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Botswana in ~1ay "to Sopt0mbcr 19'(2 and April to August 1973, tog'other 

with the subBoquont analyses of the samplos oolleoted. 

The southern Kalahari today is still a VIil<l and oonparatively 

inaocGssible plaoe. Travel in txw area is onl;y really possible 

along the fC)'!;J bunh tracks that exist $ and even then it is time 

consuming and heavy on fuel. Over much of tho aroa potable watc->r 

supplies arc abscmt or unreliable.. Conr;icierations of safety and 

logistics thus diotate 1<lha"l; it is possible to undertake .. 

Regrettably, from the 80ientif10 point of vie",], many of the 

oonolusions reaohGd in th1s dissertation must be regarded as 

tentati ve, as i t 1jJa[~ not alway's possiblo to obtain oonolusi ve 

evidenoe in support of them .. 
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Sekoma pans VIas dorived. from samples made available by To Baillieul~ 

then of the Geologioal Survey, Lobat se v Bots'VJana, who oonduo'ted the 
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SOMM.A.RY --
The main geomorphio features of the southern Kalahari in Botswana are 

the 1000 pans or small.dry lakes which. lie along the broad watershed 

between the Nossop - Molopo and Makgadikgadi drainages. 

No previous detailed studies exist of the pans" which appear to. have 

developed under climatio oonditions unlike those of today. and appear 

to represent further evidence for ~tern.ary climatic change in the 

region. 

The pans,. whioh may have a grassed, partly grassed or bare clay 

surface, are contained in shallow sub circular to sub elliptical 

. isolated depressions, on the southern side of whioh .is an a.rea of 

fringingdlmes, indioath"e of a d.eflation origin for the pan 

depressions.. . 

Analysis of the di~tribution of the pans shows that they are 

strongly clustered f but do not form aligned groupings .. 

Two dune ridges, both formed by northerly winds, are identified .. 

The composition of the dunes shows that the outer dunes were formed 

by .deflation from .. the . site of the pan depressions and the inner 

dunes by deflation of sandy pan deposits. 

The nature .of the deposi"hs whioh underlie the pans and the flanks 

of the inner dunes is desoribed f and upper sandy and lower clayey 

phases identified. Their compos:"- -bion indLoates that the pan 

depressions once held extensive permanent lakes, whioh gradually 

oontracted as the olimate beoame drier. The nature of the pan 

surfaces today is shown to represent a sequence as the pans are 

excavated by deflation .. 

Thepaleoclimatio signifioance of the three main periods in the origin 

and development of the southern Kalahari pans is discussed.. The pan 

depOSits provide further evidence for a major wet period in the 

Kalahari some 12000 to 20000 years ago.. Deflation to form the outer 

dunes took place in the al!id period that occured 20000 to 25000 years 

ago, and the inner dunes were formed during dessioation of the 

olimate some 10000 to 12000 years ago .. 



CHAPTER 10 



The southern Kalahari in Bots"VIJana is a great gently undulating sand 

plain at an altitud.e of 1100 to 1200 rn abovo sea level, oovered by 

shrub and bush saV8,nna and reoei ving a very vari;:1ble annual rainfall 

of 250 to 400 ffiffi4 

The prinoipal geomorphio features of the area arc the thousand or so 

pans whioh break tho monotony of the otherwise almost featureless 

sand plain. Most of the pans, or smal1 ephemeral or dry lakes, are 

contained in sub oiroular depressions some 1 .. 5 to 4 km acrOSi3 and 

10 to 30 m deep. On the southern side of the panEl is an area of 

fixed arouate sa:nd dunes, which rise to a height of up to 40 m above 

the depression floor and extend for 1 to 2 km from the pan edgo. 

At the present timo tho panEl, whioh may havo a grassed, partly' grassed 

or bare olay surfaoe g oontain shallow '~Ja:ter bodies or "playa lakes" 

after heavy rains or viet seasons. 

In southern Afrioa, any depression that holds water after a period 

of rain is oallo(l a pan. Consequently the aSf3emblage of landforms 

described above is popularly called a pan. HOVJ0VOl'i for the purposes 

of this d.issertation tJ:H~ term pan will bo used to refer to the flat 

central portion of the depression that may be covered by water after 

rain. The term pan as used here is thus synonymous with playa, 

rlefined by Neal (1965) as the flat central portion of a desert basin. 

The location of tho study area is shown in l:t'1igo. 1.1 and 1.2 t and 

covers an area of approximately 130000 km2 • 

The southern Kalahari in Botswana forms a small part of the Kalahari 

basin~ a vast sand covered plain that stretches north from the 

Orange river in South Africa to the watershed between the Zambesi 

and Zaire rivers and beyond to 1 ON latitude. rrho Kalahari basin is 

bordered to the west by the highlands of Namibia (South West Africa) 

and Angola~ and on its eastern side by the hills and plateaux of 

eastern Botswana, 'Rhodesia and Zambiao According to Wellington (1955) 
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In terms of the physiography of the southern Kalahari with its low 

relief at a relatively high altitude, unconsolidated surfaGe deposits 

and lack of surfaco cl:rainage ~ oomparisons are ['lOre cliffioul t to make. 

Grove (1969) likened the physiography of the Kalahari to that of the 

Sahelian zone of vleet Afrioa. Both are semi a:dd areaB of low relief i 

and their landforms appear to have developed under periocls of 

alternating vJet and. dry climates in the Qua:cornary. However? the 

Sahel is at a lO\iwr alti"cude th[3,n tho Kalahari and somevlha:c warmer, 

In many respects the southern Kalahari may be 1110re closely oompared 

wi"th the southern H.igh Plains of Texas 9 U.S.A.. Both areas have a 

similar olimate 1 ~oJi"th a high evaporation rate and a 10vJ summer 

rainfall. Geologioally, the areas are similar with unoonsolidated 

sanely surface deposits forming featureless plains at an altitude of 

1000 "to 1200 tUo rrhe existenoe of small lake basins and lack of 

surface drainage cU'G again a point of comparison. 

~V+-QV.~"L\r!L9]:ill,l}tH.o;L'().GJ9.P.k,KfP~§!iJ~Cll"JJL"Jl1~, Kfl.Jf~JIAJ.1I 
The Kalahari has attracted the at"tentions of geologists and 

geomorphologists for. some time. Apart from the ol;servations of 

travellers and hunters like Andersson, Oswell and Livings-lione, the 

first descriptions of "the geomorphology of the Kalahari are con"tained 

in Passarge's Die Kalahari (1904). 

Sinoe the 1920's there have been a series of descriptions of "the 

geology and geomorphology of -lihe Kalahari. by Du Toi"t (1927) t Rogers 

(1934, 1936), \layland (1952, 1954), VJellington (1955) and Boooook and 

Van Straten (1962), mostly based upon reconnaissance s"tudies of the 

area with a view to "the development of its mineral and water resources. 

It was not until the availabili"ty of aerial pho"tography of the whole 

of "the Kalahari in ·bhe mid 1960' s that the true nature and extent. of 

the landforms of tho region beoame known.. Grove (1969) provided the 

firs"t oomprehensive description of "the landforms of the Kalahari, 

based upon a detaUed stuely of this aerial photography. Grove's work 

indioated the great variety of landforms in the region, many of them 

giving clear evidenoe of Qua"ternary olimatic fluctuations. 



Cooke and Harren (1973) have summarised the nature of geomorphio 

researoh in arid and sowi arid regions, and suggest that it oonsists 

of a period of exploration, oharacterised by reconnaissanoe studies 

of the geomorphology 1 follcwed l)y a period in ,Jhioh more detailed 

studies of la.ndforlTl and prooosses t~tkes pIctou. This pattern has 

clearly appliod in tho Cf.we of -tho Kalahari f and Grove IS 1969 study 

oan be seen to mark the oulmination of the reoonnaissance phaso of 

geomorphology in the Kalahc1ri. TrIG 1ilriter I s s-tudy of the origins and 

development of tho l,c:ms of tho' southern Kalaha.ri can be seen to be: 

