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On the Antiquity of the Namib
J. D. Ward

Department of Geology and Mineralogy, University of Natal, P.O. Box 375, Pietermaritzburg 3200, South Africa.
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The Namiby has been considered both g voung’ and an
‘old’ desert. We have reviewed the lirerature and preseni
here an outiine for further discussion on this topie, which
has been inflieenced by our field experience in the Numib.
The current arid 1o extreme-aricd regime s g peologically
vousrhful feature which has developed, probhably pro-
gressivelv, from the Late Tertiurv. However, the Lare
Mesozoic-Cenozoic stratigraphic record reveals «
dominance of aricd (o semi-arid conditions throughout the
history af the Namih, which dates back 1o the Cretaceous.
An Early to Middle Tertiary desert sand sea is inferred for
the Southern and Central Namib, pre-duting the fulf
estublishiment of the Benguela Current svstem in Laote
Mivcene times, The main Namib Sand Sea, which overlies
much of rthe poleco-desert arenities, has probably
devefoped from the Pliocene through the Pleistocene 1o its
present status. Geological and biotogical fiefd abservations
strongly advise of @ caniious approach (o palaea-climatic
merpretations of the history of this long, narrow and
dVnanic deser iract.

Die Namib s alas o enas n jong  woestien beskou.
L literatinr is nagesaun en 'n oorsis aor die onderwerp —
wat denr die skrvwers se ervaring in die Naniby beinvloed i
— word vir verdere bespreking voorgele. Die hidive droé
(o beonderaricde regime (s " geologies jong kenmerk wat
— waarskvnlik toenemend  wir die Loar-Toersiér ontwik-
kel her. Uir die Laar-Mesosowese-Senosoiese stratisrafie-
verstae  bivk dic dar daar dwarsdeur die Namib o se
geskicdenis, wat ot die Krveivd teruggdan, oorwepend
draé o helf-ariede toestande geheers het. Die bestaan van
‘n Vroeé ror Middel-Tersidre woestvn werd vir die Suid- en
Sentraul-Namib afgelei. Dit vervroes die volledige vesii-
ging van die Benguelustroomstelsel tor 'n tveperk in die
Laar-Mioseen, Die hoof- Nemibsandsee, war groo! dele
van die paleowoestvadareniete oordek, het waarsk valik vun
die Plivseen af deur die Pleistoseen tor die huidige oniwik-
kel Geologiese en Bologiese waarnemings ter plaaise,
saaekt el anomate dier- en plantverspreiding, maon 1ot 'n
versigtige benadering tot die paleoklimaatveriolking van
die fang, smual, dineniese woestvasireek wal die Namih
genoem werd.

Background

The Namib Desert of southwestern Africa, which carrently has
anarid to extreme-arid climte, is one of five west coast deserts lving
within subtropical latitudes.! The age of the Namib has intercsted
scientists in many disciplines, particularly since the early 19605
when the late Dr Charles Koch, entomelogist ot the Transvaal
Museurn, publicised the ided of a very great age for this desert.? 3 In
these two papers, he discussed the richness and endemism of the
Namib tauna, notably the tenebrionid beetles, and ascribed this
development to the long and undisturbed existence of thesc

specialized biota. Koch recognised the importance of the Benguela
Current to this desert climate, which, in following Kaiser,* he at-
tributed to the Cretaceous, As a result the Namib was dubbed ‘the
oldest desert in the world”.

[n 1973, van Zinderen Bakker Sr published a synthesis® describ-
ing the factors pertaining o the ‘origin and palaeoenvironment of
the Namib Desert biome®. Although supporting the ‘old age of the
descrt” (p. 5), he proposed that the Namib could have developed
only after cold water trom the Southern Ocean was able to
penelrate northwards; a situation which he considered possible
from the Early Oligocene (¢. 33 Myr ago), i.e. some 30 -- 40 million
years younger than the Cretaceous age postulated by Koch.??
However, three papers on this (opic appearad in 1978; two rejected
a great age for the Namib®? and proposed a Plio-Pleistocene, or
aven younger, age, while a third® concluded that the Namib may not
be much older than other descris of the world. These three publica-
tuons made use ol recenr information, available from many
disciplines, to updale ideas concerning the origin ob the desert
climate and yel were consistent with Koch's? ® earlier observations
on the richness uf the Namib biota,

A number of reports had been published priorto 1978, many pre-
dating the carly 1960s, which discussed geological aspects of the
Namub Deseri and often included tentative interpretations of
palaegenvironmental conditions in that region.*?® The informa-
tion contained in these papers has apparently been overlooked
{many of these publications are in German® 2 315 or
Portuguese!” 1), or their significance not readily appreciated,
especially il the issue of the age of the Namib was approached from
anon-geological point of view. The age of the Namib was the theme
of a panel discussion at the biennial conference of the South
Alncan Society for Quaternary Rescarch, held in Pretoria in May,
1981.2 The discussion revealed that this topie is still a matter for
dissension and controversy 22

We attempt here 1o summarize the points which we consider im-
portant in the history of the Namib. Qur presentalion is based
mainly on published geclogical intormation but also includes those
of our own recemt ficld observations which we consider pertinent.
We hope that (this material will provide a framework for future con-
sideration of the antiguity of the Namib Desert.

Definition of the Namib Desert

The Namib comprises the relarively narrow tract of land, some
2 000 km long and mostly less than 200 km wide, lying west of the
Great Escarpment between the Olifants river (Cape Province,
South Adrica) and the Carunjamba river (Mocamedes Districr,
Angola) (see Tig. 1. The climate of the central section, which lies
mainly within Namibia, 1s arid 1o extreme-arid, whereas the arca
north ol the Kunene river is considered a summer rainfall desert and
that south of the Orange river, a winter rainfall deser(.?2s
Although a number of workers have attempied to subdivide the
Namib,** * it is not our intention to comment on these divisions,
which are based on climatological, geomorphological and/or
botanical criteria. [t s important, however, to recognise that the
Namib Desert includes a wide variety of environments, notably
sand seas, dunes, plains, inselbergs, ranges of low hills, coastal salt
tlats, pans, cphemeral rivers and streams, and even the lower
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Fig. 1. Localny map of the Nantib Desert.

reaches of two usually perennial nivers — the Kunene towards the
north and the Orange towards the south. Therelore, it can be readi-
ly appreciated that the Namib Desert involves a much broader
gcomorphological character than merely the main Namib Sand Sea
between Chameis Bay and the Swakop river, which, although spec-
tacular, has often been the sole tocus of attention in previous
discussions.

Ouitline of the geological history of the Namib Desert
{Table 1)
Late Mesozoic record

By definition, the potential maximum age of the Namib as a
distinet physiographic region dates back 10 the formation of the

narrow coastal tract between the South Atlantic Ocean and 1he
Great Escarpment, following the break-up of West Gondwana.
Evidence from palacomagnetic, radiometric and palacontoiogical
studies, summarized by Simpson3” and, more recently, by Tankard
et af.,* indicates that the South Atlantic Ocean initially opened
from the south ¢ 130 Myr ago, with fully marine condutions
established by ¢. 80 Myr ago. This development was paralleled,
frome¢. 127 Myr ago, by the formation of the Great Escarpment by
headward erosion, enhanced by epeirogenic uplift of the subconti-
nent, and grading of the coastal tract 1o the new base level formed
by the evolving South Adantic Ocean.?* 4 This process,
dominantly of pediplanation, was augmented by the sediments of
the Orange river, and led (o the concormitant deposition of a sedi-
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ment wedge, up Lo four kilomeires thick in the Orange Basin, ol
shore in the Southern and Central Namib tract. 24 # In contrast,
marine deposition dominated the extreme Northern Namib during
the Cretaccous™ V1 with a phase of terrestrial sedimenration
recorded some 100 - 110 Myr ago by the Giraul Conglomerates,
coarse alluvial-cone deposits some 200 m thick, derived from the
escarpment .

