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Aridity in southem Africa: o-rigins 

ahd expression in landforms and sediments 
. ' 

N.LANC'ASTER . 1'"1§3 
t 'n.irersity of Cape South Ajrico 

ABSTRACT. Today, arid and semi-arid climates have a wide distribution 

in southern Africa. Lat.e Cenozoic landforms and sediments from the 

Namib suggest ih at although the area has experienced peri6ds of 

increased humidit y, thes ·e have tken of limited extent and duration and 

.that the region has expe ·rience ·d no · climate more humid than semi-arid 

since the end-Nio cene . Trends in the character of sediments and 

landforms suggest. that there has been a progressive increase in aridit y 
during the Late The · sedimentary record from .the Kalahari is 

less clear, but similarly implies · a long history of arid and semi-arid 

climates in this region. · Thus, palaeolakes record periods of 

considerabl y increa sed humidity, whilst extensiv e systems of linear 

dunes, . now fi ·xed by vegetatio n, point to at lea st three periods when 

aridity was both mor e intense and of greater exten t than at present. 

INTRODUCTIO !J 

Toda y , the climates of southern :Africa are dominated by seasonal or 

permanel1i aridity. Some 74 % of t 'he ar·ea of the subcontinent is clas­

sified as arid or se mi -arid (Paylore 1979) in a series of concentric 

of increasing aridit y centered on the hyperarid Namib Desert 

·along the west coast (Fi g . 1). Two main sub-tropical arid ):"e_b.iQ!ls can 

be distinguished on the basis and phy siog raphy (Fig. 2): 
the hyperarid Namib Desert along the west coast and the arid to semi-
;·;{d Kalahari in the interior. -- -

been co-nsiderable interest in the a ge and 

. Late Cen.ozoic history of aridity in southern . Africa. Most of this has 

· concentrated upon events in the Desert and has been stimulated by 

considerations of character and evolution of i t s distinctive fauna 

and flora (Koch 196 2; Van Zinderen Bakker 1975 ; Seely 1978; 

Tankard and Rogers 19 t8; Endrody Younga 1978, 1982). Interest in - the 

aubject continues at a high level; as witnessed by the panel discussion 

at the 1981 SASQUA conference (Vogel, Rogers and Seely 1981) and recent 

flapers by Ward et al. (1983) and Van Zinderen Bakker (in press), In 

'ontrast; _ discussion of palaeoenvironmen -ts ._in the Kalahari has concen­

trated on the Late Pleistocene and the chronolog y of periods of · humi d 
tl1111ates (Heine 1978, 1982; 1979a, b) • .. 

f The aim of this paper is to discuss the evidence ' contained in land­

or.s and sediments for lon g-continued and persistent Late Cenozoic 
&rldity in the Namib and th e Kalahari. 
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Figure 1. Dis tribution of <Jrid cl imiltes in southern Africa, a s shown by 

isolines of th<' Bucl\·ko - Lettau dr yness ratio (th<e number of times the 

me an an n ua] n e t r <Jclia tion is able t o evap ora t e the mean ·annual r ai nfall ). 

Areas 1.•ith valu e s of 2 - 7 a re · consl.dered semi-arid, 7 arid and 20 

extremely arid. 
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Figure 2 . di v i .sions o f the .subtrop ical and tropiul .:· 

arid zone fh so uthern Africa . 
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The ev iden ce for th e antiqui.ty - of ·aridity in the Nar..1b ha::- bee n full ) 

discussed by \..'ard et' al. (198 3) ,: - who put forward th e- vi< '"'' that the 

mos l_ T€' r _ti_ar:r i J2 "tht' SU_fbL'sts that . they 
we'r e" 111 and or Tla .. mos t 'striking 

evidence of Terti.ar y · aridit y in .'-the re t;ion is c ontai'lCod . in th e thick 

red brown sands torie s of t b folJlla t i on a t1d i ts · prob­

able equivalents, which ar e _wide1 v distributed , in - the cen tral and 

southern Namib (Be sle r and Harker 1979; Ward · et al. 19 83) . Th e sand­

ston es contai n both dune and sarid sheet structures with lar ge scale . 

