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Th 11 ib De ert, the weet eo ot arid zone o:t Southern A!rio , extends 

t ju t nor h of 4oo des in Angol • llington (1955) places the southern 

! in th vicinity or t a lo r. our e of the vli Iav rand r 

t t th r l i ur c nd exten iv r · of moving sand oontinu to the 

.. i d Elerant · (13° 10 ' s. ). h d ert xt nde l t r ally to the foot or 

e Ore t nt, g ner lly di or 50 - 90 ile , tho towards 

e n rth it n rr a con ider blj- ne r the of th Cun ne 

!d only bout 7 11 n d s rt rises to about 900 s 

the :toot o 

Variou tt !)te have b en o su divide t.he N i b, ·e Jing on 

(1955) c 1 ed the outh rn p rt, rth the Lud.ritz-Aue horet, th 

T nsi t ional orth or thi ow de tb. uiaeb Hiv r, h lla 

It . trao f o try 1 th a long! tudin 1 ext rlt or Ul) 

to 90 s and latitudin l ext nt ' round 250 mile • North of t he un 

1 t h oept in th oo L- be t b en the 

.ui b nd w 'cop .td.ve it i 1 a of nd. ··11 thin th southern 

? ib the gre t G m n gaol gi t, K (1926), tt 

ivision into th Tro h (Wannen- ) l arnating soft and h rd 

strata have be n scour d by th · i , tl e Plain ( .• l ohen-) Namib, where the 

a nd h s been depo ited in the nhelt red loo liti to flat ourf cest 

nd the Dun 4la i b or isola tsd bar ob· ns and linear chains. Lo an ( 19 60) t on 

th other h nd, divid d the o ntr l ) 
. . 

of the lamib ( round alvie Bay ) 



into the Coast 1 lamib, where direct effects are felt, the Namib 

and the jUna Namib . Spr itzer ( 1966) divides the area 

longitudinally b tw en the gxteri or or Coas tal the Interior Namib, 

nd 

Basicall.;, this r port deals i t h the geomorpholog/ of t he northern 

)art of the Dun Namib and the south rn part of the plains which str tch, with 

but little sand cover, north t he Kuiaeb River . os t of the field work wa 

done at the N '"ltib Desert liese roh ..lt Uon at Gobabeb, hicb is about 70 mile 
\ 

oouth-west of alvie 1 on the 'uie b r ). Ind d the area in 

ques tion is th t covered bi NA G V Colour s t lit photograph 

(N JA, 1967) . The phoi ho the abrupt :tivision alont; the 

,'uiseb botwe n th :1une are and the rook plains to the north, and the 

resenoe of inselb r detach d fro·. t he Oreat which forms the 

.ustorn bound ry of the :u·ea of' study. Tile photo also s hows the difference 

between the ooa t 1 and i nland dunes, th disrupted dune between the 

Tcond&b V and t h sea, and the of co stal s oit and pans. Th 

hi t .. rbl ridge of' 3wart bank and t h r a to the north also show 

articularly ell on the eatelli t ph to. ···xa i nation o S· telli te Photo 

.6 45580 brings out th contrast b t aan the hcuvily dissected country to 

t he eas t of the Oreat L!:scaroment n t he relatively flat plains of t he 

t r!Jib its lf. 

Reoontly the t and of the "'lOre ancient rooks of 

Jouth 'est A rica have shown great ohan. • The work of Clifford (1967), 

• tin {1965), f! rtin (1965 .), an Smi th ( 1Si6l..) hows the present ')Osition. 



Tne area appears on t he 1• 1,000, 000 Geological (Geological Survey of 

;outh est Africa, 1963) . 

Basically, the Namib Pla t o:rm in th area is underlain by l ate 

l'roterozoic roc'k.a of the Ja..,ara Jyat , inoluding the Khomas Sohists f the 

.; ,akop Faci a. Intruded into these r the Granite of Post-Damara 

i"'e - granit s which outcro ,) in t he i . ediate vicinity of Gobabeb. rhey 

generally grey porphyritio biotite gr nites , o ntaining large 

_,henocrJsts of orthoclase and microlin felspar . The Damo.ran et morphios 

:1re vet'Y ·1ariabl , nd include the 'Tlic soh.is ts, marble, gran! tic genies, and 

uartzite. 

Among younger intrusive rocks re bl ck dolerite dykes . These usual ly 

oho up clearly linear ridges n ir photos, though larger 

oa see, as long the lower Swakop v lley, form small inselbergs. 

The other major group of rooks c n ists of a vari ty of superficial 

d po ito . Thee are discussed in a later s otion. 

Clifford has dated rooks of the r n orogonic episode by isotopic 

thvds and f ound mo t of th m to b b tween 500 nd 550 illi on y ar old. 

It 1 not po sibl here to diacu s in detail the olim tio conditions o 

t he Centr l has b en done tently bJ Lo an (1960) . 

:rowev r, the op ning of the first order weather station at Gobab b in l ;J 62, 

and the paramount importance of ic conditions for the geomorphology, 

r qui re some di cus ion. 

The rainfall ot the Cent l Namib is slight. The average annual 

total for the o riod 1962 - 1967 at Oobabeb was only 23mm. Since 18';.19 the 
• I 

r infell at Swakop und has av raged 14 • This co p·res about 15mm for 



Luderitz, in t he southern Namib, and i s similar to that for various other 

coastal deserts . 1966) . Port Etienne ( Hauretania) has 35 mm ., 

Aden hus 45mm., and El Refugion (Baja California ) has 62mm. The rainfall 

···:. 

in the At acama is perhaps very slightly lower, with l mm . being given as the 

mean annual rainfall for both Arioa and Iquique. 

The rainfall increases steadily towards the Great &scarpment, as the 

r ainfall map shows . 

In common with certain other desert areas , rainf all can be of great 

variability and of occasional great intens i-ty . The highest daily total eo 

far r corded at Gobabeb is 16. 5mm., but 22 • have been recorded in a day 

at Goanikontes (on t he Swakop River ) and 740 ITITfl • at Donk:erhuk in one year 

(88mm . i n one day). In 1934, 153mm. of rain f ell at Swakopmund . The highest 

daily falls reported in the handbook, i eather on the Coast of Africa, (1944) 

are 15mm. for Vial vis Bay, and 9mm. for Luderi tz. In 1909 625mm • was recorded 

for 'euheusis, co'11pared wi th only 80mrn . in 1911. rhis variability is similar 

to that in parts of t he South American les t Coast desert . For example, 

Pr eston James ( 1959 ) writes: "At Truj illo, between 1918 and 1925, t he total 

r ainfall was only 1 .4 inches; but during the month of 1925, a total 

of 15 ·5 inches fell, and on the three days from t he 7th to the 9th rainfall 

was 8.9 inches. " 

The geomorphio s i gnif:ioanoe of such rare events of hi gh magni tude does 

not need stressing for an arid envioronment . Stengel (1964), for instance, 

has shown that the flood of 1934 at Swakopmund trans ported 35,000,000 m3 of 

sand down the Swakop River advancing the cvastline more than 1 km . into the 

Atlantic. 



A further component of t e pr cipit tion not eo t r considered i fog. 

l'h . e are very fraquent and ext nd b ut 70 m1Ls inl nd . 'The togs do not 

have the sam duration aa these t J: Ort .Jolloth (Republic of Jouth Africa) -

(Se ·e ther on th Co st of Africa, 1944 ). At Qobabeb ita lf, in pite o:t' 

i t s distano inl nd, fog as pre ant t t he st tion itself, or in the 

n 1ghbourhood, on an verae o· 102 days for the y r 1964 - 1967 incluoive. 

1bilst the fog only pr cipi tated 'on n v r ge of 60 days in the ye r, this 

roduo d nr oipi tation ot 31 • per nn , tigur slightly gre ter than 

t he rainfall itself. Bo s ( q_uoted by aeon, 1958) estimated the yearly 

fo precipitation at Swakopmund to be 35 - 45 . •• with 20mm. at 

40 i nland . Daily quantitie or 

i n on day at Gobab b.· 

11, though 6.5 has been record d 

Thus, the fog brin signitio nt uontity of moi ture into the 

8iJert, end thi , coupled with 1 t eh i c 1 eh r oteri tic , may h ve very 

con iderabla cologic 1 nd eorn ignifioano •. hi point i ex hded 

1 t r in this r ort. 

The wind ar no ther v ry 1m r t art ot the de ert nviron nt . 

wind da in di gr m s giv an id a ot th nnu 1 vari bilit ot the inda. 

At Gobabeb, st nd outb e st i nd t xi trequenoy in winter 

and hav ean v lociti s up to 21 /hr, hough actual velociti my xceed 

50 km/br. ' inde rr the north w t e o th 1r heighest r quency in 

but have consid rably low r v lociti In January 1urn l v ri tion ia 

li bt, but in the winter (July) t h dir otion is south easterlY at night. 

until bout 1000 hr • wh n it start b eking r ound the clock, becoming south 

aaterly a in t midnight . 



Th inds in the oen r 1 1b n t appe r to be aa potent tho 

in t e uthlrn 

p· r t 

t m in ain 

1ind v loci i u r oh their maximum off he outhern 

of Jouth at A ri•, nd at Oob b b the s uth rly inda do 

t t ady anJ vio nt a t during the d .1 which oharaoteris s 

sou Jt Lu eritz ge foro is bout 6 (3e ufort) and 

.. 1 8 r c bu at 1 lvis .3 y n t rce ight r rar • Inl d, 

b t V 1 ie to b 101 r (.Diagram r:, ) . erens :lo cribed 

wind 

s 

1 d i 

ir 

t l.u eri t land thu a 

t th . u h 

isterou th a n 

un , hil t gra 

c · ' ho the 

C\... in wi t .:1 l er v loci t1. s, 

dng th gr n ter purt of t h year hurricane 

nd dune con t ntly hi ting. t time 

1 are hurled through 

larg a b ns io tr n port_ long 

vari bility of direction, which, 

"" ntr 1 amib und • via "Bay a 

y differe t ort of g o orphic nvi. v en to th t . t Ludori z. 

of dnol (1941 "' ·n that sand flo· v rios 8 the cu e 

wind v ci 1 over and ab ve t10 oonst nt thre held velocity at which 

egin m v • r e hr loo1tJ i gan r allt tely 20 /hr. 

c of ig t 

c..i. rly of the r l atl 

• ) . his tO JiC 1 l' 

• ion d lign en and f 

h a t of the im 

t a l i ib how 

y u.r y t para turee ( Oi grarn ·} ) • 

to s w f a uano• nd ve city 

b for ne y r str v ry 

infra uent ea t and n rth aster y 

·rn d to 1a.tl:l.r in tha discussion of' wind 

·ground is that of' te'Tip r ture. l1he 

i miliarity in verage monthly 

t perature range are lso s .. all . 