Remnants ol some of the carliest terrestrial deposils in the Namih
are recorded in the southern sector by the Pomona Beds ¢seasy
Stocken*), dominantly fuviad sediments which are preserved
sporadically in the hollows of the Cretaceous landscape and bevel-
led by 1he End Cretaceous land-surface.® Beets? considered this
suceession indicative of deposition under conditions of increasing
aridily, an interpretation he also considered valid Tor the carly
sediments ol possible Cretaceons age in the Kunene Valley. 1 More
recent work in the Sperrpebict® has found nothing 10 contradial
Beets's views on the Pomona Beds.? The surface from the end of
the Crelaceous is impressively level in the Southern Namib#? and
may be tentatively correlaied with the well-planed bedrock plai-
form in the Central Namib. 14464 From the Upper Cretaceous,
the sediment accumulation rates otlshore in the Orange Basin were
greatly reduced.*24* Although this hay been attributed 10 stabilisa-
tion ol kasement subsidence® or a marked decrease in contineni al
discharge rates, ™ it should be noted that these ofTshore sediments,
from the Late Mesozoic, were a potential source ol sediment for
arcas 10 the north, in a manner similar 1o that suggesied tor the
much younger Quaternary sedimens.® % 5 It therelfore appears
that the stage was set for Cenozoic terrestrial sedimentation, at least
in the Southern and Central Namib, by the end of the Cretaceous
with some cvidence ol arid conditions prevaiting during 1lie form-
tion of the Great Escarpmen #1011 4146

Tertiary record

In the extreme Northern Namib, the Tarly to Middle Tertiary
sediments indicate mostly marine conditions along the coastal (ract
from the vicinity of Porio Alexandre northwards #1719 n the
Southern Namib, notably in the Sperrgebiet, the carliest Tertiary
terrestrial sediments comprise the Chaleedon-Tafelberg Silerete
Formation of probable Pataeocene age.®™ These silicificd super-
ficial deposits are distinet from the Cretaccous Pomona Beds®H
and have been referred to as the Tatelberg Quartzites by Stocken, ¥
an informal term which is preferred here. This succession is very
similar, lithologically and stratigraphically, 1o the *Rasal Breeeia’
described by Ollier®™% in the Kuiscb Valley of the Central Namib,
although the tatier is intensely caleilicd (and even dolomitized) as
opposcd to the widespread silicification of the Tafelberg Quart-
riles.* There 1s evidence, however, that caleretivation preceded
silicification in the Tafelberg Quartzites, ™ and these deposits, com-
prising acolian sands, pans and sheetwash debris, are generally in-
terpreted as having accumulated under arid to extreme-arid condi-
lions." 2% There is widespread deep leaching of the bedrock
underlyving the Tafelberg Quartrites,* in cantrast with the Central
Namib deposits where the lack of deep chemical weathering under
both the *Basal Breccia® and in the formation of insclbergs is strik-
ing,*8*# which supports the belicf in the existence of dry conditions
al that time. Similarly, the Blaubock Gravels*3 in the Southern
Namib are interpreted as ‘sheetttoed deposits retlecting episodic
torrential rainy under arid or semi-arid climatic conditions™# (p. 17)
post-dating the Tafelberg Quartzites (Fnd Crelaceous-Palacocene)
but older than the Bovene marine iransgression. i

Widespread accumulation of terrestrial, mostly red-brown
arenaceous sediments oceurred throughout the Namib in the Harly
Lo Middle Tertiary, gencraily overlying an almost ubiguitous basal
breceia. ¥ The upper Buntfeldschuh Formation® in the Southern
Namib comprises 55 — 57 m of cross-bedded aeolian sands resting
on probable Locene marine sediments and truncated by the main

177

Nammib calerete 110 % 5 palacosol™ probably from the end ol the
Miocene.® These green 10 red-brown fossil dune sands have been
cqualed with similar sediments in the higher terraces of the Kuiseb,
Swakop, Crnaruru, Ugab and Kunene Valleys,'® ™ with passible
association as lar north as the red arenites underlying the Lower
sviocene Catrona Conglomerate near Mocamedes. 205 Between ilie
Kuiseh Valley and the Lidderitz-Aus railway, similar deposits cor-
relate closely with 1he limits ¢of the present main Namib Sand
Seals-28A34548.53 5556 4nd are considered Lypical deser( sediments, in-
cluding Tossil dunes!*2* and sand sheets, which have been called the
Tsondab Sandstone Formation.® Northwesterly to northeasterly
dip directions are recorded for large-scale acolian cross-bedding
along (he northern limits of the Tsondab Sandstone Formation. 28 5
sSimilar dip directions are noted in the palago-dunes oftlie Rowoilepel
Beds, 4 which may be southern equivalents of the Tsondab Sand-
stone Formartion. Recent studies in the Central Namib have shown
that the internal sedimentary structures of the dunes closely reflect
contemporary wind regimes,* which further substantiates the in-
terpretation of a southerly quadrant palaco-wind regime at that
time. These arenaccous sediments thus upparently represent the ac-
cumulation ol an Farly to Middle Tertiary sand sea in the Southern
and Central Namib under a dominantly southerly palaco-wind
regime which was similur (o the present day wind patrern. 2

in southwestern Angola, Beet 2" considers the ‘dune sandstones
tilling i all valleys of the old land surface; athickness ol over 150m
having been observed on the banks of the Cunene River and in
eullics leading down to that river” {p. 146), (o have accumulated
under arid (desert) conditions, similar 1o the situation he observed
n the Southern Namib.® His views arc supported by Martin's con-
clusion that the upper Buatfeldschuh acolianites, and their pro-
bable equivalents (o the north, indicate dominantly anid conditions
which may have spanned somie 20 30 million years. 121
Mabbuil," after studies in the Ugab Valley, supports Martin’s in-
Lerpretation, as do most investigators who have worked on the
l'sandab Sandstone Formation?® 345 478355 56.50 o0 he Saythern
Namib cquivalents. ™™ Martin! ¥ suggests thal wetler periods
musl have been interspersed wiih the dominantly dry regime doring
that time because of the presence of ‘rool casts’ in the arenites.
These structures, or pedotubules,® could be groundwater solution
phenomena® 8 or  biogenic leatures, possibly even  termite
chambers or burrows which could have acted as conduits lor
CaCOy-precipitating solutions.®? T'he reddened horizons in the
Tsondab Sundstone Formation sediments in the Kuiseb Valley have
been ematively called palacosols, representing minor stillstands
under ad least semi-arid conditions during the accurnulation of the
‘consolidated red desert sands™.*® Fossil evidence from the Eocene
marine transgression implics warm-waler conditions in the South
Allantic Ocean during the Early to Middle Tertiary 10171863 8 5
contrast with the present situation.” 53 Theretore, it is particularly
stenificant thal the Blaubock Gravels, the upper Buntieldschuh
Formation, the sondab Sandstone Formation, and their probabie
equivalents preserved thronghout the Namib tract, accumulaled
under arid 1o semi-arid, mostly desert, conditions with a dominani
southerly palaco-wind regime before the full development of the
Benguela Current in the Late Miocene, 55

Martin™ records caleilted conglomerates, oflen as iwo discrete
depositional units, lving directly aver the red and brown arenites
{(described above) in the major river depressions of the Namib with
equivalent thick calerete layers on the arenites in the interfluvial
areas. In the Central Namib, he notes that the high terrace con-
glomeraltes overlic fossil dunes of the 'I'sondab Sandstone Forma-
tion seuth of the Kuiseb river.® The Catrona Conglomerate near
Mocamedes in the Northern Namib, a continental deposit which
overlies red, unfossiliferous arenities, has been dated as Lower
Miocene ' In the Southern Namib, a terraced sulte of con-
glomerates. relerred to as the Arrics Drift Gravel Formation, oc-
curs along the lower Orange river.” AL Arnisdrif, a rich Middle
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Table 1. Stratigraphical summary of Late Mesozoic-Cenozoic terrestrial sedimentation in the Namib.

