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The Namib has been considered both a ‘young’ and an
‘old’ desert. We have reviewed the literature and present
here an outline for further discussion on this topic, which
has been influenced by our field experience in the Namib.
The current arid to extreme-arid regime is a geologically
youthful feature which has developed, probably pro-
gressively, from the Late Tertiary. However, the Late
Mesozoic-Cenozoic stratigraphic record reveals a
dominance of arid to semi-arid conditions throughout the
history of the Namib, which dates back ro the Cretaceous.
An Early to Middle Tertiary desert sand sea is inferred for
the Southern and Central Namib, pre-dating the full
establishment of the Benguela Current system in Late
Miocene times. The main Namib Sand Sea, which overlies
much of the palaeo-desert arenities, has probably
developed from the Pliocene through the Pleistocene to its
present status. Geological and biological field observations
strongly advise of a cautious approach to palaeo-climatic
interpretations of the history of this long, narrow and
dynamic desert tract.

Die Namibisalas 'n ‘ou’ enas ’n ‘jong’ woestyn beskou.
Die literatuur is nagegaan en ’n oorsig oor die onderwerp —
wat deur die skrywers se ervaring in die Namib beinvioed is
— word vir verdere bespreking voorgelé. Die huidige droé
tot besonderariede regime is ’n geologies jong kenmerk wat
— waarskynlik toenemend — uit die Laat-Tersiér ontwik-
kel het. Uit die Laat-Mesosoiese-Senosoiese stratigrafie-
verslae blyk dit dat daar dwarsdeur die Namib se
geskiedenis, wat tot die Kryttyd teruggaan, oorwegend
droé tot half-ariede toestande geheers het. Die bestaan van
’n Vroeé tot Middel-Tersiére woestyn word vir die Suid- en
Sentraal-Namib afgelei. Dit vervroeg die volledige vesti-
ging van die Benguelastroomstelsel tot ’n tydperk in die
Laat-Mioseen. Die hoof- Namibsandsee, wat groot dele
van die paleowoestynareniete oordek, het waarskynlik van
die Plioseen af deur die Pleistoseen tot die huidige ontwik-
kel. Geologiese en biologiese waarnemings ter plaatse,
saam met anomale dier- en plantverspreiding, maan tot 'n "~
versigtige benadering tot die paleoklimaatvertolking van
die lang, smal, dinamiese woestynstreek wat die Namib
genoem word.

Background

The Namib Desert of southwestern Africa, which currently has
an arid to extreme-arid climte, is one of five west coast deserts lying
within subtropical latitudes.! The age of the Namib has interested
scientists in many disciplines, particularly since the early 1960s
when the late Dr Charles Koch, entomologist of the Transvaal
Museum, publicised the idea of a very great age for this desert.23 In
these two papers, he discussed the richness and endemism of the
Namib fauna, notably the tenebrionid beetles, and ascribed this
development to the long and undisturbed existence of these

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’.

In 1975, van Zinderen Bakker Sr published a synthesis® describ-
ing the factors pertaining to the ‘origin and palaeoenvironment of
the Namib Desert biome’. Although supporting the ‘old age of the
desert’ (p. 5), he proposed that the Namib could have developed
only. after cold water from the Southern Ocean was able to
penetrate northwards; a situation which he considered possible
from the Early Oligocene (c. 35 Myr ago), i.e. some 30 — 40 million
years younger than the Cretaceous age postulated by Koch.23
However, three papers on this topic appeared in 1978; two rejected
a great age for the Namib®7 and proposed a Plio-Pleistocene, or
even younger, age, while a third® concluded that the Namib may not
be much older than other deserts of the world. These three publica-
tions made use of recent information, available from many
disciplines, to update ideas concerning the origin of the desert
climate and yet were consistent with Koch’s?3 earlier observations
on the richness of the Namib biota.

A number of reports had been published prior to 1978, many pre-
dating the early 1960s, which discussed geological aspects of the
Namib Desert and often included tentative interpretations of
palaeoenvironmental conditions in that region.®-?° The informa-
tion contained in these papers has apparently been overlooked
(many of these publications are in German®1213:15 or
Portuguese!’-1%), or their significance not readily appreciated,
especially if 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
African Society for Quaternary Research, held in Pretoria in May,
1981.2! The discussion revealed that this topic is still a matter for
dissension and controversy.?-2

We attempt here to summarize the points which we consider im-
portant in the history of the Namib. Our presentation is based
mainly on published geological information but also includes those
of our own recent field observations which we consider pertinent.
We hope that this material will provide a framework for future con-
sideration of the antiquity of the Namib Desert.

Definition of the Namib Desert

The Namib comprises the relatively 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 Africa) and the Carunjamba river (Mocamedes District,
Angola) (see Fig. 1). The climate of the central section, which lies
mainly within Namibia, is arid to extreme-arid, whereas the area
north of the Kunene river is considered a summer rainfall desert and
that south of the Orange river, a winter rainfall desert.?42
Although a number of workers have attempted to subdivide the
Namib,*25-35 it is not our intention to comment on these divisions,
which are based on climatologicaly geomorphological and/or
botanical-criteria. It is 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
flats, pans, ephemeral rivers and streams, and even the lower
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Fig. 1. Locality map of the Namib Desert.