directly' inspired b;y the "JOrk of previouFJ invon"liigators, particularly 

Grove, who have pointed to the existence of an unusual~ yet widely 

ocouring~ landform of unoortain origin.. The present study oan also 

be seen to mark tho b;oginning of the second s"bago of goomorphologi.oal 

investigation in whioh de"tailed studies of landform and prooesses are 

under-l:;akeno 

PREVIOUS WORK ON PANS IN SOUTIlERN AFRICA 
~~~"_C"""";lf""""'~~ __ .\W_~ ~ .. "," ,'- ,1; •• Y.'·""'LM(I.:,4,~.It/,.~II1I_""~"''''''''''''-''_''''''~~·C'''' 

There are oonsiderable numbers of pans i.n southern Afrioa. Rogers 

(1940) estimated that "there were 9000 pans 100 m or more aoross in the 

Kalahari bet,'Jeen the Orange river and the Zambezi. Outside tho 

Kalahari an equally largo number of pans exist in parts of the northern 

Orange Free Stato and 'I:ransvaal. 

The pans in the northern Cape Provinoe "Jero desoribed and attributed 

to wind aotion by Rogers (1908) and Du ToH (1907, 1926). In the 

npanneveld" of tho wo;:rt;orn Transvaal and northern Orange J?ree State 

there are large numbers of pans? apparently tho romnan"ts of former 

river systems, whioh have been desoribed by Wellington (1943) and 

Coetzee (1960). ReoGntly~ Butzer ~Ji. 01. (1973) have studied the 

sequence of deposits preserved in Alexandersfontein pan, near 

Kimberley, and COc101i1dod -Ghat tho pan held a lars"G permanent "Jater 

body some 16000 years ago. A further group of pans occurs in the Lake 

Chrissie area of the eantern Transvaal. Wellington (1945) concluded 

that they represented. remnants of the head "Iaters of the Vaal river, 

beheaded by tho oapture of tributaries by the eastward flowing Usutu 

ri vel"'. Subsequou"1:; modifioa ti on of sectiouG of the river valleys by 

sil ting and wave aotion resulted in the presont shape of the panso 

There are oonsid.erable mlii1bers of pans in Namibia (South West Africa), 

Worther (1935) described line and sand pans in tho headwaters of the 



Auob and 'Nossop rJ.veru@ Jaeger (1939) invcfl'tigatod a large number 

of pans, and desori'bod their form and deposi t8 in Gomc detail. 

J)ut despi to their largo numburs and distinctive; na-bure tho 

geomorphology of tho southern Kalahari P(~];H3h,as roooived little 

attention. In the literature; on the arOt1 only BooGoa1\: and Van 

Stra ten (1962) and, Grovo (1969) make; more -hhan a brief referenoe to 

tho pans. In viow of -this it is not surprising that: "the origins 

and development of the pa11;3 romainB a matter of' hypothesis and 

oonjeoture" (Blair Ra,inf3 and Yalc11a 1972) f a fJi tUCl.'tion not 

unoommon in tho Btudy of important desert landforms. There is thus 

a need for a oomprohonsive investigation of the origins and 

development of tho pans of the southern Kalah,;;,:d_ .. 

!li!.LA:P~_2II!"~()Q~rJgnRJ!L.,Kli.~1:l:®,t._A§",A,,E~()'~E.lb.,g1iP'~:g~1 
The existenoe of fixed dunes adjaoent to lako basins w,hich oontain 

3 to 4- m of lacustrine doposi ts, but are nOvi dry or oocupied by 

ephemoral lakes, is olear evidonoe of past olimatio ooncH tiona in 

the Kalahari unli.ke those of the present da;)T. Evidenco of 

considerable climatio fluotuations in tho region during the 

Quatornary vJaS first reoognised by l'layland (1954) 1rJho stated that 

-t;he Pleistocene episodos in the Kalahari provided a sequenco of 

oontraE,ts, the impro[3sive Gvidenoe of which oould hardly be bottered t 

if indeed equalled, an;ywhero in Africa. Grove (1969) rocognised two 

periods of Quaternary aridity and sand movement in -Ghe Kalahari, vii th 

an intervening humid periodg during whicb, tho Makgadikgadi d,eprossion 

was ocoupiod by a 34000 k1n2 lake. 

The pans of the sou-thern Kalahari may thus be oonsidered as relict 

or fossil landforms, profJorved by tho prosent inactivity of -t;he 

processes that lod to their formation. Suoh fOElsil or reliot 

landforms are COiiHTIOn in somi arid and arid. areas and their study iE; 

an important part of desor-(; f,'eomorphology (Pocl 1966) .. 

Many landforms are not diagnostio of tho olimatic oonditions undor 

which they were for111od and, their existenoe oannot be reliably used 

to indioate the nature of past or pro sent climatcf3 e HO~l1ever 7 vJhon 

the evolution of a landform involvos both orosion and deposition it 

may be possible to roconstruct the sequenoe of erosional and 



deposi tional cmvironmonts by a r::rtudy of tho naturo and stratigraphy 

of the doposi ts formed. rrho evidenoe from sodimontf:l and o'bher 

deposits composing a landform is frequently a more roliable guido 

to past environments thai1 its morphology. 

Howover i somo landi'orms may yield valuablo palooolimatio 

information. ]'or' oxa!i1pIG 1 the oriontation of dunos has been widely 

used (Haok 1941, HoHon 1940 1 Hoovos 196:), Grove 1958) to indioate 

paloo"Jind direotions, and abandoned shorelinoB in lake basins arc 

invariably indioative of a d08f3ication of tho olimate. In addition 

comparisons with mouern Ha.ctivc ll exampleEJ may be mado, enabling 

recognition of past environmen"tal oonditions. rJ.1.ho 1rJOrk of Bowlor 

(1970, 1973) on clay dlU18S haG sho1rJll the value of such oomparisons. 

Consequently this Btudy of the origins and development of the 

southern Kalahari pans vlill focuss upon hlo f11ain aspocts of their 

geomorphology: tho dunos on the southern side of "the pans and tho 

deposits contained in the pan dopressionso Studios of dunes adjaoent 

to lako basins:tnotably Heeve s (1965) and B01rller (1970) ~ have 

demonstrated that thoir oriontation 7 form and oomposition can yiold 

valuable information of tho onvironmonts in 1rJhioh they 1rJore formed t 

and thus on tho origin [;1...nd devolopment of the adjaoent lako basinso 

The (ioposi ts of the lake basins similarly p:reservo a rocord of past 

dopositional onvir0J:1nlonts? and examim:Uon of -I;ho stratigraphy of la1.co 

and dune doposi ts enableG a rc:lati vo chronology of the developffont of' 

the lakos to bo built up. 

Sinoe the pionoering 1rwrk in tho western U.S.A. (Hussell '18851 Gilbert 

1890) invostig:.1tiol1 of ancient lako basins rlavo bo(m carriod out in 

many parts of the 1rJorlJ.. l'lostof the studies hav() boen concernod 

wi th t.he record of Plei s-Gocene clillla tic fluctuations contained in 

the deposits and shorelines of the lab;) basins 1 and indioate that 

many basins in pre sont SGflli arid and arid aroC'l.C contained si zeable 

pormanen-li lakes d.uring -the Pleistocene. IllustrativCJ of this 

approaoh is the 1rJOrk of 5nith (196B) at Searlos 1;)}:o,Ca1ifo:2nia~ 

U.S.l-l..? Washbou.rn-Kamau( 1971) in tho Nakuru-Elmcm:toi -Ii a basin 7 Konya 1 
and Grove j Strod am1 Goudie (1975) in tho Rlft Valley of southern 

Ethiopia. 



HOi'Jovor. investigations of tho o:eigins and dovolopment of small 

lako basins in sOini arid. aroas are muoh Io ss oommon. In thl. s 

Qontoxt Ro(wos' s'kcr1y of tho pluvial lako bani:n:3 of west ToxaE1 1 

U • S.A. (Roovo 13 1966) and Bowler t s vJOrk in sou-thoa,J'~orn AustriJ,lia 

arc noto1rJOrthy. Reove s I 1:Jork shO\18 olearly tlv.:vt study of tho 

origins and clovelopDlont of lake basins oan yiold valuablo 

information on pawl:; onvironments by pointing to "bhc procossos 

imTolvod. in thoLe formation and. clovolopmc:l1.t. BOv-Jlor's study of 

lakos in southca:Tccrn AUf:rliralia Dhows oloarly t;.lC groat valuo of 

oorrelating la,ko c.l..llC, dune d()poDi-cs to build up a J;)ic'turo of tho 

ovolu·tiion of the lako hlsin. 

AI~l?,~9]~J)I s~~g,~~:r.I,oE 

The aimB of this clissortD:liion are: to doso:1'.'ibo tb,e main features of 

tho geomorphology of tho pans of tho southorn Kalahari~ and to put 

forward hypothosos to explain their origin and dovGlopmonto 

In tho absenoe of any previous detailcd inve st:i.gations of tho sou.thern 

Kalahari pans it is inovitable that muoh of vJha:G follows is 

desoriptivo. Thus a oomprehcnsive desoription of tho topography of 

the pans studied. is givon in Chap-Gor 3 ~ as a preliminary to a more 

detailed disoussion of tho origins and dovolopl11cm)G of tho:i.r main 

geomorphio foaturoG in subsequent ohaptors. 

Clearly ~ tho pans arc; toc1:ty reliot or fossil landforms and an 

explanation of their originH and dovelopmcnt must necossarily involvo 

a considoration of past onvironmental ohc.'1.ngoB in tho Kalahari. It is 

hoped that this stud;y' of tho origins and dovelopmont of 'cha pans of 

tho southern Kala.hari i'Jill provide furthor information on the nature 

of Quaternary olimatio ohangos L1. tho Kalahari. 

The follovJing chap-cors vdll? after a disctlHSion of tho present 

enviroruncm:t of tho) southern Kalahari, considor tho topography and 

distribution of tho pans; the morpholOGY and oomposition of the dune 

oomplexes~ and tho rnorphology and deposits of tho pan depressions 0 
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of 200 km near 'rshane. West of Tshane the ridge narrOvJS slightly and 

gradually rises to its maximum altitude of 1250 m above sea level in 

the Kule -- Ncojane area. To the north? the land falls to the Okwa 

and Mmone valleys at an altitude of approximatel;y- 1000 m. On th.e 

southern side of the ridgo there is a gentle fall to the confluence 

of the Nossop and Nolopo riversv~hich lies at 900 m above sea leveL 

~Phe southern Kalahari thus forms a vvaterGhed be-GVJeon the Oklrw. river 

system draining toward.s the 111akgadikgad.i dGpression, and the NOS[:30P 

Molopo rivers whio.h join the Orange river n8:;U' Upington 7 Cape 

Province Q 'I1his eli vide was oalled the J3a.kalahari Sc.hwelle by Passarge 

(Wellington 1955)1 awl is regarded by vJel1i.ngton (1955) as a very 

ancient watershed betvwon the northern and southern Kalahari basins. 

There are few topographic features of note over muoh of the area, 

apart from the pans and thei.r associated dunes. J..;ooally relief is of 

the order of 3 -. 4. m and oonsists of irregular low ridgeB Beparated by 

wide shallow depressions, giving rise ·to a gcmtl;y' undulating 

topography. In some areacj, for example b<:YGvveen Tshabong and 

Mabuasehube~ the ridges are more marked. and the depressions narrcwer 

giving rise to a oonfuserl? hummooky topographyc I'~an.y of these 

undulations 9 whioh oarry a denser cover of trees and shrubs 9 oan be 

seen on air photographs to have a northeast - southwest to north 

south trend. 'llhey appear to bG equivalent to the IIfaint furrow 

patterns" described by Grove (1969) and tb.e moro extensive Hneaments? 

vi si ble on the J1'R1JlS imagery of the area, whic.h curve round. from east 

northeast west southwest south of the Makgadikgadi depression to 

northeast southvJGst and north south ovor much of the southern 

Kalahari and to north northwest south southeast in the south and 

southwest of the area, and appear to repreBont the degr.)'ded remnants 

of longitudinal dunes. In tho southvJ8 st of the area? in a belt up to 

100 km v.Jide alon,g the Nossop and Molopo valleys there are areas of 

well devoloped dune ridges which form an extension of the fixed dune 

systems of the adjaoont areas of tho northern Cape Province and 

Namibia (South West Africa). ~Phe dunes in the southvJest of Botswana 

are sand ridge s ~) - 10m high and 100 .- 500 m apart with a 

charaoteristic dendritic pattern similar to that described by r,1abbutt 

(1968) in Austra.li.a .• Lewis (1936) described similar dunes in 

adjacent areas of South Africa v and sugg~'f:lted that they were formed 

by northeasterly vilinds. Grove (1969) noted that many of the ridges 
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ooalescod to form Y jUJwtions with the stems poin-ting to the 

sou"theast p and oonoludod that they" were 10ngi tudinal dunes formed by 

north'westerly winds. HovJever? GOll.die (1970) pointed to the problems 

of equating the existenoe of longi tudina1 duneB tronding nort.hvJOfrt 

southeast in tho arc.~, 1vi th the north()as-terly winds of -today and 

suggested that former wind regimes may havo beon difforent. 

Forming tb.e northern mn,rgins of tho southern Kalahari are} the 

extensive Ok\'la and Emone dry ri VOl' systoms ,,>lith valleys up to 50 m 

deep and. 1 - 2 km aoross in plaoes. These ;river .systems formerly 

drained -the highland areas of Namibia (South VJefJt Afrioa) and. oaBtern 

Botswana and flovJod to the r,1akgadikgadi dopression. Tho NO~lSOp and 

~:lolopo rivers ~ forming -the southern boundary of tho area y rarely 

carry water in thoir 10-v·]o1' parts. Normally, tho ]l1010po is dry below 

l\flafoking 7 although ocoasional floHs may reach Bray in vory wot years 

(e"g. 1967? 1972, 1974·~:i)o The form of tho valleys of all those d.ry 

rivers suggests that they once oarried much highor discharg0s~ and 

all are looally deeply inoised into caloretoG. At Pi tsane and KhuiEl 

the Molopo has cut gorgos 30 m doep in schistl:! and quartzites. The 

Nossop is incisod to a doptrl of 10 .. 20 m in oaloaroous sandstones 

assigned to tho lov~or J)d.rts of the Kalahari Iloelso 

Set in the gently undulating topography of tho vJa-Gershed area are the 

pans; whioh are oontaino(l in small sub ciroular d.opressions 2 - 5 km 

aoross and 15 - 20 m deep. Thoy~ and -the oroso(m-tio dunes on thoir 

southern margins~ form the only topographio foaturos of note over 

muoh of the sou thorn K'11ahari. 

Local1y the sanel BurL·,co io broken by ou'tcrops of pre Kalahari rooks? 

whioh give rise to lOiti hills. In tho Sekoma o,roa., Waterberg System 

sandstones form a low northoast - south"Jost treD.ding ridgo bei"Jeen 

Khakhoa and $Gleoma. At Tshabong~ outcrops of' similar rooks give riso 

to lows rounded hillc. 

The geology of the southern l{a,lahari is depicted in Fig .. 2.2~ Huoh 

of the area is mantled by Kalahari Beds~ and as a rOBult t knOiJ'lledge 

of the underlying geology has been obtainodby examination of 

borehole samples. 



The fJouthorn Kalahari formfJ part of the Kalaha:d bafJin? vllhich has 

boen infillod. vJi th sedimentary and voloanic d.eposi t s I::Jinoe Pro 

Cambrian times. The oontral parts of the area (l,ro und.erlain by rocks 

of the Karroo SYG"Goln vJhioh lie i.n a 150 - 200 km "lide basin trending 

northed.si; _. southvJost? I'i.hioh links the Karroo of South Afrioa and 

Rb.odesia. On tho northl/1I0(ltcrn ~lido of tl!.o bash!. are the sandstones 

and. arkoscs of tho Ghe,nzi Formation j formine; -the; Ghcmzi ridge. 

Under lying tho eastern. part s of the sou:thG:rn Kalah::;,ri and f ormin.g the 

southeastern flanl:::s of the Karroo basin aro Pre Cambrian Waterberg 

SystCfil sandstonct:; ,.1nd quartzitcls and TranEnlaal SYEl"GCm d.olomites. Tho 

whole area is mantled with a variablo thicknef3::; of Kalahari Bed:3 of 

varying lithologie f3 ~ culrninating in the Gurf::::.ce Kalahari sd,nds. 

Tho oastern part~l of the southern Kalahari are und.erlain by Pre 

Cambrian rocks, vJhioh extend to Nlabuasehubc pan in the vilest 1 Kokong 

in the northwoErt and Tshabong in tho south. It!rJould appear that muoh 

of this area is und.erlain by :3andstones, conglomoratofJ and. quartz,i tas 

of tho Watarborg S;ysteme Tho low hills northeast of Tshabong are 

composed of roddif:lh grey quartzites whioh Du 'Jloit (1954) corrolo:ted 

with tho Matsap Beds of the northern Capo Province. Similar rocks 

are exposed n01.'th of Khakhea and form tho low ridgo botvl1een here 

and Sekoma. At Khakhoa pan itself a sodimontary s1.1ccosion composod of 

purple and gr;,on shales, bandod siltutones 7 riPJJle markod quc..'l.rtzitec is 

exponed, and is rElgard(ad. [;Hj being part of tho ~va.terborg System. Other 

small outcrops of :'Jatorberg :3andstono f:1 ocour northeaf:1t of Sekoma pan 

and. at Mobutsane. Extonsive ou.tcrops of shalos with a near vertical 

dip may bo seem on the HOGt :;;idE) of iviabuaf30hubo pan and mark the most 

westerly extent of the liJatorberg Sy-stem in t.b.(; southern Kalahari 0 

The area to tho f30utheast of Sekoma is und(::rlc\in by shales? quartzites 

and band.ed ironstono~'l of tho 'I'ransvaal SYfl-Gem. Acid tuffs and lavas 

at Kokong pan appoar to rcprosent an inolatod outlier of the Kanyo 

Voloanic System. 

~Iuch of tho Kalahari :Ln Bot::manc. is underlain rocks of tho Karroo 

Systom. Outorops in tho southern Kalaha.ri arc rare and com;oquently 

much of the information about thosu rocks iEi derived from borehole 

samples. Dv,yka SorioE> tilE to:3 arc exposed on the north side of 

MpaathutlwC1 pan and at K.huiD? along tho Nolopo river. 1].1ho Ecoa Sories 
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is reproscmted in th.o f30uthorn Kalahari by i), lowor arenaooous phase 7 

whioh ooourD on the Gou:theastern side of the Karroo basin as far 

west as Kokong; and an uppor argillaceoui3 phase consisting of oha1e8 7 

mudstonos and siltstones, whioh und.erlios much of tho wostGrn part of 

tho areao Eooa sand,stoneD and shalos outorop itt Ukwi and Ncojcmo 

pans in tho far T'Jest of th0 southern Kalahari. Stormbor l9; Sories 

SandfJtones undorl:i.o the northorn parts of tho ar<OJa d,nd extond into 

tho centre').l Kalal:lI;~ri. In part 1 the :aorthorn Gl,,:tl',€;ixw of tllO study 

arOi), aro und,orlaJ.l1 by tho nand::::d;oncs and arkof3c:s of tho Ghanzi 

Formation. 

Kalahari Bedn mantle tho 1'lhole of the ff\;udy [:l,1'U£l. r:Pheir thicknesD 

is highly varialllcJ? a,s Fir:,'. 2.3 j compilod from borehole rocordfl, 

ShOWf3. In general terms 9 the Kalahari Bod.G ai)po,,,;,r to increase in 

thickno ss away frofil t,he watershed area tovJards tho central Kalahari ~ 

aD.d in tho I!iolopo farmfl (~trea ~ south of Sckoma. HowevGr 1 Kalahari 

Bods aro thin or absent altogeth~r from much of tho area botvJ(;"lon 

rrnhabong and Khar-J:loa. Locally 1 groat varL',tions in the covor of 

Kalahari Bods ma.y C:df3t.. At Kokong the covor is thin and Kanyo 

Volcanic System fclr:;itefj outcroP7 but 10 ken to the west ;.ti; 

Mashiapho"Gnana pcm a 'borehole intorncctG 100 111 of KEl,lahari Badno 

The 1i thology of tho Kalahari BodG is varic(i and refleot fl their 

deposition in oontinental condi tionEl. HovJGvcr i four main lithological 

types may be identificd. The lOVJost mombeI.' of tho Kalahari Bods are 

the Kalahari marls j dencribod by Du Toit (1954) from tho northern 

Cape Province. In the southern Kalahari "they appear to bo associated 

wi th clrainage lines and hollows in tho pre Kalahari nurfaoe (Boocock 

and Van Straten 19(2) and are intersected 'by boreholes on the upper 

~,1010po valley and in tho aroa northoast of Ir,::;hano. 

Above tho marls are oaloareouB sands and sand.stones ~ of'ton partly 

Silicified", '.vhioh are vlid.ospread in adjaocmt aroas of Namibia (Sou.th 

West Afrioa) (1ilabbntt 1957) anel oocur in tho lo1'JOr Nossop valley where 

they form bluffs 5 - 10 fil high. Similar depNJitn appe3,r to exist in 

the vicinity of UlG>li pan v 1'Jhere they for,i1 a S Cil high bluff on tho 

north side of tho piJ,n~ ami at T8hane. 
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Roddish brown quar'Gz sands mantlo muoh of tho sou"bhorn Kalahi1ri and 

form tho up.fJormor.:rc membor of tho Kalahari Boels" Sands of a similar 

typo oocur 1rJidely from tho Zaire basin 1rJa:to1'Ghod to tho Orango rivor j 

in the aroaf1 betvvooy.:. tl1() higb.lanels of tho 'llransvaal and Rhodosia and 

,tho platoaux of Namibia (South Wos-t A£'1'ioa) and Angola. In tho 

f:louthern Kalahari their thiokness ifJ variD:ble, but rarely more than 

30 rn. Their precise origin i~3 unolear? but they do aplJ(:Jar to have 

boen laid clovm. unciur continental oonditioyw a oombination of 

fluvia'), and aoolia;:, proOOf3SeG. Rooont vwrk in Zambir1 and B()'~swana 

(BiJ,illieul 1972, SL~vory 19(5) seems to indicato that tho Kalahari sands 

C:U'O derivod from upper Karroo sandstonoH 1 partioularly of the 

Stormberg Sorio~: 1 although other sourco s su.ch as tho sandstones of the 

GhanziFormation may be.; locally important (Ba,illieu.l 1973). It also 

soeme cloar that tho Kalahari sa,nds havo boon rodistributod a number 

of times int.ho lato Q,uaternar;y-. Wayland (1954), on basis of 

archaoological ovidonco 9 statod. that there ha,d boon throe periods of 

movement of Kalu,hari sands~ in lVlagosiEm}~1iddle Stono Age and Pro 

Palaoolithic timcE~. }3aillieul (1973) rocognised throe types of 

Kalahari sands in J:Jgamiland j inolud~Lng fom.,il dune sand, -w.hioh he 

correlated vJith Dixoy's Kala.hari Sand II at the Vtotoria Falls? and 

roworkod dune E1imd. 

Estimatos of the ago of the Kalahari Beds havo varied from Cretaceous 

to Reoent, and Rogon; (1936) sm) ·thl:m as a I'CSUlt of long oontinued 

continent;),l deposi.tion fJimilar to that of the Ka,rroo Sy~3t(~rn. It 

app()ars~ on tho lx,;3is of work :in Zairo (Cahon and. Lepersonne 1952) 

that tho 101rJOr mombor[o arc lato Tor-tia.ry to early Pleistoccne 7 and. the 

upper sandG have a probablc Ploistocene a{;o with much redistribution 

during succo ssi vo periodEj of climatic change. 

CLINA'II}jJ 
~,,, __ ,_,,, •. "''C''''~''''''T 

Climatic data for Gham3:i i 'rshane and 'Il:3b.a'bong 1,tJhioh are the three 

moteorologioal stD.tions in, or adjaoent to j tho E;-GUdy area aro 

presented in ]1ig .. 2 .. ~.. Records exist from 1923 at Ghanzi and 

Tshabong 7 and from 19GO at Tshano. The data W'l.S provided by 

TIr. R.J.F. AndeTco/.'. of the \~eathor Bureau 7 G';l.borone. 

'J:i1lO climate of the sou.thern Kalahari is [30mi arid, with dry winters 

(April to October) charaderisGd by- warm d.ays and. cold nights) and 

hot summers? dU1'inglihich most of the annuaJ. rainfall of 250 - 350 mm 
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The Kalahari lie s 1ilithin the southern hemisphere high pre ssure belt! 

whioh is made up of a series of antioyolonio oells, which are 

partioularly marked over the ooeans~ The olimate of the Kalahari is 

dominated by one of thesG oulls whioh iG situated over the southern 

Indian Ooean and southoastorn South Afrioi'l. The position of the oel1 

aHers wit}} the pODition of thG Dun! giving rirs(J to a seasonal 

distribution of prooij)itation and vJinds in the ar<::"a. 

In wintert the antioyolono intensifies and mOVOD north with the sun 

to a positi.on over the eastern Transvaal. SloVJly subsidi.ng dry air 

wi th a strong temperature inver 8i on and out blo"(rJing wi.ndos domina to 13 

tho olimate of the Kalahari at this time of year. As a result of the 

stable antioyolonio oonditionB there if:3 nog1i.gable rainfall. Dt1YS 

are warm and sunny, whilst the nights are 0010. [Hi heat is rapidly lost 

by radiation in the oloudlOGS oondi tions. Oooasion(3,lly? very doep 

depressions ovor tho south Atlantio move through the northern Cape 

Province and penetrate the southern Kalahari to bring small amouuot s of 

winter rainfall. 

In summer 9 the antioyolo110 weakens and moves southwards to a position 

over tho Natal ooast. At the same time heating of the land gives rise 

to a weak low pressure area over northern Botswana and southern Angola. 

From October to April these oonditions a110\fl maritime air to move over 

the land, bringing a moist ~ unstable airstreLtm to tho Kalahari from 

the east and northeast. In this situation of oonverging airstreams 

vertioal transport of air tilkes plaoe frec;ly.. Aocording to JOaoksou 

and Tyson (1971) rainfilll under these oonditions is oonvectional as 

a result of 81010J vertioal movement of o,ir assooiated 1rJi th convergenoe 

of airstream~l and a layer of moist air de()p enough to allow its latent 

instability to take effoot. Tho rains are usually heavy and may bo 

aoCOrfil)anied by h.<'1il., rrhe'ro is norma .. lly L1. clear d.iurnal pattern of 

rainfall, with storms oconring in tho late after'noon and early evening. 

In the Kalahari -tho amounts of rainfall are lim:i.ted by th\::; faot that 

tho air reaohing tho area has lost most of its moisture during its long 

passage ovorland~ Consequently 9 although tho synoptic oondi tions may 

favour heavy rainfa.ll, the low moisture content of tho atmosphere 

limi t s the actual amoul'l:t that fall s c The moan annual rainfall over a 

period of 20 years at Ghanzi and Tshabong and 15 years o,t Tshane is 



452? 278.5 and 3'10 mi() respedively.. Almost al1 tho rainfall ooours 

between Ootober and A,pril 9 with a maximum betweon Deoember and April. 

Fig. 205 shows 'Ghat i,jGCm cmnual rainfall amounts in the sou'Ghern 

Kalahari decrease from northeast to southwGst.. Ovor most of tho area 

mean annuEtl rainfall is 300 - 400 mm, "\\lith tho driest aroas reoeiving 

some 250 mm. The rainfall oocurs in conveotional storms of great 

intcnsity and very- looalised extent. As co refmlt annual rainfall 

totals may be highl;y vari,.ble 0 l'ho poroentage sea:::ional variability 

of rainfall totals, oxprossed as the coefficient of variation 

(stdndard deviation /mean) inoroasos from 40 % in the north of the 

area to over 80 ~~ in the south@ Pike (19'72) EJtatod that variability­

of rainfall was inversoly proportional to tho amount of rainfall 

reoeived. However? the map shows that this is an oversimplifioation 

of the oase 9 as the 300 mm isohyet orOSS8S the 40 to 80 % seasonal 

variabiE ty isohnes o It appears that the pc.ittern of rainfall totals 

and var:Labili ty is a oombination of two factors. Rainfall deoroa,sos 

to tho southwost as a rosult of the dooreasing moisture oontent of the 

air as it movos furtb_Dr from its souroe region.. The variability of 

tho rainfall inoreases to'lrJards tlw sou."l;h away from tho main convorgonco 

zone over northern Botswana. Consequontl.y, the probability of 

favourable synoptic conditions for hoavy rainfal1 dooreases in this 

direction. 

There is littlo variation in air tGmpcrature over the area. As can bo 

soon from ]1ig. 2.4 1 temperatu.res in the southern Kalahari are highost 

at a maximum of 35 - 38 °0 in September, October and November 9 just 

before tho rains? whon cloud amounts are small o The highest mean 

monthly minimum temp~ratures (18 - 20 °C) occur during tho period 

Deoember to February and this is the period. of the minimum d.iurnal 

temperature rango~ 

During the -Winter temperatures are much lower, with mean monthly 

maximum temperatures in the range 21 - 25 °C, and mean monthly minimum 

temperatures in the range -1 - 5°C. There is a considerable diurnal 

temperature range which is greatest in JulY1 vJhon it is 20°C. Air 

frosts are quite common in June ~ July and early August. 
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Evapora"bi on ra'te s in the southern Kalah.ar:l are high and exoeod 

rainfall during (l,:ll months. Tho moan annual ()vapora'tion from a olass 

A evapora'tion pan if} 3293.4 mm at Ghanzi I 3680 .. 7 mm at fPshano and 

2926.6 10m at rl1shabong. Eva,poration is at a mnximum (350 ~ 400 mm 

por month) during October 7 when insQlation is highest and ·~finds 3.1'0 

strong. Thf) minimum ()wl,poration rato G are rooord.(:)(l in the w:Lnter? 

whon thoy arC) 180 om ?10 mm per month. Rela'Givc humidity is g(merally 

low and rarely riBe fJ abovo 40 % i.n tho middle of tho di:l.yo Maximum 

relative humidity at 14.00 hou.rs ooours during t11.8 f:lUmmer 7 when it is 

30 _. 45 % and fallE1 ·to 20 - 25 % during the wint~r 0 

Fig. 2,,6 sho'vls ·wind rOSGS for Ghanzi? TBhano and r:CBhabong. A·b Ghanzi 7 

winds are dominantly easterly 7 ';vi th 57 % of L111 winds blmving from 

betwoen north and east. A't Tflhane j !!'Iinds ilre dominantly northerly? 

wi th 65 % of all ';Jinds from be'tween northeast ,cud northwest. Tho winds 

at Tshabong are morc evonly distributed in direction? but 'tend to be 

wGsterlyp with 50 % of all winds blowing from tho s()otor botweon 

southweEJt and north. The different patterns of wind direotions 

rooordGd refleot tho antiolookwisc; spiral of outblowing winds around 

the South Afrioan antioyolone. A seasonal ohaYl.go in winds is 

dotGo'table? with lilincls being ligh'ter and more va:ciable in direction 

during the summer. In 'the ",inter 1 stablG antioyolone oonditions give 

rise to stronger cmd less variable vlinds. 

TITIm-21QPY 
AD a result of tho 101'1 r,J,infall and high oVEl,jJor(d;ion rates alJ. wa'tGr 

bodio s in the southern Kalahari ar(j ephon-loral p c_md. surf'a,oe wat~r is 

found only in tho pane and pa,r'ts of 'the river valleys immedia'tGly 

after heavy rain. Porrenial s);Jrings ';Ihieh UE10d to oocur at Khakhea 

and Tshane no longer 1°10\111 7 aD the aquif;:;x'G supplying tll_om arc now 

tapped. by boreholes. 

Runoff is all area::; is very low j C1S a re sult of the low rainfall i high 

evaporation ra'te::; and highly permoablo surfaoo fJands" Tho capilliary 

porosity of tho surface Kalahari sands is .high C1n<1 all the infiltrating 

rainfall is ro'tained by tho sa,nd? 'to be lost by ()vapo'transpiration from 

tho vege"ba.tion oover Q No recharge to gl'oundioJater ta,kes place at tho 

presont 'time 7 in D,reas covered by more than 10 m of' sand? as the highly­

porous sands absorb all 'tho rainfC111. Boocock and Van Straton (1962) 
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suggest that prescmt rainfall in the Kalahari is loss than half that 

nooded to allow direot recharge of groundvJator • ll.s a 1'0 sult the 

groundwater bodioD in tho Kalahari are essential1y fossil or 

reohargod from outfJido tho area. Most of tho E1.qu.ifers lie in the) 

pro Kalah:3,ri rocks ::J,f:! the K[;tlah.,n'i Buds are only loCa.lly a good 

aquifor 1 in the oalo;;,rElOUS sandstones at Tshcmo and tho basal marls 

of the upper~-101opo valley. In ,llost part G of ·tho southorn Kalahari 

the wa.ter tCl. blo lie s 30 m or more bdlO1rJ the ~:JUrfac() a.nd can only bo 

roaohod by doep boruhol() f3. Locally 9 thor", ma;y bu perched water table s? 

taplJod by shallmJ "lvolls? i.n tho pans. 

VE.Q!!J rr.\r!:IT.Qll. 

Fivo main vegetation. typesflwro reoognisod in tho southern Kalahari 

by Blair Rains and Ya,lala (1972). Their distribution v whioh is 

sho"Jn by Fig. 2 .. 7 ~ roflects tho increasing ar'idi ty of the area 

towards the southvJGst. Around tho settled aroafJ of Tshano and Sokoma, 

the vogotation if;] muoh affoctod by the activities of man and his 

oattle. Locally odaphio variations may bo importa,nt and result in the 

vogotation taking on a mosiao pattern in which a small numbor of 

woody and horbaouous spooies combine in various "Jays to gi va 

different types of shrub and tree savanna and grassland. 

Arid sGmi desGrt vogetation is found in thG southwest of the area 

whero the rainfall i.e; IGSfJ than 250 mm. The vogotation cover is 

sparse p and inoludof3 f.lOmO spocies suoh as A.9"a,(},~,:J, !~~1,.~E:~_~.<?2f,.;yl_~7 

MonGchma horeronse 
__ "~ __ 'W'_'''_'' "_"~_'~-_,uM _<'"" ? 

not found elsewhero. Grasse~3 ~ which includ.G :p!.Ct.~_'?s~is SPi>. 1 

§:t;J~~ill'OEJi'!;3. sy,r. and. Sl2Jlg!l:~qj.J;:' !£1].._~!;.ar15311:sJ:.f:l.? provid.o a discontinuous 

ground oover. 

A large part of tho Bouthern Kalahari is ooverGcl. by bush savanna? with 

!~9~:!-E. &£9:f"f:~, 7 A,o"[fl,e.lJ,i.t91''':-! }3Llj2.,?E· Q.2:'Gl.n.e,!!,~ and fl~o~~t_D,: £l91.:.trl,!E~~~ as 

tho main troe species. Common shrubs are ,9,J:',~.YJ);i:l: f1~'::7 f1hq!l. 

2-<?!ll..~J2t'£Et~~?'E, and ~,iY''ypJl.,9.:.f:3, ~!..~C!.2.~9-~a. 'I\ho grasu cover is more 

oontinuous and inoludc)s J~!'"tf;1~~.~.?-2 E,.f'.,E,o 1 J2T!.1B!-'"op,'Gi.~" !~££" 7 r.9-21:..~~ 

201?!:£j~ and '§'()h!r~i.d,:t,~,~ E2}JL<?m~. rrhoso spooios arc combined in a 

varioty of vJCl.ys to form mosiao patterns of shru.b savanna 1 tree savanna 

or gra,ssland 'V>li th scattoI'ed shrubs. It apJAJiU'O that the densor aroas 

of troos and shrubs aro found on low risefJ? and morl:) 0lxm grass 

dominated aroas in depressions. 
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North of Tshane is a narrow zone of tho Central Kalahari transitional 

savanna. The SPOOi0S are generally the same as are found in tho 

sou thern Kalahari SCVlli,mna 7 but with the adcliti on of k<?!2£,1]2_c?"~LP..!l,g, 

Botwoon this zono and the Okwa valley is a broad bolt of shrub &1,vanna 

or shrubland with, a greater frequunoy of shrub C\,nc1 troe dominated 

areas. Onoe again! spocieB aro simib.r to tho southern Kalahari 

sa vanna I wi th bY}1,c;l?;,C:,c?-)])~},f?' !.l~'::l?Jj! .£.2.::'::£,+2:. ~~<?,;tr~l~.9:, and £k..Jlg,9.~J,;j:. 

being oommon troElu. Tho denS(~ shrub layer is mad,J up of Gr:2.!?a. 

~E:,~.Ey;is? ;Zi.~;YX)h!:l~s, !'l~1~(}Fg2?-a·~.9:. and ru~"o.,':I_l!:}~ 9F~jY,i,g12in.2_~£~.Q 

Looally' edaphic condi tians or considerablo human activity may 1'8 suI t 

in the formation of aroas of open low shrub s'-~v"mna. A.t (rshabong thin 

soils on Matsap quartzites givo riso to large aroas of open grassland 

and shrub savanna.. South of Tshane an aroa of shrub savanna dominatod 

by T~Eni.n~:u..~ ,~C:,F,i,Cl,c:g. '\vHh a sparse grass cover has developed as a 

result of overgri:~zing by cattle. 

In the Sekoma and IIlsotong areas thore arc QxtonGive open savannas much 

affected by over g~'azingj in Which, as distance from water incroases j 

the number of woody plantn suoh ,;),s !~fl11E.';1,;:ll~~ .s.<.'},j:2.2;'£ and !~,~~ 

~llif~ subr~. :l(3:~j!l~),!}~ dacUnes and tho grass cover of ];.£:::.p;:r~9..s~~.~s. 

E£;P. and ~~~~.Clf~, .s,pp,o incroaf:JOS. South of IGwkhoa there are large 

areas of open grc;,ssland vJi th scatterod treo s of ~:~~2...:t:::. ~1211~Lf'Y1',:;t. E}l.!.,),:~o 

detincms. 

Parris (1968) has f:lhown that a number of specios are associatod. 1Ilith 

the aro3.S around. tho pans. Tho so includo ~9,,~~Q.;b:, !1.::?11~L~.9: su9.pJ2.. 

!i~.iin .. ~Sj A". [l£}:IR£2.~LIl.t1,l ;PiclE.2§.t:;):GJ');;l'l oi21o .. 1".0,£ and cat2.£b.L~.9tGS 

~;L,9.;.l§n4!1.i on 'the d.une s to the sou -lih of tho pans and ~~~,!LEi!1,£2!_9!!.~h:h and 

~<?F~ gj.J...t.§!!.h~, on the margins of the ixm. Common grassen around 

the pans are CYJ.l9~c:tgl:~ 9-~~gj .. tl2.ll and §J29r<?R.9Ll).~s. ,~12;o. 

~A 

The southorn Kalahari oontains a large population of plains game. Host 

speoies are physiologioally and bohaviourally adapted to the dry 

oonditions and laok of surfaco water. Common speoios are the red 

harteboest (~:.10~L~,:;tJ?h.t:!Pc l)E-3_~,12!y;l.l!-;1:.EL)? blue '\'>Jildoou(;st (9=~r:t~1~~~1.'?-~~t~!E. 



taurinus) ~ springbok (An'tidoroas mars~pali 8), f3Geonbok (Raphioerus 
_ ..... ""'~_ .. ,..c ..... '<# ;<""",,,,",,,,,,,",~_ .... _ ~ ____ ''''"'''<'''''-'.'>4:1'~~~ _~":_0I4t "'001II 

oampostris) and gemsbok (rraurotragus oryx)o Also oommon are th(l 
-"~~ - .. ~-"''''''"- -'''''.,.."".._ .... ,. 

blaok baoked jackal (Canis mosomelas and. tho spottod hyena (Croou'tia 
-'''''''''''''-"........ ~""'''M''''~ 

SE~,::9.:ta). The ostrioh (~~~!:l~ .~.9'mc:~::::!) iG frequently seone 

All tho speoies are highly mobile and. Parris (1970) states that tho 

pans play an imiJortant role in th8ir movomcnt:s j ctttra,oting animals in 

searoh of drinking 1rJatu:c in tho rains and. Elc:,lt D during the rost of the 

year. Quite large; pits i m aoross and, 30 em doe;p 9 may bo dug by 

animals in searoh of l,Ja;tor or salts lying 'bolo'vl the pan surface. In 

addition the hoov8s of the antelopes may trample and destroy 

vegetation on the pan surface. 

Q9R~..mi§' 
This chapter haD desoribed tho main featuros of the natural onvironment 

of tho southern Kalahari in BotsvJana as a baok(~rou.nd to tho subsequent 

disoussion of the origins and development of tho pans whi.ch occur in 

the area. 

Topographioally? the southern Kalahari forms a broad watershed between 

the drai.nage of tho Makgadikgadi depression and the W[olopo and Nossop 

rivers that join tho Orange river. On each sidG of the watershed j 

whioh outs aoross the Karroo basin? the Kalahari Beds increase in 

thickne ss t oward[j tho upper lYlolopo river and tho oontral Kalahari 

basin v indicating that tho divide is of some antiquity. Sands of 

Kalahari type mantle tho "I->lhole of tho region Voli tll a depth of up to 

30 m. Suooessive periods of their redistribution by fluvial and 

aeolian processes have resulted in a gc;;n·t1y undulating surfaoe 

topography? in whioh the pans and their cWf300iated dune s form the 

most oonspicuous feature. 

The semi arid clime/GO of the southorn Kalahari may be viewod as a 

result of the position of the area in the oontro of tho southern 

Afrioan sub continent? between the oyolonio disturbances of the Cape 

Provj.nce winter rainfall zono and the sub tropioal oonvergence zone to 

the north. Today? tho olimate of the aroa is dominated by the South 

Afrioan antioyclone, but shifts in the strength and position of any of 

these systems 1rwuld result in considera'ble climatio and environmental 

ohanges throughout the area. Tho development of the pans shows that 

this has been the oaso in tho reoent past. 



CHAPTl3H 3. 



INTIiQ:QY.Q 1:1.9£1 
'J.1here are some 1000 pans of varying shape and fJi:z;o in the southern 

Kalahari. 'ro da-te no oomprehensive desoriptions of their topography 

or geomorphio features have been made as previous writers on the area 

have given very briof and often inoomplete desoriptions of the pans. 

Passarge (1904) noted -the abundanoe of tufa (oalorete'?) found around 

pans and the importanoe of pans as sourOGf1 of water for game animalso 

Rogers (1934) identified_ three types of pan in the Kalahari? inoluding 

the sand panj whioh he stated was very widely distributedo He noted 

the existenoe of oaloretes around the edges of pans of this type j and 

also the presenoe of olays and oarbonates on the pan floor, making the 

pans impervious to vla,-ter, whioh became Baline aB it evaporated, thus 

inhibihng plant grmJth. Wayland (1952) de sori bed the exi stence of 

sand dunes on the south and southeast sides of the pans, which he said 

were mainly circular in shape. He noted the existence of bedded 

calcretes and silcroto FJ ~ diatomi tos and blei:1ohed sands within the pan 

depressions, which were floored with impervious d.eposits. Van Straten 

(1955) recognised. "three types of pan surfao(~: gr,csBed pansy VJith a 

sandy olay surface supporting a dominantly grassy cover; ungrassed 

pans? with a spars~ cover of halophytic vegetation; and saline pans, 

wi th a saline or highly alka,line olay f:3Urfc~ce 'I often _ de8ply etohed 

into oaloreteB. ]3oooook and Van straten (1962) noted the existence of 

a well developed sand ridge around the southern side of the pan 

depression, which could lie 15 ill or more belov] the surround.ing sand 

plain. Grove (1969) deBoribed tho existence of a belt of pans 50 km 

or more wide along the Bakalahari Sohwelle from Sekoma to Kule. He 

statOd that the pans. with a spacing of 15 km? eaoh had one or more 

lunette type dunes on their southern side, andlrl0re contained in round 

or slightly north - south elongated hol1ows. 

In view of the lack_ of knowledge about the topography of the pans 1 

it is clear that a detailed description of them is an essential 

preb.minary to a oon8idore,tion of their origins and development. 

The aims of this chapter are: to describf3 -the topogra,phy of the pans 

in the southern Kalahart; to point to -the afJpects of the geomorphology 



of the pans whioh need to be explained in order to aocount for the 

origin and development of the pans; and to desoribe h;Y'potheses that 

have been put forward to aocount for similar featureB elsewhere in 

the world. 

TOPOGRAFHIC DESCHIP.PION Oli' rJ.'BE SOUrl1HITIH.N ]::':AlrAE1UU l~ANS 
"'_' .. ""H""."'..., •. < ••• .,.."" ... """';""~~"''''''."··=."..,,..'' .... '''''''·~,,'·, , .• ,~., ........ ...,., .""~ " .'~. -\,., r_.~""""-.'~"""" < •• " .. "...."".., .. ..,., •• ,,,"' ..... ".0<.,"" "'" .,. " .. "."."'''', .... ''''' .. " ... 

]!'ive representa:tivG groups of paTH3 in difforunt jJarts of t.rle southern 

Kalahari wore seleoted for detailed study after a soaroh of the aerial 

photography of the aroa 7 taken at scales of approximately 1:50000? 

1:64000 and 1:40000 in 1961, 1964 and 1970 respectively. (soe 

Appendix 1). '1llO pans for Eltudy vJero ohoson in groups to faciE tato 

comparisons, and for logistio convenience. As a rosul"b there is a 

oertain bias in favour of pans in the eastern d,nd more accessible 

part of the southern Kalahari, as Fig. 3.1~which shows their looation, 

demonstrates. 

Tho groups of pans Flelectod were as follows: 

Area 1: Sa,mane~ Samosadi? Bee and rratsewe pans j located northwest 

of Sokoma. 

Area 2: Sekoma 7 Kongwo j Kong? Kgamc:o 7 Khakhea and Khe sekwe pans 9 

located to the southwost of Sekoma. 

Area .3: Mot sobonye 7 Kokong 9 ~1ashiaphot sana 7 lViogat so and Dead Treo 

pans? in the ar(~a around Kokong. 

Area 4: Bosobogolo? lVlpaathutlwa and Mabuasohubo pans in tho 

lVIabuasehubo Game Reserve j f:30mO 120 km north of 'I'r3habong. 

Area 5: Nwatlc, IVlaflctleng 1 PuGsYj Ukwi and Urwi pans in the area 

between Tshane and Kulo. 

The topographio desGriptions that follow arc based upon tho writer's 