Note: (i) Geological time subdivisions not to scale; (i) S = Southern, C = Central, N = Northern regions of the Namib

Time (Myr)
o ) A ] - Tioree @ A
e Holocene o | Baia dos Tigres Sand Sea (N) |
;-:' p | : Homeb-type Silts (C & N}
Ef | 4 ; | Fossil pans, calcified reeds (S, C & N)
F:r | Pleistocene | . Yaiid % S| Glastal Gravels (S), Oswater Conglomerate (C & N}
5 : Main Namib Sand Sea (S & C) | Manome Conglomerate (N)
; |
o c.2 ! Obib Dunes (S)
Pliocene END TERTIARY EPEIROGENIC UPLIFT
3 END MIOCENE PEDOGENIC CALCRETE (widespread) _ __ __ _ __ _ _ @ o .
4+ A f
: i T T Gemsboktal Gravels (S)
174 Fiskus Beds (S) i | Arries Drift Gravel High terrace conglomerates
Miocene : I | Formation (S) ol Kuiseb, Swakop,
' : : ; Omaruru, Ugab (C)
| 1 i Grillental Beds (S)
2.5 : . ! ]I A Catrona Conglomerate (N)
I MIDDLE TERTIARY I | |
o | EPEIROGENIC UPLIFT | | :
o 3 | l || |
< | Oligocene | ! i
E | ' |
' I
4 | | I
w ! | |
el | | | |
EE) | ! | |
| | |
1 I | |
' Upper Buntieldschuh l,’ Rooilepel :? Tsondab Sandstone 1|’ Red, unfossiliferous
Eocene Formation (S) | Beds (S)  Formation (C} | arenite (N)
|
| ' '.
| l i
55 v ;
Blaubock Gravels (S) 1" i
Palacocene +'.’ Basal Breccia/Conglomerate (C) I
|
65 Tafelberg Quartzites (Chalcedon-Tafelberg Silerete Formation) (S) *
|
FULLY MARINE CONDITIONS IN :
Upper 80 I'HE SOUTH ATLANTIC OCEAN |
S :'? Pomona Beds (S)
o |
g |
O v 100 2
E Giraul Conglomerates (N) !
w |
% |
Lower 1 : 3 ' i [
Minor aeolian sandstones interbedded with Etendeka Formation volcanics
EPEIROGENIC UPLIFT AND INITIATION OF GREAT ESCARPMENT
146 OPENING OF THE SOUTH ATLANTIC OCEAN

recently as Miocene deposits on the basis of their warm-water
fauna®” and it is likely, therefore, that the Rooikop Gravels®™® are

Miocene (¢. 12— 18 Myr) fauna has been found® and the terrace
formation, with subsequent gravel deposition, is thought to have

occurred ¢. 20 — 8 Myr ago after the widespread epeirogenic uplift
of the subcontinent in the Middle Tertiary.5%% At the Namex Mine,
the Upper Terrace could represent the Post-African | geomorphic
event (¢. 20 Myr ago) and the Lower Terrace, the Post-African 11
episode (c. 8 Myr ago)®¢; although the vast accumulation of coarse
alluvium is attributed to a single aggradational phase following the
world-wide Miocene transgression.* In the Northern Namib, this
transgression is well preserved and the fossil marine fauna reflects
warm-water conditions at that time.1917-19-83 The fossil beaches D,
E, and F in the southern Sperrgebiet have been re-interpreted

the Central Namib equivalents of the Miocene transgression.
Within the Sperrgebiet north of the Orange river, Lower to Middle
Miocene (16 — 18.5 Myr) fossils®® 7 have been recorded from fluvial
sediments known as the Grillental Beds,* or the Grillental Clay
Member of the FElizabeth Bay Formation.® These deposits are
thought to be ‘pan accumulations along river courses or in valley
bottoms’* (p. 18) with the presence of standing water implied from
the remains of Brachyodus, a primitive hippopotamus-like animal.
From recent mapping in that area, the formerly Pleistocene

jemsboktal Gravels**5 have been re-assigned a Miocene age, post-
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dating the Grillental Beds but pre-dating the End Miocene Namib
calerete (Stocken, personal communication), The high-lying con-
glomeratic terraces of the Swakop and Khan rivers are possible
cquivalents ol the Lower Miocene tluvial sediments in the Sperr-
gebier.’ More recently, Martin {personal communication} has
cautiously suggested that the high terrace conglomerates in the
Kuiscb Valley'*'S may be Miocene equivalents of the Arries Drifi
Gravel Formation.5?

There is some evidence therefore for widespread fluvial activity
in the Namib tract during the Miocene. Caution, however, is need-
ed in any palaco-climatic or environmental interpretaiion of these
deposits, particularly in view of the general epeirogenic uplift of the
subcontinent in the Middle Tertiary.® From the fossils in the
Grillemal Beds, Hopwood™! invoked a wooded grassland palacoen-
vironment with riparian woodland along the watercourses in the
Sperrgebiet during the Lower Miocenc. Similarly, the Arrisdrif
faunal assemblage was thought to represent a well-developed
riparian woodland along the lower Orange river with widespread
savanna conditions throughout the Southern Namib.®® These inier-
pretations are possibly turther substantiated by the subiropical to
tropical pollen assemblages recorded in Miocene sediments in the
southwestern Cape Province.™ However, these deductions should
‘be treated wilh considerable reserve in the face of the lithological
evidence™® (pp. 21-22), and Stocken* proposcs that the Grillenral
Beds reflect semi-arid conditions increasing in aridity and leading to
the subsequent accumulation of aeolian Middle to Late Miocene
Fiskus Beds,* or the Fiskus Sand Member of the Elizabeth Bay
Formation.*® He also suggests, on geological grounds, thai the
Adtisdrif 'faunal assemblage though varied represents a restricted
riparian community confined within narrow limits to the valley of
the proto-Orange river™* {p. 22), This necessity for caution was
recently reiterated by Seely,* who cited the occurrence of large
mammals, including elephant, black rhinoceros, giraffc and lion,
well within the current extreme-arid scetion of Lhe Skeleton Coast.
These anomalous distributions are often related (o the major river
courses, for example, the Hoanib, Hoarusib, Khuniib, Sechumib,
Nadas, Engo and Kunene rivers, which traverse the Namib and thus
provide potential tossil assemblages associaled with fuvial
sediments within an arid environment. Further noteworthy
anomalics concerning animal distribution are mentioned brictly.
The lower Kunence river, including the Foz do Kunene {mouth), has
a population of the Nile Crocodile throughout the inhospitable
Narnib tract™ {Costa, persenal communication; Viljoen and Brits,
personal communiction; personal observation 1973/75). A resident
population ol rock hyrax {Hyrax capensis) can be found near
Gobabeb, some 60 km from the coast, in the Kuischb river where
there 1s no permanent surface water. Leopards have been recorded
in the Kuiseb Canyop, as in the Namib tracl of south-western
Angola. Spotted hyaenas can be found in the Kuiseb Valley of the
Central Namiby, as well as larther north in the Skeleton Coast and
Angolan tracts ol the Namib. Cheerah have also been observed in
these last two arcas, adding to the list of unusual distribution
records. The occurrence of Chacma baboon, e.g in the Kuiseb
Canyon, within the arid desert strip is also interesting, particularly
as the Arrisdrif faunal assemblage was noticeably lacking in
primate fossils,

It is likely, therefore, that these fluvial Miocene deposits and
their probable equivalents reflect the Post-African erosion cycle
and Miocene marine Lransgression, during which Llime more mesic
condilions than at present were dominant, However, the palaeo-
climate was probably never more than semi-arid and cven though
the rainfall was, at times, considerably higher than now, ‘a torren-
tial rainy season and a long dry winter seem to have been the rule™®?
(p. 14}. In the Southern Namib, the fluvial CGrillental Beds are
overlain by aeolian Fiskus Beds of Middle to Late Miocene age, -5
which may correspond to the uppermost Buntfeldschuh Formation
and Reoilepel Beds, as well as the reddish sandstone exposed in the
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Kalkrucken Valley.* The Fiskus succession suggests considerable
aridity at that time, but with possibly seasonal rainfall mainiaining
pans in some inter-dune areas, ™ A dominani southerly quadrant
palaeo-wind regime is deduced from acolian cross-bedding in the
Fiskus sequence (Stocken, personal communication}. A similar
trend can be deduced for the Central Namib, where palaco-dune
sands persisted on the interfluvial arcas of the Kuiseb after the
deposition of the Miocene equivalent high-terrace conglomerates
until affected by widespread calerete formation.

