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 ABSTRACT

. Problems irising from a dispasity in viewpoints reg‘arding the sucfece form of the -

‘Tsondab Sandsione Formation, central Namib desert, Namibia, are cxamined .

_ through literature review and feld investigation. It is shown that large distal
low-angle fans, proposed in what has been termed the Low-Angle Fan Model,
are. zbsentt or Hmited to proximal reaches of the study arca. The depositional
sequence identified in what has been termed the Axial Deposition Model along
zh_é Kuiseb River in the northerst part of the study area is safely applicable (o the
rest of the s_tudy area, _Furth'ef. new deposits of ‘the Tsondab - Sandstone
Formation are identified. The problem of the age of the Namily desert in its fossil
and active forms is discussed. The pfocessing of satellite images is used and is
shown not to be a viable technique for the identification of sedimentary bodies
which are partly mantled by deposits of sediments of a similar nature,
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PilEFACE

Tertiary sedimentary deposits are of limited extent in southern Africa. The -
Tsondab Sand'stone Formation of the centra] \*arnib désert. Namibia, is thei’ef‘ore
of consideruble interest. Several problems exist cunccrmng the dating of these -
deposits, and their surface form.

In this dissertation the central focus is an examinzation of the surface form of
the Tsondab Sandstone Formation through field investigation and literature
review, in an effort to resoive disparities between the Low-Angle Fan Model and
the Axial Deposition Madel.. '

Chapter 1 sets the spatial context for the study, and inctudes a brief review
of the probiem and objectives of the current study as well as defining the study
area. Chapter 2. comprises a review of previous work undertaken in the cential
Namib which has contributed to the problem identified in the study. Chapter 3
provides an overview of the geomorphological, geological and climatological
history of the study area,-Chapter 4 outlines the methods used in the study.
~ Chapter 5 presents the base data and results of the study. Chapter & constitutes
the discussion based on earlier chapters as well ds a fairly &xtensive discussion
- of the dating problem associated with the Tsondab Sandstone Formation.
.Chapter 7 outlines the major conclusions reached in the study.

My interest in the geoniorphology of the Namih desert was aroused whilst
acting as a field assistant in a project organised by Professor P.D). Tyson and
Dr. LA, Lindesay, of the Climatology Research Group - University of the
Witwatérsrand, Johannesburg, to study the boundary layer wind systems over the
Namib desert. The scope of the study was established in conjunction with Dr.
M.J. Wilkinson of Lockheed Engmeermg {\TASA) (fonnerly of the University -
of the Witwatersrand); his stimulating discussion at its inception is gratefully
acknowledged. Dr. 1.D. Ward of Cape Exploration (forsiery of the Geological
Survey, Windhoek) gave of his time in the field and has commented on
preliminary drafts of this dissertation, which help is also gratefully acknowledged,
Professor T.C. Partridge assumed supervision of the study on the departure of .




Dr. M.J, Wilkinson, and has alsp revizwed the original drafts. Mr. T, Boyle of
the Satellite Application Centre (CSIR) at Hartebeéshoek helped with the remiote
sensing. work. The assistance of Dr. M.K. Seely and the D.E.R.U.N, staff is
- -much appreciated; while the - co-operation of the Department of Nautre
Conservation and Tourism of Namibia for permission to work in the
Namib-Naukluft Park and for provision uf accommodasion at Gobabeb and
Sesriem is acknowledged with thanks. | al~ wish to thank Yirs. W. Job Tor her
skill and patience in drawing up the lina} dingrams,
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CHAPTER I

INTRODUCTION.

_The central Namib deésert has drawn many researchers over the Jast few decades
in the felds of climatology, geography, geomqrphology, geology, biology and
zoology. Geomorphological research in the Namib desert has been undertaken
by numerous authors. Two studies have come to differing conclusions as o the
surface form of the Tsondab Sandstone Formation, an extensive deposit of
supposedly early Tertiary to mid Miccene age. The spatal context, problems,
objectives and are for this study are considered below.

Spaﬁal Context

The Namib is one of five west coastal deserts lying within stubtropical Jatitudes
(Meigs, 1966). The Namibian component of the Wamib desert stretches for 1360 '
kilometres of a total of 2000 kilometres along the coastal tract between the

Olifanis River in the Cape Province of South Affica and the Carunjamba River

in southern Anpola. 'The Namib varies in width from 50 to 150 kilometres and

its easter boundary, although not always clearly defined, genserally corresponds
. with the 1000 metre contour. ‘The piedimont plain is maintled by aecolian, marine,

Auviasile and pedogenic deposus. The Namib is bounded to the west by the
Atlantic Ocean and to the east ostensibly by the Great Escarpment. The central
Namib desert iz characterised at presenr.'by the dynamic sand sea of the Sossus
Sand Formation, which covers most of the underlying Tsondab Sandstone
Formation. The Sossus Sand Formation and underlying sandstone are crossed
by four main linear oases, these being the Koichab, Tsauchab, Tsondab and
Kuiseb Rivers; the latter is the only exorheic tiver and forms the northern
boundary of the main Sossus Sand Sea. : '




The Problem

The Tsondab Sandstane.l-’onnation, which is an important featurs of most the
central Namib, has its origin in dune and sand sheet deposits of 2 palaeo desert
{Besler and \'darker, 1979; Martirr, 1950, 1957; Ollier, 1977; SACS 1980; Selvy,
1976, Ward e al., 1983; Ward 198da, 1987). Ward (1984a, 1957) has, however,
- recognised six facies of the ™~ondab Satidstone Formation in the central ‘.amlb
alang the Kuiseb River, and ras posmlated a more cornplex depositional history.
Besler {1930} envisaged the accurrence of a fluvial pha.se toward the end of' the -
* deposition of the Tsondab Sandstone Formation; this has been interpreted as an
agent of modification acting tpon the upper eastern facies of the Tsondal
. Sandstone, the eroded products of which were then re-deposited in the western
areas, Besler (1980) also <alled the Tsondab Sandstone Formation the ‘early
Namib® dune field or the "Nainib Sandstont’ and Besler and Marker (1979, 159)
have classified it as "a typizal red desert formation” a term adopted by SACS
(1980) and Ward et al. (1983), whilst Marker (1977a, 19776) used the term
Sandrock to refer to these deposits. The problem of the origin and morphology
of the Tsondab Sandstone Formation has previously been approached from.
different viewpoints: one with a geological emphasis (W&rd 1984a; 1987} the
other with a geomerphulcgwal bias (Besler 1930, 1984), these being expanded by
various addmonal Iocal studies and overviews.

The Axfé( Deposition Model

‘Ward {1984e, 1984b, '198‘1, 1988a, 1988b; Ward e af., 1983) has studied the
* geology of the Kuiseb River_ﬁrea and has made a notable contribution to the
tinderstandinig of the Tsondsb Sandstone Formation. He has proposed 2 model
in which the Tsondab Sandstone was developed, through tinse, uy synchronous
fluvial and aeslian sedimentation. This model provides for & systent:of dunes and
.- sand sheers crossed by fluvial axes along which sediments are deposited. In the
middle Kuiseh valley Ward (1984a) has defined and mapped six facies of the
Teondab Sandstone Formation. These comprise two rudaceous, three arenaceons
and one carbonate unit (Fig. 1.1).
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The La#.-ing!e Fan Model ' _ S,

The Low-Angle Fan Model appears significantly ' different to the Axial
Deposirion Model for the later phases of the evolution of the Tsondab Sandstone
Formation, i in that it proposes a zone of proximak erosion near the Escarpment,

~'with a zone of distal deposition nearer the coast {Fig, 1.2). Besler (1980, 1984)
and Besler and Marker {1979) have viewed the Tsondab Sandstone Formation

28 arising from separate, diachronous phases of evolution, An earlier phase of
2eclian deposition was {'nﬂu\i-ed by a phase ‘of widespread Auvial modification.
This fluvial remodelling has led to erosional truncation of the proximal deposits
nearer the Escarpmeht and aggradation' in the distal coastal areas (Besler, 1980,
19_84). The fuvial modification is expressed as large, low-angle “alluvial fan_s‘
which Besler (1980) identifies from gradient studies of the Tsondab Planation
Surface (Besler, 1980) (Fig. L.3). These features are, however, af extremely
low-angle and are much farger than alluvial fans as generally poderstood (Bull,
1977; Coocke and Warren, 1973; Fiyberger er al, 1979; Mabbutt, 1977). Some
tiuthern Afiican alluvial fans, however, are known o express tkis kind of relief,
f'(:'r'examp[e the 'Kner'svlakte, which covers some 2500 km 2 (Partridge, 1990, pefs.
comm,). The Tsondab Planation Surface could easily represent a peﬁud where
the rivers did not have the capability to reach the ncean, but yet had sufficient
energy to remodel the Tsondab Sandstone Formation depasits. It is therefore
suggested that these low-angled water-worked surfaces are synonymous with - -
Ollier’s (1977} ‘pediments”. Distally these large pediments have gm’.n ris;' to the
three to five wedges of colluvial sediment (Fig. 1.2) which are identified in the
neat-coast sedimentary récord according to Besler (1980, I984).

Cther Work

Ofier {1977) found that cross-bedding withix the Tsondab Sandstone Formation
is consistent with dune sand deposition. He points out, howeves, that there are
“possible foreset beds of a deita deposit ... (and) also plane-bedded sandstones”
(Ollier, 1977: 208). He identified the presence of “...the Tsundab Planation
Surface, a vast pediment crossed by eaét-wes_t drainage...” (Qllier, 1977: 207), and
~saw the plenation as truncating the aeclian deposits from the Escarpment
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westwayd to the sey (Ollier, 1977), suggesting that sediment has been removed
from the area of the present sand sea. Selby (1976) supported the idea of
" planation of aeolian sand shzet deposits (Fig. l;-#). His interpretation appears to
assume the preéencé of futta) forees Targe enongh to truncate deposits of the
Formation at its ppper_buund.xr}f. Lancasrer {1984a, 1984, 1984¢) has identiffed
features which are interpreted as reflecting depositional environments of .
semi-arid and wxtremely arid natures. “Dominant depdéitiona-‘i- environments’
have been sand seas apd dune [elds, with proximal and distal alfuvial fan,
ephemeral flood plain and pan or pIa}'a facies” (Lancaster, 1984c: 440). The Rat -
surface morphology of the Fcrmation is recognised by I.ancaster (1984a, 1984c)
* bat fitrle explaratmn of its origin is offered.
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Objectives

Although numerous workers have coniibuted toward a geomorphological
understanding of the éeﬁosits comﬁri-'sing the Namib desert, Ollier (1977) has
pointed out that a spatially continuous geomnrphic pictire is absent, Olfier
' {1977), although providing a basic framework, also pointed o't_lt the Jack of a
. geological history of the .\'amili;’ this has now been pa_-avided, in the Kuiseb River
area, by Ward {1984a, 1987), and extended southward to encompass the Tsondab
and Tsauchab valleys in the present study. Terrestrial sedimentary deposits of
‘Textiary age are not widespread in southem Afica (Partridge, 1985a, 1985b);
therefore if a Tertiary age can be accepted for the deposits of the Tsondab
Sandstone Fortoation, as has been argued, then these deposits, along with those
of the Kalabari basin, are important not only locally, but in the context of the-
geological history of the entire subcontinent, . '




~ The chief differences in the viewpoints of Besler (1960, 1984) and Ward
(19843, 1987} concern the upper parts of the strangraphtc colu.mn of the Tsoudab
Sandstene Formation. Besler's model envisages. al!tmal \xedges {Besler, 1980,
1984) building on the west (distal) part of the Formarion {Fig. 1.3). These
"alluvial’ wedges extend over large areas and are respopsible for the fat
" appearance of the Tsondab Planation Surface (Besler, 1980, 1984) {Fig. 1.3).
Ward (1984a) sees a hiatus in axial deposition, followed by the emplacement of
rudaceoys deposits identified as the Karpfenkliff Gonglomerate in the form of
classic proximal alluvial fans, This, in turn, was followed by a phase of
widespread ealerete pedogenesis of the Kamberg Formation, the combination of
this rudacesus phase along with the pedogenic phase giving rise to the flat
Tsondab Surface. The inherent dilfercnce between these wo vmwpomts is
“addressed in tlus study, : :

Lithofacies are discussed by the various authors, notably by Ward (1984a),
who has dr.scnbed six facies in derail and has mapped them along the Kuiseb
Valley. The ficld mapping of these fucies in other areas to the east and south and
an analysis of their spatial relationships has been used to make a contribution to _
the resolution of same of these differences, '

Beslér‘s {1980) accounts of dista! inear-coast) parts of the Tsondab Sandstone
Formation are detailed concerning surface deposits but limited in respect of the
lower members, Ward {1984a) has published no datz on the distal parts of the
area. The work of Ward (1984a) is concentrated oni a section where the deposit
tends to thin out over the Damara schists {Besler, 1980, 1984). How Ward's
(1984, 1987, 1988a) model relates 16 more sm.therly and eas:erly exposures is

shown in the present study. ' :

- Study Area

The feldwork area for this study was restricted ta an area between the Walvis
Bay-Rdssing rvoad, and 25° south latitude, which i bounded to the west by the

Atlantic Ocean and to the eas: by the Great Escarpmnt (Fig. I.S) Within this - '

drea several key areay were recogmsed



Figure L.5: Namibia showmg the central \a.tm'b desert and the stuiy arva for
 thisi investigation.



