 

eastwards across the whole country. The 

Fish River and its tributaries have carved a 

broad ravine in the south. 

2.09 Glacial valleys 

Large valleys shaped by glaciers that 

traversed northwestern Namibian about 

300 million years ago remain visible 

today.7 One of these is the Hoarusib 

River valley, shown in the elevation 

profiles above. 

Rock surfaces polished and scratched by glacial debris remain in places.

While much of the Khomas Hochland is hilly and steep, some parts are relatively flat, 
perhaps having been planed by glaciers (pages 56 and 59).
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Most of eastern Namibia is extremely flat and covered in deep 

sands. The only small slopes are localised along fossil drainage lines, 

ephemeral rivers and on dunes. All significant slopes are on rocky 

land further west; on mountains and hills such as the Brandberg 

2.10 Slope

and Erongo, Baynes and Karas mountains; on the escarpment; 

the Otavi Mountains and Auas Mountains further inland; in deep 

valleys incised by rivers, such as the Fish River Canyon; and along 

sections of the Orange, Kunene, Ugab and Kuiseb rivers.
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River courses can be changed by the slightest 
change in slope. For example, the Chobe and 
Linyanti faults along the southern border of 
Zambezi Region form gentle inclines from 
north to south. These prevent the Chobe and 
Kwando rivers from flowing further south. In 
years when the Zambezi River is very high its 
water pushes up the Chobe River from their 
confluence at Impalila Island. The Chobe then 
flows westward to Lake Liambezi, but also 
spills over its banks into the Chobe Swamps, 
which form part of the eastern Zambezi 
floodplains. 

Later, when the Zambezi levels drop, the 
Chobe reverses its direction to flow eastwards 
into the Zambezi. The Chobe is indeed a river 
that flows in two directions! The sharp line 
between the Zambezi floodplains in Namibia 
and the woodlands in Botswana marks the 
position of the Chobe Fault. Other geological 
faults in this region limit the flows of the 
Zambezi and Okavango rivers.

The aspects, or directions, which slopes face are shown in these 

maps. Steeper slopes, of one degree or more, which is equivalent 

to a height change of at least 17 metres over a kilometre, are 

shown on the left. Because the slopes are comparatively steep, 

they tend to face one direction for some distance before being 

intersected by slopes in different directions. These steeper slopes 

run mostly from the escarpment to the coast (westward). Half 

of the slopes of the valleys of large westward-flowing ephemeral 

2.11 Aspect of slopes 

rivers typically face northwards and the other half in a more 

southerly direction.

Gentler slopes (less than one degree) and their subtle aspects 

are shown on the map on the right. Most are in eastern Namibia, 

where the country is relatively flat and covered in sand. Their 

aspects, in general, vary between facing northeast and southeast as 

this interior land slopes gently eastwards down towards the centre 

of the subcontinent (figure 2.01). 
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Aspect

Gentle slopes (<1 degree)Steep slopes (>1 degree)
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Over one third of Namibia (35.4 per cent) is covered in wind-

deposited sands, Arenosols (pages 148–150). Most of these sands 

are now covered by vegetation, especially in eastern Namibia, 

and demarcated as  ‘wind-blown sands’ on the map. Elsewhere, 

there are large areas where the action of wind is clear. The most 

noticeable examples are along roads, such as those between Walvis 

Bay and Swakopmund or between Lüderitz and Aus, where 

sandstorms sometimes obscure the road. The Namib Sand Sea 

was formed by such winds, which carried sand from the Atlantic 

Ocean and blew it onto the land. That sand had previously been 

carried by the Orange River (pages 18, 21 and 66). There are 

other active dune fields in the Namib, south of the Kunene River, 

as well as in southeastern Namibia where dunes stretch over 

hundreds of kilometres.9 Dune fields that formed in earlier arid 

periods are visible in Bwabwata National Park (Zambezi Region), 

and in parts of Kavango East, Kavango West and Otjozondjupa.

2.12 Namibia’s dune fields8
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Prominent features
Most of Namibia’s conspicuous features can be divided into 
two groups: those formed by depositional processes driven by 
water and wind, and those formed from igneous rock. Most 
aquatic features are shallow, such as pans and floodplains, 
although some deeply incised valleys have also been worn 
into the Namibian landscape. Sediments eroded from rocks 
by wind and water contribute to the wind-blown or ‘aeolian’ 
deposits (figure 2.12) that cover more than a third of the 
country. Intrusions of igneous rock, which cooled slowly as 
they emerged from the earth’s molten mantle tens of millions of 
years ago, have stood the test of time, remaining as prominent 
features on the Namibian landscape.

The escarpment runs northwest–southeast parallel to, and east of, the 
coastline. This view is from the top of the Spreetshoogte Pass, one of eight 
impressive passes that traverse the escarpment to connect the coastal plain 
and the interior of Namibia. Large sections of the Namibian escarpment 
were created from deep sea sediments being squeezed, heated and moulded 
into metamorphic rocks during the formation of Gondwana some 
900–550 million years ago (page 55). Ever since, the escarpment highlands 
have been eroded down from higher elevations to their current levels. 

Etosha Pan covers some 4,960 square kilometres. It is the lowest 
remaining part of a much bigger palaeolake that once stretched further 
north into Angola. At that time, the Kunene River flowed into the lake 
and rainfall was periodically higher than it is presently. The palaeolake 
shrank when the the Kunene changed course to follow its current path 
to the coast. Nowadays, Etosha is occasionally inundated by heavy local 
rainwater and by southward flows through the Cuvelai (page 120) and 
then along the Ekuma River to its delta in Etosha, shown here in the 
foreground of this image. Once the water in the pan evaporates, winds 
scoop particles of clay from the pan’s surface and deposit many of them 
as fine sediments to the west of Etosha (page 82). The continued scouring 
action of wind continues to lower Etosha’s surface into a deflation basin. 
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These satellite images illustrate the characteristics of longitudinal dunes 
in Otjozondjupa northeast of Grootfontein (top), the Namib Desert 
(middle), and in the Kalahari in southeastern Namibia (bottom). These 
dunes all form parallel to the dominant wind direction, which in turn 
follows the pattern set by the high-pressure system that dominates the 
subcontinent during the winter months (page 74). Few plants grow on 
dunes in the Namib, while many camel-thorn and other trees dot the 
dunes in the southeastern Kalahari. Dense bush and trees cover the 
ancient, fossilised dunes in the northeast. Their interdune valleys are more 
fertile than the sandy dunes and are therefore often cleared for crops. The 
Namib’s longitudinal dunes and the northeast’s fossil dunes are spaced 
at intervals of 2–3 kilometres, whereas most dunes in the southeast are 
300–500 metres apart. Each image shows an area of 75 square kilometres 
(10 x 7.5 kilometres). [Top 18.99° S, 19.04° E; middle 24.21° S, 15.01° E; 
bottom 25.79° S, 19.58° E]