OOBABE3 'i'IliDS: 

Vt 
V loci ty (. /hr) 5-9 10-14 15-19 1 20-24 25-29 30-34 35-39 40-44 45-49 50..54 

·-
Direction I 

I 
NE 70 25 13 I 14 14 16 5 4 6 l 
.. 139 43 35 I 40 58 49 26 20 2 1 

SE 520 222 144 I 73 26 19 3 I 
s 193 224 137 I 7 15 4 

SW 202 267 328 ! 231 91 

w 268 353 208 I 46 5 .I 
NW 361 354 221 I 54 9 1 

N 563 552 308 I 109 32 8 4 2 2 
I 

2316 2040 1394 I 576 350 97 38 26 10 2 
I 
Vt 

Data from NDRS (Gobab b) for y ar 1966 (December ) to 1967 (Nov mber ). Readings taken hourly 

throughout year, wi th xc ption of in February 1967 . 

Total calms (winds lass than 5 km/hr) • 1448 



0 'i"he mean annual range betwwen the w m st and the cold st months is 9 C. at 

bo th ; lvio Bay and .;>Wa.kop und ( r,u ne7J 1968 ), whilst at Gobab b th mean 

. · aroh t emperature 1a 2 4 . 2 co"'!pared wi th 17 .7 or July, an annual range of 

e average daily rang ( an maximum 1 as men 

i 0 of t he order ot 16 - 18. 5 c. t hJ:o uhout the year at Gobab b. 

Frost is 1 oat unknown in t he eo s tal areas of the Llami b, though 

mper ture 0 of over 40 c , nave been recorded on occasions, g nor lly in 

a sooiation with trong e sterly be g' ind . In gener•l , however, t he 

• mib does not suffer from an.y v r , roo t :x:trem s of temp rature. This f et 

m be of cm 1gnifioanoe in t rm of rook eathering. 



. 

e w of' t·oc s un l r on ition of' very lo r in all h s been 

jor the"le in a ri geo:nornholo , , · t much of' th work havi b en 

dertak:en b,y' GeM n cienti t • ,,o., . o th , rly wor w in 

al ther • ala sic 1· i w, nd th r 1 no doubt th t at rial fr the 

'a-,ib pla ed a rt in th toi'I"lula ion o his vi ws. Cert inly the N ib 

ows ny b uti l w th ring c o both larg an a em 11 c le, n 

o t t p can b e n within of Gobab b. A .riee of 

, otograph illu tr t the ri ti e. 

At Ooba b th Jal m Ora1ite, biotite porphyrit1o gr nit, 

., ntaining m inclusion of ortho• 1 nd large amounts or 

atit , d a bone r ening, ex oli tion, t oni orrnati on 

nd granul r di int gr tion. 

T hon ycOMb are p ta n t e n r lly about 30mm. in 

d eter, nd to d p. ow no rked and ppear 

in On om 

t of ph nooryst , but thi i not 

315 br 

,.. ent .o:10r 

ni , which inolud 

tnnt and uat 

l v lop d alo oint n • • 

, u.nd 1 I!- • ms to b r tr 

hnrd ning is little ore t an a n 

Exfoliation, the alli 

clearl y result ro th w. tn ring 

the o e. 

li ht tation o roe o that it 

r eurf'aaes, i 

hoto ro the R 

rticul r ly w 11-

dt tion 

t d to granit • Sometime& t he case 

t in. 

of rock arall 1 to the rook 

ur ac , is lin d with the preseno c.t th rounded grani to boss e nd boulder 



t Gob beb. .. 11 t. eh ets as 11uoh 20 . • thick spall off, they are 

fr quently much thinn r, and one phot 

a gr nite within the dunes . 

d v loped on the granit core. 

hews the author holding a 20'll"'l • slab 

At irabib inselbarg aheeting has 

Perhaps the n at dra. tic of ll t a grani tic weathering :t"orms at 

beb are th ta:t"onia, cav rnous hel l wi th interiors of l rger dimensions 

than the xt rior orifio s . ypicJ l y 7 have int rnal measur menta BOom. 

oro a again t en rances with di 1et ra of 20cm . uoh f tures lso occur 

in gr ni te south of th Brandberg ..toun ain. h re re a l rg nut ber of 

·e orts of t af'oni in the li t erature fron other parts of the world. The 

type- it is Oo ic , wh nee , altern tiva f r veolation, is 

dariv d. ( Reunch, 18821 eke t n· uonn 1904). Thy ar particularly 

common in granitic rocks, and ar - - veloped in Antarctic (Prebble, 1967), 

and (1964) oit 

c ntr l Asi • 

, .;ruca, ru, • '. India, and th deserts of 

Finallyt much o t h granitic de r i has brok n down into its 

nstitu nt gr in iz - gr nul r isinte a i on. 

The tl various forms , t hough b t d vel oped i n th grani t s of Gobabeb, 

nd r bib, o 1 o ooour i ohi to rook • Dolerit , on the 

oth r nd, tended show diff r nt w t hering char oteristio from the oth r 

rvok types . Gener ally it had bl k, or d rk red brown patina, and it t ended 

o bre down into 1 r g boulders nd blee . In this it e i fferent from 

ny oth r rock hich ho ed a r ather ore break- down into constituent 

gr in sizes. Th t ndency for ba.sio roo':r..a to behave like this in arid land 

e noted in the American des rt by y n. No exfoliat i on, tafonis tion, 



or hon ycombing s not d on the dol ri t , though the photo shows a re sonably , 

p d r ing re na 

arb ' d t ar 

-'u 8 in :m ot ridg a , 

tn ugh not i ng 1 r 

•lOt d . 0 th b e 

itio 

h 

r5 oaloium carbonat o<:..ntent o 

J tb 

In pl c 

1 • hi 1 __ ;d 

t t h gyp 

• 
4i t nd xt nding northw rds ero the 

om a - se le o utional fol"lls , 

f rm o f ' ore humid 1 nd was 

re 11 uo rated n the h to. In 

wn taini • Tha t 

o evid ne by th r latively 

crust develop d on an round the 

rurth r in he section n vrust For-nation. 

bows minor eathering to 

gi v rmioul pi t d d 1 g J n icro-relief. 



Insol tion as ven its 1 , ning of s plitting du to the offset 

of expan ion and -cooling through lar heating by ther (1900), nd his 

· cl a rapidly bee 

· n arly work r in the Namib ( quotA qy C l v rt, 1916), talked of 

a of sand, du to th sudd n n viol nt eh of t mp r turs acting 

tt- n gr ni ts, and similar ori 1 iv It i aid th t on a cold 

ni ht, follo 1 q a hot day, th s·,li ttin of' the rock sounds like the rattle 

(') Lat er workers put or r ct vidence or insolation we t h ring 

r th nd X i er { 192ti), fo' ,,:1le, eugg t, l t h<t the disintegration 

of quartz in t he ;• lu to t hi c ·us•l ( p.233-4) t hough he 

r} cgni ed pli t gr n! t · ( l.r.ernopr\lng ) re caused by the 

cooling ef et o a rain ·npour v et coke. ;:.ogan (1960) continu s to 

lieve in ' achunio · l di rur} ion vj , and Ollier nd Or envood 

( 1762 ) hav r centl,f upQ r t d in ol ion h ori o in ustrali nd th IU le 

·r 1. 

t r pectiv l y. 

The theor. b hin1 insol:.t ti cn e ring hae sum• d up hue by 

ann nd '( alar: nor i nt i • a ·r ni structure re ul ti from th 

u u 1 diurn l t mp ra tur ha " .. tre s s which, after 

n rou r pi ti tion o use a w a'-:en' n, ff' et on the ston • It lso eerns 

li\:ely tha t t h gr· ni te may be ff et lu the unequal oxp nsion of the iffer .t 

"lin r 1 constituent , nd the fact ti. t th ;>rincioal constitu nts , namely 

feldspa r and qu rtzt ex and umqually lon different cry ta.llogranhic 'ax-es• tt . 



I n ge er 1, howevor , ourr nt the ae r vi ned by Sparks ( 1960) ' 

. d Sobattn r (19 ) do a not u :nort id or insol tion bei jor 

of ro br own in , lth r hi s lf (1924) 1 t r 

r oogni 1 k r evld no ror t o ss nd the 

.. 1'1 ' insol tion ' by ' Zerspl tung' ), t whio 11 l1 tting 

.t et b id ting. ll tti tud ha resul d fr the 

reti nd nd ld r, nd .r i ld 

k or .oth. 1965) . In th con 1b 1 t u t b id th t 

o ratUl'o t uct tio •it t oee i n 

ri , t h nd urf oe 

;np ratur tOo i n 1965 '!I xim 

d he xi diurnal r fl8 w t 50°c. Th t per tur v r ia i on, 

h annual n diurnal , t lle of... 'J- ... ;>idlJ bene th a thin oov r f 

U?erfioi 1 at r1 1 1 • I . d a ure. n of diurnal 

t .'lp r ur flue tu. ti ons bene:l th di r t thioknee e of r nit 1 

ting 

r 1 

t G b beb t and r Ut ' ·• e.it ng ill us t ra ed . l'he 8 o!la. s 

t han e f ound bf 

n t c u e of qu 

or over, it h, no be 

o er w athering in d 

uoh f ctora 

zones r s ul ting f r o th the 

x sur of rook 

nj Ke ler ' a ( 1950) xp ri nt l 

t 

i!rt, nd h 

k d n th r • 

that 

tb t tn r e l rg n b-r of 

nd t t xf oli tion o n r u t fro. 

nee of 

ifi , or fr pr s ure release 

urt oe bJ ro ion. Al o, 

•d that er nite uffere from 

ex,ansion offeot eau d b1 tting. 

) 



An altern tiv f oot r involve' in w i n he .anib s r t 

11 .. n d .ilson ( 1965) describe sal t 

cry t 111 a tion 11 A po ·erful un nt that conat ntly nda to 

ep n slope to th li'l'lit of r Jk t .. ..,th and J.c. re oon ib!e t'or •• •• -..uvornou 

oa t hering, eo t and d s.rt ol kinds of tcr nd t 19 st 

hi lo th t hav b en crib d . inselber 11 . Granite .., tor .ryond 

r icul ell to its e f ote , n (1968 ) shcw n c .rot 1 

di aulp te · nd dium c rb d v lop pre ures o 21 

30C a 

b d i y 

r p otively nit i complete! in r ur onth 

of !in c.tu ... / conolud da "In n tu .etting 

.·-uld be t h re ult of 'Tii ts nd li . t 

r e t h n might b expeote1 . 11 

In t h :amib, f og , lre 

::urreno , nJ such s 

.i t cauti on, sugge t 

( l J58) orkin n 13o ' s t.a 

i'Jl ci pi ti n f t'1l ph rio ll.:r- d 

r fog w ter m . lvi B J tO i b ... 

lis t 18o0 c . of )860, 795, 

erv tions of t t dri 

g gauge t eb during ·.i' 

f t v r i abil i ty , 

.... r bet, en lOO nnd 1000 p . • 11 

* ith 130 Kg/h3 fo 
( Zri: a on anti 

h 

er hich ar mor frequant in 

inted out, are 0 VOTJ f e•1 uent 

bl t th ugh they nsed t be cce;>t d 

nigh s It cent nt n th f g . 