1. The intsilse be:ween the Kuiseb and Gaub Rivers,
2. The upper Kuiseb River, .

3. ’ge Tsondab :hver and parr.s o{' its mterﬂuve wnh the Gaub and Kmseb
vers, . -

4. The Tsauchab River and parts [ its imgrﬂuve with the Tscmdab River,
5. Near coastal areas south of Rocibank, ' . '
‘6. Intérdune valfeys between Go'babéb and Narab,

7. Exposures ou either bank of the middle and !awer Kuiseb Rurer, |

8, Interdune '.'alle}s snuth of Swartbank and '

-9, Parts of‘ the stony desert 10 the north of the Kmseb Ru'er

PEE TR N

Chapter 1 has set the spatial context for the study,
intluding a briel review of the problem and objectives of
the current research as well as setting out the study area
used, A review of the previous work undertaken in- the
central Namib, contributing to lhe.problem identified in:
this study, is put forward in Chapter 2. '



CHAPTER 2
PREVIOUS WORK

Two main models for the formation of the Tsondab Sandstone have been
proposed as outlined in Chapter 1. These are the Axial Depasition Mode! and the
Low-Angle Fan Model. These are summarised befow, :

* The Axial Deposition Model -

Ward (19849:, '1987) ‘has proposed a chrmiology and formal nomauclat&ré for
what he has called the Proto-Namib Palaeo Desert Phase, Karpfenkhff Fluvial
Phase, and Padogenic Phase, which embraced the deposition of the Tsondab
Sandstone proper, subsequent conglomerate capping and calerete formation. A
main aim of his study was to investigate the role of the Kuiseb River and tts
relationship to the Palaeo Desert and main Namib. sand sea (Sossus Sand
Formation) (Ward, 1987). '

Ward (1984a, 1987} recognised six predominant facies whith he classified as
" being part of the Tsondab Sandstone Formation, as well as overlying
‘conglomerate formation and a calcrete formatios, These are described as follows.
On the foor formed by the Namib Unconformity Susface there is a quartz
breceia referred to by Ollier (1977) as Basal Conglomerate, which grades into the '
quartzesé sandstones. This Basal Breccia ie thin, being only about 3 metres at its .
 thickest reported occurrence. This deposit has been fortrally given member status
 and'is réferred to as Gombkaeb Basal Breceia (Ward's (1984a, 1987) Facies A).
The type locality for the Gomkaeb Basal Breccia Member is at Gomkaeb comer
(23°42,5°S; 15°2¥E} about sixty kilometres upstream of beabeb. The breccia is
not necessarly spatially continuous, and the overlying quaftz arenites rest
directly on the Namibk Unconformity Surface at places,

Wa.rd (l984a. 1987) pointed out that the Basal Breccia Member'grades
upwards futo a locally restricted rudaceous facies {Facies B) or a quartz arenite

1




facies (Facies E). Ward's (1984a, 1987) Facies B comprises a 10 metre thick
deposit. The type area for this deposit is located at Gomkaeb corner the point -
where the Kuiseh changes its course from south-westerly to west-north-westetly,

Ward has. referred to his Facies C and D as “typical Tsondab Sandstone”
(Ward._l987,' 12). These are the facies which generally comprise the reddish
" brown, massive deposits, with comrmon dune cross bedding, The deposits of
Facies C are consofidated, with only soms cementation having been noted,
whereas Facies D) is generally carbonate cemented. Several authors (Besler, 1979;
. Ward, 1987; Watson, 1980) have noted-patchy gypsum occurrences within the
matrix forming smalt lenses. Cross stratification is evident, with foresets dipping
to the west-niorth-west to east-snut_h-east (Bamnard, 1973; Besler and Marker,
1979; Ward, -1987). Fossil termitaria are also a common component of this
deposit, bemg well delimited by preferential areas of calcmm carbonate
precipitation.

Facies D' sandstories exhibit geometrical features referred to zs paterned .
ground in the literasure, and previotsly recognised by Besler (1972a); Goudie
(1972), Ollier and Seely {1977), Watson (1980) and Ward (1984a, 1987). Ward
(1987) has related these to the 30-150m wide and up to several kilometre long
{Fig. 2.1} macroftactures comynon in this desert. Facies D shows a close
relationship to the d;stal gravel lag- deposits of the Karpfenkliff Cong[omerate '
Farmation,

Facies E consists of quartz arenites which are carbonate cemented (calcite and
dolomite). The facies contains angular to stb-rounded quartz sands with localised
concentrations of garnet and mica. This facies consists mainly of Auvially derived
or reworked sediroents, at times interdigitating with aeolian elements, These
deposits are located in the proto-Kuiseb bedrock depression and should
effectively be divided into a true Facies Eand a margina.l boundarjr facies. Those
facies that are fluvial in origin conlain scatters of pebbles whmh ‘become less
pronounced westward,

Facies F contains fow or no arenites. The facies has been named .the Zebra
Pan Carbonate Member and is associsted with Facies C and E either as capping
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F‘gute 2.1 Macrofractures (amwed) in the Tsnndab Sandstom south of 1he
Kuiseb River, near Gobabeb _ _

or intethedded with them. This member is also found lying directly on the
. Precambrian schists north of the Kuiseb. The composition of the carbonates is
mostly dolomite, althnt:lgh some caleivm carbonate has Meen recordad, | '

The Low-Angle Far Mosel

- Besler {1580} has invoked a standard model of desert landform Jevefopment in
which twa main surfaces are recognised: the erosional surface of the pediplain
which g:adeé laterally into & bahada, or surface of deposition (Walton, 1969).
Besler (1984), although pointing out that her work was preliminary, recognised
two main processes that have acted on the consolidated fossil surficial de;ﬁoéits
cdmpri_sing the Tsondab Sandstone Formation. Firstly a phase of fuvial activity
gave rise to what she has interpreted as the Post-African Planation Surface; this
upper surface i known as the Tsondab Planation Surface and is higher in
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elevation than the Namib Uaconformity Surface \m_ich she considers to be the
African.  Secondly, decreasing runoff was interpreted as favouring the
emplacement of targe alluvial fags. '

Besier (1984) based her conclusions on analysis of 1:100 000 and 1:250 DG
contour maps issued by the South African Government Printer, together with a
fieldwork exercise. Analysis of 38 latitudinal cross-sections led to the compilation
of a spatial one-dimensional surface gradient model for the Namib Desert (Fig.
1.5}; this shaws the Tsondab Planation surface to have a gradlent of 9% to 1%%,
similar to King’s (1962) Post African denudational land surface, Besler (1984) has
interpreted only the slightly consolidated aeolian arenaceous deposits as Tsondab
Sandstone Formation.

Besler (1980) viewed the Tsondab Planation Surface as the product of

* unconfined fluvial processes and has suggested that eroded sandstone from the

. praximal (near Escarpment) facies of the Tsondab Sandstone Formation, in the
form of Randfirche, was redeposited over true Tsondab Sandstone in the distal
areas to the west. These deposits are thought by Besler (1984) to have been
deposited as large alluvial fans as decreasing Auvial discharge in the area changed
the fluvial regimes from exorheic to endorheic and the How reach of the vatjous
rivers retreated inland. Much of the support for this conclusiom is derived from
granulometric and morphoscopic studies of dune sands of the Sossus Sand
Formation. Differences in the properties o *these sands were used also in
esnmar.mg the sizes of the fans, and Ted to the conclusion that the fans decreased
in size from north to south. C

Besler’s (1980) main focus was along the so-cafled northern erg (Fig. 1.3).
Here the upper planation surface, with & gradient of 1%, is cut across the
consolidated sandstone, A second surface is considered to be supetimposed on
this surface, This second surface has a gradient of 0.6 to 0.8% and represents a
truncation in the east and large aggradation in the west (Fig. 1.2). ‘These two
phases represent the major susficial events affecting the Tsondab Sandstone
Formation according to Besler (1984). Incised below these two surfaces are a.
further three postulated incisions maindy represented by terracing within rivers
such as the Kuiseb, Gavb and Tsondab, - Besler (1980} bas also postulated that
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the Tsondab Flats represent a more recent alluvial plain asscciated with erosional
stage 4 (Fig. 1.2). Besler (1984) has also suggested that the Tsondab Sandstone
~ Formation forms the major source for the sands of the Sossus Sand Formation,
interpreting a trend of increasing patina and sorting eastward 1o reflect’ fluvial
transpori: from the east rather than aeolian trmspnﬁ from the west,

otk ok ok ok Wk AR

‘Chapter 2 comprised ‘& review of previous work

undertaken in the Central Namib . Chapter 3 sets out the

‘geamorpt ;ogical, - geological and  climatological |
- background for this}-'.i.'orl_t.'



CHAPTER 3

OTERVIEW OF THE GEOMORPHOLOGICAL GEDLOGICAL AND
CLIMATOLOGICAL
HISTORY OF THE CENTRAL NAMIB TRACT

~ The geological and climatic history of 2 region s of great iinportance te any
: geumorphologxca! mvesugaurm. An overview-of the historical de‘relopment of the
Namib tract in these areas :s gwen helow.

General Climatic History

Before anthropogenic influences became a oritical forcing mechanism, climatic
and geologic changes were the main facters in geomorphological change.
"Although lagge scale genloglcal changeés have occurred through plate tectonics,
genmorpholog:cal sesponses have been mainly a result of changing climatic
regimes. Geologncal changes wrought by uplift and nltmg have, however, had
their own geomorphologlcal effects wh:ch will be dxscussed separately

Climatic events of the last 150 million years affecting the subcontinent.

One of the most notablt influences on the climate of southern Aftica arose from
the fragmentation of Gondwanaland, which was then about 14° further south
than at present (Smith and Briden, 1982), and the creation of oceans_s_uréounding :
‘the sub-continent on three sides. Thus the almost ubiguitously tropical Mesozoic,
associated with a circumglobal equatorial ocean with & relatively uniform thesmal
structure and Jack of important latitudinal temperature gradients (Tyson, 1986),
was replaced by cold oceans with strong Iatitudinal temperature gradients, These
changes tended te occur in steps rather than as a smooth transition during the
Cainozore {Milley and Fal:ba.nkx, .l985), the most important features being '
_changes in geomertry and inter-tonnection between ocean basins and
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cryoformation around continental Antarcdca (Tyson, 1986). During the very late
Palacogens to early Eocene sea surfuce temperatures in the high southern
Iatitudes were of the order of 20°C {Shakleton and Kennett, 1975),

" The warmn Cretaceous climates experienced a sudderi change at the
Cretaceous-Tertinry (K-T) boundary {about 65 Ma). This change was
accompanied bjr mass extinction and is thought to have originated through either
the impact of extraterrestrial bodies with the earth {Hut er al., 1937) or
~ voleanism and epmgenasw (Hailam, 1987,

Shackleton and Keanett (1975) have shown that a major decrease in southera
Alffrican ocean temperatures {~5°C) occtrred at about 38 Ma. This is seen as a
possible response to the first occurrence of ice in the Antarctic, Followed by
cooling at about 30 Ma. The main Antarctic ice cap was formed by 14 Ma and
was followed by further cooling at 10 Ma, at 5,5 Ma ( Messinian) and again at
about 2,4 Ma with the formation of the Arctic polar ice eap; a final mejor cooling
surge oceurred at 0,9 Ma. Al of these cuo]mg eptsodes were assumated with sea
level drops of the order of 30 to 50 metres {Miller and Fairbariks, 1985).
Epelrogemc uplift was associated with rwo of these evants; at18 Ma uplift of 150
to 300 metres took place, and just prior to the 2.4 Ma cooling, upwarping of 600
to 900 metres oceurred {Partridge and Maud, 1987). It has been suggested that
Tertiary volcanism could have triggered other cooling events {Kennett and
Thunnell, 1975; Vogt, 1972}, Warming and deglaciation occurred in the early and
mid Pliocene (Harwood, 1985; Webb er af,, 1984) resulting in the formation of
marine terraces between 60 and [1) metres along the sub-continental coast
{Partridge, 1990). : : :

“The cooling event at 2,4 Ma mentined earlier brought the Pliocene warming

events to an end and led t¢ the re-cstablishment of the east Antarctic ice sheet

. (Denton, 1985; Harwood, 1985). Ciimatic deterioration evident in the southernt

African _tr.rrestrial'depnsits at this time is associated with the appearance of later

species of Australopithecines and flomo habilis, and intensification of

Milankoviteh cycles as evidenced by marine isotope records (Pattndge, 1990}.
leading to the Quatermnary glacial cycles.




Aridity it the Namib Truct: its Causes and Possible Age

" Two main causes of aridity aleng the south wn:sim‘-n coast of Affica have been
" postulated. First there is the effect of the Benguela Current and its associated -
cold upwelling waters (Siesser, 1978; Van Zinderen Bakker, 1975). Secondly, there
is the location of the anticyclonic system over the South Atlantic which has a
drying effect through the semi-continuous presence of subsiding air {Tyson,
1986). Summer rainfall is limited due to the influence of the South Indian {ocean)
Anticyclone whose moisture’ bearing winds are drained as they cross the

_ continent from east tp west, or are trepped by the témperat_dre imversion at the
easterrt Escarpment. Scholz { 1971} also attributed aridity in the Namib Desert
directly to the coaling effect of the Bengue.la Current on mslerly winds, thereby
reducing their capacat} for cirrying water vapour,

The Namib Desert is located on a velatively narrow bedrock pediplain (having
a regional 1° bedrock surface slope towards the Atlantic), This pediplain has its
origins in either the erosional retreat of the Great Escarpment, and the grading
of the coastal tract to & new base level after the breakui) of West Gondwana
during the late Mesozoic- (Martin 1375), or in the re-planarion of the deeply
kzolinized Aftican Surfzce to 2 new Past Affican | level {T.C. Partridge, pers.
comm., 1989). The Atlantic Ocean; according to palaeomagnstic, radiomagnetic,
and palaeontological studies, opened about 127 Ma (Simpson, 1977; Tankard ez
al., 1982}, Fully marine conditions were established by about 80 Ma.