Barchan sand dunes are produced by strong winds that blow 

predominantly from one direction. The horns of the dunes 

point away from the prevailing wind, which along most of the 

Namibian coast is southwesterly to southeasterly due to the 

strong anticyclonic circulation (figure 3.04). This image shows 

the movement of a few barchan dunes on the edge of a dune field 

in the northern Namib. The points marked show the position 

of the central ridge of each dune in 1996, 2000, 2003, 2008, 

2016, 2018 and 2020. Over the 24-year period, the dunes moved 

between 900 and 1,000 metres in a northwesterly direction, at an 

average rate of 38–42 metres per year. The image was taken in 

2016.10 [18.01° S, 11.88° E]

2.13 Shifting dunes
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Namibia’s prominent peaks and cavities 

were formed in a variety of ways. Those 

most easily identified are inselbergs, such 

as Spitzkoppe illustrated below. Many 

of these iconic features were formed in 

2.14 Namibia’s mountains, craters and canyons

unusual ways and are thus interesting not 

only for their prominence but also for the 

events that led to their making. This map 

shows the locations of these features.

The Omatakos are Namibia’s iconic twin-peaks just west of the 

main road between Okahandja and Otjiwarongo. One is capped 

with hard dolerite and the other with basalt; these caps protect the 

softer underlying layers of sandstone. Omatako is an Otjiherero 

word, meaning ‘buttocks’. In this image of them they are modestly 

hidden under a cover of clouds as a result of moist air rising, 

cooling and condensing. Respectively, the two mountains rise 

about 600 and 800 metres above their surroundings.
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The majority of Namibia’s monumental landforms are of igneous rock, such as the Brandberg, and Erongo and Paresis mountains, and Spitzkoppe seen here. 
These rocks intruded through weaknesses in the earth’s crust that resulted from the break-up of Gondwana about 132 million years ago (pages 61 and 62).
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Despite looking like an extinct volcano with its clear rim and 

what appears to be a caldera, Brukkaros is not a volcano. The 

formation started as an intrusion of igneous magma about  

80 million years ago, which forced the surrounding ground 

upwards and created a fissure that eroded and eventually formed 

a lake. The magma heated the water and, with the expansion, 

caused a massive explosion that hollowed out the mountain into 

its present form.11 Its ridge rises about 500 metres above the 

surrounding lowlands. 
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Gamsberg’s flat top is 2,332 metres above sea level, and is the 

highest point on the escarpment, commanding a grand view over 

the Namib to the west. It is covered by a hard quartzite layer 

that protects the mountain from erosion. Beneath its capping, 

Gamsberg is granite formed from magmatic intrusions some 

1,100 million years ago. 

Gamsberg
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At 2,479 metres above sea level, Moltkeblick is the second highest 

peak in Namibia; just 94 metres lower than the highest of them 

all, Brandberg. Moltkeblick is the highest point of the Auas 

Mountains, which are part of the Khomas Hochland landscape 

(page 12). These highlands are metamorphic rocks formed during 

the Damara Orogeny, a mountain-building period when deep 

marine sediments were forced upwards during the formation 

of Gondwana some 550 million years ago (page 54). Under 

tremendous heat and pressure, the sediments were tilted, warped, 

and metamorphosed into the mica schists that are common 

around Windhoek today. 
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Messum Crater is the remnant caldera of a massive volcano. It lies 

halfway between the coast and Brandberg and has a diameter of 

about 18 kilometres. This volcano is thought to have produced 

some of the Etendeka basalt lava flows that cover large areas of 

Namibia (page 60) and Angola, and Brazil where it is called the 

Paraná Formation. The entire volume of Paraná–Etendeka basalts 

produced during this extraordinary eruption is estimated to be 

over 800,000 cubic kilometres in volume – an amount that could 

cover an area slightly smaller than Namibia in a kilometre-thick 

layer of basalt.12

Messum Crater
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Brandberg (left) is Namibia’s highest point and tallest 

mountain, rising as high as 2,573 metres above sea level and 

about 1,000 metres above its immediate surrounds. Both the 

Brandberg and the Erongo Mountains (right) formed from 

igneous intrusions around 132 million years ago during the 

break-up of Gondwana. Masses of magma pushed up through 

the crust, but never reached the earth’s surface, and then slowly 

Brandberg and the Erongo Mountains

0

500

1,000

1,500

2,000

2,500

3,000

0 10 20 30

Altitude (masl)

Distance (km)

0

500

1,000

1,500

2,000

2,500

0 10 20 30 40 50

Altitude (masl)

Distance (km)

3,000

cooled into the granite of these and many other inselbergs in 

central Namibia. Erosion of hundreds of metres of the coastal 

plain led to the exposure of these once subterranean mountains. 

Both mountains are roughly circular, Brandberg having a 

circumference of about 85 kilometres, slightly smaller than the 

more dissected and lower Erongos at about 100 kilometres.
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Fish River Canyon is the second largest canyon in the world. 