.'or :) cl<Op"'Un t sug.est d .r arly 

lt .. of 20 g./ha ·*· •our ml.:ro 

2 beb s ad rotal A 0 ed 

n 

ne 

CS 

1175 r c tiv l,;r 

pr cipi t a ti n in t 

1968, s owed 1 ctric 

re dinge sugg ate:i 

-v.er '< line. 

oo'.l tal tract • 
.,, 1969). 

' . 

o n 

lf- eo ing 

1 oondu .. tivl ty 

.J.) cont nt 



The oiabl tr quenoy of p)liJation of a thin of lt-rich 

r by th 1st, tollo e qy r tion by sunf and ;ind, give natural 
c ... ndi ticna in ib hich C.,;rr gr'<:a bly 1V 11 to tha 1 
CO di tion b:f Birot ( 1954) . reov r, the 'entral Inrnib, s shown 
in l t r sec i n, is ver,J rich i n nl s line c u t , un t. from 
t e e would Jontribut9 a1 t oy ir vt ition surf c · nJ in crack • 

The cru ta ay the., lv o b i "1port Pe in br king up under-
iJ ng rock • d by t u·' or wh re ov rli 0r nit bows 

tho gy s p n trat s th g reaks it u • Road orki on 

lt 1nl n from J ko 

nd split th b a lt to a dept h of o • r ?0 t. 

vein h e p n trated 

un .iraoib our ea tone 

( ·.l lorete) is br"J.: 1 g up a a, whilst on the top of r tbank 

psma/o loi oru t is p t • A h a small 

ne r Gob b b vwe the xhu rt i n 1' c.m highly w th rer! grani t 

t rra aterial. 

:i in tb <.; ntral b i n tb f'orn f 

rill n nd st- 1n1 on 'll rble, stain: "' .n patinas on other t,Jpe of roe , 

o e h rd nillJ!; on ni te, nd t e o 

L elberg • rth ore, : cholz 

1c dunit i n th {ui s eb area. 

cl avage face on feld oar and 

i.dioating t hAt Meoh nic tt eri 

penin t the 'bae r so e gr n11. 

an ir n hat on dJke or ultr-

r, Logan (1960 ) h<..CS r oort d tl· t "the 

ti 1 unt uched b,J 

.... or ole import:snce . " J owr. 

a rv tions hc.w th t this i no , J cholz re crte t b p. sence of clay 

r 1 orn tin in oil inland lvis 3a:f. K is r (1923), in 

.1 ne r study, th lini a tion n ar L leritz. Thus whi l t 



· .. 

eh wea h ring "aJ nth v the q ntiJa t i v nee it h in more 

id land , it 1 not bi nt n ly n the dol rit s the 

lioh ns j 

J rica, lio!len..i pl y 

n i11p rt n;; r 

r l i t h 

d Iron to v roe' • 

.; l ,?luca el e."" tied. 1a nd .)ar.t 11 

.... unt ... r de rito and r ":lOV 1 o t. 

c_ ll grains of reek to th , 

• L• born 1960) m Lhat h 

J • 6 per ,n . ot d y r, 

r g-n. dr,/ '" tter fo 'lU t land 

ntitio en oOMa urbl 

1 l o rt wea t .1 .;ri tg • n.l crust tor 

ru:nbein ( 1969 • 

, f r a Lo has auggested in 
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POLYGONS Aim OHOUUD 

One of the most interesting aspects of the weathered layer in the 

Central amib is the presence of plentiful polygons in association with 

Calcareo-gypsiferous crust . Soholz has already menti oned a few small 

polygons in some river alluvium along the Scutrivier, north of Gobabeb, 

and his thesis contains pl ates (Abh . 47) illustrating some others . Other 

small polygons ( generally a bout l m. or less in width) have ·; een reported 

from gypsum in the Ti bes ti area of the Sahara ( r!eckel ein, 19 57 ) , and have 

been found in a sandy, silty, salt duricrust near Abu Si mbel, Bgypt (Butzer 

and Haneen, 1968. ) They have also been described for salt in Death Valley 

b.r Hunt and iashburn { 1960) . Very l arge polygons are also known from the 

saline crusts of plays lakes in the United States, where have resulted 

from desiccation and contraction. (Neal, 1965; Christiansen, 1963; Willden 

and a bey, 1961; Long, 1943; and Ueal and Motts, 1967.) Some of these 

polygons ay be as much as 300 metres in diameter. Desert clay soil polygons 

and patterned ground are also well known. Alimen (1953) reports them from 

!Jorth Africa, and llier reports t hem from South Aus tralia ( 1966) . 

However, the gest polygons at Gobabeb, which are developed on river 

on the south side of the Kui seb, seem to be much larger them atly 

others r eported for non- playa areas, and exhibit certain features not previously 

encountered . 

Like most natural polygonal features, such as some tundra soils, columner 

structures in basalt, and mud oracks (see D' Arcy Thompson (1961) ) the 

polygons are random orthogonal polygons (Lachenbruch, 1962) with a tendency 

towards hexagonal and pentagonal shapes. . ' . 
Because of i mperfeot development of 



some fissure the ideal hexagonal shape is not al ways reached at Gobabeb, 

and even in cohesive nd homogeneous clay this is frequently the case. 

Examination of severc.tl mud-crack photogra '"Jha from various sources resulted 

in an av rage of about 5.10 sides being found for a sample of 200 polygons . 

\ ith r ather 7ariebla material in the Gobabeb crust it is not surprising 

that perfect hexagons do not develop . How ver, stripes or elongated polygons 

do no t appear to be common. Some of the polygons have internal dimensions of 

upto 20 m. across, t hough between 8 and 9 m. is t he average siz • The 

polygons show various forms: the largest polygene have a raised margin of 

whiter calc reous gypcrete carbonate content about 25-40 %) which 

may have relief of 40 om. (See photo) . Other polygons are marked not by 

ri g s but by depressions along fissures and may or not have upturned 

edges (see Cther polygons may have very slightly raised middles, 

with pebbles f vrming rings around the dome, though this form is rare in its 

perf et form . 

The pol.rgons occur on the fl a t of t he gypsum-calcrete terrae 

lies at about 45m . above t he south bank f the Kuiaeb. The terrace 

extends well into the dune area . The crust is any feet deep, with almost 

t he whole terrace being cemented to a greo; ter or lesser degree . The bulk of 

the cemented material is or sand size (see grain size diagram) and is capped 

by, and contains some, wind polished, fluvial pebbles , 

( , ' diagrams . , 1.7 ) • 

Because of the minimal rainfall of the area it i s difficult to attribut 

t he polygons to wetting and drying of the crust under present r ainfall 

ccnditions, though storms of hi gh intensity coul conceivably have 
. I 

come effect . It is tem')ti ng to su -ges t a slightly higher r ainfall 'in the past . 



a h top gra hie poa1 tion, nd relot i v lack of olay minerals, se m to 

-elude ny id a th t t hey ar form db · play desiccativn or by x nsion 

and c ntraction of clay • These n ve ben t he two f avourite exnlan tions 

for patterned ground in other ar id 1 nds . Any explan tion through frost 

acti on, akin to t ha t occurring in un ra is r uled out by 

he pr s nt almost oomplet abseno of frost . from elsewhere in 

..,)out h est Africa do e not sugge t par t icularly cold period in the period 

aince the formation of the terrae which the polygons r st (probably 

Upper Pl ie t ocen ) . rai ed natur and different charaotariatios of 

som of t h poljgon pr olud any oxpl nation in olving the stresses 

pro uced by t he rnovem n t of lOC m. dun s across the crust, though 

the results of such prassur a h y t to bo fully explored. Thus , unlesa 

t h•Jre was scrne incr use in ht..'midi ty s ine tll ter1•ace was f .... m d1 it is 

difficult to v any eatiafaotor.;r x ·,l anation fer the polygona . It is 

p r tioularly di fficult to the t size of th polygons, though 

t he t hicknes of t h crust may be on poa ibl r eason. Thin cruat can 

r lly sustain only mall polyBonn, th ugh this vari es verJ greatly with 

t h physical properties of t ri 1 involv d. 

Anoth r sort o -;Jatt rned gr ound is caused by the t r pping of sand by 

ocattered mas s of vegetation to giv ':'liMpled grou.'l'ld . l'his is particularly 

evident on air photos of the valley f ri ye and the l zone around 

v'<ukor mund . Acantha i oyos horrida rte l . nd Citrullua ecirrhosus Oogn 

( both Cucurbitao a ) are res?on i bl e for such mounds, but 3alvador persica 

some of t he ol art)st xampl a . photo). The mounds , which show 

b ilarity to the ;1hr atopeyte :!lvun·1e around pla a in the ted .Sta tea, 



v ra e about in diameter, nerally about 3 - 4 m. in height . 

o of he pi led ound of th st m pe, in th almesbury 

locally called houvel tji s, r<l&y be l ·lrg l r Hot mounds rormeli under >:lOre 

r i oondi tions . 

Cn of the t triking featur· of th C ntr 1 Namib plains and river 

t rr cas i t h wid spread nature f rious typ s of crust . Th re are 

b ioally two t y esc gypsw crust (eY vr t ), and caloiu c rbonate cru ts 

( c cret ) . Locally t e gypsum crust re oh s 4m . in t hicl<:ness (rtartin, 1963). 