Between the Kuiseb River and the Lilderirz-Aus area deposits {the Tsoudab
Sandstone Formation) of supposedly Tertiary age (Besler 198(; SACS 1980;
Ward, 1984a, 1987) correlate quite markedly with the boutidaries of the overlying
Sossus Sand Formation {Barnard, 1973; Besler 1976, 1977, 1980; Besler er af., .
1977; Besler and Marker, 1979 Martin, 1950; Olfier, 1977, SACS 19'80: Selby,
1977); this contrasts with the situation furcher north {Wilkinson, 1987, 1988a,
1988k; Ward, 1989; pers. comm.). Significant erosional features of the pediplain
are the aumerons inselbergs which remain dotted across the land surface, This
pediplain is generally referred to as the Namib Unconformity Surface, 2 term
coined by Ollier {1977, 1978). The Namib Unconformity Surface forms a
fundamental datum in any study of the dépositional history of the central Namib
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(Oliier, 1977), forming a spatially important merker for the beginning of the
 deposition of the Tsondab Sandstone Formation. As such she dating of this
- sueface is of great iniportahce_. Some workers have postulated formation {or
exhumation) 1o have occurred during the fate Cretaceous (Martin, 1973, 1975;
Ollier, 1977, 1978 Seely and Ward,1988; Ward, er al., 1983). Others have
suggesied a Miocene age based on theories linking the Namib aridity to the
inception of the Benguela Cuerent during the late Miocene and the absence of
any remnants of the Afifcan surface (formed during Cretaceous and earliest
Tertiary times) in this area {Partridge, pers corim., 1989 Siesser, 1978, 1980; van

- Zanderen Bakker, 1975, 1984). :

Géneral'.Geomurphniugical.md Geologic History

Aridity In the Namib has led to the accumulation of a thick deposit of arenites,
both active and fossilised, within the central Namib. The Eor.m of‘r.hls arenite and _
the poss1ble sources need to be ou:[mcd.

,vimnftes

Many workers have reported the presence of reddish-brown arenites
underlying the Sossus Sand Formation. (inrer alia Bamard, 1973, 1975; Besler,
1976, 1977, 1980; Gevers 1936; Goudie, 1972; Harmse, 1980; Logan 1960z, 1960b;
Marker, 19774, 1982; Marker and Maller. 1978; Martin, 1950, 1957; McKee 1982;
Ollier 1977, 1978; Rust and Wieneke, 1574, 1950; StapiT 1387 Selby, 1976, 1977;
Vagel 19_32: Ward, 1982, 1984a, 1984, 1987; Wilmer 1893). These arenites have
been acearded various names in the past, but Ollier {1977, 19’?8) referred to them
as the Tsondab Sandstone afier the massive chiff expostres at Tsondab Viei
Besler and Marker (1979) referved to them as the Namib Sandstone owing to _
their wide distribution within the desert zane, The South African Committes for
Stratigraphy (SACS, 1980) has formally designated the arenites as the Tsondab
Sandstone Formation, the type locakity being the 60 to 90 metre hlgh saudstone
cliffs on the north eastern side of Tsondab Viel.



The arenacecus quartzase material comprising the Tsondab Sandstoné
Formation is everywhere cemented to varying degrees (Besler and Marker, 1979;
Offiee, 1977 SACS, [980; Ward, 1984a, 1987). . K5 occurrence is practically
continuous in the area between Liideritz and the Kuiseb River {Besler and
Marker, 1979; Martin. 1950, 1973; SACS, 1980). Outcmps'further north have
been ohserved, however (Ward, 1987), and fisrther tentative links have been made
to uther sandstone bodics to the north of the study area, for example the Tumas
Sundstone { M.J. Wilkinson, 1988: pers. comm.}, as well a: sandstones underlying
the dunes of the Skeleton Coast in northern Namibia and beyond the Kunene

. River in southera Angola where these sandstones underlie the Cutrona
Conglomerate (Soares-Carvalﬁo. 196¢, 3.D. Ward, [989: pers, comm.).

The Karpfenklff Conglomerate Formation and the Kamberg  Calcrete
Formation cap the arenites of the Tsondab Sandstone Fommation along
palaeo-channels, whereas on the irterfluves the capping is of Kamberg Calcrete
only. Towards the coast the sandstone Is bevelled, uncemented to Tightly
cemented, and in some places uppt:d by lag graveis derived from weathering nf
the Karpfenkhﬂ' Cunglumcme Formation '

Origins of the sands of the Numb tract

No major statements concerming the origin of the sands of the Tsondab
Sandstone Formation have been made Most com.nbuuons are aimied at defining
the origins of the pres»mh' active sands of the Sossus Sand Formation. Two
main hypothesns have been postulated for the source of the sediments of the
Sossus Sand Formation, The first invokes deflation of the Tsondab Sandstone
Formartiop, (Besler, 1980; Bester and Marker, 1979), This contrasts with the
theory of ongoing sediment accumulation suggesed by Rogers (1977) and
developed hy Lancaster (1981}, Oltier and Lancaster (1983) and Lancaster (1989).

Besler (1980) and Besler and Marker (1979) have suggested 2 largely fluvial
origin for the sédimeatary input. The zeolian facies of the Tsondab Sandstons
Farmation along the Great Escarpment are thought to have been fluvially eroded
during the Last Glacial Period and redeposited as a serfes of alluvial fans to the
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west. These were then partly reworked by southely winds into the dunes of the
Sossus Sand Formation. This scenario is strongly reminiscent. of hypotheses of
“sand sea Formation in the Sahara (Alimen ez at, l?SS;ICapqt Rey, (970}

Lancaster. (1982) views the Sossus Sand Formation as an ongoing
accumulation. High energy southerly wilds in the southern Namib have been
shown to have a massive potential for the movernent of beach sands into the
main sand sea. These southern beaches are supplied with sediments ihrdugh
langshore ::z;uverm;m northward from the Orange River mouth, The modern dune
: sandé'_ were closer to sands of the inner shelf and beaches of the Atlantic than the
sands of the Tsondab Sandstone Formation, which through association with
abundant clinopyroxene particles in these sands {Lancaster and Ollier, 1983} are
thought to have been derived from rocks of the Namagquatand Metamorphic
‘Complex via the Orange River. ' :

When considering the volume of sand .comprising the Tsondab Sandstone
Formation, it seems most likely that the beaches and adiéining areas of the
continental shelf ﬁxﬁosed_ during limited glacio-eustatic regressions and possibly
. tectonic movement, along with fluvial input from the Escarpnient and highland
zone, provided the sources For these massive depasits. '

The Bengueld System

The Benguelz Current i¢ one of four major castern boundary region currents of
the world (Shannon, 1985). As is the case with the other three (the California,
Canary and Peru currents), it is characterised by a persislmt upwallmg system
involving the upsurge of cold bottom waters and equatorwml flow (McLain ef
al., 1985}, The Benguela System is unusual in that it is bounaéd te both north
and south by areas of relatively warmer water (Siegfiied, 1989). The onset of the
Beﬁguefa Syst¢vn was originally assigned 1o the Cretaceous by Kaiser {1926). Van
Zinderen BaJ &er (1975), who supported the notion that the Bengusla Current
was the ma’ ir initiator of arid conditions i r.he area, initially proposed an early
Oligocene age for the onset of arid conditions in the Namib based on Shackleton
and Kepnew's {1275) 38 Ma age. - Other workers concluded that the Benguela
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System -had its onset durmg the le-Ple:stocene (Endrﬁdt—Younga. 197%;
I‘.mk..rd and Rogers, 1978: Seel}' 1978).

Deep sea drilling on tht_a Walvig _Ridge Abutment has recovered a long
sequence of sediments dating from the middle Eocene o the late Pleistocene
Using various biotic characteristics of the constituent Jiatom, plankton and
n:mnuplahktdn faunas, Siesser {[978) has been able to reconstruct changes in the
characteristics of the acean water including the onsct and natyre of the Benguela
Current. The major tonclusion derived from sedimentological, palacontological
and geochenﬁca'! dara from the region was that a “weak spasmodic inuodui:tion '
-of cool, upwellcd waters foccurred; along this coast from middle of late
Oligocene until middie Mioecne times. In the early Jate Miocene conditions
changed markedly, strongly suggesting intensification of upwelling which brought
cold, nutrient rich waters to-the surface along the coast.” (Siesser, 1978: 105). .

kst d ke

Chapter 3 has provided an overview of  the
geomorphoiogical, geological and . climatological history
of the area, Within the framework outlined, a set of
tethods was established as outtined in Chapter 4.



CHAPTER 4

METHODS

Fieldwork was undertaken in the area during two trips between September 1988
and April 1989. This work was supplemented by ‘examination of aerial
photography (Yob 774 of 1977, scale 1:50 000) as well as sucvey maps, satelite
imagery (Figs 4.1 & 4.2}, and image processing. The Tsondab Sandstone was
studied chiefly in outerop form. Quterop sections were measured manually with
& tape. Some sectiong are identical 1o those measured by Ward (19842, 1987) and
tape measurements genesally agree with abney measurements. Much of the
' Tsondab Sandstone has been designated as suboutcrop, in cbnf‘ormity with the
approach of Ward (1984a, 1987), because in many cases the arenites are capped
'by either the Karpfenkliff Conglomerate or the Kamberp Calerete, Observations
were also made outside these areas, although fieldwork was hampered by private
property or restricted access. '

Visual appraissl in measured sections of these often undifferentiated deposits
was found to be the best way to determine facies relationships. The sedimentary
succession of the Tsondab Sandstone Formation was generally studied by
measugring the exposed succession in streambeds on ridge crests, and in the open
field. The deposits have been studied chiefly from within 2 uniformitarian
(modem analogue) approach. Using field sketches and photaographs “with
superimposed scales, two-dimensional sections have been constructed {Appendix
4) partially illustrating the main events in the deposition and subsequent
alteration of the Tsondab Sandstone Formation, Deposits have been described
according to thickness and geometsy, contacts, rock type, and sedimentary
structures. Graphic logs of key sections have also been used. :

Although thicknesses of 40-200 metres have been assigned to the Trondab
St ..4tone Formation at times (Besler and Marker, 1979), no sections of more
than about 70 metres have been encountered thus far in the northernmost area,
Seismic invesiigations of Van Zijl (1970 gave thicknesses of 40-60 metres for the
bevelled sandstone south of Swartbank, whilst Ward (1984a, 1987) recorded
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' maxirmum thicknesses .of' abour 70 m. Barnard ( !973) reported thicknesses of 220
metres at Dieprivier. Sections at Tsondab Vlei reach heights of up to 100 metres,
but the basal contact with the Namib Unconformity Surface is concealed.

The apparenty flat formn of the Namib Uncom'ormity Surface and the
Tsondab Planation Surface turned ovt on 'investigatiun to be made up of gently
_ sloping crosional or depositional (pan playz or {luvial axes facies) surfaces. The
succession generally has a seven facies association, These reflect sedimentological
comirpls associated with locat environment changes as well 2s external controls
such as tectonic ﬁ:ovemenr.s, sea level oscillations and climatic changes. The
Tsondab Fluvial phases are sub parallel while aeolian facies are 'parallel oblique
to tangential obligue. :

ke kok m ok kR ok
* The methods used in this study_have been: outlined in

Chapter 4, foliow‘ng which, the base data and results of
the study are presented Chapter 5,
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CHAPTER 5
RESULTS

Facies afready reported in the northern part of the Study area were re-examined
at their type Iocalities in order to confirm published descriptions. These type:
sections are repcoduced in the following descriptions along with spaiially new
exposures of cack. of the facies. A new fucies and its type section is also described.

" Field Data

The sedimentary succession within the Tsondab Sandstope Formation is

 veasonably clear. On the basement formed by the Namib Unconformity Surface
rests the chin Gomkaeb Basal Breccia Member, This is capped either by coarse
grained angular to sub-rounded deposits, interpreted vargiously as colluvial in
origin, aeolian, or fluvial. These deposits grade upwards with either sharp or

- ¢iffuse boundaries into conglomerates or caleretes. Interbedded withiy the above
deposits are occasional dolomite-carbonate Facics. -

Gombael Basal Brercia Member - Facies A | _Fr‘g. 5.1

. This member is relatively thin, reaching a maxisoum thickness of about 3 m. It

- consists mainly of quartz clasts derived from the Precambrian schist (Damara)
bedrock material, These clasts are angular to su®. ingular and are supported ina
cemented matrix of quartz sands and mica flakes, The clasts are pebble to cobble
size. There are nunicrous gamets within the matrix ranging up to pebble size.
Although calcium carbonate is the cement, Ward (1987) reported the presence
of minor amounts of dolomite, Stratification is absent within this member.

The quartz pebbles and cobbles and garnetiferous components are decived
. from the underlying Kuiseh Formation schists (Damara), as was observed by
Ollier {1977). The metagraywackes and metapelites of the Kuiseb Formpation are
also present in the study area, The mineral constituents and depths of these
deposits indicate palaco regoliths or lithosols {Ward, 1987) developed on the
Namih Unconformity Surface. Similar deposits are present on the Kuiseb
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Figure 5.1: Graphic log of the Gomkaeb Basal Breceda,

Formation metasediments in the Khomas Hochland (Ward, 1984a, 1987).
Sugpested analogues for the Gomkach Basal Breceia are found in the southern

Namib, the oldest Teriary terrestrial sediments being those of the .