field observations, supplemented by a study of the relevant aerial 

photography. 

In the absonoe of any d.ctailed Gontour maps for the southern Kalahari, 

all height s referred to arc the produot s of the vJri ter' s Burveys ~ and 

are related to an arbitrary datum on th(2 pan floor. 

~s~ .. J~!,J~~~~r~::;,1".~!no,<j.a,di,j.Jj,E:,~ ... ~?:.d.J;:~t~.s!:'~ pi;1,l1.,f~. 

The first group of panr! lieB in the eastern part of the southern 

Kalahari, some 25 km northwest of Sekoma j in an area of gently 

undulating open bush savanna) incorporating extensivo grasslands. 

The location of tho pans studied is shown in Fig. 3.2. 
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Tatswe pan (Fig .. 3.4) lies ~~5 km northwest of Samane pan along the 

Ghanzi oattle ·trek route. It is an almost cir'oular pan 0.75 km 

acrosS and covering an area of 0.43 km2
1 situated in the centre 

of an 11 m deep depression 4.25 km2 in area. l11ho pan surfaoe has 

extensive areas of bare grey olay; flooded after the rains? Beparated 

by areas of short grass. As at Samanf3? there ifJ a break of Blope 

500 m from the pan edge on thE) northern side of the pan, where the 

red brown sand of th(;:; surrounding aroa giV8B vJay to grey brown sands? 

which 'thinly cover oaloretes and oaloreted. olays. 

The arcuate ridgeB of the inner and outer dunes are loca'ted on the 

southwe~3t sid.e of the pa,n. T.he pamJard slope of the innor dunG is 

covered by small sorubby bushes? often grovling out of mounds of sand) 

rather like nebkha. Bet1!Jeen them are \~ind rippled areas of' bare sand? 

indicat:i.ve of present day sand movement 0 The outer dune is separated 

from the poorly defined. crest of the inner dune by a shallow 

depression. The crest of U18 outer dune f once again composed of .red 

brown sand 9 lief! 1050 m from the pan edge and 27 11'1 above -the pan 

d.atUITl. 

A borehole at the pan, now abandoned~ yielded. saline water supplies! 

and intorsected the following sequenoe of deposits: 

0 006 m clay 

0.6 4 m sandstone 

4 22 m silorete 

below 22 m Boca sandstone 

Of these deposits f probably only the clay can be regarded as a pan 

deposit 0 

~_,~ 2: _s.~koJ:.l~.i,"J501~y;v~e~1 __ Jf~2-~§~.2~"!t~.~10~~",~E<1;, Kf1,2~~}s:vJe _y_~J.,£ 

fJ.1his group of pans, vJith the exception of Kgama pan7 lies to the south 

of the low ridge of VJaterberg sandstones, thinly covered b;y- sand j that 

runs in a northeasterly direction from Khakhea to a point northeast of 

Sekoma o This ridgG is the only topographio feature of note in the 

area? which is €,"(merally flat or gently und.ulating. The vegetation is 

open bush savanna, vlXlich is in many places heavily overgrazed. 

The locations of the pans studied are shown in :F'igo 3.5. 
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Shallow welll3 in the f'JOutheast corner of the paIl expose green silorotos 

and whi to oaloro·t;e f3 over lain by greyi 8h olays [~·t a depth of 2 to 3 m. 

A boreholE'3 located. 500 m northwest of tho pan i:tl.torseo"Gs the following 

sequenoe: 

0 6 [;.1 s8,nd d,nd rubble 

6 30 m 

bel01lJ 30 n; vvate:cberg sandstone 

Ano"ther borehole 7 nea.::c the pan edge 7 interseots: 

0 1 m oalorete 

12 m silorete 

12 y .) m rod clay 

belO"J 35 m Transvaal SY's"tem d.olo111:LtC; 

Clearly the bed rock geology if.3 somovl/hat complex, but "these rocorcls 

do show that the "Jhol0 aro,.\. of the pan and itG surrolA.nding's are 

underlain by a oonsiderable thickness of siloretes ""hich 'rhin out 

-bowards the pan floor~ Irho origin of tho red olay is unoor"tain? but 

it may repn;sent the basal member of tho Kalaha .. ri Beds 7 afJ similar 

deposi "tE-J of red clD .. ys and marls are found. inbo1'o1101es to the south 

of Sekoma 9 in the Holopo farms. 

Kongwe pan (Fig. 3.'!) lies 10 km southwGst of Sokoma? along the road 

to Khakhea. It is a rJfilal1 7 almost oircmlaJ.' pc:m; mea.sul'ine; some 1 .. 15 

km across i, and iG situated in i.:t well definE:d depression 12 ill dGoP? 

"jhich has well marked gullies running into it on "tho north and eas-b 

sides. r:[lhe surfaoe of the pan~ whioh OOVGrs an area of 0.58 km2
7 is 

composed of a grew [jandy olay? supporting a thin cover of .herbs and 

grasses. After ra .. in l the pan is oovered by Gxtensive sha11(}w pools 

of "Jetter. There is a [jmal1 exposur~ of Watorberg sandstones on the 

wes"tern side of tho pan. 

On the southwGst side of the pan are the vw11 VJOodod orests of tho 

grey brovm inner and rod brown outer dunes p VJith their orest lines 

lying 13,,5 ill and 21 m respectively abovo the pan datum. The 

panward slope of the inner dune is furrovJcd by a number of small 

gulliefJe In 1972~ before it was filled in, one of these was 2 m deep 

and 3 m wide? exposing tho groy brov-m sand of tIl() inner' dune; 1 

oontaining abundant 8ho11f3 of tho xGrophytio lanel snail ~?!,()'<)~~'.0:,S,_t<~,f3 

E5?ht}.L~~,Si (Boettger) Q 
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A borehole in th.o oentre of the pan intersects 10 m of boulders 

(:~~~,2) overlying Wa:t;crborg sandstoneG o 

VJhen tho I)arl waL:; first visited in latc August 1972 there \~aB 

extonsivo evidenoe j in the form of roocmt sc1nd acoumulation:2l, of 

rocent defla,tiol1 from tho pan surface 7 prolx'l,1.Jly oausod by the largG 

numbGrs of oattle cd; the borehole 0 

Keng pan (:P'igb ],,'1) lie:;j sarno 10lcm f:louth\'iCErli of KongvJG pan? along 

the road to Khak.hea. It is an alma si; square pan! wi tll a sand,Y clay 

surfaoe, moasuring 1.15 km by 0 0 85 km? and oovering an area of some 
"7 2 ,. r-·' 2 0 .. 9 km '" It li0fJ in the; oentro of a clepre[wion 3.2) km in ';:':::(Jc:1. 

and 12 m deep. On the southwe st f3ide of tho pan there is a 2 m 

high dGgraded notoh cut into the gre;y brovln E3,:mcls of tho inno1' dune 

1Alhich can bG traoecl for some 500 m along the edge of the pan,. It 

apPOitrS to have becn formed vJhen the pan Gontrd.nod water morc 

frequently and, in {:;:coater amounts than tod.ay'" rrll()re are abundant 

nodular oalcrete f3 in tho vioini ty of thi k; notoh" 

Tho inner and outer duncEi j tho orests of whioh 1i() 14 and 24 ill 

rospeoti vel;y' above the pan datu!l1 7 are looated on tho southern side 

of the pan. In plan have a markod parabolio shape 0 'rhe 

topography of the dunc!J in hummoeky and D, littlo Gonfus()d~ and the 

inner dune is not c;ar:;ily defined. Both dunes carry a clomie cover of 

• detinons" 

Ir,ho cover of Ka.lahari Bods in tho area :i. s vor:'l thin 7 and tho pan 

appears to occupy a small deprcs~;:Lon in tho pr'c Kalahari surfaoe 0 

Thore is a small outorop of an asbestos beari:Clg u1 trabasic intrusion 

in tho "mstern oornm" of the pan. The dopth of pan deposits appearr3 

to be small 1 and tho shallovJ ",Jolls in the pan out through sarno 2 ill 

of greenish grey siloretes before reaohing the underlying 

ultrabasio rooks~ 

Kgama :pan (Pigo 3.7 Plate 4) liOB 12 km duo north of Keng pan~ on -the': 

northern flanks of tho Khakhea ... Sekoma ridge v in an aroa of open 

grassland lrJith soatteroct trees. Tho pan is almost square in shape ~ 

ieJith a baro olay surfaoe. It DlGaSUrOE:; some o~80 km dcrOBS 

oovers an area of 309 km2 , and lies in tho centro of a well defined 



15 rn d.oop oiroular dopr(H.:lGiono rIlfle sidos o1'l:;ho pan doprc[mion are 

1'urrolivod with numerous f1hallow gulliEH3 7 and onoe again posscss tho 

oharaotoristic brcak of slopc and ohangc from red brown to grey 

s,.md at about 100 ill from tho northern of tho pan. Extensi vo 

areas of nodular cC11cr,o-Gc sand shoet uilorete s arc Gxposod around 

The dunes at Kg(ll,1(::1, pan arc not pa,rtioularly oxtenElive. rrhare is no 

separate inner dune developed! and. the out(:n~ ciull.O consists of f30veral 

more or less [lOparatc hum"looks of rodbro1t11l sand~ vlith their orasts 

at a height of f:lOllK) 24 m C1bovo tho pan datLW10 Tho poorly dovolopod 

na:turo of tho outer duno is unusuC1l i and oontrasts shC1rply with the 

size and depth of tho pan d.oproc3SioYlo The pr~mJard slopGS of the 

dune have a COVlar of (!;roy brown sand, liJhioh 118,8 C1bundant oalorete 

nodule G pre sont. MorG oxtonr;livo nhoot oaJ.orctc 8 ou torop at tho pan 

odge and at plaoes up the sloPG of tho dune for r:;ome 400 m from the 

pan odgo. 'rho lOvler pa,rts of tho .pamJard slope of the dune are also 

furrowed by gullie fJ !l.p to 2 m deep, Which. are partioularly well 

d.ovolopod in the southvvcl:.rt corner of tho pan. 

At tho timo of the lvx'itor's visH to thG pan~ in lato AuguE,t 19727 

extensi ve sand. movol11on'G EJ vmrc taking pla .. oc o.n the panward slope::; of 

tho duno ~ vJhor,; muoh baro sand wac visible. II1horc is a small 

water ho18 in tho southoast corner of the pan) in Which some 1.5 m 

of groGn silcrete is exposed. 

Khakhea pan ('Fig .. 3.7 Plato 5) is unusual in mc:~ny respects and 

pOSseSSQS feature;:! 'Ghat aro not found at pans elrx;vJherc in the 

Kalahari. It liou imm8diatoly to the south of the Sokoma - Khakhea 

ridge; and occupier:! the) southern part of a + 20 m deep depression 
2 some 4eO ian in ar()a~ Tho pan if3 oval in shupe 1 measuring 1.65 km 

in longth by 1.30 km aoross, with a small embc:tymcmt on its 

northorn side 1 anct coverD an area of some 1-029 km
2

• It has a bare 

olay surfaoe ~ 1tJhioh floodf! to a depth of Borne ~:'5 om or more after 

rain (Plato 18) '" 

iIlle nor-chern side of the l)(:1n is overlooknd by a bluff some 5 to 6 m 

high (PIC1tc 6)9 topped by a cliff up to 2 m high of massive calcretes. 

In p1aoos thoy havo been tHit~t()d and bucklcc19 possibly as a result of 
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slumping or calorete r8J)laoement of original rook structure£). In 

many places the c(;l,lcrotes appear to be a oalcro"God f;lcree doposi t as 

they contain abundant arlgular or sub angula:r.· frn,gmcntfj? up to '10 cm 

aerOfJ8? of Watorborg sands-Goncls. Belo,,] the oalorcdj8EJ 'oH'C an 

extensivo se::riof3 of purple and gro()l1 shctlus, banded and oalcareous 

siltstones? rippJ.o markod quartzites and. thin dolomite bods, which 

have beon foldnri into a no:dhoant ". 8outh,~(; iTt si;d .. k:ing anticline anci 

extensively intruded. by dia,bafJo £1illu. In addition, many parts of 

the suocession? vl11ioh Boocook and Van S-craton. (1962) correlate with 

tho Wiatsap Deds of tho 'W'i..1:Gerberg System) aro extensiv(d;y- Bilcretod. 

In ad.dition to the area desoribed above 1 tho aro spori1dic outcrops 

of ~3imilar rool(s in many parts of the northern side of the pan 

de J)ro s si on 0 

Around the edge of tho pan v partioularly 011 itG sou.thern side? there 

are ext(Jm~i vo aJ~oas of green i1nd groy Bilorotc p oooLl.ring as flat 

sheets. Further from tho pan edge those silc;cci;oD are replaoed by 

sil-·oalcrctos and then by oalcretes. The southern side of the pan 

depror;sion is furrmA/ecl by rills and small Gullios U.p to 1 m deep and 

."3 to 4 m wid.o. Thoy out dovm through tho Burfac() grey brol'm sands 

to expose panward dipping oalcr(~tes 1 which can be oorroli1i;c:d with 

thODO around the pa.n edge 0 At Gome) distaloe from the pa.n edgo 1 on 

the southern si de of tho do pre ssi on ~ tb.cro are a number of Dma,ll 

exposures of bluo gcc)on ciilorotos a.nd rod brmm ~,,:;mdstonos. '1lho 

origin of those d.CpOk:d if:; iB unclear ~ but they may be part of tho 

Natsap Bodf..i succo fJron on 0 

At Khakhea 1 tho red brovm outer and groy inE();_" duno fJ d.o not appear to 

exist. The innor dune is ropre~1(m.tocl by a hummocky area of grey brown 

sand around the southern sido of tho pan, 1rJhilst tho outer dune may bo 

ropresented by an ar(~a of hummocky rod. sand on tho odgo of tho pan 

deprossion at about 800 m from tho pan edge. 

Nany of the foatures desoribed abovo are poorly clevolopod or not 

found ulsGwhoro at pans in tho fJoutherll Kalahario They probably owe 

their partioular form to tho unusual geologic and h.ydrologioal 

condi tions oxisting at Khald10a. 



KhOf:JokliJO pan (J!'ig~ 3 .. 7 Plato 7) lies some 15 k.m Gouth of Khak1:W(1 

on the old road to Bra;y 7 in an aroa of gen"cly rolling 'Groo and 

bush saVG1nna. rrhe pan is heart Elhapod and moasurm:; 1 km aoross. 

It occupi<')s tho oentro of a dopression some (3 1;1 doep and 3069 km2 

in area. ~:lh8 slopes of the northern sidoLi of tho dopT(:)ssion aTe 

noticoably stoopor than ulsowhero j possibl;y a:l ;J, re8ul t of the 

oi),loreto 8 vJhioh outorop thoro 0 fl1.l"w fJurfaoe of the pan is oovered 

by long grafm ane]. thoro are f3cvoral watcrholor3 in vvhioh trJhitifJh 

oalcaroouu clays ,3,ro oxpo[:;od. A vJelJ. in tho pan intorsoots 3 m of 

wrd ti sh cla,YEs and. oaloreto s. 

On tho s01.rt;hern sido of tho pan thoro is a c;entle riso to tho Ol'()st 

of the inner dune; of groy' [lemd. j '7 m above the pan datum Q 

Separating the innor and outor d.unGs ie D. 300 to 400 m ",lido 

doprec3sion, undorlain in part by oaloretof3 at Ct dopth of 1 m. fJ.1ho 

outor duno of red brown sD,nd if:) almost trcoloGr.: t in oontrast to the 

well 1I'Joodod innor dune.. Its crost li.ne lios 'I Q5 km from tho pan 

edgo and is 25 m above pan datum. 

A borehole to tho southwest of tho pan shows that tho aroa is 

unc1or1ain by 70 rn of oaloareous sancl.stonOfJ and calorotos resting 

unoonformably on diaba[ie. 

!E'5::"i1.~J~:,~".~L<?:t,:;:.£,~),()?YP.l.. ;l{.ol:C'()~B'i,2~~1V!~~.El!:~~~J2.h2~" D!3-~.iJ,,), V[pB9-:t,f>'9,,~'fP,,~"J:?9, .. ~~"~.tr"G~e. J~~~n,s • 
~Llho third. group of pans lio [l in tho vioinity of Kokong in an area of 

gontly rolling to flat bush scwanna 7 VJhich inoorporates CJxtonsi va 

traots of 1rJUll '~JOodcd country. Borohole reoords indioate that tho 

Kalahari Beds in tho oastorn part of th(~ area <:l,ro Ie SEl than 50 m 

thiok» and. there) is a smal1 outorop of folsi"l;os of the Kanyo Voloo,nic 

System at Kokong. Tho location of the pans studied. is shown on 

Fig. 3.8. 

r~otsobonyo pan (Pig. 3.9 Plato 8) is almost oiroular, vJith ,~,n ar(m of 

0,,65 km
2 

and lies a"bout 1 km west of tho Kcmyc .- Ghanzi road Bomo 15 

.krn north of Kokong $ The pan! "iJhich moasure s 1 km acrOEm 1 has a ba.rc 

clay' surface and. lie [j on the eastern side of iJ, 1r1(;11 defined. sub 

oircular dopruEmion some 14 m docp and' 6@27 l.U{1
2 in areao Vfuen tho 

pan was visited in early may 1973~ tho surfaoe of tho pan was oovered. 

wi "l;r.\ a thin layer of liquid mud 2 tht3 ponuHi.ma-Gc stage of tho d.rying 
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Kokong pan (Fig .. 3a9) 'was not studied in any detail. It is an oval 

shaped pan? covering an area of 0 .. 85 km2 and measuring 1 .. 15 km long 

and 0 .. 95 km aorOB8? vJith a partly grasf:!od flooro On the north side 

of the pan thero are extensive outcrops of folsites of the Kanye 

Voloanic System aD 111811 as smal1er outcrops of silcreteB and oalcretes~ 

whioh are eXJJosed i.n the numerous smal:L gul1ie s that furrow this area. 

The dune s on tho SOL ",:lorn side of the pan aro c~uite large. The 

hummocky ere st of the inner dune lie s at a hei,ght of 25 m above the 

pan floor. liowever? the outer dune is lest] ,;ell developed and is muoh 

smaller than the inner dune. 

~1ashiaphotsana pan (Fig .. 3.10) is the mODt eaBterly member of a group 

of pans whioh lie 10 km west of Kokong on th.e traok to TBhane 9 in an 

area of gently undulating bush savanna. 

The pan surfaoe is grass covered, with a number of small waterholes j 

') 

and lies in the ocmtre of a heart shaped depresElion 3.12 krn'" in area, 

and 9 m deep. rrhe pan i tseli' is poorly defin.ed, and the slopes of 

the depresE'Jion gracluall;y morge into a number of Bmall level areas ~ 

bare of grass, in the oentre of t.he depression. In one of these there 

is a small well 2 0 8 m deep! in which oaloareous sands, nodular and 

laminar oalcretes and. olive green sands are exposed. From the well 

section! it appears that the pan sediments are 1.5 111 "thick. 

A gentle slope Jeads from the centre of the doprossion to the crest of 

the inner dune, 20 m above the pan datum. 'rhe inner dune, of grey 

brown sandI curves round the southern half of tho pan depression. lrhe 

outer dune is, in comparison, very small and proved difficult to 

locate in the gently undulating area round the r;an. 

Wlashiaphotsana pan i~j linl<::ed by a shall 01/11 linoar depression to a small 

unnamed pan 3 km to the southeast, where there are extensive calorete 

outorops. A borehole in the vicinity of Mashiaphotsana pan f3hows 

that the area is underlain by 100 m of Kalahari Beds~ overlying Ecca 

Series sandstones and. Bhales. 

r,10gatse pan (Fig. 3 .. 10 Plate 9) lies 5 km VI/oct northwest of 

~1ashiaphotsana pan 1 along the track to Tshane. It is an almost 

reotangular pan$ covering an area of 0 .. 73 .k:m2 and measuring 1 .. 2 km by 
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On the southern Elide of the pan are the inner and outer dunes. 

Unlike -those at the pans desoribed so fm~w ·tho dunes are not 

arranged concGn'Grically~ but are off Bet from one another. At 

Mogatse pan~ the inner dune is found. around. the sou·th and southeast 

sides of the pan! whilst the outer dune is located on -the sou-th and 

southwest sides of tho pan, suggesting that they vJere formed by winds 

from differerrt dirElctions. ':Fhero is a straight fJlope from the pan to 

the ore[;rt of the inrh;~: dune, of grey brown sand, 29 m above t.he pan 

datum. It is fJeparated on its western sid.e from the out.er dune of 

red sandI with its orest 31 m above pan datums by' a shallow interdunal 

depresr;ion some 200 m wide. 

Dead. ~rree pan (Fig. .3 .. 10 Plate 10) othElrlrJi se unnamed so far as the 

wri ter is aWarE? lies some 3 km due west of Mogatse pan. 'rhe pan 

itself i.s heart G.hapoc1~ vvith a bare olay surfaoe, and measures 0 .. 80 km 

by 0.70 km? covering an ar0a of 0.39 kCf? Liko T-1ogatse pan, Dead Tree 

pan does not oocuPY tho whole of the floor of the depression. 

Enciroling the pan there is a 150 m wide area of flat ground, with 

abundant oalorete outorops~ espeoially on the northern side of "the 

pan~ whi.oh appears represent a former extension of the pan. 

On the southern side of -Ghe pan there is a straight'rise from this 

area of oalorete to the orest of the inner dune t 18 m above the pan 

datum. The inner dune is not wel1 d,~fined! and. merges with the red 

sand outer dune t tho orest of whioh lies 23 Cll above the pan flooro 

Both dunes have a very marked. parabolio shape in plan and are 

slightly offset in the manner of the dunes at liIogatsc pan. 

Ar~~,.jL,.1?9,E.~"~"c>,g,o>~>0.2.,.!'!J?~9;;H~~1>~~~ll9:.>,!t<3:.b}12-f.3,c;;p.u:b.c, .2::~}2£ 

Bosobogolo t MpaathuthJa and Rlabuasehube pans lie 120 km north of 

Tshabong in an aroa of undulating topograp.hy~ 'Ilhey are tho most 

aocessible of the: pa:ns of the Mabuasehube Galne Reserve? which Vias 

oreated around this group of pans. The pans in this group are 

situated on the southorn edge of the area of the highest density of 

pans. 

Irhe vegetation of the area is shrub savanna of thIJ southern Kalahari 

type~ modified here b;y the relative aridity of the olimate (rainfall 

here is about 250 rom per year» with an [30 0)" seasonal vc.triabili ty) and 
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In the ~~abuasehube area $ the oover of the Kalahari :Seds appears to be 

thin. Vertioally dilJj)inC uhaleG and (~audDtones of the \1aterberg 

SYBtem outorop on the northern and western side~j of Mabuasehube pan. 

At f,IpaathutlltJil pan, 10 k111 "to t1:1e south, there iE) an outorop of 

Karroo System D"'Jyka tilUtes on ·the northern Gide of the pan. The 

area thuEl lies 0;1 the e:1si;orn boundary of the KC:1rroo basin of the 

Kalahari. MassivG oalorGtes are common around Mabuasehube par. and 

along the ro,:"d b8'Gvje':;"k it and lYlpaathuthw, pa,D.o 11'110 looation of the 

pans studied is sho"'m Ojl F'ig 3.11. 

Bosobogolo pan (D'ig4 3.12) is the southermost of the }1abuasehube 

group of pans. It is an oval pan 1 measuring 2.24 kill long by 1.2B km 

wide and oovering an area of 2.0 k:m2 • rrhe sandy clay surface of the 

pan is covered by short graS:3 7 with a few sillall vvaterhole ~1 surrounded 

by oalorete on i·ts ~}outhern side 0 Bosobogolo pan lies in the oentre 
') 

of a sub ciroular depre ssion 7.12 km
f

- in area and some 10 ill deop 0 

Around the edge of the pan -there is a zone 80 to 100 m wide of gre;,! 

sandy olay vJi t.h abundau"G oa101'ote nodules ~ supporting a sparse cover 

of short grass and her"bs. This zone) whioh appearEJ to represent a 

former extension of the pan~ increases to C?;,!r<Jid:l;h of 200 ill in the 

southwest corner of the pan. On the northvies'(;ern side of the pan it 

forms a small embayment in the slopes of the pan depression? into 

1rJhioh a small gully leads" In common ltii th most of tho pans 

de scribed so f.ar t there is a d.istinct break of slope bet"Jeen the 

outer and inner slopes of the pan depression, aC3800iated with a 

ohango from red 1)1'0'1'111 to grey brown si'md 11:Lth sporad.io oalcrete 

nodules. 

On the south and southeast sid':ls of the pan there is a well developed_ 

set of dunes. ~~he iD.l'l(Jr dune of grey brovm sand is vvell wooded. and 

extends around tho southeast aad south sicles of the pano Its crest 

line lios 26 rn above the pan datum. To tho south it merges "'Jith the 

massive outer dune of red sand? although elsevJhere tho dunes are 

separo,ted by a small depression. rrhe outcn' d.une rises to a crost 

Ii no 36 il1 above the pan cla,tum~ and has a much more open type of 

vogotation 7 1:Jith e:x:tensive areas of grass and bare sando 
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in area and 30 m d.13ep. ':rhe outGr slopeEl of the depression are verY' 

gentle, but becol1e muoh steeper towards the pan? where calcretes 

outcrop. On the north side of the pan there is an extensive outcrop 

of oaloified DliJy'ka tillite a 

On the i30uthorn side of the pcm is an areo, of dune r3 a The main dune 

ridge }j,eG 1800 e\l fr'o:::l the pan eci~;;e and rirC:EJB to a crest line 47 m 

above pan d.t:l."tum. It; :fo:ClTIS a massive oresoent shaped acoumulation of 

sand curvi.ng Eu'ound the southern Bid.e of the piJ,n. The main bulk: of 

the dune is composed of red brovJn sd,ucl. :f'ifo inner dune arJ described 

elseliJhore seems to oxist~ ~rhere is a straight slope 600 m long of 

very sparsely vegetated grey brmm sand from the pan edge to an area. 

of maGEli ve CalCl"utcB and ~l:Ll-calcreteG thinly covered by greY' sand 

and oalcrete rubble Borne 300 to 400 m widc) and. riGing 3 ill above the 

surrounding area.. ThiG outorop of oalcretes ex.tends around the 

southern ed.ge of tbe JXl.Yl in a position where one would expeot to 

find an inner dune ~ fI'he surface of the outorop is gentlY' undulating$ 

with distinct rills and {Sullie::'i lead:Lng fron} it to the pan. On the 

side away from the pan, the oalcrete d.ips under red 'brown sand for 100 

m until it Ci:111 no longer l)e traoed" Ij'roill i t8 position and topography 1 

it wOll.ld seem that thi~3 area of oalcrete iE:l the indurated Gore of the 

inner dune ~ from VJhich tho surfaoe sandf! J:KW8 boon removed and 

deposited against the face of the outer dune. Deflati.on is oertainl;y 

taking place today at r!lpaathuthJa pan 1 for numerous "dust devils" 

were observed while the writer lrJCl.S at thG pan, in July 1973. 

(Plate 17), 

f.1abuasehube pan (Pig. 3,,12 Plate 12) lies 15 km north of NlpaathuthJa 

pan. It is an oVE,l pan 1 mea"uring 2.0 km long by 1.6 ];,:m "Jid.e 7 and 
2 covers an area of 1 .. 9Slc!ll. The pany which has a bare olay' surface? 

lies in the oGntrc of an ill defined dejJr8<~8ion 5.44 in area? 

anti 30 to 40 ill deOl)~ The sides of the c~.0proBsion are steep in the 

immediate vioinity of the pan7 er3pecially on tho western side, where 

t,hero is a 15 m high. bhl,ff 7 topped b;y 2 m thick lik1Bsive oaloretes~ 

overlooking the pan. The lower parts of this bluff are developed in 

verti.oally dipping red sb.ale s of the \!fater'burg System 7 whieh strike 

in a north sout.h direotion. Simila.r outcro.i:)s oall be found on the 

northern and ea stelX'll si dcc) s of the pan 1 \f1her(; the y form Bimi laX' but 

more subdued fJlo,Jos. rrhere are numerOUfJ Elmall ['.Sullies and rills 

fur-rolrJing these rock eut 810i-le s 7 some of which hcwe built Bmall fans 
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On the southern sido of the pan thero is an extensive area of dunes? 

oovoring an area ULJ to 2 km from the pan.. Both the outer dune of 

red brovm sand~ and trw inner dune of grey brov1n sand have marked 

parabolio shapes. InvElstiga:bions by ProfeSfJOr Revill Mason; of the 

Uni versi ty of the Wi t1rJatersrand, (R. Mason pel's. oomm.) have shown 

tha-I:; the area of tho pan was ooou.pied. or vi sited by' men in the Wiiddle 

Stone Age 1 presumably when the water supply from tho PEl.ll was more 

reliable than today. 

Area 5: Nwatle. ~ __ .. ".~,".,,".~~_ .. , .~_.,.,. .. " ... ,', 
This group of pans lieu in the unsettled area behKlen 'rshane and Kule, 

along the infrequently used track b8-tvmol1 the sO two IJlaoe D 0 The 

topography of the o1,Te,1 is gently undulatingj vJith an almoBt 

undistu.Tbed bus,h savcmna vegetation. In many plaoes the tro()s reaoh 

heights of 10 m an(i the vogetation takos on a parklike appearanoe. 

Game is abundant in all parts of this sodor of tho Kalahari. 

Rainfall averagos some 300 mm par annum. Little isknNm about the 

underlying geology of the area as t!n,ore arn no l::)oroho100 betwoon 

Tshano and Kulo! but ovidenoo fTom boreholos bordoring the area 

suggests that tho 1rJhol0 of this part of the Kalahari is undeT1ain by 

Karroo System sandGtonQi'::: and S.hales of the Booa Series~ whioh 

outorops at UIGcJi pL1n. Apart from the surfaco Kalahari sandr:l 9 the 

Kalahari Bods in this area may be represented thi.ok calcre-t() sand 

oa1carnous sB:ndstono S t known to oxi f:lt in noi!:;hbouring aToas of 

NamilJia (South He::rG Afrioa)o 'I1,he looation of thn pans studied is Elhown 

in Fig. 3.140 

Nwatlo pan (Fig. 3.15 Plate 13) is the most easterly of this group of 

pans and lios approxima;telyl00 km W()st of '11sh,,"noo The pan is 

lemni soa te in shape? lY1o(M;luring 1 016 km long 0,,56 km wide and 
2 

oovers an aroa of 0.34 k.ifi. It has a baru olay st:\,rfao() and lio<, on 

the eastern sido of an oval depression 4.32 ]-(!i12 in area and 10 to 15 m 

deepw whioh is poorly dofined on its nOTthcrn c;dGos~ but has qui.te 

stoep sloper.::: and a "wll defined od.g(; on its 'dOSt and southwost sides" 

rrho pan is surrounded by a, 200 to 400 m vJicle zone of grey brown sand? 

vJith abunrlant oalorete nodule s ~ whiof' appearc:; to ropr() sent a former 

extom>ion of the pan. On the nOTth side of the pan this zone widens 

out and beoomes quite oxtcmsivG. ItG northern oxtont :Ls marked by 

a distinct broak of f3lopc and vegetation chango from a sparse ooveT of 
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LikfJ tho se at MOgH 11 Be and other pans Bome 200 kl£l 't 0 the ea st? the 

du.ne s at NvIa.tle pan are offset? with the outor dune B on the southwe Bt 

side of the pan and the in:ner dune on -the Boutb. and southeast sides of 

'the pan 0 

Deflation <3.])pearr3 to be quite aoti ve at NT~la tIe pan -today. In many 

parts of the pan, there are Bmall residuals of gx'aBs oovered Bandy 

soil up to 3 en aOr081.i rising 30 to 40 O[lW above -the present pan 

surfaoe 0 In a\J.ditio117 there waB a oontinuoub oloud of dust being 

blown off the pan during a period. of windy wuathel' ·when the vvri tel' 

was at the "Jan in late July 19730 

l:Iasetleng pan (Fig# 3.15 Pla-te 14) lies Elomo 18 km vJest of Nwatle pan 

along the traok to Kule. It is an oval Ghaped pan~ measuring 2.08 km 

long and 0.92 km aoross, v,ith a bare olay surfaoe and covers an area 

of 1045 km
2

0 Masotleng pan is looated on the southeastern side of an 

almost square derxt:'Gssion 6.72 krn
2 in area. and 22 rn deep. As at 

Nwatle ~ the d.epression is asymmetrio in form vJith steeper slopes 

along its southeastern marginso Around the (;d.ge of the pan there is 

a zone l<1h0re caloretes outcrop at or near tho surface 0 rrhis zone is 

particularly ex-tensivG 011 tho north and nor-bh\'Jest sides of the pan) 

v,h8ro it is up to nOO m vJide 0 Like similar aroas at Mogatse 7 

Dosobogolo and Nwatle pans, it appears to represent a former extension 

of the pan. There is a sharp boundary to this zone) marked by a 

vegetation change frof([ very sb.ort grasses and herbs to longer grass 

and shrubs? and. a <,light break of slope" In the northwest corner of 

tho pan depression there are two shal10vi linea:r doprossions about 

200 m wide? clearly traoeable on the ground. and ec:tsily visible on the 

aerial photograph;),-. One of the dcpressio11f3 leach, vJGst northwest to a 

small pan? Pnssy pan? described. belovJ. Tho other leads north to tirJO 

small pam, about 2 1<:.,; c'1."I"Etyo 

On the southern sicle of Hasetleng pan are large in]J.or and outor dunes? 

both wall woodod" The inner dune ~ of grey brov.)n sand? rising to a 

orest line 22 m abovo the pan datum and 750 m from the pan edge? forms 

a creGoent shaped ridge around the soutb. and sou-theast sides of the 

pan~ It is separc:tted from thc; outor demu of red brown sand by a 

shallovJ depression Bomo 100 m \llidc. In plant the outer dune forms a 

triangular aooumulation of sand on the bouth anel southvJestern sideB 





of the pang with its main bulk lying opposite the oentre of the pan 

depression. The orest line of the outer dune lies 34 m above the 

pan datu.m and 1500 m from the pan edge. 

Pussy pan (Fig. 3,,15L othorvvico unnamed to t,he 1;J:dter's Imowledgo, 

lies about 1 km 1;J()st northvVCJst of r,lasotleng pano It is linked to 

l't1asetleng pan b;y a fJhal 1 O'iJ depression floored by grey brown sand, 

some 200 rn or more 1'Vide" Pussy pan itEmlf is sub ciroular in shape 

and moasures some 0 .. :) lew across. It has a pd,rtly grasl'led surfaoe 1 with 

a small 'iJc1,ter hol0 surrounded 'by long graE;s in the centro of the pan. 

Pussy pan li08 on the southern side of a depression some 0,,90 km2 in 

area and :5 to 6 m d.ool ). Sporadic outorops of calorete oan be found 

on the westGrn side of the depression. A small and shallow gully 

some 500 m long enters the pan in its nort.h\l1estorly cornero 

From the pan floor there is a straight slope up to the orost of the 

single dune 600 m from tho pan edgc~ ancl 14 m above the pan datumo 

Th.e panward slopes of the d.une are oomposocl of grey brO'!rin sand p whilst 

the far slopo and crest are of red brown sand~ 

It appears tha:t 1,lasetlcmg and Pussy pans form f)cWG of a looal 

drainage system that was in-teroonnected at some time in the past. 

Ukwi pan (Fig" 3.16 Pla"bo 15) lios 50 kin northwel-3t of Masetlcmg pan l 

along the track to Kulo. It is a heart shaiJod pan with a bare 

whitish clay surface measuring some 4.4 km across and covering an 

area of 7.45 k.m2 
y making it y in terms of surface areal tho largest 

pan in the southern Kalahari. TJbJi pan lie s in the southorn part 

of a dopression 16 .. 64 km
2 in aruao The out~r f310pes of the 

depression slope almost imperc(;ptibly to the pan, but? some 400 m 

from the pan edgo? there is a sharp break of slopo and a ohango from 

red brown sands to gr~y brown sands lrJith abundr'lnt oalorete nodules. 

At the pan edge? thero is a further break of slopop and a stoop slope 

with some oalcrete outorops~ leads down to the pan. On the northern 

side of the pan, a bluff, topped by massivo caloretes 3 to 4 m thiok? 

forms the pan edge. A meandering gully 1 some 200 to 300 m wide? 

leads from the northeast oorner of the pan. Thore are sporadio 

outcrops of purple shales of the Ecoa Series 7 and green siloretes can 

bo found on the sou "thorn and eastern sides of tho pan. 
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formation, wi t11 the po.n fl'ooding to a depth of up to 1 m. Beyond 

this dune? which appears to be reoeiving material todaY7 there ifJ a 

d.epression r at tho same level as the present pan floor and with a 

similar surface. It appears to be flood.ed from time to time. On the 
\ 

southern side of the depreSf!ion is an area of massive oaloretes p 

thinly ooveredt'Jith grey brown sand. From this oalorete outcroP? 

there is a stoep riso to ·the well wooded. orest of a massive dune of 

grey brown sand r some 800 m from the pan ed.Ge (J..nd 40 m above the pan , 
floor. From the orest of thif3 dune, whio.h cu,rVE1S around the south and 

southeast sides of the pan and appears to be the main dune ridgo 9 

thero is a steep fall to a small depression and. a rise to a smaller 

dune of l1rown sand.. Beyond this there is a hummooky area of red brown 

sand. It would appear that the general form of the main dunes at UlcVJi 

resembles that of those at Nwatle. 

Urwi pan 7 (Fig .. 3 .. 17 Plate 16) 1 which was the larrt pan Btudied in the 

field work period» Hes 25 km northvJ8st of Ulc\,li pan. It is a. 
') 

semioircular pan~ covering an area of 2010 kmL and measuring 1.4 km 

long by 1.48 km across ~ 1I\Iith a bare powdery olay' surface. UrvJi pan 

lies on the southern side of a d.epression some 30 m deep and 15.52 
r) 

km
L in area, which is very poorly defined on its north and northvJ8st 

sides. As at Ukvli pan, there is a distinot break of slope betweer.. 

the outer and inner ({lopes of the depre aSion? acoompanied b;y a c.hange 

from red br01l\ln sand and bush savanna vegetation Nith long grass to grey 

brown sand with calcrete nodules and a thin grass oover. There is a 

further break of slOI)e at the pan edge? marked on the northern side of 

the pan by a small bluff --(;op]Jod by a oalcrete outcrop similar to that 

at UbJi pa,n 0 

On the southern side of the pan there is an exiiensive area of dunes v 

stretohing for 305 k.m from the pan edge. Three distinct dune ridges 

oan be identified.. Five hundred metres from the pan edge is the crest 

line of the firsii dune? oomposed of grey sand, 22 m above the pan 

datum. It is separated from -the seoond dune; composed of grey brown 

sand with its orest line 800 m from the pan edge and 2B m above the 

pan datum? by a narrOv>1 depression. A 100 m vJid.e depression separates 

the seoond or middle dune from the outer dune of red brown sand? whioh 

is a massive aocumulation of sand I'd th i t8 crest line 2.5 k.m from the 

pan edge and 40 to 50 m above the pan datum.. It appears that the outer 
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dune at Ur~1i is equivalen't to the outer dunes found elsewhere. The 

innermost dune appears to be equivalent to the inner dunes found at 

other pans. Tho middle dune at Urwi is more of a problem p but it 

does appear to have similarities with the transitional areas between 

inner and outer (lunes elsewhere p and with some of the similar areas 

at Nwatle and Ukwi pans. 

Q.9E£tl.lf!~_9E!! 
From the foregoing desoriptions of tho southern Kalahari pans, it is 

olear that9 despite the individual nature of eaoh pan, there are many 

features that are oommon to all pans. Inter pan variability beoome~ 

insignifioant when the whole of the southern Kalahari is oonsidered. 

Summarising tho main topographio features of the pans, the following 

conolusions oan be made. 

The pans: the fla"1; contral parts of the depressions are oooupied by 

the pans, whioh may have a surface of bare olay, long or short grasses 

or low growing suooulents and herbs. The pans are regular in shape. 

Most of them are sub oiroular or sub alliptioa1 1 and highly irregular 

or very elongated pan shapes are rare in the southern Kalahari. The 

pans are surrounded by a zone of grey brown olayey sand p often with 

calorete nodules which appears to represont a former extension of the 

pan. 

The depressions: the dopressions oontaining the pans are, with few 

exceptions? isolated and enolosed. Only }1asetleng and Pussy, and 

possibly Mashiaphotsana pans appear to have any links with other pans. 

Like the pans, the shape of the pan depressions is regular. and is 

oommonly sub ciroular.. The slopes of the pan depressiont on the sides 

not oooupied by the dunes~ are marked at most pans by a distinot 

break of slope some 200 to 300 m 'f.rom the pan edge 1 assooiated with a 

ohange from red brown sand to grey brown sand and oalcretes. At a few 

of the larger pans, there may be two of the breaks of slope, one near 

the pan edge and the other at some distanoe away .. 

The dunes~ on the sou·thern side of all pans is an area of dunes. 

Commonly there arc two dune ridgos p separated by an interdunal 

depression of varying widtho The ridge furthest from the pan is 

oomposed of red brown sand and is oallod tho outer dune.. The other 





ridge is composed of grey brown sand and is called the inner dune" 

Exceptionally -there may be a single dun<~ ridge formed by the 

coalesoenoo of the inner and outer dunes, whilst at a few pans 

three separate ridges may exist. At most pans, the outer dune is 

the larger of tho -two dunes? but at Motsobonyo, lIflashiaphotsana j 

Kokong~ Nwatle and UrvJi pans i"t is poorly developed. In p1an9 tho 

dunes have a crescentic shape. In -bhe oontral and weBtGrn parts of 

the southorn Kalahari, tho inner and outer dunes are of ton offset, 

with the outer dune being found on the south and southwest of tho 

pan and the innor dune on thE) south and southeast sidos of the pan. 

Present geomorphio procosses: as far as tho writer's obsorvations 

permit? the evidenoe for presGnt day geomorphic aotivity in and 

around the southern Kalahari pans is slight. Th\.? pans are raroly 

flooded -bo any extent and for any length of timo today, and signs 

of recent lacustrine prooe sse s are largely absent. Equally 1 evidence 

of substantial deflation was restrioted to a fOi'i panso From this it 

would appear that the topographio featuros of tho pans are tho result 

of oonditions unlike those of the present day. 

Thus, to explain the origin and development of the southern Kalahari 

pans it is neoessary to aooount for the distribution and forma'tion of 

the depressions that oontain the pans t the depo[ji ts of the depression 

floors and the dunes on tho southern margins of the depressionso 

E",:",yr O]JJL!i.y'P',91JJlll.~l~~cP1E£~,!,.9B!@1l_T.9_.!i1lQ:'~I£L.~j., ggJJJ1N~_.Qf_.TJ:IE> 
§QlJ'I'J}ERN BJ~H@J_.P.t"'l.If§<· 

Various hypotheses have beon put forward to explain the origins and 

development of the pans of tho southern Kalahari. Passarge (1904) 

noted tho importanoe of tho pans as souroes of water for game animals 1 

and suggested that their trampling aotion was rosponsible for pan 

formation. Rogers (1934) aoknowledged that game animals appeared to 

promote the removal of large amounts of material from pans i but 

oonoluded that v~ind1 aoting on the bare surfaoes of pans? was the 

prooess by whioh tho pans were formed. vJayland (1952) stated that 

most pans were formed by vJind action during some period in tho past 

and disoounted the offeots of lJiogenic action in pan formationo 



J300cock and Van Straten (1962) noted that there was no general 

agreement on the processes of pan formation? but that wind aotion 

lrJas the most iml.Jortant factor in maintaining and extending pans at 

"the present time. They suggested that the lX1hB lay in beHs that 

could be related to anoierft drainage line s, and tha-(; the pans were 

the remanta of ancient sand ohoked draim,ge lines. Grove (1969)9 

citing the existence of dunes on "the southern side of the pans, 

sugge s"ted that the;)T had been formed by northerlY' winds. 

cor,lPARISONS vlITH SnHLllll FEATURES IN O'J:lIWJR SEEr AlUD AND ARID ARJ]~~S. 
~'""'''_!''''_''''"''''''''''''''''.''''''''~~''H'''_C.'''''>''''''_'~ • "'". ..• , ,'-,_ . ...-_.,.''''".".,,_'''''''''"'''''''-_~, ... "'=''''..,...,.,''_-'''.,,::, .. '''',.,~ '-_.,',,, " .'" """~""""'''"''f'>'<~''''_'_'''''"'*-''"''''''''''''''''''''''''_,"""",''''',''''M'_'''''''''''' 

A wide variety of natural depressiolls 7 often containing small 

seasonally dry lakes ~ have been do soribed from the semi arid and arid 

areas of the world. Irhey ranee in size from the (lbuffal0 wallows ll 

of the Great Plains of the western U.S.A. and the IIgnamma hole811 of 

Australia? to the great de sert depre ssions such as the Quattara 

Depression of Libya and the Seohara Baf3in of Peru. Consequent upon 

the lrJide geographio distribution of such fea"Gures t a wide variety of 

hypotheses has been put forlrJard to explain "their origino The most 

plausible of these are: solution; solution and collapse oX' settling 

of underlying strata 7 dessioation of river systems; biogenic action; 