Its origins date back to over 500 million years ago when plate 

movements led to the formation of a broad valley or ‘graben’ 

running north to south. The river that developed in the valley cut 

down through rocks of the Namaqua Metamorphic Complex, 

which date to 1,200–1,000 million years ago (page 50). At times, 

the Fish was a free-flowing river; at others, it was a glacier. The 

depth and erosion of the canyon is a product of several factors: 

the volume of water provided by its catchment; the hardness or 

erodibility of the underlying rock; and the river’s energy in being 

pulled by gravity to its ‘base level’ on the coast. The further a river 

drops, the greater its energy; that energy also increased when the 

canyon and the margins of southern Africa seemingly rose after 

breaking apart from present-day South America during the break-

up of Gondwana (page 60). 

Fish River Canyon

Waterberg is capped with rocks of the Etjo Sandstone 

Formation, which also covers Mount Etjo to the northeast of 

Omaruru. The sandstone formed from wind-blown sands that 

settled in rift valleys that developed along a southwest–northeast 

axis about 240–230 million years ago. Waterberg and Mount 

Etjo gained prominence when much of the surrounding area was 

later eroded away.13

Waterberg Plateau
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Thousands of linear dykes line Namibia’s surface, and many 

more are hidden beneath the ground. Those formed during 

Gondwana’s break-up (132 million years ago) are called 

Etendeka dykes. They formed when the earth’s crust weakened 

during the break-up. Intrusions of magma then forced their way 

into weakened cracks and solidified into vertical wall-like dykes, 

2.15 Dykes14

or between layers of rocks where they hardened into horizontal 

plate-like sills. Other dykes formed at earlier times during 

different periods of tectonic fracturing. Those of the Karoo 

period formed 300–180 million years ago. Older dykes were 

probably related to processes 2,650–1,200 million years ago. 

0 1 2 km

The dark lines in this satellite image are Karoo dykes 50 kilometres northeast of Henties Bay. [21.66° S, 14.44° E]
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The Weissrand (page 18) south and east of Mariental has a surface of calcrete pockmarked with dark grey dolines. These are shallow, funnel-shaped 
depressions into which rainwater drains, often having followed converging narrow drainage lines. These features are clearly seen in this satellite image. In 
some places the dolines have grown into large pans, such as the one shown here (centre left) with its many convergent drainage lines. [25.19° S, 18.37° E]

0 200 400 m

Just north of the main Etosha Pan are hundreds of tiny pans and drainage lines that, from above, give the landscape a magical quality, shaped like bizarre 
forms of life. The pans and drainage lines have formed through erosion of the extremely saline surrounding soils by water and wind. [18.31° S, 16.11° E] 

Dolines

Pans

Other features
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The folded rocks west and north of the Brandberg are known as turbidites. They were formed from sediments that accumulated on the edge of a 
continental shelf and, on reaching a critical mass, were shaken loose by tremors or earthquakes, causing the deposits to slump down in great mudslides 
to the ocean depths below. The layered sediments were later forced upwards, heated, squeezed and folded (page 54) in processes that led to the 
formation of Gondwana. The folds vary in width from a few centimetres to hundreds of metres, decorating the landscape with extraordinary patterns. 
The white line in this satellite image is the Ugab River, which has cut through the turbidites. [20.95° S, 14.00° E] 

Faults

Turbidites

Namibia is relatively stable tectonically, with only minor seismic shifts being recorded sporadically. An exceptional movement caused the Hebron Fault, 
clearly seen in this photo. It can easily be traced 45 kilometres from end to end in the Sesriem area, notably along the D854 where this district road crosses 
the fault at 24.622 degrees south and 15.992 degrees east, or on the C19 road at 24.540 degrees south and 15.913 degrees east (pages 50 and 362). 

The cliff of this small fault is 10 metres at its highest point. The most recent movement along the Hebron Fault was within the last 12,000 years. 
However, the fault was probably more active during much earlier times, and extensions of the Hebron Fault can be found along a stretch of 300 kilometres 
to the northwest and southeast.15
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Geology16

A great deal has happened during the 
4,543,000,000 (4.5 billion) years of 
Earth’s history. Continents have drifted 
across the globe; ocean floors were 
crumpled and raised into mountain 
belts; seas were formed where continents 
split; big meteorites and asteroids 
bombarded the planet; and enormous 
volcanoes produced lava that covered 
tens of thousands of square kilometres. 
At different times, much of what is 
now Namibia has been beneath water, 
lava or ice, and now large parts of it is 
under sand. Namibia has therefore been 
subjected to many different conditions, 
all of which have shaped its structure. 
While the country is young, most of the 
land is ancient.

Namibia’s geological foundations 
sit on the Congo and Kalahari cratons. 
These are stable masses of basement rock 

reaching up from the mantle, most of 
which lie about 40 kilometres below the 
earth’s surface. The country’s journey 
through time therefore largely follows 
that of the Congo and Kalahari cratons. 

The pages that follow recount present 
knowledge of Namibia’s geological history 
and describe how and when Namibia’s 
foundations were pieced together. Major 
changes in the movements of the Congo 
and Kalahari cratons divide this history 
into four periods. Repeated collisions 
and break-ups of these cratons not 
only shaped the land, but also created 
mountains, basins and seas at various 
times. Great changes in climate occurred 
as ice ages, extreme aridity or hot, humid 
tropical conditions, for example, came 
and went. Some of these changes occurred 
as a result of Namibia drifting across the 
globe (page 3).

About one third of Namibia is covered in 

sand, most of which was deposited within 

the last few million years. What lies beneath 

the sand is generally poorly known. By 

contrast, geologists have done much to map, 

analyse, drill and understand the nature and 

history of the remainder of Namibia’s land 

surface. This work is never simple, but the 

task has been aided by the exposure of rocks 

in many areas. This is largely thanks to the 

relatively sparse covering of plants and soil, 

which are both consequences of Namibia’s 

long-standing dry climate.

This map distinguishes major groups of 

rocks, each group being of the same type, 

2.16 Major rock formations and groups

formed at similar times and by similar 

processes. Only the largest groups are 

shown here, since small areas would not 

be visible at this scale. The legend is best 

read by following the oldest units at the 

bottom to the youngest ones at the top of 

the sequence. The geological times given 

here are broad starting times for each unit. 