cro ss b.eddin f_ dip-ping towards · the northeast · and n o rth-., •est, implyin£ 

de pos ition by "''inds fr.orr. s_outlterly directions {llesl er and Ha r ke r 1979 · 

war -d et ai. 19 83) . They the . accumul.ation of a majo r sand 

in t he central and southern Namib over · a period of some 20 t o 30 m.y.; 

prior to the to La te Hiocen _e. ·· · 

Although th e Lowe r to ___ of the southern 

namib appear to T n-d'icate . a- more n;esic ' climate and savanna ve geta tio -n 12 

.to 18 m.y. a go (Corvinus and Hendey 1978), the sedim e nt s suge; e st depo­

' s1tion £L sea s onal _or __ ephemeral strea ms (1-.'ard et al. 1983 ). · Fur"'the;: -·----- . -- . ....... 
in the central tlamib at least, __ ()_[_ th_E:,, TsOIJdab 

stone Formation _ wer e accumulating . at the same . tim e as g ravels of 

we re be1ng la1d down 1n · the adJacent valle ys (laalon and 

\lard 1982). 

The Miocene fluvial gravels and the upper of ihe Tsondab Sand­

stone Formati on and its equivalents were extensi.:vel y calcreted during 

the · end Miocene (Nartin 195 0 ). These thick pedogenic calcretes were 

interpreted by Yaalon and Ward ( 198 2) as indica -t in g - some SOO 000 years 

of _a_!1d _a _ with a rainf all 

of 350 to 45 0 rmn. However, this evidence for more · mesic clir.Jates in 

the Later Niocene represents an interval · of no · more than sem1-aridity 

l. !_tl_::..t_he _ r<;g.ion and it appears - th"at ac;£,um,;lp. .t ion 

throughout the period, albeit possibly at a reduced - level. 

·· It appea r s- that during the Pliocene, a climate of modern affinities 

•as developin g in the region. Seisser ' (1978, 1980) reports a variety 

of sedimentary, palaeontological and . geochemical data from DSDP cores 

from the Walvis Ridge, which indicates that upwellin g intensified 

•ibnificantly from the Late Miocene (7 to 10 m.y. BP) onwards and that 

tttt Beng-uela current developed progr e ssively thereaftet;:. The aridity 

of the . Namib in the Pliocene appears to . be confirmed by pollen from 

cores in the Walvis Ridge area, which indicate a hyperarid climate 

&imilar to that of today throughout tht Pliocene (Van Zinderen Bakker, 

i r. press). Towards the end of th e Pliocene, . the · Obib dunes of the _· 

•outhern Namib were formed and the main ·Namib -Sand Sea be ga n to accumu­

a tl' (Ward e.t al. 19 8-3 ), possibly aided . by the Pliocene regression 
(H esser and Dingle 1981). . . ' 

Kalahari 

has acted as a major sedi i!'_E;ntary _ basin since the Creta ·­

(Ta·; kard et aL 1982) a;;d · a considerable thickness (up 
1
" m) of . terrestrial sedip1ents, mainly sands _an,<;! marls; with playa 
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'' d c>) •O!;ltS in son1€' areas as· des c ribed by (1934); Du Toit (19)4); 

i:>ooco ci< • ami Van Straten (1962); Ho ne y ·(197 :.' ); Smit (1977); 

( 197& ); fSACS (1980). 1 of' the sedimt •n(s hav,, been calcreled or 

silicified (Watts 1980; Summe rfi e ld 1983 ). 

The re ar e few expo s ures of these t e rme d the Kalahari Grou -p 

by SACS. (198 0 ), and even few ·er detailed st.udies of their litholog y and 

Consequently, the age and de po s itional environments of 

t he Ka lah a ri · Crou p remain uncertain. Cahen and Lep e rsonne (19) 2 ) and 

)la bbutt (19)5) have attempted to assign a ges t o its members by cor­

their occurrence with land surfac e s of different antiquities. 

In the southwestern Kalahari, llabbutt (195 5 ) suggested that the pre­

Kalahari Group surface wa,s Cretaceous i n age and that the Kalahari 

limestone and underlying calcareous sandstones were of I:arly Tertiary 

age , with the surface Xalahari sands pred a ting the end-Tertiary 

in c ision of the River vall ey s. However, as Ne tterberg (1969) points 

out, th e a ge given to the Kalaha .ri limeston e , and thus the age of the 

'-'hole sequence, is based on slender pala eon tol og ical evidence. Martin 

(195 0 ) has tentativel y su ggested that the Kalahari Group may be 

correlated with the Tsond a b Sandstone Fo r na tio n and its equivalents, 

with the Kalahari li mestone possibly be ing equivalent to the end 

lliocene calcretes . of the east e r n · t<a mib. workers (e.g. 

