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Although the age of the Namib is a controversial issue, the disparate views fall essentially into two schools of
thought: i) The Namib tract formed by the end of the Cretaceous, ¢. 65 million years {Ma) ago and that arid to
semiarid climates have since predominated (this is referred to as the Late Mesozoic-Cainozoic {LM-C) model);
iy the Namib tract formed by the end of the Early Miocene, 18—16 Ma, and that the aridity dates back o a
maximum age of Middle Miocene, ¢. 15 Ma ago (for convenience, this is called the Miocene model).

The salient points of the two models are summarized and the main differences highlighted, notably that of the
maximum age of aridity in the Namib. The post-Gondwana record of the Namib is reviewed and a revised model
for the history of the Namib is presented. The development of the Namib is attributed to five major events of
regional significance: 1) Post-Gondwana erosion phase spanned most of the Cretaceous (12065 Ma). The
eastern (Escarpment), western (South Atlantic Ocean) and basal {Namib Unconformity Surface) boundaries
were formed; 2) Proto-Namib Desert phase, with a dominant southerly palaeo-wind regime, prevailed for much
of the Palaeogene {55-20 May}; 3) Pluvial phase in the Early to Middle Miocene (22-14 Ma) reflected a change
from arid to mesic, semiarid conditions; 4) Pedogenic phase in the Middle Miocene (14-11 Ma), heralding the
onset of arid conditions attendant on the full establishment of the cold-water upwelling system of the Benguela
Current in the Late Miocene (10-7 Ma); 5) Namib Desert phase has persisted from the Late Miocene (10-7 Ma)
to the present day. Late Cainozoic climatic fluctuations were superimposed on a progressively aridifying trend
that is reinforced by the cold-water upwelling system associated with the Benguela Current. The deep incision
of westward-directed drainage systems was initiated during this phase. This interpretation of the post-Gondwana

record provides a revised framework for further considerations of the age of the Namib.

INTRODUCTION

The age of the Namib — the long narrow desert lying west of
the Great Escarpment between the Olifants River in the Cape
Province, South Africa, and the Carunjamba River in south-
western Angola (Fig. 1) ~ is a controversial issue. This topic
has generated considerable debate, particularly since the
Cretaceous age (and thus implied antiquity) advocated by the
late Dr Charles Koch (1961, 1962) for the Namib has been
challenged by a number of subsequent workers. The alterna-
tive views, summarized in Ward, Seely, and Lancaster, (1983),
cover a broad spectrum of the younger geoclogical time scale,
ranging from Oligocene ¢. 35 million years (Ma) ago, to Late
Miocene, 10-7 Ma ago, to Pliocene ¢. 3 Ma ago, as well as
into the Pleistocene which covers the last 1,8 Ma.

In addressing these disparate views, Ward et al. (1983) set
up a geological framework for the post-Gondwana history of
the Namib. They concluded that the eastern (Great Escarp-
ment) and western (Atlantic Ocean) boundaries were formed
during the Cretaceous and that arid to semiarid climates could
have prevailed since ¢. 80 Ma ago. Subsequently, this frame-
work, here referred to as the Late Mesozoic-Cainozoic (L.M-C)
model, was refined and the development of the central Namib
was attributed to five major events that appear to be of regional
significance (Ward, 1984a, 1987):

1. Post-Gondwana erosion phase during the Cretaceous.

2. Proto-Namib Desert phase spanning much of the Pal-
asogene.

3. Karpfenkliff fluvial phase in the Early 1o Middle Miocene.

4. Pedogenic phase which followed on at the end of the
Miocene.

5. Namib Desert phase which has evolved since the
Pliocene.

The distribution, stratigraphy, composition and correlation of
the Cainozoic units, including type localities, on which this
framework was based is outlined in Ward (1987).

In contrast to the LM-C model, ancther school of thought
proposes that the Namib tract was formed only by the end of
the Early Miocene and that the aridity dates back to a maxi-
mum age of ¢. 15 Ma, i.e., Middle Miocene. Proponents of this
view, which, for convenience, is referred to here as the
Miocene model include Siesser (1978, 1980), Tankard and
Rogers (1978), Tankard, Jackson, Eriksson, Hobday, Hunter,
and Minter, (1982), Dingle, Siesser and Newton (1983}, Par-
tridge (1985a, b), Hambleton-Jones, Levin and Wagener
(1986), Tyson (1986), Maud and Partridge (1987) and Par-
tridge and Maud (1987).

