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Zusammenfassung. Ein geomorpholo gisches Gesetz darf erst dann als gesichert betrachtet wer­

den, wcnn cine H ypothe se sich wiederholt als nachprufbar erwiesen hat . Eine solche Oberprufung 

erfordcrt cine umfa sscnde Untersuchung v ieler Beispiele. Im Faile der Theorie n uber die Bildun g 

von Granitinselber gcn hab en zah lreichc Untersuchungen crgeben, dail die Freilegung des Gesteins 

durch Abtragen des Vcrw irterung smaterials hervor gerufcn wird . Di ese Glockenber ge ve rd anken 

ihrc Form d1emischcr Verwirte run g, und zwa r in Zonc n eng beieinanderliegcnder K!Uft c in der 

Um gebun g sow ic gcringercr Verwitteru ng in Zoncn wcitstindigcrer Kluftung innerbalb dcr 

Erhcbung. Es sind schon so v iele Beispielc fur cine sold1e En tw icklung beschrieben worden, da!l 

.die H ypot hese L. C. KINGS (1949, 1966) i.iber die Bornhardt -E ntwicklung durch Pediplanation 

und da s Zuruckweichen der Hcinge uber dem Anstehendcn wohl cigcntlich widcrlcgt worden ist. 

Es werden bier aber Bcwei se dafi.ir angefuhrt, da!l in der Namib-Wiistc in Scidw estafr ika die 

Hypothese KINGS doch zutrifft, und da!l nicht s darauf hinwei st, da!l cine chemische Tiefcnverwit­

terung je zur Bildung dcr Bomhardts beigetr agc n hat. Dicsc s 13cispicl dcmon striert die Bedeu­

tung dcr Konvergenztheori e sowie auch die Gefahren, die d cm Vcrsuch anhaften, die kausalen 

geomorphologischen Pro zesse aus der Unter suchung der Formen des Relief s her zuleiten . 

Summary. A geomorpholo gical law can on ly be deemed to be estab lished when an hypothe sis 

is consistently found to be verified. Such verifica tion requires extensive stud y of many exampl es. 

In the case of theorie s of th e evolution of granitic bornhardt s numerou s studies have shown tha t 

the rock exposures result from the stripping of regolith and th at th ese dom es owe th eir form to 

d1emical weathering in zones of closely spaced joints around the dome and shallower 

penetration of weathering in areas of ma ssive jointing within the dome. So many examples of 

sud1 development have been described that L. C. KING's (1949, 1966) hypothesis of bornbardt 

development by pediplan at ion an d scarp retr ea t across bedrock has been virtually rejected . 

Evidence is offered, however, Desert of South We st Afr ica KING's hypothesis 

does app ly, and that dee chemical weatherin bas ne·ver con tribut ed to the evolution of the 

This example emonstra tes the importance o t e concept of convergence, and th e 

danger s inherent in attempts to deduce the causati ve geomo rphic proce sses from a study of the 

morphology of landform s. 

1 Zoitschrift fUr Geomorphologic N . F. Bd. 21, Heft 1 
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Resume. Une loi geomorphologique peut seulement &tre consideree comme etablie quand elle 

est verifiee tres frequemment. Une telle verification dcmande l'chude extensive d'un tres grand 

nombre d'exemples. Dans le cas de theories sur !'evolution des bornhardts granitiques, de nom­

breux travaux Ont montre que Ia mise a nu de Ia roche resultait de l'enlevement de produits 

d'alteration et que c'chait le developpement differentiel de !'alteration chimique qui etait responsable 

de Ia forme des d6mes. Entre les d6mes, !'alteration chimique est profonde et intense parce que Ia 

roche est decoupee par des joint s tres proches les uns des autres; !'alteration est beaucoup moins 

developpee dan s les d6mes car Ia roche y est beaucoup plus massive. Les exemples oo cette regie 

peut &tre appliquee, sont si nombreux que !'hypothes e de L. C. KING expliquant le developpe­

ment des bornhardts par Ia pediplanation et le retrait de !'abrupt sur Ia roche en place peut 

etre virtuellement rejetee. II est cependant evident que !'hypothese de KING est applicable dans 

le desert du Namib au sud-ouest de !'Afrique car !'a lter ation chimique profonde n'a jamais 

comribue en cet endro it a !'evo lution des bornhardt s. Cet exemple demontre !'impo rtance du 

concept de convergence et combien il est dangereux de deduire les processus geomorphologiques 

de Ia seule etude de Ia morphologic. 