Some units developed over short periods, 

while others came about from processes 

that lasted tens of millions of years. The 

legend is divided into four blocks, each 

corresponding to one of Namibia’s four 

geological periods, described in the pages 

that follow.
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The oldest rocks are a mixture of both metamorphosed 

igneous and sedimentary rocks from about 2,650 million 

years ago. They belong to the Epupa Metamorphic Complex, 

which extends from the Hoanib River west of Sesfontein to 

the Kunene River. The complex may be more extensive, but 

hidden underground, since geophysical studies have shown that 

similar rocks occur below the surface in the vicinity of Tsumeb, 

Grünau, and the Cuvelai in northern Namibia. 

2.17 Namibia’s basement geology, 2,650–900 million years ago 

The Abbabis Metamorphic Complex formed about 2,160 

million years ago. It lies between the Kuiseb River and 

Okahandja in the base of folds of the Damara Orogen, a folded 

mountain belt, which emerged much later around 550 million 

years ago (page 54). The Huab Metamorphic Complex formed 

about 1,930 million years ago and now forms the Kamanjab 

Inlier north of Khorixas. Smaller outcrops of this complex have 

also been identified south of Otjovasando and southeast of Outjo. 

Rodinia and earlier: 2,650–900 million years ago

Although the formation of Earth began over 4.5 billion 
years ago, events in Namibia are only traceable for the 
most recent half of this time. What is known of Namibian 
geological history begins with material and evidence from 
about 2,650 million years ago. This is the beginning of 

the first and longest of the four periods, but the one about 
which the least is known. It starts with the oldest rocks 
found in Namibia and continues with the formation of the 
supercontinent Rodinia about 1,200 million years ago and 
then its break-up about 900 million years ago. 
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Earth, 1,500 million years ago:17 The Congo and Kalahari cratons that underlie Namibia today were separate at this time. As far as geologists can tell, 
their edges cut through Namibia from the central coast to the northeast. Likewise, Angola, Botswana, Malawi, Tanzania, Zambia and Zimbabwe were 
probably also divided between these two early continents. This reconstruction depicts Earth before the formation of Rodinia, which took place between 
1,200 and 1,000 million years ago.

This is banded gneiss of the Namaqua 
Metamorphic Complex near the Tantalite Valley, 
some 30 kilometres south of Warmbad. The 
parent rocks of the Namaqua Metamorphic 
Complex are approximately 1,930 million years 
old, but the complex itself was formed around 
1,200–1,000 million years ago when the Kalahari, 
Congo and Rio de la Plata cratons collided to 
form the supercontinent Rodinia. It is thought 
that the collision created the 1,400-kilometre-long 
and 400-kilometre-wide belt of the Namaqua 
Metamorphic Complex, which stretches from 
the Lüderitz area across the Orange River to 
KwaZulu-Natal in eastern South Africa.
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Second period, Gondwana’s formation: 900–550 million 
years ago
The second historical period started when Rodinia began to 
break apart around 900 million years ago. That split Namibia 
and its neighbours in Rodinia into three landmasses, namely 
the Kalahari Craton to the east, the Congo Craton to the 
west, and the Rio de la Plata Craton to their south. Two deep 
oceans formed as the craton landmasses drifted apart. The 
Adamastor Ocean extended along a north–south axis from 
present-day Kunene in the north to the Orange River in the 
south following a similar trend to Namibia’s current Atlantic 
coastline, while the Khomas Ocean cut a swathe through 
present-day central Namibia. 

Great volumes of sediments were eroded off the landmasses 
and deposited in the oceans. At the same time, hot semi-fluid 
magma rose from the earth’s upper mantle, becoming lava 
on the surface where it cooled and solidified into volcanic 
rock. Together with the sediments, successions of interbedded 
sedimentary and volcanic rocks were formed, which are today 
part of the Nosib Group in the Damara Orogen. Many saline 
lakes also formed within these large basins, much like the 
present-day lakes of the East African Rift Valley.

The denser oceanic crust between the three continental 
landmasses began to sink about 700 million years ago. This 
led to the convergence of the three landmasses and the closure 
of the oceans. By about 550 million years ago, the landmasses 
of the southern hemisphere had been consolidated into the 

Earth, 900 million years ago: Rodinia had not yet broken up. The three cratons that formed Rodinia – Congo, Kalahari and Rio de la Plata – then began 
to drift away from each other and, as the rifts between them widened, the Khomas and Adamastor oceans came into being. 

supercontinent Gondwana. During the process of convergence, 
oceanic sedimentary rocks in the Khomas and Adamastor 
oceans were pushed up and metamorphosed into the extensive 
mountain belts of the Damara Orogen in central Namibia, and 
the Gariep Orogen and Kaoko Belt in southern and northern 
Namibia, respectively. 

The compressive forces were enormous, heating, 
pressurising and melting rock, which then rose because it was 
lighter and thus more buoyant than the surrounding rock. The 
molten rock formed the intrusions of Damara Granites, such 
as the extensive Donkerhoek and Omangambo granites, the 
uranium-bearing Rössing Alaskite, and tourmaline-bearing 
pegmatites in central Namibia. 

As colliding landmasses are pushed upwards to create 
mountain ranges, large basins form behind them as the 
colossal weight of the mountains causes the surrounding 
land to subside. Both the Nama Basin in the south and the 
Owambo Basin in the north of Namibia were thus formed 
during the Damara, Gariep and Kaoko mountain-building 
events. The Nama and Owambo basins were eventually filled 
with debris eroded off the newly built mountain belts, the 
debris respectively forming the Nama Group (figure 2.18) in 
southern Namibia, and the Mulden Group, most of which lies 
beneath the Owambo Basin and its Cuvelai drainage system 
(page 120).
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Most geological formations belonging to this period began as 

sediments in the Damara and Adamastor oceans before they 

were later pushed up to form the extensive mountain belts of the 

Damara Orogen in central Namibia and the Gariep Orogen in 

2.18 Gondwana’s formation, 900–550 million years ago

southern Namibia. The rock groups of these two formations are 

mapped in the various units shown in this map. The processes that 

led to the building of the mountain belts also led to the formation 

of Gondwana, the new supercontinent. 