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

Outline of the geological history of the Namib Desert
(Table 1)

Late Mesozoic record
By definition, the potential maximum age of the Namib as a
distinct physiographic region dates back to the formation of the

narrow coastal tract between the South Atlantic Ocean and the
Great Escarpment, following the break-up of West Gondwana.
Evidence from palaeomagnetic, radiometric and palaeontological
studies, summarized by Simpson®’ and, more recently, by Tankard
er al.,* indicates that the South Atlantic Ocean initially opened
from the south ¢. 130 Myr ago, with fully marine conditions
established by c. 80 Myr ago. This development was paralleled,
from ¢. 127 Myr ago, by the formation of the Great Escarpment by
headward erosion, enhanced by epeiro.genic uplift of the subconti-
nent, and grading of the coastal tract to.the new base level formed
by the evolving South Atlantic Ocean.?0-34 This process,
dominantly of pediplanation, was augmented by the sediments of
the Orange river, and led to the concomitant deposition of a sedi-
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ment wedge, up to four kilometres thick in the Orange Basin, off-
shore in the Southern and Central Namib tract.2°4!-43 In contrast,
marine deposition dominated the extreme Northern Namib during
the Cretaceous!®!71% with- a phase of terrestrial sedimentation
recorded some 100— 110 Myr ago by the Giraul Conglomerates,
coarse alluvial-cone deposits some 200 m thick, derived from the
escarpment.’

Remnants of some of the earliest terrestrial deposits in the Namib
are recorded in the southern sector by the Pomona Beds (sensu
Stocken*), dominantly fluvial sediments which are preserved
sporadically in the hollows of the Cretaceous landscape and bevel-
led by the End Cretaceous land-surface.* Beetz® considered this
succession indicative of deposition under conditions of increasing
aridity, an interpretation he also considered valid for the early
sediments of possible Cretaceous age in the Kunene Valley.!® More
recent work in the Sperrgebiet** has found nothing to contradict
Beetz’s views on the Pomona Beds.® The surface from the end of
the Cretaceous is impressively level in the Southern Namib* and
may be tentatively correlated with the well-planed. bedrock plat-
form in the Central Namib.!!-1446-48 From the Upper Cretaceous,
the sediment accumulation rates offshore in the Orange Basin were
greatly reduced.*4? Although this has been attributed to stabilisa-
tion of basement subsidence?® or a marked decrease in continental
discharge rates,* it should be noted that these offshore sediments,
from the Late Mesozoic, were a potential source of sediment for
areas to the north, in a manner similar to that suggested for the
much younger Quaternary sediments.?51-52 [t therefore 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 evidence of arid conditions prevailing during the form-
tion of the Great Escarpment.®-10-11.44.46

Tertiary record

In the extreme Northern Namib, the Early to Middle Tertiary
sediments indicate mostly marine conditions along the coastal tract
from the vicinity of Porto Alexandre northwards.!®71? [n the
Southern Namib, notably in the Sperrgebiet, the earliest Tertiary
terrestrial sediments comprise the Chalcedon-Tafelberg Silcrete
Formation of probable Palaeocene age.5® These silicified super-
ficial deposits are distinct from the Cretaceous Pomona Beds®#
and have been referred to as the Tafelberg Quartzites by Stocken,*
an informal term which is preferred here. This succession is very
similar, lithologically and stratigraphically, to the ‘Basal Breccia’
described by Ollier#3#¢ in the Kuiseb Valley of the Central Namib,
although the latter is intensely calcified (and even dolomitized) as
opposed to the widespread silicification of the Tafelberg Quart-
zites.* There is evidence, however, that calcretization preceded
silicification in the Tafelberg Quartzites,* and these deposits, com-
prising aeolian sands, pans and sheetwash debris, are generally in-
terpreted as having accumulated under arid to extreme-arid condi-
tions.!'124 There is widespread deep leaching of the bedrock
underlying the Tafelberg Quartzites,* in contrast with the Central
Namib deposits where the lack of deep chemical weathering under
both the ‘Basal Breccia’ and in the formation of inselbergs is strik-
ing,*8 which supports the belief in the existence of dry conditions
at that time. Similarly, the Blaubock Gravels*3? in the Southern
Namib are interpreted as ‘sheetflood deposits reflecting episodic
torrential rains under arid or semi-arid climatic conditions’# (p. 17)
post-dating the Tafelberg Quartzites (End Cretaceous-Palaeocene)
but older than the Eocene marine transgression.*

Widespread accumulation of terrestrial, mostly red-brown
arenaceous sediments occurred throughout the Namib in the Early
to Middle Tertiary, generally overlying an almost ubiquitous basal
breccia.* The upper Buntfeldschuh Formation3? in the Southern
Namib comprises 55 — 57 m of cross-bedded aeolian sands resting
on probable Eocene marine sediments and truncated by the main