Introduction 

In geomorphological studies it is seldom possible to define a "geomorphological 
law". Exceptions to this statement are provided by obvious situations such as 
"water flows downhill". Laws can seldom be established from study of a par ticu­
lar case and are most likely to be deduced from general studies and from suf­
ficientl y detailed observations of individual features . Once an hypothesis is 
consistently found to be verified it will ultimately become regarded as a law . A 
danger for the geomorphologist seeking laws is that he is often not in a position 
to travel sufficiently widely to observe a great variety of exam ples and so will 
reach a general conclusion - establish a law - before it is justifiable to do so. 
A number of writers have warned against the procedure of seeking a single 
explanation of similar forms which may have converged towards an equilibrium 
shape from separate origins through the operation of differ ent processes. Thi s 
principle of "equifinality" (voN BERTALLANFFY, 1950) or convergence has been · 
emphasized by WHITE (1945), WILHELMY (1958), CuNNINGHAM (1969) and 

THOMAS (197 4) amongst others. 
In his list of generally accepted premise s of the nature and origin of gra nit ic 

landforms THOMAS (197 4) includes the following. 

"The establishment of rock exposures in the form of tor s and domes (born­
hardts) results from the stripping of regolith from areas of shallower wea­
thering." (i. e. shallower than neighbouring basins of deep weathering). 
"In the development of tors and perhaps domes long periods of weathering 

.. penetration have to be followed by relatively short phases of rapid surface 
er9..sion or stripping . This two stage hypothesis of tor development advo­

LINTON (1955) is generally considered to result from climatic 
... , · 

the frequency of joints are, together with the effects of com­
position ).'esponsible for positive and negative elements 
in ·therelief'and for, :the appearance of distinctive rock landforms which re­

present the _rock masses" . 

. ·. 
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"Although linear erosion may be guided directly by major fractures, the 
susceptibility of granite to chemical alteration provides the main key to the 
understanding of granite landforms except perhaps under conditions of 

extreme cold or aridity". 

THOMAS thus clearly recognises the possible exceptions to general premises 
which may be found in conditions of extreme aridity, but an example of these 
from the Namib Desert will now be described so that the exceptions may not be 

overlooked and a general law come to be regarded as confirmed. _ · 
That such a general law could be regarded as v irtuall y established may be 

seen from the words of CoTTON (1962, p. 270): 

"Mounts that sta nd out from was h plains are inselbergs in the strictest 
sense (BORNHARDT 1900). The origin of such inselbergs is still a subject for 
discussion, but the opinion is gaining ground that they are residuals of rocks 
that are resistant to high temperature chemical wea thering and. that they 
emerge, notably in a tropical humid- savanna or monsoon climate, when the 
regolith over other rocks that are most susceptible to such weat hering - and 
may in some cases have been weathe red a very long time ago (OLLlER 1960, 
p. 47) - is eroded away in a new cycle .. . or is at any rate wo rn (strictly 

washed ) down ro form the wash plains that surround the inselbergs". 

In contrast to thi s view is that of KING (1966 , p. 98) who considered that 

such an hypothesis 
. .. "fails utterly to account for the great bornhardt fields of Afr ica and 

South America with their many hundr eds of feet of relief". 