and deflation. 

Solution depressions or dayas cut into level limestone plains of 

semi arid and arid areas 1 have been desccibed from :North Africa 9 the 

Middle East and Nevi Mexico by r,utchell (1974). Commonly 9 dayas have 

steep sides and flat? seasonally wet floors. In shape, size and 

surface features some d.a.yas are not unlike tho southern Kalahari panso 

'However, surfaGe limestone or gypsum outcrops covering a large area 

seem to be a neoessary preoondition for the formation of dayaso 

Formations of this t;ype are a"bsent from the southern Kalahari 9 so it 

would appear that a solution origin for the:; pans there is unlikelyp 

but it is possible that etching of" depressions into surface calcretes 

on the lines suggested by Boooock and Van Straten (1962) may have 

taken place locally. 

Solution of underlying rocks, foLLowed by the oollapse of surface 

strata was advocated by J"ohnson (1901)1 Smith (1940) and Frye and 

Schoff (1942) to explain the origin of the small sub ciroular 

depressions of the High Plains of the western UoS.A.. Johnson (1901), 

Sohoff (1939) and Frye and Sohoff (1942) al so considered the 



possibiE ty of near surfaoe differential sottling of unconsolidi.).>tcd 

strata as a means of forming f3mall depressions.. Requirements for 

the above hypothef::1Gs appear to be weakly oemcm"ced sub surface strata 

and poorly consolida:cet1 surface strata. Such doposi tB l.:mdoubtodly 

do exi st in the Elouthern Kalahari. HOvJ8ver, tho "t;endenoy has been 

for the oementation of those doposi tB by' oalcium carbona-be or silica 7 

rather tha:n their CLiflintegration b;y solutio;l and. settling. In 

additi.on1 an examinc::djion of the eviden08 from the U.S.A. by Rooves 

(1966) BuggestEl th;;:d; Duch a hypothesis is untenablu ~ exoept in very 

localised examples& 

Conoentrations of dry lakes in many semi arid and arid areas have 

frequently been regarded as the remnants of extensive river systems 

developed under more .humid oonditions. Progro:;mive dessication~ 

leading to intoI'fnitten"c flovJS and collapso of sandy banks 7 results 

in the i solation of seO"tiions of tho rivers, "I'-1hich then beoome local 

oentres of drainage. In tho High Plains of rl'exas~ Reeves (1966) 

has concluded that the larger lake ba~3ins have doveloped along the 

courses of former rival' systemso In Western Australia, Gregory 

(1914), Ju"cson (1934) and Be"~to.nay (1962) have desoribed lake systems 

as remnant s of Tertiary' river systems. In southern .Africa t the pans 

of the western OranGG ]111'00 State and tho Lake Chrissie area have been 

shown byWellinf_rton (1943, 1945) to be tho romnants of former river 

systems. In tl:-l.o Kalaha:L'i, Jaeger (Rogers 1940) concluded that 

limestone pans lay along the oourses of defunot river systoms. 

Examination of "Glw Gvidoncc presented in those papers shovJS that dry 

lakes that oocupy parte of former ri.ver system::! have a number of 

distinotive featuros. Thoy arG characteristioally elongated and 

irregular in shape, and have distindive linear groupings and 

alignmentso Often they can be shown to form a pattern related. to 

present d.ra.inage divides and drainage lines. 

rrhe influ.ence of animals in oreating small natural depressions in 

semi arid areas has boen widely advoca.tod~ Darton (1915) suggested. 

that buffalc 1'-1Ore responsible for tho oreation of thousands of small 

depressions 1 termod tlBuffalo wallows" in the High Plains of Texas. 

In southern Africa? Allison (1B99)v Laloy (1905), Passarge (1911) and 

Flint and Bond (1968) have all sugge sted that game animal s seeking 

water or salt have promoted. the formation of pans and similar small 



depressions by trampling and destroying vego-GEttion and surfaoe soil, 

or removing material on their coatso No doubt early' invosiigator8 

were impressed by the large numbers of game animals found at pans and, 

the dust olouds they produoed (Hutohinson 1958)v but H is diffioult 

to see how the aotion of game animals~ 11mJover numerous p oould have 

produoed over a thousand depressions in the southern Kalahari y many 

of thom 0 .. 5 krn2 or more in extent and up to 40 m deep. 

Closed depressions in arid and semi arid areaB have often been 

rogarded as being tho produots of deflation. In many oases this 

conolusion is more tho result of laok of anyevidonoo other than that 

the depressions oocur in arid or semi arid areas. In disoussion of 

the deflation hypothosis~ it is necessary -to make tho distinotion 

between dry lakes in basins oreated by defla"cion» and dry lakes in 

basins oreated l")y other prooesses, but subject to surfaoe lowering 

by wind action. The form of both types of dry lake may bo similar 7 

but be the result of a very different set of oonditions. 

Deflation from· the surfaoe of soasom.l-lly dry lakes to form olay or 

sand dunes has been dOGoribed from the U.S .. !. by 131ackwolder (1931), 

Reeves (1965) and Bowler (1973)~ from Australia by Hills (1931), 

Bettenay (1962) t Campbell (1968) and Bmvler (1970) y from North Africa 

by Bourlaino (1954) and Coguo and. Jauzein (1967); and from southern 

Africa by Rogers (1907) and Jaeger (1939). Suoh a prooess is thus 

of wide occurrenoo .and c;reat signifioanoe and. gives rise to lake 

basins that aro comf.1only borderc0d. on their dowmJind sides by a sories 

of cresoentio or lunette dunes, resembling thosobord.ering the pans 

of tho southern Kalahari. 

Lake basins orca,ted by 1rJind erosion have been d.esoribed from the High 

Plains of Texas b;y Gilbert (1895), Evans and ~1oade (1945), and, Reoves 

and Parry (1969).. ~:heso lake basins commonly' have a sub ciroular 

shape, shallow depth and. small size, with a flat floor oooupied. by a 

seasonally dr;y- lake 3 Am area of fringing dunes is found on the 

southern margins of tho basin. In Austra1ia, Twidale (1968) has 

desoribed. olay pans and playas of deflation origin in interdunal 

corridors in the Simpson Desert. In southern Afrioa 9 many 

investigators have sugCeElted that pans are formed by wind action. 

Du Toit (1907, 1926) attributed pans in tho northorn Cape to 



deflation and Jaeger (1939) stated that the pann of tho Namib Desert 

arc the result of wind aotiono Tho ovid.enco presented in tho 

literature suggests that lake basins created. by doflation are found 

in areas characterisod by level or gently undulating p1ainfJ, 

unidireotional strong vlinds and unoonsolidated sandy surfaco deposits. 

Deflation basins are oomll1only weLL dofinod, sub circular ·to sub 

elliptic in Bhalx~; vlith a tendenoy to elongo.:te dovJnNi.nd, rolativel;y­

shalloN 7 rarely morc than 50 m doeL) 1 relatively small? of ton loss 

than 5 km aorossj and. {:?;enerally possess an area of frtnging dunes on 

their downwind side. 

Q.9M91YSLQ1I~ 
This ohapter has dosoribed tho main featurelJ of the topography of the 

southern Kalahari p2,ns 1 Nhioh aro containod in well dofined su.b 

oircular deprossionfJ 10 to 30 m deop and up to 5 km across i with an 

area of fringirJ.g dunOl3 on their southern ~1idcso 

The effects of pro sent goomorphio procossc;s upon tho pans appears to 

be minimal ~ and it appears that tho main topo[;raphic features of "tho 

pans are the result of conditions unlike those of today. 

Previous workers in the D01.:d;horn Kalahari have indioatod that wind 

aotion has played an important part in tho development of tho pans. 

Comparisons vvith simili"cl,r features c:lsoNhore in the world suggeEJt 

that this is indeed tho case. 

The following chaptors will attompt to c;xplain the origin and 

dovelopment of the Douthern Kalahari pans by oonsidering tho 

distribution of the pan depreSSions, the morphology and oomposition 

of the dune oomplexo s, and the composi ti on and extent of -the doposi t s 

of tho pans. 
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J1LTI&91?lLQ11,91J. 
Little or nothing is known about the distribution of pans in the 

southern Kalahari" Even today, the 1:500000 and 1:1 million maps of 

the area show only a few of -the many pans in the region4 

It is not surprisinc; that the comments of ,previous writers on tho 

distribution of the pans have been brief. Ha.yland (1952) suggested 

that the aeolian pans tended to run in belts .vithin it/hioh their 

peroeived alignmont was more apparent than real, due to tho faot -that 

the tracks itJent from pan to pano Boocock and Van Straten (1962) 

stated that the greatos-l; ooncentration of pans could 'be found within 

a 140 km radius of Tshane, and that the 1")I3,nS were distributed in 

belts related -to anoient drainage divides and river systemso Grove 

(1969)v writing with tho benefit of aerial photographs not available 

to earlier investigators, desoribed a 50 km "Jide belt of pans along 

the Bakalahari Soblelle t with pans being spaoed at 15 km intervals 

in plaoes. 

In view of the above laok of information there is a basic need to 

describe the distribution of pans in the southern Kcl,lahari itli"bh. more 

preoision. 

Thus $ the aims of this ohapter are: to closoribe and analyse the 

distribution of pans in the southern Kalahari, and to put forward 

. hypotheses to explain the distribution. 

:lli!._DI ,£Vl~:1.J?lLTlgR, 9F.J:1fft}, .. sgY,iJ}1]lJJ1H .1Y.\l.!~~Y~!1"lngA£if.;?' 
The only maps oov(~ring the whole of the southern Kalahari are at scales 

of 1: 500000 and 1: 1 million. As stated above they show only a 

fraotion of the pans to be found in the region 

However v print lay downs (unoontrolled air photo mosaics) at a scale 

of approximately 1:125000 are available for the whole region. They 

show all pans that oan be deteoted on the aerial photography of the 

region. 



For the purposes of thin study only pans that possessed features 

desoribed in ohaptcO)r 3 v~ere mapped. ThUG a pan should be oontainec). 

in a well defined doproBsion with an area of fringing dUD(;JS on i tf:> 

soutrlern side. Theca featurec 7 whioh ,40re possesf,3(;d by almost all 

pans in the area j proved easy to reoogni se on the l)rint lay downs? 

and enabled the aoourate deliniation of the belt of p"l,l1l:3 along tb.8 

Bakalahari Sohvvolle. 

~:raoingf.:j 1IJore made from tlH:3 print lay downb to sh01l, all pans of the 

type defined abovo. l?rom these maps were made of the total number of 

pans in eaoh 1/16 0 quadrangle (1/4 of a print Jay dowyi); the number 

of large pans (longeElt dimension more than 005 bn); "md the numbc::.' ct' 

small pans (longerst dimension less than 0 ... 5 Jon). 

This division of the pans into tvw arbit:rary groups Nas und8rtak(~1J. in 

order to see if ·there was any sib"1'lificant difference in distribui;j.c:1. 

of pans of different sizoso 

The se maps showed the exte~1.t of the area containing panG of the type 

defined in the southorn Kalahari? and thG distribution of P';,::w Hi t.'l:i.n 

the area o 

Figo 4.1 shmvs the distribution of all pans in the Fouthor~1. T{alehari 

that posse8S tho statod features s and ill.ustratcs that 

well defined belt. In the east of the area the belt i 8 only 30 km 

wide amI oontains relatively felr, pans (2 to 4 IJer 1 h 6 0 qlJ.adrangle) 0 

It steadily widens out t the number of pans )or 1/16 0 qU[1,drangle 

inoreasing a:t tho same time 1 to a rtl!),ximum width of some 30() l\m 8:b 

22
o
E. The belt then narrO,'IS northwes-Gvila:cd to the I-JaD;ibian (f'o\).th 

West African) ·border at Kule. The form of the pan bolt oJo[:oly 

parallels that of tho lrila:Gershed. 

It lrdll be seen that the number of pans per 1/16 0 quaclr&:,ngle 0JC3G3:'OIMD,: 

away from the axis of the watershed. There aro few pane north of 23c~Jj 

as the Okwa drainage system i.s approaohede Similarly th8r0 are very 

few pans in the southvJOs"i:; . part of the southern Kalahari; tm·;0..::>c]p, the 

dune belt along the Nossop river. 
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the maximum d.ensity reoorderl being' 14 per 1/16 0 quadrangle in the 

area northwest of Ku1e. They are then soattered at d,Cl1si tier::J of 

2 to 4 per 1/16 0 quadrangle over most of the pan beH of the southern 

Kalahari" HOvJovor there :i. s an area 'where tho clensi ty of large pans is 

more than 4 per 1/16 0 c.fUadrangleo rrhis area stx'e'bohes continuously 

from wer,;-t of KhalJlC:)i), to WOlS"l; of Tshane anrl1 ',dth a small break? on to 

the Kula ,~ Ncoj,),tlO aroao It is within thio belt 1 which 1ie~l along th.e 

axi r::J of the wCl:!;ersl10d I that all tho concentrxtions of large pans ooour I 

and 6 1/16 0 quadrDxJ.gloFJ record more thD,n E3 largo pans.. rl'111O of these 

areas are oentred on Kokong, one to the Vlest and. another to the south 

east. Further areas of high density of largo pans can be found in 

the vicinity of IilanyanG pan, nortlnvGst of Tshanoj around TshotSliJa pan 
( 

west of Tshane) and in t;-J.() Kule ... Ncojane area. 

Fig. 4.3 8hovJ8 the distribution of 'bhe small pans (longest dimension 

less than 0 .. 5 km). Pans of this size are b,y far the most numE:JrOLlS in 

the southern Kalahari, and. OOCLlr vJidely. They a,re ooncentrated into a 

number of aroa,f3 in which density reaches more than 20 per 1/16 0 

quadrangle. The most extensive of the~30 oocurs north of rr8ha'bong j 

spanning the traok to Tshane. Other more restrioted areas of small 

pans occur in tho l\lotoJm~iG area; southwest of Kokong in the 

neighbourhood of Malmli tlhake p southvJC st of Tshane and. east of Kule" 

Extensive areas of a modorate densitYi £3 to 16 pans per 1/16 0 

quadrangle? oocur in tho area be-evJeon Kok:ong c;l,nd Tshano 1 and in the 

Ifianyane pan area north of '1181:1ane. 

F'rom tho above it ir..., olear "th,:tt the pans of t.b.e southern Kalahari 

oocupy a well defin(.:;d belt UIJ to 300 km wido p that stretohes from 

Sekoma to the Namibian (South West Afrioan) border in tho Kula .. 

Ncojane arua" 

The form of this bolt corresponds olosely to that of tho watersh8d g 

whioh narrows to tho east and "VJost from its maximum ~"1idth at about 

220m• Within thiFJ belt thore arc notable oonoentrations of pans p 

partioularly in the area betwecm Kokong v Tshane and Mabuasehubc. 

F1urther ~ smaller oonoentrations oan bo found in the Kule ~ .. Noojane 

area; in the vioinity of ~IIanyanG pan north of rllshano? ancl in an 

area northwest of rrshabongQ 
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§RAT}Ab •. ;4.1Yi"L.X,GJ ,s" 9ri ', ~.LT:q;~, P~§:I'fLIl3,\]~J.·]:9]I gp'"S,O;:J:.P¥rpUj:, ~~Ic'!~:F;~gI,J:NL q 0 

For the purpOB8U of t.hiG analysis -the pan,; of ·the sou-thl)rn Kalil,hari 

lnay bo oonside:cod as 11 ::Jot of point fj distI'i butOCL in Bpcwe, 

In viOvJ of the largo :,lUi'l't>ors of J)C!XtU in the Gou.thorn Kalahari and the 

vJicle area over vJhj.ol::. they arc dir3tributecl, it "ras decided -to use 

quaclrat met.hods; de te t.hoir limitation:3 9 :c;.d;hcr than nearest 

noighbour methods? for ana,lYf'l:LD of the dL,t:cibution. FevJ ar'pl.ioations 

of quadrat mothodr; havo b8\)11 Iikl,do to prO')leG1D in gC:lomorphology, 

although tho t(lohniqn0 if:3 vJell C:lc:tablishod in j)lant eoology (Grieg 

Smith 1964) a~'1(l human ~;Goc:r,:.;(,p.hy (King 1 Si69) ~MOfJt of the 

geomorphologioal applications have been in thEl field of karst 

morphology~ tha/c of r,~oCmmel and Horn (197~~) being the DWElt 

applicable to t.h8 pre:3cmt problem.. The on1:! application of 

quadrat teohniques to cH'icl 1and;3 eeomorpholot;Y knoNn to the ltJri tGr is 

Goudie (197 0) 0 

Quadrat analysis if; a technique fox' Gvc:clua,;Li:(lg the arrangeme:n:t of 

point s in an aroa f or on £;1, map? that haD been lJC1rti tiO;:J.ed. into 

quadrats? or small subdivisions~ and to tc~,.1; the statistical 

distribution of these poirrt:'l aeainst one or more distribution 

functions. 

(rhus a distribution may be identifiod !.:1L1 random; more regular than 

random " or more oluEJtcred. than ranrlofl1o VJith a rand.om distribution the 

quadrat mean frE)(lUej.lcJuill be equal to iti::': varianoe. 11hus a more 

regular than Ta,ndom (1is'Gribution ,dll have a variance Elmaller -bhan -b.b.e 

"lean ~ and a mOTe olustered. than random eli stribntion 8.. variance larger 

thu,n the mean 0 In a random <1i stri bu t i. on of .!:)oint S 0'1101' a plane 7 ir, 

vihioh any 1)oint hau an equ.al probability of ooouring at any pODi'bion~ 

anrl small subdivis:i.ol1s (or quadra:1;i3) havo an OqULtl ohanoo of 

containing a point, the position of any point is in no ~'Jay influenoed 

by the position of any o-bhor point. 

A non random distribution is taken to indiCJ;te that tho .points arC) not 

mutually independcmt and tha-b the position of (mo point is determined 

by -bhe J)osi -bion of otherf~. This illa.y be i1 contac;ious distributionp 

invol ving tho spread of a phenomenon. In aCL(h tion oer-bain randomly 

distributed areas filay havC:l more favouri:.l,ble oonditionEl for the 



existence and development of the phenomena, tb.us leading to clustering. 

In the case of the; sout,horn Kalahari "l'JE:; can Ilof3Gulate three hypothe se s: 

1. ~:'he dis-cri'bution of pans is random. 

2. The distribution (,{' pans is clustored to some degree y 

'reflecting eithel' a. situation vlherby }30mo areas arE) espeoially 

favourable to l.l[(.n formation; or onE) in "\vhich the pam, al'(:;; 

linb)cl to i.:'"JLl,ch other in GOrDe; l~ay': poTl~,aps as locally Gonnocted 

dra,inagc u;yrr!:;oiJ1S or in 11'1hich thE) eLi i)G:ci but i on is of randomly 

diBtribu:ted Glumpfl in cU'oaG f,;wourctblo to lJan formation. 

3. The dir:d;:(ibution of pans is olustored? eM) tho result of two 

mutually ind,epeJ'ldant ranclom prooosr:Jes: the oreation of 

oonditions favouring pan formation; and tho effectiveness of 

the prooossos thol!1selves o 

A fourth condi t:Lon of recularity Gould be postul()~t(;dt but sinoe the 

sample Vc1ria,noe is J.ar:?;or than the mean$ the distr1bution of pans in 

tho southern Kalahari must tend to be more c:L~l8t(jrod than regular 0 

ACGoptanoe or rejection of the hypoth()sc~! described above can be made 

on the basis of whethor the dhitribution if;) most adequately desoribed 

by the PoissoJ:l 9 lTegativo Ilinoli1iaJ. or Nixed Poisson models respeotively. 

1E.~..J1'_9jJ_~:s.~Lt~J'~ ~\l.o,de ,1,s 

If a randomly difrtriulrtod set of point s iG sampJ.ed. by quadrats ~ then 

the eXjJeoted number of points per quadrat (j)) in given by the Poisson 

Series: 

p ", n/Q 

"\vhere n ._. the number of j)oint sand Q i El tho nUG1bor of quadra:b s. 'rhus 

the probability that a quadrat oontains exaot:Ly x points is given by: 

x "PI p(x) '"' P G :Jd 

vihere p "" the mean of the OO[30rved diGtributiOXL, 

The Poimson model ilosorilJ(;)s a distribution in Hhich points arE'; 

distributed as a result of a single random prooess. 

Two models for clustered dist:rioutionlO! oan be put forward. The firGt 

is the Negative Binond al, in whioh the number of points in an~' 

quadrat is variable, based on tho number of points in any other quadrat. 



The probability' of D, quadrat containing x points is given by: 
k + :x:~·1 k x 

p(x) = (~-l::':·f"·"-) p q 

Hhere p? a moasure of randomne ss 9 ~ fl given 'by x/v? and k 1 a measure 

of olustering 7 iG given by x 2 /( v.-.i:). 

The Negative I3inomial model describes ,situations in 1i'1hioh t,he 

distribution of pohrb[j is random? but the d,ensit;y varios over spi:1,Ce 

in rospcnso to more favourable conditions in Gorno areas? there a.re 

randomly d.istribut(O)cl olumps of points; and initial1;y rC),ndom 

distributio~:}, of point~:l generates further poiJ:l'ts in close pro::drnit~l at 

a logarithmic rate .. 

A fluther model if:; the Nixed Poisson! in 1Ilhio11 dif3~~ribut:i.on of points 

is tho result of -GVW indopendant random prOC8Bses. 

in which k1 and k2 are the probabilities that a point is looated as a 

resul t of first or seoond prooesses 1 and Y1 ancl Y
2 

are the pararae-ters 

for the first and seoond (listributions respectively. 

:rhe Mixed Poisson filOdol is appropriate in a f:li'tuation where the 

distribution of points is random but is affeoted by locally favourable 

oondi tions randomly distributed. 

The expectod number of points per quadrat '>las gcmorated for eaoh of the 

above dh'ltributionf:l using a BASIC prografl1lllo I l'11ri"ttcn by the wri tori and 

run on the Hewlett Paokard HP 9800 SeriE)s oalo\),lator of t,ho University 

of' lVla1avd. 

The theoretical froquenciG8 vIere oompared to tho observed for goodness 

of f'H by the Chi squared one sample test: 
2 ( ,,\ 2 

)(:::; .CJ •• ,;::,pJ) 
Xl 

~ihcre 0 == observed, frequenoy in oaoh olass 1 ,),nd E "" expeoted or 

theoretioal froquenoy. 

The null hypothesis? that the difference bet1i'Joen observed and 

theoretioal frequenoieH is aUG to chanoe, vJas aoce1yt;ed or rejeoted at 

the 0.05 levo1 of f3ignificanoe 0 



1'p._0~,~§~~L:~.tf3.~.L'?E}, .!¥1p,;Ly,~~.~ 

In seeld.ng Em ai)pro!,)riato sampling design 1 tho ohoice of an appropriate 

quadrat size prcf1CmtfJ oonsiderable diffiouHYI as Griog Smith (1964) 

has indi.oated. 'I'hoi,c 800(,1 to 1)0 no sa'tisfao'tory rulefJ to app1:r7 

except that the size of qLladrat should bo larc;or than the posBiblo 

clustorB of pointr:3, anJ. small onoLlgh to flla.lCO tho probabilit:! of 

it oontaining point rJ small. In vi 0'\111 of tho abovG p ohoi08 of an 

arbi trary clLmdra-c cd ZG doo s not f:'lecm inappropria, to l and so a 10 km x 

10 j(m quadrat ,11:;,,(3 ohoson. 

PlC1COGlont of tho qWl,drat C~ ,1Ias aohi.evod b,Y usc of '~ho r:rbratifiocl 

systomatio u.nalignocl sampling prooedure, dosorillclt by Borry' (1962) 0 

By this method., a quadrat 1;va8 placed in each of t.'.10 141 1/16 0 

quadrangle s i:1:1 tho southern Kalahari study aroa. 

Table 4 .. 1 showfJ the obflorvod frequencios of' pans llOI' quad.:cat 0 

Table 4.1 

·No. of pans per cruadr<'1t 
' .• "n.'·~',_'''.'"' "."" '_.'~"'"'''' • 'l, . " '" 

x 

o 
1 

3 

4 

5 
6 

'7 
8 

9 
10 

~t:1~*C£::§;\ 

p(o) 

D 

74 
22 

13 

5 
2 

1 

0 

0 

0 

1 

-- 2~ 17" 

.As oan be seen fro;n tablo 4 .. 1? the varianoe mean ratio for tho 

distribution of pans in tho southern Kalahari is largel~ than one 1 

indicating a clusterod distribution. 



Not surprisingl;] the PoiSf30n mo,iol did not prove a good n.t "to the 

observed distribution. Comparison of tho ol)servod and Poisson 
I ') 

distributions yiolclod aX. t... value of 45.1B indioating rejection of the 

null hypotr.lGsis th;:d; the) pans are randomly dir.:l"i;ri':)Utod at the 0.05 

and alGo tho 0.01 lovel of r3il];nifioanco. 

ITo. of pans/ 

quadrat 

o 
1 

2 

4 

5 
6 

7 
(5 

9 
10 

Observod 

(0) 

74 
22 

23 

13 
r' ) 

2 

(\ 

0 

0 

1 

) 

) 

) 

) 

) 

Dogron f3 of freedom .- 4 

') 

'" x.. 

( 

" I 
I 
\ 

( 

Expeoted Prcqu8JJ.C;Y (G) 

IJogc'tti'VQ lIiixed. 

PoiBson Bi oaol',t:i.aJ. Poi E3S0Tl 

Lj,B 6c: .I 

52 :~\4 L]·1 

2(5 10 15 

10 9 7 

q 3 11 11 ./ 

The IIixed POiSS()Jl model proved '1;0 be a poor fit to tho observed 

distribution 7 as OD,n be soon in tC1bl0 4.2~ ;yinlding ax
2 

value of 

19 .. 25, indioating ro:jection of the null hypot.hesis at the 0,,05 and. 

also tho 0.01 level of significanoe" 

Al though the Mixed Poisson modul of t1;W random prooossos is 

conoeptually plaur3iblc;, the model is sto.;tistically untenable and 

considerably underestimatef) the number of points pel' quadrat [J:t the 

lovwr end of tho distribu'tion. 

The Negative Hionomial model gave the most 8atiGi'actory fit to tho 

observed distribution? cmd undel'efJ'timated. tho Imler end of the 



distribution only slightly.. Comparii30n of tho Gxpoetod and 

observed distribution yielded. a)t value of 6 .. 04 indioating 

aocejytc:moo of the null l:1Y.pothesis at the 0.05 level of significa,noe. 

DISCUSSIon 
"",',""''"'"' .•..• ".,. ". ,",' """"I .,. 

Tho mappod distribu.tion of pans indioates that thc;y ctre found in a. 

belt up to 300 Ie),; ,.lido in the VJa.ternhed a,rea beti'ieEln Sokoma and Kule. 

The form of the bolt cor:::"ospone}s olosely to that of the VJaterflhed. 

Within the belt notable oonoerl'tr[;;:liions of pans exist in the area. 

bO-GvJ08n 'I1shane ~ KoJ;:ong a:;c1 Maouasehube nnd i;1 ths Kula -- Nooji.me 

area. 

Analysis of tho distribu.tion of t.l.18 pans by quadrat methods indioates 

that it iE) strongl;,:, oJ.ustored and is best described 'by the Negativo 

}3inomial model. In vim,] of thi,,, 1 threo oonoeptual models may be put 

f'orvJard to explain the distribution: 

10 An iui tiall;y random distribution of pointt3 generates furth<';r 

points at a locarH.hmic r11t~). 

2. The distriimtion oonsists of random olusters of pOints" 

3. The distribxLion of points is rand.om, bu.:; the density of 

point::; varie::) over spaoe as a reS})()j1se '1:;0 variations in 

cond.itioYJ.[:: faVOl.lring their looation. 

It seems unlik:ely that illodel -lois ap;)ro1)riate" There is nO evidence 

to suggef3i; that t1.\O formation of a lak:e baf3in leads to the formation 

of other basins nearby as a. contagious proceS8. On the contrary! it 

is more probable that tho exis-Gcll1ce of a basin '\>'lil]. tend to 

conoentration of drai:o.ago leading to :LtB onlar!~:c(aont 7 rather than to 

the orea tion of further basinso Only vJhen morc than one puriod. of 

basin formation teJees plaoe a,1'O novi basinG initiilted (Reeve:::l and 

Parry 1969) ~ the looation of which appear,,; to have no relation to 

already Gxi stine; basiJ:lS. 

The seoond model appears at first sight to be acoeptable. Inspeotion 

of the pl'int lay dmJns and l1'R'J:S imagery of the southern Kalahari 

shovJS the pans to be arranged. in small olusters of 4 or 5 pans p wiJeh 

oth.er pans soattered. at random. Ho·wove:.c t VJhen 1001md at at the 

regional scale ~ it ,Jill be seen th.o.t these loose olusters are in 

themselves olustered. This i:ndicat08 that model three is the most 



acceptable I;)xplana:tion of the diBtribu:tion of "the southern Kalahari 

pans, intJhich the l)ans are distributed. randomly throug.hout tho 

region? but their densitJ va:r'ies~ giv:L):~' riso to a clustered 

distributiono 

in oonditiollf:3 favourilJ.G .pan fo:cmd.ti()n~ Firstly? the pans may be 

distributed in boJ:tf~ vJ.b.ioh oaD. be relatGd. to the Gxi[~tElnGe of 

'"11CJ·C,Y,·t'- d:r';o';Ylqn'~' ":1'1''-'''' ",,(,(:1 (iJ'v'd~"" ('POC)('C)C'i,' ""')(' V:l';~ Q+ra:te;-'l 1Cl '';2) e;.y. ~ ",J,J., ,N../.. .• eNG...... ..t. ~ . .ll.. .. ~ (...1.1." .. A. ~~... \.,~ f.' "J ... J J.l. (...-/tJ • .A. ,-~ .. d. t.J IJ _ \.,j.t ./ v _ 0 

Seconcl1y? the eviden.ce of the of t.ho pan QOpl'ossions and the 

IJresunce of frinGinG dunGS suggC3str::: that dofla;t;ion has pl;),ycd an 

important role in pan formation. CO:ClsequGntl;! the location of the 

pans vvill reflcHYG the exif3tenO(;;) of ()on(ii tiOl;'U fcnrouring deflation. 

There is little evid.enoe availabl;,J to SllPilort the fi:rut hypothef3is. 

rrho form of the 01u8"[;0:r8 of pallS is in 110 v,ra;y- lineal' and t.here is 

no evidence to SU,,:;C80l"[; that tho pans of tho southorn Kalahari form 

aligned groupine;s. In r:;,ddition there are no signs of drainage line s 

on theJ]RTS imagery' or aerial ph,otography of the ,:Clouthern Kalahari, 

save for the-.: fey] north bank: tril:mtal'io B of t.he HololjO river and. some 

small tri bu tarie s of the Okwa and fiIGlone dr;y' river s on the northern 

margins of the stucly aro,::,. No pans oan bo seen to have any links 

Nith these drainae,'c lines. All the river s,ys"i:;ow;:; that ):';.avo been 

recognised in other parts of the Kalahari in BotsNana posses13 irJGll 

marked valleys 7 c),ltd 211'0 ea,sily recogni sablc; O;~l aerial photogrCtjJ~l.f.l. 

If such drainage linGE! did ()xif3t i:C1 the southern Kalahari 1 them it 

vwuld. be reasona,bl(; 'co ex.pect thorn to be; vir3ible. In any event 

organised dTaina[)'c netv1OrIu3 would be unlikely -Go occur in a 

irJatershod area of such \lide extent and 10'1<'1 relief. A further point 

of interest is that most, if not all~ the riv(;r systems in the 

Ka1ahari have their sources in areas vJithou:t a mantle of Kalahari 

sands. Tb.is vJOul(J. sugCOGt that even under conditions of grea;t1y 

increased precipitation, runoff vJOuld haNG boen insufficient to 

sustain organised drainage systems over much of -the Kalahari. 

[rhe conditions fcwouring deflation and the creation of deflation 

ho11oNs, or b1ovJOuts, hav() been summarised NeHon ('1940) and Hack 

( 1941) and. include C). sub arid o1ima tG gi vine ri so to a sparse 

vegetation cover; unoonsolidated, preferably sanely 7 surface d01JOsi ts 



and strong unidircoi;iona.l winds. Speoifioally, tho existenoe of 

deflati.on hollows is influenoed by tho existenoo of bare aroas 

oaused by a looally high vJator tab18 1 a looal aooumu.la:tion of vJator 

after ra.iny poriod.s ~ or 'by the tramplinG of game animals 0 

':('he southern KE.1.1aJ.lari undoubtedly pOSS;::; SFJOf,1 many of tho environmental 

oondi tions favouri,lt'; tho oroation of deflation ba[~ins. 111ho surfaoe 

deposi ts <l.re unconfJolida'tc)d Kalahari sands 1 ovor whioh strong winds 

of oonstant direotion bloVJ. Hith a sliC'IC docrOc\~J0 in pro sent 

rainfall? vogotation Govor would probab1y dOOrOaf!e ;;mffioiontl;y to 

give rise to idoCJ .. l oonditionE) for doflat:Lono 

However 1 the looalisation of such basins to a belt along the NOSEWP -

Nolopo - MakgadiJ.cgadi vJatershed~ and oonoentration of pans vJi thin thin 

belt is more diffioult to aooount for. 

De spite the commont s of Pas sarge (1911) and Flint and Bond (1968) 

the aotions of animals oGl.nnot be seriously oonsidered as the oause of 

the depressions oontaining the 1000 or so pans in the southern 

Kalahari. 

The existenoe of locally high water tables appears to be more 

plausible. Glennie (1971) describes deflation hollows and sebkhas 

fed by groundvJater seepage in interdunal al'eas in the Great Eastern 

Erg? Algeria" SimiL?"r features are desoribed. from Tunisia by Coque 

and Jauzein (1967). In these oiroumstanoes deflation is assisted by 

the oreation of bare areas by the seepage of folaline groundvJater, but 

is hindored if' the water table ooinoides vJith the base of tbo 

depression. Suoh a hypothesis appears to have limited applioation in 

the southern Kalahari. Over most of the areawator tables are found 

at oonsiderable depths and lie in the pre Kalahari rooks as the 

Kalahari Beds are a poor aquifer. Only in ·the Sekoma and. Kula -

Neojane areas and. at Kokong and Tshane do water "tables ooour near 

the surfaoe. On this basis~ it would be reasona.ble to expeot 

concentrations of p"-"ns around those areas vJhere pre Kalahari rooks 1 

and thus Vla tel' tabl()8 7 are near the surfa,oe 0 Hm'Jever -thi sis not the 

case~ as only in the Kule - Ncojane area is theru a large oonoentration 

of pa.ns ooourring under these eircumstanoes. Elsewhere ~ in the Sekoma 

- Khakhea area and at fJIabuasehube there are looali sod conoentrations 



of pans only'. In faot p the largest conoentration of panG, 'betwoon 

Kokong and Tshano p occurs in an i",roa vJho1:_' pro Ka,lahari rocks are 

25 to 50 m bolov1 tho surf:','.;o 0 

Looally ~ as at KIlC:l1dlCa and in the Sokoma ~ Tshe,l1o and iIabuasehube areas ~ 

soepago from ground1ivai;o:,' bodies may havo croatod. baro arOD.B and thus 

sitos for deflation? bu·t -the hypothosis oi:mno-t satisfactorily explain 

the eli stri hut i on of t.ho sou thorn Kalahari PiJ,l1fj as a whole. 

'rho hypothesis that tho pans are looatocl in clcprcf3sionB creatod by 

deflation from aroa::;; jecpt bare by fJo<?Lsonal accumulationB of surfaoo 

water appears to bo more gener::1l1,Y applioable $ In the southern 

Kalahari today there i.ue many slight unc1.ulationc in t.ho sand surface 

which ;J,rc floo1'otl 1:W greyish or blea,ched sand.u and have a relatively' 

sparse vegetation cover. ThefJo areas appGar to :cotdin some wator for 

a short p~riod af"lic;r rain. In a VlateI'shod ar':):::~ suoh as the fJouthern 

Kalahari with a gontly u.ndulating suri'a,oc and 'lor;;' slight rogional 

g1'adionts i"li is pr01)G,bl0 that all d.rainac;o vvould be to suoh aruaB of 

local water acouiTIulationo Undor cond,itions in 1I'Jhich "Jater porsiBtod. 

for long onoue;h to prevent plant growth suell. aroas would. bo bare 

and suscoptible; to doflcd;ion when the accumulated VIator had 

Gvaporatcd or seepod away. 

Additional support fo1' this hypothesis is cont"inod in the following 

evidence. Grove (196~)) noted (lfaint furrovJ pattornsit on the print 

lay downs of the southern Kalahari curving round from a northeast 

south1rJGst direotion north of Kutswo to no:cth n.ortheast - ~outh 

southwost west of Kokong. Examination of ERTS 1 imagery for the 

southorn Kalahari shovlf3 the so furro""J patterns to be moro extcnsi va 

than Grove thought, and they oan be dcrtectc,d. in all parts of the 

southern Kalahari, curving round. from northoast - southwost to north 

south and. even northvJost .~ southeast 0 They can bo olearly seon to 

linh: up with tho dunes along tho Nossop river and in adjaoent areas of 

South Afrioa and Namibia (South West Afrioa). The pattorn clearly 

represonts the degraded remnants of longitudinal dU11(ls? oorresponding 

to the anticlockwiso mJirl of dune forming vnndG around. the South 

Afrioan antioyclon,;. Close examination of tho EilTS 1 imagery reveals 

that pans are situatod botwee!1 thcGe linoa[<1onts? rather in the manner 

of tho pans in adjaoent areas of NamibL;L (Soutll vJest Afrioa) and South 



Africa a l].1hi S Gvidenoe sugee st;:OJ that mQErt of tb.,') southern Kalahari 

pans 1IJoro originally sitod in the corrid.ors boi;1rJOen longitud.inn,l 

d.unos. Similar features of a probablo deflation origin in 

interdunal oorridors ha,vc been dOf:)oribed. Flint and Bond (1968) 

fl'om the Hankie Nat i 011al Park in Rhode sia? and from tho (~o Z re gi on 

of Sudan by Warren. (1;970). 

It is thus posdble to suggost that tho Q8prc)Gf.3ions oontaining tho 

sOl)~th()rn Kalahari pans v,)Oro originally formod. Cor; a rosul t of 

deflation from baro areas wr.l.ioh woro tlw sites of IrJater aooUJllula'tion 

aftor rains. The roquirements of a sub arid or sC!mi arid olimate and 

a sparse vogetation cover to trap sand, arc; consistent with this 

explanation. In a situation in whioh tho dune fla,nks and. interdunal 

corridors wore sparsoly vogotatod.? sand movoment and d.eflation vJOuld 

be localised. Funneling of winds throu~l tho corridors would also 

tend. to increa,13u tho possibility of doflation in ba,ro areas. 

The deflation bd,sins were thus created at the sitos of 1000.1 

unorgani sed drainago f3ystems. Such local d.rain:tgo i3yrTtems would in 

all probability bo locatod at random but be) more oommon along tho 

watershed areas, loading to a concentration of pam:; there:" 

Loo,l.lJ.;Yj the oxistonoG of areas of wat(H' aool;unulation IrJOuld bo 

dotermined by undulations in tho f:u .. nd surfaoe, lcJdding to 

oonocmtration of deflation sites at this soal0 Q 

C Ol'LQb.Q§J9lIfl. 
'11his ohaptor ha:;'1 dosori.bed the distribution of pans in the southorn 

Kalahari 0 Tho pans lio in abel t up to 300 ]:,:m Iriide along thc') 

watershod area bet1l'IGOn Kulo and Sekoma. 'rho Ir~idth of tho belt 

corresponds olosoly to that of the wa.torshed.. vJithin the bolt of 

pans tho groatost density of pans oan bo found in t.hG oc;;ntrc) of the 

region, betvmc;D Kokong and Tshane, Hi th minor oonoentrations of 

pans at Kule - Noo ja .. ne GOna. north1lJo st of Tf3hane. 

AnalysiEJ of tho distribution of tho southern Kalahari pans by 

quadrat method.s indioatos that tho dis-tribution is olustored. 

Clustering ocours at -two scales, regional and 100a1, and is beErt 

described by a sHuat:ion in 'tJhich the distribution of pans is 



randOlU i but the density of pans V<1riOf~ in response to oxistonoe of 

more favourable oonditiomJ in ourtain arO,,1,[3. Regional soale 

cltwtoring if) aoooun"God for by tho inorG<1fJod donsity of pans in the 

waterflhEld area.. 1,000,1 uoale oluf:rtoring l'C0:C1.':O"tl;; oorlGontration of 

drainago to\i>1ardrs tb.c oontr~)s of broad undulations in tho sand surfaoo" 

Irhc available ovidunou suggests t.hat tho majority of tho pans of tho 

southern Kalahari aro oo;d;aiw)d in defla,tion cle)rOElSions oreatod by 

onlargement of blo1rJ()l . .lt s 7 the looation of i-vhioh,vas influenced by 

looal bare aroas 1rJhul'c; soa,sonal runoff aocullluJ.atoc1. It appOD,rs -that 

many of the panf:J probably originated. in tho oorrido:es between 

longi tudinal dune:;, nOliJ much degraded 9 vvhcro formed. looal 

contro B of drainag;c. Such unorgani Bod· drainag:c systems would be 

moro oommon in tho water d::18d arci:.1.S 9 whi 01:1 is vJhoro the main 

ooncontratj.on of pans i::.i to be found. Locally, looso conoentrations 

of pans may bo rolatod to broad undulations in tho sand [mrfaoo 7 

concontra ting runoff and seepage to a nurnber of oontro s 0 
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On the southern side of most pans in the tloutl:H'lrn Kalahari there is 

an area of orescentic dunes~which rise to a height of up to 30 to 

40 in above tho pan floor 7 [:1nd extend up to 2 Jz:m from the edge of the 

pan. Ix::. most casef'! tvw main dune ridges may be identified? "(rJhich 

are called the inner and outer dunes. 

Previous inv8shga;[;oriJ in the southern Kala,hari have briefly not,',d 

the existc:nlce of tho dunes adja.cent to the pans? but have said little; 

about their composition or formation. Hayland. (1952) noted that Gand 

dunes could be found on the south and southc<wt Elides of pans? 

composed. of materia,J. blovm from the pan si te::30 Boocock and Van 

Stra ten (1962) not(jd thcdi most pans had. a lr.Jell defined sariCl rid.ge OE 

thE:lir south 8-11.(1 sou:l:;.hvvest sides~ formed in the case of clay pam; by 

sand oarriecl oveT the pan floor ~1Y the prevaiUng win(L Crov3 (: 969) 

stated that dune s, "i.hich he compared to lu:n,otte dune s 2 could be 

found on tho south1 sOl):theast and south'r.fElfJt sides of most paTH30 

The aims of this chapter are ~ to de soribe the morpb.clogy o:f' t~le dune 

complexes; to dOFJc:cibo the material:] forming the dunes; and to put 

forvJard hypotheses to explain the origins and. formation 0: the dune 

comple:x:ef:l. 

DUNE C OMPL:GX8 S "' .. , -.... " '" ~ "'.' .""","._ .. "" ..... .....,..r 

The main data sourGOS for this section evro tl.le relevant air 

photography of the pam) studied., ::mpplemcntecl the writer's field 

observations~ and the profiles levelled aOrOfJf3 lllany of the dune 

oomplexeD. The Id:i;te:c, in :.td.cli tion to provicling information about 

dune morphology also served. to locato ·tho point,:> at VJhich samples of 

dunG forming material \'jero oollectedo 

dune comDlexes 
, "' ",",- 'W.'" _,,;": .. ~,~" "'tT.-",~,-.".,,,-. 

The topogralJhy of tho demos adjacent to southern Kalahari pans has 

been described in some detail in Chapter 3. Considerable varia,tions 

in tbe shape 7 sizo ancl alignment of th.o dunes exist 1 but a nU.llbor 0::" 

general features may be piol\:ed out 0 



In all case,s the dunofJ are located on th.G L'lOutheril side of tho pan. 

However~ in some areaG t.he dunes curve around the south and southwest 

side of the pan, i),ild in othors tho elu.nes oc:m be; found on the south and 

sou theast side s of the ;'lan. rrho signifioanoe of -the se varia:tion~j will 

be eli E3Cu,8sed below. 

At most paTW tv)O duno ri ,: O,,;CJ:1 bG ielentified. fPherJe are termed 

tho inner and outer dUi:l88. 1.'he outer dLlYlOf3 0,,",:1. bo reoognised by their 

location at somo eLL r:rtanoc from the IKtn edgo; thuir rod brown surface 

sa.nd; and al so tb.oir ro1a;tivc:1y bare apPoc;;,r(1noo 7 as they often 

only support a vegetation. oover of grafme::3 C1n.d fjilV1l1 bushes. rrhe 

inner dunEH1 oall be iclcntifiod by their 10oo;tion ~J,:J"tvJ(30n tho pan edge 

and the outer (1une; thoi:e groy brown surfc),Cc L;and; and often by their 

well vegetated. appoarc,neo 7 "lith treos and chrui:H3 up to 5 m !:ligh. In 

mc::my oases the innaT and outer dunes form t'l'iO d.:i.stinot rielges 7 

SelJarated 'by a '\]011 marked i~1.terdunal d('!pression I but the inYl(Jr dune 

may marge vJith tho outer duno at one or morc plaOGE>. At a numbur of 

pans thore if.3 no distinot inneT dune? and "" single ma.in dune ridge 

cmrveE: around tho pcl.11 , 1!Jith rod brovm SD-;ld on its crost and the side 

away fTom tho pan, dD,d grey bro1t'1D. sand 011 its panward side. This is 

tho situation C,l,'G many sl11DJ.lor pans ~ for eXCl.,ll})le at B(0) anel Pussy pans p 

but may also be the oaso cd; somcvJhat larger pans~ Sokoma and Kgama 

However? there al'e a numbor of dune oomp1crs that do not oonform to 

tho general pattorn* At UkvJi and Urwi pans for oxample? threo 

distinot dune ridgo;:; oan be identified. In eaoh OilSG their ohara.oter 

is d.ifferent. At Urvli pan theTo if:.> a lnassive on-cer dune of rod bro\in 