Attention is drawn here to the differences between the LM-C
and the Miocene models, the salient points of which are
summarized in Table 1. We review and update the post-
Gondwana stratigraphic record in the Namib, one that is both
well represented and well exposed under the current extreme
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arid climatic regime (cf. regional accounts by, among others,
Beetz, 1926; Martin, 1950, 1961; Stocken, 1978; Soares Car-
valho, 1961; Ward, 1987). Moreover, we do not attempt an
exhaustive review of the literature. This is available largely in
Ward et al. (1983) and Ward (1987) but cognisance has been
taken of the more recent accounts.

Although the paucity of material suitable for absolute dating
is still a constraint, the age of, and onset of aridity in, the Namib
is best appreciated through an understanding of the post-
Gondwana stratigraphic record of the region.

MAIN DIFFERENCES BETWEEN THE LM-C AND THE
MIOCENE MODELS

The salient differences between the two models (Table 1) are
summarized below.

1. Maximum age for the onset of aridity

Although both models acknowledge that the Namib has
been arid for much of the Pleistocene, and probably back into
the Pliocene (cf. Korn and Martin, 1957}, the main difference
lies with the maximum age for desert conditions having pre-
vailed in this long, narrow tract.

In the LM-C model, aridity is considered to have been
established by the end of the Cretaceous to earliest Tertiary
times. This reasoning is based on the the full opening of the
South Atlantic Ocean by ¢. 80 Ma (Simpson, 1977) and the
Palaeocene age assigned to the Chalcedon-Tafelberg Silcrete
Formation {sensu S.A.C.S., 1980). Support for aridity in the
Early Tertiary is provided by the aeolianites of the upper
Buntfeldschuh Formation that are at least Late Eocene, 40~
42 Ma, in age (Stocken, 1978; Siesser and Salmon, 1979;
S.A.C.S., 1980). Additional credence comes from the Tsondab
Sandstone Formation and its proposed equivalents in both the
southern and northern Namib. These deposits were laid down
under desert conditions when a southerly wind regime pre-
vailed (Beetz, 1933; Martin, 1950, 1961; Mabbutt, 1952; Bar-
nard, 1973; Marker, 1977; Ollier, 1977; Besler and Marker,
1979; S.A.C.S., 1980; Ward et al., 1983; Ward, 1987, 1988).
in the absence of diagnostic fossils, and on the basis of
stratigraphy, a Late Eocene to Early Miocene age has been
argued for the Tsondab Sandstone Formation (Martin, 1950;
Ward et al., 1983; Ward, 1987).

The Miocene model, however, places the maximum age for
aridity in the Namib in the Middle Miocene, ¢. 15 Ma ago. This
proposal is based on the persistence of the African cycle of
erosion (sensu Partridge and Maud, 1987) from the break-up
of Gondwana in the Cretaceous through to the Early Miocene,
¢. 16 Ma ago. As the Tsondab Sandstone Formation is con-
sidered to overlie the next youngest erosion surface, namely
the Post-African | Surface, these palaco-desert deposits are
thus atiributed a maximum age of ¢. 15 Ma (Partridge, 19854,
b, Hambleton-Jones et al., 1986; Tyson, 1986; Maud and
Partridge, 1987).

2. Primary controls on aridity in the Namib

The South Atlantic anticyclonic circulation system and the
iocation of the Namib on the rainshadow side of the subconti-
nent are identified as the main aridifying forces in the LM-C

model (Ward et al., 1983; Ward, 1988). In the Miocene model,
the fult establishment of the cold-water upwelling system of the
Benguela Current, which was effective by the Late Miocene
some 107 Ma ago, is considered to be the primary control of
aridity in the Namib (Siesser, 1978, 1980). The LM-C mode|,
on the other hand, suggests that this cold-water upwelling
system serves to reinforce aridity in the Namib.

3. The duration of erosion cycles in the Namib

The LM-C model proposes that the bulk of the erosion
following the break-up of West Gondwana took place during
the Cretaceous. In contrast, the Miocene model suggests that
erosion, sensu African cycle of Partridge and Maud (1987),
persisted from the break-up of Gondwana through to the end
of the Early Miocene, ¢. 16 Ma ago. This timing would thus
place a maximum age of Middle Miocene, ¢. 15 Ma, on the
oldest terrestrial sediments in the central Namib, namely the
Tsondab Sandstone. Proponents of the LM-C model suggest
that the end of the Cretaceous to Early Tertiary is a more likely
option for the onset of terrestrial sedimentation.