177

Namib calcrete,® 14184 3 palaeosol> probably from the end of the
Miocene.3® These green to red-brown fossil dune sands have been
equated with similar sediments in the higher terraces of the Kuiseb,
Swakop, Omaruru, Ugab and Kunene Valleys,%!4 with possible
association as far north as the red arenites underlying the Lower
Miocene Catrona Conglomerate near Mocamedes. %17 Between the
Kuiseb Valley and the Liideritz-Aus railway, similar deposits cor-
relate closely with the limits of the present main Namib Sand
Seal428:33.45.48.53.55.56 an( are considered typical desert sediments, in-
cluding fossil dunes'*2° and sand sheets, which have been called the
Tsondab Sandstone Formation.*® Northwesterly to northeasterly
dip directions are recorded for large-scale aeolian cross-bedding
along the northern limits of the Tsondab Sandstone Formation.?-56
Similar dip directions are noted in the palaeo-dunes of the Rooilepel
Beds, ®4 which may be southern equivalents of the Tsondab Sand-
stone Formation. 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 palaeo-wind regime at that
time. These arenaceous sediments thus apparently represent the ac-
cumulation of an Early to Middle Tertiary sand sea in the Southern
and Central Namib under a dominantly southerly palaeo-wind
regime which was similar to the present day wind patte/rn.“/

In southwestern Angola, Beetz!® considers the ‘dune sandstones
filling in all valleys of the old land surface; a thickness of over 150 m
having been observed on the banks of the Cunene River and in
gullies leading down to that river’ (p. 146), to have accumulated
under arid (desert) conditions, similar to the situation he observed
in the Southern Namib.? His views are supported by Martin’s con-
clusion that the upper Buntfeldschuh aeolianites, and their pro-
bable equivalents to the north, indicate dominantly arid conditions
which may have spanned some 20—30 million years.'4!s
Mabbutt, 6 after studies in the Ugab Valley, supports Martin’s in-
terpretation, as do most investigators who have worked on the
Tsondab Sandstone Formation?®-33:45-47-53.55.56.58 or the Southern
Namib equivalents.'®# Martin'*5 suggests that wetter periods
must have been interspersed with the dominantly dry regime during
that time because of the presence of ‘root casts’ in the arenites.
These structures, or pedotubules,3 could be groundwater solution
phenomena®5! or biogenic features, possibly even termite
chambers or burrows which could have acted as conduits for
CaCOs-precipitating solutions.5’ The reddened horizons in the
Tsondab Sandstone Formation sediments in the Kuiseb Valley have
been tentatively called palaeosols, representing minor stillstands
under at least semi-arid conditions during the accumulation of the
‘consolidated red desert sands’.*® Fossil evidence from the Eocene
marine transgression implies warm-water conditions in the South
Atlantic Ocean during the Early to Middle Tertiary,0-17:19-63.64 jp
contrast with the present situation.3-¥2-63 Therefore, it is particularly
significant that the Blaubock Gravels, the upper Buntfeldschuh
Formation, the Tsondab Sandstone Formation, and their probable
equivalents preserved throughout the Namib tract, accumulated
under arid to semi-arid, mostly desert, conditions with a dominant
southerly palaeo-wind regime before the full development of the
Benguela Current in the Late Miocene.%3-6¢

Martin'* records calcified conglomerates, often as two discrete
depositional units, lying directly over the red and brown arenites
(described above) in the major river depressions of the Namib with
equivalent thick calcrete layers on the arenites in the interfluvial
areas. In the Central Namib, he notes that the high terrace con-
glomerates overlie fossil dunes of the Tsondab Sandstone Forma-
tion south of the Kuiseb river.! The Catrona Conglomerate near
Mocamedes in the Northern Namib, a continental deposit which
overlies red, unfossiliferous arenities, hts been dated as Lower
Miocene.' In the Southern Namib, a terraced suite of con-
glomerates, referred to as the Arries Drift Gravel Formation, oc-
curs along the lower Orange river.*® At Arrisdrif, a rich Middle
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Homeb-type Silts (C & N)

Fossil pans, calcified reeds (S, C & N)
Glastal Gravels (S), Oswater Conglomerate (C & N)
Manome Conglomerate (N)

Gemsboktal Gravels (S)
Arries Drift Gravel
Formation (S)

High terrace conglomerates
of Kuiseb, Swakop, '

. Omaruru, Ugab (C)
Grillental Beds (S)

Catrona Conglomerate (N)

? Red, unfossiliferous
arenite (N)

i? Basal Breccia/Conglomerate (C)
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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; (ii) S = Southern, C = Central, N = Northern regions of the Namib
Time (Myr)
o Holocene | Baia dos Tigres Sand Sea (N)
< 0.01 i I
z ! |
= | |
(L.‘." Pleistocene | |
g : Main Namib Sand Sea (S& C) |
: -
o ] c.2 | Obib Dunes S)
Pliocene END TERTIARY EPEIROGENIC UPLIFT
5 END MIOCENE PEDOGENIC CALCRETE (widespread)
b4 4 :
i
| | Fiskus Beds (S) ; :
Miocene : | |
| |
i i '
| | !
} i
22.5 I . | |
I MIDDLE TERTIARY | |
" : EPEIROGENIC UPLIFT : :
o I I
< | Oligocene | : E
= | H |
& ' [ [
= : | ]
1
38 l | |
| 1 |
! Upper Buntfeldschuh : ? Rooilepel :? Tsondab Sandstone
Eocene Formation (S) | Beds (S) | Formation (C)
|
! |
I o
55 Y ;
Blaubock Gravels (S) A
Palaeocene
65 Tafelberg Quartzites (Chalcedon-Tafelberg Silcrete Formation) (S)
|
FULLY MARINE CONDITIONS IN }
Upper 80 THE SOUTH ATLANTIC OCEAN |
4 :? Pomona Beds (S)
] I
3 [
Ql—————4 100 )
;S. Giraul Conglomerates (N) !
w |
[ |
© \
Lower . ) . 5 5
Minor aeolian sandstones interbedded with Etendeka Formation volcanics
EPEIROGENIC UPLIFT AND INITIATION OF GREAT ESCARPMENT
36 OPENING OF THE SOUTH ATLANTIC OCEAN