Chalcedon-Talelberg Silcrete Formation which are probably dateable to the
Palaeocene (Sﬁcs; 1980). It can, however, be argued that the Gomkaeb Basal
Breccia is of Miocene age (Selby, 1976). Deposits of this basal breccia
occasionally grade upwards into rare deposits of Facies B rudaceuus sedunznts
as well as the more extensive Facies E deposits. '

Facies B (. F:g 5.2)

The type locality for these deposits, which are up to 10 m thick, is located 23
Gomkaeb comer {23°40° 5; 15°26' E), where the Kuiseb chariges direction from -
southwesterly flow to we'sz-nurth—weéterly. This deposic was reﬁ:ognised as being
" lithologically similar to the Gomkaeb Basal Breecia by Ward (1584a, -1987], and
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has been termed breccia conglomerate. Tt is camprised of smaller quartz pebbles _
which are angular to sub-rounded, and are associated with nurmerous small
gaméts. The coarse fraction is ceménted and supported by a coarse gmin matrix
of quartz sand, gamet and some micz. Ward (1987) reports the comenting
mediura to be calcite and dolomite. Cross-stratification has been noted within
these deposits, which are thought to be colluvial in origin because of ‘the
angul_iuity of the constituent particles. They probably originated as colluvial
~ wash from locsl topographic highs. Horizontal stratification of coarser pebbles'
and some clasis is common, with rare ¢ross-stratification apparen_t in the deposits '
-aza whole. ' :

Facies C f Ft‘g. 5.3)

These deposits are weakly consolidated along interfluves, becoming mors
strongly cemented towards fluvial axes; the deposit_s react weakly to acid, .
indicating other forms of cement along with caleium carbonate. These deposits
‘tend to have a red brown {5YR) colour although 't'hey do in places tend toward
deep red (2,5YR). Several factors point to the acolian origin of these quartz
arenites, including the actual composition and morphology of the quartz grains,
the red ferric oxide patina on rounded to sub-angular grains, as well as the
medivm to large-scale tabujar planar and wedge planar cross-bedding with
predorinant west-north-west to east-south-east azimuths; these suggest a
prevailing SQuiherly quadrant wind regime (Biparella, 1972) similar to that
prevailing at present. Other Features of this facies are well developed biogenic
components, including termitaria-like fratures and golden mole-like trails
{Eremitalpa sp.). Selbj {1976) interpreted thesé features as root casts and
- rhizomorphs formed by caldum earbonate remobilisation. Seely and Mitchell
{1986), in a comparative study ol the termitaria-like structures and associated
tubules with the burrow system of Hadatermes mossambicus (Hagen) (harvester
termaite), came to the conciusion that, at least in part, the caleified tubules are
fossilised remnants of termite burrows. The Arab term “dikaka® is widely used to
describe similar features in northern deserts whose origin remains cnigmatic;
plant root channels (Glennie and Evamy 1968), termite burrows and solution
pipes are some suggestions. Acheulean Industry tools are often. found lying on
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the surface of this ;Ieposrr these are, howeve:, based upon mateml derived from
the Karpfenkliff Couglomnmte Formation. ey

The cross bedding ex;‘iosed in this facies is commonly observed in modern
dunes (Figs. 3.4 and 5.5}, The cross beds generally dip in a north-eastecdy
direction, confisming reports of Barnard {1973), Besler and Marker (1979) and
Ward {1984a, 1987). Analogous internal structures in modern dunes led Ward er
-al. (1983} to sugpest that palaeo wind regimes were similar to those of today with
dominant southerly winds.

Facies D (Fig. 5.6}

These deposits tend to have a red brown colour (3YR) with bedding disrupted
or not apparent, These deposits are also indicative of an aeolian origin, based
on the compaosition and morphology of the subangular gbartz grains and the red
axide patina. This deposit is diagenetically cemented and has .dl:\'eloped
large-scale macrofractures {30-150 m wide) and parterncd ground features
(including polygons of up to 20 m in diameter),

Facies E (Fig. 3.7}

These deposits are similar ta those preserved in the current channels of the active
rivers of the centrml Namib, At places they interdigitate with deposits of Facies
C and possibly Facies D (Fig. 5.8). Lenses of gravels and pebbles are associated
 with these deposits, and mica and garnets are present. The main drenitus are
poorly to moderately sorted with sub-angular to sub-rounded quartz grains, The
deposits mostly lack internal sedimentary structures besides being massively
horizontally layered, an excéption being the interdigitating facies, These
sediments are mainly greyish to whitish (10YR) with occasional reddish brown
Jenses (SYR), and diagenic mottling is common (Fig. 5.9). The cliff exposures
“of these deposits are quite often coated by tufa (Fig. 5.10), which has, in places,
been interpreted as vegetative casts (Martin, 1957; Selby, 1976); however, these
features may also be mainly a diagenic product of calclum carbonate



Figurs 5.4: Cmss bed{hng (arrowed) comonly abserwd in famas of the
- Tsondab Sandstone Formation.

Fxgme 55 Crass bedding (an-uwed) found in Imw dunes along the Kwseb
River in the Sossus Sand Furmauon. :
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Fgure 58. Facies structum at Kamberg Chff sho norlh south
iterdipitating fluvial Facies E and aeoliar Facies €. iy

remobilisation along joints. The mottling has been interpreted by Ward (1987)
as a product of a hydromorphic pracesses which would have aperated during the
emplacement of the Karpfenkhilf Conglomerate Formation. Thin dolomite lenses
(Fig. 5.11) are sometimes encountered and are mterpreted as represemmg pan .
Facies.

The greyish white sediments of Facies E tend to be closely associated (within -
a few tens of kilometres) with the current courses of the three major rivers of the
study area. Along the Kuiseb, where the sections are best exposed, these deposits
HIl the northeast to southwest pmto—Kmseb be.drock. depressmn westward 1o
around Gomkaeb.
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Figure 5.9: D:ageneuc mottling (am:wed) common to Facies E deposlts.
phntogaphe.d at Carp ChfE.

Figure 5.10: Tufk coating {arowed) on Facies E deposits at Kamberg CEE.

37



Fipure 5.11: Thin Dolomite Ieases (arrowed) founcl within Facies E depns;r.s
at Kamberg CHF. -
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Figure 5.12; Graphie log of deposits of Facies F.

38



Fac:es {Fig. 5.12).

This carbonate facies has been identified as . . of pan deposits by Ward
(1987), and compare closely with other simif * der 1+ worldwide (Watker and
Middleton, 1977). The deposits have a typicul « si.. i appearance where they
overlie both Tsondab Sandstone and Kuiseb Schist, this being due to differential
wzathenng. Known as the Zebra Pan Carbonate Member, they consist chmﬂy _
of dolomite and are greyish to whitish, giving characteristic Rillenkarren textures -
on weathering (Fig. 5.13), and can reach thicknesses of several metres. They
contain gypsum crystat casts (Ward, 19384) about 0,03 ta 0,05 metres in length,
as well as prominent desiccation cracks, ront casts and buzrows afl of which ofien
show an infilling of typical aeolian material (Fig, 5.14). '

Facies G {Fig. 5.15)

A-seventh facies of the Tsondab Sandstone Formation was recogaised on the
interfluve between the Tsondab and Tsauchab. Rivers and has been labelled
Facies G in conformity with Ward's (1984a, 1987) system (Fig. 5.16),

These deposits comprise a lateral variant of Facies C, and are made up of a
combination of fine, Sub-angular to sub-rounded quartz grains with red. ferric
oxide patinas and coarse, rounded 1o sub-angular quartz sands with Jittle or no
patina, The general colour of the deposits tends to be red brown (5YR}). They
show strong medium to Jarge-scale wedge planar cross bedding with a
" predominant westesly azimurh, suggesting 2 prevalent casterly wind regime
Biogenic components are very common as in the deposits of Facies C, Westerly -
wedge planar cross bedding and coarse grain influx is common to the modem
linear to stellate dune systems of the Sossus Sand Formation along both the
Tsondab River and Tsauchab River axes, and is considered to have resulted from
the effects of topographic forcing of local and boundary [ayer wind systems down
the valley axes. This axial forcing serves to channel aitd accelerate easterly winds
from east to west creating the typical disruption of dunes across the sand sea
visible on satellite images (Fig 4.2). '
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Figure s, 3 Characteristic Rlllenkmcn texturc of ) Facies - F
tarbonate-dolomite pan deposits.

Fxgme 5.14: Dessication mck:d surfare of Facles B m:bonate-dolonum pan
depoms of the Zebra Pan \‘lembar :
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Figure 5.15; Graphic Jog of a section of Facies G.

Figure 5.16; Charagteristic coasse grain crass bedded deposits of Facies G,
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The coarse grain influx into the acofian sédiments ef Facies G (ie. the

" equivalent sands ta Facies C) is evidently related to this intensification of easterly

“wind influences along river axes. The toarse grain sediments can be seen to
originate from {luvial input along the river ases where deposition of Facies E type
sediments is ovcurring today, These sediments are reworked by the easterly winds

" anto the Aanks of dunes to the west: in the course of transpartation they are

winnowed, the fines being removed while the coarse grains saltate/creep across

the dunes more slowly and become stranded when the easterly wind dies dowrt
or the lower saltation threshold is reached. These coasser iags are then teworked

“into the common pool of aeofiart sand by the prevailing southerly winds, This -

apolian mput of fluvial sands inio the dune system still operates along the

Tsondab River {Fig. 5.17) and Tsauchab River {Fig. 5.18). No specific madern.

analoghe of the above could be found along the Kuiseb River, although the same
' process has heen shown to oceur with grains weathered from quartzite
components of the Karpfenkliff Conglomerate Formation {Fenwick, 1989, 1990)
{Figs 3.19, 5.20, 5.21, 5.22, 5.23).

Karpfenkliff Conglomerate Formation

Deposits of this formation, termed calerete caprock in conjunction with what is _

now krown as the Kamberg Culcrete Formation by Marker (1977a, 1977b), reach
thicknesses of up to 60 metres in places especially in the Chausib River (Ward,
1987). The type locality for these deposits is the Carp Cliff mesa {23°20°S;
15°43°E) (Fig. 5.24) in the upper Kuiseb canyon, where Martin and Ko first
sought shelter in their desert sojourn during the Second World War. To the
north the lithological components ol the Karpfenkliff Conglomerate Formation
~are dontinated by Damara metayuartzites and Etjo Formation quertzites, 45 well
as a large Input of vein quartz. The clusts are mainly well rounded and are pften
marked by arcuate percussion scurs ¢Fig. 5.25) Ward (1984b) has interpreted the
Karpfenkliff conglomerate as the depusits of a large alluvial fan system.

 The refationship of the Karpfe:@k!iif Conglomerate Formation to the Tsondab

Sandstone Formation has been recognised by Martin (1230, 1957), Ollier (1977,

1978), Bester (1980), Ward er al (1983) and Ward (1984, 1987), Oftier (1977,
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Figute 5.1'% Coarse aeolian deposits oa ﬂa.nk.s of linear duum (appmximateiy
120 metees high) sesulting from acolian rewoiking of fuvial sediments along
the Tsondab Rm:r

- Figure 518 Lags (amowed) of acolian reworked fluvial sands on the Henks
of a star dune (approximately 190 metres high} along the Tsauchab River
“ between Sestiern and Scsma Vlei.

43



. PEACRNTAGE OF CAMPLE

[le ? 7T ang ki ki 7
Lln Grnvols

Calerite F

Tsoncab 5. B

Cromkash Baanl arecula
Namib Unzonfarmity Burfate

Fzgum 519 G-ram size dxslnbuuon on the lower west plinth of a linear dl.me
-Ca. 10km soulh of Gubabcb.

FERCEHTMIEOF WI.E

4 8 1 2z 3 -1
QR EIESIPH

Leg Gravain
Karplenklilf Congl

Trondab Sandatona meatinn
Gamkaeb Bacsl Bracela
Hamlh Unsanformity Surfeze

Figure 5.20: Crest samples of gra:.n size distdibution on 2 !znea.r dune Ca, 1tkm
sotth of Gobabeb

44



T PEATENTAIE QR SAMPLE

Lag Grevels
¥

 Karp Kembarg Cal
Teondab Sandsiane Formatlan

Qaomkaoch Bacal Brezcia

Nam:b Unconfarmiy Serfacs

- Figure §.21: Increasingly ccarse. sand grain dis{ﬁbutiﬁn on the sastemn slopes
- of a linear duns Ca, 10km south of Gobabeb. ' _

. PEACENTAGE OF BAMFLE

| PENCENTAGECEENS X
120 FEN A i

Ll

~ 0 i 2 3 & =
ARKRAZEIFH

; - £ A0 — e

Lag Uravals . I
Karplankiilf Cengtomerato Kamearg Calerate Formaticn
I gl .

Gomkash Basal Aracsia
Hamib tncontoraply Surface . - ] .
. Figure 5.22: Viery coarse grain doposits on thei2astern plinth of a linsar duae
Ca. 10km south of Gulmab. _ o :

43



Fi 5.23 Cnmsrmmmnppmonthemmmofhxmdune
pb%lt;lgs Ca. lﬂkm south of Gobabeb, _ _

© 1978} interpreted the vombined surface as the Tsondab Planation Sutface eroded -

and deposited by a wustward flowing palaco drainage system.

* The conglomerates of the Karpfenkliff' Formation are a common feature in

parts of the eastern Namib desert. They are prominent as markers of the palaco

valleys of the Kuiseb, Tsondab and Tsauchab rivers, as well as in the ¢astern '

tributaries prior to. the current incission. These deposits are laterally extensive
and reach from the Escarpment well into the sand sea, lag gravels in fact
extending to within several kilometres of the ¢oast. The main deposits pinch out
down the axes of these braad proto-valleys. -

A lateral facies of the Karpfenkhff. Cnnglomerate Formation was first
recognised in the prota Kutseb River (23°19°S; 23°52°E} by Ward (1984a, 1987)
and named the Koedoe River Breccia, This deposit is similar to the Karpfenkliff
Conglomerate Formation, except that the clast components zre angular to
sub-rounded, Similar deposlts have since been found near Ondersteboberg {Hitler

Hill) (23°57'8; 15°47T’E} {Fig. 5.26) in the Tsondab drainage. The Koedae River - _
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Figure 5.24: Ca.rp CEIF Mesa, type lov-&l.lty for tne Kmpfen!d:ﬂ' Cunglumte
Forrmation.

ﬁgure 5.25: Arcuate pricussicn scars common to cobbles nf ﬂm Karpfenkliﬂ'
_ Congiumerale Formation ,
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Figure 5.26: Classic Koedoe River Breecia depasits mear Qndersteboberz
{pesson for scale). :

Figure 5.27: Rip up clast (arrow«:cl) of oonsohﬁaled,fcemmted Tsnndab
Sandstote wﬁhm the KarplenkIiff Cougiomztate Fuunatwn at Ca:p
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Breecia is closely associated with topographic highs such as inselbergs and

prominent ranges of resistant hifls, a:relationship noted by Ward (F984a, 1987)
&t Swartbank Mountain (23°20°5; 14"50°E), Kamberg (23°35°'S; 15°45°E),
Saagberg {23°43'S; 15°30'E) and Tinkeringheib (23°35°S; 15°35'E).. '

The Kérpfenkliff Conglomerate Formation Tests throughout on ‘bevelled
Tsondab Sandstone or bedrock. It frequently contains rip-up clasts {mainly

rounded) of these underlving deposits (Fig. 5.27). The preservation of clasts of

Tsondab Sandstone Formation is indicative of a pre-incision depositional hiatus,

which permitted these dcpums 10 hecome cemented."consohdatad prior to their -

erosion.