4, The probable ages of sedimentary formations in the
Namib

As noted earlier, the Tsondab Sandstone and its probable
equivalents provide an unequivocal record of widespread des-
ert conditions in the Namib tract. These proto-Namib deposits
have been placed between the Late Eocene, ¢. 42 Ma, and the
Early Miocene, ¢. 20 Ma, in the LM-C model whereas a maxi-
mum age of some 15 Ma is advocated in the Miocene rmodel.

5. Epeirogenic uplift or climatic change in the Miocene?

In the Miocene model, epeirogenic uplift is invoked to termi-
nate the African cycle of erosion at the end of the Early
Miocene. However, a climatic change from the arid conditions
prevalent during proto-Namib times (Palaeogene) to a mesic,
semiarid climate in the Early to Middle Miocene is intimated by
the LM-C model.

Significantly, the current Namib Desert is attributed a com-
paratively young, Plio-Pleistocene age in both the LM-C and
the Miocene models, an assumption supported by the Late
Cainozoic polien record offshore (Van Zinderen Bakker,
1984). The maindiscrepancy therefore lies in the interpretation
of the earlier stages of the post-Gondwana record in the
Namib. A revised framework for the development of the Namib
is thus presented here, based largely on a reevaluation of the
post-Gondwana stratigraphic record in the light of recent in-
vestigations.

A REVISION OF THE POST-GONDWANA RECORD OF
THE NAMIB

The main stratigraphic units and certain key events in the
post-Gondwana record of the Namib are summarized in
Table 2. A chronologic ranking is proposed, reasons for which
are incorporated in the following discussion on each phase.
This elucidation of the post-Gondwana stratigraphy thus al-
lows the LM-C (mainly) and Miocene models 1o be updated, a
revised summary of which is also shown in Table 2.

As the five-fold scheme proposed by the LM-C model still
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Table 1

Late Mesozoic-Cainozoic (LM-C) and Miocene Models for the development of the Namib
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appears to have merit, this approach is adopted for further
discussion. Although their basic terminology is used, the term
‘Karpfenkliff Fluvial Phase’ is replaced by ‘Pluvial Phase’ for
reasons that will be outlined in the relevant section. Similarly,
it will become apparent that the timing of some phases war-
rants revision following recent investigations. Salient features
of the post-Gondwana record are now discussed in the frame-
work of the five major phases:

Post-Gondwana erosion phase.
Proto-Namib Desert phase.

Pluviai phase (= Karpfenkliff fluvial phase).
Pedogenic phase.

Namib Desert phase.

o oW

Emphasis will be placed on phases 1 to 4, especially those
events that pre-date the current Namib Desert.

1. Post-Gondwana erosion phase

Following the break-up of West Gondwana in the Early
Cretaceous {c. 130 Ma), the Escarpment was formed, or in
places exhumed, by erosion to the newly formed base level
provided by the proto-Atlantic Ocean (Dingle and Scrutton,
1974; Martin, 1975; Simpson, 1977; Tankard et al, 1982;
Dingle et al,, 1983). On the Skeleton Coast, the Kharu-gaiseb
conglomerate, derived entirely from the Etendeka volcanics,
represents taphrogenic sedimentation before the onset of
westward-directed drainage in the northern Namib tract (Ward
and Martin, 1987).

The 4-6 km-thick wedges of Cretaceous sediments offshore
in the Orange, Lideritz and Walvis Basins, and the substan-
tially lower sedimentation rates during the Tertiary, further
testify to this early erosion phase {Mclachlan and McMillan,
1979; Dingle et al., 1983). In the Kudu sector of the Orange
Basin, for example, the Tertiary sediments are only ¢. 600 m
thick in contrast to the Cretaceous package whichis ¢. 3600 m
thick (McMillan, in press). Significantly, these Tertiary deposits
are mainly terrigenous-poor limestones whereas the Creta-
ceous sediments are essentially terrigenous in origin (Dingle
and Hendey, 1984). Moreover, this abundance of land-derived
organic material and the absence of distinct delta deposits in
the Cretaceous package of the Orange Basin, imply sediment
input on a broad front as the Escarpment was formed (De
Swardt and McLachlan, 1982).