sand? r~iDing some 50 m abovc,) the pan datu[J). Bct~voen this and the pan 

edge are tvJO 11'1011 dovolopecl inner dunes. rrn8 irmc:rmost dunG is a. 

narroltJ cresoentio ridce of grey brmm so,net, Nith a sparse grass oover. 

A narrOifJ? but ltJeLL definod. d.epressiml so:~)arate8 it from tho middle 

dunv ~ composed of bI'mm s,;md? and vwll vGgota;i;ocl Hith trees of ~(),C1~()~i.0:. 

.s.;pj,J~. , 

At Ukwi the situation is rcl.ther differEm.t. On the pan edge is a small 

dune 1 some 4 m high), oomposed of very ooarse pale si),nd. '!lhi s dune 

appears to be ourrent roooiving sand blmm. from the pan. Beyond 

thif3 dune there is a dc)prossioXl) floorod. pan surfaoe material. On 



the fa,r side of this thore is a fJteady rise? to the orost of the main 

dune ridge of grey brown sando ~[1he outen.' duno here is of brown -to 

red. brown sand an.d relatively small 0 

A-t J'iIpai):thuthJa jJa,n tho HlnCr dune is idcntifi.ablo r but oonsists of 

a thin sand oover over an undula,ting ar(:k~ of lili:UJrcd.ve cDJ.o:cete 0 The 

form of t11i s outorop E:trongly sugCe EltE! t;lc:Ot, it i fj t.hc oD.,loroted oore 

of tho inner duno? from whioh the UjJjJor part~J have; been removed to t11;3 

panward faoe of tho UlxteI' duno I vlhioh ir3 oovo:eec1 

br01llln sa~ld. 

<:1, spread of grey 

In a very small l1I.lmbor of cases 1 as at Khal;:hua 7 thore may be no dunG 

ridge at all? and. the durlOs are represc:nted by a hummooky aooumulation 

of sand to the sou:t.:l. of the) pan. 

As a general rule the outer is the lar{;er of t ho t\~o dune f:.l1 but 

oocasionally thi:3 is not sOv aB at Kokonu and. Nashiaphotsana panEl in 

Area, 3 and. at Ukvd. and. NI;Jatle panEl in Area 5. 

The ou:ter dunes are 'V'Jithout oxocption locn;l;cd on the lip of the pan 

depression. rrho irmor d..Ll.YlOS are loca:bud lJitbj.n the depression. 'rhero 

seoms -cobo a gonerc1J. relationship bGtvJoen the; size of trw dunos and 

tho size and dep·l:;b. of the pan depression) tho JJ.a-Curo of 'iv-hioh is 

examined below" 

11"l":.J2,1!t:R. J,g,£!ll,.Pt'. tho dune S 0 

Although in dete,il 'J.- ·',iide variety of dune fell'lTlEl nkJ,~1 exiGt v two basic 

typo B may bo rocogni so rIo Thoy arc th:, opon parabolio or U shaped 

dunEls and the:: CHlGccmtic dunes 0 

IJ:he OUGer dune::; oO!Tj"lOnl;y h""vG an open paraboLLc form» with a broad. 

accumulatio3:1 of SU,;J.d ~tt the apox of the parabola and t1fiO Ilh01]:18;; 

extending t oward.s the pan. 'llhree sub scan lXJ rocogni Bodo In 

some oaS8S the (lU1l0D arc truly parabolio in ~'Jhapo ~ with a narrovl 

ridge of sand forming b;o pronounced ,lhornc,l extonding upwind towards 

the pan. Dune b of thi [3 type are found. at :Bee v T;:;,t, milO y Kong! Khe sekvvo 1 

J:.1ashiaphotsana and Dead rI1roG paXlB. rrho second f::lU.D type occurs \;]hen 

tho apex of the paraboli.1, becomes infillod, formin{,,' a, broad transverse 

orest to the d.une j i:.l,E'\'IJith the outer dunos at Samane? Kokong y 

.. 



Bosobogolo ~ r{paathu:t;hJa and Mabuasehube pans. A furt.her variation 

Qxi[1tfJ 'when thn .lxl,raboli:' becomos oompletol,'" infil10d by sand to 

beoomo a transvcrBo Bhicld shaped sand accumulation? as with the 

outer dunes at l'J,'latlc-)? Ulo~i and Urwi pane. 

At a number of pan:, the ou:t(;r clune haE! D-vJcakly oresoentio fox'm and 

oonsiDts of a broad tra:nfwerso sand ridGe. I';xamploD of this typo of 

dune ooour at Samosad.i? Sokofila? Kong'1tJo and Eauetlcmg panso 

The inner dUl1013 00(;11011.1;\7 have a orosoentio form (Plate 19) and ourve 

around. the sou.thern sides of the pan. In many oases the inner dune 

is muoh J.ess wen CLefinoc1 and is much narrower than the outer 

dunG. In .many GaSOG it appears that tho forin of tho inner dune is 

determined by that of the outer dune o 

At a number of pans th(j idoa.l sha.pe s are di s'Gorted. At Samane? Kong 

and HwatlG pans tho wostorn arm of the outer dlmo is absent. This is 

th.e oase "Jith tho eastern arm at :Mashiaphoi; Dana pan. A:t Khe sek"lG pan 

tho "mstorn e),l'illS of the inner and. outer dum)~J mergo 0 Composite forms 

are reJ.ati vel;)' rarc) ~ although man;y intermocliate shapes oa:n be 

rocognised. '11ho be::ri; oxamplc of a com:lOsito dovulopment of dunes is 

at )Ylasetlc.:ng? I'Jhero the outGr cluno consists of a shiGld shaped. sand 

aooumulation with an oastern crosGontiG extc)YlGion. 

R.cfercnoe to the ma)Jf.:l aooompanying Chapter 3;;li11 shovJ tha;t thore is 

a goneral relationdli.:) bot'vioon tho shapo of the (,epref3sion containing 

tho pan and some i;],Upccts of th8 dune shape. It 1rJOuld appear' tha,t 

dunes vJi th a strong parabolic form arc af3f30oiatcd with deprossions 

that arc signi.fioc:mtly olongated. in a north - fJOuth direction, dG is 

tho caGe at Boe 1 Hashiaphotsana 1 :Sosobogolo) Nabuasehube and }\Jwatlo 

pansa kJhore there is little elongation of the depression in a north 

south direction, and the cLepror3sion if; more nearlJ oircular~ or 

elongat0d in an m.l,st ~" vJCS-G direoti.on) the dunes tend tovJarCi.s a 

vaoo,kJ.y ere soentio form 7 as at Samosadi 7 t so and r,1asetleng pans. 

:rE.s~U!l:)~,J?E5).t~.19"s , 
Profiles were lev8l1ed aorOSG tho annos ad.jaoent to sixteen of the 

pans studied in dotail. fJ.1hey shovJ tho cross seotionaJ. form of the 

dune oomploxes. 
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KhesukltJ8 and li1aEJc'tleng. SlOPEHl on the pamlard side of th.e inner dune 

are generally 1 to 1,,5 0 ~ local1y' steepeninc -cOV'Jards the orest of the 
o 

dune to 3 to 4 

rrhe slope s of both innor and. outer dunG 13 13,1'0 generally smooth or 

gent ly undulat in:; ~ Gullying of the sJ. ope iJ i::: rn,cc and t.l,k:e s place·) 

only V.JheI'l) th<'l v(){!;e"Gation has been removeu. along gEtme trails or 

cattle trc1,C.ln~. Exoejyl; (";1,-[; KongvJe pan~ lilhero :~;ul1ies up to 2 .m deGP 

and 3 m wide vl0TG nO-Geel p their S(;lclom exoeeds ~20 em. 

AlliQ11E.e.~~."9L .. :Gp.G,. ,du!~9,s, 
The alignments of both in.dor and outer elunos r3holtl that they wure 

formocl by winds from a northerly directiono 

Some diffioulty GxLc;t s :i.':1 making preei se measurClilcmt s of the 

alignments of erosoe:Y'cio dunes. rrhe method. a,do:l:ited j.s that of ]3owler 

( 1970) ~ in vJhieb, a lin.G ,11as a.raNTl to join tho .t.horns il of the dune. 

The alignment of the clu.nc:::; is LleaSLl.red by the orthogonal biseotor of 

thi s line. The cwour,:wy of thi S method rlepen{].s upon the plneoi sion 

vlith\o1b.ich tho (luncr: h,::we been defined upon the air l)hotographs y 

whioh may- prescnt SOfl1e difficul tie s 9 partieularlJ vIi th -the inner 

The alignments of innor and outer dunes v'Jcru measured in this vJay for 

all pans studied. Tho result[ are p:rescnted in Table 5.1 and }"1igso 

TabID 501 

1<[oan (lune alicnments. 
-~"~"~,,,,,,-,~~,,=,~- '~"'.I.;, .• , • " 

Area Outer dUlles Inner dUYl0S 
"'~,.....~"". " '.,',. ',' ~~,,,,..,,,.,, ...... '"."' •. -"',,-"' .. '.~ "'." -.-, 

1 11 
0 27 0 

2 l' 
() 

16 
0 

.) 

3 20 
0 

20 
0 

4 344 
0 

353 
0 

5 12 
0 

347 
0 

Table 5 .. 1 :Jholtw that there are differences in c1:.1.11e alignments, both 

between areas and betv'100J1 inner and outer elunes.. In order to 
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alignments betvJ80ln inner and outer dunes" In ad.di tion there is a 

modera.tely Bignifioant (at "the 10 % level) interaotion effect j w.hioh 

indioates that the differences in the alignmen"ts of inner and outer 

d.unes I although not significant as a v,hole j arc significant in each 

area ~ and the n12{ini tude of tl.iZ) differenoe vario s from area to area 0 

1'1:; oan thus be s"tl1;i:;ed that statistioally sig'l:1ifioa,nt differenoes in 

the alignments of inner and. o u.-t En' dUYl(3[l exist 2VG a regional level ~ 

but that there is no overall signifioan"t diffuronoo i.n the 

alignments of. inner and ou.te:r: dllllGS o 

Regionally 7 tho moan cl,ligTliYlen!:;s of the outer dunes chang:; from just 

east of north (01'1 to 013 0) in areas 17 2 and 57 to well east of 

nor-;;h (020 0) i:o. area. 3; and to we st of north in area 40 'rhe 1l1~;::m 

inner dune alignrilen"t s alter from 16 to 20 
0 

earrt of north in 8,re;r~JG 

1 7 2 and 3 to west of north in 4 and r' () 17 to 353 
0, 

areas , .)Lr ) . ./ 

The differenoe fJ in a:U. gnfilent of inner o,ne:' ou,tor dUnE'! s are no'!; 

statis"hioally l3ignifioant. They are lar'gest in areas 1 una. 5? but 

the ohange i G not the same in each case. In ar(3a 1 the change j,8 

tovJards tho east i IJhil st in area 5 there i tj a f3t:cons shift to t:Je 

west c 

The regional changes in dune alignment arc Gonsistent with the 

ourrent regional change in 'wind clirootions wi thin the southern 

Kalahari ~ which corr'e sponds to the S'\·Jirl of vJinclfJ around the 

southern AfrioaYl antioyolone in vJin-tc;l' • Comparison of dune alignmcm-ts 

to the present windB if! hampered by laok of data. Data is 

available for only three stations within ancl around the region, Ghanzi~ 

Tshano and TBhabong. Of those ~ only rrshabonc hct~, data for vJind spoer.s 

as vJell as dircotions. Unfortu;:lately; tho ""he 1 k,red si"Go of the 

station at Tshabong mako its datd !.mreprGsontativG. 1].1}18 porcontag" 

frequenoy of windc: frOftl each direotion if; presented in Flig. 2.6. It 

oan be seen that in the northern part of tho Bouthorn KaJ,ho.ri th3 

winds are dominantly frOJll the oaBt 2.nd. northeaf.~t. At rr'sharw 1 in the 

OOn tre of the rogi on, winds are mainl;y from the nortb, and we st. 

Personal observations suggost "that the strongerrt winds ooeur in 

August p at the end of the dry season, and are dOlilinantly northerly 

in directiono 
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It would appear tlv1.t the dunes adjaoent to tho southern l(;.1lahari pans 

were formed under a, wind regiG10 not unlil<.o that of today. lJ.1XlGro 

apl)ea,rS to havo bOGn. a slight differenoe in the pattern of wind 

between the two .t)()riods ~ whioh wa~i most marked on the edges of tho 

region? particularly in t.ho Vlef::rt of the GOL~thorri Kalahari. 

During the course of the field. ,;wrk: in the sOiJ.thern KalahaX'i it 

beoame apparent -Uu:ct c:t gem.oral relationship oxistod between the 8i ze 

of the duno cOlllplc:;x and the f:;izc of tho pan. 'Ilhu8 the highest and 

most extensive dunes l·Jere locatod at large and. deep pan delJl'essions 

like Urwi? H}Ja.,~,thut ].vIa and. Sekoma ~ vJhil f:d; sDlalJ. single dune ridgc) s 

could be found at smaLL .(x3.ng like Dec and. Pussy. 

In the absenoe of GOJ:fGOUr mape of tho pans j no preoise eZ'cima:tes of 

tho r()lative volume; of dunes and pan deprossion,s ca.n bo made. 

Howcver? examination of aerial photograph::] of tho Ixms indioates that? 

in the majority of cases, th,) volumo of "the dunGS is approximately 

equal to that of the pan depression, ",lith somu notable excoptimu.lo At 

Khakhoa j no dune complex as found elscv·Jhoro o~(istso In the case of 

Kgama? Ylotsobonyo and. Uk:1rJi pans the bu.lk of tho durns is small in 

oon~parison to [tho BU~G and. depth of the :~)an d.opruf:Js:loYlo 

Moasu.rer; of the heig.ht of tho OUGGr dune above ::.J:;u d.atum, pan 

dCl)ression depth and pan depression area may bo used to give an 

indioation of the relationship betvJoon tho size of the duno comp18xes 

and the:: size and elGpth of the; pan depreBDion~ Fig. 5.7 indicates 

that there is a good corrola:tion bet1rmoJ1 dun.o hc.;j.{jht and pan 
2 dopression depth (1.' ::::: 0 .. 90). A Bimilarly close relationship exists 

(r2 "" 0.86) betwGen dune .height and pan d..epre ssion area. 

These relationships indioate that the availabi1ity of dune forming 

material is related to del:>rosDion size and suggcsts that tho dunes 

wore formed by material deflated from the j)an dq)ress:lon. 

9..9MJ::<l~.Lr:rlg1~~,.9!:~Jr;w~p~TPp,S 

The oomposition of the innor and outer dunes is distinctl:), differonto 

l'he outer du.ne is oomposocl of fine 7 modera"tely sorted red bro,.l11 sando 

The material forming the inner dune is grey brmm in colour 1 poorly 

sorted and oonsist::; of quartz sand and uj) to 25 % siB and olay 

sized partioles. 

0' 
1 0 
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Samples of the dune forming material VJere takerl at d.epths of 50 em 

at intervals along the jJrofiles levelled aoross the dune oomplexes? 

as follows: 

Outer dune: 

outer slo:pe 

Interdunal depresEJion, 

Inner dunG: ere st 

tvw sample s on pam~ard slope. 

Additional samples on l)alTvJ~,rd slopes of O\ltC)r dune and leeward slopes 

of inner dunes v~ere ta.ken aD circumstancos sugC;ef:;-(;ed. 'rhe location 

of sampling points is shown on the profiles CFigf3. 5.1., to 505). 

Pa.£:ti,g .. ~.~,.,_~~.~~~~a:,11E!)~,y.s.i .s. 
Outer dune samples 1flere oven dried as neccsr::Jary. A sub sample of 

100 gillS VJ£H:l then plaoed in a nest of sieves of meah sizes 0 to 4. phi 

(1 to 0.063 mm)1 ;:.md shaken in a meohanioc:~l ehaker for five minutes. 

It was found neoe:3sary to disperse the inner dune samples as they 

oontained a significant proportion of silt and clay Bized material. 

'.rhe sub samples of 100 gmB Here soaked cvernight in a 5 % solution 

of Calgon (sod.ium hexc)',metaphosphate) 0 F'ollOT;ling soaking ~ the sample s 

were stirred in a meohanical analysi s stirrer for fi VB minu to f3 7 and 

then v~ashed through a 4 phi sieve. The:ce sidue v,af3 oven dried and 

weighed.. ~:he vJeight loss oompared to tho original sample weight was 

take.n as the silt and. olay content of tho safllple. Following this the 

sand vIas dry sieved. au desoribed above 0 

Computation of sorting and size parameters (phi mean? si;a..ndard 

deviation 7 sk01rmeSb and kurtosis) 'Ir,ai; oarri(3d. out folloli'Jing the 

using a BA.SIC progrdXl1me comlJiled by the 

,,}ri tel'. 'rhe se parameters? although mathematioally ind.ependent) are 

geoloeioally inte:creJ.atod and can be used to (lil~tinguish betvveen 

Gl'ivironments of transport and d.eposi tion~ full results of the 

2, and the ' 

Approxima te measure f3 of the amount of oaloil)"m oarbona te in inner d.une 

samples were obtained by l11ethods outlined. in Blaok (1965). A 10 gm 

sub sample of innel" dune material v,as added slO-VJly to an Erlenmeyer 
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flask oontaining 10 00 of Oo3N HCl, and al1o'tl8cl -Go stand with 

oooasional swirlinL~ for 2 hours, or until tho reaotion wa£1 oompletedo 

The weight 10s8 v expresr1ed as a pereontago of thG original sample 

weight, if3 taken as an approximation of the oaloium oarbonate oontent 

of the sample. 

CaCo")oontont % 
.J 

Colom:s were determined using a Munsell Soil Color Chart (l'Iunsell 

Color Company Inc.. 1954). 

TI;·gll_.,9gJ1~JILp.p,mn_~. 

fl'he outer elunes are oompofJod of fine, modera'Cr')ly EJorted, unimodal 

redrli sh brown or reddi sll. yellow quart z sand. 

Despi te thoir having boen collected from poiuts up to 500 Icm apart 1 

the composition of the outer dune SainplCB :,dl0'(;J a <3urpri Sh1.g degree 

of similarHy. 

Padiole size u.ir3trib;1"Gicl1 
"oL" .... ~~_"""'~" ... , .. .-• ..,.-".''"'''.,.,..,..,. .. _"'' ... '" .. -, "'.,' . .-- _~ '"t. , 

FolloirJing sieving? phi mean gra,in size, standa,ra. devia;t;ion? skoloJness 

and kurtosis were COfDputed for each saml)le. TrIO full results are 

presented in Appendix 2~ and as scatter plots in Figs. 5.9 to 5.12. 

In addition the cunlUlativo peroentage of each sample finer than the 

standard sieve iileshcLi Has plotted. The results are presented in 

Figs. 5013 to 5.15. " , c: .• 

The mean grain size of most outer dune sand:3 ranges between 2030 and 

2.50 phi. f11he sands may thus be considerc:ci as fino sand. Within 

eaoh group of pam:; Eltudied the differenoeB in mean grain size are 

smalL Sa,mpleB in "U'Gas 1 and 3 sbo,,} little variability 'lrJith mean 

grain sizes between 2 .. 36 and 2.40 phi~ and 2.32 and 2.45 phi 

respeoti vely. 

However 1 in aroa 2 there is more variation, 'fli:th the sands being 

someVJhat finer at Sekoma and Kgama t 'wi th mean grain si ze s between 

2 .. 49 and 2.53 phi, perhaps reflecting local differences in the source 

of sand supplYe At J3osobogolo and Mpaathutlwa pans in the Mabuasehube 

area the sands are 80mov.Jha t ooarser? wi th mOct:tl grain si zo s in the 

1('1-'1 



range 2 .. 25 to 2 .. 37 l)hi. This may refleet proximity to sand sources 

in the DVlyJca tillites and i'laterberg sandstones that outcrop in the 

area. In area 5 tb.o:c() :i.e a greater degree of variabilityp r(clflecting 

the gred:ber geogr'::'j)hioal spread of the samplef!. ~Fjea,:rl grain sizes are 

slightly coarser th"l,l1 in other areas? lying in the range 2030 to 

2039 phL Samples from the dunes at U:CvJi c'P1)oar still coarser) in 

the range 2. to 2.33 phi. 

irhe phi standard d8vie;tiorls arc a, good ,nUEl,sure of the sorting of the 

sands. Little vi),riCl:tion oxists in the sorting of tlw sandEl and all 

can be regarded as fiJod.cro:tely sorted? ·~;Jith phi ::rtandard deviations 

botvJeO!l. 0.71 and 0 ~jcl,mples for individual dunG E) have very 

simiJ.ar sorting valu8s. 

Values for phj. skO·vJJ10Sf3 i.ndicat8 that all outer dune sandf3 are 

strongly positi 'July ~ or fine 7 skewGd.~ \-Jith vcdues of 0 .. 30 to 1 .. 00 phi. 

Strong fino sko1l'Jnc aCj i f3 a charaoteri stic of aeoli.an sand.s 1 'rJhich have 

Ii ttl0 or no mat~ria} in the ooar":;;or fractions and a ""Gail i ! of finor' 

material 0 

Phi kurtosis valu.cs il,ro a meaSllr(l oftha ra,[;:i.o of sorting in the 

centre and t~ils of the dLrtribution. A11 o·}tc:c dune sands aTe very 

or extremely leptokurtic v vJith J.Jhi ku.rtof3ir; values of 2~72 to 3.80 7 

which indicatu a high of sorting in tho of the size 

distribu.tion ourve? :::1, OOfllJ!lOl1 feature of aeolian sa,nds" 111wo groups 

of kurtosis values may be distinguished in FiGS. 5.11 and 5.12 7 those 

above 3.4 phi and those ·beJ.olrJ 3.2 phi. irho higher kurtos:u3 values 

are common to alI outer dunes in aroal3 4 and. 51 and to S:'3.,mano? 

Khesekl-Jo 1 Kgama, and. Kong pans L.l areas and 2.. It would appear that 

these high values all occur at pans ,.gher,: the outor dune crest lies 

at some; eli stanco from the pan od{';e. A greater f.-},l'Jount of sand 

movement is reflocted in increased sorting betHeen tho c(mtre and 

"tail It of the distribu:tion ourve. 

The particJ.e size distribution ourves) Figso 5 .. 14 to 5,,1()s are 

typioal of aoolian sand.s ~ and show little vCtI'iabili ty. They 

demonstrate that i'ev,1 samp1e S oontain signifioEmt amount fJ of material 

larger than 1 phi? or smaller "tihan 4 phi. The Gxoeptions appear "tio 

be at BosobogoJ.o aYld ]\.lpaa:thutlwa pans, 1')1101'0 fJamplos have up to 4 % 
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of material coarser than 1 phi. Hero proximity '~o local sources of 

material in Karroo ti11itefcl and Wa'herbcrg sa,ni1stoncf.J may be 

important 7 demonstTd-ted the presenct;;. of roo.k fragments in the 

ooarser fractions. 

Pl;'Yflical :8ixaminCl,tion 
~~"w~·"-".,,,.,,_,·'" ., •.... ~, .• R.',.-",_., , "'.~ ~-

Tho colourc3 of tho r:;i:mt'U,! 1rJere determined 1rJith the aid of a ~1unsell 

Soil Color Chart. Sam:,)1cf.'! ~vGro also (3xami.nod fo:c frostin{!,p st0.ining 

and roundness '·J:i.th a binocul0.r microscoj)(). 

Irhe colour~j of tho OI.ltor dune sands sho'il8d. l:i.ttlo variabili-cy. Most 

samplofl were reddish bro,-m (MllnS(;)l1 5YR 4/4, 4l)~ 5/3 or 5/4) or 

yollo'wish red (5YH 4/; and 5/6). Yel101,Jir,JJl rod colours were noted. 

mainly in samplE.:s from tho ririe)!' vJester:r.:. arOC1f:!, in particular from 

Bosobog'olo? Npaa·t;l1Uthua~ UrHi d,nd. Ukvvi. panEl 0 Liioroscol'io examination 

of sample C ELhmvocl. that tho colour i. s duc) to a patina of red bro1rm 

-iro"} O·Xl· (1·" (Tile 0 ) 0'" +"10' j" "']~O'e"r o'r~'l' ~'lc' ... ,.... ... u ., 2 3 . u vi. ,c;o .. <:0 ' b .... .t ,c:;>. 

'llhe outor dunos ar\:; composod almost entire].;)/" of quartz grains, 

(Plate 20). Heavy winCll'C1I Band oth.or non quaT"!; z mineral s are rare 1 

oxcc:pt at t.i~l)aatlll.lthJ;'. j)iJ,n. :i\1os"t of the grains are .. mIl rounded? 

p().rtiOL1Iarly in tho coarsnr fractions. Al thougcb. some grains 

appear to be jJolishod r most of the sands are Hell frosted. 7 

esp()cially in 1arcoX' fraetions. 

In~_E)J:n~\t.,.f3~t :r:.u.cotUI'C ."i. 
No natural scction"l in outer dunos nXiffG 'co tho 1rJri tel" S 

knov~ledgo, and ro [;ourCE:: E: did not J?ormit 2111y ox-tcmsive excavations 

in out~r dunes o Pi tEl to a depth of onu mutro in the crEls"!; of 

some elunes revealed no visible changes in the sands or other 

horizonation Q 

11f!N1N£lliiI~ lll[l~J_~" 
Superficially tl:e imlor dunes appea.r very (Ufierent from the outer 

dunes. ThE)Y are composed of grey brown sand, .. Jith a significant 

admixture of fine oalcareous material and oooaElional small oalcrete 

nodules o This d.ifforeYloe is born out by detaiJ.od analysis of tho 

composition of tho inner dunes" 



Photomiorograph of outeI' dune sand, 

1I1agnifio;::;;l:;::1..on :x: 20. 

pan, 

of inner dune sand., lVlpe,athu:t1wcl, pe.n. 

Note careous IJarticles ·to quartz sand 

:Magnifioation x 20. 



x S amane . 
o Samosadl 
o Bee 
<> Tatswe 

70 

60 

50 

40 

30 

20 

10 

L------~2~--~3~-- 4 phi . 1 
o 

o 

!\i) '! 



Sorting? as measured by phi standard devia:bion i is generally poor ~ 

with values of 1 .. 00 to 1dO phi being obta.ined. 

Phi Sk'j'0meS~3 valueG range be'b;Jeen 0,,20 awl 0,,71 t i1nd show that ·the 

inner dune; samplc)D are Dtrongly fine skeVJed? often with a very long 

Iltaill! of fine tTIG.'Gcrial pre sent 0 

Phi kurtosi.s Val1HHJ butvJ8en 1.66 and 2 .. 90 shoH that the ratio of 

sorting betvvcen the ((toJ.lfJ:i and tho centre of the size distribution 

ourves are smaller f and may be d08oribod as leptolmrtic to very' 

leptokurtic, and indioate poorer sorting of the sands in a lower 

energy situation. 

The partiolo size d:lstribcrtion curves for the; inner' dune samples 

(:8'igso 5.13 to :5" 15) 8hol'I thdt all inner dune; samples con"!;ain a 

signifioant amount of' very fino materii.)',l of sil-b and clay size 

(grea tel' ttlan 4 phi). Thi G poroon tage i r; a.hJc',ys gre,,1, tor than 9 % 
and oommonly is 12 to 1S %'0 Exoeptionally Gilt and. olay oontents 

of up to 26 ~~ may be reoorded l in samples "!;,,,Jcon close to the pan 

edgeo In term:3 of the standard soil texture cla,Sf;:;ifioa"!;ions? soine 

of the inner dune samples thus approach claJToy sa,nds or ffiindy loams. 

Inner duno GandfJ -ell.us contain both quartz sand ,md. silt c1,nd clay 

sized material 7 vJhioh gives rise to the poor sorting and. finer mean 

grain si ze of the f3u,mple s. 

E:1;z~?JE2-.L]!l~?:,!n,.i!l~:tt ,i..o11, 

Apart from containing a 1:loderatc OATlOunt of silt and clay "~ized 

material, inner dunes com,Donly support a bettor vogeta:t;ion cover j 

perhaps due to their better nutrient status and water retention? and 

wany surface sampler; con'cain significant amoun-cn of fine roots and 

other organio material. I~a,ny inner dunG 13;).(11 i:) 1 0 fj £1,1 so con'liain small 

fragments or larger nodules (up to 5 or 10 cms in diameter) of 

calorete " A common feature of many inner dnne sands is the 

oocurenco of shells of ;X;0}:c:£::}:c~s.ty..:;:? ,~<?"4.u),t,z,e..i, (Boettger) (3, small 

xerophytio land ~man. 

Tho presenoe of organic matter and fine material gives the inner 

dunes a light colour 1 \'Jhioh varies from brmvn and greyish bro1rIn 

(Nunsell 10YR 5/21 5/3) through pale brown CduHiJoll 10YR 6/3) to 
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a light bro1'mish groy (10YR 6/2) .. Pale "brov'Jns and light brownh~h 

greys were found to be t11.8 mOf::l't COmG10n oolourrl. 

I1ioroscopio exadli.nation of inner dune sam.plC) s ::;ho"l'JS them t obe very 

different to the out~r clune samples. The Grains are once again 

ro(mded to ,vell rounded quart z sands a,ld arc cOD101Onl,y frosted I but 

are bleached with no staining or patin(J, preGOlrG o I'lany samploG 

posscr3~3 grains wh.ic!:l a:ce j)artl.y coated\vith vex'y fino ·~Jhj.tish 

probably oaloareous fila·(;erial (Plate 21). amount of this coating 

inorease s to"l'Jards the pan e(ils() 1 and small sub :coundocl calcium 

oarbonate gra:Lm:-J al so occur in thi s zone. InS1.dD.i tion it appears 

that frosting of grains tcmdc) to bocome more pro:o.ounced towar(is the 

pan edge. 

glf~E3i~.~.2?:L.~!1p}JCl'3.i, s 

DctGrminatiow3 of the oalcium oarbonate peroentage of tho innOl' dune 

sands shows them to be moderately to hiGhl;y oaloareous in nature. 

Calcium oarbonate oontentf3 in the ran go of 5 to 15 % are common Cj,nd 

amounts of up to 20 or 25 % aro enoountered occasionallyo The 

calcium oarbonate oon"ten:t of rumples sho1:Jf::: a teJ:;.(lenoy to increase 

towards t .he pan edgo ~ 

The oalcium oal'honate content of tho sands aP:lears "bo oocur mainly in 

a finely divided state, although small fragments of oalcium oarbonate 

do oocur in many sanwloBo More oocasionall;)1' Jarger nodules of 

oalorete are encOllntercd and may become locally abundant j as at 

Samosadi ~ Khesekvio 1 Kgama 1 Keng and. Dead rrree pans w particularly 

where oalorete h01'i !!wne oocur near tho surface. 

It appears that the f:30UrCe of the calcium oi:1r"bonate in tho inner dune 

sands is probably the fine material that oocurs in moderate quantities 

in a.ll samples. That thi.B is the oaS8 is delilonstrated by' Fig. 5.16 7 

in whioh oaloium oarbonate content is plotted against silt and clay 

content for inner Clune saraples. From this scatter plot it oan be 

seen that oaloium oarbonate content of samples inoreasGs 1'Ji th the 

amount of silt and cla;y present 7 with a correla"0ion coefficient of 

0.56. 
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remainder of tb.E;~ sample consists of sub rounded to sub angular quartz. 

grcLins and oooasional Bub rounded oaloium oarbonate:: fragments. The 

oaloium oarbonatE> oontent of the dune is lJ1od.er,;"to I at 12 to 13 % 0 

Internal structure 
"''''''/I'."i'tW~"",,,,,,,.~ .. ~~,," .. , ... ,,,,,,-.,_ •. ,,,, "'. _" ' .. ',.,., .. , •. ~ • 

The internal st:nwture [;l,ncl oompositiun of tho inner d.1.:mes was 

invGstigated by tilO incallS. In conjuno-Gion 'l-Jitl1. other fJJOrk being 

oarried out 9 tho Geolo{~'ioal Survey Depi'l,:r.t:nunt drilled several auger 

holes into the dUller") c.·l;!:; Kongvw arId SekOlnD, pans to depths of e n1" (for 

looations see Pig" .5 .. 17),. In c1.ddi t:Lon F de-Ga:i.lod. studies of the upper 

3 m of tho inner dune;::: 1tJorE:) conducted by the;lri Gel' 1 having dug pi-GB 

to thi s do pth in t!.w i::LClcr dune f~ a:t Khe se};::v.JO and Samane PLUl S " 

The Geologioal Survey auger holos at Kongvm pan (Iilig. 5.18) were 

drilled in the WGBtern arm of the innor dune.. BelOvJ the upper layer:::: 

of grey brovm sand, the sands were essentL",lly 1tJhite (1 oyn 8/2) 9 

poorly sorted sd,nds v>Jith a, mt~an gTain size of :2 .. 85 to 3 .. 20 phi ~ with 

a modera"te silt and elay content in the rangc; 12 to 15 % to 18 to 

20 %7 incroasing slightly vdth depth. A layer of sanet "lith a muoh 

higher silt and ola,y content Waf) encountered at dopthfl of 2 .. 5 to 3 m 

below the surface, containing some 25 to 35 % silt and elay sized 

material. 

6 % to about 9 %~ but rose sha,rply -Go 20 tjo on contact Hi th oalcrote I' 

in whioh all ,,"uger hole:; bottomecl at dejyl.hs of 5 to B In 1x,lovJ the 

surfaoe on the dune ores'l;? and at 3 m nearer the pan edge 9 indioating 

that the inner dmw at Kong,,18 is underlain by oalcretes. 

Tho single auger hole drilled on the southC~1.dtorn en.d of the dune 

ridg'G at SekOlHa (Fig. 5.17) sho"Jed a similar;x1ttern 7 "lith a slight 

inorease in silt and Glay content dovJl:nvarfls? and a layer of material 

"lith a hig11 Bilt ar •. d clay oontent (20 %) a,t 7 m depth. This hole 

bottomed in oalorot8~ at a depth of 8 m. 

Detailed examinatiOJ::l cf pit seotions at Khe sekvIG and. Samano pans 

Bhowed that tho deta,iled pioturo is not signifioantly different from 

the general picture:; obtained by the Geologioal Survey. 
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At Khesekwe (Fig .. 5.19) t.here was a stead.y increase in silt and clay 

content and oalcium oarbon1te vdth depth. \'lith tho inorease in 

oaloium carbonat,:; and silt and clay contents, -there; Trias a oorresponding 

inorease in -the oompaetnef3S of the sandf3 j 'tho lower layers being 

partially oementel::,. The u~(lper parts of the p:eofile oon-ta,inerl shells of 

!~!.?2.~£'~.~E.tU,~f!3. ,::>~c!l!:l;.l (Bof)ttger). 

A deeper pit wau dug at the cres't of the innor dune at Samane pan 

(Fig. 5019). Once again there; waG an incrckHJe in caloiUJn carbonate 

and silt and olay oontent with depth. Doth Gil'ti and olay oontent and 

depth of 1 m. Thero HarJ then a sharp ineroam:. in both silt fwd olay 

oontent and oalcium o,.:1rbonate oontent beloTrJ this i aooompanied 'by 

increased oompaction and sligh't oementation of the sands. Silt and 

olay content 9 but 11.0-[; oarbonate content r declined slightly? to around 

20 %p at depths of 2,,5 to 3 JJl. The upper hori:z,ons posf:3essed abundant 

shells of Xeroc(;rC;cstu8 sohultzei (Boettger). 
"". __ .'",\<.""".",... ~ "'\ ," ","," ~.""·.o,.,.~·'" ~ . " -"r.·.".. ... ,..,._ """',._~... ~ 

g:h.E;~J"~.t~~~~lJ.:t,1.~L}~o .PF,e,sEi,i op~~ 

The composition of the :i.nterdunal depressions is very variable p and is 

indicative of their being a transition between inner and ou"ber duneso 

In some cases the sands of the depression m08"b olosely resemble the 

outer dune materia,l~ Th:i.[; is the case C),t Kcn{;~ IVIogatse 7 Dead Tree 9 

Masetleng and UlnJi .pamlo In others ~ for example at Samane? Samosadi? 

Tatswe p Kong,ve 7 Notr;obonyo and Bosobogolo pilXH3 1 the interdunal 

depression is floored by material that is similar to that of the inner 

dune. 

The in"berdu.nal dOjJrossion may be underla,in by oalcretes~ especially 

where th() inner dunG lie s relatively close to tb.o p"l,l1, and the 

interdunal deprof2lsion is at a relatively lev,] atri tude above pan datum. 

Extensive calcretos Qu:i:;orop in the interdunal depression at Kheseicve! 

MpaathutllrJa and UkvJi parH3. 

~.J?BJgIE.§'.9l, :r~~, 
The material forming' the inner and outer dunes is distil1ctly different 

in composition 7 Hi th the outer dunes being composed. of fine 9 mod.erately 

sortecl ired broTrJn quartz sand. j with a mea:a grain size of 2 .. 2 to 2.5 phi; 



and the inner dunes being composed of grey brmm, poorly sorted.) 

calcar-oous sc3..ncl!:? 1rJith a mean grain size of 2.7 to 3.1 phi? whioh 

contains eome 12 to 20 'J~ silt arl.d clay sized material. 

It would appoa,r t th(3 GOUr08fj' of the material forming the inner and 

outer dunes are difforent 9 and. that the dtm8G 1tJ()ro formed. under 

different oond:i. tions? at two periodf:) in time. 

Dunes? often oalled 't}xmettoGql a,ud oom}}oso\J. of 3i::,;1d 1 silt 7 olay) or an 

admixture of material? iJiljacentto small lc~ko basins have beon 

desori bed from fl10frt semi arid areas of the 1rJOrlc1. EIE,81rlhere in 

southern Afrioa suoh ,lunGS have been describecl from the northern Cape 

Provinoe by Rogers (1907) and Dn. rroi t (1 ) • In l\f orth Afrioa d.une s 

adjaoent to sebldlas have been desoribed by Bou.r1aine (195,:1-) and 

Coquo and Jauzei:1 (1967).. Dunes of thii3 type are partioularly oommon 

in Australia 1rJhore they have beeD. eJGJ,mined in Dome detail by Bettenay 

(1962), Campbol1 (19C)O), B01rllar (1970) ,),nd T1rJidctle (1972). Reeve", 

(1965) and Price (196J) report dune s adjacent to playas in we stern 

TeXi),~l and l\fe,v 1v1exioo; U. IS.A. 0 

Dunes of a parabolio form composed of qUdrtz. sand 7 have 'beon reported 

from ooastal areas (Landuberg 1956) 1 but are alBo common in some SOi11i 

arid. areas. Parabolic dunes have boon der:;crily;d from semi arid areas 

in the U"S.A. b;y- (1941)7 NIeHon (1 ) and Hefley and Sidwell 

(1945); from Tohad (Hurault 1966) and frOGl t110 r:rhar desert of Pakistan 

(Vel'stappen 1968). Sucb dune [3 aro commonly assooiated. with blowout s 

and deflation hollovn~ i.n l)1'e existing sands fixed by vegetation, 

It would appear th2,t tb.e dunes a,djaoent to tb.G southern Kalahari pans 

have some similarities 'VJith both the dune type 8 d.escribed above 0 

Examination of tfLG literature indicates that all dunes fringing small 

lake basins tend tOl,nrd", a cresoentio or parabolio shape 1 determined. 

by the shape of the lake bc3,sin and the material oomposing them" 

The sorting and e:r,:dn size distribution of the sands of the outer dunes 

sugge st that they 1rJcre formed under conai tiom, of activo sand movement. 

BOlder (1970) and. iJ.l\vidale (1972) have argu.ed t1:1at quartz sand dunes 

adjaoent to small 1c:~k.e basins were formeC. by deflation of material 

from beaohes cre8:tod on tho downvJinrl sid.e of tho lake 0 Sands \flOre 



concentrated on the boaoh by ~-Jave action and longshore drifting. 

Dunes formed in thif3 1IIJay are oharac"beristicall;y aligned to wet season 

wind direotions and are indicative of high water levels in the 

adjaoent lakos. 

~:herc: appears to be littJ.o ovid0noo to sUPllort t.his hypothesis in tho 

case of the soutb.ern Kalahari pans. The outer dune s appear to be 

aligned parallel to th8 strong dry s()ason vJindf.h Tho bulk of the 

dunes in rclatioD.;;o tho BiZG of the pan doprer:lsion seems in the 

majority of eaGGr'; to 1)0 inoonsistent with tho above hypothesiB) and 

it is diffioult to visualise a situation in 1/;b.ioh thu supply of sand 

by wave aotion aDd longuhore drifting vlOulcl be: suffioiont to promote 

the formation of dunos of such sizo. 

The parabolic form of mout of the outor dtF10 f3 i their charactol'i stic 

asymmetry with a stoop slip face on their leo sides) their position 

on the southern [,1argins of t.hc pan depro ssion and the apparent olose 

relationship bwbwon tho size of the d.uncs and the size and depth of 

the pan depressions all suggest that t.L':J outer dunGS are oompard-blo 

wi th tho parabolic dunos found in association .. lith blowouts in semi 

arid areas. Parabolio dunes form initially by -G.b.o creation of a 

small transverse dune; ~ 1I1hero sand is trapped by vegetation 1 downwind 

of an area of deflation, or blo"\'JOut., As deflation continue s the 

depression is enlarged i1nd. extends dovvnwind 1 the transverse duno may 

move downwind aleo. rrho flanks of the:. dune move slowly, relative to 

the oentral portion, ami are soon oolonised by vegetation? further 

reduoing their mobilityo The result is th!3,t? as the oentral portion 

of the dune move s dowmtJind 7 it leave s trai :Ling duno s on its flanks? so 

oreating a dunG 1II1i-[;.h a parabolic or U shapo. 

Applioation of i;Lis modol to the formati011 of the outer dunes enables 

many aspeots of their' morpholog:{ to bo aocountod for. The va:ciatioJ:ls 

in the plan form of the:; dunes may bo 0xIJlained in tonns of the amount 

of downwind movement that has taken p12uoc Q At! has been noted earlier 

those dune S VJhich have a strong parabolic Sljc:~p8 are assooiated. with 

depressions that 211'0 strongly elongated in a north .~ south direction. 

Weakly parabolic or near croscentio dunes are associated vJi th near 

circular or east .~ HGr;;t olongated dC;JreimioXls. The amount of dune 

movement appears to bG ;:t,ssociatod vJi th tho Gizc of the d.epression~ 



"md the distanoo of tll.o outer dune orest from tho pan edge inoreases 

'wi-th ljan depression size, rofloc·t;ing tho greater amount of deflation) 

and henoo dune lilOVOr,lOrl'C that hafJ takon ,pli.1ce. Charaoteristically tho 

outer dune::; are asymmetrio lrJith stoop slope s mKC;Y from tho pano ~Phe sO 

slopes have clearly dovelopod ar:, a slip faoe undor conditions of acti va 

sand, rnovomont Q 

lJ.'ho origim; of t.he inner demos arc more diffioult to account for. '1'ho 

bulk of the ma'[j(;rial that makes up -tho inner dunG iB rounded -to well 

rounded quartz sandp vJith no staining o:c patina. 'l'b.is material 

oompri se s some 80 to 90 % of the inner dune s. frho romail'J.Jcr of tho 

material is silt and olay sized? whioh is i.;el1el'ally moderatoly 

calcarGous. Tho quari,z g1'21ins show signs that tho fino matoricl1 is 

ad.horing to the!11 Q 1111e position and. morpboloGY of the inner dunoG Ghows 

that they were i'or:[)(;d wore rocontly than tho outer dunG s 7 by vJinds from 

a Bimilar direction. The prescenco of sholls of ~_0.r~95?w()]'_~[tu_~. gph~~~E«<;'wi. 

(Boettger) indicates tllat inner dlJ.nes formod in conditions at loa(~t as 

dryas those of toda~/ 6 

Tho observations of previous investigdtoI's in SOllthcrn Afrioa suggest 

ono possible? hypothosis to Gxplain tho natu.re of tho inner dunG 

material. Du Toit (1907) observed that tllU ciunes ';:tdjac8nt to pan::'l in 

th.o northorn Capo Provine'J vJerc formod by tho movement of red brown 

sands into the pan::, b;Y' tho winds. Tho sands, having beon bleaohed, 

'were then 0 jeoted on tho sOlJ.thGrn side of the pan 1 together ~Ji ttl a 

oert"tin amount of finely eli videa. od,loaroou8 ma;t;erial~to form a dune. 

Boooook and Van Stra"ten (1962) suggested that the dunes adjacont to the 

southern Kalahari pans vl0ro formed, in the case of bare olay pans 7 by 

th0 aooumulation of sa/Hi blov'll aor08S thc pans~ This hypoth:)fJis 

olearly suggosts a prooess vJhe~by the sands oan bo bleaohed and 

aquire oalea.roous coatings. Hmvevor? the si 2,0 and morphology of the 

inner dunes arc fJuab. t.hat it ifJ difficlJ.l t to onvisage their formation 

by sand fl'IOVement aoross the pan alone. 

Tho morphology and co!.t1posi tion of the inner dunes ouggosts that they 

are very similar to the lunettos or olay rich dunes dosoribed by 

Bowler (1970) and otlw1.'s from Austra.lia. '1'h08e dunes havo a v,ido 

range of toxtures 1rJith olay oontents ranging from n to 20 %, 
refleoting the oompoGition of tho souroe of the deflated material. 

121 



· ''', Dunes of this type frequ.ently have a moderate to high oaloium 

carbona!;e oontent. Lunettes or olay rioh dunGs develop by the 

deflation of peloto,]. clr:l,y aggl~egates and qua:t:'tz sands from seasonally 

dry ~ salinG la.ke beds. The deflate(l materiaJ .. is tx'apped ~. vegetation 

on the lake margin vJhere it iu stabilised by tho hYf.;roscopio 

absorption of moistnrc the claY8 1 "mel. vW'biiing during rainy' 

SGcvSOY1So 

The relatively lO1[J elay eontent of the inner clune;:; (10 to 20 %) gives 

·them greater mobili 7 C1nd .. explains somo of the sub parabolio forms 

that exist" 'The hUlnmocky topoGraphy ana. poorly' d.efined nature of 

many innor dUl10S may be, explained in terms of a seasonal aeemnulation 

of cLefIa ted sandy olays and el;:},yey San(iB that i:li tially formed a sheet 

of material against the face of the outc:c G.llllO. Gradual build np of 

material resul teet in '(;he fo:rmation of a low dune on the panward slopes 

of the outer dune,. ':There the aocumulation of material was small v as 

at many of the smaJ.le:c pans 1 no dune formed. Aft(~r aooumulation of the 

duneB 9 J.eaohing of oarbonatc'!fj a:nd dow.QVJa.:rd. illOV81110nt of fines took 

plaoe~ resulting in an increase in oaloiwl1 oarbolli3-te and silt and clay 

oon'&en1; of the du:nos v'Ji'l;h depth 7 together with some degree of 

oementation and oalorete formation. 

1J.1ho present Gurfa.cec of the Bouthern Ka1ahari ]J;;;m.f3 are oomposed of 

deposits that contain a oonsiderable a/Doun.t of sand, as 'rablo 5.2 
indioates 1 ~'I1i th most 1x3,n surfaoes oontai:,ling some 30 to 60 % sand. 

:7]xamina-cion of the Dand fraotion of tIle pan surfaee deposits shows 

that it has many of tho charaoteristiOD of a vJind blown sancl. The 

mean grain size and. sorting (Table 503) sug[se.st tha.t the pan surfaoes 

oontain moderately sorted sands I'li th a mean {STain size of 203 to 2.5 

phi t and a phi standard deviahon of 0 .. 76 to 0 .. 90. Clearly, this 

material has been moved into the pan 1 or rediBtributecl, by the vJinrl 

at some time? as the effoct of surfaoe wdsh and fluvial proeesses 

alone would be to alter the sorting of the sandsQ This sand would 

appear to oonstitute the lnaterial for the formation of the inner 

Thus j i -c appears -c.llett the main souroe s of the ma·te:cial fo:cming the 

inner clune s were the sandy olays and olayey sands deposited in -the 

pan depression, the origin of l\'hie11 is disoussed below (Chapter 6) .. 

"" 
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Su.ch sandy caloareou.s clays are potentially very susoeptible to 

deflation~ aooording to Chepil (1945). They are meohanioally very 

unstable and may easily be eroded by abrasion and, surfaoe oreep as 

well as 'by removal of (lust sized partioles. 

Table 
''',-n- """-"""'~'F'''' 

:rl~~.,~2..oJ11J~9.E.,i"tNi o.r,.. ,or:t!J~ "p,.aE,," sEEJ:"f1.<?c;."Cl,C;:Eof3,i,t, r3 