The Karpfenkiiff Conglomerate Formation is bes: developed near the
Escarpment where it reaches a thickness of up to about 60 metrss. Thess
carbonate cemented gravels consist mainly of sub- to well rounded clasts showing
good evidence of fluvial sctiont in their shape, percussion scars, channel bedforms

. and ¢last orientation. The clasts decrease in size westward and are suppon‘.ed in

a matnx of angular to sub-rounded quartz sands.

There is crude stratification within the deposits and large clasts are often
transveréely imbricated. A major vpward fining trend is evident, although
episodic inputs of coarser clasts are in evidence throughout the succession.
Arenite layezs, up to 2 metres thick in places, are evident. Channel bedforms are

‘common especially In the Sesriem units (Fig, 5.28). Superimposed upon the
* .major upwarﬂ ﬁnmg trend, smaller scale upward Emng cycles were noted on a -

scale of vp to I metre (Fig. 5. 29).

In many exposures the KarpfenkHff Conglomerate Formation contains

hardpan and honeycomb pedogenic caleretes in the uppermost portions {Yaalon -

and Ward, 1982}, which have obliterated any sedimentological features (Fig.
- 530). : :

The main cementing medium in these deposits is calcite, althoi:_gh ‘Ward

{1987) has reported doloinite cernentation in rare instances. Calcibm carbonate
precipitated from fluctuating groundwaters has been supgested as the formation

a




Figurc 528 Channel bedforms which are hodmidy common’ W, #n
rudaceous deposits at Sestiera. These are considered to be equivalents ¢f vae
: Karpfenkhﬂ' Conglomzrate Fasmation.

Figure 5.29: \rﬁnor fining trends wilhin the general unward finirig trend of
deposiis at Sesriem conddered to be equivalents of me Karpfenklif
- Conglomerate Formation. '
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T:gu:e 5.30; Hardpan calerete developed in upper levels of the Ka.tpfenkh[f
Conglomerate Formation cast of Tsondab Viei obscures underlymg
sednnentn.ry features. _

pfocess {Yaalon and Ward, 1982). The area is parl:icﬁ!arly rich in limestones,
marbles and dolomites which afford ample sources for the cal¢ium carbonate.

The time lepse between the end of Tsendab Sandstone Formation deposition
dnd the start of Karpfenkfill Conglomerate Formation deposition is unknown.
The Tsondab Sandstene Formution has been presumed to be of mid Tertiary age,
and the Kamberg Caterete Formation, wiiich is developed on the aeolianites of
the Tsondab Sandstone Formation interfluves as well as in the upper parts of the
Karpfenkliff Conglomerate - Formuton, is thought 1o be of end Miocene age
{Ward er al., 1983}, A Miocene age is inferred for other sirnilar Namib deposits
(Ward et ai’. 1983}, but, as will be md:cated later, the datmu evidence is rather

LEnUous,

The Karpfenkliff Conglomerate Formation, as accepted in this study, is highly
variable in both clast size and litholopical constituents, Within the northern part-
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of the study area quartzites, rhyolites and andesitic volcanics are most common,
whereas in the southern areas Naukluft dolomites and limestanes are dominant,
Whilst these differences do not strictly allow these deposits to be classed as
Karpfenkliff Conglomerate Formation according to original definitioas of this
deposit, it is felt that allowance has to be made for Iateral differences in source - '
material over the vider scope area of this srudy. Clast size varies throughout, but
. there is a general trend from cobbles in the eastern areas to pebb!es and lag
_ gravels in the west. Lancaster (1984c) has suggested  that this is a matrix
supported conglomerate with a well lithified caleium carbonate matrix
{Lancaster, 1984e; 259) and agrees with Ward (1984a, 1987) that it was laid down
by anastomosing and braided streams of 2 Iafge. fow-angle alluvial fan system.

Ravikop Gravels

Limited expostres of gypsiferous deposits containing shells (mainly the oyster

Striosirea r&argarffacea)_am! sands witﬁ some cobbles and pebbles 6ocu1_' along

the coastal tract of the c_entrﬂ Numib. These have beeu described by Miller and

Seely (1976) and Ward {1987) and recognised by SACS (1980). These deposits
_ occur up to about 40 m above present sea level, They overlie granites of the
Damaran Sequence as well as consolidated, cemented arenites, and are covered

by a gypsumm crust, Ward: (1987) has proposed a littoral depositional

environmeat for these deposits. The accurrence of robust faunal forms seems

indicative of warm water conditions, irr sheltered water or lagoonal environments

(Miller and Seely, 1976; Rust and Wieneke, 1976; SACS, 1980). These gravels can

. be linked to three beach deposits {13, E and F of the Sperrgebiet) in the southern

Namib, which also contain fauna indicutive of warm seas (SACS, 1980).

Kmberg' Calcrete Fornmifo::_
‘The Kamberg Calcrete caps the upper facies of the Tsondab Sandstone
. Formation on the interfluves and is aiso present in the uppermost levels of the

Karpfenkliff Conglomerate Formatian. The calcrete generally displays a highly
mature. profile, grading from 2 laniinar crust into havdpan, heneycomb and
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nodular types and then into the Tsondab Sar_ldstbne Formation arenites or
Karpfenkiill Conglomerate Formation hosts, The type locality for this
‘formation, as proposed by Ward (1984a, 1987) and originally described by
" Yaalon and Ward (19823, is locared south west of Kamberg at appmxunately
23°36'3"§, 15*39°E.

The lower cuntact of the Kambarg Calcrete Formation with the KarpfenkIiff
Conglomerate Fonns.non and the Tsondab Sandstone Formation is gradational,
whereas the upper contact is ‘abrupt where overlying aeolian sands of the Sossus :
Sand Formation are present. The deposit reaches a maximum thickness of about .
-5 metres. Yaalon and Ward {1982) recognised four main divisions within the
profile making up the Kamberg Calcrete. Formation, These include a. lamminar
crust up to 0,05 m thick, a hardpan calerete about 2 m thick, a honeycomb -
calerete about 1 métre thick, and a nodular caierete up to 2 metres thick grading
down into the underlying units. '

* The Kamberg Calcrete Formation has been recorded on several different
levels within the area, giving an appearanee of several phases of forimation..
However, on gently sloping -substrates‘ the levels can be linked throughuut,
although Some diachronism s evidenced by the occurrence of first and second
order reworked nodules. The lack of large scale cememation within the
underlying aeolian arenites may reflect a paucity of local sources for the caleium
carbonate, The carbonate was probably introduced by Auvial action associated
" with the emplacement of the Karpfenk$f Conglomerate Formation, and was -
then possibly reworked by aeolian action into sterile dune deposits, such as oceur
withini the present day playz of Tsondab Vici. Bltmel (1982) has proposed two
alternative sources for the _Ubib,.,'Ch'a—Re arez: in the coastal area marine
~ carbonate is available, especially after marine transgressions, to the southerly
" wind régime', which carries it inland; a serond possible source is the Etosha Pan,
which could supply carbonate to upper boundary layer airstreams which would
- then transpon it soutbward.
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Cross Section Models

A number of sections have been drawn both iatitudinally and longitudinally
. within the study area (Appendix 1). Thes seciions are based on contours on both
1:250 000 and i:50 090 scale maps, supported by stereoscopic analyses of afr
photas. On dune covered surfaces the closest spot heights in interdune areas or
‘major contour crossing points have becn used.

North-south sections ilustrate clearly the flat surface south of the Kuiseb
- tiver recognised by Ollier (1977) as a planation surface, The only major reliefon
this surface is provided by resistant bedrock infiers and the incised courses of
westward ﬂowmg nvers. ancient and me dern

East—west sections are of great interest in their confirmation of the conclusion
reached from field reconnaissance snd aerial photography, that fans associated
with these fvers are of a relatively smail size, are mainly associated with later
formations, and the major ancient cotirses cut through deposits (mostly of
. aeolian orgin) in diserete channels with aeolianite cliffy on either bamk
(Fig. 531), '

_ S_tréams and rivers have characteristic skywud convexities in their long
profiles, This is probably a result of dowristream discharge depletion {Stengel,
1964, 1970; Goudie, 1972} resulting from water infiltration into the porous
Tsondab Sandstone Formation, as well as relating to stream competancy in arid
areas as is the case for the Kuiseb River which has a bedrock cut channel. '

- The Reconnaissance Mapping Programme

The mapping carried out by Ward (1984a, 1987) provides intensive coverage of
the area around the Kuiseb River. Sirmilar coverage is, however, lacking to the
south of this area. To this end a major aim of this project has been the

" sauthward extension of Watd's (1984a, 1987) mapping, principaily aloag the -
main fhevial axes as the intervening areas are largely concealed by dcpomts of the
Sossus Sand Formation,
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FgureSJl'Thcmuﬂ\m'bdﬁenshomngmadlnmct‘mchﬂ'sof
aeolianite Tsondab Sundstone flanking the north eastern course of the
Tsundab R“'er. Tsondab Viu cin be seen in the backgrouwad.

Two Dimensional Sections of Sedimentation in the Central Namib

The two dimensional sections of sz dlmemauon (Appendix 4) in the central
Namib desert arising R this study are based on the records: of ar_eal mapping
and fcld sections superimposed onte a regional base. Where sections were -
nngpvailable, as is unfortunately the case for much of the nesr coastal exeas,
surficial mapping with inferred downward prajection has had to be used, This -
approach should not blas the aim of reconciling the two models of sedimentation
in the central Namib desert as this zelates largely to the dlsmbuuun of surficial
ma.tenals between the present linear dume ridges.
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Remite Sensing

1t has become common, in the Jast few decades, to use satellite false colour .
- iméges as 24 aid vo small scale mapping. Landsat images have been used in this

' _study in an attempt to clarify spatial relationships. These images {Figs 4.1 and

4.2) are based upon a reflectance pixel of 82 m x 57 m resolution, which is
. systemised to a 57 m x 57 m resolution. The corrected data are fed through an
optronics coding machine to generate the colour image from the numerical data -
set. : '

Processing of satellite images using multispactral analysis, although bécoming
more “videly used by geomorphologists, is less common and its use has not thus
far been documented in the central Namib. In order 1o identify outcrops or
sub-outerops in inaccessible areas, a programme of image enhancement for the .
study area has been undertaken with the following results.

Tmages for the northern and suufhem areas were chosent a5 follows: -
1. DATE. Between '24:;; ﬁ%mh.1984 and 121h December 1989,
2 CLOUDCOVE& “Maximbm gvei‘age- of 30% for Landsat 5 (MSS).
3. WRS TRK;-FRM (Worldwide Reference System Track and Frame):

179-076 for the northern area
179-077 for the soutiicn area,

This list (Appendix 3) formed the basis from which to choose the most suitable
pairs, these being: ' o

1) 87.12.07 both aceas 100% cloudless, and '
2) 88.12,25 northern area 100% cloudless and southern arez with maximum
10% cloudcover. . . :

Of these the first pair was chosen for final analysis.
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Figure 532 Sallite photo of the central Namib showing the signature
. generation area to the east and the ares to the west (Fig. 5.33) onto which
these: signatures were imposed,

Figure 5.33: The central Narmib desert south of the Kuiseb River.

s? .




. 'Figure 5.34: Signature enhanced version of figure 5.33.

The techniqué used involves generating signatures of the various known and
mapped deposits to a Gaussian threshold vr'ue of 2 far these signatures, These
signatures were cstablished for large base areas, the smallest nsed in this study

' being 912,33 hectares and the largest being 11 15591 hectares. Larger area
.sigraturcs are oot a problem to create, excépt for areal extent fimitations, and
do not significantly change the results. Once chosen, the data of the signatures
were run as scatterplots, These scatterplots showed no statisticaily significant
variance (T. Boyle: pers.comm, 1990). Images of parts of the study area were
then regenerated with colour enhanced values for the above signatures (Figs 5.32,
5.33 and 5.34), '
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FEE LRI R A S

The base data and results of the study have been
presented in Chapter 5, ‘Based on these results a
. discussion s prese . d in Chapter 6. '
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CHAPTER &

DISCUSSION

The discussion foliows the form initiated in enumerating the results covering field
observations, reconnaissance mapping, the sections and the remote sensing, The
- dating of the deposits of the Tsondab Sandstone Formation is also discussed,

Field Observations
Gﬂmkaebﬁasa! Breccia _

' The thin deposits of regolith or lithosols making ﬁp the Gontkaeb Basal Breccia
indicate an in situ derivation from the Kuiseb Formation schists {Damara)
comprising quartz clasts, mics flakes, gamets and the quariz sand mateix, rather
than development in & régressive shoreline situation as has been suggested, The
provenance of these deposits is based on analogues from the Khomas Hochland
as deseribed ¢arlier, Analogues for the Gomkaeb Basal Breccia tan also be found -
in the southern Namib, the oldest supposedly Tertiary sediments being those of

. the Chaleedon-Tafelberg Silerete Formarion which are probably dateable to the

Palaeacene (SACS, 1980} It can, however, be argued that the Gombkaeb Basal

" Breccia is of Miocene age (Selby, 1978}, particulerly if it can be proven that the
Mamib Unconformity Surface is a Post-African erpsiohal feature rather than

‘King's African surface, as will be discussed later, : ' :

Facies B

Although this deposit has been shown to b lithologicaly similar to the Gomkaeb
. Basal Breccia Member by Ward (1984a, 1987), eross bedding within the strata is
suggestive of flavial deposiﬁun {Reading, 1978; Reinek and Singh, 1973). Ward
(1984a, 1987) has interpreted these deposits as small alluvial fans but has noted
the sugge#tion by J. McCarthy (pers. comm, to LI, Ward, 1983} that these
deposits and those of the Gomkaeh Basal Breceiz could be indicative of a
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regressive shoreline succession. This scenario could also explain the origin of the

 carbonate cement. Ward (1987) has countered this suggestion on four main
points. Firstly he points out that the Namib Uncenformity Surface extends to the
Great Escarpment where it reaches 1000 mictres in zitiude; iv hias, in contrast,

been shown that the maximum Cainozoic sea level on record along the Namibian'
coast {in the Buritfeldschuh - Bogenfels region} is 170' metres above j:mmm Tevel,

: Secondl}’ the break up of West Gondwanalund was 'Ibthwed by the furfnaﬁon

of the Great Escarpment by headward erosion, and the coastal tract was bevelled
by pediplanation processes. (Dingle and Scrutton, 1974; Martin, 1973; Partridge

- and Maud, 1987, 1988). Thirdly, Ward (1987) points to the the local derivation.
of the quartz and gamet components as opposed to the redistributive effects thar
would generally be expected with marine processes {Ollier, 1977). A further
consideration is that spaaily contemparaneous deposits are not found on the
Namib Unconformity Surface where it transgresses the Salem and Donkerhuk
Granites. Also, no marine fossils have thus far becn located in these deposits.
Fourthly, Ward {1987) points out that the carbonate could originate Grom
calcareous metasediments of the late Precambrian Damara sequence such as.
marbles and limestones in the Gaub Valley and the limestones and dolomites of _
the Nauvkluit Nappe Complex. Further the southerly winds postulated Tor this
period (Ward et al., 1983) would have been able 16 introduce aerosol carboriates
from southerly source regions.