Apatite fission track analysis, a powerful tool for evaluating
the thermal history of rocks at temperatures below c¢. 125 °C
and for unravelling the thermo-tectonic development of geo-
logic terrains, has recently been used in attempts to under-
stand better the formation of the Escarpment in southern
Africa. Preliminary results show that the present land surface
along the western continental margin from Namaqualand to at
least the central Namib was uplifted rapidly by epeirogenic
forces and subjected to considerable erosion (possibly
2-3 km) in the Early Cretaceous between about 120-100 Ma
ago (De Wit, 1988; Brown, Gleadow, Summerfield and Rust,
unpublished report 1988; Brown and Rust, personal commu-
nication, 1988). These results confirm the early position of the
Great Escarpment which is indicated by the 100 Ma-old Giraul
conglomerates in the Angolan sector of the northern Namib

(Soares Carvalho, 1961; Torquato, 1970). Similarly, the pres-
ent setting of the late- to post-Karoo igneous complexes as
striking inselbergs in the central Namib, e.g., Brandberg,
Spitzkoppe, also points towards several kilometres of erosion
since the break-up of West Gondwana, products of which
constitute the thick sedimentary packages offshore (Martin,
personal communication, 1985).

During the post-Gondwana erosion phase, warm and essen-
tially humid conditions apparently prevailed leading to the
formation of deeply weathered, often kaolinized soil profiles in
the southern Namib (Stocken, 1978; Pariridge and Maud,
1987). To the east of the Escarpment in Namaqualand, fossil-
iferous lacustrine sediments infilling the Arnot volcanic pipe
and, farther east, the Stompoor pipe, point towards mesic,
equable conditions with probably ‘dry forest’ during the Late
Cretaceous (Scholtz, 1985; Smith, 1986). The development of
silcrete profiles of probable End Cretaceous-Palaeocene age
(Stocken, 1978; S.A.C.S., 1980) thus implies a change to drier,
semiarid and geomorphically stable conditions. Summerfield
(1982), however, considered these silcretes part of the deep
weathering phase, aninterpretation not supported by Partridge
and Maud (personal communication, 1987). A general aridify-
ing trend had thus set in by the Early Tertiary which probably
reflects the anticyclonic circulation system that could have
developed following the full opening of the South Atlantic
Ocean at about ¢. 80 Ma (Simpson, 1977).

During this phase, therefore, the eastern (Great Escarp-
ment) and western {(South Atlantic Ocean) boundaries of the
Namib were delimited, as was the base on which the Cainozoic
succession subsequently accumulated. An irregular bedrock
platform studded with numerous inselbergs, but in places well
bevelied, provided the base on which the Cainozoic sediments
were laid down. This fundamental datum, termed the Namib
Unconformity Surface (Ollier, 1977), commonly does not ex-
hibit signs of deep weathering (Beetz, 1933; Ollier, 1978;
Selby, 1977} and may well be an etch surface (sensu Twidale,
1988). There may even be a degree of morphological control
exerted by the pre-Karoo topography in parts of the Namib
(Martin, 1953; 1975). By the start of the Tertiary the stage was
thus set for the anset of terrestrial sedimentation in the tract
between the Great Escarpment and the South Atlantic Ocean.

2. Proto-Namib Desert phase

Over much of the Namib, the oldest post-Gondwana sedi-
ments comprise reddish brown arenites, up to 220 m thick, that
rest on the Namib Unconformity Surface. The upper boundary
is demarcated commonly by well-developed pedogenic cal-
cretes, calcified conglomerates or lag gravels, all of which
pre-date the deep incision by the westward-draining water-
courses in the Namib.

In the central Namib, these deposits constitute the well-
documented Tsondab Sandstone Formation (cited earlier).
The Tsondab sediments accumulated under long-lived desert
conditions and a prevailing southerly palaeo-wind regime.
Palagoenvironments recognized in this rock record include a
basal lithosol (regolith), extensive dune and sand sheets (dom-
inant facies), ephemeral watercourses, pans and localized
alluvial fans (summarized in S.A.C.S., 18980, and Ward, 1987,
1988). Similar sedimentary packages in the same stratigraphic
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Table 2
Summarized stratigraphy and revised model for the post-Gondwana history of the Namib Desert
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context crop out in the northern Namib — notably from the
Kharu-gaiseb River northwards into southwestern Angola
{Beetz, 1933; Soares Carvalho, 1961; Torquato, 1970; Ward,
1987) — and in the southern Namib, namely the Rooilepel and
Kalkriicken sandstones (Stocken, 1978). In addition, the Bunt-
feldschuh Formation inthe Sperrgebiet, southern Namib, com-
prises a lower marine unit overlain by ¢. 50 m of aeolianite that
has been correlated tentatively with the Tsondab Sandstone
(Martin, 1961; Ward et a/., 1983; Ward, 1987).