Sand % :3"i,t~ .. ~~~'l;:l, Y).9:Y % 
Samano 50 50 
Tatswe 24 f( () 

Sekoma 28 72 
Kgama 67 33 
Keng 59 41 
Khakhea 50 50 
Khesekwe 36 64 
I1otsobonye 67 33 
Hogatse 60 40 
Dead Tree 29 71 

Bosobogolo 69 31 

IvIpaathutlwa 21 69 
~labuasehube 30 62 

Masetlong 48 52 
Pussy 46 {54 

Nwatle 56 44 
Ukwi 25 75 
Urwi 10 90 

The following sequence of events may now be postulated. During tho 

period vJhen the deposi tB of the pans were being formed sand from the 

surrounding areas was carried into the depression and incorporated in 

these deposi ts o The samls wero bleached in this envrionment by 

reduotion of their FG203 patina in saline ,,,nd stagnant water. At the 

same time man;r of the sand grains aquired a partial ooating of 

oaloareous clays. :Subsequently, deflation of 'these deposits took 

plaoe" During sand movement muoh of the silt and olay sized material 

was lost by abrasion, tho amount lost increasing away from the pano 

Onoe aotive dune movement ceased 1 redistribution of the fine material 

and oarbonates irJi thin the dune took plaoe as a result of leaohing and 

dOirmward peroolation of "rater, leading to an inorease in the oontent 
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~~L~Y~l~ .~:P~l.C§~.:r.q .. A~:v.t~:i;J,o.J1 
Samane 2 .. 45 0081 

Kgama 2 .. 50 0 .. 80 

KGn{J,' 2. :53 0082 

Khakhoa 2.73 OoUo 
Mo,~sobonye 2 .. 64 0 .. D1 

~irog'atse 2.49 0 .. 76 
Bosobogolo 2.41 0 .. 7[3 

Mpaathutlwa 2.50 0.[';1 

Mabl,lasehubo ;~,,27 0.'(9 

N,~atlo 2 .. 41 0."{6 

UkvJi 2.61 0,,7t:, 

UrvJi 2.3'{ 0 .. "{8 

P.I§Q1L~?I9lL~NP.. 99HP.~ypJ,OJ'L§. 
This chapter 11a13 d~scribed. tho morphology? alicnfilonts dnd composition 

of the dUilG S ~1i tua tc d on tho sou thorn 8i do of tho sou thorn Kalahari 

pans. Hypotheses to ex~)lain the origins and composition of the dunes 

have beon put forwarc.: .• 

Two distinct dune l'idgos or areas of sand accJ:l.ffiulatio11 7 termed the 

Lmor a.nd outer C:Lunos 1 can be reoognisod. rr,heir a.lignments indicate 

that they were formcc1. lJY windt) from a norther1y direction. Although 

ther(~ are no signifioant difforenoe s in i},li!~:c1monts be-t"Jeon inner and 

outer dunes as a villola 1 signifioant regional 'iiariations in dune 

alignmon-GE; do exist. irL.e regiono,l differences lilay 'be explained in 

terms of the present (LevY regional shift in Hind direotions from north 

northGas-t in tho northorn and eastern parts of tho southern Kalahari~ 

to north northvJost in thE) southern and ~vestar:n parts of the region. 

It is interestinc: ·to note that tho regional change in dune alignmcmtfl 

ccrrespcnds to a Bimilar pattern obBorvcd in the relict dune ridges 

visible on l1'RTS ima[;er;yo 

The composition of "tZ10 inner and outer dune s is distinotly differcn1't; Q 

The outer dunes are ccmposed of fine ~ v<Jel1 rounded? moderately 

sorted reddish brmm qUdrtz sand. The inner dune8, grey b:co~:n :n 

colour, are composed of quartz sand with an admixture of 12 to 20 % 



silt and clay sized m,t·berial. It is suggested that the outer dunes 

aro oomposed of matorial deflated from the deprossions that now 

oontain tho pans. The inner dune i'j,ppoC),rs to hcw() been formed a,s a 

result of tho doflation of oaloareous cancly olays d(oposi tod on the 

floor of tho pan doprossion 7 which vJerO laid (lO'\~n in tho period 

betvJeen formation of "i:;h0 inner and. outer dunGS. 

Tho climatic oonditions under vJhioh -;;ho in;lor and outor dunes wero 

formod appear to hcW8 boon unlike those of the present wJ.Y l as 

deflation is tal::ing plaoe only sporadioal1,y today. Evidenoe from 

other parts of tho vlOrld. suggests that par;l,bolio dunes form in sub 

arid conditions whore thore is sufficiont vegeta,tion to trap sand 

dmvl11'1ind of bloNouts. tJ:ovJever 1 i"b has beon SU(;Costed that the pan 

depressions originated by the deflation o:f material from areas ke.l;Jt 

bare of vegetation b;y seasonal water cwoumulatiol1iiilo In 'tho caso of 

the southern Kalaha:ci thi:::l would suggost a olimate wi t11 greater 

runoff and thus gI'm),tcr rainfal1 7 or leSe; evaporation) than the 

prOfJOnt c1:1.y, as suoh acounmlations arG ourrently of very Bhor-t 

duration.. It is thUD suggested that ·t;ho outer dunes formed under 

semi arid or sub arid. conditions as a rer:ult of the onlargemont of 

blOvJOutl3 in plaoes of seasonal water acouI,mla;tion. 

Tho oonditionB favourinc; tho formation of olay rioh dunes by the 

deflation of ma:torial from the beds of seaGonally dry lakes have boon 

summarised_ by Boviler (1973) and include the presenoe of a seasonally 

dry saline water body and strong unidireotional 1rlindD during a hot 

dry season. At the present time 'VJator aOOlJ.mulations in the pans of 

the southorn Kalahari are barely' suffioient for olay dune fOrmation 7 

as the :presenoe of vegetation oover over all or part of many pans 

suggests. In ad(htion temperatures durL1G the d:cy season in 'the 

sou thern Kalahari aro muoh loo-wr than those in areas 1rJhere clay rioh 

dunes are now for!>ling. [rhe mean daily "temperatures durinG the dry 

season in -the area ax'c) 10 to 15°C, compar<Jci l'lith a mean of 28 °0 in 

areas of prosent cle:.y CLunG formation. I"t 1rJOuld seem that the inner 

dunes were formed during a period when the climate 1rJas warmer and 

probably wetter than -Goclay§ 

Comparison of the sizo and development of 'th,::; inner and outer dunes 

indicates "that -tho initial period of deflu,tion 1 in which the outer 

1?J:) 



dune was formed was i in most oasos p the most intonso and prolonged. 

However, locally, r:H3 at }\Ji1atlo and J\~ashiaphotsana panfJ? it does not 

SO(0nl to have been very effecti va 1 as tho small size of the outor 

dunes at these pans tostifies. The subsequunt period of deflation 

to form the inner duno does not seem to have been as prolonged? as 

rna st j.nner dnne s are smal10r th:m tho outer dune S e Excc pt i. onally 7 

as at NIashiaphotsEl,na i .NvJatle and Ubvi pans 1 -Chis lJeriod of deflation 

appears to have bor:m tho dominant one. 

There seems to be little evidence that thoro has boen vJid,jDpread 

deflation since the formation of the i:nner dunof3¢ 11ho only 

indications of more recont deflation exist at Mpaa;thuthm. and UlcvJi 

pans.. At f1paathu"blwl, pan it appears that the inner dune has boen 

removed to rost agc:dns-t -the pcmward faoe of tho outor dune ~ leaving 

tho oalcrotod coro of -the innor dune upstdnding. At Ubl1i pan 1 there 

is the small dunG on tho pan edge, which may bo receiving material 

even today. 

In conclusion it may be stated. that the dunes adjac~nt to tho 

southern Kalahari pans are compos()d of material deflated from the 

depressions that now contain the panso Deflation took place during 

two periods» the first of which Waf;J of longer duration than the 

second" BetvJoen -them vJas an interval in whioh clays and sandy olays 

"Jere deposi'Lod in tho pan depression 1 tho nature i:md origin of vJhioh 

is discnssed belov.]. 



CHAPJ:E'R 6 .. 



~liW.91?.VQ1IQ! 
'rhe pans of the southern Kalaharj. oooupy the oentral part s of 

shallow, sub oiroular ir:301a"l:;ed. depressions of probable deflaUon 

origin" '11h1'ee w .. rieties of' pan oan be reoogniflod: 'those with a 

oomplete grass oovor~ broken only by [Joattered vJi],terholes; those 

wi"lih a partial gras~3 oover aw:l more ext onsi ve area s of bare sandy 

olayj and those VJith a oompletely bare olay surf8.Q0 0 The bare olay 

pans flood over their entire area after heavy rain ,to a Ci.epth of 

some 30 oms? vvhilst other type s flood to a lesser extent. Up to 2 

to 3 m of sandy olaYr:J underlie the pans and "l.;her0 is evidenoe to 

suggest that thoy VJere formerly more extensivo than at present? and 

may have been up to three "times their preso'nt size. The outer slopes 

of t,he d.epressions oontaining the pans are oovored by red brown sand 

as found in the surrounding areas~ but the inner slopes ax'e frequently 

shallowly underlain l)y oa .. loretes$ with a cover of grey brmm sand" 

Previous invesJdgators in the southern Kalahari have oommented briefly 

On the nature of the pans and their deposi"l:;s .. Passarge (1904), Rogers 

(1934)? Wayland (1952) and Boocook and Van S"cra"l.;en (1962) all 

described the oaloretes and. silcretes ooouring in the vioinity of the 

panso Rogers (1934) ,),nd Wayla,nd (1952) noted tho existenoe of 

oaloareous sands and d.ays on 'tho floors of the pan depressions, 

whioh made them impervious to the vJater whioh oollected there af'ter 

rain.. Van Straten (1955) reoognised and desoribed three; types of pan 

surface: grassed, ungrassed and saline 0 

The aims of this ohapter are: to desoribe the morphology and 
) 

morphometry of tho pans and the depressions oontaining them~ to 

describe tho na.ture ancl composition of the pan surfaoes, and to 

doscribe tho composition and stratigraphy of the deposits of the pans 

and depressionsi and -i;o put forward hypotheses to explain thoir 

origin .. 

The genoral nature of the -bopogTaphy of the pans and 'che depressions 

oontaining them has been d.esoribed in Chap"l:;er 3.. This seotion will 

ooncentrate on corta.in aspoots of the morphology and morphometry of 

the pane. and deprossions in relation to their origin. 
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The pans of th€.: southern Kalaha;r± -are gc-merally sub oiroular to sub 

elliptioal in o.b,apo and. are oontained in similarly shaped depressions. 

They are oommonly looatod in "the sou'thorn partl:1 of the d"lprossions. 

whioh tend to be asymmetrio in oross seotion along their northeast 

southwest axos. In many oases the slopes on the northern edg'es of 

the depressions are less steep than on thQ sou:tho:rn side whore the 

dunGS are looated. El:x:oe:ptions to this are enoountered where there are 

outorops of maSElivo oalore-t()s~ whioh fem;1 bluffEl some .3 "1;0 4- m high1 

at as Ukwi pan; or vJhcrc rook outorops aro onoounterod p as at Khakhea 7 

Kokong w mpaathutlHa and £,labuas()hube pans. rrhe slopes of the 

deprossions fall ~lte"',,dily to tho pan at angles of 2 to .3 0 Commonly 

they are intorrupt()d by a slight brea.k of slope some 200J~o 300 m 

from the pan edgo and some .3 "to 5 m above the pan datum, forming a 

slight bonoh or terraoe around the pan. This break of slope is 

assooiatod vIi th a transition from tho red brovm sEmds of the ou'cor 

slopes to grey brovm J slightly oaloareOLls sande which mantle 'the inner 

slopes of tho pan deprcsfJion. In many oaSG~l tho break of slope is 

marked by tho appl.>aranoG of oalcro"t;es~ eithor at tho surfaoe, or at 

shallovl dep'bhB. 

At a number of pans the inner slopes of tho pan depression are 

furrowed by shal101rl gullios, partioularly vJhere calcretes or pre 

Kalahari rocks are at or near the surface. 

Surrounding the pan i'Gself is a zone up to 200 m wide of oaloareous 

sands and. calcret()8~ 1-\lhich appoars to reprosont a former extonsion of 

the pan. 

!;:I.eI' .Pl~.9..n2?_tLL,.9£,:bh?,,;p~p,.s. ,~1nd~ 2"":Jl~<i':J_P!~E.s.i~<?rl.f! 
Hutchinson (1957) and HeoVGs (1968) have describod a. variety of 

indioes whioh may be used to dosoribe the morphometry, partioularly 

the sha.pe, of lakes and lake basinso Suoh indioes have beon applied 

to paleolakes in semi arid areas by Reevof;l (1966) and KilligrevJ and 

Gilkes (1973), where they have proved valua'ble as indioators of the 

origin and development of tho lakes. 

For each of the sample of pans studied the following morphometrio 

indices W;lre derived: length width ratio of pan and pan depression, 

elliptici ty of pan and depression, shoreline developmon'l; of pan and 
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depr(;ssionj and ratio of pan area to depression area. The va1ues 

obtained are presented in Table 6" 10 All data a,re taken from tho 

pan maps whioh illustra.te Chaptnr 3. 

The length width ratio of a lake: or lako basin is a measure of its 

elongation? ciroular basins having a ratio of 14 'rho length width 

ratios for tho pa,D.::l of -tho southern Kalahari range from 1 "OO~ or 

oiroular, to 2026, or modora:toly elongatedo frho ma,jorHy of pans 

havo length width ratios in the range 1 .. 10 to 1436, indioating a 

slight -to moderate degroe of elongation" HOI>1Gver ~ some pans are 

more strongly elongated, with length v1id:th ratios greater than 1 .. 5. 
The most strongly e longa ted pallS are Nwa tle? MaEJo-tleng and Pussy? 

followed by Samosadi p Sekoma y Mabuasohube and Uimi. rrhe length width 

ratios of the dopressions ,:ire lOliJer than those for the pans. In 

genoral they arc:) lese elongated thon thG pans -they contain o 

Significantly elongated deprossions arc encolmterod at Bee p Sekoma 9 

Kongwo, Nwatle and Pussy pans. 

Tho ellipticity of a la1;:e or lake basin is tho ratio of the length 

of tho long a:x;is minUD tho longth of t,he short axis~ to the length of 

-the long axis~ or: 
_, L .,. If 
J!j "" -'L-~ 

Thus, circular 'basins wi~,l have E indico s of zero? ri sing to one a,s 

thc lake attains an olliptical shape. El1iptioi"ty appears to be a 

mcderately sonsi ti ve moasure of shape and. appears to be a good index 

of tho origin and d0velopmen-c of lake) basins. fJ.'he ellipticity of 'bhe 

sample of southern Kalahari pans studied rangos bot'V'Jeon 0.07 at the 

near circular Ta-tsvJQ pan? -to 0.56 at the stronglY elongated Masetleng 

pan. The pans appear to fall into tll10 groups? ono with a near 

oiroular shape w:i.th E indicos of less than 0,,4, and the other more 

elongated? with E indices of greater than 0 .. 4. Pans with high 

elliptioity indices and a sub elliptic shapo are Samosadi ~ Sekoma, 

Kongwo, Bosobogolo? lViabuasohube ~ UbJi 9 N,>1atle and Masetlengo Of these 

Nwatle and lIiasotleng pans arc tho most strongly olliptical. 

'rho olliptici ty of tho depressions containing tho pans tends to bo 

low, and is gonerally smaller than 0 .. 25.. In many cases the 

depressions arc morc nearly circular than tho pans they oontaino 

Exceptions are tho strongly elliptical depressions that contain Bee, 
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:!!....~}~Aj)~l:!'~e s~j,~o!l;, f~OF2l'l_o£:l~.tF'V: 

f'i1£ ~l?.:re~"i.s.i5?P: 
n .J:"e.YlA~J~ km r[idt~ IJer~!l~.lcr.1 kJA.d;tp. 
mane O(i75 0 .. 50 1 .. 50 1 "ilO 
mosadi 1 .. 20 0,,70 1 ~,-01) 1~50 
e 0.,55 o I! h, 

oLj-J 2,,00 1 .. 00 
tswe 0,,75 0 .. 80 2.80 1090 
koma 2 0 10 1 .. 25 5065 3 .. 00 
Ugw8 1..15 0075 2 0 00 1 .. 25 
ng 1 .. 15 0 .. 85 2 .. 15 2&00 
:t.ma 0 .. 80 0 .. 10 2 .. 60 2 .. 40 
:l.khea 1 c65 1 .. 30 2 .. 75 2 .. 45 
:>sek:'fie 1 .. 00 1 .. 00 2 .. 75 2 .. 45 
tsobonye 1 .. 00 0 .. 80 3 .. 00 2 .. 5° 
cong 1.15 0 .. 95 4 .. 20 3.00 
:miaphotsana 1 $65 1,,30 2 .. 00 1 .. 75 
~ats8 1.20 0 .. 90 2 .. 60 2 .. 25 
>.d TTee 0 .. 80 0.70 2055 1 .. 75 
30bogolo 2.24 1028 3 .. 60 2 .. 48 
!.athuthJa 2 .. 08 1 .. 60 5 .. 20 .(;..00 
)uaseh\J.be 2,,00 1 .. 20 3 .. 20 2 .. 40 
Ii 4~40 2.68 4 .. 00 3 .. 28 
Ii i.84 1 .. 48 4 .. 00 3 .. 52 
;Ue 1 .. 16 0 .. 56 2040 1 .. 48 
;etleng 2 .. 08 0,,92 3 .. 40 2 .. 60 
ISy 0 .. 36 0.20 1 .. 60 0 .. 80 

~~F£'!h.11_<it~Jo" .~EUj ?~tj.g,i.t.Y 
Pan pe~(3~~~i..~ Ec:.1.1: p"eY£~.~l..9-~ 
fei6 1 .. 07 0027 0,,07 
1::71 1030 0 .. 45 0 .. 23 
1 .. 22 2 .. 00 0 .. 18 0~50 
1 .. 07 1 .. 47 0 .. 07 0 .. 30 
1068 1 .. 85 0 .. 40 0·47 
1 .. 53 1,,60 0,,35 0 .. 38 
1 .. 29 1 .. 08 0 .. 19 0 .. 07 
1 .. 14 1 .. 08 0 .. 13 0,,08 
1" 13 1 .. 12 00 21 0.,11 
1 .. 00 1 .. 12 0 0 52 0 .. 11 
1,,25 1.20 0 .. 20 0.17 
1 .. 21 1 .. 40 0 .. 29 0 .. 17 
1 .. 27 1 .. 14 0 .. 21 0.13 
1.,33 1 .. 16 0.25 0 .. 13 
1 .. 14 1046 0 .. 13 0 .. 31 
1.75 1.45 0 .. 43 0,031 
1,,30 1.30 0 .. 23 0 .. 23 
1 .. 67 1033 0 .. 40 0 .. 25 
1 .. 64 1 .. 22 0 .. 39 0.18 
1 .. 24 1 .. 44 0 .. 20 0 .. 12 
2 .. 07 1 .. 62 0 .. 52 0 .. 38 
2 .. 26 1.31 0 .. 56 0 .. 24 
2 .. 00 1 .. 80 0 .. 44 0 .. 50 

o 
('Ij 
T-

Pan Depression 
A:r:;;~~L~:) ~- =-. ~'ea:~ §bore~j.ne _~}_<?J2 

Pan Depression Ratio Pan p~Eress~~ 
0':'33 -~·'~f;Ts~"·~-- --. - -7 

1,,25 1" 17 
0.57 1 .. 81 5,17 1" 12 1 053 
0 .. 18 1,,15 9.70 1,,33 1 .. 31 
0043 4 .. 25 9.88 1,,08 1 .. 03 
1 .. 87 15 .. 5C 8 .. 16 1 .. 24 1011 
0058 1075 3 .. 02 1 .. 11 1 .. 07 
0 .. 79 3 .. 25 4 .. 11 1 .. 30 1 .. 09 
0 .. 39 3 .. 50 8 .. 97 1 .. 02 1 .. 21 
1 .. 29 4 .. 00 3 .. 10 1 .. 05 1 • .}0 
0 .. 38 3 .. 69 9.71 2,,06 1 .. 17 
0.,65 6.26 9 .. 61 1,,07 1 .. 13 
0,,85 8 .. 25 9 .. 71 1 .. 10 1.28 
0 .. 20 3 .. 12 1 .. 57 1 .. 22 1028 
0.73 3 .. 25 4 .. 45 1 .. 13 1 .. 25 
0039 20 87 7 .. 36 1 .. 08 1 .. 08 
2 .. 00 7 .. 12 3 .. 56 1,,20 1,,06 
1 .. 72 14,,72 8 .. 56 1 "OS 1012 
1095 5044 2 .. 80 1 .. 22 1 .. 21 
7 .. 45 16 .. 64 2033 1 .. 24 1 .. 14 
2010 15.52 7-039 1.05 1.11 
0 .. 34 4.32 12 .. 71 1,,35 1 .. 09 
1 .. 45 6 .. 72 4063 1.12 1.13 
0 .. 06 0 .. 90 15 .. 00 1 .. 38 1 .. 19 



Sokoma, Kongwe~ Mpaathutlwa 1 Mabuasehube , N'vatle~ Masetleng and 

Pussy pans. 

The shoreline developmont of a lake or lake basin is the ratio of the 

length of it~J shorolino to thc" circumforonoo of ,1 circle with the sarno 

61.1'061. as the lako. iJ.1hus: 

SD'"," ;l:J;:' 

Shoreline developmcJl1t :LEi thus unity for a oi:cGular la,kG, and hig118r 

values are an indioation of th() departure of a lake from a circular 

shape. The valuos obtained for the pans mostly lie in tho rango 

1.05 to 1035.. As would be expected! those pans Vii th higher ellipticity 

have high~r shoreline dovelopmr~nt V21,IUC!::h Similarly tho pi1n 

depressions tend '1:;0 havo lO1tJer shoreline developmont than the pans, 

and a near oiroular shape" 

The ratio of tho area of the pan to tho aroa of the depression was 

determinod for tho pans studied. A wide vclriety of values ~>Jas 

obtained, ranging from 1.57 to 15.00. Wi thin ,thie range two groups 

of ra.tios could be pic,ked out 1 those pane I"lith ratios of' loss than 

5000 and those vlith pan depression areas ratioe of more than 8.00. 

There seems to be no consistent relation of tliis ratio to any other 

aspect of pan or dopression morphometry? such as pan depth or size. 

Hovwver 7 it is intoresting to note that those pans with lowor ratios 

of pan area to depression area. are of ton grass oovered? whilst thosc,; 

1<vi th high ratios arc often baro olay pans. 

Despite; the variety of values for the ratio of pan area to depression 

area, there is a moderately good correlation bO'GvJeen pan ,'.o,roa and 

depression area? with a correlation coeffioiont of 0072. It is 

intoresting that thiE, oompares well with the oorrelations of playa 

area to 'basin area obtained by Cooke in the vKH:)torn U.S.A. (Cooke 

and Warren 1973). 

P.~ re"S?~j._~()~~,_,"G.l*o.nBP,.-~.i.o,rl._YL .~£l:?~".J;?~?:El.§!",~~~,,,Cl:?)?.rP .s.s.i.o.n.!~ u 

From tho above it is olear that most pans aro elongcl.ted to some 

extent. To asoertain if this elongation follovJcd a oonsistent 

pattern, the direotion[1 of the long axos of eaoh pan and depression 

were measured. Tho results are presontocl in Table 602. The so 



investi.gations sholri that tho long axes of the p"l,ns may lie in one of 

'CvJO direotions; in the range 250 to 320 0 and in the range 010 to 
o 050 Of thoSG tronds tho firBt is more common. It will bo noted 

tha·t ·thoso tHO clirootions of olongation are noarly at right angles 

to eaoh othor and that thc)'y are pl!lJral1el to? or porpondioular to, 

tho prevailing north to northeast winds of tb.c southorn KalaJ.1i1ri. 

It Hould thUB apfJo.siJ:' that tho pans are olongatod in a diroction that 

is Gither dowmvi"1d or at right anglos to tho provailing wind. Tho 

doprGssions oontaining th.o pans aro oommonly elongatod in. a downwind 

direction (020 to 045 0). r11ho oxoopiiions to this arc a;l; Sa,mosadi 9 

Kokong 9 Mogatso I l'Iaso'tlcmg and Puzsy pa,ns. 

Pc.n p~r£.~~~L?2}, 

Samano 2'(0
0 

0400 

3amosadi 310
0 

3100 

Boe 320
0 

020 0 

TatswG :> 1 ~.o 
:J :; 070() 

Sokoma 310
0 

001 0 

KongvJG 050
0 

030
0 

Kone; 01:)')° ~ \~ 050
0 

Kgama 001
0 

045
0 

Khakhoa 250° 035 
0 

KhosokWG 270
0 

0400 

110tso·bonyo 030
0 

020 0 

:<:okong 315
0 

2900 

Nashiaphotsana 045
0 0200 

}10gatso 315
0 

3200 

Dead Tree 300
0 

0300 

Bosobogolo 0'" _)0 c_l 0200 

Mpaathutlwa ,)CcO o 
C-J 020 0 

Mabuasohube 010
0 

0100 

Ukwi 040 
0 

020 0 

Ur ... li 300
0 

002 0 

Nw;),tle 020
0 

025
0 

Masetleng 290 
0 

290
0 

Pussy 290
0 

290
0 
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Measures of the morphometry of the pans 8hov} t.hat they are sub ciroular 

to sub elliptioal i:o. shapG, and are oontainecl in sub oircular 

depressionso The el1ip'liioity I length width riCl,tio8 and shoreline 

development of thc) pans and depressions are all i'dthin the range of 

valu0f;; obtained. by'f{eevcc, (1965) for defh),tion dOl.)ressions in western 

Texas~ U.SoAoo rrho f:Jlli'X!)(; of the panG and. the dopressions oontaining 

them is -thus a fU.rthoT i;:ldioa;tion of "(;h8i:c d.cflation origin. 

lI'[it1:: th0 exoeption of Samosadi~ :Masotleng and. Pussy? the pai:l.S that are 

most strongly elonl}t'li0Jd an have their long axes trending in a north 

northec.i.st .~ south f30uth'((,est direotion and are cont<.'l.ined in d.epresf3ions 

that are f3trongly elongated. in a similar direotion. Assooia:ted. with 

these pans 7 which inolude rI'atsvm 1 Dead Tree t K.hesekwo and Nwatle pans 7 

are dunes whioh have 0, vJel1 developed parabolic formo Commonly, those 

panG that are elongi.l:God in an ea::lt -NoDt direction are only l:JOakIy so ~ 

r.1nd tend to a near GirOl'.lc;:,r shape. Pans vJi th C', strong east - we s-G 

elongation are rare) and tend to be the result of looal oircumstances; 

for instanoe the presence of outorops of Kanye Volcanic Systefll 

felsites on the north >:15.do of Kokong pan, or the linlm{i depressions of 

l;iasetleng and PusrJy pans .. Reeves (1968) states that depressions of a 

deflation origin tend to elongate d.o·wmJind~ and 'lihis is the case with 

most of the pan <lepra 8Si011S in the southern Kalahari. HO,((Jever, ,((Jhen 

the basins oontain shall0ii1 vl<j,ter bodies, t110 '((JatoI' may be blovm by the 

prevailing winds to the dowm'Jind end of tho playa~ to re·turn by 

longshore ourJ'ents~ whioh vli11 erode the ends of the playa, to produoe 

a lake whioh vlill be olongated perpendioular to tho prevailing 'l'Jinds. 

I1his prooess of end ourrent er'osion has boen [Juggostect by Reeves (1966) 

and Killigrew and Gilkes (1973) to expla,in the shape of lakes in vJest 

Texas and vJestern Australia and it would appea,r that end ourrent 

erosion may have been impo:d"ult in extending trie southern Kalahari 

pans. H01rJever) this l)rOOeSS does not appear to be important today? as 

most pans do not hold water frequently in tho middle and late parts of 

the dry seasonp vJhcn winds Cl,ro strongest a,no. least variable in 

d.ireotion$ :Many pans have a near straight leo shore? charaoteristio 

of lakes subjeoted to this form of erosion. Samano 1 Khald1ea p Nogatso l 

Mpaathutlwa l Masetlong and Urwi pans are "the beG"\; exampleG of this. 

An theso pans are slightly clongD,ted in an east - '((Jest direotiono It 

doos seom that the effect of end ourren-t erosion is limited l)y the 



shape of tho depression and there is little si.:;n of end ourrent erosion 

having been important at pans such as Nwatlo, :OoGobogolo and Dead Tree 9 

whioh have rather narrOvJ basins thd:i; limit lateral expansion of "the 

lake. 

In o,cldi tion, i t SeO~Mj j)robable iiha:l; the pam) have been subjeoted to 

furtb.er deflation and some infilling aftGr the :poriod wh(~n thay may 

have oontaineci si8nifioan1i quantities of "vJa:Go;c. 11'hi6 would olearly 

havo modified the then oxif3ting form of tho pans. 

In oonolusion, it vvoulcl appear th;"l,t "the :,1l1a;;xl of -[;110 pans today 

refleots tho operi),tion of both doflation and end ourrent erofliol1 at 

d.i.ffercnt stagof! in their developmon"t. rrllG pans that oooupiocl thE) 

depressions soon af"iior their exoavation by ·the viLl.r1 probably took on 

an elongated form similar to tha,t of the deprcrmiol:1e DurL"1g periods 

vJhon they WerfJ oommonly flooded, end ourreil"'li erosion modified the 

elongated, pans to a near oiroular form. Sul")soqucll.t deflation has again 

tended to elongato tho basins. The relati va importi..:moCl of tho 

prooesses is thus reflected in the presEm"l; shapo of the pans. 

TIf!~Lg!~1T.."~~.v¥t~!91LS, 
The vlOrk of Neal et a1 (1995) has domonstrated. tho importance of playa 

surfaoe types as indioc:~tOrf3 of the texturo, mineralogy and hydrology 

of playas. It appears that the different surfaoos of the Lana of tho 

southern Kalahari have developed under rathor c1ifforcmt conditions. 

Van Straten (1955) reoognised "throo 'bypeG of pan surfaoe;;: 

Grassod - with dark sandy clay sediments, 10vJ s~:-line ooncentrations 

and relatively littlo oalorete dGvelopmentQ 

Ungrassed - with a vegc:)ta'bio:n oover of 1m·J grmJing vJood,y species on 

dark sandy olays Nhioh have good water retention properties. 

Salino - with little or no vege'bation? saline or alkalino sanely olay 

sGdiments. Usually deeply otohed into oaloareol1s sandstones y often 

with extensi va oalOl'otef:l around the pan i"liselL 

The field observations of the vJriter wlggest that Van Stra'ton f s 

olassifioation is oapable of some modifioation. For example w not all 

panG with 110 vegetation on them are in fact sa,line r and many pans in 
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this olass are not deeply etohed into oaloro-Gos. The following 

\'wrking classifioation of pans is proposod, vJhich divides pans into: 

Grassed pans; partly gri;;H'lSod pans; and bar~ clay punso The bare olay 

pans may bo further subdivided on tho ba8is of tho nature of thGir 

surface into granD.lar and smooth hard pan surfaoos. 

P.o..t3PL~J2.~.t?~!l._o~r. p.tJ~r~' !,"'.c~ . .,t Xy.(-:l.:~l • 

. G.;;:~s~~e~q~J?_~ 

Grassed pans (Plate 22) have a continuous 'bo disoontinuous covor of 

long or short e;1.'a S8e S g mainly §J?_o;r.oJ?p.l~~, :s.~J?J/. ~ mrl~f;l!Y!l_~J._i!!. ~~J?. and 

Q1.'[l~o.d..9E. .sl<::t_<?_~.Yl0E.,. Tho length of the graSElos S08ms to dopend partly 

on the amount of gamo grazing the pan. At one or morc plaoGs in tho 

pan the grassos may giva itJay to 'bare areas 10 to 20 m across? itJhioh 

lie 50 to 80 om boloitf -tho t..,"0neral pan floor lovel.. These areas fill 

wi th itlater after heavy rains to a depth of 30 to 50 om? and may be 

"termed the pan pool or ~\1a terhole? (c 0 f~ the ttpi'arinenl ooh II of Jaeger 

(Rogers 1940)). The dopo.sits underlyinG the gr[),ss pans are invariably 

sandy olays or olayey SiJ,jldS I light brownish Grey in oolour? (Nnnsoll 

10YR 6/2) i itJi th small oalorG"to nodules presont.. Clays and sandy clays 

are exposed in tho pan ,poolso OccasionallYr aG at Bee and Khof3ekwe 

pans, oal oreies may be Gxposed around tho pan pool. 

~_11.~~~S.E~<;:.?-~J2~n,'? 
Partly grassed pans .have a scattered to discontinuous grass cover? 

together with soa"ttored lOin) growing shrubfJ and zt.Lcoulent£jo The areas 

of bare sandy olays awl olays are more oxto118i ve i . and may oover half 

"the area of the pan. Ocoasionally, as at TatsHe (Pla"to 23) and 

Mpaa"thu"thla» theso areas may lie as much as 50 "to 80 cm beloitJ the main 

pan surface level) but gonerally they lie only some 20 to 30 om bE)loitJ 

the general level of the pan. Thes(3 baro areas hold shallow wa"ter 

bodies after heavy rains? often for some oonsiderablo time? and Keng 

pan was still flooded in June 1972? -three months after the last rains 

in that aro·a 0 

J3_~r~o.~9..+~. J!~a.~,E, 

The bare clay pans support littl(0 vegetation, although oocasionally? 

for ('Jxample at Kgama pan, there may be small aroas of disoontinuous 

grasses. Two sub 'hypos were reoognised.. The most oommon sub type has 

a loose porous olay or sandy olay granular surface (Plate 24) pale 





brown (10YR 6/3) ,to light grey (10YR 7/1) in colour .. Tho granular 

layer may be up to 20 om tlliek and oVGrlies oompad clays. This 

surface layer drios out very rapidly after evaporation of tho water 

that me,y be in the pang lmt -I;;ho undorlying clayn dry out very slOi-Jly. 

The granu,lar layor tond::,; to booome deep~r and softer as the silt c'1,nd 

olay content of tho ~lUrface deposits increasos. It appears to forn. 

by the drying of a 5 "1;0 10 em layer of liquid. mud loft after tho 

wator has evaporated from tho pan. Tho second sub type (Plate 25) 

has a hard smooth surfaco, light gTOY (1 O·Y.R 7/1) in colour, with narrovi 

irregular polygonal oraoks, forming a crust np -Go 5 om thiok overlying 

darker clays. In some oafJOS thoso crusts may havo a distinot shine 'to 

thom in oer"tain liGht ooncli tions, apparenUy oa,u8o(1 by their high 

calcium carbonate coutant. The hard smooth surfaces also have a 

distinotive appearance on air photographs, as thoir high reflectivity 

gives 'them a bright whi-t;o tone" Examples of -Ghis surfaoe type wore 

noted at Ukvvi p KhakheD, and Mpaa-bhuthJa pans. 

Aroas of tho differont surfaco typos may be observod. at one pan. For 

oXr'lmple 9 the baro areas of grassed and partly &;rassod pans may 

frequently havo gre.mular olay surfaces.. Intermodiate cond.i. tions may 

oocur J and 'J:ats\vo pan appears to be transitional between 'I;he grassed 

and partly grassed. types.. Mpaathutlwa pan appears to be transitional 

bet'V'loen the partly €,Tnssod and bare types. 

!tt.~~~t~j!.,:t9Y:..1.t<?}~~.o"f'. J:~}l. ,s"uEff.,j..c.E:;~j;,y'j2~J? 
The distribution of pan surface types amongst the sample of pans 

studied is shovm in Tabl<3 6.3. Of the pans studied, six viera grassed~ 

five partly grassecl and tvmlvG bare olay", This appears ·to be 

equivEl,len-b to tho proportions of pans with tho '[;hro0 main surfaoe types 

in tho sou 'thorn Kalahari as a whole J vJhero somo 50 % of pans are baro 

olay 7 15 % partly gTassed and 35 ~~ grassed.. In general? tho shallower 

pans are gTassed, and the deoper pans barG.. In the sample of pans 

studied "chis relationship between pan depth and surface typo seems to 

hold true, af:J Table 6.4 domonstrates o 

The only major exceptions to tho relationship appear to be at 

Mpaathutlwa pan, which is only marginally a partl,Y €,Tasscd pant and at 

Pussy pan, aI-though some overlap betvicon the ca"tegorios does ex.ist. 
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All pans flood to somc:) extent fallov'ling hoavy rains, 'but tho nature 

of the flood Haters and -the vJay in \"lhich -they occupy the pans varie s 

considerably v·li th tho naturo of the pan surface" rrhe mannor of 

flooding of pans of different types VJas obf.iorvect following hoavy 

rains in tho Sokoma aroa in April '1973.. AnalyseEJ of samples of 

vJater taken from K.b,al\:hoa? Sekoma and Samane pans soven days after 

the rainfall evont, 1cJer(, undorta.kxm by tho BotsvJana Geolcgical Survoy 
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91. .1:!il:'li53£.,,~O~()p"t21..j:P~f3; ,i f'1, R,o"np. .tq,!l~;.,~~ P. J~~t:\ ~J)F,i;L.." ,1~:7 2. 

pH 

Ani01'1f3 (ppm) 

Co")"'-
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IIC0
3
-

Cl-

SO -
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F-

Total Anions 

Cations (ppm) 
rc+ 
'J + lla 

Ca++ 

]Ylg++ 

Total Cations 

!.9..t,e.1..,.top..E. 
Conduoti vi t;r 

Kh&1Jchoa 
I. to .'," . _'<" .. ~ ,t -"., ,.. 

116 

G'l2 

1671 

257 

2719 ppm 

95 
1500 

17 

102 

139 

425 
38 

1 .. 5 
706 ppm 

75 
362 

1612 ppm 445 ppm 

43.31 ppm 1151 ppm 

5600 micromhos 2000 mioromhoG 
per om per om 

§eI!1.a,!l:'?J~9£];, 

G~7 

20 

291 

57 
8 

0 .. 6 

377 ppm 

70 

92 

8 

183 ppm 

560 ppm 

640 mioX'omhos 
per om 

Partly grasl3od. pam! t liko Kong anel Kongvvo f vJero observod to be oocupiG::, 

b~v 10 'to 20 em deep shoets of vIator ooV(;ring up to .30 % of the pan 

aroa. Regrottably t tho VJa"Ger VJa~3 -Goo oonte,il1inatod by cattle ·to pormi t 

analysis. 

The bare olay' pans ap)8ar to hold much more vJator than othor '!iypes? and 

Ina,y flood oompleto13T "GO a clepth of 50 om 7 as 'irvo,s observed at K.hakhoa 

and Sekoma.. The '\Jator in those pans is Gt:rongly salinG or alkalino .. 

A sample from Khakho;). pan "l'la,s observod. to havo a lJH of 9.4 and a 

oonduotivi ty of 5600 mioromhos per om.. The dominant anio11 1i'JaS 

chloride, "l'lith bioar'bonato 1 sulphato and carbonato important .. ThQ 

oations wore dOl1lini)/Gcd, b;y sodium y vJi til small amounts of po cassium cmd 

oalcium. Clearly t the S8 waters are highly saline. The "l'Jater COYl-G:=d Ilea. 

in Sekoma pan '\vas rathor different in oomposi tloll, boil1g highly 

alkalino, with a pH of 10 .. 1, (3,nd a oonductivity of 2000 mioromhoSl)Or 

om. The anions were, lilce Khalchea, dominatod. 'by ohloride 1 vJith 
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bioarbona"te and oarbona"to a:3 seoondary ionso Onoo again, the dominan"b 

oation was 130dium. vJi tIl po·t;assiu.ffi in small amounts~ At Sekoma? in 

addi tion to sod.iu.m ohlorido, sodium bioarbonate appears to be an 

important salt, giving riso to tho strong alkalinityo 

The wat~r is lost from all pans by ovaporation and ovapotranspiration~ 

as all pan sod:Lmolrts appoar to be imporvious at somo dopth belovJ tho 

surfaoo. Tho w&;lior in the pans appearB to level out the surfaoe and 

f'ill in h01013 made by game animals.. In tho lator stages of' drying at 

some bare pans, -the top 10 cm of tho pan sedimonts are a liquid mud, 

but lower down thoy aro oompaot and. only slightly mois·t. On (lrying 

thE) liquicl layer may form a gl'anular surfaoe layer" rr1horo is no 

evidenoo, in the fOl'm of salt orusts, that GroundvJa'bor reaches the 

surfaOG of tho pans • 

. TIiK.f!N.j!1J:9~§'~1*9. 
'rho pans of tho southorn Kalahari arc underlain by a variable thiokness 

of oaloareous and alkaline olays, sandy olays and clayey sandso Around 

the pan edges oaloretes and oooasional siloretes may ooour. ~}hG;y are 

overlain by oa.loareous sands? whioh eX-Gend up to 200 m from the pan 

edge. The nature of tho doposi ts found on the pan edges suggests 

that they represent evidenoe of more extensive lakes in the pan 

de pre f3Fli ons. 

~.TIl9J)_~"_9!_;;gtR+'T~ET.MI:~~YJj.I1! 

f<1sJj.£.~~J3~t~~$<..9:.i ,s:tf:i RLl,t. ip!l. 

The particle size distribution of the fine textured deposits "las 

determined by the AS'I'N BouYOUOUf3 hydrometer i:lethod as described in 

Blaok (1965), fonov~ing dispersion in sodium hexametaphosphate. In 

adeli hon all samples 'l;Jore VJet seived to detormine -the distribution of 

the sand sized partioles.. Predominantly sand.y deposits vJero wet 

seived only, following dispersion. 

QhEl~£}1_t<?2-1",,~E.~1;Y~!: 
Caloium oarbonate oonten·t vIas determined gTavimetrioalJ.y using the 

methods described. in Chapter 5. The soluble salines content of pan 

sample s was determined by measuring the oleotrioal oonducti vi ty of a 

1:5 soil suspension using a MEL conduotivity bridge and a dip type cell r 

following the methods desoribed in Piper (1946)" The pH of' samples was 
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de·termine.d in tho same soil suspension with the aid of a Corning/EDD1 

pH meter. 

In addi 1;ion all f.j(l,mple S '\<lore physioally exafnined in the field and 

laboratory to detC)J:'lYlino their colour? s·truc"curE) amI fosf:jil oontent 0 

The sand size (:>- 0,,063 film) f:ractioll of all saillples "Jas examinod. 

und.er a binoolllar mioroSooI;(3 for the shupo and. oomposi ti on 0:': the 

purtioles. 

PI2J.?9.,g,I.er,L9Ji. gr .. TJ:qTI • .P N:J.;D;G'p.Q ;g~b~~ 
The composition of the pan deposits was invostigated by pitG d1.1.g at 

a num1x)J: of pans. RccgrettablYI time F and. the indurated. na:tt:ro of 

many of the deposit 8 per.1li tted. only tho upper '1 to 2 111 of them tn be 

investiguted.. S,:1,fil:tllos of the pan surfaces 'VJere o'btained at ;;11J. rans. 

A!.E?!LJ. 
In thiG area~ pits were clug to a depth of 'j n1 at S':tmane and Boe panS a 

The desoriptions of the BootiollB and the oomposition of thu d:~posi ts 

are detailed in Table 6.6, andli1ig. 6 .. 1~ At both pans the urr,/)::>mos'b 

pan dGPosi ts are Dlie;htly to moderatel;y oaloareous olayey 

'rhey overlie moderatoly to highly oaloareous blool:y clays vJhich oocu:c 

at dopths of 50 to 80 om below the lxm f.JLlrfaoe. ~J.1he upper EV':ldy 

deposi ts d,ppcar to -thin out towC),rds 'bho centre of the pe,n!;, 1 a".! 

oomparison of the seotions of pits 1 and 2 at Samano indio'1tes i and 

may be absent altoGotb.er in the vicinity of the wa'berholes$ ,,::1ioh etrc 

floored by oalo,:;,rcous ola,ys (::)late 26). It appearfJ that t~18 upper 

sandy deposi tB margo imperoeptibJ~" vJith the oaloareous san(l[3 of th) 

inner dunes and tho inner slopes of the pan dopression. 

A sample of the pan su:cfaoe at SamoGadi pan 8hovl8 it to have a 

similar composition "GO those of Samane and. :Boe pcnJ.8 G .At TatfTNG, a 

sample "las ta.ken from on() of the e:x.tcmsi vo bare olay areas ~ Nhioh are 

overlain by 'thin sandy doposits towards tho pan edgeGo Caloretes 

Nero found only D,S oocasional 81'11all nodules in tho deposi is at Samano 

pan, but at Samosadi more massive oaloreteB may be found in the 

southeast oornor of the pan where they are exposod by deflation. 'rho 

inner slopes of the northern side of the pan depression at rra+'s'PJO 8.:'e 

underlain by thin oaloretes. 
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A;'~,.2 

Pan deposits were examined at Nwa.tle and Urwi pans in this area. 

Nwatle pan has a bare granular clay surfaoe. Below this lies 55 om 

of very pale brown olay, passing down into a mixed deposit of pinkish 

grey and light grey oalcareous olays" The sequenoe of deposits 

(Fig. 6 .. 7) is in many ways very similar to that observed at Mogatse 

pan 0 In Nwatle pan there are uislandsu of oaloareous olayey sands 

which stand about 30 cm above the pan surfaoe. They appear to 

represent residuals of the olayey sands that once overlay the 

present sandy olays of the pan surface. 

The three adjacent pans of Nwatle, Masetleng and Pussy are all 

noteworthy for the very lo'~ (le ss than 15 %) 8il t oontent of their 

deposi ts. 

A 1.6 m deep pit T,eJas exoavated at Urwi pan (Fig" 6.8 9 Plate 28). 

Below the surface layer of fine granular clay lie 50 om of greenish 

blocky clays. Belm"l 90 om the character of the deposits changes? 

and the clays are pale grey to white in colour, less saline and. more 

calcareous.. The sand oontent of the deposits is greater 7 and 

changes from angular siloretes and calcrete fra~aents to fine sub 

rounded quartz sand. A layer of very fine, white calcareous olay 

sepa.rates the two parts of the section. In general the 

conductivity of the pan deposits is an order of magnitude higher 

than other pans investigated, apart from Ukwi. and. the olays are 

very strongly alkaline. 

Ukwi pan, like Urwi pan, is saline. The surface of the pan is a 

hard. smooth light ooloured clay, broken by occasional outorops of 

dark green siloretes and Eoca Series sandstones. Tho sand fraction 

of the surface is oomposed of opaque white? almost spherioal, 

quartz grainsp identioal to those found in the pan edge dune. 
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P-e_S21'J.J?.ll..'?lL~~~,.~E.a,..1"y.s~.~0 2L.g.2'p'2_1?i:>~!?,.,JE~9Y1. J?~.~. J~~.~.2~-2. 

f .. tL~~9A~,.t9~n.."_<!:L~}1,~tl"e.J?~11 (Fig. 6,1) 
1 0 - 5 om Light groy (10YR 7/2) blooky sandy olay 

2 .5 - 60 em Very pale brown (10m 7/2) olayp with small 

reddish and greenish mottles 

3,4 below 60 om Pinkish grey (7.5YR 7/2) and light grey (10YR 7/2) 
moderately oaloareous olay (mixed) 

r.tt,~2!L2.tl!.l:'!,J.:!-.,R~ (Fig", 6.8~ Plate 28) 
1 0- 20 om Loose fine granular pinlcish grey (5'YR 6/2) olay 

2 20 - 40 om Fine granular pinkish grey (5YR 6/2) olay, with 

many small oalorete inolusions 

3 40 .... 60 om Blooky reddish grey (5YR 5/2) olay 

4 60 .... 90 om Ooarso angular blooky very dark grey (5YR 3/1 t 
moist) olay 

5 90 ... 100 om Whi to (5YR 7/1) oaloareous olay 

6 100 - 120 om Light grey (5YR 1/1) olay 

7 120 - 150 om Light f!;rey (5YR 1/1) c:nlcareous clay 

8 below 150 om Oompaot reddish grey (5YR 7/1) olay 

!r.~1.,;y.~.~JL.2.!.J2.C!,,!L,d.(3..i?.o.E,ltt,~. 
Silt 04- Oaloiu.i11 Oonduotivity 

Sand Silt Olay Olay o arb onat0 mioromhos 
% % % % tJi Ii,) per om pH 

[~~t+~ 
1 56 15 29 44 23 .. 99 1280 10.0 
2 38 4 58 62 11.1(3 5400 10.5 
3 54 10 36 46 10.49 5500 10.4 

4 60 10 30 40 11.37 2600 10.4 

!l£~ 
1 10 14 76 90 9.89 31800 8.3 

2 1(3 29 53 82 15.51 25100 8.5 

3 26 30 44 74 12.40 32400 8 .. 5 

4 23 29 48 71 10.18 31100 8 .. 5 

5 9 15 76 91 12 .. 87 22750 8.1 
6 22 16 62 78 18.64 11470 8.6 

1 32 16 52 68 21
0
.05 22800 8.7 

8 23 26 51 77 11.97 15600 8.8 

~l?-...L~~22..!! 

!Jl21i 26 29 45 74 12.63 24600 9 .. 8 