Facies €

The pfesence'uf red brown, feric oxide stained, cross bedded aeoliénites within
this deposit with acolian grain merphology strongly suggests active dunc
development and movement in an ancient Namib sand sea of possible early
Tertiary or Miocene age. The presence of longitudinal (liear} dunes in the
Tsandab Sandstone Formation sand sea is dilficuit to confirm. Problems in
recngmsmg longitudinal dune forms 1 fossil dune deposits were noted by Rubin
and Hunter {1985), who drew attention to. the fact that these dunes can move
laterally and thus develop unimodal eross bed dip directions (as opposed to
bimodal-bipofar dips} and can therefore be confused with transverse dune
depasits. Dips within the Tsondab Sandstone Formation tend to have one
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dominant component in the duacuon of lmgratmn and the oppnsmg dip is
'reduced or absenr.

' The occurrency of Acheulean Industry stone implements assaciated with the
deposits of the Tsondab Sandstone Formation was noted with preat interest,
These can not be used to date the depasits, however, as they are only ever found
-on top of the deposits and never within them. It is further nﬂie_d that the tools
are always made from large cobbles of the Karplenklifif Conpglomerate Formation
't\ ;pe which are not, to ‘be found an}whera within the Tsondab Sandstona
' Formatmn : :

Facies D

Various origins have been postu]at;d Foz the pattemed ground Features found in
Facies D deposits. Ollier and Seely (1977) proposed that jointing within the
" lower Tsondab Sandstone was responsible, whereas Besler {1982) and Watson
(1980} invoked desiceation of gypsum-bearing sediments as an explanation,
Watson (1980) also supgested that the ma;:foﬁ‘acmres were a separate feature
which he linked to relict fluvial channels. Ward (1984a, 1987) has proposed a
further alternativer cementation of the Facies D' deposit was achieved by
precipitation. from celclum rich waters associated with the deposition of the

" KarpfenkWT Conglomeraiz Formation, which is closely associated with these

deposits. During precipitation calcium carbonate crystal expansion occurs
{Goudie, 1973; Netterberg 1980). Such expansion is thought by Ward (1984a,
1987) 10 have been the causative factor in the formation of these macro-fractures,
ie. Ward (1984a, 1987) proposes = volume increase as opposed 1o the volume

decrease invoked by Besler (1972) and Watson {1950), ' '

Facies E
The presence of sediments of Facies E closely conforming within the proto -

* Kuiseb Depression to current riverine deposits of the Kuiseb, Tsondab and
Tsauchab rivers along with lenses of gravel and pebbles stronply points to the

@



fluvial origin of these deposits. The interdigitating facies have been differently
interpreted by Selby (1976), who regarded she zed layers and wedges as palaeosols
reflecting perinds of possible ameliorating limate conducive to pedogenesis (Fig.
* 3.8 and 6.1). Selby (1976}, however, records that the supposed brief mesic periods
were 0o ]nmted for clay or calerete formation. It should be noted ihat these
reddish units are made up of sands typical of Facies C dune deposits, although
they contain moré carbonate and sylvite than true Facies C deposits; this was
probably a product of the. hydromorphic _orooesses_ aysociated with the
emplacement of the Facies E comoonent and the capping Karpfenkliff -
Conglomerate Formation, Ward (1984a, 1987) has reported halite and syhote
within these red deposits. The biogenic termitaria like structures comman to true
Facies C are also found here, and cross stratifi cat:o_n is similarly present.

- Facies F

These deposits are'inr.erprcted in terms of three main origins: firsdy the formation
of pans in interdunes ans} bedrock depressioﬁs during pluvial events; secooi:!ly; the
deﬁ'elopment'of' pans io'the distal reaches of ephemeral watercourses; and thirdly,
the dismemberment of watercourses by advancing duries, as suggested by Ward
{1988a;.

These deposits of dolomite rich indurated carbonate have also been
. interpreted as having been precipitated in dolines by Marker (1982), Marker
(1982} [inds support for this costeistion in suggestions that the ‘Namib .

Limestone’ (= Kamberg Calcrete Formation) was deposited as a fan system, the o

50 called dolines being concentrated alang proximal parts of the fan,

Facies G

The aeclian character of these later'a.l variant facies of Facies C is supggested b}
the grain morphology of sub-cmpace {aeolian reworked coarse fluvial sands} -

graing and the well prescrsod acolian cross bedding found here. The westerly o

azimuth wedge planar cross bedding within the deposit is strongly suggestive of
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"Fipore 6.1: Facies structure at Kamberg shawing near-horizontal
stratification in an east-wesl direction and interdigitating fluvial Facies E and
aeolian Facies C. . _

dominant easterly wind regimes, as is the case at present along the channels in -
the area through which boundary layer winds are funnefled penerating complex
and stelfate duneforms,

Karpfenkliff C'énglamem:é Formation

 Mardn (1950, 1957) first recognised the alluvial origin of the Karpfenkht
Conglemerate Formation Kuiseb/Gaub facies when living in & sheltering
overhang of the deposit. Its ﬂuviél characteristics wera-:c_onﬁnmd by Ollier
(1977) and by Ward {1987: 17) who described it as the “earliest record of @ well
developed Kuiseb-Gaub drainage system in the central Namib™. The presence
of interbedded Facies £ and C arenites suggests, however, that the shift to more
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mesic conditions in the eastern parts of the T\amib occurred spasmodically over
an extcnded permd

Ward (1984a, 1987) has suggested that the Karpfenkhiff Conglomerates in the
‘Kuiseb/Gaub regioa were deposited as a large alluvial fan below the Escarpment
which was possibly further west than today, and which was probably less well -
dissected. ‘The alluvial processes responsible for the depasits did not, in Ward's
{1987) opinion, incise the Namib Unconformity Surface to any great degree. This,
together with the unconfined nature of the deposit and its clast size reduction and
thinning in a westerly direction, conform to criteria generally accepted for the
identification of afluvial fans (Blatt er ol 1980; Bul, 1972; Cooke and ‘Warren,
-1973; Readmg 1978; Seliey 1976). The channel forms noted earlier, if accepted
as indicative of braided streams, would also lend support ta the alluvial fan model
(Bull, 1972). The small proportion of clay;silt within the deposits is common to
such braided stream environmey: (Bull, 1972 Selley 1976). Upward fining
probébl}' represents decreasing fluvial energy, with periodic high'energy flooding.
Partridge (1983a, . 1985b) and Partridge and Maud (1987) have, however,
© suggested that fluvial deposition in the mid Tertiary on the west coast may have.
been influeticed by epeirogenic uplift. Lancaster {1984b) has suggested that
" deposits which are now identified, in this stdy, és lateral equivalents of the
Karplenkiff Conglomerate Formation as expressed along the Tsondab River,
represent the distal deposits of a Jarge low angle fan laid down at the end of &
shailow Tsondab valley in the middle Miocene. These deposits were then
cemented into a conglomerate during the middle to late Miocene. These events
were followed by large-scale erosion to a depth of about 30 metres and the
deposition. of younger suites of gravel making up the Hamilton Viei

B Conglomerates, and finally the Narabeb silts; these units can probably be

equated with the Oswater Conglomerate Formation: and Homeb Silt Formatian
rcspecnvely in the Kuiseb valley, Deposu;s that have been correlated with the
Karpf'enkhﬂ' Conglomerate Formation include the Arrisdrift: Gravel Formation
of the lower Orange River Valley which has been dated to middle Miocene on the
ba_sis' of its rich, diverse faunal assemblage {Corvinus and Hendey, 1978; SACS,
1980). Hendey (1978) has suggested that these remains indicate 2 warm mesic
woaodland environment, but this may, in fact, merely reflect the local influence
.of the river ¢orridor. ‘The Grillental Beds of the Elizabeth Bay Formation have
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been placed within the carly Miocene (Greenman, 1969; SACS, 1980); while the
gravels of the Khan and Swakop rivers were accorded a similar gy by Gevers
{1936). Calcified depums of the Middle Ugab valley (Mabbutt, 1952) were linked
“to the KarpfenkIHF Conglomerate Formation by Ward et al. (1983). The Catrona
Conglomerates in the Angolan Namib have '~ :n dated to easly Miocene by
Soares Carvalho (1961). o

o L'ancas_t'er (1984c) has supported i :mtention that the Arrisdrift and
Luderitz faunas accumulated at about the same tme as the gravels of the
Karpfenkliff Congloﬂ;erate Formation in ‘agreement with the supgestion by
Yaalon and Ward {1982). =Lancaster (1984c) has stated that the Capping
Conglomerates (= Karpfeakliff Conglomerate Formation) represent the oldest
fluvial depdsité in the central Namib, This is manifestly not the case, as eatlier '
fluvial phhses within the Tsondab Sandstone Formation itsell indicate, '

Rooikop Gravels

Rust and Wieneke (1976} have quoted radiocarbnﬁ dates of between 30 000 and
35 000 Ma for these &epnsits, afthough SACS (1980) has drawn af_tent.ian to the
possibility of contamination errors. Although similar deposits in Namaqualand
and the Sperrgebiet havé buen thought to be of a Pleistocene age (Carrington and
Kensley, 1969; Haughton, 1931), Hendey (1581) has tentatively placed these
within the Miocene on the basis of the warm water evidence. The first upwelling
of Antarctic bottom water associated with the Benguela current can be datéd '
with some confidenee to the late Miocene (Siesser, 1978, 1980). It would be -
expected, therefore, that littoral deposits c'omaining fossil marine fauna
characteristic of warm oceans would predate the begmmng of cold upwelling in
the Benguela system.
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Kamberg Calcrete Formation

. Martin hat repontedly (pers. cormm. 1o Schalz, 1972) postulated that the
‘pedogenic calcrete was formed within & soil and has since been exposed through
erosion, Scholz (1972) has inferred that the surface calerete was formed through
the evaporation of rainwater giving rise to a succession of very thin sinter layers.
In _cohtra.st, the Jower nodular calcrete wes interpreted as being of pedogenic
origin, : : :

£

Calerete duricrusts constitute an important stratigraphic marker in the central
Namib, particularly in the eastern Escarpment areas. These duricrists have:

developed mainly ‘within the upper deposits of the KarpfenkH(F Conglomerate

" Formation gnd ‘on the Tsondab Sandstone Formation in the interfluve areas,

These calcretes were emplaced prior to the anset of recent flavial incision and
‘major canyon formation (Martin, 1950, 1957; Ollier, 1977, 1978; Ward 1984a,
1987; Yaalon and Ward, 1980). Goudie (1972) also noted that the caleareous
' horizons within the deposits predate the incision of the major ﬁ\im.

The calcrete is believed 1o be mdxcauve ofa period of en\umnmental stability.
Yaalon and Ward (1982} have postulated that this period wauld necessarily have
 lasted at Ieast several hundreds of thousands of yeass, under a semi-arid climate
with an snnual rainfall of approximately 350-450 mm; thes¢ conditions were
present only in the east and pave way rapidly to the hyper-arid environment
encountered today in the ~estern Namib (Besler, 1972b; Schulze, 1969; Ward

1984a, 1987). Warc  '87) has reported the presence of small scale

_pseudo-anticlines and synclines within the deposits; this is indicative of a high

degree of maturity, being the result of growth pressures leading to internal

buckling within the duricrust (Goudie 1973; Nctterberg, 19692, 1969b, i980;
.Reeves, 1970; Watts, 1977). o '

The Kamberg Calerete Formation is definitely }'ou'nger than the Tsondab
Sandstone Formation and probably semewhat younger than the {inal phases of
the Karpﬁ:nkhff Conglomerate Formation. Tncision of river systerns into these
depasits was, however, more recent. As has been diocussed the dcposmon of the

Isarpfenkhff‘ Conglomerate Formation h_gs been placed within the end Miocene,
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whereas the deep incision of the local rivers is considersd by Martin (1950, 1961)
Korn and Martin (1957) and Ward {1984a, 1987) to date to end Tertiary times.
The emplacement of the Kamberg Calerete Formation has been assigned an end
Miocene age by Ward { 1984a,' 1987}, thus finking it with similar deposits in the
south (SACS, 1980). The lack of post depositional solution of these duricrusts
implies a retwn to mainly desertic conditions during the end Tertiary and
Quaternary, during which mesic periods were presumably of shorl durannn

{Yaalon and Ward, 1982} o '

_ Gou_die a_nd Wilkinson (1977) have shown that calcretes can ocour in areas
with precipitation as high as 600 to 850 mm per annum, but develop best in areas
recemng less then 500 mm. Neuerberg {1980) has shown that optimum calerete
growth oceurs at around 350 mm‘yr. Cile er al. (1966) suggest that calerete is .
formed mainly on calcium rich deposits, but also allow that duricrusts can
‘develop on coarse alluvial fan deposits as well as on finer material which need
not be carbonate bearing. Blfimel (1982) points out that caleretes need not be
restricted to a particular type of substratum; the material need anly have a
permeability sufficlent to allow solutional transport of calcium carhonate. He
-reached the conclusion that the duricrusis o Namibia were generated by allothic
aeclian caleium carbonates, Le. which have been "post- or syngenetically .
transformed and dislocated by 2 pedogenic process™ Blomel {1982 71). The
pedogenic explanation for the formation of calerete duricrusts is certainly the
most favoured at present (Bliimel, 1982; Rohdenburg and Sabefberg 1989, 1973;
Sabelberg and Rohdenburg 1975 Wemer, 1971}, :