The calm, shallow waters near the edges of the 
landmasses were probably warm, sunlit and full of 
simple forms of life such as algae and stromatolite-
forming cyanobacteria. Photosynthesis enabled 
plant life to fix carbon from the atmosphere and 
bind it to calcium to form calcium carbonate,18 
which eventually became the limestones and 
dolostones of the present-day Otavi Group 
in the Otavi–Grootfontein–Tsumeb hills that 
extend westwards to Outjo and northwards 
towards the Ruacana area. This photo shows the 
Uhlenhorsthöhle, a cave in the Otavi area, which 
is one of many dissolved in the limestones by 
groundwater. Other limestone belts lie between the 
Gamsberg and Steinhausen east of Okahandja and 
in formations of the Nama Group.
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These turbidites were formed predominantly 
from inorganic sediments that slid down the 

slope of the continental shelf into deeper water. 
The turbidites in the depths of the Khomas and 

Adamastor oceans were then metamorphosed to 
form the basis of much of the rock of the Khomas 

and Hakos groups found in central Namibia today 
(figure 2.18). Many of the rocks in Namibia are 

folded, but the most spectacular folds are seen 
in the turbidites along the Ugab River, west and 

north of the Brandberg, as illustrated here. 

The period of erosion and sedimentation in the 
Adamastor and Khomas oceans was interrupted 

twice by episodes of global glaciation. These 
‘Snowball Earth’ events occurred about  

720 million and 635 million years ago. In places, 
the glaciers left their marks as striated and 

polished rock surfaces, as seen on this block of 
dolomite and fossil stromatolites, or in thick 

deposits of glacial debris. 

Metamorphism of the basalts of the mid-oceanic 
ridge in the Khomas Ocean produced the copper-

rich Matchless Belt of amphibolite rock, which 
runs for about 350 kilometres from the Kuiseb 
River near Gobabeb to Windhoek and beyond. 

Similar volcanic rocks that extruded at the 
Adamastor mid-oceanic ridge are now part of the 
Gariep Complex of southwestern Namibia. These 

green rocks of the Matchless Belt are easy to see 
below the water reservoirs on the hill next to 

Windhoek’s fire station. 
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As mountains of the Damara Orogen were eroded in the Hakos area west of Rehoboth, tremendous pressure on underlying rocks was released. 
Geologists conclude that the underlying compressed rocks rebounded, tilting and lifting, and then slid southwestwards for almost 80 kilometres over the 
younger Nama Group to form the Naukluft Mountains (pages 12 and 17). 

Earth, 550 million years ago: The formation of the supercontinent Gondwana occurred when the Rio de la Plata, Congo and Kalahari cratons collided. 
This process also closed the Khomas and Adamastor oceans. 

The shales, sandstones, limestones and conglomerates of the Nama Group contain an extensive record of fossil organisms 
that made up Precambrian life (older than 540 million years), commemorated here in a 2008 issue of Namibian stamps. The 
organisms represented in the fossils were soft-bodied and generally only preserved as impressions making them difficult to study 
and understand. They lived during the Ediacaran Period, 635–541 million years ago. What are believed to be primitive sponges 
have been described from the Nama Basin (page 54), as well as small shelly fossils, which were the first animals with a skeleton. 
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Third period, Gondwana: 550–132 million years ago
The third era in Namibia’s geological history begins with 
Gondwana, a supercontinent comprising all countries in the 
present-day southern hemisphere and India, that existed for 
over 400 million years. Namibia was in central Gondwana, 
and it remained there until Africa and South America split 
apart 132 million years ago. That is when Namibia started 
to develop a coastline along what would later become the 
Atlantic Ocean.

Most rock formations of this Gondwana period stem from 
two eras. Outcrops from the earlier Karoo Period, between 300 
and 180 million years ago, largely consist of Etjo sandstone 
north of Windhoek, and of glacial and alluvial sediments 
in southern Namibia. The second, more recent period was 
associated with the break-up of Gondwana when basalts 
erupted and intruded between 180 and 132 million years ago.

About 300 million years ago, Gondwana (and Namibia) 
began to drift northwards again. The climate warmed and 
melting sheets of ice in the interior turned into rivers that 
flowed into extensive inland basins and seas in southeastern and 
northeastern Namibia. Some of the sediments that accumulated 
in these basins were rich in organic material. Sediments that 
flowed westwards from central and northern Namibia filled the 
Paranà Basin of Brazil, a small remnant of which is preserved in 
Namibia where it is known as the Huab Basin.

Rifts started forming in central Namibia about 240 million 
years ago. These were early stages of the impending break-up 
of Gondwana. The most prominent of these rifts are in the 
Waterberg–Etjo mountain area, from where they stretched 
northeast into Botswana, Zambia, Zimbabwe and Tanzania 
and southwest into areas of South America that were then also 
part of Gondwana. The rifts were filled with coarse sands and 
muds deposited by ephemeral river systems. Fossils found in 
these sediments in the Waterberg and Mount Etjo areas have 
close affinities to others found in South America and East 
Africa, suggesting ecological linkages between areas that are 
now very far apart. 

Major dune fields developed about 180 million years 
ago when Gondwana became hotter and drier as it moved 
northwards away from the South Pole. Remnants of these 
dunes are still preserved over wide areas of southern Africa. 
As the rifts reversed direction, their sediments were forced 
up and are now above ground, exposed as prominent 
features forming the flat plateaus of the Waterberg and 
Mount Etjo mountains. Well-preserved dinosaur footprints 
in the fossilised dunes are found at Otjihaenamaparero 
near Kalkveld and at other localities in central Namibia, 
providing an intriguing perspective on what life was present 
at that time.

Fossils, such as this of an aquatic Mesosaurus reptile, and amphibians nearly as big as crocodiles, reflect the diverse and large fauna that lived in the seas 
and lakes of the Karoo Period in southern Namibia. 
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Earth, 315 million years ago: About 500 million years ago Gondwana started drifting southwards over the South Pole (figure 1.02). Massive continental-
scale glaciers covered and scoured much of the surface of Gondwana, including Namibia which was situated in the heart of Gondwana. Over what was 
later to be southern Namibia, the glaciers appear to have flowed southwards to southwestwards, while those in northwestern Namibia flowed largely 
westwards into the Paraná Basin of present-day Brazil. Many examples of glacial valleys can now be seen (page 37), but the Kunene River is the most 
outstanding where the striated and polished floors of ancient glaciers still lie some 1,800 metres below the surrounding mountains.