The Buntfeldschuh aeolianite represents large transverse
dune types laid down under a southerly palaeo-wind regime.
We recently found silicified casts of roots strongly resembling
those of the Namib endemic Acanthosicyos horrida, a cucurbit
whose fossil remains have previously been found only in
Pleistocene desert sediments in the central Namib (Ward,
1987). Although no microfossils were found, Siesser and
Salmon (1979) argue convincingly for a Late Palaeocene-
Early Eocene, c¢. 55 Ma, age for the marine deposits of the
Buntfeldschuh Formation. Their contention is based on the
higher elevation of the Buntfeldschuh marine deposits relative
to those at Bogenfels which have, on the basis of 12 taxa of
calcareous nannofossils and 21 of benthic foraminifera, been
dated unequivocally to the Late Eocene, ¢. 42 Ma, as well as
their evidence for a Late Palaeocene-Early Eocene transgres-
sion in the Cape Province. As the overlying aeolianites are an
integral part of this Buntfeldschuh regressive package, they
are likely to be of a similar age. The Buntfeldschuh aeolianite
also hosts a thick ferricrete exposed in the Kakaoberg, similar
to those formed by high but fluctuating groundwater levels in
coastal sands of the Zululand/Mozambique Plain of southeast-
ern Africa where the climate is warm subtropical (Maud, per-
sonal communication, 1987). Significantly, comparatively
warm climatic conditions are also reflected in the Oligocene
record offshore (MclLachlan and McMillan, 1979).

Therefore, the earliest unequivocal record of desert condi-
tions and a southerly palaeo-wind regime in the Namib tract
appears to date back to the Early Eocene, ¢. 55 Ma ago. This
interpretation accords well with that of Torquato (1870), who
places the maximum acceptable age for aridity in the Angolan
sector of the Namib in the Eocene. His view is based on the
occurrence of evaporites, notably barite desert roses, in the
bluish marine clay deposits of Eocene age that crop outin the
Damba do Carvalhao between Namibe (formerly Mossa-
medes) and Porto Alexandre.

The widespread extent and considerable thickness, up to
220 m, of the Tsondab Sandstone and related arenites implies
a considerable time span for their accumulation. Martin (1961)
has suggested 2030 million years, an order of magnitude
supported by Ward et a/. (1983) and Ward (1987, 1988}. The
timing of the stratigraphic upper boundary, commonly con-
glomerates or pedogenic calcretes, further supports this esti-
mate.

In the southern Namib, the Glastal gravels overlie the
Kalkriicken sandstone and in turn pass disconformably up into
the Gemsboktal gravels. An Early Miocene rhinocerid fossil
was recovered from the Glastal gravels (J. Schneider, per-
sonal communication, 1982). The tentative identification of
Paraphiomys pigotti (M. Pickford, personal communication,
1988) from the base of the Rooilepel sandstone places these
deposits provisionally at the base of the Miocene, c¢. 22—

23 Ma. Farther north in southwestern Angola, extensive red-
dish sandstones underlie the Catrona conglomerate that, on
the basis of the field relationship with onshore Miocene marine
deposits, has been dated to the Early Miocene (Soares Car-
vatho, 1961).

The stratigraphic restraints on the Tsondab Sandstone and
its probable equivalents thus point towards a minimum age in
the Early Miocene, possibly ¢. 20 Ma ago. Consequently, the
proto-Namib Desert phase may well have persisted for some
30 Ma from the Early Eocene to the Early Miocene. This period
spans the Oligocene when the sea level is thought to have
dropped nearly 500 m on the west coast because offshore
seismic data reveal that the Late Cretaceous strata are trun-
cated severely right across the shelf (Siesser and Dingle,
1981; Dingle et al. 1983). It is possible that considerable
sediment was thus available for transporting onshore under
the influence of the southerly palaeo-wind regime and arid
climate. Significantly, these Palaeogene desert conditions pre-
vailed before the full establishment of the cold-water Benguela
upwelling system, intimating therefore that a South Atlantic
anticyclonic system and the location of the Namib tract on the
southwestern, rainshadow side of the subcontinent controlled
the aridity.