K1NG argued for bornhardt formation as a result of pedipbnation and scarp 
retreat and has held ro thi s view (195 7, 1966, 1975 ). Acco rd ing to his hypot hesis 

domes develop when 
.. . "after the incision of retreating streams, the lateral scarps or va lley 
wa lls stand ing steeply in the hard homogeneo us rocks, retreat parallel to 
themselves, maintaining that steepnes s of flank for which bornhardts arc 
notoriou s. The retreat is sometim es by spalling , when the base of the born­
hardt is litt ered w.ith debri s, and some time s by chemical weat hering" (1949, 

p. 85). 
KrNG (1949, 1966) thus support s an hypothesi s for bornhardt origin of pecli­

planation and scarp retreat acro ss bedrock . Most other writers support concepts 
either of pediplanation and scarp retreat across deeply wea thered rocks (OLLlER 
1960; MAnnuTT 1961; TwiDALE 1964; 0JA NY 1969 ) or of diff erential wea therin g 

and multicyclic downwearing (BuDEL 1957; THOMAS 1965). The work of BoYt 
& FRITSCH (1973) and BoYE & SEURIN (1973) describing the removal of deeply 

weathered regolith from around a buried dome appears to establish beyond 
doubt that some bornhardts do originate as resistant masses wit hin a deep 
weathering profile . It will be contended below that bornhardts of the central 
Namib Desert, South West Africa (Namibia), have developed accord ing tO 

KING's hypothesis and thus that bornhardts may be produced by at least two 

distinctive sets of processes. 

I* 
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The Namib Desert . i 

The Namib Desert extends from Mossamedes (15° S) in Angola southwards for ! 
nearly 2000 kilometres to the mouth of the Olifants River (32° S) in Cape Pro­
vince, South Africa. The central Namib north of the Kuiseb River (fig. 1) is a 
virtually bare rock platform rising from the Atlantic coast, where its altitude is 
within a few metres of sea level, inland to an extensive escarpment whose foot is 
about 1000 metres altitude. The escarpment may be abrupt, but is more comQ!Q.n­
ly a zone of dissection some 30 km wi de forming the western edge of the Khomas 
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The Namib Desert . 

Highlands which vary in altitude from 1200 to 1800 m above sea level. The 
desert platform is about 130 km wide and is cut across late Precambrian rocks 
of the Damara system. These rocks are very which include 
mica schists, gneiss and quartzite; into them are §alem 

(SMITH 1962; MARTIN 1965 a, b; CLIFFORD 1967) . The gramtes are 
generally pale pink to grey porphyritic biotite granites which contain large 
phenocrysts of orthoclase and microcline feldspar. 

In his study of African erosion surfaces L. C. KING (1967, ch. 9) has postu­
lated that the main Namib platform was cut by pediplanation processes in the 
late Cenozoic (Miocene and Pliocene) post-African cycle of erosion, and that the 
Kuiseb canyon was cut below this surface by Quaternary incision. The coastal 

.·. 

Bornhardts of the Namib Desert 5 

zone of the desert platform, howev er, must have originated earlier than the 
Miocene as in the southern Namib the Pomona quartzite of pre-middle-Eocene 
age, as shown by overlying fossil-bearing beds, appears to represent the intensely 
silicified surface, formed in an arid climate, of a terrestrial erosion surface 
(GEVERS 1936). KAISER (1926) has expressed the view that the coasta.l plain of 
the Namib was formed in late Cretaceous times. It would thus represent the 
coastal downwarped part of the surface now bevelling the Khomas Highlands. 

The Kuiseb River, like all of the other major rivers of the Namib , rises in 
the interior highlands and its channel only carries water as far as the coast after 
unusually wet seasons in the highlands. Between 1837 and 19"63 the Kuiscb 
reached the Atlantic fifteen times (STENGEL 1964 ). The tributaries of the river 
which rise in the desert carry water even more infrequentl y an d only after rare 
convectional storms. The extreme aridity of the desert is evident from the fact 
that less than 10 mm of rain is received in 50 percent of the years for which 

records are available (ScHULZE 1972). 