Poldervaart 1957; Baillieul 1975) hav e that the surface 

Kalahari sands ar e Late Tertiary to Re c e nt in age, although . Korn and 

Martin (1957) firmly them a Pliocen e age. 

Interpretation of depositional en vironm e nts for the . Kalahari Group is 

ha mpered by the lack of exposures, but there seems to be general agree­

ment that its sediments accumulated in arid to semi-arid environmentr; 

( Srilit 1977; SA CS i980). This is supported by. the 

sp .r_ead occurrence of calcr _e_tes _, often with a high . dolomite content 

19.80 whl ch represe -nts a gf e p isodes of pedogenesis in 

se mi-arid climates since the Silcr e t ; s a!'so founi 

1983) a n d. distinct ch;;; ist ry and mineralogy 

that the y were formed in pan mar t; in_ environme Jl_t,!>• Late Tert 1-

ary stro matolites fro m Etosha Pan (Martin and Wilczewski 1972) indicat«' 

. ..iJI __ this area. · 

Although the precise provenance of the surface sands h 

uncertain, most workers have acce 'pted that they be_en 

by the wind a number of times c:J.uring the. Late J;_enqzoic (Poldervaart 

J9)7; Grove l969; Hildred 1973; Baillieul 1975). Thus, their 

widespread distribution in southern and south central Africa (fig. l) 

points to a number of periods of · very extensive aridity in. the 

Cenozoic. 

TUE QUATCPJlARY P-ECORD 

The Hamib . 

The Quaternary sedimen ,ta:ry geQ.morphic rec o rd for the Namib . is ocw ., 

continued aridity or extreme aridity, with considerable evidenc• l• 

sug gest that Quate_r_nar Y: climatic fluctuati<:ms in tJ::Ie regio!_! _••·ere 
magni J.ude,_ and extent and were __ superimposed upon a .of: !.net 

aridity as originally suggested by Korn and Martin (1957) • 

.._ of . the Nar.lib Sand Sea continued, with sand derived ..-r 
ly from southern and western coastal source areas (Rogers 1977; 
ter a .nd Oilier 1983), fed ultimately by the sand fraction of ttw · 
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the Ora nge River. 'i'h ;i,.s pr.ocess W;J>- pnli .. al>ly -i ac ilit ateG 

by level 's and higher '-'l nd · 

Haxima. Further smal lSa .nd --se as an d -du m f 1; l ds 

during th e _Late _!2e .i;st9c:ene _ and Hamaqualand (Tank a r d and 19 78) 

and the . .Jp __ the northern Na mib (Lan cas ter 19f:2 ). Th is pr ocess 

is still c ontinuing. Stage ;-- :-r ;; · th e: d_evelopment of th e Jlar.lib Sand Se a 

are marked by wed ges of dun e ar cri it .es with ste evly dipping la -r ge sc<. l c 

for e sets intercalated l.'ith fluvial conglom e r a t es _· prob ab ly _· llid ­

Pleisto cene on the south bank of the Kuiseb r i vc r. These wer e 

interpret e d by (198 2) as th e d ep osits of lar ge li nea 'r cy pe dunes 

which abutted the river in a manner similar t o th ose adjacent to th e 

river tod ay • Dune bed ded sand s are also present on th e r..a q ; i ns of a 

pan in th e eastern Namib, the depos it s of whi c h co ntain r.emains of th e 

!lid-Plei stoc ene Elephas · reckii (Shac kl ey 198 0 ). 

Continuin g aridity in th e Namib is also evid e nced by th e surface 

of palaeosols (Yaalon and Ward 19 82) and calc a reous 

(Selb y. e t . al. 19 7 9). Quatern a r y DSDP 

cores on the Walvis Ridge ar e ve of a cover similar 

to that of today, with indi ca tions that the hu mid-­

it y which "occ urred wer e not sufficient to change th e c omposition of the 

vegetation (Van Zi nderen Bakker, in press). The t e rri ginous s ed iments 

from the same cores indi ca te a dominance of ae o lian inputs and thus 

arid climate s in the region over the last 200 000 years (Diester Haas, 
pers. comm.) :;. 