I n r ali ty, how v r, with t he xo ption of high g.rade doposi ta hich contain 

uoh as 90% pure gyp um , oat of th gyp um crusts oont in moder t amounts 

ot calcium c rbonat • artin (1963) scribes the of some of the 

higher its, and b lieves t h t the gyp urn cruets result frcm the 

1 t r tion of an old r and underlyin..;" 03lcr te by marine hydrogen sullphide 

ruptions . ·h t her uch speoi 1 c e r r,quired to account f r what is 

lly oo mon taatur of dry , riti· e deserts ( or x mple, north a t 

ifrio ) th pre ent author i not ure . In the vicinity of marble ridges 

nd in l b rg the irJPBunt contains bov · ver:>ge quc:u:.ti U ee of Cacv3, nd 

3 a from w rtbank h d C co3 oontonts or and 

thu bowing th loc 1 fects of t h · i ghly oalcarocus !'!larble (96!{ C o3). 

m an calcium carbonate oontent of the most calcareous horizon in 25 
localitie sampl ed by yself b t we n . vis Bay and just beyond Gob beb, 

nd by Scholz (1963) b tween ralvio nd his station, 7, waa 



<' .· 

o particularlt . arked oh n i vid nt in th and 

eh racter of crusts until ona i ! bout 60 - 70 mile:· from the coas t. 

that di tunc • the rather put 1 ·rp um crust is largely replaced by 

ore conpact and d ns calcr Jt , cont ining a larg amount of brecoiated 

rial deriv d from th breakdv·m o under l ying I nitially it is 

nrtioularly W(lll dev loped in t r1 

fro inaelber , prob bly b cause o 

11, ahallo drainage lin running 

he local pr eno t certain 

times or mor e soil moi tur • ni n rti ular calor te r t hat r aeon 

have no particular a_, or ;'al u o l1 ... ·tic signi tL::anc • It ia s ldom l'Tlore 

h n a or so thick. 

in 

Distinct r O!!I t r,is youn · r 

hi eh c ,p t h ol d r -eological b 

anyon • Thi s it, • hich y 

to pr cl te the incision 

thu corr S?Ondi g in ati to the r 

lk Pl at au. 1he o crp 1:. 

i s th gr t oalci 1ed 

th ar a o:f t b ,.uieeb and -.>WakOp 

thickn ss s great as 30 se erns 

nd may w 11 be of :'liooen ag 

li s t on. d poai t of t he 

_oawon rims to giv a f of 

rked rt no • Th pr d of the c loi ioation rooe has 

1 d to t ali ht diaru,tion nd lAmi ng o t h un erlying and has 

1 o t nded to fo .:::uoh ' boil a ' r mor than 

3 - 1 m. aoros and do not, th"tl'"' vr , oo par i n si ze th •oalorete antiolin 

soribed by Jenni ,: and Swe ting ( l j 62) for les tern Australia, nd lao 

own in th ofacre te aurroundin t r ?an. 

noth r of caloret in the ar a is th· t forming the 

leistocen riv r t rr ce • In t h ar t een th Kl1an an Swakop RiVers 



' ith h a d acrib d Upper is oo t r ac s at 40 ft. bove pr e nt 

clr inage 1 v 1. Such lo , calcar o s t rraoes also line the Tub • 

The Kuiseb ria s in th m a ocnl nd ne r i ndhoek, and, as a 

r sult of t he r elativ ly hi gh ll nd runoff in t ha t area,ia the first 

jor riv r to r • eh the ntio nor h of the v r. t he Xuis b, 

wevert 1 • it elf in ad l t i n-u d f rom · lvis day. 1th1n the ! amib 

it has no outh b·nk tribu t rie , t hough f Yl oall w dis , li J.:: th 
·' t 

tUVi r bri in me fl o on r are ooc ion. ot 11 these to 
f\ 

ve been able to adjust t h ns lv t o t h inci ion of the Kui b, and so 

' h ab v t h in channel by m·l l':l unt. 

LfJ,o- the other river t t n.r and o ntral .amib, the profil 

ot th river hvwa a tendency tow r d oo: v xtty, r th r than the concavity 

characteri stic o most rivers . (..>·-· i gr· \':.. and teng l, 1964, 1966.) 

A Leopold, n and iller (19' ) rit " fi iv rs inorea e in size 

downotrea tributari increa e th .... c.. tri bu ting drain nd thus 
1\. 

e disoh rge. "'onoo itant ith t .e ownstr m inore o in th cb n l'a 
"· 

wi th and d pt h an the general t n e c for bed-p rtio e i z to deer s , 

the longitudinal pr ile i 

oononv to the sk.1•" If, ho•evar, i c "l r g do net inorea down tr am, 

in th case of n .iamib, it is "' oible, if t n t her v riables llow 

(load, aize o debri, flo recist .o , v l city, to.), that 

t he river will b v n inc r as d oo l n its low r portion • 

Leopold, t al . point out, even t h I .1u , 1urray, Grand , nd Jtile, 11 

o which have d or asing disoharg d natr am, sh w a t ndency or cone vity. 



The riv r has a mouth hlch ho o a buried channel bout 

25-30 m. below present eh nn 1 l evel ( 1 1953). This indicates that 

t er was once r b se 1 v 1 t d with a low r still-stand of the 

a. ne of higher sea lev long th ie also pr sent in th 

f orm of raised be ohes , a featur on to the whole w st rn coast o south m 

. rioa . ;;;;p itz r (1966) reports 14 - 16 m. t rrace t ' 'w ko und, Uh two 

)Oasible lower terraces t 12 m. n 4- 6 -:1 

Alluvi 1 t rr oes re pres ent l on3 the Kui b, nd aH particularly 

w 11-m r ed aroun ob be b. ' .. · ,e r .U o neroid trav by th uthor 

ugge t the s uno o t rraoes i n di gram rh b t leveloped 

t rrace i 42 M. o- t . l ower t rr c ar cut into badrook, 

.n r lly gr ni tJ and , but l l r crusta 

nd roll d peb bl a. The major un eveloped on t o/ of th m. rh 

crust i b ot developed on tb highex erraoes and has pre umably played a 

rol in aint ining the fresh, r rm of the t rraoes. 

rh dun h v in plao inv t h riv r oed, but at no xo pt 

in th ooast1l tr t, h ve tb w oro .1 th river oomplotel • Th satellite 

photo shows th contrast ell . It oasibl that th Kuia b h hift d 

it bed to th n rth under pr o ur r dv ncing dunes , und it haa b an 

ugg at d t t th of rock b .s in th mouth (Vegter, 1953) 

nd th flo of fr ah at r into 3 nd i oh f u;>port this. L :rg ly fine-

ined sedl ent hav been ba.n·< u aide tributaries of' -the ·l(uiseb near 

<. ssewater, d r r-ow di s ot d. rh y re largely unoeMented. It 

oe me possible t '-: t th ;t w re f'oM d i n t h not too distant past by the 

JOnding up of th Kuiaeb . of any grer.. t S"'e one <1 suspect 
I 



they would have bocCMt cemented like tll Upper :-'1 istooene t along 

tne river no r r to the w H ever, the riv r bed is now incised 

p y into bedr ck, and th gorg in·o which th ore deoosited 

, ust be ot ble • rn too, espe ially to the east of 

oba b, th incision f th str m 'ed ugg sts th"t a shift to the ncrth 

ken .ll o in th very r p st . 

Th reas n w th dunes bruptly a t h Kui j b ia that such 

olg une o only mov very lo ly, so t.b.at t he l'fl t nnual. floods hioh 

c ne down he u seb p 

-ro s th riv r d . Th uis 

lantic 15 imaa net e n 1837 an 

th 1 er inf us c of riv fl 

or nd long th oo st , th un 

, b fo e being fina ly ato;lpe 

n r h rly wins of hig v looity 

r ble to r . ove the sand b for-a it 

have, how v r, only reach d the 

Y6J 1964). , because of 

d::l 1; h mouth, anl bocause of the drift 

u ·v 2 the river in a narro fringe by th 

by th Hivar. In ddition rare 

ould p ay role in k eping t e dun s frcm 

ro ing the .t.tiver. f urth r po ibHi t,y is t a t the dunes have only 

r cen ly re· oh d the iver, and t he northern bo1:ndary or the un e 

o 1no1 es i h t uis b purely fortui · us .Y• h re is som eupport f.or 

•ie i e from th as ern p rt of t h dunefield, for a Oe n geological 

!> cf 1912 hot.'S a road or tr olt runniug on th cuth sid of the iaeb ae 

f r w et ae ap. \ ange, 912) . 

the.. 

giv 

r the uis b Gorg nor h l> .nk, tributaries of th Kuiseb, like 

·kop, have out b c 1 t the rooks, largo1J sohi te, 

badlan s t,yp of oen r ' . 'i"'< i a h a been t rrned the ' Ora a dull as i . 



ilet ome of t he gullies . ay b t da sult of past w tter periods, it 

'· 
'.:.· ;: 

li ely that infrGQuent stvi 13 igh int n ity could in tho oourse 

o ti e, erod t he l andao pe in t 1 'WUJ' • J.he ::iwakop is lined by a much. 

ore incised s rie of gullios in itn low r cour e t han is the Kuiseb, and, 

s the satellite photo clearly sho , i more ccnstricted by banks. 



The dun !S of the • mib are r ut to a tl biggest in the · ·orlu, 
......, 

ex min tion o! at .... 111 te ll to t ' · n by t astrcnaut o 0 .,ini 4 and 

ini V bro d aimil ri i h thoa of the . pt or 

(NA3A, 1967, PP • 23, 47, 137) ani wi t h those cf outhorn lg ria 

( • 154) . h y ar basic lly lin r unes av raging n ar Gob b b bout 

BC - 100 m in h i ght . ., r th •o how v r, t hey bav be n re?orted 

reaohin · 50 or 275 m in h . "' t the surroun1in plain (Ja g r, 1939, 

• lj • The Jo sus i one of t . a thr ·:m or vl a - th otl.l r t o b n th 

' ondab and 'uio 'b Vl i - ·hie 11 to re oh th . asive dun iio · v r, 

wh et llite photo o th get cm 1iscontinuit' in th 1un o 

.. o th t h ison b vlei • 

he main tr nd of th . roxir.ta t l,:r from n rt to ou t!1, ::md 

i is prob ble Lt • t rlJ i n onsibl for thi tr nd a theJ ur 

v looiti gra ter t n th thres ol d v locity r ·wired for th 

ov ,ent of sand. r tb coa 1t, a tellite photo shows, som d n a 

pproxbatelJ to J , nd t '. · ro re ult th r lat ly 

i 0 h r v loci ti ne r r th t w i ·!h enable th v ry fr qu nt south 

rly 'IVinds to pl :J agr t r rol in a nd ov .., nt th n th 1 o furth r 

i nd "her v lociti a pp ar to b (Diagr b) 
... ndc eu.rt ente f 50 un lOp! ngl ho th av rage 

le (steep) lope to b ju t under and the averag windward to be 

ha e dun r · rkely big r t'1 n of the int rior 3 ndveH of 

outhern frica the ' al hs.ri • nth ' ,lahari any o the duno ar 

e r d forms resulting from riod inoe their formati n. In the 
• 

· s t rn \al !1ari, n ar l(oes in .;)outb ., st Africa, the dunes aver g only 

2.- • 



0 feet (25 an. hav int dun 'tr ts nly 300 m. across, cam pared ,, 

1 t. 1000- 500 8 8 in th . ... !l'l • th oing of B . 0 dun 8 

t he vdilo i ll in cts r Vwi h t eir i . th, that 

.. •:1 ma.J a hav th s t .... b .:; b. l'h.e 

cteri tic ri nd mi generally si• iL•r· 

di r·m ). 
h OU! U tiv il re nt t. i i di r m nd abl nuture 

t he sand hie fvms th du • th ., ntr 1 ami b. h. grin lie ... 
h n u. 5 . • d • 07 r.rn ., t 't e nb o a 8 d as ine 

v ry iu unJ lt 8 · fie tivn. ... n,-u h t. 8 •a: .>le is not 

i g ough o a 1o ey fi a ()_· 10 ' he or a s t the line r ri1g a 

em to t$h ly eo 8 r size !1 n nd taken fr th'3 slo;e.., er the 

un s . 

lnl nd C1 h 00 "" ' b h .. n eo t ·l dune be . en ..... wakot:.,u nd and 

!vi ' .. 13, J., • .l.7) ' there ra 8 1') tirrt a f VI S 11 . ' • .., 
Ju ea, hu ny r ooumul hm of' -.a d ar the on 

aid c.. t .lle lar gs auoh ··#h n oun in and 

n oun _in. nd th ly b i nd t 

X't a 300 ft . ( \,.; :nount ain sid , lo">e of 18°. 

f rm th OOWIU t.h ver or th-

·' 
, ib ,u t th o nt min ti n .i .. o 'isto e rook fro:n th teep 

ook slope bcv • f \'· \. .._. 
, 

Gr;r, ...,. ,, .. 