As mentioned earlicr, many ol the probable Miocene con-
glomerates are often intensely caleified,™ with the thick deposits
{c. 60 m and more) being cemented by a Muctuating but steadily
dropping water-table under semi-arid conditions.™ The inter Muvial
areas, particularly where the avenites are present, arc often capped
by a thick calcrete! or surface hmestone (up to 5 m thick on fossil
dune sands3), which also ferms the uppermost section of the fluvial
deposits. In the Central Namib this calcrete is interpreted as a
palaeosol which developed over a period ol some 500 000 vears of
landform stability under semi-arid, summer raintall (7350 - 450
mm/yr) conditions.® This calcrele pre-dates the Plio-Pleistocene
incision of the larger rivers traversing the Namib® and has been
assigned an End Miocene ages? (¢. 6 Myr ago). Although best
developed in the eastern arcas,” the caleretes are widespread in the
Namib, capping the Buntfeldschuh Formation palaco-duncs, ' the
acolian Rooilepel Beds and the Gemsboktal Gravels in the
Southern Namib* (Siocken, personal communication). The thick
Tertiary succession in the Ugab Valley is capped by a surface
limestone,'™ as arc many sedimentary sequences in the northern
Skeleton Coast, ¢.g. the Sechumib, Munutum and Engo Valleys.
Significantly, the calcretes are less well-developed, or even absent,
westwards across the Central Namib, suggesting a decline in rainfall
in thar direction, similar to present-day conditions. This observa-
tion is further supported by the very well-preserved acolian eross-
bedding in palaco-dunes of the Tsondab Sandsione Formation east,
and southeast of Sundwich Harbour, which in places arc overlain
by mere lag gravels, the unconsolidated thin equivalents of the
Kuiseb high-terrace cemenied conglomerates larther east. 4

This widespread pedogenic calcrete development marks the up-
per limits ol the various arenite sequences, namely, the Tsondab
Sandstone Formation and ils probable equivalents, as well as the
iluvial deposits attributed to the Miocene. They thereiore provide
an important stratigraphic marker, tentatively dated as End
Miocene at present,®53 approximatcly coinciding with the full
development of the Benguela Current in Late Miocenc times® 54
and pre-dating river incision in the Plio-Picistocene.13-15.5¢

The Benguela Current System, with its cooling and upwelling
fecatures, plays a major role in determining the current arid to
hyper-arid regime in the Namib Descrt® 72482 g5 well as inflluences
advective fog formation and maintains a steep climatic gradient®
between the Atlantic Ocean and the Great Escarpment. Recent
sedimentological, palaeontological and peochemical data obtained
from deep-sea cores on the Walvis Ridge, strongly suggest an inten-
sification of cold-water upwelling and the (ull development of the
Benguela Current in carly Late Miocenc times {¢. 10 Myr agg). 535
These ohservations suggest thal the aridification of the Namib
Desert was initiated, or al least greatly intensitied, at that time, 5
and support the conclusions of both earlier workers, such as Korn
and Martin,!* Martin,®® and Carvalho,!” and more recent inter-
pretations’® of the Late Cenozoic conditions in the desert tract,

Late Tertiary — Quaternary recorid

In Namibia, the Late Tertiary was characterized by arid to
extreme-arid conditions which resulted in the widespread mobiliza-
tion and deposition ol ueolian sands in the Kalahari and Namib 13-15
The Obib dunes, a seif dune complex with distinetive orange sands,
in the Southern Namib are considered to be Pliecene equivalents of
the Kalahari sands and were probably deposited by south-
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southcasterly palaco-winds.* It is likely that the main Namib Sand
Seca had its origins at that time and traces of the southern limits of
this sand sea found tn the Lideritz-Elizabeth Bay arca are con-
sidered Pliocene remnants (Stocken, Jamieson and Talbot, per-
sonal communication).

These environmenial conditions in the Late Tertiary were then
affected by Plio-Pleisiocene epeirogenic uplift of the
subcontinent, 8 ‘hequeathing 1o the Pleistocenc a big, unused
potential of erosion’ ¥ and initiating the incision ol the major rivers
traversing the Namib Deserr, ¢.g. Kuisch, Swakop, Ugah, Kunene
and Curoca ¢ 1113 1580 Their development, however, was aided by
the 'return of pluvial conditions’ {p. 14) in the Early Pleistocene
bui the overall {rend has been one of progressive aridification
throughout the Chuvernary™339% gy which the climatic and
custatic fluctuations of the last approximarely 1wo million years
have been superimposed. The marging of the Namib Desert may
have been atfected by latitudinal shifis of the climatic belts during
glacial/interglucial cveles, but the main arid (o hyper-arid core of
the desert was probably never climinated.®” Furthermore, Korn
and Martin" suggest that the gencral distribulion of rainfall in
Namibia during the Quaternary followed a pattern resembling the
present-day trends,® with (he lowest rainfall in the Namib tract.
Thus Miocene marinc deposits near Port Alexandre (Angola) show
signs ot only the typical desert/arid weathering and in the Central
Namiib, the well-preserved calerete palacosols {rom the end ol the
Miocenc preclude a kiter sustained humid climate which would
have resulted i thelr dissolution,® Similarly, the survival of
calcarcous pan deposits containing Middle Pleistocene Efephas
reckil and other fossils™ implics the dominance of arid conditions
sinee thal time, as does the Narabeb cale-lacustrine deposit dated al
240 000 - 210 000 B.12.77

Flovial deposits in the Uis river, which runs parallel 1o the 100
mm/yr isohyel and Atlantic coast in the northern Central Namib,
reflect a geacral decrease in stream competence from the end of the
Tertiury - Harly Pleistocene to the present,”™ a trend which is in-
dependent of continental upwarping, increased run-olt Itom a
source arca on the interior plateau and (ributary capture.'® This
maodel exerplifics Korn and Martin®s thoughts in the carly 19505 on
the Quaternary sequence which “seems 10 show, right through the
Pleistocene, a decline in rainfall on which the pluvial and in-
terpluvial Muctuaiions are superimposed 't (p. 21,

These climatic and eustatic changes lacilitated terrace formation
along many ol the major river courses™ 3 crossing the Namib,
geaerally with Early 10 Middle and End Pleisiocene phases discerni-
ble ¥ 1t iy appreciated that most of these rivers rise oulside the
Namib in regions of generally higher rainrall and therelore the ler-
race development may not retlect conditions in the Namib.
However, along the lowermost canyon reaches ot the Kuiseb river,
wedges of hnear palaco-duncs arc interbedded with fluvial deposits
o probable Early 1o Middle Pleistocene age.™ These sedimenis
represent The carliest aggradational phase, post-dating river inci-
sion in the Kuiseb Yalley, and are called the Oswater
Conglomerate #5465 78 B “'he pmalaco-dunes, Tound only in out-
crops on the left bank, imply the presence of large, linear-iype
dunes along that reach of the Kuiseb during the aggradational
phase,” during which time the general northwesterly course from
Natab had also been established. The Oswaier Conglomerate
reflects a regional trend™3 7 and the Glastal Gravels in the Sperr-
gehiet {(Stocken, personal communication}, the terraces in the
Swakop. Omarury and Ugab rivers,**® and the Manome Con-
glomerate in southwestern Angola® are probably equivialent
deposits.

The presenee of dunes in the Central Namib during the Middle
Pleistovene is further supported by the Namib [V fossil site, where
an Acheulian assemblage, with Efephas reckii and antclope re-
mainy, led Shackley™ 1o postulate savanna conditions at thar time.
These fossils are associated with a pan palaeo-environmeni and a
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recenl personal mvestigation revealed a red dunce sand rim, pro-
bably the base of a dunc or dune edge, on the northwestern side of
the palaco-pan margin, o view of this observation and the
anomalous distribution of the larger animals in the Namib Desert,
cited carlier, a re-interpretation of the postulated savanna condi-
tions is noeded. Reed imprints, probably of Phragmites sp., were
also observed in the pan carbonate al Mamib 1V and are indicative
ot al feast temporary standing water. There are a number of
localities within the Namib where fossil reeds, or thetr leal imprints,
oceur often in association with pan/lacustrine carbonates, e.g,
Khommabes, near Gobabeb, Meob and Conception Bays,®! and
Koichab Pan, or with cale-tufa spring deposits, ¢.g. Hudaob
{Kuiseb river) and Gemsenwasser (northern Koichab river). These
caleilied traces of former reed beds reflect conditions when more
surface water was available but not necessarily sustained wetter
conditions. For example, at Khommabes, about 6 km west ol
Gobabeb, calcified reed-hike and sedge-like stalks (probably
Phragmites sp. and Junceftus sp.} are preserved in a palaco-pan sct-
ling, indicating relatively moist conditions, yel the southern margin
ot the pan is bordered by fossil dunc remnants containing calcilied
root casis ol Acanthosicyos horrida (!Nara). Radiocarbon dates
for INara raot, termitaria and reed casts imiply varying ages of (or-
mation, namely, ¢. 21 000 22 G B.P., ¢, 27 000 — 29 000 B.P.
and 31 000 - 32 000 B.P.® The repeated occurrence of "C dates
between 39 000 - 28 000 B.P. and ¢. 21 000 B.P. in the Central
Namib ‘strongly suggest lwo distinet moist periods during iate
Pleistocene in Central Namib desert” (p. 77),% although the older
dates should be treated with reserve and, il possible, checked
against the local stratigraphy when used for sedimentoiogical com-
parisons. This need lor caution is demonscrated by the similar #C
dates, ¢, 28 000 - 33 000 B.P., recorded for an Oswater Con-
glomerale outcrop and nearby pedogenic calerete between Homeb
and Oswater In the Kuiseb Valley of the Ceniral Namib ## The
lformer deposit post-dates the initial incision of the Kuiseb rivert® 58
atter the Plio-Pleistocene epeirogenesis and is probably itom the
Early o Middle Pleistocene,™ ™ whercas the pedogenic calerete
pre-dates the main canyon incision™ and has been assigned an End
Miocene age.™