Bliimel {1982) also-expressed doubt as to the dating, and although récognising
different depositional phascs, proposes that the youngest depasits date to the last
‘glaciation (Wilrm} whilst the slightly older generations have ages greater than 43
000 before present {(B.P.). Dating can only be applied to the time and stage of
subareal diagenesis and not the period of initiation of precipitation
(Subterrancous stage) (Blimcl, 1982). '

Lancaster {1984a, 1984c) considered that Ward (1984a) and Yaalon and Ward

{1982) have placed too great an emphasis on the necessity for a mesic climate for -
- the formation of the pedogen_ic calerete. ‘There is, in fact, support for the
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contention that a state of semi-aridity only was reached; acolian sediments
continued to accumulate at the same time, although it is possible that the rate
of deposition. of these sediments was reduced {Lancaster, 1984c). '

River incision into, and through, the Kamberg Calcrete Formation, the
- Karpfenkiiff Conglomerate Formation, and the Tsondab Sandstone Formation
was initiated as a response to late Tertiary to early Pleistocene continental uplift

{Korn and Martin, 1957). The greater effect of this downcutting witnessed in the

- Kuiseb system can probably be attributed to the stream capture on the inland
- plateau resulting from the breaching of the Great Escarpment (Anon, N.d)
The Disparate Models
The Low-.-fngfe Fan Model -

Besler*s {1984) proposal has been extrapolated into z figure in this study as an

Hiustration (Fig. 6.2). This model shows plan proximal and distal sections prior '

to the emplacement of the Sossus Sand Formation, iflustrating the large
low-angle fans. Besler’s (1984) concept of Jarge alluvial fans marking the end of
the Tsondab Sandstone Farmation must be treated with caution, as no evidence
was found diring this study for capping fluviatile or fluvially reworked aeolianites
west of the Karpfenkliff Conglomerates as i¢ the case in coasts] areas further
sowth (Ward, 1.D., pers. comm., 1989%; Ward, 1984a} whers the uppermost
deposits are of aeolian origin. : '

Besler (1984) and Besler and Marker (1979) have also reported the presence

~ of a younger, cross-bedded sandstone, often containing calcium carbonate
* nodules found in the form of ridges but never as cliffs. It appears to be less

compact and ¢ohesive than the typical Tsondab Sandstone. The morphology and-

.distribution of this variant suggests that it may represent relict dunes derived
Trom weathering of the parent deposit (= Tsondab Sandstone Formation). A
particular example noted by Besler and Marker (1979: 158) east of Narabeb and
west of Tsondab Viei {Fig. 6.3) was cxamined'and showed close correlations with
'_ t_he aeplian Tsondab Sandstone facies presemt slong interfluves where
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Figure 6.3: The varant sandstone dune {asrowed) of Besler and Marker {1979
. east of Narabeb and west of Tsondab ¥iei,

consclidation is poor, J.D. Ward (1989, pers. comm.) has a-lso"interpreted these
deposits as an erosive remnant of Facies C of the Tsondab Sandstane Formation.

The Axial Deposition Model

The conclusins put forward by Ward (1984a, 1987}, in what has been termed the
Axial ch:i'osition Model in this study and cxtrap'olatad into a plan and crass
section figure {Fig. 64), have been confirmed along the Kuiseb River, This model
ol sedimentation has now been exténdéd south to the Tsondab and Tsauchab
- axes where the sedimentary sequences have been shown, in general, to micror the -
sequence in the Kuiseb valley, although local variations are evident and an
additional facies (E'ames G) is present.
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Other applicable studies

Wilkinson's (1987, 19882, 1988b, 1985c) findings in the Tumas River Vallsy, to

the north of the current study area, have firnished little corroboration for the
Fudings of this study. OF the thirteen events which are thought to have nccurred
within the Teruary, unly the first seven are seen by Wilkinson (1987, 1988a,

19270, 1988c) to furnish links with the- deposition of the Tsondab Sandstone -

Formation, Karpfenkiff Conglomerate Formation and Kamberg Calcrete
Formation. The deposits in the Tumas River area do not. 3t into the facies
- ‘associati :n and sequence of the Tsendab Sandstone, but a basal conglomerate

{the Leeukop Conglomerate Formation) rests on the Namib Unconformity -

Surface and is followed by aeclian and reworked acolian units with gravel
stririgers, all of which are covered by up to two wnetres of sandy gravels which are

heavily cemented by gypsum.  This deposit may represent a late

Tertiary:Quaternary equivalent of the Karpfenkliff Conglomerate Formation

The Reconnaissance Mapping

Extensicn of the intensive mapping along the Kuiseb River valley to more
‘southerly areas has shown that the distal deposits proposed in the Allwvial Fan
Model gre absent. Two base maps have been created, one (Fig. 6.5} as a
reconnaissance extension of Ward's (1984a, 1987) map (Fig. L1) and cne

- encompassing the more southerly study area (Fig. 6.6). The reconnissance

' n'iﬁppiﬁg has shown also that general depositional sequences were repeated Grom

fluvial axis to fovial axis during the time of accumulation of the Tsondab

deposits & , k. .. deposits. ‘The additional facies that was recevded during the
study has bevs. - .crporated imo this map with outcrop to subouterop status.
" High linear type dunes identified by Lancaster (1989 as compound dunes
between the Tsondab and Tsauchab rivers were s2en 1o expose outcrops and

suboutcraps of Tsondab Sandstone Formation indicating a higher fossit altitude
for these deposits in this area. Large mesas found especially around Tsondab -

Vlei have been recognised as outcrop grading into subouterop i the south.
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The T\m'Dimensinnﬁl Sections

“The creation of & set of two dirnensiona? sections is a downward extension of the _

mapping exercise which aims 1o portray the sitvation that is believed to have '
existed at the conclusmn of the KarpfenkHff fluvial phase and the Kamberg
pedogenic phase.

The sectlons must of necessity comprise some conjecture Whe.n itcomesto the
illustratios of deposits which have been removed during the re-incision of the '_
Kuiseb, Tsondab and Tsatchab Rivers. However, based on the remnants Jocated
during the study and 2 spatial feel for these deposits gained during feld
reconnaissance, it is felt that Ward’s (1984a, 1987) model fairly represents the
probable appearance of the Tsondab Sandstone Formation and KarpfenkifT

- Conglomerate Formations towards the end of deposition. The development of
the Tsondab Planation Surfuce is thought to have been associated with the active
fluvial regimes of the KarpfenkiifT phase and the effects of the pedogenic
Ka.mberg Calmte phase, '

Remote Sensing

As can be seen [rom the remote sensing iliustrations the simifarity of the deposits
_ of the Tsondab Sandstone to modern deposits of the Sossus Sand Formation
leads to an extremely complex image, which was deemed to be of little use in this
study. The enhanced picture (Fig, 5.33} cemprises 2 total of 262 144 pixels of
which 226 889 are unclassified, 4743 arc ideatified as calcified conglomerates,
4961 as calcretes, 23 868 as fluvial deposits and 1953 as aeolian deposits.
Reference to the base illustration (Fig, 5.31) indicates immediately that the figure
for zeolian depasits’ is incorrect. Examination of the images leads to the
conclusion that surface enhancement processes are grouping outcrops of
Tsondaby Sandstone with the sunlit sides of Sossus Sand dunes, and fluvial
features with the darker sides of Sossus Sand dvnes. The identification of

conglomerate signetares sccm&, in some cases, to be mote successful. It may be '
concluded that satellite jmage processing is of litle use where an ancient
sedimentary deposit is similar 1¢ and in juxtaposition with 2 modern equivalent.
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Figore 6.8 Single spectral band red for the ceniral Narmib Desert.
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Figure 6,9: Single spectral band 3 infra red for the central ﬁamib Desert.

A somewhat more useful result was achieved through the creation of images from
single spactra] bands (Flgs 6.7, 6.8, 6. 9}, in which contrasts bmd on smgle colo.n:
reflectivity pmutded better differentiation. . '

Dating

The main quest for knowledge of the age of the Namib has come from
researchers concemned with the evolution of the specific character of its fauna and
flora (inter alia Endr8dy Younga. 1978, 1982: Koch, 1461, 1962; Scely, 1978,
1984; Seely and Low, 1980; Tankard and Rogers, 1978; Van Zinderen Bakker,
1975). Koch (1961, 1962} was one of the first scientists to ppstufate that the
Namib i5 an ‘old” (Cretaceous) desert based on the diversity and adaptation of
the endemic favuna. '
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Siesser, (1978: iDS) has supported a younger #ge for the Namib ".. it is
suggested that major cooling upwelling of the Benguela in early late Miocene
times initiated aridificatior of the Namib desert.”  He concludes that “evidence
presented ... suggests that major.coohng of the Benguela only became prominent
in late Miocene times, and raﬁd onshore desiccation probably followed” (Siesser,
1978: 112},  Van Zinderen Bakker's (1975) - Oligocens age for the
beginning/intensification of aridity in the Namib is supported by the findings of
~ Shackleton and Kennett (1975) who have shown that Antarctic bottoin water
temperatures first drapped to their present lows at that time.

Ward er af, {1983) have, however, pointed out that the cold Bengﬁeia Current
is not a necessary prerequisite for arid conditions to prevail in the conteat Namib.
Further Stocken (pers. comm. to J.D. Ward, 1987) has noted that remnants of
the end Cretaceous surface of the southern Namib are not everywhere deeply
leached and kaolinized (Ward, 1987), although such features, in assaciation with
silerete duricrusts, occur widely on these remnants (T.C. Partridge and R.R.
Maud, pers. comm,, 1989). The proscn. of a very thick wedge (c. 4 km) of
Albian«Mﬁastri_chia_n sediments in the Walvis basin offshore of the central Namib
(Dingle and Scnitton, 1974: Ward, 1987) gives somte sﬁppdn for placing the main
period of erosion prior to the formation of the Namib Lnconformity Surface
within the Cretacéous. In addition, the incision of canyons by the larger rivers
has been dated, albeit tenuously, to the end Tertiary (Korn and Martin, 1957)
by analogy with the deep incision of other southern Affican rivers (King, 1951,
1953; Partridge and Maud, 1987). -

Dating of the final stages of arenite deposition may be possible through
paltaeo'nto]ogical_ means. Within the upper layers of these deposits (and perhaps
deeper) clear fossil golden moledike trails are preserved. These indicate the.
presence of & creature similar to the durie inhabitant of the present day. There is
a possibility of dating genetically the time span for the diversification of these
ereatures from their main Family line (T, Ward, pers. comra.). It should be noted,
however, that most contempo'ral)* mammal lineages develorad within the Jast 20
million years (R.R. Maud., 1990, pers. comm.; Smithers, 1983). -
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The succession within the central Namib illustrates several different sets of -
énvir_omnenml circumstances. The skeletal nature of the Basat Breccia resting on
the Namib Unconformity Surface, together with the lack of weathering
penetrating into the the underlying Precambtian schists of the Damara sequence
- is indicative of arid conditions (Olfier, 1978; Selby, i917; Ward 'er'aI., 1983; Ward
1984a, 1987), In this it conirasts notably with the deep Weathering and
silicification. of most remnants of the African susface preserved in areas to the
south of Lideritz, below which the Namib U nformity Surface has been cut
(T.C. Partsidge and R.R. Maud, pers. comm., 1989). The subsequent
accumulation of arenaceous sediments of the Tsondab Sandsione Formation js
illustrative of desertie conditions, with various facies representing dune seas and
sand sheets, as well as ephemeral watercourse and pan/playa deposits. Moister
conditions. seem to have prevailed in the western uplands, leading 1o the
widespread accurmlation of pan/piaya deposits.

A pre\rmhng somher]} wind regime can be shown to have been in force by

* reference to crass-stratification in the palacodune dcpos;ts ‘The distribution of
the fluvially reworked arenite Facies indicates that there was perhaps less water

~ available from the Escarpment than today, as deposits of this kind extend only
as far as Gomkaeh in the Kuiseh River valley, and slightly further west than
Tsondub Ve in the Tsondab valley. The westward extent of these sediments in
the Tsauchab was intermediate, reaching towards the present Sossuselei; the
aciual extent, however, covld no be acm.lratel:. determined due to lack of
downcutting into the conglemerates,

‘Dating of the Tsondab Sandstone has proved to be conténtious. Besler and
Marker (1979) effectively evaded the issue by assigning the deposits a Tertiary to
Recent age, a range gince adopted by SACS (1980). As Siesser (1978: 106) has
asked, “What unequivocal evidence do we have which indicates the age of this
desert?”, Ward's (1984a, 1987) contention that the pre-incision depasits of the
central Wamib are of early Tertiary age iz based upon the assump:ieﬁ that the
incision of these rivers is a response to epeiregenic uplift in the late Tertiary, a
'proposal first pestulated by Korn and Martin (1957), .Partridge and Maud {1987}
have shown that major uplift occurred in the south-eastern hinterland of the
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subcontinent also it Phiccene times; smaller movements characterised the west -
coast ared, .