~~~ll~~ 48 11 41 52 7.98 1148 9.4 

~~ 44 13 43 56 8 .. 21 82 8.4 
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From the desoriptions of the 1k'1n deposits it is olear that they are 

dominantly moderately to highly oalcareous clays, sandy olays and 

olayey sands. The distribution of the silt and clay oontent, 

oaloium oarbonate oontent~ oonductivity and pH of the pan deposits 

in the seotions observed is illustrated in Figs. 6.1 to 6.8. The 

main features of the oomposi tion of the pan deposits are desoribed 
belo'\ol. 

Particle size distribution 
l1"~ ....... ·_·~ .... _w.~ .. "",.,*,<>. .... "" ... ,>. ~ .... ,.,,,,-,,,,, ""'.'~" ~ .. """.~-4~»1r'.,<1'1 ""',p'.,,.,ojI 

The pan deposits are in "!;he main oomposed of ma,'torial in the sand 

( 0.063 mm) and olay ( 0.004 mm) size rang'€s. Silt sized 

material (0.004 to 0.063 mm) is a minor or subsidiary oomponent of 

mos"!; pan deposits. Only at Khakhea, Keng, Mpa.a.thu"tlwa and 

lI1abuasehube pans do the deposits oontain 30 % or more silt sized 

material. In addition the upper metre of the deposits at 

~~paathutlwa pan oon"cains signifioant amounts of silt. At all these 

pans the high silt oontent may be attributed to material derived 

from the weathering of adjaoent rook outorops. 

The pan deposits may oontain up to 85 % olay sized partioles? 

t':.though most pan deposits oontain 35 to 55 % olay,. 

1'1.::01'0 tho pan he.s a bare &"I'anular surfaoe. therQ is a sharp increa.se 

• ...11 the uil t aTILt olay content of the deposits immediately below the 

aurf'aoe t and the surface may be oonsiderably more sandy than the 

underlying deposits. Whore the surfaoe is of non granular type t 

as at Urwi and Mpaathutlwa pans, a decrease in 8il t and olay oonten't 

oocurs below -the surface layer.. At grassed pans the pan deposits 

may be divided into an upper dominantly sandy phase and a lower 

olayey phase, whioh ax'e sharply divided. 

In all cases muoh of the olay sized material is oomposed of 

co1101clal p3.rtioles with a diameter of 0 .. 001 mm or less.. The 

proportion of oolloidal partioles in most pan sediments is oommonly 

80 to 95 % of all clay. 

The surfaces of most granular bare clay and grassed pans are sandy 

ulayeJr olaye;:T sands. Granular surfaoes commonly oontain 55 to 
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70 % sand sized material. Grassed pan surfa.eea are oomposed of 

similar ma;lierial, \,1hioh may oontain 50 to 80 7b sand. 

Analysis of -the sand fraction of the pan deposits shows that it has 

a similar composition to that of the adja.oent iimer dunes. Although 

some sand fraotions, as at Mogatse pan 1 are ooarser than dune sand 

due to the presenoe of large silcrete and oalorete fragmentss the 

majori ty of the sand frao Jdonl:l of pan deposi t8 have a mean grain 

size of 2.29 to 2.50 phi» whioh is similar to that of the outer 

dunes, but with a rather different distribution about the mean. n 
is common to find a high peroentage of the sand in the fine sand 

range (3 to 4 phi)) al thOtlgh the modal f.,"l'ain si ze is aU 11 in the 

medium sand range (2 to 3 phi)... Most sand fraotions are thus 

negatively skewed, often strongly sOp and have low kurtosis values .. 

The phi standard deviations lie in the range 0.79 ·~o 0.98, 
indioating a mode:tw!;e degree of sorting .. 

The sand fraotion of most pan deposits is compos0(1 prinoipa.lly of 

sub angular to sub rounded quartz &,"X'ainst whioh ma.y be frosted, but 

are rarely stained in any way. Sub angular to sub rounded oalcrete 

and occasional silorete fragments generally form a minor part of 

the sand si zed material f although looally they may be important iii 

Angular :f\ragments of silorete, oalorete and. weathered rook are 

looally important in the upper deposits at Khak.hea, Mpaathutlwa and 

Mabuasehube pans. A general tendency is for tho deposits whioh have 

higher sand oontents to have higher calcium oarbonate contents. 

~~"~E.~Ei?:.~,_~o.f1lJ2.9.~,i:t;h.oE, 
According to Grim (1953) Van de MervJo and Ueystek (1971) the dominant 

clay minerals in 'the deposi'Cs of the southern Kalahari pans are most 

probably illite with some montmorillonite, whiru1 form under 

oondi tiona of high pH in arid to Bemi arid olitnates. Calcite is 

also likely to be an important ccnstituent, in view of the 

oaloareous nature of the depositso The greenish oolours observed in 

deposi ts at Urwi su.gges.lG the presence of chlori to or possibly 

glauooni te t found in highly sa.line oondi tiona .. 

The pan de po si t s at bare olay pans are generally moderate ly to highly 

oaloareous and oo~nonly oontain 10 to 15 % by wPight oaloium oarbonate. 
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~G grassed pans the upper sandy deposits are slightly to moderately 

caloareousp and the lower clayey deposits are moderately to highly 

caloareous.. The oaloium oarbonate content of the pan deposits tends 

to increase with depth from a point immediatoly 1;010\,1 )ehe pan surfaoe 

to 80 to 90 om depth. 

The surf'8.oe of g.ranular olay pans may be more oaloareous than the 

deposits immediately belo'(tJ them" At grassed panD there is a sharp 

inorease in oaloium oarbonate oontent of tho deposits on the oontaot 

between the sandy and clayey phases" 

The main sedimentation trends for oaloium O<:1.rbonato oonten't of the 

pan deposits are illustra"ted in Fig .. 6 .. 9. They show that the oaloium 

oarbonate oonton"1; of all doposi to is inversely related to their ail t 

plus olay oontent, and direotly related to the sand oontent. Similar 

relationships exist in sandy deposits of' g.rassed pans, but there is 

generally a lower oaloium oarbonate content. In all oases the oaloium 

oarbonate content of the pan deposl"Gs is dirootly related to their 

oolloidal olay oontent. 

Fig. 6.10 shows th<:d; the oaloium oarbona'te oontent of the pan 

deposits is inversely related to their cond.uo-ti vi ty. This relationship 

is partioularly well marked in the sub surf'ace deposits at Ivlogatse, 

Dead Treo, Nwatle and Urwi pans. 

c ~q,~9.:tiJ",i,tt 
The eleotro conductivity of the pan deposits indioates that they fall 

into three groups, based on soluble salinos oontent. The first group 

inoludes the sandy depof:li ts at grassed and partly gTa»sed pans, and 

the surfaoe layers of &"l'anular olay pans,. These arc non saline to 

very slightly saline f with oonduotivities of less than 1000 mioromhos 

per om. The seoond group inoludes tho sub surfD .. oe deposits at all 

bare olay pans, and the clayey deposits of gTassed pans, with 

oonduotivities between 1000 and 10000 micromhos per om. These 

deposi ts are slightly to moderately saline. The third group oonsists 

of the highly saline deposits found at Uk"t'li and Urwi pans, '(tlith 

oonduotivities greater than 10000 miorolnhos per om. 
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Most pan deposits are moderately to strongly alkaline 1 with pH values 

of 8 to 10.5 p as a result of high oaloium oarbonate or soluble salts 

oontents. More saline deposits? as at Ukwi and Urwi, tend to have 

lower pH valu0f-l g in ·the range 8 to 8.5. The highest pH values appear 

to result from a oombination of high oaloium oorbonate content and 

moderate salinity, as at Dead Tree and NVJatle pans. 

There appears to be no oonsistent pattern to the distribution of pH 

ill the seotions examined, although the distribution of pH does follow 

that of calciwn oarbonate oontent in one or tidO oases. 

The pan surface deposits are of very varii..l,ble texture? as figure 

6.12 and Table 6.11 show" There is little relationship between the 

amount of' silt and olay sized material present and the surfaoe type" 

The surfaoes of bare olay pans may contain as little as 33 %, or as 

much as 90 %, ~ilt and olay. Similarly, the surfaces of grassed pans 

may oontain between 23 and 64 % silt and olay sized material. 

Generally the SU1"f'aoes of bare clay pans are moro caloareous or 

more saline than those of partly grassed and grassed pans. Bare 

olay ,Pans tend to be slightly -(;0 moderately saline t whilst grassed 

pans are non saline. 

&1 explanation of the surface type at any pan may be given after 

oonsideration of the oomposition of the uppermost pan deposits as a 

whole. At grassed pans -the deposits consist of an upper sandy phase 

and a lower clayey phase .. At bare olay pans t although the surfaoe 

may be quite sandy, the deposits are predominan-t1y oompact and 

impermeable clays" The sandy deposits at grassed pans allow v-Ja-ter 

to percolate and such pans are locally flooded only. In addition, 

the presenoe of a sandy layer effectively prevents capilliary rise 

of saline water. Bare floored pans flood extensively, and the 
" salinity of the evaporating flood waters is high.. The deposits 