2.19 Geology of Gondwana, 550–132 million years ago

Ondangwa

Lüderitz

Walvis Bay

Oranjemund

Opuwo
Rundu

Katima Mulilo

Otjiwarongo

Tsumeb

Tsumkwe

Mariental

Keetmanshoop

Gobabis

Noordoewer

Terrace Bay

Khorixas

Windhoek

Etendeka Intrusions

Etendeka Group

Kalkrand Formation

Karoo Dolerite

Karoo Supergroup

Rock group
2

2

3

3

4

4

5

5

6

6

6

6



60

Earth, 180 million years ago: At about this time, Gondwana started splitting, dramatically, close to the present-day east coast of South Africa. Indeed, 
Gondwana’s original plates have continued to move ever since, evidenced by the continued drifting of South America from Africa, for example. 

When South America and Africa started to part ways 132 million 
years ago it caused one of the world’s largest known volcanic 
eruptions. Lava flows from this period have been discovered 
in Uruguay, Brazil, Angola and Namibia where they form the 

distinctive flat-topped Etendeka hills (page 14) of Kunene Region. 
This, however, represents only seven per cent of the total area 
covered by these lavas, the rest being in South America. The 
dominant lava flows were liquid basalts produced by relatively 

More dune fields developed as Gondwana warmed as it moved away 
from the South Pole. These dunes covered over one million square 
kilometres, larger than Namibia’s surface area today. They were still 
active at the time of the Etendeka volcanic eruptions, which covered and 
preserved large areas of dunes in situ. Studies of the preserved dunes have 
confirmed that this was an extremely arid period, and that the dunes were 
formed by wind that blew predominantly from the southwest. In places, 
such as here about 20 kilometres west of Twyfelfontein, darker Etendeka 
basalts lie directly on top of the paler dune sandstones, exactly where the 
erupting lavas cooled and solidified 132 million years ago.

As Antarctica and Africa began to move apart about 180 million years 
ago, large volumes of basaltic lavas erupted and covered parts of northern 
and eastern Namibia (now found in the Mariental and Tsumkwe areas) 
as well as over parts of Botswana, Mozambique, South Africa, Zimbabwe 
and Zambia. These are the rocks that cap and preserve the elevations 
of the Drakensberg and Victoria Falls. Some of the magma that did not 
make it to the surface was intruded as large sills, and now form these 
blocks of dolerite that decorate Giants’ Playground near Keetmanshoop. 
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Earth, 132 million years ago: Africa and South America start to split. Massive flows of lava exuded from the earth covering many hundreds of thousands 
of square kilometres. Brandberg and other igneous intrusions pushed up to below the surface. 

Doros Crater is not a crater formed by an erupting volcano, but by an igneous intrusion that pushed up during the split of Namibia from South America. 
It slowly cooled and hardened, becoming visible on the surface only after the surrounding, softer landscape eroded away. 

quiet eruptions. But many were more explosive, generating huge 
volumes of magma. 

While these lavas erupted, intrusions also pushed up into 
the earth’s crust, cooling slowly, but remaining below the 

surface. These have now been exposed by erosion, giving 
Namibia many of its iconic landmarks and inselbergs, such as 
the Brandberg, and Erongo, Paresis and Okonyenya mountains 
and the Spitzkoppe. 
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Earth, 80 million years ago: Sediments from rivers in Namibia are eroded into the emerging and widening South Atlantic Ocean. The mid-Atlantic ridge 
continued to erupt new material as Africa and South America drifted away from one another. 

Fourth period, post-Gondwana: 132 million years ago to now

The final period in Namibia’s geological history leading to its 
present-day physical form is largely a continuation of processes 
that stemmed from the break-up of Gondwana as Africa and 
South America split. The final shaping of the landscapes of 
Namibia began with rivers carrying eroded material down to 
the South Atlantic Ocean that formed when the two continents 
separated. The coastal plain thus expanded as elevated 
inland areas were eroded and lost ground, progressively 
withdrawing eastwards. That process continues today at a 
slow, imperceptible pace. 

The expanding coastal plain holds many geological 
remnants of times long past, such as inselbergs, faults and 

dykes. The composition of its surface is however largely a 
product of the weather and ocean currents present along 
the Namibian coast (pages 74–77). These maintain its 
aridity, drive sand across its surface and polish its rocks. The 
Orange River, in combination with the Benguela Current, 
has also had a major impact on the coast, supplying the 
sand that accumulates as coastal dunes, as well as the 
diamonds that have added so much to Namibia’s economy. 
The quantity of sand and diamonds deposited onshore 
would have been much reduced if it were not for the wide 
continental shelf (page 28) on which they could settle before 
being carried northwards.
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Dikke Willem is well known as a landmark 
along the road between Aus and Lüderitz. It has 
another distinction, which is its composition as 
a carbonatite, an igneous rock that generally 
emerges as dykes or sills. Carbonatites are rich 
in carbonate minerals, some of which can have 
commercial value. Dikke Willem emerged about 
49 million years ago and now stands about 
500 metres above the surrounding plains.19

The most significant event marking this final period was the 

uplift of the margins of southern Africa, which resulted in the 

creation of a massive basin covering much of central southern 

Africa – the Kalahari Basin (pages 26–27). Rivers and wind have 

eroded the margin of highlands into the basin ever since. Alluvial 

sediments were prevalent during the occasional wet periods, but 

most sediments were deposited by wind during the arid conditions 

2.20 Post-Gondwana geology, 132 million years ago to the present

that have dominated most of the last 60 million years. Evidence 

for this is found in the ancient dunes preserved under the modern 

dunes of the Namib Desert, for example.