The Homeb Siles,®? fine-grained micaceous sediments which ac-
curnulaied in the middle Kuiseb Valley during the Late Pleistocene,
¢ 19 000 23 000 BLP, B also reflect palaec-environmental
changes in the Qualernary.™ Some workers interpret these
sediments as dune dam deposils™ 3 or river end-point accumula-
tions, '8 indicative of arid conditions, whereas (tlier® considers
them 1o represent floodplain sediments of an aggrading Kuiseb
river. Whaltever their origin, tluvially-deposited, unconsolidaled
red dune sands are intercalated with the silts, implving the presence
of dunes along the left bank of the Kuiseb river at that time. Similar
micaceous deposits in the Huab, Hoanib and Hoarpsib rivers,
although not vet dated. suggest a regional control in Central and
Northern Namib river aggradation which may be related 1o either
climatic or custatic changes in the Late Quaternary.®

The Ninding of Stonce Age implements in the Namib is interpreted
as lurther evidence for Quaternary climatic fluctuations.! Early
Stone Age artefacts are recorded in a palaco-course of the Tson-
dab® and at Namib [V, in the northern parts ol the main Namib
Sand Sea. Material attributed 1o the Middle Stone Age (MSA) 1s
widely distributed through the “dricst parts of the Namib deser??
(p. 19) in Namibia, and, in southwestern Angela stone artefacts
record the existence ol early man in the now barren desert strip in
the vicinity of Mocamades.? These occurrences imply that condi-
tions were favourable, at lcast episodically, for early man in the
Namib at intervals during the Middle and Late Pleistocene. Theanp-
parcnt restriction of Late Stone Age material to tavourable sites,
such as waterhaoles and springs, suggests 4 dominance of dry condi-
tions during the late MSA. However, ™C daltes at shelters in the
Namib reveal intermittent occupation during the Holocene, e.g. at
CYO0IB.P., e 6 000B.P.and A.D. 400 at Mirabib," % as well as
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along the eastern fringe of the devert ®! A MC date of 12 800 = 140
B.P. from a site in the duncs berween Gobabeb and Sout Rivier®®
‘shows unexpected stability of dune surface since Upper
Pleistocene ™ {p. 55).

Although the main Namib Sand Seais attributed a Pleistocenc to
Recent age,™ which is supported by other workers,” 33845t is likcly
to have had its origins in the Pliocene, when conditions were very
arid. P4 The sands are derived from southern and western coastal
source arcas®*® (Lancaster and Ollier, in press) of which the
Orange tiver is probably the most important source of
sediment, 2352 as well as from the reworking of the Tsondab Sand-
stone Formation . %538 The development of the main Namib Sand
Sea was probably facilitated by custatically lowered sea levels dur-
ing the Pleistocene,?® % and recent sand movement
records!?-¥-48.91-53 chow (hat the main Namib Sand Sea is still a
dynamic system. In the Southern Namib, the Namaqualand coastal
dune systems are considered a Quaternary feature” 25 and, in the
northern sector, a Recent age has been proposed for the Skelcton
Coasl duneficld® and the Baia dos Tigres — Curoca Sand Sea.?

The observations of earlier workers, ! 113143807 yunnorted by
more recent studics, T3 45478864 grongly suggest that the current
desert regime of the Namib dates I'tom the Late Tertiary, with the
Quaternary climalic and cusiatic fluctuations superimposed on a
dominant, and possibly progressive, aridifying trend.

Discussion

Emphasis has been placed on 1he Late Mesosoic and older Ter-
tiary geology in the Namib. Suitable matcrial for absolule dating,
such as fossils and volcanics, are scarce. Reliance, therefore, has
been placed on stratigraphy to aid in the interpretation of the
geological history of the Namib Desert, Personal flield experienee
has aiso helped us in evaluating the various correlations berween
units, particularly the fluvial deposits attributed to the Miocene and
the widespread arenaceous sediments, including the Tsondab Sand-
stone Formation, the upper Buntfeldschub Formation and similar
deposits in the Northern and Southern Namib.

The cold upwelling conditions of the Benguela Current are of(en
considered to be an important factor in maintaining the desert
climate of the Namib,? #5.7-24.25 268354 We however, have presented
exlensive lithological evidence for an Early io Middle (possibly even
Late) Tertiary sand sea in al least the Southern and Central Namib,
which was deposited by a predominantly southerly palacowind
regime similar to that of today. These conditiens probably prevail-
ed for at least 2010 30 million years, ' long before the tull establish-
ment of the Benguela Current in Late Miogene times.® ™ Thus, we
believe that the age of the cold Benguela Current, and its associated
upwelling, cannot be used 1o establish the anliguity of the Namib.
Nevertheless, the tully established Bengucla Current is probably
closely associated with the occurrence ol advective fog.# As fog 1%
an important source of moisture for a number of Namib dune
plants®-* and animals,** * the evolution of adaptations leading
Lo its use may be supposed o have slarted only after the establish-
ment of an effective Benguela Current. This does not, of course,
preclude adaptation Lo the sand environment,? or to the desert con-
ditions in general, in the absence of fog.

A steep climatic gradient is a conspicuous feature of the Namib
climate and is often attributed to the presence of the Benguela
Current and its associated upwelling.’? Annual rainfall decreases
approximately sit- lo lentold over abow 120 km in the Central
Namib trom the base of the ¢scarpment Lo the Atlantic Ocean (Lan-
caster ¢f af,, In press). A similar gradieat exists in the Northern
Namib, where average unnual rainfall at Mocamedes on the coast is
¢. 75 mm in contrast with the ¢ 1050 mm at Lubango (Sa da
Bandeira) on top of the escarpment.?* Alihough this gradient is
reinforced by the Benguela Current Systemy, the maintenance of
low rainfall conditions is accent uated by the location of this narrow
strip of deseri in the rain shadow of the western part of Southern
Africa below the Great Escarpment.®® Thiy is further accentuated
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by the high pressure sysiemn of the Seuth Atlantic anticvclone,
usually situated between Port Nolloth and 1ideritz.? These two
tactors have had the potential to influence the Namib throughout
the period following the evolution of the South Atlantic Ocean and
the concomitant development of the long, narrow strip of land west
of the Greal Escarpment — that is, for approximately the tast 8¢
million years,

The Namib cannot be considered a single climatic or geographic
unit, and over s approximaiely 2 000 km length, the desert extends
frorm a winter rainfall region at its southern extremity through an
cxtremely arid central region to a summer rainfall area in the north.
The Namib is also extremely narrow, mostly less than 200 km wide,
thus the climates encountered at the periphery of the deser( in-
evilably influence the arid centre. The elfects of variations in rain-
fall on the Great Escarpment and interior plateau are very marked,
particularty along the ephemeral and perenmial rivers which, in
rising in those regions, often form lincar oases across Lhe desert
strip.® Such variations have probably persisted throughout the
hisiory of the Namib, thus any biological or archaeclogical
cvidence relaling to the age of the desert must be interpreted
cautiously with these variations in mind.

Examples of the influence on the local biology of lincar oases
coupled with the narrowness ot the Namib are numerous™ and
some examples of anomalous animal distributions were cited
earlier. Related vegetational discontinuities include the following.