• 

Spr 1tzer (1?66 ) h a revi 

C tral :1 nib . ( Ji _;r m t ) ne e 

th chronologJ o J nudati on in the 

that the inolined plan of the T'lib , 

hioh ri e to 900 - 1200m. , a veral surfaces to high r 

3 ill- stand or l vel than tha cf pr e nt. "! 1lao 3 t 1 e bre3ka 

n theo ur oes at 200, 100, 6 nd 90C • above present a -1 vel. 

v· 8 oro t e Ku ·b ... :ryon h ol arly the highl; folJed b d w 

n pl n d o"' at 0 st ge (o ' oto ) • Above all thee level another 

urface has b n P ted, nd it ... 

e <h :Ioohl ..tn l, hi oh f M 

a ugg s ed t t it i ght b 

u pc to o 'ur ver uch o 

pr o-iri a ic urf oe (p ra 1 c 

en r expo ed 

b C v rs, 1936) 

rom beneath youn er 

ugg it S fOM d 

r re nt d by t ected "'la s 

tern bound rJ f t he sert. 

t c the Jura3aic 

ri. .• a, • artin b liev it is a 

unioa tion to Logan, 1960 that has 

, and in contrast, K (q 

n .ceoua humi1 ; erlod. he 

.er 1 con ensu of O?inion, ao r vi ed by Logan, i the urfac are 

• ti lly fluvi • 

R4 ing b ve tho Na ib plain r 

u t. ins, the form f whioh, nd 

l·thology. Th ba t 
'N>'V'-

in granite 
I 

l crg number of ridges and isolated 

bru)tn s or whioh, 1 relat d to 

, gen&l' lly wi th a 0 lo e of 4 , develop 

c t rounded forme. The grunit 

p re out, and the in luerg re cv rut at the b·se . It 

re oonable to oe t th t t h ro rty posse sed by in n arid 

, vioron nt o breaking do n abr ptl boulder to constituent grain 



e, cvmbin !. th we t ri o s ope, is the ajor f ctor in 

"'lop formaticn. l o, in oit o th lo r inf 11, vi of the 

arcund ·ir bib, rtb an 

n sto ieing tr m in r movi 

! ..:. ere hae . uoh hlu. accu'!Jul t d 

n t en p diment nd ins lberg, 

t 

t 

c 
0 

-· ak down in '"'IC' e contiuuou 

debris . • r ll , which u t 

nts, r m rk- d by 

therw ve tation-le 

i nd ee., to b r lat v ly 

Central ib, t ugh on oes 

oru nro ot uoh o th3 

lt rn tin b nd 0 r . tant n1 

r c l ' ir <i ro ion form o o· 

"•omon mpl , Kai 

r ck un1 Dol 

tral a ib, r rl-: ' 
ro on t tit in the Lu 

tea 

waxy 
le 
rook 

tone, t .1 
brother, tb 

ear." 

t inselbergs, th rol of 

i ater:al from ped'm nta. 

•cur tl-te 11-m rked in elo e 

nd scm schi t, bee u • they 

how great r coumul· tions 

uch of the f ine t ro1 the 

linos of bu he and grass , in n 

• 

rt nt in th •haping ot lopes in 

inor und rcutting of rocks. 

: a ro fl tion n th r not th 

h st nt edi"'' nt ry roe'-: to sive 

act. rl tic or he Southc n . '!Jib • In 

r ( '"'6 ) d cri bed ' J i T<crr, ion - Lands h::&f't 

1i. yst -n. or ov r, in t e 

t nd i not nearly tb t ;>ower ul .gent 

itzb 'ht 1 ttor 1, about hi h Clooa (1954) 

r ak, tb.e 
y tbo reeks s ungry a s 
•••• w"th ••• glas -h r 

.... ',J.f p te th 'llild nl nd the 
nite and its o , 

·r the oort 



h v r hale ., 
c ri ra d nor rn m1b. 

f I lvia UU:J " l. oib nlt:, bil 

of oonsiderab x .. ent in the vtu 

" rusib l·i r • 

' de rt p V n • oh r 0 

ib 1 in p rt re ult fr tt.e 

cu r e re ·du t e urfao • ;JUC 

r ar 1.10 ., n.e lth our 

F ·t r ,JoOU rn f i a , pa t oul 

t; .?. ). the rna teri l er 

eflation fo in th 

:i ible on the w t si e or 
m ntions deflation inn 

nde in between th oich b unj 

.s f 

f tb gr v 

n of fine nat ri 

ert p ve• ent ' 

p in o th 

1 av a 

w l doe 'llenteJ 

oil , 1966 , nd exi t in t er 

.J in the e o t e outh of ( nh rd 

p V en t i fi l J p ish :it 

' ""l.l t on tb und s quarr; .. a y b st in d bJ green in1ow 

• 



.,h in .;>ou hJrn ':10 t 

u c rt in, am t h ol ohronolo_J o i t . c •8 talba•e :l on th 'Ja 1 

v r I' rr a 1 r1ueno ' which tor 0 act d as b se, h 8 • n oo wincing! 

o ·n to b ( r> rtrH_,"l a 1 Ho ev r, th 

rke1 e vf cl . tlc oh I in ri is not in doubt, but the 

oli tie o .. in th ri 

no rily eh n in t ib. or over, 

eno r0'!1 th riv ra o 1 "}h '18V th r ou .. ·o in he hL_,h-

l . d 0 i.lOUth t ria ' oul ll,t b :xt rnal V '1.0 . Ho, v r, 

m nd Jar in 'V ug: t I a id 1 s one Age luvial or 

1 th ' et .Afri a, n in th Nau'' { a r port d b · .i8nn and V n 

Lo ) hA ug .. utod ,luvi, l l in it th b ginning of 

t,_ ;:)1 i toe n rtin nd c ' 1 ) . ) ro a. tu_ d. ' 0 it in ''1illi >a 

' •ount in ' on t "' t ha c s este li 

rain 11 t on ti.., 1uri. of Je rr. o 11 ton , 

bably n igh 1 nth t t ?r s nt in the Namih, is 

pr b-..tt u h of it y be r (fll'ocene ) in ag , 1 th ting ' 
0 th r t 1 uno rt in. s ith '\.1, t'at dG t. o lcr ted terr e in e 

.0 vdl J is i too n i f at that th b s ri' .,Jr, 
ik' those ri r ith t h ir SOl r' '1 th highlan a b n un·1Ll. to 

n t.rati" th or to di :3 et ill c . ..... , e into the amib '"'lai n, uugu sts 

th t th r •a i lSU ici nt l" in'' 11 h confiues o"' th it l f' . 

t 0 f'urth r lin s o Y1hi C ;oint to M at er oor.<li tio 

the Pl 1 toe n in h c ntr l lib . 



At the Cap n Cur ri ton is orking on the fa una of the raia d 

ohe along the o ast of Jouth hfric nd South .1est lsfri c • He has found 

evideno c. a:rrn · ter aun in ()1:'' of t h rais d oeaoh '"n:l t ri 1. rhe tauna 

i die· tea w er t '!lP r t.ur s in t ' . : uall \..!urrent, and thiu -would al os t 

c r t inly le d to high r r ainfall to t ls . Thi s confirms th earlier work of 

ugh ton ( 19 32) . 

Seoon ly, (1968 ) h oL'i b d buried s il, r - brown s il 

ju t e t o. b n Th1 f ossil soil :>nears ": lov; ·th 

. ., um crust and .i.s ob racteri ti c 1 t rn ting >'!!Oist nd warn ali atea. 

evil '\as the following pt"oi'il \ ' >lz, P• 102 )r 

0 - 3 c,.,. A: 0 re brown, "' i+r.y with inoohrn·ent fabric, 
f !U rt.z ri '-• :i bJ . ot. 

3- 7 v-t. V ' A ... buV ' u -t 3 

7 - 3C n. 2 ' 8 nJ, rio in 
and a loos 

n 

30 - 40 V iio lfery c b en p U'n cru t !'re • • ' 

40 - PO : Red is_ ol y, p r t l consolidated b SUM . 

80 - 1" c . • clny- efo U'n crust ·ith scatt rad 

h g logioa nJ 0e :n r )t · .... vi eno; f r " he •• a i b is r not 

v.rJ oonolue iv • The archPl 1 ,., denc is in a i 111lar t ate. .:-c.e 

l vid ne , n tn er l • , . e n t. s g st ny grv t '-"re of 

: im tic ohan e, for the ntr 1 ib duns hav a u i u ly end f·una, 

_:·et ia e t.r ordin ril.Y peel 

,. 



: . ': .. 

··ooh ( 60) rro t 1 "· e li!"'! l.- J •• ,lor·tiun "0 :arc rri d uut 

t t th rib ..,., nera, n out nu"'lb r t 'lvse found in 

o 1 r s re of tu nd in n, oh r d s .1•,-; do w find : ecia Sh'- ing 

extr. 1 s:;, ci li ti n, an a :1t ion . L1is 1 ad to t e conclusion lihat 

tn richn s is 1 to l ong and un•listur Jed durr.. tion 0£' th.a 

cli a nd oondi t!ons b t !1in in th liu'!li b . 11 In .ooh re ocrted 

t, t Of ground Ten brioni . t s , 2 tribes, 35 g n r·, and 200 ps i . 

to th t. we ib, t 1 \.: r nge J.tiv r 0 just nor h of 09 .,edee, 

. a in r (; 1u.r ed tha t t I J. lone and unJi tur·oed dur tion o:f ... 
t ,l 8 eci&l biv a.n i\lrth r col ic l rk sine tnen n of 

... "' una n r Cobab b su purt ·c I vi .s on the su ere a a·Jtation and " . J. 

o d . is"' or the 1, ib una. 

If the " mi a indeed un r c vn. y ir.or cli:>Jatic cb1. n_ it 'l! k s 

i t r gr I; lMpOr 1 •C fer t 'L s tu I 'tru ' desert ee orpholog7. oat 

o u r ' ese , i.oluJinG the A ao to hav t..ndergone climatic 

h • ist cane. 
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WIND ROSE FOR GOBABEB TO SHOW SAND MOVING POWER OF WINDS 
OF EACH OF EIGHT DIRECTIONS. EACH AXIS REPRESENTS 

THE CUBE OF THE VELOCITY OF ALL WINDS GREATER 
IN SPEED THAN 20 km/hr TIMES THEIR FREQUENCY 

IN HOURS PER YEAR. (1" = 2POO,OOO). 