The vall eys of the major Namib rivers from th e Tsondab northward s 

contain sequ e nces of de posi ts which record period s of aggradatio __!) _ _ of 

grave _ls .an d silts duriht, the interv enin -gp eri.ods .. _of 

T ncisio.n (Ge vers 1936; Habbutt 1952; Korn and Harti n 19 57; Ward. 198 2; 

Voge l 19 82 ) . Whether or not these sequences . reflect Qr _ eus _ta­

tic · changes in the Namib and its hinterland (Ward et a l. 1983 ), it 

see-ms clear from the s.edimentary character of the depos its that they 

were laid o._ down in arid conditions, as suggested by the presence of 

large -the southern bank of the Kuiseb durin g: the deposition of 

the Oswater conglomerate (\.lard 1982). ... a cc u_m]Jl-ated _ 

Kuiseb valley __ n_QQ.Q .. t.Q.. 19 QQ_OJ J' _.in conditions of reduced strea m dis­

f_ompetence (Vogel 198 2 ) which have a c centuated by 

the blockin g of the valley by dunes (Rust and Wieneck e 1974; Harker and 

Huller 1978 ). Red sands contained in niany marginal f acies again su g­

gest the _ 9( _d\l..ne_s_ tp J iver (\Ja rd et al. 
1983). 

Deposits from the Uis river, in .the ' central Namib, su gges t a dec line 

in stream competence from · the Late ·Tertiary · which i s inde pen de nt · of 

tectonic and basin area changes (Korn and Martin 1957 ). A si milar 

ai;tuation obtains in · the Tsondab Valley, where an epi sodic dec line in 

.&tream disch a rg e and competenc -e seelJIS t o have occurred t hro u ghout th e 

Quaternary (Se e l y and Sandelows _k.i 1974; Lancaster 198 3) . These 

changes in fluvial deposi .ts suggest a progressive · . des i cca t .ion of the 

region the Quaternary. . 

Calcified reed bed and pan margin deposits with C1 4 clustering 

&round 32000 to 31 000, 29 000 to 27 000, 22 00 0 to ,.2 1 · 000 an d 12 000 

lo 10 000 BP (Vogel and Visser 1981) are scattered . t h rou gh the central 

Althou gh suggestive of moister condition s , · their occur ; ence in 

proximity to modern groundw.ater and river valle ys ·sugg 'ei-.sts low 

&Qplitude climatic changes. 
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Fi gure 3 . Distribution of sa nd s o f L ll :d1.1r i t\'pt? 1n ·sou t hE:.rn AII -i c:l a nd 

maj or s.:md sea s i n th e i\amih . 
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Fi gu re 4 . Geneializ ed trends of majo r dun e systems 1n south e rn Afri ca . 
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Kalahar,i. 
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Th e Qua t e rnar y sedimentary : .. l!ld . t,;eumo rplti c . r ccotd for the Kalahari 

su gges t s <;; lim a t es the re g ion flu c t uatc •d ::Ji.>out a semi-ar ' d 
I o.l andll y oi Vl'r y considc ' I-able 

altl'rn :•te d I·Hth form a t ion of pe d o ··eni .c col cre te s 1· · · 
· 1 . · . . . . b . n lnter-
va s of senn-arld ·c l1 ma t es 1n t he P]) " · r Ple · t · 

. l. s oc en e 
an d Late. Pleistocene - Recen t (Net terberg l 9u9 ; \.'<Jt ts 

we re l 1m1ted pe ·r1od s of sub -hu mid climates, a !o ev i de nc ed . by sh a ll OI,' 

lak es in valleys and J.>an de pressfons (Lancaster .l 979 b; liel g ren · and 

ll roo ks 1983 ) and th e de positi o n of sinter i n caves (Cooke 1975). The 

significance of large palaeolak es in th e 

Dep re ss 1on lS uncertain , !;ive n th e tectonic inst a bi l it y of the 

de lt a r eg1on and the exo r e i c na tur e of mos t of i t s dr a inage . (Cooke 
198 () ) . • j. 

tHcr ocos ms of Late Quat ernar y climatic c;; ha.n<L in th e southern Kal a ­

hari a r e contained in t he dep os it s a n d landf o r ms of tl •e pans (Lancaster 

' 197 8), wit! • period s of deflation in sub-arid t o arid co nditions alt er -
! · 

na t e d with shallm.• seasona ] . or pe r manent alkalin e l a kes forr. 1ed in 

hun .i d climates. A' r a t he r si n1ilar record of . alternatin !? arid and su b ­

humid c lir.lates is provided by the alluvial, collu v ia l and lacustri ne 

t s of the Do be and Xangwa valleys in and (Helgren an d 

Brooks 1983) . 