Lancaster (1984c) accepted 151 ¢he Tsondab Sandstene Formation ;e}iresents

. the remains of a massive sand sea made up of sand sheets, dunes and flavio
lacustrine deposits which accunwilated during the Palaeogene. The lack of Fossils
is, however, a major problem in the dating of these dcposits; Three biologic traces
were encountered during this study. Firsty, termiitasia-like features are cammon,
but provide no real dating evidence. Secondly fossil ostrich egg shells (résmnbiing
Struthio oshanaf) (J.D. Ward, pers. comm., 1989, - identified by Sauer) have been
found; however, these offer little daﬁng potential, giving the deposits an age by
relation only. Thirdly, taces of a golden mole like creature have been
encountered (Fig. 6.10). These trails are very similar to those of today. Genetic
differentiation ealibration has been attempted in various parts of the world (D.
Ward, 1989, pers. comm.) and could possibly provide an age estimate for these
deposits. A possible dating technique suggested by Ollier (1977} for use on the
Tsondab Sandstone Forinatiun is palacomagnetism; the sands of some of the

' facies carry 2 good oxide patina, which might permit a magnetostratigraphy to
be established. - The only other way of daring these deposits is by way of their
boundzry relations. '

Coetzee (1978a, 1978, 1980}, ike Van Zinderen Bakker (1975), also reached
the conclusion that the onset of extreme aridity along the Namibian and western
Cape coasts was inextricably linked to the evolution of Antarctic glaciation.
Coetzee's (1978a, 1978b} analyses of pollen supported Tankard and Rogers
(1978) contention that major aridification of the subcontinent dates from the
Pliocene. Cuetzee {1978%) alto guardedly raised the possibility that axdd
' conditions aver the sub-continent could date further back than the onset of eold
upwelfing. More recently Van Zinderen Bakker (1984) has supported a ialt;
Miocene age for the onset of aridity and has linked its ongin to fully Oedged
upwelling within the Benguela system. This latest proposal is based upon _ '
~ palynclogical evidence from Deep Sea Drilling Project holes 532 and 530, leg 75.

Ollier (1977: éll) s suggested a “pre-upper Cretaceous and or Jorassic” age
for the Naib Inconformity Surface. He further suggested that after their
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Figure 6.10: Bumows of a golden mole Like creature (amowed) within the
aeolian facies of the Tsondab Sandstone Formation-south of Swartbank.

accumulation a new erosion surface was cut gcross the deposits making up the
Tsondab Sandstone Formation. This erosion surface was referred to as the
Tsondab Planation Surface, described as a “vast pediment” (Ollier, 1977 208)
which stretched from the Escarpment to the Atlantic Ocean, Ollier (I977) saw
the Tsondab Planation Surface as a second distinct datum in the geomorphic
history of the ares “separating the period of accumulation of the Tsondab
Sandstone Formation from the later history of fluvial erosion and wind
deposition” (Oilier, 1977: 208). He visualised the subseqitent emplacement of the
KarplenkIiff Conglomerate Formation a._s & pcriod of sheetflood deposition, these .
thick deposits then being cemented into conglomerates. The Gomkaeb Basal
Breccia has been assigned a Tertiary age because of an apparent correlation with
the Tafelberg Quanzites (Ward et dl,, 1983). The Tsondab Saadstoge Formation -
has been equated {Martin, 1950) to aeolianites of the Upper Bumtfeldschuh
Formation, in the southern Namib. These azolianites overlie mid-Eocene marine
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. sediments and are capped b}' end-Miocene pedogenic celcretes (Stnnken, pers..
comm. to J.D. Ward 1987).

The Karpfenk[iff Congl'unmte Formavion has several age interpretations.
- W.rd (1984s, 1987) and Martin (pers. conwn. to J.D, Ward, i981) have
postulated an early to mid-Miocene age for these deposits, whilst the pedogenic
caleretes capping the interfluves have been cgiated to similar duricrusts of
end-Miocene age in the southem Namib {Ward er al., 1983; Ward, 1984z, 1987},

Ollier (1977} has associated the caleretes capping the Precambrian schists to
the north of the Kuissb and oz outer .ps in the western part of the study area
with the "Basement Conglomerate™. However, the Kamberg Calcrete Formation
" on the Tsondab Sandstene Formation is identical 1o that developed directly on
the Damaran bedrock, and the Gomkaeb Basal Breccia shows no signs of
. pedogenic calerete development, although it is thoroughly permeated by
carbonate, Further, the calcretes developed on the Pamaran metasediments have
few or no breccia components. These deposits on exemination turm out to be the
deposits of Facies F Zcbm Pan Carbonate ‘\damber discussed earlier. Ollier’s
(1977) linkages are therefore questioned.

A Iate Cretaceous age has been postulated for the formation, or exhumation,
of the Namib Unconformity Suzface by others {Mastin, 1950, 1973, 1975; Oilier,
1977; Ward et al., 1983; Ward, 1084a, 1787), Partridge (1985) and Partridge and
Maud (1987, 1989) have, however, recognised the Namib Unconformity Susface
a$ a mid Miocene planation surface. Parmdge (1985) alsa drew attentiop te the
weak development of the' Betiguela Current during the n-uddle o late Dllgooeqe,
accepting available palacontclogical evidence that the system only intensifted and
became fixed during the late Mioeene, The intensification of this system is linked -
" 10 the stable circulation of the South Atantic Anticyclone as 2 main csuse of

- aridification; these factors are séen by Partridge (1985} as being responsible for
the conditions which led to the emplal:ement of the acotian Tsondab Sandstone ;
Formarion. I'artndge {1985) further postulated that maximum aridity within the
area did not occur in pre-Miocene times as has been suggested by some, but
during the Pleistocene, when the present Sossus Sand Formation accﬁmulatec‘,.
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Partridge (1985} and Partridge and Maud (1987) have suggested that
planation continued relatively céntinuqusly from the time of continental rifting
until the mid Tertiary. They also point out, however, that the resulting surface
is generally capped by thick ferruginous or siliceous duricrusts beneath which
deep kaolinized profiles are developed (Partridge ané Mand, 1989), Such deep
weathering and duricrusts are, however, absent on the Namib Unconforniity

- Surface. Partridge {1985) sees the planation of the Namib Uncoaformity Surface

as commf.ncmg with mid- Tertary uplift of the subcontinent, ar uplift that was
" associated dlso with a westery tiing. Parmdge and Maud {1988) cite the early
te mid Tertiary deposxts from Arrisdrift, Ehzabeth Bay a.nd Boshuspan as
evidence that mesic conditions were in opmnon in these ai.as dunng, the mid
Tertiary. They have recently noted the presence of a regionally extensiv< silcrete _
dusicrust capping decp weathering profiles under a well planed surface {the
Aftican Surface) marking the Crstaceous-Tertiary (K-T) boundary and dating no
yaunger than the Palaeocene; remmants of this surface are still preserved owing
to the lack of Neogene modification in parts of southern Afiica. In Namibia
Partridge and Maud {1989} have recorded this" surface underlying - the
Buntfeldschuh Formation and the Langentat Beds sopth of Lideritz. :

Partridge and Maud {1988) indicate that the Namib Unconformity Surface is
2ut below kaolinized and silerete capped remnants of the Afiican surfkee, and
represents a major cyele of planation which removed il of the _origihal Aftican
Surface in the central Namib. The Namib Unconformity Surfzce i, in their i’iew.
referable 1o the Post-Afican 1 cycle resulting from early to mid-Miccene nplift
and tilting. Partridge and Maud {989, pers. comm.) have, through altimetric
studies, concluded that, in the southern Namib, remnants of the African Suface
- have a tectonically induced southerly: pradient. This inclined surface is deeply
dissected and js absent to the north of Lideritz, where it gives way to the lower
Wamib Urr_can[‘oﬁnit}' Surface (Fig, 6.11). The lack. of a deeply kaolonized apd
silicified surrace'underlying the Tsondab Sandstone Formation confirms the
correlation of the Namib Unconformity Surface with the Post African 1 surface.
Late Mineene intensification of upwelling in the Benguela system then Jed to
aridificaion 2nd emplacement of the dunes, sand sheets and ephemeral
watsrcouise deposits which make up the Tsondab Sandstone Formatios.
Partridge and Maud (1988) aiso believe that the matimum extension of the
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Figure 6.11: Relationship of the Namib Unconformity Surzce to the Affican
surface stylised after Partridge and Maund (1989, pers. com.)

Namib Sand Sea (= Sossus Sand Formation) occurred during the Pleistocene,
This would allow up to fifteen million years for the depasition of the considerable
thicknesses of terrestrial sediments tuat . make up the Tsondab Sandstone
Formation, the cementation and diagenesis of these sediments, planation to Fom'l'
the Tsondab Planation Surface, the emplacement of the Karpfenkiff
Conglomerate Formation with subscquent developinent of the Kamberg Calerete
“Formation, and subsequent :_:rnsidna'l and aggradanonal events associated with '
the downcutting of the major fluvial channels in the area. '

‘Two main dating framewarks can thus be set up (Table 6.1}. The ._chuim:"nf'

wltich is correct must await further evidence and hopfully the acquision of
-datezble n: “erial.
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Table 6.1: The two main chronological frameworks for the Tsondab
Sandstone and associated Formations,

“OLD ARGUMENT

DEPOSIT

_Ward er dl_ (1983} (Pmdgq}’gghl}?ucjﬁ?a&ndge 1988)
o Middiﬁ to Late Miocene [Ramberg Calerete : Plincede, Pleistacene
Early to Middle Miocene | Karpfenkliff Cor.glumerﬁte ' Upper Pliocene
Oligucene_—Eoéene Tsnndab Saadstone - Mid to Latwe Mioéenc
Valaeocene Gomkaeb Basal Brfacéia : Mid Miacene

Terxrmroenk

A discussion based on earlier chapters has been preseated
in Chapter 6 together with an extensive discussion of the
dating problem associted with the Tsondab Sandstone
Formation. These all Iead to the conclusions reached in
Chaprer 7. -
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CHAPTER 7

| CONCLUSIONS

The work undertaken within this study throngh mapping, topographic
interpretation, areal analysis and satellite image processing along with intensive -
literature reviews, has Jed the author to the conclusion that what has been termed
the Axial Deposition Model in this study, not only explains the depositional

'sequence along the Kuiseb axis but can be extmpolated to deposits throughout

‘the study areg. The Low Angle Fan Model is problematical because, although
near Escarpment erosion {(Randfurche) is strongly evident, distal alluvial fans are
absent, The only large, well deveioped atiuvial fans are those of the Karpfenkliff
Conglomeraze Formation, which are notably absent in distal areas, and in
addition, are mainly cobble conglomerates with iitle sand input, and are found
mainly in pmxxmal near-Esca:pment areas. .

The origin of the sands of the Tsondab Sandstone Formaton is a
cantroversial issue. Local sources from whirh to derive such substan-.al
_quantities of sand do not exist in the form of z:udable sedimentary strata. The
three most likely sources are Muvial input from erosional retreat of the Great
Escarpment and high lying interior regions, coupled with inshore zeolian
transport of sands exposed during marine regressions, and longshore drify of
sands from the Orange River moouth, '

The surface form of the Tsondab Sandstone Formation and reference 1o -
standard models of desert landform development in northern deserts seems to
have been the main factor which led Besler (1980) to propose what has been
termed in this study the Low Angle Fan Model, The surface is, however, mainly
a planation feature, a fact recognised by Ollier (1977); it shows evidence of large
scale erosion with only minor depositional modification. This blanation is
thought to have been slightly éarlier or contemporary with the KarplenkIifll
fluvial phase. whick in any case occurred afier consalidation of the'Tsohdab
Sandstope. The results of this study suggest the existence of a Jarge-scale
* repetitive facies sequence in the central Namib, as originally proposed by Ward
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(1984a, 1987). This sequence is shown te be duplicated along all of the fluvial
axes of the study area,

_ Satellit= fmage processing was used in the smdy but was not found 10 be a
techmigue applicable to the study of sedimentary bodies when these are partially
mantled by deposits of & similar nature, 2nd where lighting anglé and intensity
interferes with the results. |

Dating of the deposits of the Tsondab Sandstone Formation remains 2 matter
of debate. Although not rackled as a major problem in this study, a fairly
intensive 1eview has been undertaken and presented as & discussion in Chapter
6. Before any final conclusion can be reached about the dating of the Namib
Unconformity Surface, Tsondab Sandstone Formation, KarpfenkHff
Conglomerate Formation, Kambeérg Calcrete Formation and subsequent everits,
detailed exploration of the whale extent of the deposits With a major aim of
discavering dateable deposits will have to be uadertaken. '

Cursory examinatiop »f deposits to the south of the -sfudy area was
undertaken between the Tsauchab River and Luderitz-Aus rcad jn the proximal
areas and showed mo significant differences when compared to the cyclical
deposits of ihe study ares. Detafled investigation of these deposits is also
recommended. : ’ o
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" Appendix I
_ Cross sections jsorth to south * :

1. Base orientational map for cross sections.
2. Cross section A. 14°45°E. - '
3. Cross szction B. 15°E.

4, Crass section C. 15°15E,
'3, Cross section D. 15°30°E.

6. Cross section E. 153°45°E. -
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Appendix 2

Cross sections east 10 west

1. Base orientational map for ¢ross sections.
2. Cross section F. 23°15°S.
3. Cross section G. 23°30°8.
-4, Cross section H. 23°45°S.
3. Cross seetion 1. 24°8.
6. Cross section 1, 24°15°5.
7. Cross section K. 24°30°S.
8. Cross section L. 24°45'S.
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Appendix

Recent Sazellite lmages Available for the Céntral Namib.Desert.

L. WRS 179-076 from 20th May 1984 to 17th August 1987,

2. WRS [79-076 fram 13th October 1987 to 7th October 1989,
3. WRS [79-077 from 4th May 1984 to 1st September 1987,

4, WRS 175-077 from 17th September 1987 to 7th October 1989,
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__ - Appendix 4
Two Dimensional Sections of Sedimentation in the Central Namib '

1. Base orientational map for cross seczmns
2. Cross section A. 14745 E.

3. Cross section B. 15° E,

4. Cross section C. 15°15" E.
5. Cross section D. 15°30° E,
6. Cross section E, 15°45° E..
7. Cross section F. 23°30° S.
8. Cross section G. 2330 S,
9. Cross section H. 23°45° 8.
10, Cross sectjon 1. 24" 8. -
11. Cross section J. 24°15° 8.
12. Cross section K. 24°3(G" 8.
13. Cross section L. 24°4% 8.
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Appendix 4.10: Cross section 1. 24° S.
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Appendix 4.12: Cross section K. 24°30° 8,
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