Miocene (c. 12— 18 Myr) fauna has been found® and the terrace
formation, with subsequent gravel deposition, is thought to have
occurred c. 20— 8 Myr ago after the widespread epeirogenic uplift
of the subcontinent in the Middle Tertiary.3?6¢ At the Namex Mine,
the Upper Terrace could represent the Posi-African I geomorphic
event (c. 20 Myr ago) and the Lower Terrace, the Post-African Il
episode (c. 8 Myr ago)®¢; although the vast accumulation of coarse
alluvium is attributed to a single aggradational phase following the
world-wide Miocene iransgression.* In the Northern Namib, this
transgression is well preserved and the fossil marine fauna reflects
warm-water conditions at that time.*17-19-83 The fossil beaches D,
E, and F in the southern Sperrgebiet have been re-interpreted

recently as Miocene deposits on the basis of their warm-water
fauna®” and it is likely, therefore, that the Rooikop Gravels®*%8 are
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®®-?° have been recorded from fluvial
sediments known as the Grillental Beds,* or the Grillental Clay
Member of the Elizabeth 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
Gemsbokial Gravels#-53 have been re-assigned a Miocene age, post-
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dating the Grillental Beds but pre-dating the End Miocene Namib
calcrete (Stocken, personal communication). The high-lying con-
glomeratic terraces of the Swakop and Khan rivers are possible
equivalents of the Lower Miocene fluvial sediments in the Sperr-
gebiet.!! More recently, Martin (personal communication) has
cautiously suggested that the high terrace conglomerates in the
Kuiseb Valley*!5 may be Miocene equivalents of the Arries Drift
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 palaeo-climatic or environmental interpretation of these
deposits, particularly in view of the general epeirogenic uplift of the
subcontinent in the Middle Tertiary.®® From the fossils in the
Grillental Beds, Hopwood* invoked a wooded grassland palaeoen-
vironment with riparian woodland along the watercourses in the
Sperrgebiet during the Lower Miocene. 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 inter-
pretations are possibly further substantiated by the subtropical to
tropical pollen assemblages recorded in Miocene sediments in the
southwestern Cape Province.”? However, these deductions should
‘be treated with considerable reserve in the face of the lithological
evidence’# (pp. 21-22), and Stocken* proposes that the Grillental
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, that the
Arrisdrif ‘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,??2® who cited the occurrence of large
mammals, including elephant, black rhinoceros, giraffe and lion,
well within the current extreme-arid section of the Skeleton Coast.
These anomalous distributions are often related to the major river
courses, for example, the Hoanib, Hoarusib, Khumib, Sechumib,
Nadas, Engo and Kunene rivers, which traverse the Namib and thus
provide potential fossil assemblages associated with fluvial
sediments within an arid environment. Further noteworthy
anomalies concerning animal distribution are mentioned briefly.
The lower Kunene river, including the Foz do Kunene (mouth), has
a population of the Nile Crocodile throughout the inhospitable
Namib tract’? (Costa, personal communication; Viljoen and Brits,
personal communiction; personal observation 1973/75). A resident
population of rock hyrax (Hyrax capensis) can be found near
Gobabeb, some 60 km from the coast, in the Kuiseb river where
there is no permanent surface water. Leopards have been recorded
in the Kuiseb Canyon, as in the Namib tract of south-western
Angola. Spotted hyaenas can be found in the Kuiseb Valley of the
Central Namib, as well as farther north in the Skeleton Coast and
Angolan tracts of the Namib. Cheetah have also been observed in
these last two areas, 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 transgression, during which time more mesic
conditions than at present were dominant. However, the palaeo-
climate was probably never more than semi-arid and even 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’!3
(p. 14). In the Southern Namib, the fluvial Grillental Beds are
overlain by aeolian Fiskus Beds of Middle to Late Miocene age,*53
which may correspond to the uppermost Buntfeldschuh Formation
and Rooilepel 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 maintaining
pans in some inter-dune areas.* A dominant southerly quadrant
palaeo-wind regime is deduced from aeolian cross-bedding in the
Fiskus sequence (Stocken, personal communication). A similar
trend can be deduced for the Central Namib, where palaeo-dune
sands persisted on the interfluvial areas of the Kuiseb after the
deposition of the Miocene equivalent high-terrace conglomerates
until affected by widespread calcrete formation.