3. Pluvial phase

The emplacement of extensive gravels (now conglomer-
ates} and sedimentary breccias, as well as the development
of pedogenic calcretes, on the predominantly arenaceous
proto-Namib Desert deposits indicates a marked change in
palaeoenvironmental conditions. In many instances, the dis-
position of the rudaceous deposits shows that there was no
appreciable incision into the underlying sandstones. More-
over, locally derived sedimentary breccias commonly cap
Tsondab arenite abutting numerous inselbergs well within the
central Namib tract (Ward, 1987). Such field relationships
strongly suggest a shift to increased run-off governed largely
by climatic conditions rather than a change in base level. A
shift in the Early Miocene from long-lived arid conditions to a
mesic, probably semiarid climate is thus intimated (Martin,
1950; Stocken, 1978; Ward, 1987). Hence the widespread
deposition of these gravels is attributed to a pluvial phase
which reflects an increase in rainfall, not only on the Escarp-
ment and hinterland but also well within the desert tract during
the Early to Middle Miocene.

This interpretation is strengthened by the Early Miocene age
assigned to the Glastal gravels in the southern Namib
(J. Schneider, personal communication, 1982) and to the
Catrona conglomerate in southwestern Angola (Soares Car-
valho, 1961). The Grillental beds {sensu Stocken, 1978},
alluvial deposits containing an Early Miocene fossil fauna
{Hamilton and Van Couvering, 1977), also point to semiarid
conditions prevailing at that time. Palago-dune hummocks
interbedded in the alluvial succession, which also contains
fossil termite chambers, indicate intermittent sub-aerial expo-
sure and, at best, seasonal flow down the Grillen Valley during
the Early Miocene.

The Glastal gravels and Grillental beds pass disconformably
upwards into the coarser Gemsboktal gravels. These are
assigned a Middle Miocene age and correlated with the richly
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fossiliferous Arries Drift Gravel Formation that accumulated
between 17 and 14 Ma ago (Corvinus and Hendey, 1978;
Hendey, personal communication, 1988). Therefore the Karp-
fenkliff Conglomerate Formation and its probable equivalents
in the central Namib have also been allocated an Early to
Middle Miccene age (Gevers, 1936; Martin, personal commu-
nication, 1981; Ward et al., 1983; Ward, 1987).

The change from an arid climate prevalent during much of
the Palasogene to mesic, semiarid conditions during the Early
to Middle Miocene is not as yet fully understood. Significantly,
conditions during the earlier stages of the pluvial phase were
either too wet or the erosion too vigorous {geomorphologically
unstable) for pedogenic calcretes to form.

4. Pedogenic phase

The deposits of both the pluvial and the proto-Namib Desert
phases are commonly capped by well-developed pedogenic
calcretes up to 5 m thick. These calcareous palaeosols repre-
sent geomorphic stability over at least several hundred thou-
sand years when the rainfall was essentially semiarid, summer
seasonal and possibly in the order of 350-450 mm/yr (Yaalon
and Ward, 1982; Ward, 1987).

Previously these calcretes, considered to be essentially
regional in character, were accorded an End Miocene age
(Stocken, 1978; Ward et al. 1983; Ward, 1987). However, it is
more likely that their development signalled the onset of aridity
related to the full establishment of the cold-water Benguela
upwelling system at about 10-7 Ma in the Late Miocene. A
revised age of late Middle Miocene, 14-11 Ma ago, is thus
advocated here for the widespread pedogenic calcretes that
pre-date the deep incision of the westward-draining water-
courses. In the southern Namib, a pedogenic calcrete is de-
veloped on a monchiquite dyke that has been dated to 15 Ma
(Stocken, 1978), provisionally placing a maximum age on this
phase of about 14 Ma. in the central Namib, at least two
episodes of calcrete formation in the main pedogenic phase
have been recognized (Ward, 1987).