( Constructe.d from the data in diagram ) • 
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( 
SURFACE WI ND SPEEDS FOR WALVIS BAY 

AND LUDERITZ? ,. 

(At 1500 hrs •• Sourc e , Handbook, 1944 ) 
(/ 

WALVIS BAY 

Mont h km/hr N NE . E SE s SW w NW Less than 
/ 3 knot s . 

Dec- 3-13 1 1 34 21 8 4 
Feb. 14-27 5 22 1 ') 1 

28-40 1 1 
Mar- 11 4 36 13 5 7 

t·1ay. 9 24 1" 
1 

Jun e- 11 1 1 7 33 8 " 9 8 
Aug. · 11 17 

1 1 
Sept..;. " 1 3 27 9 6 9 

- , Nov. 12 28 
3 2 

LUDERtTZBVCHT 

. - Dec- 3-13 2 1 3 5 3 . 11 5 
Feb. 14-27 23 16 

28-40 19 8 
" 40+ 2 2 

Mar- 3 11 10 3 8 10 
l'.,lay. " 29 10 

10 3 
1 1 

June-
' " 6 1 10 9 6 1,3 17 .·! 

l l 17 7 l e. 
1 6 1 1 

Sept- 11 1 2 7 6 16 5 
Nov. / 20 17 

15 4 
5 2 

' . 

Camp are the frequency of events (%) ef wind speed 28-40 knots. 
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WIND VELOCITY FOR 1400 HRS AND 800 HRS 
FOR GOBABEB AND WALIJIS BAY 

Dec. 1965 - Nov. 1966 

Gobabeb 1480 hr 

Walvis Bay 800 

__ Gobabeb 800 hrs -
0 N 

J 

' 
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HEAN MO NTHLY TEHPEHATURES 
oc. 

Wa1vis* Luderitz* Gobabeb + 

J 19.05 19.00 22.20 
F 19.50 19.50 22.10 
M 18.94 19.66 24.20 
A 18.38 18.27 22 ;> 20 
M 17.16 16.77 21. 80 
J 16.11 16.00 18.10 
J . 14.66 15.22 17 •. 70 
A 13•83 15.22 17.90 
s 13.94 14.77 18.90 
0 15.16 15.61 19.30 
N 16.72 16.90 20.30. 
D 18.05 18.27 21.30 

J 22.22 19.44 .. - F 22.22 20.00 Sourc es: 
M 22.22 20.55 
A * Handbook, 1944· 20.00 21.11 
M 17.77 + 21.66 Records at NDRS, Go babe b. 

' 
l .J 17.22 22.77 2 

J 16.11 23.88 
Heigs, 

:! A lG .lJ. 
s 17.22 23.88 
0 17.77 22.77 
N 18.88 ' / 19 ' 

/ 

D 21.11 21.66 
Arica. 2 Port Etienne2 



SOIL FLUC'fUA'l'Im:s A'l' GOBABEB 
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Figure IO 

PATTERNED GROUND NEAR GOBABEB 
G 

A 

__ ..... 3m:_· __ 

B --·---. -. ---/\:t:--- 8m _________ .• _.---: . . 

c 

' A ; The horizontal pattern of part of the area of 
polygonal structures. 

B ; Cross-section of polygon with raised margins 
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LONGITUDINAL PROFILES OF NAMIB RIVERS 
·(After Stengel, 1964, 1966) 

km 

km 

km 

1 = Kuiseb, 2 = Tubas, 3 = Klein running 
into Swakop R., 4 = Khan, 5 = Ugab, 6 = Omaruru. 
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COI-IPARI .SON OF NA!HB AND KALAHARI SAND 

Mean % Gra in sizes 

. B. s . Si eve No. Namib Knl<:thari 

30 1.15 3.52 

44 (3 .97 8 . 85 

60 36.85 19 .22 

85 29.45 37.37 

lOO 11.51 10.85 

150 8.42 14.05 

200 . 2.60 4.04 

Pan 0.91 1.44 

Cumulative % fine r 

NDmi b K:::.l ahnri 

98 .70 95 . 84 ' 

89.74 86 . 98 

52.89 67 .7 6 

23.44 -- ... .. ... 30 . 39 

11.93 19.53 

3.52 5 . 415 

.· (Nea.n values determined from 15 samples o f dune :_ s and from Gobabeb , 
and 9 ,s ampl es of dun e s and in the southern Kal ahari) 

Oth er s and char a ct eri s tic s : Nami b Ka l alwri 

Hazen ' s .. of Uniformity o. 67 o. 67 

Nean S_ize 2.11 2 . 21 

Standard deviation 1.71 1.76 

Skevmess 0.04 0 . 03 

Kurtos is 1.30 . 1 • .35 
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POLYGONAL GBOUND P AH'TICIJ :·: SI:6BS 

Si e ve No . Cum.% 

30 2. L:-5 97 . 50 

10 . 66 86 .84 

60 20 . 63 66. 21 

85 20 . 80 45 • L;.l 

lOO 7. 61 37 . 80 

l ju 12. 99 24 . 1.$1 

200 11 . 26 13 . 55 
I 

.·· ! 
I P.::tn 13 . 55 
: 

0/ /0 Cnco3 . 3 -55 

. ,· 

· ,/ 

(11 
fO 

7 . 11 

6. 22 

2 

17 . 71 

11.71 

9 . 85 

l 3 . t;o 

10 . 00 

19. 04 

· Lj-) . 8.3 

Cum. % 

. 92 . 83 

·36 . 61 

60 . 90 

57.19 

Lt? • 3'-!· 

29 .04 

19.011-
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GR!U N S I .6i; D1.b'l1KLJ:SU'l' IO H FOl\ l'!AiUB 
SAH.DS A'l' GOBAB:SB 

1·0 ·9 ·8 ·7 ·6 ·5 ·4 ·3 ·25 ·2 ·15 ·1 ·08 ·06mm 

0 

0 

I I I 
1·0·9 ·8 

2 3 4 

1 2 3 4 
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Rt1ssiim S AND AGCUHULAT I ON S I ZES (%) 

/ 

Si. e v e 1 2 

30 46 .4<5 34 . 20 

. 44 13 . () 6 10. 71 

60 12. 34 11.79 

85 13 .03 1/i .• Sl? 
• I 

l OO 4 . 80 6. 87 

150 5.72 10 . 60 

200 1. ,:::\9 4 . 93 ' . 
' 
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THE GEC.i" 'IuRi?HOLGGY OF T:IIi: lJJdi B NEAE GC 3A 38;B 

The Namib Desert, the west coas t arid zone of Southern Africa, extends 

from the drier parts of the winter rainfal l zone of the Western Cape Province 

to just north of Mo9amedes in Angola . Wellington (1955) places the southern 

boundary in the vicinity of t he lower course of the Olifants River and remarks 

that the arid surface and extens ive areas of moving sand continue to the 

Baia dos Elefantes (13° 10 ' S. ) . The desert extends laterally to the foot of 

t he Great Escarpment, gener ally a di stance of 50 - 90 miles , though towards 

the north it narrows considerably- 47 miles near t he "!lOuth of the Cunene 

and only about 7 miles near The desert rises to about 900 metres 

at the foot of t he Escarpment . 

DIVISIONS OF THE NAMI B 

Various attempts have been made to sub-divide the Namib Wellington 

(1955) called t he southern part, as far north as the Luderitz-Aus horst, the 

1l'ransi tional Namib . North of t his area, towards the Kuiseb River, he calls 

t he Middle Namib. It is a tract of country with a longitudinal extent of up 

to 90 miles and a l atitudinal extent of around 250 m"l8s . North of the dune 

area is t he Damara or Norther n Namib . Except :i;n the coastal belt between t he 

Kuiseb and Swak:op Rivers it is largely free of sand . Vii thin the southern 

Namib the great German geologist, Kaiser (1926), attempted a geomorphic 

division into the Trough ( \ annen-) Namib, where alternating soft and hard 

strata have been scoured by the •N i nd, the Plain (F1!1chen-) Namib, where the 

sand has been deposited in the more sheltered localities to form flat surfaces, 

and the Dune Namio of isolated barchans and linear chains. Logan (1960), on 

the other hand, divided the central parts of the Namib (around. Walvis Bay) 



into the Coastal Namib, where direct maritime effects are felt, the Namib 

Platform, and the Dune Namib. Spreitzer (1966) divides the same area 

longitudinally between the Exterior ar Coastal Namib, the Interior Namib, 

and the Anterior Namib (the eastern transitional zone) . 

Basically, this report deals with the geomorphology of the northern 

part of the Dune Namib and the southern part of the plains which stretch, with 
--·--

but l i ttle sand cover, north of the Kuiseb River . Most of the field work was 

done at the Namib Desert Research Station at Gobabeb, which is about 70 miles 
1 

south-west of V'lalvis Bay on the Kuiseb River (Diagram) . Indeed the area in 

question is that covered by NASA Gemini V Colour satellite photograph 

s-65-45578 . (NASA, 1967) . The phot o shows the abrupt division along the 

Kuiseb between the dune area and the rock plains to the north, and the 

presence of inselbergs detached from the Great Escarpment, which forms the 

eastern boundary of the area of study. The photo also shows the difference 

between the coastal and inland dunes, the somewhat; disrupted dunes between the 

Tsondab Vl ei and the sea, and the formation of coastal spits and pans. The 

white marble ridges of Swartbank and the area to the north also show up 

particularly well on the sateilite photo . Examination of Satellite Photo 

S- 65- 45580 brings out the contrast between the heavily dissected country to 

the east of the Great Escarpment and t he relatively flat plains of the 

Namib itself . 

THE GEOLOGY OF 'rHE CE:''rRAL NA'ITB 

Recently the terminology and dating of the more ancient rocks of 

South West Africa have shown great change . The wo r k of Clifford (1967), 

Hartin (1965), Martin (1965 a.) , and Smith (196L) shows the present 9osition• 
I 



The area a_p_9ea r s on the 1:1,000,000 Geologica l (Geological Survey of 

South West Africa, 1963) . 

Basically, the N"amib Pl a t form in t he area is underlain b,y l a te 

Proter ozoic rocks of the Darnara Sys t em, including t he Khomas Schists of the 

.::lvmkop fi'acies. Intruded into these are t he Sa l em Grani tes of Post-Damara 

ti·nes - gr aPi tes which in the i mmediat e vi cinity of Gobabeb. They 

are gener ally grey tic cioti te gr anites , containing often l arge 

phenocr,ys ts of orthocl&se and microline fels par. 'rhe Damaran metamor phics 
.-.... 

a re very variabl e, and include t he mica schi sts, mar ble, granitic geniss, and 

quartzite . 

Among younger intrusive rocks are bl ack dolerite dykes . These usually 

show clearly as l inear ridges on air photos , though someti mes l arger 

masses , as along the lower Swakop valley, form small inselbergs. 