Granite inselbergs of the central Namib 

Granites outcrop in a number of places in the central Namib and arc particularly 
prominent as inselbergs of various forms (photos 1, 2). In the escarpment zone 
they can be seen protruding from long spurs which are predominantly of schist. 
The lower flanks of these protrusions are of metamorphic rocks; the gra nit e 
inselbergs rising abo ve the metamorphics have the morphologies so frequently 
ascribed to bornhardts and which fit the original definition by WILLIS (1936, 
p. 117). The y have surfaces, dome-like summits, p_E.eci itous sides becomin g 
steeper towards the base, and an or SOl cover. It is apparent 
from aerial reconnaissance that the larger domes are delineated by major joints 
(photo 3) and hence that the . dominant control on their form is struc tura l- In 
general the height of the bornhardts declines with distance from the escarp ment 

- suggesting that the being 
the oldest, and most reduced, at the greatest distaoce 

from the 

importance to the present argument is the comrletc absence of 
a 1emically: weathered regolith and the ubiquitous presence o schist bedrock 
ormll1g the lower slOpes betw een the flanks of the bornhardt s and the surround­

ing pediments. The bornhardts are clearly inselbergs of position, or will become 
so when more of the schist is removed by erosion. 

On the surface of the central Namib platform granite outcrops in a number 
of places . Around Gobabeb (fig. 1 ), for example, the granite has been plana ted 
and it forms prominent features only where tributaries of the Kuiseb River have 
cut into the platform and exposed bedrock to subaerial processes. Here small 
knobs and low cliffs have been etched by weathering processes. 

Of greater prominence are the inselbergs, of which those around Mirabib are 
good examples (photo 4 ). These outcrops are varied in their morphology . The y 
range from \:road sloping with abundant lar:ge rounded slab-like 

their crests, to very steep sided bare monolithic domes rising over 
40 m above the surrounding pediment. 

\ ·. 
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Bornhardts of the ·Namib Desert 

Photo 2. Granite inselbergs surrounded by pediments cut across schists, in the inland 

centra l Namib. 

Photo 3. Rounded granite domes outlined by major joint systems and surrounded by 

schists; inland central Namib. 
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schists. 
A sma ll bornhardt near Mirabib. The surr ound ing pediment JS cut ac ross 

Pediments 

The pediment around the inselbergs has a s.urface formed lar gely of quartz 
pebble s. Beneath the surface there is a layer of sandy graveJ wi th small quantitie s 
of silts ( < 1-5 °/o by weight) of variable thickness but nearl y everyw here less than 
one metre . Thi s may lie upon slightly altered schist which shows some evidence of · 
hydration of the biotite, but more commonly the gravel lies upon a s trongly 

which consists mainly of gravel cemented by 
The calcrete becomes increasingl y massive withae ptn and 

'1s of variable thickness. Coring during mining exploration has shown that the 
calcrete may be over 30m thick but more commonly is 2 to 4 m thick. It reaches 
its greatest thickness where it occupies old stream channels which are cut into the 
schist bedrock . Nowhere in the drilling programme, nor in field excava tion s, has 
a zone of deep chemical weathering been found beneath the calcrete. In tra verses 
carried out along the flanks of the Kuiseb canyon similar exposures of gravel or 
calcrete upon bedrock have been found, and again there are no indications of 
deep weathering. The only report of a strongly weathered profile is that of 
ScHOLZ (1968) who at one locality near Gobabeb found, at a depth of 40 em 
below the calcrete crust, an horizon of reddish-brown clay partly consolid­
ated by gypsum and 40 em thick; this horizon overlies a reddish-brown clay­
gypsum crust on bedrock at a depth of 1 m below the surface. 

The complete absence of deep chemical weathering cannot be confirmed 
without very extensive drilling and field exploration but the work already 
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carried out by mining exploration companies and a number of field scientists 
indicates that its presence is improbable. Furthermore the lack of field evidence 
for humid climates in late Cenozoic time, and the arguments iri favour of long­
term aridity in the Namib (see below) would seem to make it unlikely that a 
suitable environment for chemical weathering has existed during that time. 