[n Angola, Podocarpus sp., the yellowwood {cf. P. miilanjianus,
C.J. Ward and 1.1, Ward collection no. 33), grows on top of the
csearpment in the Tundavala area west of Lubango (Sa de
Bandcira), where an average rainfall of ¢. 1 030 mm is recorded .2
The Great Escarpment is well delined there by the Chella quart-
zites'® and drops steeply into the Northern Namib Deserl. The
vegeiation components change rapidly from Podocarpus sp. near
the summit through Brachysregia sp. woodland down to Col-
aophospermum mopane woodland and scrub ai the base of the
escarpment. This, in turn, grades westwards through sub-desert
scrub to irue desert conditions over a distance of approximately 80
km. Thec potential pollen sources, e.g. Podocarpus sp., arc
therefore very clese 1o the semi-arid and arid desert tract. Fasterly
‘berg’ winds are recorded lor that arca,? thus there is the likelihood
that parts of plants from adjacent, higher rainfall regimes could be
incorporaied in desert sediments. One vegetation distribution
anomaly was recently recorded by two of us (M.K.S. and J.D.W .}
in the Hauchab inselberg in the main Namib Sand Sea. On the cast-
southeast side of the dominant outcrop, a fern and a liverwort
(M.K. Secleyand J.D. Ward collection nos. 40 and 41) were record-
ed in a small, well-protected overhang in what is generally regarded
as an extremely arid section of the Namib, Their presence in a local
fossil assemnblage would, no doubt, suggest a iess arid climate than
4t present. In the Kuiseb Delta, Acacia afbida, A. ericloba and
Freus sveomorus trees have been recorded; these specimens were
dwarfed (probably from the strong winds and harsh conditions) yei
their leaves and pollen still provide a potential source of fossil
matcrial in an exiremely arid part of the Cental Namib dominated
by a Phragmites communily. At present, normal-size (rees of those
species ure lound only upstream of Rooibank along the Kuiseb
river.

These anomalous distributions of the fauna and flora of the
Namib, particularly along the major river courses, provide a source
ol orgamisms which could colonize surrounding dunes, plains and
hills il conditions were changed cven temporarily. The Namib
Desert is a dynamic system and an appreciation of even short-term
changes is necessary in any attcmpt to undersiand past conditions
irom the fossil evidence. One dramaric event will be used to il-
lustrale our point. [n 1976 over 100 mm of rain fell in the Ceniral
Namib, about 30 km from the coast. This resulted in extensive ger-
mination of dune vegetation and a fitty-six times increase ol stan-
ding crop." This vegetation, in turn, supported a population of
oryx and springbok which was estimated to be at least fifty times
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greater than usvally found in that vicinity, It is tcmpting o
speculate that these conditions, in carlier times, could have sup-
ported a lemporary movement of primitive man into the dune areas
wilh the lincar oases of the Kuiseb river (and possibly the Tsondab)
never more than about 30 km away. In the wake of the same rainfall
event, tenebrionid bectles, which usually occupy the riverine
woodland along the Kuiseb river {in (his case), were tound at least
20 km into the dunes. The likely dispersal, therefore, of relatively
small orgamisms over scemingly inhospilable tracts to isolated in-
selbergs, or other linear oases, on various oceasions in the past, is
areat,

Another interesting aspect. of the dynamic naturc of the Namib is
reflected inthe large delta built up by the Swakop river inthe cxeep-
tionally heavy Hoods of 1933 — 34, in which the shoreline prograded
several kilometres from its present position.!! Within a decade,
however, these sediments were removed, probably by longshore
drilt under the strong south-southwesterly coastal wind regime,
and the shoreline attained its approximaie present position. The
dynamic nature ol both long- and short-term events in this long,
narrow tract ol land must theretfore be appreciated in any inter-
pretation of palaco-environmental conditions throughout the
geological record of the Namib Desert for the Late Mesozoic and
Cenozoie. Another factor to consider is the retative stability of the
subconlinent in posi-Gondwana titmes. The current relative pasi-
tion of the South Atlantic Ocean, Grear Escarpment and narrow
Namib date back 10 the Cretaceous; the subsequent latitudinal
movement of Africa has been northwards, of the order of about
127, relative to Eurasia 6191 102

Conclusions

A review ol Lale Mesozoic-Cenozoic geology leads us to con-
clude that the Namib tract, which dates back ro the Cretacecous, has
not expericneed climates significantily more humid than semi-arid
for any length ol time during the last 8¢ million years. Although not
well-dated, the Tsondab Sandstone Formation, and its probable
arenaceous equivalents, strongly suggest the existence of a major
LCarly to Middle {possibly Late) Tertiary desert sand sea in the
Southern and Central Namib, at least, which was more extensive
than the current main Namib Sand Sea. These lossil-dunes were
deposited by 4 dominant southerly palaco-wind regime which was
similar 1o the present wind system. Significantly, these carly sand
accumulations pre-date the lull development of the Bengucla Cur-
rent in Late Miocene times.

Widespread fluvial deposits, atiribuied to the Middle Tertiary
epeirogenic uplift of the subcontineat and the Post- African erosion
cyele, are generally dated as Lower to Middle Miocenc. Mesic con-
ditions probably prevailed in the Namib ar that time and the fluvial
aggradation may also be related o a Miocene transgression. A
penod of geomorphic stability ar the end of the Miocene resulied in
widespread pedogenic calerete formation, which may have occur-
red in a semi-arid chimate with summer rainfall, The calerete

palagosols, however, are best developed along the eastern secter of

the Namib and provide an important Cenozoic straligraphic
marker.

Full development of the Benguela Current and its associated cold
upwelling system in the Lale Miocene accentuated the deseriic con-
ditions in the Namib during the Late Tertiary and has contributed
to the umque character ot the current desert ecosystem. The
aridification of the Namib Desert from the Late Tertiary is ap-
parently @ progressive phenomenon, which has been affected by
Plio-Pleistoeene epeirogenesis and climatic Muctuaiions in the
Quatcrnary superimposed on this ariditving trend. The main
Namib Sand Sca probably dates trom the Phocene and was ap-
parently maintained through the Pleistocene to the present day,
pussibly with miner ¢xpansion and contraction ol its boundarics,

The unusual disiribution of certain plants and animaly, par-
ticularly in relation to lnear oases crossing Lthe desert sirip, implies
that caution 15 needed i palaco-environmental reconstructions
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from fossil assembiages in the Namib.

These tentative correlations and interpretations of the Late
Mesozoic-Cenozoic record will, we hope, broaden perspectives and
provide an outline for further discussion on this fascinating topic,
the antiquity of the Namib.

We gratefully acknowledge the CSIR for funding our various
research projects and the Department of Nature Conservation,
South West Africa/Namibia, for facilities at Gobabeb and permis-
sicn to work in the various parks. We arc grateful to the numerous
colleagues who have discussed this ropic with us over the years, We
particularly thank L. Blom, C.K. Brain, 1. Bihmann, (. Gran-
tham, V. Gray, K. Hoffman, B.J. Huntley, H. Martin, R. McG.
Miller, F. Netterberg, T. Partridge, J. Rogers, M.J. Selby, I.C.
Yogel, V. von Brunn, C.J. Ward and D. Yaalon. J.D.W.
acknowledges logistic support from the Geological Survey, South
West Africa/Namitia, and thanks Dr C. Stocken and his feld stalT
of C.D.M. for an enlightening trip in the Southern Namib.

Received 23 Febiraary; aceepied 9 March 1983,

1o Mudgs P (1968). Geography of coastal deserts. UNESCO Arid Zoswe Res, 18,
1 40

2. Koch C. (19610 Some aspects of abundanl life in the vegerationless sand of the
MNamib Deserr dunes. f. 5. H. Afe Soi. Soc. 15,8 34,77 92

3. Roch O 01962), The Tencbrionidac of southern AlTica XXX, Comprehensive
mees on the lenebriond Tauna of the Nanub Desert. Ase. Trarsy, Mus, 24,
61 106,

4, kaiser . (19260, e D¥armanienwiiste Sadvwestafribos, Iicicich Reimer, Berho,

S Vaun Zinderen Bakker ELML Se (19750 The ongin and palacoenvironment of 1he
MNamib Desett biome. J. Biogeag. 2,65 73,

6. Endridy-Younga S, (1Y78). In Biovecgraphy and Ecology of Sowthern Africa,
edit. ML) Werger, pp. 797 - 8210 Junk, The Hague,

7. Tankard A.1. and Rogers ). (1978} Lawe Cenozoic palaeoenvironments on the
wesi ol of southern Adrica. £ Biogeenyg. 5, 3119 - 337

8. Seely MK, (1978). The Namib Dune Desert: an vausual ecosyslom, S, arid Ein-
virewr, 1, 117 - 128,

9. Bueote W {1928), In die Diamanten wiiste Stéidhwesrafrikas, cdit. 1 Kaiwer, Dictrich
Retmer, Berlin.

L. Beete W. (1937 Geology of Souch Weal Angold, botween Cuaene and Luanda
Acds Frams, gool. Soe, S0AS 300137 - 176,

Ll Gevers T.W. (1936} The morphology of Western Damaraland and the adjoining
Iamiby Deserl of South West Adrica, S Afr, gevg, S 19,61 =74

12, Korn H. and Marin Ho (19370 Die jungere klunatische und peologische
Oeschichie Sudwestafrikas, Zemrai-fiaet fiir Minen 11 (Sect. B).