The other major group of rocks consists of a vari et y of superficial 

deposits. 'rhese are discussed in a later section . 

Clifford has dated rocks of the Damaran orogenic episode by isotopic 

methods and has fo und most of them to be be t ween 500 and 550 million years old. 

CLD1A'TIC l3ACKGROW.ITD 

It is not possible here to discuss in detail the climatic conditions of 

the Central Nami b . Thi s has alre::J dy been done CO'llpetently by Logan (1960). 

However, the opening of the first order wea ther station at Gobabeb in 1962, 

and t he paramount i mportance of climatic conditions for the geomor phology, 

require some discussion . 

The rainfall of the Central Namib is 'rery slight. The average annual 

tot al for the period 1962 - 1967 at Gobabeb was only 23mm . Since 1899 the 
• 

rainfall at Swakopmund has averaged l4mm. This coTYJpares with about .15mm for 



Luderi tz, i n t he southern Nami b, and is simil e. r to that for various other 

coastal deserts . (Meigs, 1966 ). Port J!J tienne C•rauretania) has 35 mm ., 

Aden has 45mm. , and El Refugion (Ba ja California) has 62mm. The rainfall 

i n the Atacama is perhaps very slightly lower, with l mm . bei ng given as the 

mean annual rainfall for bo th Arica and Iqui q_ue. 

The rainfall increases steadily towards the Great Es carpment , as the 

rai nfall map shows . 

In common with certai n other desert areas, r ai nfall can be of great 

variability and of occasional great intensity. The highest daily t otal so 

far recorded a t Gobabeb is l6.5mm., but 22rmn . have been recorded in a day 

nt Goanikontes (on the Swakop River) and 740 mm . at Donkerhuk in one year 

( 88mm . in one day) . I n 1934, l53nn:J . of rai n fel l a t Swak:opnund . The highes t 

daily falls reported in the handbook, Weather on the Coast of Africa, (1944) 

are l5mm . for v·alvis Bay, and 9mm . for Luderi tz . In 1909 625m.rn . was recorded 

for :N·euheusis, co npared with only in 1911. This variability is similar 

to that i n parts of t he Sout h American West Coast desert . For example, 

Preston James ( 1959) wr ites: 11 A t Truj illo, be tween 1918 and 1925 , t he total 

rainfall was only 1.4 inches; but during the month of 1925, a total 

of 15 .5 inches fell, and on the t hree days from t he 7th t o the 9 th rainfall 

was 8 .9 inches ." 

The geomorphic signifi cance of such rare events of high magnitude does 

no t need stress i ng for an arid envioronment . Stengel (1964 ), for i ns t ance, 

has shown t hat the flo od of 1934 at Swakopmund transpor t ed 35 ,000,000 m3 of 

sand down the Swakop River advancing t he cuastline :nore t han l km . into the 

Atlantic. 



A further component of the precipitation not so f ar considered is fog . 

These are very freQuent and extend about 70 miles inland. The fogs do not 

have the same duration as those at Port rqollo th (Re_t)ublic of South Africa) 

(See Wea ther on the Coast of Africa, 1944). At Gobabeb itself, in spite of 

its distance inland, fog was present at the station itself, or in the 

neighbourhood, on an of 102 days for the years 1964 - 1967 inclusive. 

Ylhils t the fog only precipi tated on an average of 60 days in the year, this 

produced a precipitation of 3lmm . per aQnum, a figure slightly greater than 

the rainfall itself. Boss (quoted by 3riksson, 1958) estimated the yearly 

fog precipitation at Swakopmund to be 35- 45 mm ., co11pared with 20mm. a t 

40 k•n. i nland. Daily quanti ties are small, though 6. 5mm. has oeen recorded 

in one day at Gobabeb. 

Thus, the fog brings a significant quantity of moisture into the 

des ert, and this, coupled with its chemical characteristics, ma.t have very 

considerable ecological and geomorphic significance. This :point is expahded 

later in this report . 

The winds are another very )art of the desert environment . 

The wind data in diagram6 give an idea of the annual variability of the -winds. 

At Gobabeb, east and south east wi nd s are at a maximwn frequency in wi nter 

and have mean velocities up to 21 km/hr, actual velocities may exceed 

50 km/hr. Winds from the north west show their frequency in summer 

but have considerably lower velocities. In January diurnal variation is 

slight , but in the winter (July) the direction is scuth e.;,s t erly at night 

until about 1000 hrs . when it stJrts backi ng rcv.nd the clock, becoming south 

e2sterly again at ·'llidnight. 



The winds in the central Namib do not appear to be as po tent as those 

in the southern Uamib. Wind velocities reach t hei r maximum off the southern 

part of the coast of South Vest Africa , and at Gobabeb the southerly winds do 

not maintain that steady and violent blast during the day whi ch characterises 

southern Namib. At Luderi tz the average force is about 6 (Beaufort) and 

gales are common; . but at Walvis Bay winds af force eight are rare. Inland, 

at Gobabeb, vel ocities seem to be ev en lower (Di agram G). Merensky described 

t he wi nds of Luderitzland thus: "During the greater part of t he year hurricane 

winds blow from the South and keep the sand dunes constantly shifting. At times 

this wind is so boisterous tha t sand-grains of pin-head size ar e hurled through 

t he air above the ground, whilst gr avel as large as beans is transported al ong 

t he surface. " Diagram shows the greater variability of direction, which, 

combined with lowe r velocities, makes the Central Namib around Walvis Bay a 

very different sort of geomorphic environment to t ha t at Luderitz . 

The work of Bagnold (1941) has shown that sand f low varies as t he cube 

of the wind velocity over and above t he constant t hreshold velocity at which 

sands begin to move . '.rhe t hr eshold velocity is generally approximately 20 k:m/hr . 

( Bagnold, 1941, p .69) . The diagram construc ted to show frequency and velocity 

of wind for each of eight directions at Gobabeb for one year stresses very 

clearly the importance of the rel atively infrequent east and north easterly 

winds ( Di agram4- ). This is returned to l ater in the discussion of wind 

erosion and dune alignment and formation. 

The l ast aspect of t he climatic background is that of temperature. 11he 

whole of the coasta l Namib shows a remarkable similiarity in average monthly 

and yearly temperatures - (Diagram 7 ). The temperature r anges are also small • • 



0 The an.."l.ual r ange betwwen the war21est and the coldest months is 9 C. at 

both V/alvis Bay and Swakopmund (Rwnney, 1968), whilst at Gobabeb the mean 

t emperatur·e is 24 . 2 co:npared with 17 .7 for July, an annual range of 

only 6.5°C. The average daily aperiodic range (mean maxi11urn les s mean mini·'Xlum ) 

0 
is of t he order of 16 - 18. 5 c. throughout the year at Gobabeb . 

Frost is almost unknown in the coastal Ereas of the Namib, though 

0 temperatures of over 40 have been recorded on occasions, generally in 

associati on with strong easterly 1berg1 ·winds . In general, however, the 

lJamib does not suffer from any very great extremes of temperature. This fact 

may be of some s ignificance in terms of rock weathering. 



RCGK 

The weath:;ring of rocks under ccndi tions of' ver.f low rainfall has ·been 

a major t heme in arid geomorphology, with much of the work having been 

undertaken by German scientist.s. So•ne of the early work was summarised in 

Walther ' s classic review , and there is no doubt that ma terial from the 

Namib played a part in the formulation of his views. Certainly the Namib 

shows many beautiful weathering forms on both a large and a small scale, and 

mos t types can be seen within a short distance of Gobabeb. A series of 

pho tographs illustrate the more common varieties. 

- '. r. 

At Gobabeb the Salern Gra nite, a grey biotite porphyritic granite, 

containing many inclusions of orthoclase phenocrysts , and large amounts of 

pegmatite, displays honeycombing, case hardening, exfoliation, t afoni formation 

and granular disintegration. 

The honeycombs are small pits in the rock, generally about 30mm. in 

diameter, and up to 15mm. deep . They show no marked oriente tion and appear 

in large clusters . On some boulders they clearly result from the wea t hering 

out of phenocrysts, but this is not always t he case . 

Case hardening, which includes the slight ceme.tation of rock so that it 

presents more resistant and upstanding outer surfaces, is particularly well-

developed along joints in the granite. A photo from the R) search Station 

grounds is shuwn. It seems to be restricted t o grani te. Sometimes the case 

hardening is little more than a brown stain. 

Exfoliation, the spalling off of sheets of rock parallel to the rock 

surface, is linked with the presence of the rounded grani te bosses and boulders 



at Gobabeb. Whilst sheets as ·much as 200mm . thick may spall off, they are 

frequently much thinner, and one photo shows the aut hor holding a 20m·1. s lab 

from a granite outcro9 wi thin the dunes. At Idi rabi b inselberg sheeting has 

developed on t he granite core . 

Perhaps the most dramatic of all the granitic weathering forms a t 

Gobabeb are the tafonis, cavernous hol lows wi th interiors of larger dimensions 

than t he exterior orifices . Typically they have internal measur ements 80cm . 

across as agains t entrances with diameters of 20cm. Such fea tures also occur 

in granite south of t he Brandberg There are a large number of 

reports of t afoni in the litera t ure from other parts of the world . The 

t ype-site i s Cor sica, whence the name, an al ternat ive for alveolation, is 

derived . (Reusch, 1882; Tuckett and Bonney , 1904 ) . They are particularly 

common in granitic rocks , and are well-developed in Ant arctica (Prebble, 1967), 

and 1: ilhelmy (1964) cites "3lba, Aruba, Peru, rY . W. India, and the deserts of 

central Asia. 

Finally, much o.:' the granitic debris has broken down into its 

constituent grain s i zes - granular di sintegr ation. 

The'.>e vari ous forms, though best developed in t he granites of Gobabeb, 

Roo i kop, and Mirabib, do also occur in schi stose rocks . Dolerite, on the 

other hand, tended to show different wea t hering characteristics from t he ot her 

rock types. Generally it had a black , or dark red brown patina, and it t ended 

to break down i nto large boul ders and cobbles . In t his it was different from 

many other rocks which showed a rather more abrupt break-down into constituent 

grain sizes . The tendency fo r basi c rocks t o behave like t his in arid lands 

was no ted i n the American deserts by Bryan . No exfoliation, tafonisati on, 
• 
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or honeycombing was noted on the dolerite, though the photo shows a reasonably 

common anvil-shaped weathering remnant . 

Narble, well exposed at Swartbank, and extending northwards across the 

Tubas [l'lats in the form of ridges, shows some small-scale solutional forms, 

though nothing akin to tie larger solutional forms of more hUJnid lands was 

noted . Rillen on the marble at 3wartbank are illustrated in the photo . In 

addition to the rillen there are small pock marks and brown staini ng. Tha t 

the marble has undergone some solution is also evidenced by the relatively 

high calcium carbonate content of the gypsum crust developed on and around the 

Swartbank inselberg. This is discussed further in the section on 8rust Formation. 