Causes of aridity in the Namib 

The Namib is a desert area because of three interacting factors (GEVERS 1936) . 
(1) The persistence of a strong and stable anticyclone over the southern 
causes persistent subsiding, diverging, and hence dry air to move as winds from 
the south and south-southwest for most of the year . The centre of this anti­
cyclone move s seasonally over a latitudinal range of about 4 degrees, its southern 
position being at about 30° in summer (SCHULZE 1972). (2) The aridifying effect 
is inten sified during most of the year by antic clonic conditions oyer the southern 

Onl y when this pre ssure system wea ens can humid air o tropical or 
maritime origin penetrate into the interior of southern Africa, and even when it 
does the moisture carried by air from the Indian Ocean is lost in its passage over 
the interior plateaux, and on reaching the Namib katabatic airflow down the 
escarpment further reduces the possibility of precipitation. (3) The offshore 
Benguela Current is relatively cold (10-14 °C) and the rare, but d1illed, onshore 
winds are warmed over the Namib and lose their capacity to release precipitat­
ion. The history of the Namib Desert is thu s closely tied to that of the Benguela 
Current. 

The Benguela current originates in the sub-Antarctic zone of the Atlantic 
where cold water sinks and moves northwards as Antarctic Intermediate Water 
(MoROSHKIN et al. 1970). It seems probable therefore that the Namib could not 
have become totally arid until the South Atlantic had become wide enou gh for 
the pre sent ocean current system to be established, nor before Antarctica had 
developed a full ice sheet and thu s become the cause of major cooling of the 
southern oceans. According to current seafloor spreading concepts the separation 
of South America and southern Africa was not completed until the Cretaceous 
and the ocean current system might not have become fully established until mid­
Tertiary times (Deep sea drilling project, 1973). It now seems clearly establ ished 
that East Antarctica had an ice sheet by early Miocene times and that a full 
Antarctic ice sheet had formed by mid-Miocene times (see DENTON et al. 1971 
and SELBY 1973 for revie ws of the evidence). The per sistence of an Antarctic 
ice sheet since the mid-Miocene suggests that there is an a priori case for be­
lieving that the Benguela Current has existed since that time . The study by 
KENNETT (1973) has shown that by the early Miocene a modern planktonic 
foraminiferal fauna had developed in the southern oceans with strong contrasts 
between polar and tropical faunas. KING's (1967) belief that the Namib platform 
has been produced by scarp retreat in Miocene and Pliocene times thus coincides 
with the period in which there are reasonable grounds for believing that the 
Benguela current has existed, and that the Namib inselbergs have thus evolved 
under the same basic controls as exist at the present time. 

2 Zeitschrift fiir Geomo rphologie N. F. Bd. 21, Heft I 
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A great age for aridity in the Namib was postulatedby KocH (1960 a, b) to 
account for the remarkable endemism of the Namib flora and fauna. KocH 
particularly cited the beetle family of the Tenebrionidae with 30 endemic genera 
and 200 endemic species. 

Clear evidence for climatic fluctuations in other parts of the world during 
Quaternary times raises the question of what happened in the Namib during 
such fluctuations elsewhere. ZrNDEREN BAKKER (1967, 1975) has suggested that 
during Quaternary glacial periods the southerly offshore winds extended further 
north and drove the Benguela Current with them. This extended the Namib 
Desert into Angola and Zaire. Aridification of the area around Kinshasa and 
the mouth of the Zaire River in glacial times seems to be substantiated on the 
stratigraphic evidence reported by MoRTELMANS & MoNTEYNE (1962) and 
DE PLOEY (1965, 1969), and by the general movement northwards of the Kala­
hari sands. There is howe ver little evidence of what happened in the southern 
Namib . 
· Within what is now the central Namib some evidence can be interpreted 
as suggesting a limited increase in precipitation during part s of the Quaternary. 
Marked fluctuations of climate in the Kalahari have been demonstrated by 
GROVE (1969), but it does not follow ther efore that the Namib has undergone 
similar and simultaneous climatic changes. The major rivers of the Namib rise on 
the interior plateau x and have spread extensive gravels into the southern Namib 
-especially around and seawar ds of Tsondab Vlei (fig. 1), and the Kuiseb River 
is deeply incised in a canyon in its middle reaches; but such evidence of fluvial 
activity may only be evidence for greater precipitation on the inland plateaux. 
The gravel sheets of the Tsondab are now crossed by linear dunes which extend 
northwards from the Orange River . The consistent alignment of the dunes and 
yarda ngs of the southern Namib suggests that present wind directions have 
persisted through much of Pleistocene time. The lar ge dun es are at present ad­
vancing northwards at rates of about 1 m per year. As many of the dune s are 
40 to 60 km long such a rate of advance implies that the dunes have taken at least 
the whole of the last glacial and Holocene times to cross the gravel flats of the · 
Tsondab . It is difficult, therefore, to believe that during the last glacia l, at least, 
that the central Namib was notably more humid th an it is now. 