Ex t ensiv<> s yst e·ms of pa rall e l, mostly lin ear , dun es n ow fixed by 

savann <J occur · thr ou gh out the Kalahari f r om tl 1e Oran ge river 

t o soutli l· r n Angola an d s C:,uthwest e r n Zambia (La ncaste r 19 81 ) , formin& an 

arc cor responds ap p roxim ate l y t o the patt e r n of _ outbl owin g 

around th e Sout h African antic yc l one (f:i g . 4 ). Th e ex isten ce of dun es 

fixed by savanna vegetation and occurring in ar eas whic h t oday receive 

450 - 650 rrun of rainfall annu a ll y i s a g raphic illus t ration of t he 

extent of aridit y -" in · southern Africa. Currentl y ac tive dunes 

are restr'icted to the Namib Desert where rainfall is l e-ss than 100 

per year; whilst dun e crests ar·e active in some areas of the south­

western Ka lahari wher e rai nf afl is . betweel) 100 and 15 0 rnn;. Comparison s 

of the present pos ition of the 100 mn1 isohyet with th e distribution of 

fix e d dunes ·(Lancaster 19 8 )) indicate that it · la y up to !00 0 - 1200 kr.. 

northeast of. its present position •:hen the. norther n du ne s were formed. 

Formation 9f the southern group of dunes .involved a_.....200 to 300 k r.-, 

northeastward shift of the 100 mm isohyet. 

On the basis of the align ment patterns of dunes of dif fe rent morpho­

logies, Lal'l.caster .(1981) identifie .d three patterns · of palaeosandflows 

and winds, ·whilst et al. '(1981) ide .ntified two. It appears 

that eeriods of aridit y and dune formation wer.e as soc iated with, an d 

l'robabl y caused by, a larger and ' more intense anti cyc l on i c circulati on 

and windspeeds (Lanca s ter 1981). 

Assigning a g es to the · periods of a rid 'ity is diffi cul t. In the north-

\ western Ka.lahari Helgren and Brooks (19!33) su gges t th a t the large 

linear dunes .. were formed durin"g the tarly Pleistocen e or even the Late 

Tt:rtiary . Although it is difficult to cre .di t the survival of ·r .ecogniz­

a ble dune forms from this l'ength of time, these dunes are of some ·anti­

Quity, as they are cut by on·e · of the favlts which forms the western 

boundary of the Okavango Delta (Mallick et al. 19 8 1 ). ·· The latest 

PE!riod of aridity recognized froni the sedimentar y and geomorphic record 

at . Gi _postdates a valley......,ide lake in 1the Dobe valle y and may span much 

the Last Gla.cial Maximum period (He_lgren and Brooks 19 8.3 ). · It may 

lit: tentatively correlated with · the aeolian · sand in va s ions of ca v'es in 
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tl.c nc'a r by 1;wih ab e llills, which occ urr l' d prior to a period of extensive 

sin t e r deposition 17 000 to 13 . 0 00 19 75). 

ln th e. Nakgadi k gadi Dep r ess ion, Cookt' ( 19 80) and lle l gr en (in press) 

:; uo;o;est 1ntervals of Lower to !lid-Pl eis t oce ne arid 'ity, with de flation 

of pan and lacu s trin e depo sits. A ma jor arid ph ase , with extensive 

dune formation, took place in th e lat er Upper Pl eis t oce ne , after the 

drying of the 920 m lak e . Thi s peri od i s pos s ibly equivalent to that 

lvhich f o rme d the Group 2 dun es of Lancast e r (19 8 1) and may t e ntative} 

correlated w_ith a period of aridit y and dune formation 

tram the Hakgad1kgadi area for period c oe va l with the La s t Glacial' 

tlaximum by Heine (1978). Wides p read dry climates in the . Northern part 

of the· Kalahari sands rebion are reco gn iz e d at this time in southern 

Zaire. Blow outs and def lation hollow s form e d on the Kwango Plateau 

(De Ploey 1963), whilst there is a hiatu s i n the archaeological record 

for the period 25 00 0 - 15 000 BP (Cahe n 197 8 ). 