As mentioned earlier, many of the probable Miocene con-
glomerates are often intensely calcified,!* with the thick deposits
(c. 60 m and more) being cemented by a fluctuating but steadily
dropping water-table under semi-arid conditions.” The interfluvial
areas, particularly where the arenites are present, are often capped
by a thick calcrete! or surface limestone (up to 5 m thick on fossil
dune sands®4), which also forms the uppermost section of the fluvial
deposits. In the Central Namib this calcrete is interpreted as a
palaeosol which developed over a period of some 500 000 years of
landform stability under semi-arid, summer rainfall (?350— 450
mm/yr) conditions.* This calcrete pre-dates the Plio-Pleistocene
incision of the larger rivers traversing the Namib%* and has been
assigned an End Miocene ages® (c. 6 Myr ago). Al'hough best
developed in the eastern areas,’® the calcretes are widespread in the
Namib, capping the Buntfeldschuh Formation palaeo-dunes,* the
aeolian Rooilepel Beds and the Gemsboktal Gravels in the
Southern Namib* (Stocken, personal communication). The thick
Tertiary succession in the Ugab Valley is capped by a surface
limestone,!® as are many sedimentary sequences in the northern
Skeleton Coast, e.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 that direction, similar to present-day conditions. This observa-
tion is further supported by the very well-preserved aeolian cross-
bedding in palaeo-dunes of the Tsondab Sandstone Formation east
and southeast of Sandwich Harbour, which in places are overlain
by mere lag gravels, the unconsolidated thin equivalents of the
Kuiseb high-terrace cemented conglomerates farther east.

This widespread pedogenic calcrete development marks the up-
per limits of the various arenite sequences, namely, the Tsondab
Sandstone Formation and its probable equivalents, as well as the
fluvial deposits attributed to the Miocene."l'hey therefore provide
an important stratigraphic marker, tentatively dated as End
Miocene at present,*-5% approximately coinciding with the full
development of the Benguela Current in Late Miocene times®3-64
and pre-dating river incision in the Plio-Pleistocene.!3-15-54

The Benguela Current System, with its cooling and upwelling
features, plays a major role in determining the current arid to
hyper-arid regime in the Namib Desert®7-2463 as well as influences
advective fog formation and maintains a steep climatic gradient32
between the Atlantic Ocean and the Great Escarpment. Recent
sedimentological, palaeontological and geochemical data obtained
from deep-sea cores on the Walvis Ridge, strongly suggest an inten-
sification of cold-water upwelling and the full development of the
Benguela Current in early Late Miocene times (c. 10 Myr ago).®3-6¢
These observations suggest that the aridification of the Namib
Desert was initiated, or at least greatly intensified, at that time,®
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 record

In Namibia, the Late Tertiary was characterized by arid to
extreme-arid conditions which resulted in the widespread mobiliza-
tion and deposition of aeolian sands in the Kalahari and Namib.3-13
The Obib dunes, a seif dune complex with distinctive orange sands,
in the Southern Namib are considered to be Pliocene equivalents of
the Kalahari sands and were probably deposited by south-
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southeasterly palaeo-winds.* It is likely that the main Namib Sand
Sea had its origins at that time and traces of the southern limits of
this sand sea found in the Liideritz-Elizabeth Bay area are con-
sidered Pliocene remnants (Stocken, Jamieson and Talbot, per-
sonal communication).

These environmental conditions in the Late Tertiary were then
affected by Plio-Pleistocene epeirogenic uplift of the
subcontinent,-50-6° ‘bequeathing to the Pleistocene a big, unused
potential of erosion’® and initiating the incision of the major rivers
traversing the Namib Desert, e.g. Kuiseb, Swakop, Ugab, Kunene
and Curoca.10-11-13-15:60 Theijr development, however, was aided by
the ‘return of pluvial conditions’!® (p. 14) in the Early Pleistocene
but the overall trend has been one of progressive aridification
throughout the Quaternary’-13-3884 on which the climatic and
eustatic fluctuations of the last approximately two million years
have been superimposed. The margins of the Namib Desert may
have been affected by latitudinal shifts of the climatic belts during
glacial/interglacial cycles, but the main arid to hyper-arid core of
the desert was probably never eliminated.5” Furthermore, Korn
and Martin®® suggest that the general distribution of rainfall in
Namibia during the Quaternary followed a pattern resembling the
present-day trends,?* with the lowest rainfall in the Namib tract.
Thus Miocene marine deposits near Port Alexandre (Angola) show
signs of only the typical desert/arid weathering!’ and in the Central
Namib, the well-preserved calcrete palaeosols from the end of the
Miocene preclude a later sustained humid climate which would
have resulted in their dissolution.* Similarly, the survival of
calcareous pan deposits containing Middle Pleistocene Elephas
reckii and other fossils”® implies the dominance of arid conditions
since that time, as does the Narabeb calc-lacustrine deposit dated at
240 000—210 000 B.P.”’