The map shows the surface of aeolian sands that cover most of 

the Kalahari Basin and the Namib Sand Sea. Only Etosha Pan and 

a few other nearby pans are shown here, but there are thousands 

of pans elsewhere in Namibia (page 122).
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Minerals
Although minerals are just compounds within rocks (or sand), 
some are rare while others have distinctive characteristics, 
and are of economic interest. Understanding how the 
compounds form and where they may occur requires a sound 
understanding of how different rock types are formed. Ore 
deposits can form in a multitude of environments including 
several igneous systems, during metamorphism, and during 

sedimentation and burial. This also means that if a particular 
ore deposit is found in one area it is likely that similar ore 
bodies will be found in the same geological or tectonic units 
elsewhere. The maps in this section also show how different 
minerals are often found in clusters in Namibia. The majority 
of active mines (page 162) are in these clusters.

Almost all mineral deposits known in Namibia are found where 

rocks are exposed in the western half of the country. No significant 

bodies of ore are known in the geologically young cover of sands in 

the east or in the Namib sand dunes. However, many of the bedrock 

2.21 Mineral deposits20

formations found in the west are known to lie beneath the younger 

deep cover of sands, and so it is expected that there are more deposits 

under the Kalahari sands (page 50). One challenge for the future is to 

explore below the sands using new geophysical techniques.
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Marble, granite, conglomerate, sodalite and 
dolerite are the main types of dimension stone 

extracted in Namibia, most of which is exported. 
This aerial photo shows Marmor, a marble mine 

near Karibib. 
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This map shows mining licences in Namibia 

in 1914, but Namibia has a much longer 

history of mineral exploitation. The 

oldest evidence for processing metal ore is 

from Iron Age archaeological sites in the 

vicinity of the Okavango River in northern 

Namibia. More recently, copper was smelted 

from relatively high-grade surface ores in the 

Rehoboth area and along the Kuiseb River 

near the Matchless Belt of amphibolite (page 

50). These ores were first processed to make 

beads around 400 years ago. The copper 

ores alerted German colonists to the mineral 

potential of the territory, and exploration 

companies were soon set up. 

The first geological maps were produced 

in the 1880s and this aided the identification 

of further ore deposits. By 1891 maps had 

appeared showing mineral deposits of many 

types. However, the major game changer in 

Namibian mining came in 1908 with the 

first confirmed discovery of a diamond in 

southern Namibia. A rush for diamonds 

began and the German administration 

at that time felt compelled to institute 

regulatory measures to contain the frenetic 

activity that ensued. More than 110 years of 

continuous mining later, diamonds are still a 

major source of revenue for Namibia.

2.22 History of mining21

Salt has been harvested for hundreds of years from pans east and west of the main, large Etosha Pan. Much of the salt was for local consumption by 
Aawambo in the Cuvelai, but salt, ivory, slaves and ostrich feathers were the first major trade exports from the Cuvelai. In recent years, salt is mostly 
produced from purpose-built saltwater evaporation pans at Walvis Bay, Panther Beacon (just north of Swakopmund) and Cape Cross.
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All the known diamond deposits in Namibia are sedimentary, 

originally derived from kimberlites in the interior of South Africa, 

Botswana and Lesotho from where they are carried down the 

Orange River and then northwards along the coast. 

The diamonds are sorted initially by the waters of the Orange 

River and then by the Atlantic Ocean. Only well-formed diamonds 

reach the coast, because those with weaknesses disintegrate as 

they are swept down the rocky and turbulent Orange River. The 

diamonds are pushed into the Atlantic Ocean and then swept 

northwards by the longshore drift of the Benguela Current. The 

drift effectively sorts the diamonds with the majority and heaviest 

of them being deposited in the south, close to where the river spills 

into the ocean. The central area of coast – known as the diamond 

gap – has very low concentrations of diamonds. This is thought to 

be a consequence of the shape of the shoreline and the direction of 

the current. The origin of diamonds reported in the Kunene River 

is not known.

2.23 Diamonds

Seen here is the Orange River in flood and spilling into the Atlantic 
Ocean with its plume of sediment. The Orange River essentially sorts 
and conveys high-quality diamonds from the interior of southern 
Africa, depositing the gems offshore on the continental shelf. The 
waters are shallow enough for strong ocean swells with waves of more 
than five metres to carry the diamonds (and other sediments) back 
towards the coastline north of the river mouth. The Benguela Current 
(pages 76–77) then carries them northwards and onshore from where 
strong southwesterly winds may move the diamonds farther.

Most diamonds deposited like this on Namibia’s coast have been 
recovered by miners armed with diverse machinery that dredge, sieve, 
sweep, scour and sort the coastal sediments. While in the early 1900s 
diamonds could simply be picked up off the ground, returns along 
the coast have gradually diminished. Most mining nowadays is thus 
done from ships that dredge the floor of the continental shelf. Jointly, 
kimberlites in central southern Africa, the Orange River, the Benguela 
Current and industrial mining have provided the Namibian economy 
with a great deal of revenue. These photographs demonstrate some of 
the variety of diamonds recovered in Namibia, ranging between large 
diamonds found in the lower Orange River and the assortment of small 
diamonds recovered north of Terrace Bay.
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South Africa
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Uranium ore deposits are focused largely in the central-western 

areas of the country, and the three uranium mines that have 

been developed in Namibia to date are all in this area. The ore 

deposits are found as two broad types: primary igneous ores; and 

in sedimentary rocks in which the uranium has been derived by 

weathering and erosion from igneous sources. 

2.24 Uranium
Recently, deposits of rare earth elements have received 

considerable interest, as they are important components in 

mobile phones, batteries, wind turbines, night-vision oculars and 

a host of other devices. Rare earth elements are found either in 

carbonatite rocks or pegmatites (pages 54 and 63), both being 

unusual igneous rock types, and of which there are several 

deposits in Namibia. 

2.25 Rare earth elements and carbonatites

Uranophane crystals in a granite at the Rössing Uranium Mine. These 
radioactive yellow crystals are formed from other uranium-bearing minerals. 