12, Korn H. and Mactin H. (19570, In Proc, £ Pan African Congresson Preqisiorny,
fovingstone, edin, LD Clarkeand 5. Cole, pp. 14 22 Chanoand Windus, Lon-
don.

14, Mactin H. (1950). Sidwestalrika. Geol. Raveh. 38, 6 - 14,

15. Martin H. (1961). AlwiB Jder geologischen Geschichte Stidwestalvikas. S 5 B
Afk 8l Soc. 15,57 66,

L& Mabbwid FoAC (19527, The evolation of (e meddle Lgab valley, Damaraland,
Soulh West Afriva. Trmts, R Soc. 50 Afr 33, 333 365,

17, Soares de Carvalho G, (1961). Geologia do deserto de Mocamades, Mem, Jfunta
frvest, Ultraemn, 2, Sév, 26,

1. Stocken C.G. (1962), The dinmwnd deposils of the Spercgetner, South West
Alriva. Feld excursion puide, 3th Aan, Congr, geed, Soc, S, A0 L= 16,

19, Antunes MU {1964, O Neovretacio ¢ o Cenozaico do itoral de Angola, Jienta de
Invest. Ultram. 2. Sér.

20, Wartin H. (1973, [n Sedimentiey Basing of thi: A frican Coases. Parl 112 Sonath and
Fasl Coast, pr. 7 - LS. Geodogival Survey, Pais.

21, Coctzee LA and van Zinderen Bakker £.3. Sr {Eds) (1982). Pafaeoecology of

Africa 15, Balkema, Rotterdam.
- Yogal 1O, Rogers Jooand Seely MUKL (1981). Summary of SASQUA Congress
May 1981, Geod, Soc, 50 Afr, Qiare, News Bull, 283}, 2527,

23, Vogel 1.C., Rogers ). and Scely MoK (1981, Summary of SASOUA Congress
May [981. 5. Afe J Sce 77,435 436,

24. Meteorologival Services of the Royal Navy and the South Adrican Air Foeee
(1943). Wather un the coasts uf Sotithent A frica, val. 1(I). The West Coast of
Africa from River Congo ro Ofifants River, 3 - 61, Cape Times, Cape Town.

25 Rogers (1977 Sedimentation on the continental margin of T the Orange Biver
and the Namib Desert. Foine Geed, Surev AUCT Marine Geosed. Group Bull, 7.
Capwe Fown.

26, Wellington 1.H. (1955), Sowthern Africe — a geograpphical siudy, vol. 1. Physical
Gepgraphty, 328 pp. Cambridge University Press, Cambridge,

27, Barnard W.S. (1964), o Terreintipekaart van Suidwes-Alnka. 5. Afr
Geoprapfier H4), 6h— 72,

28. Barnard W5, {1973, Duinlormasics in die Sentrale Namib. Tegnikon, 2 - 13

29 Speeiveer H (1966). Beobachtungen cur Geomorphologic der rentralen Namib

nnd Threr Randeebicte, £ S, ML A e Seis Se, KB, 69- 94

Criess W {19711 A preliminary vegetation map of South West Adrica, Dimteria 4,

[
rd

30



South African Journal of Science

i

32

3.

M,

41.

42

43,

35

47,

48.

49.

S

57,

58,

B2

.

a3

Vof. 79 May 19583

. Logan K.F. (19720 The geographical divisions of the deserts of South West
Alrica. Mire, Buster Afrika-Bitd, 4—6, 46— 65,

Besler H, (1972). Klimaverhalinisse und klimageomorphologische Zonierung der
zentralen Namib (Sudwestafrika). Srurtearter Geopr, Sred, 83, 1 - 209,

Besler H. (1980). Die Dunen-Namib: Epustellung und Pynamik eines Ergs.
Srufrgarter Geogpr, Stwd, %,

Kayser K. {1973). Benrdge wur geomenphologie der Namib-Kistenwiste, Z.
Geomtorph, NF., 11,156 167,

. McKee, E.D. (Ed.) (1979}, A study of global sand seas. Geol, Surv. Prof. Pup.

1052, 429 pp.

. Endrisdy-Younga S, (1982), Dispersion and iranslocation of dune specialist

tenebrionids in the Namib area, Cimbebavia (A 5, 257271,

L Simpson 1SW (1977, Evolution of the Souch Atlantic. ddex L. di Toit Mem.

fect. 15,1 15, Cieol. Soc. 5. Afr, Annex, vol, LXXXN,

. Tankard AL e wf. (19820, Orestad Bovoluting of Suuthern Africa. 3.8 Billion

Yewurs of Fairth Historp, Sponger-Yerlag, New York.

39, Dingle R V. and Scrutton BoAC(1974). Continental breakopand the development

ul post-Faleooic sedimentary basins around Southern Advica. Sudff. geof, Sec.
Awne. 85, 1467 1474,

, Martin Ho (1975). Siractoral and palacogeographical evidenee tor an Upper

lralaenzoie Sea between Southern Africa and South America. Proc. Pap. IUGS
Ind Gondwang Svmp, 1973, Canberea, 17 - 5L

Brvan G.ML and Simpson ELS. W 01971, Seismic reltaction measurements on (he
cotiinental shelt between Orange River amed Cape Town. fase. Geod. Sei. Rep.
ARG, 186 - 198,

Dingle ®.%. (1973). Regional distibution and thickness ol post-Palaeosme
sediments on the continental margin of southern Africa. Geod Mag. 110,
g7,

Van Andel T.H. and Calverd S.E. (1971), Lvolulion of sediment wedge, Walvis
shelf, South West Alrica. J. Geol 79,385 602,

. Stocken C.GL{1978). A review of the Jater Mesozoic and Cenozoic deposits ol The

Sperrgebiet. Lnpubl. rep. Geol, Dept., Consolidated Pramond Mines of Soud
Wost Alrien (Pry) Lid,

Ollier €10 {1977, Quiline geological and geomorphic history of the Central
Namib Desert, Madogoa 10, 207 - 212,

L ONGer O {1978 Inselbergs of the Namib Desert — processes and history, Z.

Geomaorph, N F. 31, 161 - 176,

Selby ML (19780 Some thuughls on (he geomarphology of the cencral Namib
deserl, Namih Bufl. Suppl. | of Traase, Mus, Brdf. 5 6.

Selby MLE (19770, Bornhardts ot the Namib Desert, £, Geomorph. NI,
L 13,

Molachlan LR and McMillan LK. (1979). Microfzunal biostratigraphy,
chranastratipraphy and history of Mesozoic and Cenozoic deposits on Lhe coastal
margin of South Altica. Cevkengres 77 Geod. Soc. S0 Afr. Spec. Publ. 6,
161 181,

My Partridge T.C. (19820 A review of southern African geomorphology. Geod. Soc.

S Afr. Winter Fiefdschood 7, haly 1982,

. Hovt LH., Qostdam B.L. and Smith D. D, (1969}, Otishore sediments and valleys

ot the Orange River, Marine Ceed, T, 69— 84,

. Ragers L (1993), Textare, composition and depositional history of wncon-

solidated sediments from the Orange-Lideridz shell, and their refationship with
MNarmity desert sands. fGSANCT Tech. Rep. 5,607 88,

. Sowh African Committee for Stratigraphy {1980y, Stratipraphy of South Afriva,

Part |, comp. L.E. Kenl. Handt. geol. Surv, 5. Afr. 8, 578 — 608,

. Yaalon L.H, and Ward 1.1, (19824, In Palaencenloygy of Africe 15, edu. TA,

Covtzee and TM . Van Zinderen Baklker. Balkema, Rotrerdam.