Fluvial deposits in the Uis river, which runs parallel to the 100
mm/yr isohyet and Atlantic coast in the northern Central Namib,
reflect a general decrease in stream competence from the end of the
Tertiary — Early Pleistocene to the present,!? a trend which is in-
dependent of continental upwarping, increased run-off from a
source area on the interior plateau and tributary capture.!® This
model exemplifies Korn and Martin’s thoughts in the early 1950s on
the Quaternary sequence which ‘seems to show, right through the
Pleistocene, a decline in rainfall on which the pluvial and in-
terpluvial fluctuations are superimposed’? (p. 21).

These climatic and eustatic changes facilitated terrace formation
along many of the major river courses!*! crossing the Namib,
generally with Early to Middle and End Pleistocene phases discerni-
ble.B It is appreciated that most of these rivers rise outside the
Namib in regions of generally higher rainfall and therefore the ter-
race development may not reflect conditions in the Namib.
However, along the lowermost canyon reaches of the Kuiseb river,
wedges of linear palaeco-dunes are interbedded with fluvial deposits
of probable Early to Middle Pleistocene age.”® These sediments
represent the earliest aggradational phase, post-dating river inci-
sion in the Kuiseb Valley, and are called the Oswater
Conglomerate.45-46-58.78-80 The palaeo-dunes, found only in out-
crops on the left bank, imply the presence of large, linear-type
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 Oswater Conglomerate
reflects a regional trend®7® and the Glastal Gravels in the Sperr-
gebiet (Stocken, personal communication), the terraces in the
Swakop, Omaruru and Ugab rivers,’3 !¢ and the Manome Con-
glomerate in southwestern Angolal’ are probably equivalent
deposits.

The presence of dunes in the Central Namib during the Middle
Pleistocene is further supported by the Namib IV fossil site, where
an Acheulian assemblage, with Elephas reckii and antelope re-
mains, led Shackley’® to postulate savanna conditions at that time.
These fossils are associated with a pan palaeo-environment and a
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recent personal investigation revealed a red dune sand rim, pro-
bably the base of a dune or dune edge, on the northwestern side of
the palaeo-pan margin. In view of this observation and the
anomalous distribution of the larger animals in the Namib Desert,
cited earlier, a re-interpretation of the postulated savanna condi-
tions is needed. Reed imprints, probably of Phragmites sp., were
also observed in the pan carbonate at Namib IV and are indicative _
of art least temporary standing water. There are a number of
localities within the Namib where fossil reeds, or their ieaf imprints,
occur often in association with pan/lacustrine carbonates, e.g.
Khommabes, near Gobabeb, Meob and Conception Bays,® and
Koichab Pan, or with calc-tufa spring deposits, e.g. Hudaob
(Kuiseb river) and Gemsenwasser (northern Koichab river). These
calcified 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 of
Gobabeb, calcified reed-like and sedge-like stalks (probably
Phragmites sp. and Juncellus sp.) are preserved in a palaeo-pan set-
ting, indicating relatively moist conditions, yet the southern margin
of the pan is bordered by fossil dune remnants containing calcified
root casts of Acanthosicyos horrida (!Nara). Radiocarbon dates
for !Nara root, termitaria and reed casts imply varying ages of for-
mation, namely, ¢. 21 000 — 22 000 B.P., c. 27 000 — 29 000B.P.
and 31 000 — 32 000 B.P.%! The repeated occurrence of *C dates
between 39 000 — 28 000 B.P. and c. 21 000 B.P. in the Central
Namib ‘strongly suggest two distinct moist periods during Late
Pleistocene in Central Namib desert’ (p. 77),% although the older
dates should be treated with reserve and, if possible, checked
against the local stratigraphy when used for sedimentological com-
parisons. This need for caution is demonstrated by the similar #C
dates, c. 28 000 — 33 000 B.P., recorded for an Oswater Con-
glomerate outcrop and nearby pedogenic calcrete between Homeb
and Oswater in the Kuiseb Valley of the Central Namib.?"-82 The
former deposit post-dates the initial incision of the Kuiseb rivers-5¢
after the Plio-Pleistocene epeirogenesis and is probably from the
Early to Middle Pleistocene,!*’® whereas the pedogenic calcrete
pre-dates the main canyon incision® and has been assigned an End
Miocene age.

The Homeb Silts,®® fine-grained micaceous sediments which ac-
cumulated in the middle Kuiseb Valley during the Late Pleistocene,
¢. 19000 — 23 000 B.P.,%® also reflect palaco-environmental
changes in the Quaternary.”” Some workers interpret these
sediments as dune dam deposits’®-% or river end-point accumula-
tions,®8 indicative of arid conditions, whereas Ollier*> considers
them to represent floodplain sediments of an aggrading Kuiseb
river. Whatever their origin, fluvially-deposited, unconsolidated
red dune sands are intercalated with the silts, implying th= presence
of dunes along the left bank of the Kuiseb river at that time. Similar
micaceous deposits in the Huab, Hoanib and Hoarusib rivers,
although not yet dated, suggest a regional control in Central and
Northern Namib river aggradation which may be related to either
climatic or eustatic changes in the Late Quaternary.%