present in grassed pans provido relatively favourable conditions 

!ltor plant growth» v-lhereas the compact ~ often Si':1.1ine. clays of the 

bare pans offer a hostile environment. 
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Table 6.11 ... . .. 
~~~J"£'4.._~_J?2-F*. E.ll!fE:.o,.El~,j£"p_9EE~ 

Caloium 
Silt and clay Conductivity Carbonate 

Content mioromhos Content Surfaee 
% per em % Typo 

1 Urwi 90 37800 9~89 B 
2 Mpaathutlwa 19 8800 33.69 pa 
3 Sekoma 79 2000 28.67 B 

4 Ukwi 74 24600 12.63 B 
5 Dead Tree 71 1080 13.18 B 
6 Tatswe 70 338 13.78 pa 
1 Khesekwe 64 82 1.89 a 
8 ~~abuasehube 62 3100 8.42 B 
9 Pussy 56 82 15.19 pa 
10 Ivlasetleng 52 1148 7.98 B 

11 Samane 50 230 4.13 G 
12 Khakhea 50 2230 10.49 B 
13 Nwa:tle 44 1280 23.99 B 

14 Kongwe 41 120 3",99 pa 
15 Mogatse 40 486 20.53 B 

16 Mashiaphot sana 37 65 9.91 a 
17 Motsobonye 33 2000 18.42 B 

18 Kgama 32 4000 7.11 B 
~9 Bosobogolo 31 1400 14.77 G 
20 Samosadi 23 18:) 8",25 G 

Surface types: B - bare; pa - partly grassedi G - grassed. 

!Jf.~J!r;r-2!_~ .. ?AtL2!l1P9§,:r~~~ 
A variety of evidence exists to shoo-J 'bhat the pan depressions onoe 
oontained water bodies which covered areas up to three, and 
exceptionally Six, times that of the presont pan area .. 

At somo pans~ for example Keng, Khesekwc. Mogatse, Dead Tree and 

Nwatle, the present pan may be bordered by flats up to 100 m wide, 

'\,hich lie 50 to 100 cm above the pan datum and are underlain by 

oalcretes and oalcareous olays. Where the pan has a bare clay 

surfaoe there is a sharp rise from the pan to these areas. At 
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Nwatle pan the flats are partioularly extensivetand the pan is 

separated from the inner dune by an area of slig11tly caloareous 

sandy olay 300 m wide? whioh is underlain at a do:vlih of 80 om, by 

a oompaot oalcareous olay, which closely resembles deposits found 

under the present pan. Tho oomposition of the upper sandy clay 

(63.5 ~) sand, 36.5 ~s silt and clay, 5.88 % oaloiulu oarbonate) is 

very similar to that of the deposits forming the upper sandy phase 

a:b grass floored pann.. On the northern sid(~ of the pan, an area of 

oaloareous sands Ul1.derlain by calcretes and oaloa,reous clays, extends 

for. 700 m from the pan edge. Two hundred metres from the pan edge? 

40 cm of clayey sand overlies friable caloretes, which contain 

fragmen-ts of mollusca, whilst 500 m from the pa.n edge» the sands 

thioken to 60 cm and overlie compaot oaloareous sandy clays (73 % 
sand, 2'{ % ail t and clay, 7.89 % calcium carbonato), vJhich are 

similar in oomposition to the calcretes nearer the pan. Deposits of 

this nature, at depths of 60 to 80 cm, may be found up to 700 m 

from the pan edge, where they appear tc die out suddenly. At this 

point there is a transition from grey brown sand to :ted brovffi sandt 

accompanied by a vegetation ohange. 

At many pans -these flats are not present, and the inner slopes of 

the 1IIan depression start at or near the pan edf,'(:;. At bare surfaced 

pans the edge of -the pa.n is olearly mar'ked. but at grassed pans a 

slight break of slope is all that marks the pan edge.. The inner 

slopes of the pan depression are oomposed of &rrey brown (10m 6/2) 

slightly to modera;liely calcareous sands , vii tll. clayey sand_s around 

the pan edge co These sand.s may extend for 300!l1 from the pan edge 

on the eastern and. western edges of the pan, and to 1000 m from the 

northern edge of the pC1.n. Their limits may be marked by a break of 

slope at 3 to 4 m above the pan datum. In an cases the transition 

from grey brown to red brown sands is marked. by a vege'tation ohange, 

from lipan vegetation" to "Kalahari vegetationtl , the most notable 

feature of which is an inorease in the grass cover. 

0alcrete nodules are often present at the surfaoe of the inner slopes 

of the pan depression.. They usually indioate the presence of more 

extensive calcretes a-Ii a depth of 30 to 50 Cill. Oommonly calcretes 

may outcrop at tho edgos of bare ~d :partly gTassed pans, but remain 

below the surfaoe at grassed pans. AvJay from "lihe pan the calcretes 

t . .... ...i.~ .... ___________________________________________ 16_7 ____ __ 



are more deeply buriocl and may well be less r.3trongly indurated. 

The relationships between the deposits on tho northern edges of 

several panS are il1ustrated in Fig", 6.13_ 

Table 6 .. 12 shows the oomyosition of seleoted. oaloretes from tho inner 

slopes of the pan depressions. 1I1any of the oaloretes appear to be 

indurated olays and sandy olays, and oontain 40 to 50 % olay sized 

materia.l. Some oontain fragments of mollusoa, as a·t Samosadi, 

Tatswe and Y'·watle pami. '!:Ihere the oaloretes are exposed around/the.:­

edges of the presen"l:; pan they are frequently seoondarily oemented 

wi th silioa, resultine in their being very strongJ..Y' indurated. In 

many oase IJ? a transition towards tho pan odge) from calcrete s to si1-

oaloretes and locally silorete ooours. A. good example of this exists 

at Kh.alchea 1 where oo,lorotes 50 to 100 n1 from the pan edge grade into 

siloalcre"l:ies and siloretes ·towards the pan. 

Not all oaloretes on the pan margins oan be regarded as indurated 

pan deposits. At KhaY.hea. massive calcretes 2 to 3 m thiok top a 

5 m high bluff on the northorn side of -the pan. Extensive caloretes 1 

oftclt oontaining angular fragments of vIaterberc s:::mdstones may be 

found a.round the edgos of Sekoma pan.. At Ukwi pan massive oaloretes 

form a 4 m high cliff along the nor~lihern sido of the pan" The massive 

nature and topographio position of thesQ oalcre"l:;es indicates that they 

must be regarded as remnants of local or region::,1 caloretes, through 

whioh the pan depression has been exoavatecl. 

Caloretes are infrequently found at or near -the surfaoe in -tho 

vioini ty of the inner dune .. At Sokoma, Kgama and ukvJi they arc 

probably regional oalorotes. At KhesekVle pan oa.loretes are looally 

exposed in the interdunal depresSion1 and othor parts of this area 

are underlain by calcretes at a depth of 1 in. Their composition 

suggests that they are indurated olays and sandy olays.doposited 

when the pan held a muoh larger water body. 

At Masetleng pan a discontinuous zone of oalcretes at or near the 

surfaoe rings the pan at a height of 3 to 5 m above pan datum. The 

zone is partioularly extensive on :the north and northwest sides of 

the pan, and its topogTaphic position sugg~sts onoe again that tho 

calcretes are indurated pan deposits. 
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Caloium Insoluble Na'ture of 

Carbonate Residue 

% % 
Sam 0 [t.a di 31.25 68.75 

39.02 60 .. 98 
Tatswe 46,,83 53 .. 17 

47.69 52.31 
Sekoma 32.56 67 .. 44 

29.05 70.95 
40.00 60.00 

Kgama 53.36 46.64 
69.52 30.43 

Keng 43 .. 69 56.31 
Khesekwe 69.81 30.19 

69.70 30.19 
44.65 55 .. 35 

Masetleng 30.01 69.99 

JE:,Ls.~2:<:$V_~Kt2EeJ.,o,0.}.o!.E::.~.e~~ 
Seko[[). 19.17 80.83 

Kgama 

Insoluble 

Residue 

Olay and small silcre'te fragmen'ts 

Olay and opaline silioa (39 %) 
Clay 

Clay 

Clay (26.44 %)and Silore'te (41 ~) 
Sandy olay 

Clay 

Olay 

Greenim1 olay (29.43 %) and 

silorete (1 %) 
Sandy olay 

Sandy olay 

Sandy olay 

Sandy olay (39 fo) and 

silorete (16.35"%) 
Sandy olay 

Quartz sand (31 %) and 

silorete (49.83 %) 
Quar"bz sand (69.5 %) and 

silorete (12.36 %) 

Deposi ts and topographio features that oan be definitely regarded as 

marking the shoreline of a lake in the pan depression are r.aro, and. 

only at Urwi pan was an aotual beaoh deposi'l; loooted. At Urwi? 50 m 

from the edge of the present pan, 50 to 60 om of soft brown sand 

overlies a sloping deposit of calcareous sandy olay. Set in this 

matrix ar,e abundant romlded! almost spherioal, oaloareous nodules 

2 to 5 em in diameter, (Plate 29) whioh are oomposed of laminated 

oaloareous and silioeous material. Their gBneral form suggests that 

they are siiromatolit1\s, or laminated bioS-ediillentary struntures 

(Hofman 1973), whioh are formed by the trapping and binding of 

sediment together vii th the ohemioal aotion of blue green algae in 

shallow saline waters. 



Most stromatoliths, both fossil and Reoent ooour in shallow marine 

environments 7 bu·t Stromatoli th8 from lacustrino environments have 

been reported from o"cher parts of the Kalahari by Kalkowsky (1908) 

and g more recen"ny, from the Etoscha pan area of Namibia (South Wes't 

Africa) by Mar"tin and Wilzewski (1972).. They have also been 

desoribed from many other parts of the world inoluding the Great 

Salt Lake of utah, U.S.A. and Ethiopia (GrovG, Street and Goudie 

1975). Lacustrine stromatolithe appear to form in conditions of 

moderate salinity that favour more w1:despread oarbonate precipitation .. 

Topographic features marking the position of shorelines of more 

extensive wa.ter bodies in the pan depressions are rare. due to the 

unconsolidated na-ture of the deposits surrounding the pans .. 

However, whore massive oalcretes outorop, shoreline features may 

oocur. At Sekoma pan a 2 to 3 m high benoh formed in massive 

calcretes containing sub angular fragments of Waterberg sandstones 

may be found on the southwest side of the pant somo 100 m from the 

pan edge. A notoh at tho base of the massive calcretes on the north 

sides of Khakhea pan (Plate 6) may be the result of wave action~ 

The bluffs in massive oaloretes that oocur on the northern sides of 

Urwi and Ukwi pans may also be the result of wave aotion in more 

extensive water bodies. Small no"liches up to 1 m high ooour on the 

southern edges of Kong. Motsobonye and Ukwi pans and appear to 

indicate tha.t the pans have reoently oontained more permanent and 

extensive water bodies. 

Reliable estimates of the depth of deposits in the pan depressions 

are diffioul t tQ. obtain.. The information that does exist suggests 

that pan deposits are at most 2 to 3 m thiok. The indurated nature 

of the pan deposits did not permit the wri't;erfs investigations to 

penetrate below a maximwn depth of 2 to 3 m. Boreholes drilled in 

pans are rare and the reoords for the uppermost deposits penetrated 

frequently inoomplote, but records for a borehole at Tatswe pan show 

that is penotratos 0.6 m of clays, presumed to be pan deposits~ 

below which are sandstones and siloretes. Wells dug into pans are 

occasionally encountered. At Khesekwe pan a well in the northern 

corner of the pan intersects SOUle 2 to 3 m of whitish caloretes and 

calcareous clays. Wells a.t Sekoma, Keng and Kgama pans penetra.te 

1 to 2 m of greenish clays and silcretes that overlie pre Cambrian 
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(50 % silt and ol~f 12.18 % caloium carbonate), similar to clays 

intersected by pits in the pan itself. A pit 150 m from the edge 

of Mpaathutlwa pan revealed. 1 .. 25 m of caloareous sand overlying a 

oompaot caloareous olay. The shoreline deposits desoribed above 

from Url-d pan also Q..'l1derlie the inner dune flanks. 

~_ ,F_OBlt4.~~91:L 9P.'.1-mE.,!fl.l'L p]lf~<?'§;'"L~ 
The general nature of "the pan depoai ts suggests '.that they were laid 

down in shallow enclosed alkaline water bodies. The partiole size 

ocmposi tion of the pan deposits indioates ·~hat sand and clay sized 

material are the dominan"c oonstHuents.. This he,s been held (Motts 

1965) to indioate deposits laid down under humid climates in which 

rock surrounding tho lake basin is completely we~Ghered. In the 

case of the southern Kalahari, the general laok of ail t sized material 

in the pan deposits is the result of an absenoe of rook outcrops over 

much of the region and is not neoessarily an indioation that the pan 

deposi ts were laid dOvln under humid conditions. Where rock outcrops 

do oocur in the vioinity of the pans appreciable quantities of silt 

sized material are present in the doposi ts.. The fine grained nature 

of the majority of the pan deposits and the presence of oolloidal 

clays, would sugg'es-!; that runoff was low ~Jhen they were formed. 

Many of "che pan deposits have a moderate to high oalcium carbonate 

oontent, suggesting that ohemioal preoipitation was important in their 

formation. The high PH, oausing precipitation of oaloium carbonate, 

was the result of the evaporation of the lake 1rJaters, or 

photosynthesis by algae, or a oombination of both processes. 

The sand in "the pan deposits may result from aeolian or fluvial 

deposition.. In any event the source material VIas the surrounding 

Kalahari sands, and the particle size distribution of the sands, with 

a high proportion of material in the fine sand fraotion, would suggP~+ 

that the sand in the pan deposits is fluvially reworked .. 

The irregular distribution of calcium oarbonate and soluble salines 

in the pan deposits indicates that relatively little redistribution 

of these oomponen"cs has taken place after sedimentaticn. In a.ny event, 

the impermeable nature of the pan deposits would make this unlikely .. 

The close inverse relationship be'tween oonduotivity and calcium 
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carbonate conten't suggests that the oaloium carbonate and soluble 

salines contents of the pan deposits represent original depositional 

condi'tions. 

The association of higher calcium carbona:bo oontents wi"ch more sandy 

deposits indioates that they were formed in oonditions of relatively 

high runoff,. permiting tho transport of ooarser ma"berial 'bo the pan 

floors. Higher runoff may have been brought about by a higher 

rainfall, which would result in more abundant vegetation and henoe 

a higher bioarbonate (HC03-) oontent of the runoff waterQ whioh 

would promote mora deposition of oaloium oarbonate in the pans 

(Reeve s 1968). 

The association of higher oonductivities 1I/i th olay rich deposits 

indioates tha.t they were laid down in conditions of very low runoff. 

Undor these condi tione'.l it is probable that the water bodies in the 

pans eva.porated more completely and halite and. similar salts were 

precipitated in addition to some oaloium oarbonate. 

On this basis, tho uppor sandy deposits preserved. in grassed I..J8..nS 

appear to have beon laid down under conditions of high runoff? 

rosulting in the inwashing of sands from the slopes of tho pan 

depressionst as the water bodies in tho pans stoi::l.dily oontractecl. 

Many of the olayey deposits on the margins of the pans have undergone 

post depositional caloification~ and secondary silicification as a 

re suIt of pedogenio proce sse s t whioh indica to s the exi sterloe of semi 

arid and subsequently arid olimates following their deposition. 

&.rm!.T.tQ!t,,4£,HI.91E. JJG,1l,J~~·RJ?l]]?.9.§.f.!§. 
Consideration of the oompcsition and oocurenoe of the different 

deposits located in and around the pans of the southern Kalahari 

suggests that they may be divided into an upper, dominantly sandy, 

phase, and. a lower olayey phaseo 

The upper sandy' phase forms tho surface deposits at grassed and some 

partly grassed pans. It is largely absent from -the area of tho 

present pan at most partly grassed and baro olay pans, having beon 

probably removed by doflation" Deposits of a similar nature form 
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an anulus of caloareous sands and olayey sands around all pans, 

extending for up to 1 km from the pan edge on the northern side of 

tho pan and 100 to 200 m from the pan edge elsewhere. The limits of 

these deposi te may bo .3 to 5 m above the pan datUJ.ll. 

The lower olayey phase is found at all pans.. It is exposed in the 

waterholo areas and bare olay areas of grassed and partly grassed 

pans t and forms the surface of bare olay pans. The clayey phase may 

be tentatively divided into an upper fine t:,tI'ained moderately 

caloareous part, whioh is frequently moderately salinei and a lower 

caloareous part containing rather Ie-ss soluble salines and more sand 

sized material. At 'Mpaathutlwa qud Urwi pans thore are signs that this 

may be prooeeded by a fine grained? moderately calcaroous, saline 

phase. 

A tentative stratigraphy of the pan deposits may be summarised as 

follows: 

Upper sandy phase - coarse grained? slightly to moderately 

oaloareous v non saline. 

Lower olayey phase 

1 moderately oaloareous 1 fine grained, saline 

2 highly oaloareous? sandy, moderately saline 

3 fine grained, saline 

and appears to represent a situation in vlhioh tIle water bodies in the 

pans have steadily oontraoted over a period of time .. 

CONCLUSIONS 
-~.-,,,,,,, .. .....,.~ 

This ohapter has desoribod the morphomotry of the pans and the pan 

depressions.. The ex"tont and nature of the deposits laid down in tho 

pan depressions has been described" 

The pans are sub ciroular to sub elliptioal in shape and are 

oontained in isolated sub oiroular depressions. The shape of the 

depressions strongly suggests that they are of deflation origin. 

The shape of "the pans represents a balanoe between deflation processes 

whioh tend to elongato the pan dowmvind~ and end current erosion p 

which has taken place when the pans oontained water and whioh tends to 

elongate the pan perpendioular to the direotion of the prevailing 
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winds. The three oharaoteristio pan surfaoe types which exist ~ 

grassed, partly grassed and bare olay? are all apparently of the 

surface water disoharging type (Motts 1965) .. 

The deposits laid (lown in the pan dopressiollf;l are oomposed 

prinoipally of clays, sandy clays and olayey sands. The sandy olays 

and olays are oommonly moderately to highly oaloareous, and, slightly 

to moderately saline.. The oomposi tion of the pan deposits suggests 

that they were laid dmm in shallow wat~r bodies, Hi th a moderate to 

high pH. Their erien'c suggests that the pan depr(Hlsions 1rJere occupied 

by water bodies with an area 2 tc 3 times that of the present pa!lS .. 

The pan deposits may bo divided into an upper sandy phase and a lower 

olayey phase. 'rho upper sandy phase forms the surface of grassed 

pans and is present around the majority of bare olay pans. It merges 

wi th similar deposits on the inner slopes of the pan depression whioh 

are frequently underlain by calorete s p oaloareous olays and sandy 

clays. Deposits similar to those of the olayey phase underlie the 

flanks of the inner dunes. The lOHcr olayey phase may be divided 

into an upper fine graine.d saline part and a lower oaloareous sandy 

part. 

The composition of the pan surfaoes suggests that particle size 

distribution alone does not do'termine surfaco type. Grassed pan 

surfaces are developed only on the upper sand;y' phase deposits, 1rJhich 

are non saline. Bare olay surfaces appear -co be developed in the 

olayey phase, when tho upper sandy phase has boen removed by deflation. 

The impermeable nature of the subsurface deposits prevents water 

percolation and their salini-by offers a hostile environment to plants. 

Bare olay surfaoes are i;:wariably found at tho deeper pans t Hhils-b 

grassed and partly grassed surfaoes are assooiated with shallower 

pans. The deeper parts, and waterholes g of grassed and partly 

grassed pans have bare olay surfaces o It is suggested that the pan 

surface types represent a sequenoe of development as the pan has been 

exoavated by deflation. 

The existence of deposits' of lacustrine or:i.gin in the pan depressions 

in the interval between formation of the outer and inner dunes 

provides olear evidenoe for a period in which tho olimate in the 

Kalahari was substantially wetter than today! The stratigraphy of the 
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deposits indioates that oonditions of high runoff and probable 

permanent lakes, were suoceeded by oonditions of low runoff and 

seasonal lakes, whioh in -turn gave way to ephemeral or completely 

dry lakes or playas. Under present oonditions, with an annual 

rainfall of 300 to 350 ~m and an annual evaporation from a lake 

surfaoe of some 2600 mm; it is not surpri Sing that the pans are 

occupied by ephemeral lakes and runoff is inoidental. Olearly, 

more extensive and more permanent lake s muS"G be '[;he produot s of 

substantially wetter oonditions. Given similar evaporation rates 

to those of today, rainfall amounts of 1000 to 1200 mm per annum. a 

3 to 4 fold inorease, would be necessary to sustain lakes twioe the 

size of the present pans. Alternatively it is possible that the 

lacustrine period was aooompanied by muoh reduoed evaporation, as a 

result of lowering of temperature during glaoial periods. Assuming 

a 5 °c fall in temperature during the late glaoial, whioh other 

workers in southern Afrioa have adopted (Butzer 1973), a 30 % 
reducticn of eVaporation is probable. Even if this were the case, 

rainfall would still have to be twice the present amount to sustain 

permanent lakes of up to 4 km2 in the pan depressions. 

The sequence of caloifioation and secondary silioifioation of the 

deposits on the pan margins arc oonsistent with a gradual dessication 

of the olimate during the depOSition of the pan deposits. 

In conolusion the pan (leposi ts represent evidence for substantially 

wetter oonditions in the period between the formation of the outer 

and inner dunes. The uppermost pan deposits appear to represent 

the source of material for the formation of the inner dunes. 
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CHAPT.T1'R 7 .. 



Tho proceeding chapters haVG desoribed the main features of the 

geomorphology of the pans of the southern Kalahari. The pans, which 

are 8i tuated in isolated su'b circular to sub olliptioal depresslons 

1 .. 5 to 4 km aoross and 10 to 30 m deep, are undorlain by up to 4 m 

of caloareous and saline clays. sandy olays and olayey aandso There 

is evidenoe to suggest that the pan depressions formerly oontained 

water bodies up to 3 times the area of the present panso On the 

southern side of the pans is an area of arouate dune ridges rising 

"to a height of up to 40 m above the pan datum. Two dune ridges can 

be identified: an outer dune of red brown quartz sand, and an inner 

dune of grey brovm quartz sand and up to 20 % caloareous clay sized 

ma.terial. The inner dune is partly underlain by the pan deposits .. 

The pans may be found in abel t up to 300 km 'Nide along the 

watershed bet'ileen the Nossop...Molopo and 1.\1akgadikgadi drainage 

systems. 

The aim of this conoluding chapter is to drai'l together the evidence 

relating to tho formation of tho pan depressions, -the fringing dune 

ridges, and the deposits of the pan depr(~ssions in order to present 

a ooherent picture of the origin and development of the southern 

Kalahari pans, and -to disouss their paleoolimatio implioations. 

In detail, the evidenoe presented in the preoooding ohapters suggests 

that the exao·t; nature of the development of eaoh pan is slightly 

different~ Thus tho size and morphology of thQ fringing dunes oan 

be shohIn to be a funotion of tho size and ahape of the pan 

depressions. Oocasionally tho bulk of the outer dunes is much smaller 

than would be expected. In some examples, such as at NWatle or Ukwi 

pans, the bulk of tho inner dune is greater than that of the outer 

dune and indioates that the second phase of dune building at these 

pans was much more effective than the first. Exoeptionally, as at 

Ubli and Urwi pans, three phases of dune formation oan be recognisedQ 

At Urwi all the dunes are inaotive, whilst at u1a~i the pan edge dune 

is still reoeiving material today. Oocasionally, as at Khakhea pan, 

-there may be no reoognisable dunes at all t Vlhioh oan be explained, j. 

terms of the looa.l oiroumstances. I~oa pan is surrounded by 

177 



I 
~"~ 

i 
'~,\ 

~~: 
,L~"/ 
{:i¢> 

t~ 
l~' 

outcrops of the Waterberg System, particularly shales and siltstones 

of the Matsap Beds. The weathering produots of these rocks are silt 

and clay sized particles, which would tend. to be removed from the 

area a1 together as dust t rather than move to the edge of the 

deflation area as salta:i;ion sands. 

The pan deposits are generally uniform in their oomposition, although 

the sequence of deposits underlying the pans docs vary. The nature 

of the pan surfaces may be rela.ted to tho amount of deflation of the 

upper sandy phase of the pan deposits that has taken place.. Where 

removal of the sandy phase has been oomplete, the olayey phase is 

exposed giving rise to a bare olay suxfaoe f but where its removal 

has been less oomplote partly grassed or grassed pan surfaces coour" 

However, despite the variability in pan shapo and sizop pan surfaoo 

oomposition and the size and morphology of the dunes, the evidenoe 

presented shows that there have been three main phases in the 

development of the southern Kalahari pans. These are illustrated 

'TI" "7 1 1.n J,..]"g. ... 

Two periods of dune building oan bo recognised. in whioh the outer 

and inner dunes were formed.. In the interval between these was a. 

period in whioh the pans oontained shallow water bodies t initially 

more extensiVE! than at present, but gradua.lly oontraoting thereafter .. 

In the following f3eo"~ions the evidence relating to the origin of the 

pan depressions and to the subsoquent development of the pans will 

be disoussed. 

Tho depressions containing the pans of the southern Kalahari have 

a distinotive form and distribution. They are isolated t sub circular 

to sub elliptical in shape, and located in a belt in the wa.tershod 

area between the Makgadikga.di and Nossop...Molopo drainages. The 

distribution of the pans is clustered, and is best described by a. 

si'tuation in which the pans are randomly distributed, but their 

density varies from plaoe to place" The pan depressions do not form 

any reoognisable aligned groupings or patterns and are 
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OUler dune 

))evelopment of the sou:thern Kalahari pans. (not to soa1e). 

1. Deflation to form outer dune. 

2. Deposition of clayey phase of pan deposits. 

3. Deposition of sandy phase of pan deposits. 

4. De:f1a:tion of sandy phase de:posi ts to form inm)r Q,une .. 
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chara.cteristica.lly elongated in a north northeas"c - south southwest 

direction. parallol to the prevailing winds of today. The evidonoe 

of the morphology and distribution of the pan depressions p by 

analogy with similar featuror; elsewhere in the wo:rld, partioularly 

in west 'rexas 7 UoS"A 4 t strongly suggests that they were formed by 

deflation. 

Addi tional evidGnoe for a deflation origin for tho pan depressions 

exists in the form of the fringing inner and outer dunes on the 

southern edges of the depressions. Tho sub parabolio form of the 

outer dunes, their position on the southern edge of the pan 

depression t and their composition of moderately well sorted rod 

brown quartz sand, suggests that they represent material deflated 

from the sites of tho pan deprossionso The inner dunes t with their 

posi tion against the panward face of the outer dunes _ and thai:r 

oomposition of mixed grey brown quartz sand and oaloareous clays, 

appear to represent material deflated from "tho floors of the pan 

depressions. 

A close relationship exists between the size of the dunes and the 

area and depth of the pan depressions. rrhis provides, in tho 

absence of volumetrio relationships, a strong indioation that the 

bulk of thG dunes corresponds olosely with the amount of matorial 

deflated from the depressiono 

Following a period of deflation in which the outer dunes were 

formed, there is evidenoes in the form of clays and other laoustrine 

deposits, which indioatos that the pan depressions held water bodies 

up to 3 to 4 times tho area of the present pan.. Topographio 

features or deposits marking shorelines arc rare t but olays and 

sandy clays, thinly oovered by sand and often partially or wholly 

oalcified or silioified, may bo found 200 to 300 m from the pan 

edge, and at heights of up to 3 to 5 m above the present pan flor,r .. 

On the southern side of the pans such deposits underlie the flan1cs 

of the inner dunes .. 

The oomposition of the pan deposits is variablo, indioating 

fluotuating hydrologioal 90nditions, but a lower oalcareous to 



saline clay phase w1d an upper sandy phase can be reoognised. The 

low()r clayey phase is divided into a ImJor caloareous, coarse grained 

part, and an upper fine grained, saline part... 1].1ho sequence of pan 

doposits shows that high water level oonditions in permanent or 

seasonal lakes vJore replac.ed by low wat~r level saline ephemeral 

lakes. During the time when the pans held OJdionsi ve "Tator bodies? 

tho shape of tho pan deprossions was modified by end ourrent erosiono 

As tho water bodies in tho pan depressions oontraoted, the sandy 

phase was laid dOvln as 21. "\pJash on thG lake inargins.. This soquonoe of 

events seems to be oonfirmed by tho existonoe of a transition from 

oalcretes to eil-oaloretos and siloretes on the pan margins, tho 

oomposi tion of vJhich suggests that they are ind.urated pan doposits) 

altered as the water bodies in the pan dopressions oontraoted and 

'booame more salino a The extremely fine &;rainod nature of the olay 

fraotion of the pan deposits indioates that they wore formed as a 

result of tho trapping of inwashed fines, togeth~r 'l'dth oa.:cbonato , 

synthesis in relatively shallow permanent or soasonal lakes o 

Exoept Oh the margins of the wator bodies, the doposits arc 

charaoterised by a small amount of Sc1.nd onlYf whioh would soom -GO 

indioato oonditions of low runoff. The final phase of tho 

oon'traotion of the water bodies in tho pan doprcssions soems to 

have been ono of inoreased runoff, as the nature of the upper sandy 

phase indioates. 

'llhe oomposi tion of the inner dunes m;ggests that they wore formed by 

tho deflation of pan deposits, particularly tho upper s'3.ndy phase, 

during the latter stage of the oohtraction of tho pans. At bare clay 

pans the lower clayey phase is exposed? but at grassed and partly 

grassed pans all or most of the pan is oovered by the sandy phaso, 

and olays are exposod only looally in waterholes or baro areas. This 

would indioate that the typo of pan surfaoe ocouring today reflects 

the balanoothat onsted between the inwashing of material to tho 

pans and tho pOvJor of the wind to removo it. In this oontext it is 

interosting to note that grassed pans aro found more frequently in 

the wettor eastern part of the area. 

Following the formation of tho inner dunes the pans appear to have 

dried out oompletoly. HOVIGVOr, there is evidenoo in -the form of 

small 9 apparently vlavo out, notohes on the southern side of some of 
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the baro and partly glIassod pans, that the pans havo held quito 

subs·l;antial quanti tiC) s of wa tor in reoent time S t probably d.uring 

exoop·tionally wet soasons or poriods. 

Tho seql.lcmoe of events invol vod in the origin and dovelopment of tho 

southarn Kalahari pans may be sUll1ll1cl,risod as follovlS: 

Sporadio deflation and seasonal or ephemeral wat~r bodies 

in pans at presont day. 

Doflation to form innor dune. 

Deposition of pan deposits: Sandy phaso 

Clayey phase: 

Deflation to form outer dune. 

PALEOCLIMATIC INPLICATIONS 
n" ... _"",_~~(811""", ~ ._"".~""""'''' ",.".~.>«c __ "IIt _>~ ...... '_~ .... 

Upper saline, fino grained 

part 

LOHer caloareous part. 

The pans arc today virtually fossil landforms, experienoing sporadio 

doflation from their surfaoes~ Hhj.oh aro flooded seasonally or 

ophemerally. It is olear thai; their main features have developed 

under olimatio oonditions unlike those of todaYt and are 

indioative of tho olimatio ohanges that have taken plaoo in the 

Kalahari during the lato Ql.latornarYQ 

The existenoe in the pan dept-essions of laoustrine deposits up to 

3 to 4 m thiok? and oovering an aroa 2 to 3 times that of the present 

pan, is oloar evidenoe of a period in whioh the olimate in tho 

Kalahari vJas substantially wetter than that of today. It is not 

olear whether this v10t phase was tho rosul t of higher rainfall alone, 

or lower .evaporation, or a oombination of both inoreased rainfall am.1. 

lower evaporation. Tho oomposition of tho pan deposits indioates 

that runoff was lovJ, sugge sting that tho exi stenoe of tho water bodio s 

was the result of reduoed ovaporation, with a small inoroaso in 

rainfall 0 Regrettably, in the absenoe of present day runoff figures~ 

it is impossiblo to make prooise caloula"tions. using the formulao 

in Reeves (1968) 1 of tho amounts of prooipi tation and Gvaporation 

neoessary for the existence of suoh water bodies. 

l~ 
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Evidenoe from a variety of sources is acoumulating to show that the 

climate of southern Africa was both cooler and wetter some 15000 

to 20000 years ago. Butzer (1913) has reported that 

Alexandersfontein pan neax' Kimberley contained a 44 k:m2 lake, 

associated with deposits oontaining Middle Stone Age implements, 

some 16000 years ago, the result of a 5 °0 deorease in temperature 

and a 150 % inorease in preoipitation.. In the Kalahari, Grove has 

obtained a date of 20990 ! 1100 B.P. (Oak 4310) for laoustrine 

sedimen·ts from the Makgadikgadi depression when it held a lake some 

34000 km2 in area~ fed. by rivers draining the hi&~lands of Namibia 

(SouthWest Afrioa) and eastern Botswanao Oooke (1975) has reported 

deposition of dripstone in caves in the K~Yihabe Hills durill8-:hl\le. 

period 140aO to 11000 B.P. 

Elsewhere in southern Afrioa, Bond (1957) suggests that oolluvial 

deposits at the Khami waterworks site in southern Rhodesia containing 

Middle Stone Age implemen'~s, were laid down under conditions when the 

rainfall was about 900 mm, oompared to the present 635 mm. 

A reduotion in temperature over muoh of Afrioa in the order of 

5 to 6 00 is sngb'0sted by Moreau (1963) 011 the basis of the former 

wide distribution of montane forest habitatsg and Hastenrath (1972) 

has argued for a late Pleistooene snowline depression in the 

Drakensburg of 1000 to 1100 m, indioating a rodu(J~ion in temperature 

of 5 to 6 000 Palynologioal studies of deposits at Florisbad, Orange 

Free State v (Van Zinderen Bakker 1957) suggest a oooler and probably 

wetter olimate around 19000 B.P. e 

The absence of absolute dates for the pan deposits makes poai tive 

correlations impossible, but the available evidenoe points to a 

substantially cooler and wetter climate in southern Africa some 

15000 to 20000 years ago. If a temperature reduction of 5 °c is 

assumed then evaporation rates vJould have been 30 to 50 % lowe:r +'0'"'11 

at present. Even allowing for a substantial reduotion in evaporation 

rates, an increase in the present rainfall amounts of 100 to 150 % 
would still have been necessary to sustain permanent lakes in the·· pan 

depressions. Thus rainfall amounts in the southern Kalahari would 

probably have been in the region of 600 -bo 800 film, and evaporation 

rates would have been 1300 to 1820 rom per annum. 



It is interesting to oompare the situation in "the Kalahari at this 

time with other sub tropioal semi arid areas. In Afrioa north of the 

equator, the olimate "Has substantially drier than that of today. and 

clune belts extended far south of their present position» (Warren 

1970). However t in the so~thwe st U .. S.A.. (Gal101'lay 1970) and in 

Australia (Galloway 1965) high lake levels are reoorded, probably 

-the result of muoh lower evaporation ra'/jes than today. 

'1'ho olimatio oondi tions implied by the inner and outer dunes are more 

diffioul t to interpro't.. Their alignment SUggEJf3'bs that the pattern of 

winds in the southern Kalahari was essentially the same at both 

periods, and was no'l; signifioantly different from that of the present 

day.. The inner dune seems to have been formed under oonditions of 

high temperatures and high evaporation, during the final stages of 

the dessioation of the pans after the period of high water levels .. 

During the wet and cool phase in the Kalahari it is probable that 

groundwater bodies vlere extensively recharged i as a result of lowered 

evaporation and increased rainfall. Despite the great depth of the 

water table today, it is probable that water tables would have been 

much nearer the surface during the later stages of the humid phase. 

A variety of evidenoe eJdsts to Show that, betHeen about 15000 and 

9500 years ago tho climate of Afrioa as a wholo beoame warmer .. 

Between the northern ir.ropio and the equator tho rise in temperature 

was aooompanied by inoreased preoipi tat ion , giving rise to large 

lakes in the Tohad basin? and the rift valleys of southern Ethiopia 

and Kenya (Grove and Goudie 1971). In southern Afrioa, changes in 

the pollen rain at Aliwal North (Coetzee 1967) indioate a gradual 

inorease in temperatu.re aooompanied by somei-Jhat reduced 

preoipitation .. 

The inner dunes vJere probably formed about this time» when water 

tables were still high, temperatures and eva.poration rates were also 

greater than today, giving rise to the shallow saline seasonal water 

bodies v and rapid drying neoessary to oreate; the bare sandy surfaces 

which supplied the material for the building of the inner dune. At 

this time a reduction in the vegetation oover assooiated with the 

increase in temperature and dessioation of olimate 1'lOuld probably 

have promoted the inoreased runoff whioh the deposition of the upper 

sandy phase suggests. 



The condi"bions undor which the outer dunes wero formed are diffioul t 

to interpret. Haok (1941) and Melton (1940) suggest that parabolic 

dunes in association 1rJi th deflation basins formed by the 

enlargement of blowouts in sub arid olima.tes. Reeves (1968) 

indioates that deflation basins may ooour in Bemi arid to arid 

olimates whenever strong wtnds blow aoross unconsolidated sandy 

surfaoe deposits. 

Today, the only sand movement taking plaoe in the Kalahari ooours in 

the sout.ht'lost of tho region in the dune belts along the Nossop and 

Auob rivers. Here sand movement is looalised and takes place 

ifJhereever the vegetation is sparse, partioularly alonr, the orests 

of the ililnes and in the interdunal oorridcrs. It seems probable 

that the outer dunes were formed by the enlarg(:;ment of blowouts 

oreated under similar conditions of 10irt preoipitation (150 to 200 rom). 

The existenoe of large dune systems, nov] fixed by vegetation, in the 

Kalahari (Grove 1969); the invasions of river valleys by aeolian 

sands reported by Bond (1963) and Mabbutt (1957'a~ b) and pollen 

ahalysis data from Angola (Van Zinderen BaJd(or and Clark 1967) all 

indioate arid conditions in the period 30000 to 40000 years B.P., 

and it is possible that the formation of the outer dunes dates from 

the later stab~s of this periodo 

CQHJ.lldlliIQNS 
This dissertation has desoribed the main geomorphic features of the 

pans of the southern Kalahari, ·wi th particular reference to the 

fringing dunes and pan deposits. The distribution of the pans and 

·their morphometry has been analysed.. The morphology and oomposi tion 

of these features suggest that they developocl under olimatio 

conditions unlike those prevailing in the southern Kalahari today .. 

The depressions oontaining the pans of the southern Kalahari can 

now be said to have originated by the enlargement by deflation of 

blowouts created under a sub arid climate.. Following the deflation 

of sands ·to form the outer dunes t there was a long period of cooler 

and wetter climates, some 15000 to 20000 years ago, during whioh 

the shape of the pan depressions was modified by end current erosion 

in water bod.ies up -bo 3 -1;0 4 timos the area of the present pans. 
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During this time oalcareous clays and sand,y clays were deposited in 

the pan depressions.. The composition of tho uppermost pan deposi'ts 

indioate that the area underwent a steady dessioation during the 

later ,parts of this period. In the final stages of this dessication 

tho upper sandy phaso was laid clO\,ffi, and tho innar dune formed by 

deflation of similar material. 

Evidence of periods of olimate slightly we"Gter than the present 

sinoe the formation of the inner dune exist in the form of small 

wave au·t notches at a hoight of up to 1 m above pan datum 011 the 

southern side of the pan .. 

The origin and development of the pans of the southern Kalahari oan 

thus be said. to represent the influence of ohanging olimatic and 

hydrological oonditions in the area during the late QUaternary. 

The sta.ges of the origins and development of "the pans of the 

southern Kalahari oan n01l1 be summarised" with the suggested climatic 

conditions existing during the different stages: 

Period ---
Pre sen"t day 

10000 to 

12000 yrs"B.P. 

20000 to 

12000 yrs .. B .. P. 

Before 

20000 B.P .. 

922!!l£E'p~h~h2.1M~!!.t~E,,0Jl 
Sporadio deflation a.nd. 

ephemeral water bodies. 

Deflation to form 

inner dune" 

Deposition of upper sandy 

phase of pan deposits. 

Extensive water bodies in 

pan depressions: 

deposition of olayey 

phase of pan deposits. 

Deflation to form 

outer dunG. 

§..~.,~.:~~.!!...2.l~~~ 
Precipitation 

300 to 350 mmo 

Warmer, with 25 to 

30 00 mean dry season 

temperatures .. 

Deoreased preoipitation 

(200 to 300 rom). 

o 5 0 oooler, 

Increased preoipitation 

(600 "to 800 mm). 

Decrea.sed precipitation 

(150 to 200 mm)o 

186 
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APPENDIX 1· --
Aerial photography taken under the following oontracts was used in 

the stU(iy of the southern Kalahari pans. 

Areas 1, 2 and 3: Airoraft Operating Company, 1961 

Contraot 56/61 S. 

Area 4: 

Area 5: 

Scalet 1:50000 approxo 

Hunting Surveys (Botswana) $ 1972 

Oontraot HSB 72 

Scale: 1:40000 approx. 

Hunting Surveys (Botswa.na), 1971 

Oontraot HSB/71 W. 

Seale: 1:40000 approx. 

The aerial photographs listed below give stereo cover of the pans 
studied. 

Area 1 --
Samans 

Samosadi 

Bee 

Tatswe 

Sekoma 

Kongwe 

Kgama 

Kang 

Khakhea 

Khesekwe 

) 

~ 
) 

!r.~al 
Motsobonye 

Kokong 

Mashiaphotsana 

Mogatse 

Dead Tree 

56 BO 11 

56 BO 12 

56 BC 10 

56 BC 9 

56 130 10 

56 BC 9 

56 BC 8 

56 BC 7 

56 BC 12 

56 BC 11 

56 130 11 

56 BC 11 

56 BC 11 

036, 031, 038 

050, 051 

032. 033 

108, 109 

037 t 0)8 

110, 111 

081, 082 

142, 143 

064, 065 

058, 059 

063, 064 

064 7 065 

065. 066 



'~$tr,~Jl."E!H1JE~ !:E~<?~2~,~rl.E.!!! b~!,E. 
b-£?_U 
Bosobogolo 5 4904, 4905 
Mpaathu"tlwa 3 4J351, 4852 
1'labuasehube 3 48481 4849 

~~:r.~~~,,5. 
Nwatle 54 4624, 4625 
Masetleng ~ 53 4199, 4200, 4201 
Pussy 

Ukwi 51 4084, 4085 
Urwi 48 4955, 4956 9 4957 

I 
I ). 

----'.' -------------------------------
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APPENDIX 2 
" ~ 1 "SiiSl 8I""lI"T 

PARTICLE SIZE ANALYSIS DATA FOR INNl!iR AND OUTER DUNE SAMP11I:So 
~<M/I'$\'>'_''h~ ~ l!Il ____ ~00l<1I\'I lOIS Vf STI'lI" Il 1 Ill'll $'ff"iIIU1I"1O""ltll_ 

This appendix falls into two sections. The first pprt cont~ins the 

raw elata obtained by the mechanical analyses of the samples. The 

second part oontains the, sorting and grain size parameters 

calculated using the computer programme in Appendix 3. 

Samples are located as shown on dune profiles (Figs y 5.1 to 5.5) and 

are numbered towards pan, i.e. left to right on profiles. 



.. ~ ... ~~ 

Weight retained b~ each sieve ~gml Cumulative Eercent finer than 

1 2 3 4 phi Pa..1'J. -I 2 3 4 phi , 

Tats!e 
Outer dune 
1 1.2 35.7 40.2 22.7 2.6 98.9 63.7 23.1 0.7 

2 0.7 34.5 43.1 22.1 1.3 99.4 65,,6 23.2 1.5 

3 1.2 43.7 44.6 12.9 0.3 98.8 56.4 13.1 0.6 
Interdunal depression 0.6 24.2 36.9 26.6 13.0 99.4 75.5 39.0 12.8 

Inner dune 
1 0.3 21,,0 43.4 26.3 10.0 99.1 78.9 35.8 9.8 

2 0.5 19.2 38.9 27.5 14.6 99.2 74.7 38.0 15.1 

3 0.8 25.0 37.3 23.3 15.4 98.2 68.1 37.3 17.3 

AREA 2 
Khe~ 
0uter dune 
i 1.2 32.8 48.4 19.4 2.0 98.8 61.2 20.9 1.9 

2 1.8 32.3 47.6 17.2. 2.0 98.3 66.3 19.3 1.9 

3 1.8 31.2 46.8 19.6 2.1 98.2 67.5 21.3 2.1 
Interdunal depression 0.7 21.2 41.7 20.5 16.4 99.4 78.3 36.8 16.4 

Inner dune 
1 0.2 13.2 21.1 13.6 8.9 99.6 18.6 35.7 14.1 

2 0.7 29.0 42.8 16.5 14.4 99.3 70.9 29.7 13.9 

3 2.2 28.3 34.2 15.8 19.6 97 .8 69.5 35.4 19.6 

Sekoma 
Outer dune 
1 0.7 28.0 47 .. 2 25.3 1.2 99.4 12.1 26.0 1.3 

2 0 .. 1 21.6 53.8 27.1 1.2 99.5 78.8 27.2 1.2 
Inner dune 
1 0.7 21.1 44. 0 22.5 9 .. 1 99.3 78.2 34.4 9.1 

-> 2 1 .. 2 n.8 44.4 24.5 13.2 98.8 81.2 37.3 13.1 
\D 
0 3 1.1 n.3 41.3 22.6 12.7 98.8 88.8 35.1 12.7 



1 . 2 3 4 phi 
Kongl'!,.e 
Outer dune 
1 0.6 35.4 45.9 19.6 
2 1.2 33.2 48.4 20.2 
3 1.2 39.9 42.7 17.7 
Interdunal deoression 0.8 20.8 44.6 20.8 
Inner dune 
1 0.6 18.4 47.4 21.8 
2 0.7 23.5 41.3 22.6 
3 1.7 27.1 34.1 16.6 

Kgama 
Outer dune 
1 3.4 24.8 48.1 20.5 
2 2.0 25.5 41.6 22.3 
Inner dune 
1 1.3 22.8 36.4 21.1 
2 0.8 22.9 37.9 23.3 

Keng 
Outer dune 
1 0.2 21.2 57.3 20.5 
2 1.7 30.3 53 .. 0 18.0 
Interdunal depression 1.0 23.0 51.4 20.3 
Inner dune 
1 0.3 14.9 53.1 25.5 
2 0 .. 3 16.4 49.1 24.3 

..:. 3 0 .. 6 8.8 39.0 24.9 '-0 

Pan only). 

1.4 
1.4 
1.2 

13.2 

12.8 
16.1 
20.0 

3.8 
2.7 

15.7 
16.4 

1.5 
1.6 
1.7 

11.4 
14.9 
26.2 

Cumulative Eercent finer than 

2 3 4 phi 

99.4 65.0 20.3 1 ~ 9 
98.9 67.1 20.6 1.3 
98.9 59.8 17.9 1.1 
99.2 78.4 39.9 13.1 

99.4 81.1 34.3 12.7 
99.4 76.7 37.1 15.4 
98.3 71.3 36.7 20.1 

99.4 70.3 18.7 1.2 
99.2 69.4 22.2 1.4 

98.6 75.2 37.9 16.2 
98.1 79.5 39.1 15.7 

99.7 78.7 21.8 1.4 
98.4 69.4 18.7 1.6 
99.6 80.6 29.4 7.6 

99.7 85.6 34.9 10.8 
99.8 84.2 37.1 14.1 
99.4 90.7 51.0 26.0 

~J 
1 



Weight retainei"by each sieve (gm) 

1 2 ~ 4 phi Pan. 
-' 

AREA 3 
!vlo1.sobon.ye 
Outer dune 
1 2.1 50.4 41.8 11.0 0.1 
2 0.2 35 .. 9 43.6 18.3 0 .. 6 
Interdunal depression 0.4 23.0 35.3 25.9 
Inner dune 
1 0.1 24.6 31.6 18.3 
2 0.7 27.9 35.3 23.1 
3 1.3 26 .. 6 31.8 23.3 

Vl?shia}2hotsana 
Outer dune 
1 4 .. 1 23.9 40.5 26.5 9.0 
2 0.7 25.6 37.5 25.2 11.0 
Inner dune 
1 0.3 21. 8 29.2 19.6 
2 0.1 24.3 39.0 26.9 
3 0.7 22.2 34.2 26.3 

Mogatse 
Outer dune 
1 1.4 37 .. 2 41.3 20.0 0.8 
2 1 .. 1 36.5 46.7 22.0 1.0 
Interdunal depression 2.8 49.0 38.4 11.4 0.2 

->. Inner dune 
\.0 
l\) 1 0.5 32.2 39.5 22.1 

2 0 .. 9 31.2 39.2 20.5 
3 2.2 40.8 30.0 14.1 

Sand & clex 
(Inner dunes 

1 ' on 1.1 

15 .. 4 

25.4 
13.0 
17 .0 

29.1 
9.7 

16.6 

15.9 
9.2 

12.9 

Cumulative percent finer than 

1 2 3 4 phi 

98.0 50 .. 2 10.5 0.1 
99.8 63.4 19.2 0 .. 6 
99.6 76.6 41.3 15.4 

99.9 75.3 43.7 25.4 
99.3 71.4 36.1 13.0 
98.7 72.1 40.3 n.o 

96.9 76.0 35.5 9.0 
99.3 73.7 73.7 11.0 

99.7 77.9 48.7 29.1 
99.9 75.6 36.6 9.7 
99.3 77.1 42.9 16.6 

98.6 61.7 20.6 0.8 
98.9 64.9 21.4 1.0 
97 .2 49.1 11.4 0.2 

99.5 67.5 38.0 15.9 
99.1 67.9 28.1 9.2 
97 .8 57.0 27. 0 12 .. 9 

"" 4 ~ 



Sand & c1?,;'L 

Weight retained b~ each sieve ~gm2 {Inner dunes Cumu1ati ve Eercent finer than 

1 2 3 4 :phi Pan 
only) 

1 2 3 4 :phi 

Dead Tree 
Outer dune 
1 0.8 31.8 49.3 23.3 1.7 99.2 69.5 23.4 1.6 

2 0.4 31.9 45. 8 19.6 0.7 99.6 67.2 20.6 0.1 
Interdunal depression 1.1 32.5 47.7 22.1 1.9 98.9 68.1 22.8 1.8 
Inner dune 
1 0.5 26.3 40.3 22.7 10.3 99.4 73.3 33.0 iO.3 

2 0.6 22.8 36.7 23.0 16.9 99.4 76,,6 39.9 16.9 
3 1 .. 7 27.0 28.5 19.0 26.8 98.3 71.3 42.8 26.8 

.AREA 4 
Bosobogolo 
Outer dune 
1 3.5 38.1 41 .. 4 16.4 1.4 96.5 58.7 17.7 1.4 
2 3.0 39.1 44.3 17.9 2.2 97 .2 60.5 18.9 2.1 
In terdunal depressi on 3.6 31.6 46 .. 3 20.0 2.6 96.5 66.2 21.7 2.5 
Inner dune 
1 1.6 26.6 39 .. 2 19 .. 0 11 .2 96.0 69.4 30.2 11.2 
2 3.6 30.6 36.3 17.5 12 .. 0 94.4 65.8 29.5 12.0 

3 2.5 23.9 40.3 19.2 14.1 97.5 73.6 33.3 14.1 

Mpaathutl wa 
Outer dune 
1 4 .. 0 37.5 44.8 16.8 2.5 96.2 60.7 18.3 2 • .4 

2 3.5 35.7 47.3 18.6 1.9 96.7 63.4 19.2 1.8 

3 5.0 31.6 44.6 19. 8 3.3 95.2 64.9 22.2 3.2 
Interdunal depression 1.7 28~2 45.1 17.1 2.7 98.3 68.1 21.4 2.8 
Inner dune 
1 0.5 16.9 45.8 21.7 25.1 99.5 82.6 36.8 25.1 

-" 2 1.4 18.3 41 .. 2 16.5 22.8 99.1 81.2 39.5 22.8 
'-D 
w 



Weight retained by each sieve (gm) Cumulptive £ercent ~iner than 

1 2 3 4 phi Pan 1 2 3 4 phi 

AREA 5 
MCls,etl en£. 
Outer dune 
1 2.2 27.8 56.9 18.3 1.0 97.9 11.7 18.2 0.9 
2 2.1 27.6 50.5 20.0 1.6 97 .9 70.8 21.2 1.6 
3 4.6 34.1 46.3 17.7 1.9 95.6 63.0 18.7 1.8 
Interdunal depression 2.2 31.9 50.3 17.0 1.6 97.9 66.6 18.1 1.6 
Inner dune 
1 0.6 19.1 51.9 22.6 5.8 99.4 80.3 28.4 5.8 
2 1.4 20.5 41.9 19.0 18.0 98.6 78.1 36.2 18.0 

PUSSY 

Outer dune 
1 2.3 31.5 55.2 18.7 1.2 97.9 61.0 18.3 1. 1 

2 4.6 34.7 54.3 8.6 1.0 95.5 42.9 19.3 1.0 
Inner dune 
1 3.0 28.6 49.4 18.4 2.0 91.0 68.8 20.1 2.0 
2 2.2 22.8 43. '7 18.5 12.8 97.8 75.0 31.3 12.8 

3 4.3 24.3 37.1 15.2 19.1 95.7 71.4 34.3 19 .. 1 

Nwatle 
Outer dune 
1 2.4 38.8 51.2 15.3 1.0 98.9 71.0 21.0 1.6 
2 1.5 25.2 49.8 19.7 2.2 97.8 62.1 15.0 0.9 
Inner dune 
1 2.0 26.5 56.0 18.6 1.1 98.1 72.6 18.9 9.2 
2 2.4 21.9 43.8 18.8 13.1 91.6 76.5 34.2 i.7 

-" 
\.t:) 
J::o,. 
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Sand & ~ cl~'y' 
Wei6ht retainedb~ each sieve {6m) ~ Inner dune§. Cumulati ve 12ercent finer than 

1 2 3 4 phi Pan only) 2 3 4 phi 
Ubvi 
Outer dune 0.2 12.5 52.1 26.0 9.2 99.8 87.3 35.2 9.2 
Interdunal depression 2.3 29.3 49.0 23.0 1.8 97.8 70.0 23.5 1.7 
Inner dune 
1 0.9 13.3 45.9 31.7 8.2 99.1 85 .. 8 39.4 8.2 
2 2.1 21.4 40.3 23.7 12.5 97 .9 76.5 36.2 12.5 
3 0.9 14.9 38.6 24.4 20.2 99.1 84.2 45.6 20.2 
4 1.7 4.3 36.7 34.0 23.8 95.5 58.2 23.7 22.8 
Pa..'1 edge dune 
1 1.1 13.3 41.9 31.7 p ,.., 85.7 42.2 9.3 8.7 u. { 
2 14.5 23.3 31.4 22.4 8.4 85.5 62.2 30 .. 8 8.5 

Urwi 
Outer dune 
1 3.5 39.5 42.3 16.3 1.9 98.6 58.5 17.5 1.8 
2 2.5 37.9 43.7 18.5 2.7 97 .6 61.6 20 .. 1 2.6 
Interdunal depression 2.5 29.2 46.4 23.0 
Middle dune 

4.2 96.7 58.2 19.9 7.7 

1 1.6 29.5 49.6 22.4 3.2 98.5 70.7 24.1 3.0 
2 2.5 33.5 48.3 21.6 3.4 97.7 67.1 28.9 3.1 
3 2.5 29 .. 0 46.4 23.5 4.2 97 .6 70 .. 0 25 .. 9 4.0 
Interdunal depression 3.3 30.4 35.0 16.7 14.6 96.7 66.3 31 .. 3 14.6 
Inner dune 
1 0.4 17.0 49.7 23.7 9.2 99.6 82.6 32.9 9.2 
2 0.5 14.7 43.4 21.3 20.1 99.5 84.8 41.4 20.1 

.... 3 3.7 26.5 39.5 17.7 12.6 96.3 69.8 30.3 12.6 
'-.0 4 6.4 27.3 30.0 15.5 13 .. 8 93.6 66.3 36.3 13.8 \J1 
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PARTICLE SIZE ANALYSIS DAr:L1.A FOR INNER ANn OurIm DUNE SAMPLES "'·"""-"'''''"'''"''''''~~-'''''I<T''''''''_''''''''·'· __ ''''·''Ir''.I'I"--''''''''' '_~',""'.r''''''''''' ... . 1."-.. -,-,,_.lI>'._ ...... ~J.~~<~w"""'. ,",,,,,*,,,,,,,,- ~ ... '."".""""~''* .. '." .• '''.,.,.''' .. ~ _____ ~ 

Samples are looated as shown on dune profiles (Figs. 5 .. 1 to 5.5) and 
are numbered towards Paul i.e .. leH to right on profiles .. 

AREA 1 
~~~~1OW 

Standard 

Mean Deviation Ske'ltmess Klll'tosis 
(phi WlitS) 

Samane ............ _--". 
Outer Dune 

1 2 ... 36 0.80 0.5'7 3.46 
.2 2.38 0.79 0.54 3.44 
Interdunal 

Depression 2.80 1.15 0.60 2.50 
Inner Dune 

1 2.91 1.01 0.54 2.90 
2 2.98 1.26 0.44 2 .. 03 
3 3.05 1.20 0.41 2.11 

§am~~~~ 

Outer Dune 

1 2.41 0.80 0.49 3.09 
2 2.38 0.80 0.52 3.01 
Interdunal 

Depression 2.94 1.20 0.54 2.21 
Inner Dune 

1 2.71 0.90 0.71 3.53 
2 2.89 1.12 0.56 2.52 
3 3.02 1.28 0.36 1.96 

].~ 

Outer Dune 

1 2.36 0.81 0.53 3.09 
2 2.42 0.85 0.22 2.87 
Inner Dune 

1 2.74 1.06' 0.73 2.95 
2 2.75 1 .. 13 0.69 2.70 
3 2.94 1.29 0.44- 2.01 

• 



1t 
%2':' 

I 
t 
J 
I 
I 

T.atswe _.--
Outer Dune 

1 

2 

3 
Interdunal 

Depression 

Inner Dune 

1 
2 

3 

AREA 2 
" a" ....... 

Khesekwe --
Outer Dune 

1 

2 

3 
Interdunal 

Depression 

Inner Dune 

1 

2 

3 

~J<:..9.£l~ 
Outer Dune 

1 

2 

Inner Dune 

1 

2 

3 

Mean 

2.38 

2.40 
2.1(3 

2.83 

2.79 

2.93 

2 .. 85 

2.40 

2.37 

2.40 

2.89 

2.85 

2.71 
2.82 

2.49 

2 .. 57 

2 .. 73 

2 .. 87 

2.85 

Standard 

Davia'cion Skewness Kurtosis 
(phi units) 

0.83 0038 2.72 
0.81 00 43 2.85 
0.72 0<'45 2.75 

1.10 0054 2.58 

1.01 0.64 3 .. 00 
1.10 0.50 2.54 
1.15 0.56 2.45 

0.81 0.54 3.50 
0 .. 82 0053 3.63 
0.83 0.47 3.48 

1.15 0.60 2.49 

1.10 0.66 2.69 
1.14 00 79 2.78 
1.28 0054 2.19 

0.79 0.25 2.83 
0 .. 75 0,,16 3.17 

1.00 0.69 3.19 
1.07 0 .. 57 2.84 
1 .. 05 0 .. 64 2.99 

IIIIIIIIIIIIIII
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~E!,.J. 

Standard 

Mean Deviation Skevmess Kurtosis 

(phi units) 

!12J..~~2.92E;Y'£ 
Outer Dune 

1 2.09 0.,7-1 0.47 2.72 
2 2.33 0.75 0~44 2.64 
Interdunal 

Depression 2.91 1", 14 0 .. 50 2.38 
Inner Dune 

1 3.07 1.30 0.37 1.77 
2 2.76 1 G 13 0.62 2.57 
3 2.87 1.22 0.47 2.24 

!~~l:~.t~1:2..~~ 
Outer Dune 

1 2.75 1.00 0 .. 65 2.95 
2 2.76 1",08 0.60 2.75 
Inner Dune 

1 3.20 1.32 0 .. 20 1.66 
2 2 .. '{7 1 .. 03 0 .. 63 2.85 
3 2.94 1.16 0 .. 44 2 .. 30 

!,!oAats!:,. 

Outer Dune 

1 2",32 0 .. 80 Od7 2.71 
2 2.37 0.79 04136 2.80 
Interdunal 

Depression 2.08 0 .. 73 0 .. 49 2.87 
Inner Dune 

1 2.76 1.16 0.68 2.51 
2 2",60 1 .. °5 0.'{7 3.08 
3 2,,51 1.20 0.88 2.82 



standard 

Mean Deviation Ske~vness Kurtosis 

(phi uni to) 
Dead Tree 
-"'~""''''''''''''~''''''''';'¥ 

Outer Dune 

1 2.45 0,,80 0,,42 3.14 
2 2.38 0.76 0$135 2.73 
Interdunal 

Depression 2.43 0.82 0.46 3.24 
Inner Dune 

1 2 • .11 1,,05 0.71 2.93 
2 2.91 1.17 0.52 2.33 
3 3.04 1.46 0 .. 28 1.'77 

~A.4 
1l0}3 .. ~9.s.?]._~ 

Outer Dune 

1 2.25 0 .. 84 0.45 3.31 
2 2.30 0.86 0.57 3.51 
Interdunal 

Depression 2.38 0.88 0.41 3.47 
Inner Dune 

1 2.68 1.10 0.69 2.91 
2 2.60 1.17 0.66 2.82 
3 2.76 1.16 0.58 2.68 

P, 
'Y~ 

:;S' 
!2~~uwtJ.~ 
Ou"ber Dune 

1 2.29 0.88 0.55 3 .. 64 
2 2.32 0.85 0.41 3.44 

s0~~ 

2.37 0.93 0.42 3.45 ';i .3 

I 
Inner Dune 

1 3.11 1.20 0 .. 44 2.01 
s 2 3.02 %%> 1.25 0,,44- 2.10 

~>' 
'z;: 

I-

~~; ----------------------------------------



~F:0-..-l 

Standard 

Mean Deviation Sk:evmess Kurtosis 
(phi units) 

!i~.:"L~.:th9}~~ 
Outer Dune 

1 2.39 0.75 0,,18 3.54 
2 2.42 0.80 0 .. 30 3.48 
3 2.30 0.86 0 .. 36 3.44 
Interdunal 

Depression 2.35 0.80 0.42 3.62 
Inner Dune 

1 2.67 0.88 01>73 3.85 
2 2.90 1.18 0.54 2.41 
3 2.86 1.32 0.44 2 .. 24 

.f2.:~.Y. 
Outer Dune 

1 2",31 0.17 0.27 3.46 
2 1.99 0.77 0<>:>84 4.30 
Inner Dune 

1 2.39 0.83 0 .. 35 3.64 
2 2.73 1.12 0.64 2.91. 
3 2.80 1c29 0047 2.30 

~c::,tl~ 

Outer Dune 

1 2.43 0.78 0,,43 3.50 
2 2.26 0.77 0 .. 41 3.43 
Inner Dune 

1 2.82 1.16 0.58 2.62 
2 2.41 0.75 0 .. 20 3.59 

...J~. ______________________________________ _ 
-
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YzX Standard 
'S; 
tift Mean Deviation Skewness Kurtosis 

(phi units) 
~t 
+z. 

1!lc& \: 
~:, 

Ou'ter Dune 

1 2.36 0.92 0.79 3.52 
Interdunal 

Depression 2.044- 0.83 0.28 3.26 

Inner Dune 

1 2.87 0.93 0.48 3.37 
2 2.79 1.11 0.51 2",78 

3 3.09 1.17 0.38 2.23 

4 3.35 1 11110 0.13 2.47 
Pan edge Dune 

1 2.89 0.96 0.41 3.22 

2 2.41 1.25 Oll>29 2.~)6 

Urwi 
w·\""'-.. ,tnl"tll""" 

Outer Dune 

2.25 0 .. 85 0.55 3,,52 

2 2.33 0.87 0.62 3.55 
In"berdunal 

Depression 2 .. 29 0.90 0 .. 64 3.51 

Middle Dune 

1 2.48 0 .. 86 0.52 3.56 

2 2.42 0 .. 89 0.54 3.53 

3 2't50 0.92 0 .. 51 3 .. 47 
Interdunal 

Depression 2 .. 66 1.22 0.63 2 .. 58 

Inner Dune 

1 2.19 0 .. 96 0.75 3.40 

2 .3 .. 06 1.15 0 .. 51 2.27 

3 2 .. 65 1 .. 16 0 .. 61 2.82 

4 2.61 1 .. 29 0.52 2.48 



7 « 

}\PP1~P12Ll. 

COMPU'l\/\/I1ION OF SORTING AND SIZE PARAN(liIrEHS FOR DUNID SAND SAMPLE;S. 
-=~~~-~-~ ~~~ __ $'OI/lr_-'~ 
Computation of' the sorting and grain size parameters in 

Appendix 2 was carried out by the method of mom~ts. 

The formulae used to deri va phi mean, standard deviation~ skewness 

and kurto$i s from the raw data were taken from l1'1'i adman (1961) and 

Were ~s fpllows&~ 

Mean '" 

whe:ve f' is the weight of sand retained by a sieve of given size; 

p is the mid point of each grain size grade in phi uni tS 9 and s is 

the tQtd s9Jllple weigh~. 

Standard deViation ~p. _m.)2 

s 

Skewness 

where m is the sample mean. 

Calculation of the grain size and sorting measures was carried out 

using a Basic programme compiled by the writer, and run on the 

Universi ty of Malawi Hewlett Packard 9830 series computer. 

'l'he programme used is soot out belowg-

1 0 I1JjM M:E)CH.Al.'ifI CAL J\N.AL YSI S STATI STI OS 

20 FIXED) 2 

30 PliNT !fJ\![EAN" 9 "S. DEVIATION", "SKEWNESS It , "KURrroSIS" 

40 DIM X 100 P 100 

50 PliNT 

60 FOR I ;:: 1 TO 

70 S1:;;: 32 ;:: 83 =: 34 '" 35 :;:: 0 

80 J::::: 1 

90 REM P[ J), X[ J] 

203 



100 IF' X (J) '" 999 'rm:N 280 

110 IF' r [JJ := 6 fmEN 1 60 

120 81 = 81 + X J 

1 30 82 '"' 82 + P .T * X J 

140 J '" J + 1 

150 GO ~10 90 

160 M::; 81/82 

170 FDR 1 "" 1 TO J - 1 

180 83 IrQ 83 +. «p [11- M) 1'2) * X (.11 

1 90 84 "" 84 + « P [11- M) l' 3) * X [L 1 
200 85::: 85 + «p ('1J- M)1'4) * X [11 

210 D = 8~t (83/81) 

220 8 "" D-1- (-3) * (84/81) 

230 K::: D1' (-4) * (S5/81) 

240 NEX~J:l 1 

250 ptINT M9 D9 8 9 K 

260 NEXrr.l I 

270 DNI'A 0.5,1.991.5934.192.5,46.3,305917.99591.79691 

280 END 

204 
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