From the Erongo Mountains MARTIN & MASON (1954) have described 
tufaceous cave deposits and KoRN & MARTIN (1955) have suggested that there 
was a widespread Middle Stone Age pluvial in the Naukluft - both mountains 
are close to the escarpment of the central Namib. The ages of the tufa and the 
Middle Stone Age culture are unknown, and the precipitation that would be 
required to support them is also unknown. On the limit ed evidence availa ble 
either could have occurred at any time in the last million years. 

The widespread pre sence of calcrete implies that a semiarid climate has 
persisted for a considerable length of time in the central Namib. GouDIE (1973) 
has suggested that at the present time calcrete is mainly forming in semiarid 
areas where rainfall is around 400 mm per year. In southern Africa fresh 
calcretes around the wetter margins of the Kalahari exist in areas with a rainfall 
of 250-300 mm per year (GouDIE 1972). In the central Namib at present 
calcrete is being altered to gypsum (MAR TIN 1963) under a rainfall of about 

Bornhardts of the Namib Desert 

1 10 mm per year, and the calcrete is thus regarded as being relict from a more 

humid climate . 

- (: 

Conclusions 

With the exception of one very localised buried soil horizon 40 em thick 
within a total regolith profile of only 1 m thickness, no strongly chemically 
weathered regolith materials have been found in the central Namib Desert. A 

of studies, including those of the age of the ocean basins a!ld •the age and 
ongm of the Benguela Current, suggest that the Namib Desert has been in 
existence since early Miocene times. The widespread calcrete depo sits indic ate 
that semiarid conditions have occured for long periods during Quaternar y times, 
and the existence of river gravels and incised dry stream channels in the desert 
indicate that on the interior plateaux, and probabl y in the escarpment region, 
that rainfall has been higher than at present during periods of the late Cenozoic. 
There are, however, no indications of climates more humid than and 

even these are not favourable to deep chemical weathering. 
The extent of the southern dune fields, and the great size and length of the 

linear dunes indicate s clearly that truly arid conditions have existed for much 
of late Cenozoic time, as does remarkable endemism of the flora and fauna. 
The lack of field evidence for chemical weathering and the clear evidence for 
physical weathering and erosion around emerging bornhardts, and their isolation 
on erosion surfaces cut across unweathered bedrock renders inapplicable an origin 
for the bornhardt s through stripping of a chemically weathered regolith . The 
contention of JESSEN (1936) and of KrNG (1949) that bornhardts are produced 
during scarp retreat is supported by their emergence from surrounding schists 
forming long spurs of the main escarpment zone. Bornhardt s can thus be formed 
under arid or semiarid conditions through physica l processes. The hypothesi s 
which proposes that bornhardts are exposed as a result of the str ipping of sur­
rounding or overlying chemically weathered regolith can thu s not be regarded 
as a universal law . It is essential, then, that geomorphologists recognise the pos­
sibilit y of convergence of forms, and th at they avoid the argument that a parti­

cular landform can result only from a single suite of processes. 
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