In the southwestern Kalahari, orga nic soil horizons below the dunes 

have Cl4 dates of 28 00 0 + 4900 - 3200 BP (Heine 198 2 ), implyin g stabi­

lized dunes at this time. Heine ( puts forward a variety of 

strati!;raphic · and sedim e ntar y evidence to indicate a period of dune 

formation and mu c h increased wind £peed s i n this area during the Late 

Glacial. Ther e is further evidence from this area for increased arid­

it y and dune extension during the Holocen e, som e 4500 to 3500 BP (Heine 

19 82) , as dune sands ar e interstratifi e d with fluvial and colluvial 

deposits in the Auob river near Gochas. 

DISCUSSIO!lS AND CONCLUSIONS 

1h e Tertiar y sedimentar y record for th e Namib and Kalahari stronsly 

sugg e sts that s e dimentation in the re gio n dur i ng this · period has taken 

place mostl y under conditions of arid to extreme arid and semi-ar .id 

clima .tes. Dominant depositional environments have 'been sand seas and 

dune yields, with proximal and distal alluvial fan, ephemeral flood 

plain and pan or playa facies. Period s of geomorphic stability veu 
c'haracte .rized by extensive pedogenic calcrete formation. Such condi­

tions appear to have probably for much of the last 20 •·Y· 
and possibly for the last 50 to 80 m.y. This vie "-; ' follows Ward et al. 

(1983), but is contrary to that expressed by most previous worken; 1c 

region (Tankard and Rogeri i978; Seel y 1978; Lancaster 1979a; 

Deacon 198 0 ), but supports the tentative sug ge stions for an Oligocea. 

a ge for aridit y in southern Africa put forward by Van Zinderen B.aiLILer 

(1975). Unlike the . Tertiary sedimentary and geomorphic record for A&d• 

tralia (Bowler 1976 .;· Kemp 1978), there is no published evidence lot 

humid climates during the Cenozoic in the region of modern Kalahari 

and Namib deserts. It a pp ears that the an.tiquity of arid climate• &a 

s outhern Africa may parallel that from the Sahara, where Sarntbe1a 

(19.78) suggests that intervals · of aridity oc c urred 38 to 34, 23 to • . 

and 13 to 12 m.y. BP. 

Comparison of . the Quaternary sedim e ntary and geomorphic record 

the Namib and Kalahari suggests an essentially similar pattern, 

c limatic oscillations bei ng superimp osed on a mean of generally ar 

hyperarid climates in the Namib, and semi-arid climates in the 

hari. Th e re is some eviden c e to sug gest that aridity may have 

fied in the Namib durin g the period in question. The 

extent of the climatic oscillations varied between the Namib and · 

hari. In the Namib, t!:ey were of low and 'ex,tent, wllU.C · 
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Ka lahari th e r e is a much greater contra s t bl' t\;( ·c.·n the 

ex pa n? i on s of aridity a s evidenc E> d ·by th e of f ixt!d dun es 

and t'l te widespread Late Glacial humid period in . tltv s ou Utcrn Kalahari 
(L a n,£as t e r l979b). . 

h'hil s t ther e is eviden c e for cons .iderable e xpa ns i ons of th e area of 

aridi.t y a t intervals, there is n o reliable chr ono l ot;y of . events, n o r 

an y a t; r c cme nt up o n th e natur e of the chang es in H ' !; i onal 

pattern s . For exan 'l' le, it is not known wh e t he r ar i dit y and dun e 

forr.tati on in th e norther n Kalahari re s ulted fro m a exp an s ion of 

th e ar ea of th e arid z one as su gg ested by La nc a s ter (1 98 1 ), or " 

latitudinal s h i f t in the position of circulation (Van Zinder e n 

Bakker 197 5 ; Tankard and 197 8 ). A priorit y f o r f uture re.search 

in tbe pa l a eocli r.1at olo gy of the ar i d zone in south e r n Af r'i C;a should be · 
to resolv e these questions. 
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