A pegmatite from Otjua. The lowest layer is cleavelandite, then fine-
grained pale blue tourmaline, followed by a coarse-grained pink and 
green tourmaline with white cleavelandite. The N$1 coin provides a scale.
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Copper is the most widespread of all commercial minerals in 

Namibia, yet distinct clustering or ‘mineral provinces’ for copper 

are still recognisable. In many cases the deposits are too small 

to mine, but the clustering of deposits tantalisingly suggests that 

large undiscovered deposits may exist in those areas. Colonists 

first exploited a copper deposit in Namibia as early as 1857, but 

the deposit that was later to become Tsumeb Mine had long been 

known to local people before this. Large-scale mining of copper in 

Tsumeb started in 1906.

2.26 Copper

Open-cast mining of gold at the Otjikoto Mine between Otjiwarongo 
and Otavi.

Gold was first discovered in Namibia in 1899 with many small 

deposits being found. But only the small Ondundu deposit 

northwest of Omaruru produced notable quantities of gold 

from 1924 to 1963. Gold mining resumed in earnest in 1990 

when Navachab Mine at Karibib started production. This was 

followed by the development of Otjikoto Mine south of Otavi, 

which started production in 2014. Both mines have exceeded their 

production targets and exploration continues.

2.27 Gold

Green copper mineralisation, Kalahari Copper Belt near Dordabis.
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This is the old shaft of the mine at Tsumeb, a 
mine that is well known by mineral collectors 
because at least 243 types of minerals have 
been described from the mine. Fifty-six were 
discovered there, some of which have since been 
found at other localities.

Zinc (left) and lead (right) deposits are often found in association 

with each other and this can be clearly seen by comparing the 

2.28 Zinc and lead

two maps showing the distribution of these elements. Much of 

Namibia’s lead has been mined from a deposit at Tsumeb.
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Petroleum exploration in Namibia began in the late 1960s when 

the first licences were awarded for offshore exploration. Offshore 

basins are still the main focus of exploration, but some exploration 

does take place in older sedimentary basins onshore. The reserves 

2.30 Petroleum exploration licences, 202022 

which have been identified in the Kudu gas field are sufficient to 

power Namibia for at least 20 years, but would be expensive to 

extract and develop as the reservoir of gas lies more than four 

kilometres under the seabed and 170 kilometres offshore.

Low-grade tin deposits have been known in the Erongo Region 

since 1908 and small, intermittent production took place there 

until the 1950s when the industrial tin mine at Uis opened. The 

mine continued production until 1991 when low prices made 

its operations unviable and forced it to close. The mine was 

revived in 2018 and tin concentrate is once again being exported 

from Namibia. The Brandberg West Mine also produced small 

quantities of tin ore between 1946 and 1980. 

2.29 Tin
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Key points

•	 Namibia’s topography is characterised by features found 
across southern Africa: a continental shelf and coastal 
plain separated by well-defined highlands from a broad, 
flattish area much of which stands 1.0–1.5 kilometres 
above sea level. In Namibia, this broad area forms part of 
the great Kalahari Basin. Over one third of Namibia lies 
beneath a cover of wind-blown sand. 

•	 Namibia’s continental shelf is broader than elsewhere in 
southern Africa, reaching 180 kilometres offshore at the 
Orange River mouth. Beyond this shelf, the Atlantic drops 
sharply to an abyssal plain that reaches depths of more 
than 5,000 metres, but is broken by the Walvis Ridge, a 
mountain chain of extinct volcanoes that extends over 
2,500 kilometres from Namibia’s northern coast to the 
islands of Tristan da Cunha. Numerous tall seamounts 
protrude above the abyssal plain.  

•	 Fifty-five per cent of Namibia lies between 1,000 and 
1,400 metres above sea level, much of this covering the 
eastern half and central-northern areas. Only 4.2 per cent 
of the land rises above 1,600 metres, and 8.3 per cent 
below 500 metres above sea level. 

•	 Fourteen islands lie along the coast between the Orange 
River mouth and Walvis Bay. All are small, ranging between 
10 and 140 hectares, but most are important roosting and 
breeding areas for seabirds and seals. The islands lie within 
the Namibian Islands’ Marine Protected Area. 

•	 Sea levels have varied between several hundred metres 
below and above present levels as a result of uplift, 
subsidence and climate change.  

•	 About 61 per cent of the coast is predominantly sandy 
and 39 per cent mainly rocky. Sandy parts of the coast 
may expand or retract by many metres per year as the 
coastline shifts east or west, and peninsulas and dunes 
creep northwards.  

•	 The oldest rocks in Namibia probably formed between 
2,650 million and 1,200 million years ago, but it is not 
known to what landmasses they then belonged. More 
clarity comes after the formation of Rodinia between 1,200 
million and 1,000 million years ago, a supercontinent on 
which many parts of Namibia were then located. Rodinia 
broke apart into the Kalahari, Congo and Rio de la Plato 
cratons about 900 million years ago. The Khomas and 
Adamastor oceans formed between the cratons. 

•	 The three cratons converged again between 600 million 
and 550 million years ago to form the new supercontinent 
of Gondwana. In the process, sediments deposited 
in the oceans were raised, compressed, heated and 
metamorphosed into geological features that now comprise 
much of Namibia. 

•	 Much of western and central Namibia was at times 
beneath glaciers, large shallow lakes or sand dunes. 
Together with eruptions and intrusions associated with 
Gondwana’s breakup, these conditions left features that 
shape many of Namibia’s current landscapes.  

•	 Gondwana began to break up about 180 million years ago, 
but it was the separation 132 million years ago that led to 
the split of South America from western Africa, including 
Namibia, and which gave southwestern Africa a coast for 
the first time.  

•	 The margins of southern Africa lifted about 70 million 
years ago, leaving a large basin covering much of central 
southern Africa – the Kalahari Basin. Rivers and wind have 
deposited sediments into the basin from material eroded 
off the subcontinent’s highland margin ever since. 
Sediments eroded off the highlands were also deposited to 
the west where they expanded the coastal plain. 

•	 Namibia is rich in minerals, the most valued being 
diamonds, gold and uranium. Others mined on a 
significant scale are zinc, copper, lead, tin, rare earth 
elements and various dimension stones.