The finding of Stone Age implements in the Namib is interpreted
as further evidence for Quaternary climatic fluctuations.® Early
Stone Age artefacts are recorded in a palaeo-course of the Tson-
dab® and at Namib IV, in the northern parts of the main Namib
Sand Sea. Material attributed to the Middle Stone Age (MSA) is
widely distributed through the ‘driest parts of the Namib desert’*?
(p. 19) in Namibia, and, in southwestern Angola stone artefacts
record the existence of early man in the now barren desert strip in
the vicinity of Mocamades.!” These occurrences impiy that condi-
tions were favourable, at least episodically, for early man in the
Namib at intervals during the Middle and Late Pleistocene. The ap-
parent restriction of Late Stone Age material to favourable sites,
such as waterholes and springs, suggests a dominance of dry condi-
tions during the late MSA." However, C dates at shelters in the
Namib reveal intermittent occupation during the Holocene, e.g. at
c.9 000B.P.,c.6 000 B.P.and A.D. 400 at Mirabib,!-#7 as well as
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along the eastern fringe of the desert.?! A C date of 12 800 % 140
B.P. from a site in the dunes between Gobabeb and Sout Rivier®®
‘shows unexpected stability of dune surface since Upper
Pleistocene’® (p. 55).

Although the main Namib Sand Sea is attributed a Pleistocene to
Recent age,?® which is supported by other workers,”-33-3845t is likely
to have had its origins in the Pliocene, when conditions were very
arid.'3# The sands are derived from southern and western coastal
source areas® (Lancaster and Ollier, in press) of which the
Orange river is probably the most important source of
sediment, %352 as well as from the reworking of the Tsondab Sand-
stone Formation.33-5%-5 The development of the main Namib Sand
Sea was probably facilitated by eustatically lowered sea levels dur-
ing the Pleistocene,?°° and recent sand movement
records!1-36-48.91-93 show that the main Namib Sand Sea is still a
dynamic system. In the Southern Namib, the Namaqualand coastal
dune systems are considered a Quaternary feature’?* and, in the
northern sector, a Recent age has been proposed for the Skeleton
Coast dunefield* and the Baia dos Tigres — Curoca Sand Sea."

The observations of earlier workers,10-11:13.14.16.17 gupported by
more recent studies,’-33-45-7:63-64 gtrongly suggest that the current
desert regime of the Namib dates from the Late Tertiary, with the
Quaternary climatic and eustatic fluctuations superimposed on a
dominant, and possibly progressive, aridifying trend.

Discussion

Emphasis has been placed on the Late Mesozoic and older Ter-
tiary geology in the Namib. Suitable material for absolute 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 field experience
has also helped us in evaluating the various correlations between
units, particularly the fluvial deposits attributed to the Miocene and
the widespread arenaceous sediments, including the Tsondab Sand-
stone Formation, the upper Buntfeldschuh Formation and similar
deposits in the Northern and Southern Namib.

The cold upwelling conditions of the Benguela Current are often
considered to be an important factor in maintaining the desert
climate of the Namib.23:5.7-24.25.26.63.64 We_however, have presented
extensive lithological evidence for an Early to Middle (possibly even
Late) Tertiary sand sea in at least the Southern and Central Namib,
which was deposited by a predominantly southerly palaeowind
regime similar to that of today. These conditions probably prevail-
ed for at least 20 to 30 million years,!* long before the full establish-
ment of the Benguela Current in Late Miocene times.%¥% Thus, we
believe that the age of the cold Benguela Current, and its associated
upwelling, cannot be used to establish the antiquity of the Namib.
Nevertheless, the fully established Benguela Current is probably
closely associated with the occurrence of advective fog.?* As fog is
an important source of moisture for a number of Namib dune
plants®% and animals,?%-% the evolution of adaptations leading
to its use may be supposed to have started only after the establish-
ment of an effective Benguela Current. This does not, of course,
preclude adaptation to 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 six- to tenfold over about 120 km in the Central
Namib from the base of the escarpment to the Atlantic Ocean (Lan-
caster et al., in press). A similar gradient exists in the Northern
Namib, where average annual rainfall at Mocamedes on the coast is
c. 75 mm in contrast with the c. 1 050 mm at Lubango (Sa da
Bandeira) on top of the escarpment.?* Although this gradient is
reinforced by the Benguela Current System, the maintenance of
low rainfall conditions is accentuated by the location of this narrow
strip of desert in the rain shadow of the western part of Southern
Africa below the Great Escarpment.?* This is further accentuated
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by the high pressure system of the South Atlantic anticyclone,
usually situated between Port Nolloth and Liideritz.?* These two
factors 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 Great Escarpment — that is, for approximately the last 80
million years.

The Namib cannot be considered a single climatic or geographic
unit, and over its approximately 2 000 km length, the desert extends
from a winter rainfall region at its southern extremity through an
extremely 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 desert in-
evitably influence the arid centre. The effects of variations in rain-
fall on the Great Escarpment and interior plateau are very marked,
particularly along the ephemeral and perennial rivers which, in
rising in those regions, often form linear oases across the desert
strip.”® Such variations have probably persisted throughout the
history of the Namib, thus any biological or archaeological
evidence relating to the age of the desert must be interpreted
cautiously with these variations in mind.