De Wit (1988) identified a regional pedogenic calcrete in the
northwestern Cape that is older than 16 Ma but younger than
60 Ma. This broad age bracket was proposed because the
formation of this calcrete took place after the post-Gondwana
erosion phase but before the deposition of fossiliferous fluvial
sediments at Bosluis Pan, which contain rolled pedogenic
calcrete clasts. The incipient pedogenic horizons in the
Kalkriicken sandstone may reflect earlier abortive phases of
calcareous soil formation in the Namib tract during the Late
Oligocene-Early Miocene. Similarly, the Tsondab Sandstone
atthe type locality and farther east and southeast also displays
incipient calcrete pedogenesis in disconformities near the top
of the succession and not lower down the profile, indicating a
change to wetter conditions towards the end of its depositional
history.

The widespread distribution and limited weathering of pedo-
genic calcretes that pre-date the deep incision of westward-
draining watercourses in the Namib suggest that subsequent
climates have been predominantly arid with only short-lived
wetter periods (Yaalon and Ward, 1982).

5. Namib Desert phase
Following the full establishment of the cold-water Benguela

upwelling system in the Late Miocene, the stage was set for
the return of arid conditions in the Namib tract that have given
rise to the suite of desert environments encountered today. Of
these, the sand seas and dunefields (Fig. 1) are probably the
most familiar. A comparatively young, Quaternary age for the
current Namib Desert has been pointed out by a number of
earlier workers, among others Korn and Martin {1957), Soares
Carvatho (1961), Torquato {1970), and subsequently high-
lighted by proponents of both the LM-C and the Miocene
models. During this phase, the larger, westward-directed rivers
cut deep courses across the Namib, apparently in response to
epeirogenic uplift in the Late Tertiary, possibly Pliocene (Korn
and Martin, 1957; Partridge and Maud, 1987).

Aeclian activity during the Namib Desert phase is reflected
by palaeo-dune remnants identified as post-Tsondab Sand-
stone deposits. These include previously documented occur-
rences as well as a number of new aeolianite exposures found
by us over the last few years:

« The Fiskus sandstone, which has yielded ostrich {Struthio)
eggshell fragments and contains abundant termite and
golden mole-like trace fossils, that crops out south of
Kolmanskop (southern Namib; Stocken, 1978; S.A.C.S.,
1980) and its equivalents between Meob and Conception
Bays (central Namibj).

+ The Annental sandstone in the socuthern Namib (Stocken,
1978).

» The aeolianite interbedded in the Oswater Conglomerate
and that associated with the Khommabes Carbonates in the
central Namib (Ward, 1982, 1987).

+ The aeclianite wedges intercalated with fluvial deposits’
exposed in the Lower Tumas Valley.

« The rare aeolianite beds incorporated in the alluvial sedi-
ments of the Omaruru fan delta.

« The well-preserved crescentic dune forms associated with
calcified gravels in the Uniab delta of the Skeleton coast.

« The aeolianite preserved as scattered remnants in small
valleys under the Engo-Kunene Sand Sea west of the
Ohandja beacon in the northern Namib.

« The palaeo-dune preserved in a fluvial terrace deposit on
the south bank of the Kunene River that is reminiscent of
the Oswater Conglomerate in the Kuiseb Valley. This
Kunene outcrop, discovered only in October 1988, con-
tained a fossil reptile egg that strongly resembles that of a
crocodile.

Significantly, the cross-stratification displayed by these
aeolianites is invariably oriented northwards, reflecting the
importance of the southerly wind regime throughout the Namib
Desert phase. Moreover, various pieces of field evidence, e.qg.,
the hierarchy of river terrace deposits in the Uis River (Kom
and Martin, 1957) and in the Kuiseb River (Ward, 1984b,
1987), support the contention that aridification in the Namib
has been essentially progressive through the Late Cainozoic
as advocated by, among others, Tankard and Rogers (1978).
Nevertheless, short-lived wetter intervals were superimposed
on this trend which gave rise to the localized pan carbonates
and spring tufa deposits scattered throughout the Namib
(Ward, 1987).
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CONCLUSIONS

The age of the Namib is not a simple concept and is best
appreciated through an understanding of the post-Gondwana
history of this long narrow fract. In evaluating the available
evidence and appreciating the constraints imposed by field
relationships between a variety of sedimentary packages, we
offer a revised framework for testing this controversial topic
{Table 2). The development of the Namib is thus attributed to
five main phases that span the last 130 million years:

1. Post-Gondwana erosion phase — Cretaceous.
2. Proto-Namib Desert phase — Palaeogene.
3. Pluvial phase — Early to Middle Miocene.
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