. Besler 1. (1976/77}, Untersuchungen in der Dunen: Namib (Sidwesiafrika). J.

SOWL A Sel Soe. 31,33 - 64,

Besler H. and Marker MLE. 11979). Namib Sandstone: a distinet lithalogical unit.
Trans. ped, Soc. 5. Afx 82, 135 — 160,

MoKee E D, (1982), Sedimeniary sirugturss in dunes of the Namib Desert, South
West Africa. Geod. Soc. Am. Spec. Pap. 188,

Marker M.E. {1977}, Aspects of the geomorphology of {he Kuiwh river, Soulh
West Africn, Mudoge W, 199 — 206

Nelterbere Fo (19800, Geology of southern African caicretes: 1. Terminology,
description, macrofeatures and classification. frams, geol, Soc, 5 Af0 83,
255 — 283,

L King L.C. (1951). Sonth African Seenery, 2nd ed. Oliver snd Boyd, Bdinbuargh.
. Coeteee FO(1975)0 Solulion pines incoasial asolianites of Zululand and Mocambi-

que. Trans. geul Soc. 8. Afr. 78,323 333,

Maroshnikov K.V ., Bubnov V. AL and Butaloy R.P. {1970) Waler circulation in
the castern South Atlantic Ovean. Oveanofugy 10, 27-- 37

Siesser WO, (1977 In Awmearctic Glacial History and World  Paloeonen-
viranments, edit, E.M. Yan Zinderen Bakker, pp. 105 — 112, Balkema, Rotler-
dam.

. Siesser W.G. (1980). Late Miocene origin of the Benpucla wpwelling systerm of

norihern Namibia, Science 208, 283 — 28BS,

. Corvinus Cr.and Hendey Q.B. {1978). A new Miocene vertebrate locality al Ar-

risdrift in South West Africa (Namibia). & S Geol, Patdons, MA. {1978) (),
193 - 305,

73
.

75

78,

.

81,

52,

B3,

BS.

Rén.

H7.

58,

§9.

9l.

92.

93,

94,

9s.

97.

98,

94,

100.

101,
102.

183

L Steyn MUVR, (19821 Guide book 1o the Ochta Diamond Mine. Richlersveld,

Mottt West Cape Frovince, Geal. Soc. 8. Afr. Wimer Fieliichool 8, Oclober
1982,

L Stecken C.G, and Camphell 13 (19821 Some notes on the CTM raised beach

comples. Geod. Sac. 8. 4fr. Winter Fieldschoof 8, Oclober 1982

. Miller R. MceG. and Seely MK, (1976). Fluvio-marine deposits south-vast of

Swakopmund, Seoulh West Alrica. Modogua W3, 23 26,

. Stromer E. (1926). In Die Diamantenwiiste Sudwestafricas, eit, b, Kaiser, pp.

1 — 153, Iherrich Reimer, Berlin,

- Hamilion W.R. and Yan Couvering 1A (1977). Lower Miocene mammals tram

South West Alrica. Naemidh Bull. Suppl. 2, Transv, M, Budl,, % —11.

. Hopwood AT (19295 New aod little known mammals from the Miocene of

Africa. Am Mus, Nowif, 34, | -9

o Coetans 1AL (198, Tertary environmental changes along the south-western

African coast. Palgeont. afr. 23, 197 - 203,

Wan Riet W. (19651, Canoe irip oo the Cunene. A frican Wild Life 19, 293 - 302,
Meetterburg F. § 1969), The interpeetation of some basic calerete epes. Hull 5. Afr
arizhaecl. Soc 24, 117122,

Blumel W.D, {1982). in Asvcdic Soddy and Geontorphic Processes, Catena Suppl, 1,
edit. TY. Yualon, pp. 67 — 82, Braunschweig,

. Nhavckley M. (5980, An Acheulesn indusiry wih Elephas recksd tauna trom

NMamib 1V, South West Alrica (Namibia). Natree 284, 340,

- Selby ML, Hendy © HLand Seely MUK (19790 Adae Quaternary lake inthe cen-

iral Mamih Desert, Southern Adrica. wnd some implications, Palaecgeoy.,
Pataeachim., Palgeoecol, 26, 37 - 42.

Ward J1. (1982, [n Padaenecodagral Afrea 15, edit LA, Coctrecand E.M . Van
Zinderen Bakker, Balkema, Rowterdam.

Rust U, and Wicneke F. (1974). Siudies on gramadulla tormation in the middic
parl ol the Kuiseb River, South West Africs. Macdoguae Ma9-- 733, 5 15,

L Sawyer E.D. (19761 Provisional legend of field sheets 23150A Gobobeb and

2313CB Gorob. Unpubl. Rep. Geol. Surv,, Windhovk.

Wogel 1O and Visser B, (L1981, Pretoria radiocarbon daes L. Radiocarfion
231y, 43 - B0,

Vouel 107 (19823, (o Padaeoecology af Africe 18, cdit. LA Coctece and TM.
Yan Zinderen Bakker. Balkema, Rollerdam.

Marker M_oF. and Miiller 13, (1978}, Relict vlei silt of the middle Kuiseb Valley,
Sourh West Africa, Madogua L1(2), 151 — 162,

. Schola H, (1972), The sails of the Cencral Nannb Desert with special consideration

Wiencke [ and Rust B, (1973}, Varialions du niveau marin o phases mor-
phoclimatiques dans e desert du Mamib Centeal, Afrigue du Sud-Quest.
Firisterra VT 81, 48 - 65,

Secly MUK, and Sandelowsky B.L. (1974}, Dating the regression of river™s end
point. 8. Afr. Archaeol, Soc, Goodwin Ser. 2,61 64,

Sandelowsky B.H. (19771 Muabib — an archueological sludy in the Namib.
Madogua 1K4), 221 - 283,

Sandclowsky B.H, (1976). An ancient buteher site in the dunes of the Namib.
S AL Ann, 1976, 1R - 119,

Harmise 1.T. {1980). Die noordwaartse begrensing van die Sentrude Namilyduinsee
fangs die Benede-Kufseb, Thests, University of Stellenbosch.

C Lancaster NO(1982). In Pafaeoecofogy of Africa 15, edit, LA, Coelzes and E.M,

Yan Zinderen Bakker. Balkema, Rotterdam.

Busler HL{1975). Messangen 2ur Mobilitat von Dunensanden am Nardrand der
Dinen-Mamib  {Stdwestalrika).
135 — 147,

Barnard WS, (19735, Geonorlologiese prosesses en die mens: die geval vin dic
Kuiseb delta, 5. W.A. dera geop. 3, 20— 43,

Seely MoK, e af, {19808 Lower Kaiseb River Percnral Yegetation Survey.
LS WAL Ser Soe. XXXTVAXXXV, 37 - §e6.

Lancaster N, (1982), Dunes an the Skeleton Coast, 5.W. A/ Namibia: geomuor-
phology and grain size relationships. Eartdt Surface Processes and Landforms 7,
575 387

Secly MUK, de Vos MUP. and Louw (N (L977). Fog imbibition, satellite Fauna
and unusual leaf structure ina Namib dune planl Trienthenia hereroensis. 5, Afr.
A5 73, 168 - 17

Wrirzhurger CGeapraghivche  Arbelten 43,

. Louw G.N., and Secly MK, (1980). Exploilation of fog wawer by a perennial

Narmiby dune prass, Stipagrosus sabulicoda. 8. Afr. o Sl 76, 38 -39,

Hamilton W.J, [ and Secley MK (1976). Fog basking by the Namiby Desert bee-
U, Owymanriy enguicuteris. Natire 262, 284 285,

Seely MUK, and Hamilon W1 TH (1976). Fog catchment sand wenches con-
structed by tenebrionid beetles, Lepidochors, Itom the Namib Desert. Scfence
193, 484 486,

Scely MUK, (1979 brrepalar fog as a waler souwrce for desert dune beetles.
eealngia 42, 213 - 227,

Seely M.K. and Louw G.N. {1980}, First approximaticn ol the cifects of rainfall
on 1he ceology and enerpetics of a Namib Desert dune ecosvsten. /. arid. Environ.
3,25 4,

Trwswill LLHO 19770, Geodogivod Pvodution of Smuch Africa. Purnell, Cape Town.
etz RS, and Holden 1.C. (19700, Reconstruction ot Pangaea: Breakup and
dispersion of cortinems, Permian 1o present, S, geophps, Hes, 75, 4939 — 49346,