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

In Angola, Podocarpus sp., the yellowwood (cf. P. milanjianus,
C.J. Ward and J.D. Ward collection no. 53), grows on top of the
escarpment in the Tundavala area west of Lubango (Sa de
Bandeira), where an average rainfall of ¢. 1 050 mm is recorded.2*
The Great Escarpment is well defined there by the Chella quart-
zites®® and drops steeply into the Northern Namib Desert. The
vegetation components change rapidly from Podocarpus sp. near
the summit through Brachystegia sp. woodland down to Col-
ophospermum mopane woodland and scrub at the base of the
escarpment. This, in turn, grades westwards through sub-desert
scrub to true desert conditions over a distance of approximately 80
km. The potential pollen sources, e.g. Podocarpus sp., are
therefore very close to the semi-arid and arid desert tract. Easterly
‘perg’ winds are recorded for that area,?* thus there is the likelihood
that parts of plants from adjacent, higher rainfall regimes could be
incorporated 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 east-
southeast side of the dominant outcrop, a fern and a liverwort
(M.K. Seeley and 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 assemblage would, no doubt, suggest a less arid climate than
at present. In the Kuiseb Delta, Acacia albida, A. erioloba and
Ficus sycomorus trees have been recorded; these specimens were
dwarfed (probably from the strong winds and harsh-conditions) yet
their leaves and pollen still provide a potential source of fossil
material in an extremely arid part of the Cental Namib dominated
by a Phragmites community. At present, normal-size trees of those
species are found 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
of organisms which could colonize surrounding dunes, plains and
hills if conditions were changed even temporarily. The Namib
Desert is a dynamic system and an appreciation of even short-term
changes is necessary in any attempt to understand past conditions
from the fossil evidence. One dramatic event will be used to il-
lustrate our pointt In 1976 over 100 mm of rain fell in the Central
Namib, about 50 km from the coast. This resulted in extensive ger-
mination of dune vegetation and a fifty-six times increase of stan-
ding crop.1® 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 usually found in that vicinity. It is tempting to
speculate that these conditions, in earlier times, could have sup-
ported a temporary movement of primitive man into the dune areas
with the linear 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 beetles, which usually occupy the riverine
woodland along the Kuiseb river (in this case), were found at least
20 km into the dunes. The likely dispersal, therefore, of relatively
small organisms over seemingly inhospitable tracts to isolated in-
selbergs, or other linear oases, on various occasions in the past, is
great.

Another interesting aspect of the dynamic nature of the Namib is
reflected in the large delta built up by the Swakop river in the excep-
tionally heavy floods 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
drift under the strong south-southwesterly coastal wind regime,?*
and the shoreline attained its approximate present position. The
dynamic nature of both long- and short-term events in this long,
narrow tract of land must therefore be appreciated in any inter-
pretation of paiaeo-environmental conditions throughout the
geological record of the Namib Desert for the Late Mesozoic and
Cenozoic. Another factor to consider is the relative stability of the
subcontinent in post-Gondwana times. The current relative posi-
tion of the South Atlantic Ocean, Great Escarpment and narrow
Namib date back to the Cretaceous; the subsequent latitudinal
movement of Africa has been northwards, of the order of about

2°, relative to Eurasia.46-101.102

Conclusions

A review of Late Mesozoic-Cenozoic geology leads us to con-
clude that the Namib tract, which dates back to the Cretaceous, has
not experienced climates significantly more humid than semi-arid
for any length of time during the last 80 million years. Although not
well-dated, the Tsondab Sandstone Formation, and its probable
arenaceous equivalents, strongly suggest the existence of a major
Early 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 fossil-dunes were
deposited by a dominant southerly palaeo-wind regime which was
similar to the present wind system. Significantly, these early sand
accumulations pre-date the full development of the Benguela Cur-
rent in Late Miocene times.

Widespread fluvial deposits, attributed to the Middle Tertiary
epeirogenic uplift of the subcontinent and the Post-African erosion
cycle, are generally dated as Lower to Middle Miocene. Mesic con-
ditions probably prevailed in the Namib at .hat time and the fluvial
aggradation may also be related to a Miocene transgression. A
period of geomorphic stability at the end of the Miocene resulted in
widespread pedogenic calcrete formation, which may have occur-
red in a semi-arid climate with summer rainfall. The calcrete
palaeosols, however, are best developed along the eastern sector of
the Namib and provide an important Cenozoic stratigraphic
marker.

Full development of the Benguela Current and its associated cold
upwelling system in the Late Miocene accentuated the desertic con-
ditions in the Namib during the Late Tertiary and has contributed
to the unique character of the current desert ecosystem. The
aridification of the Namib Desert from the Late Tertiary is ap-
parently a progressive phenomenon, which has been affecied by
Plio-Pleistocene epeirogenesis and climatic fluctuations in the
Quaternary superimposed on this aridifying trend. The main
Namib Sand Sea probably dates from the Pliocene and was ap-
parently maintained through the Pleistocene to the present day,
possibly with minor expansion and contraction of its boundaries.

The unusual distribution of certain plants and animals, par-
ticularly in relation io linear oases crossing the desert strip, implies
that caution is needed in palaeo-environmental reconstructions
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from fossil assemblages 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.
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