In places the surface of the gypsQm crust itself shows minor wea thering to 

give vermiculations- pitted and ridged micro-relief. 



FACTCRS 

Insola tion was given its original mea1ung of s plitting due to the effect 

of expansion and cooli:qg through solar heating by Vial t her (1900), and his 

ideas ra pidly became widely applied in Bgypt, Sinai, and elsewhere. Grotefeld, 

an early worker in the Namib (q_uoted by Calvert, 1916), talked of "Enormous 

ma sses of sand, due to the sudden and violent change ;,: of temper a ture acting 

u-pon gr anite, gnei ss and similar primitive rocks . It is said that on a cold 

night, follo wi ng a ho t day, the s plitting of t he rocks sounds like the rat tle 

of musketry." Later workers put forward evidence of insolation wea thering 

in the :Nami b, and Ka i ser ( 1926), fer o:x:e:-·1pl e, suggested tha t the disintegr a t ion 

of quartz in the liJama formation was dtw to t his cause (p . 233- 4) though he 

recognised t ha t some split granite boulders (kernsprUnge) were caused by the 

cool ing effect of a rain cbvmpour on hot rocks . Logan ( 1960) continues t o 

believe i n mechanical disruption oj rocks, and Oilier ( 1963) and Greenwood 

(1962) have recently sup9orted insolation theories in Australia and the Middle 

Eas t respectively . 

The theory behind insola tion wea t hering has been summed up thus by 

Hockmann and Kessler: " Gradi ents in a granite structure ·resulting from the 

usual diurnal temperature changes cause internal stresses which, after 

numerous repi ti tions cause a weak:ening effec;11 on the stone . It also seems 

likely that the granite may be affected by the uneq_ual expansion of the different 

mineral constituents, and the fact that the principal constituents, namely 

feldspar and q_uartz, expand uneq_ually along different crystallographic ' axes'"· 
• 



In general, however, current thought, as revie1:ved by Sparks ( 1960) 

and Schattner (196 ) does not support the idea of insol ation being a major 

cause of rock breakdown in deserts, and Walther (1924) later 

recognised a lack of evidence for t he insolation process and replaced the 

term ' insol ation ' by ' Zersplatung 1 (splitting), a term which allows spl i tting 

effects bes i des sol ar heating. The change in attitude has resulted from the 

theoretical and experimental work of Grigg and Blackwelder , and from t he field 

work of Roth . (1965) . In the context of the Namib it must be said that 

temperature fluctuations are not particularly severe compared with those in 

certain other desert including the Kalahari, though sand surface 

temperatures at Gobabeb in 1965 showed a annual range of 70 .5 degrees , 

d tb . d" l "b t 50°C . an Le urna range was a ou · The temperature variation, 

both annual and diurnal, falls off very rapidly beneath a thin cover of 

suuerficial as the shows . I made of diurnal 

temperature fluctuations benea th different thicknesses of granite slabs 

resting on sand at Gobabeb, and found the changes illustrated . These changes 

are less t han those found b.y Routh in the Mohave Desert, and he that 

insolation was not a cause of quartz monzoni te breakdown there . (Diagram 9 ) 

Moreover, it has how been recognised that t here are a l arge number of 

other weathering me chanisms in and that exfoliation can result from 

such factors as hydration, the initial )resence of cores surrounded by we:iker 

zones resulting from the way the magma solidified, or from pressure release 

· .. following the exoosure of rocks at the surface by erosion. .Also, Hockmann, 

and Kess l er ' s (1950) experimental work showed tha t granite suffere:J. from 

expansion effects caused sim)ly by wetting. 



An alternative f ac tor involved in r ock wea t hering in t he Namib Desert 

may be salt crystallisation. Wellman and Wilson (1965) descri be salt 

crystallisation as , 11 A powerful undercutting agent that cons t antly tends to 

steepen slope., to the limit of rock strength and is r esponsible fo r •••• cavernous 

weathering, coas t al and desert pl atfonns, some kinds of tors and at least 

some hills that have been described as i nselbergs. 11 Granite S3e:'1S to respond 

particulc.rly well to its effects, and Birot (1968) s howed that when crystals 

of sulphate and sodium carbonate develop pressures of 240 atmos pheres 

<::md 300 atmospheres respectively granite is completely shat tered in four months 

by daily moistening of' a saline crus t. He concluded: " In nature, this wet ting 

v1ould be t he result of mists and light showers which are more fr eq_uent in 

deserts than might be expected ." 

In t he Namib, fogs, as already pointed out, are of very frequent 

occurrence, and such analyses as are available, though they need to be accepted 

v1i th some caution, suggest a remarkably high salt content in t he fog. 

Eriksson (1958) working on Boss ' s data for Swakopmund, suggested a yearly 

preci pita tion of atmospherically-derived salts of 120 kg./ha.* . Four analyses 

of fog wa ter from Walvis Bay , Rooibank (2) and Gobabeb showed Total Dissolved 

Solids at l80°C . of 9860, 1290, . 795, and 1175 respec tively. J:1y own 

observations of fog water from drips and precipitation in the self-recording 

fog gauge a t Gobabeb during Hay and June 1968, s howed el ectrical conductivity 

readings of great variability, t hough most readings suggested a TDS content 

of be t ween 100 and 1000 ppm . All were alkaline . 

·)(· This compares with 130 Kg/ ha for the Israel coastal t ract. 
(ErH::sson and Khunakasem, 1969) . 



The appreciable frequency of application of a thin spray of salt-rich 

wate r by the mist, followed by evaporation by sun and wind, gives natural 

conditions in the Namib which remarkably well to the laboratory 

conditions e:nployed by Birot (1954). Moreover, the Central Namib, as shown 

in a later section, is very rich in gypsum and saline crusts, and dust from 

these would contribute salt by direct de)osition on surfaces and in cracks. 

The crusts may themselves be of some i mportance in breaking up under-

laying rocks. Soil pits dug by the author where gypsu.rn overlies grani te shows 

how the gypsum penetra tes the granite and breaks it up. Road workings on 

basalt outcrops inland from Swakopmund show that gypsum veins have penetrated 

and split the basalt to a depth of over 20ft . Around Mi rabib surface limestone 

(calcrete) is breaking up underlying schists, whilst on the top of Swartbank 

a gypsum/calcium crust is breaking up the marble . A photograph from a small 

gully near Gobabeb shows the exhumation of some highly weathered granite 

from gypsiferous terrace material . 

Chemical weathering is evidenced in the Central Namib in the form of 

rillen and staining on marble , sia:inings and patinas on other types of rock, 

case hardening on granite, and the oversteepening at the bases of some granite 

inselbergs . Furthermore, Scholz mentions an iron hat on a dyke of ultra-

basic dunite in the Kuiseb area. However, Logan (1960) has reported that "the 

cleavage faces on feldspar and mica are still untouched by weathering 

indicating that mechanical weathering is of sole importance." My own 

observations show that this is not so, and Scholz reports the presence of clay 

mineral formation in soils inland from Nalvis Bay. Kaiser (1923), in a 

pioneer study, showed the presence of kaolinisa tiop near Ludaritz . Thus whilst 



chemical weathering may not have the quuntitative importance it has in more 

humi d l ands, it is not by any means entirely absent. On the dolerites the 

lichens probably play an important role, for as Lowdermilk has suggested in 

America, lichens play a role in the mobilisation and deposition of Manganese 

and Iron to give varnished r ocks . At Swartbank lichens of such s pecies as 

Qaloplaca elegantissima and hottentotta (Geiss, 1962) cover a large 

amount of dolerite and removal of the lichens generally shows the attachment 

of small grains of rock to them, and also the pitting of the surface beneath. 

E. T. Oborn (1960) mentions t hat the iron content of lichens is on average 

5.16 mgms per gm . of dry mat ter, compared with an of only 0.30 mgrns . 

per gm. dry matter for most land plants. Lichens are also present in large 

quantities on some marbles a t Swartbank. The probable importance of lichens 

in desert weathering and crust formation has recently been discussed by 

Krumbein ( 1969) . 



POLYGONS AND 

One of the most interesting aspects of the weathered layer in the 

Centr al Namib is the presence of plentiful polygons in association with 

Calcareo-gypsiferous crust . Scholz has already mentioned a few small 

polygons in some river alluvium along the Soutrivier, north west of Gobabeb, 

and his thesis contains plates (A-oh . 47) illustrating some others . Other 

smal l polygons (generally a bout 1 m. or less in width) have een reported 

from gypsum in the 'ribes t i area of t he Sahara (Meckelein, 1957 ), and have 

been found in a sandy, silty, salt duricrust near Abu Simbel, Egfpt (13utzer 

and Hansen, 1968.) They have also been descri bed for salt in Death Valley 

by Hunt and Washburn (1960) . Very l arge polygons are also known from the 

saline crusts of plays lakes i n the United States, where t hey have resulted 

from desiccation and contraction. (Neal, 1965; Christiansen, 1963; Willden 

and Mabey, 1961; Long, 1943; and Heal and Motts, 1967.) Some of these 

polygons may be as much as 300 metres in diameter. Desert clay soil polygons 

and patterned ground are also well known. Alimen (1953) reports t hem from 

North Africa., and Ollier reports t hem from Sout h Australia (1966) . 

/ However, the gest polygons at Gobabeb, which are developed on river 

terraces on the south side of the Kuiseb, seem to be much larger than any 

others reported for non- playa areas, and exhibit certain features not previously 

encountered . 

Li ke most natural polygonal features, such as some tundra soils, columner 

structures in basalt, and mud cracks (see D'Arcy Thompson ( 1961) ) the 

pol ygons are r andom orthogonal polygons 1962) a tendency 

towards hexagonal and pentagonal shapes . Because of imperfect development of 



some fissures the ideal hexagonal shape is not always reached at Gobabeb, 

and even in cohesive and homogeneous cl ay this is frequently the case . 

Examination of several mud-crack photographs from various sources resulted 

in an average of about 5.10 sides being found for a sample of 200 polygons . 

With the rather variable material in the Gobabeb crust it is not surprising 

that perfect hexagons do not develop. However, stripes or elongated polygons 

do not appear to be common. Some of t he polygons have internal dimensions of 

upto 20 m. across, though between 8 and 9 m. is the average size. The 

polygons show various forms: the largest polygons have a raised margin of 

whi ter calcareous 5fpcrete (calcium carbonate content about 25-40 %) which 

may have a relief of 40 cm . (See photo) . Other polygons are marked not by 

ridges but by depressions along fissures and may or may not have upturned 
10 edges (see diagram). Other polygons may have very slightly raised middles, 

with pebbles f orming rings around the dome, though this form is rare in its 

perfect form . 

The polygons occur on the flat surfa ce of t he gypsum-calcrete terrace 

whi ch lies at about 45m. above the south bank of the Kuiseb . The terrace 

extends well into the dune area . The crust is many feet deep, wi th almost 

the whole terrace being cemented to a grea ter or lesser degree . The bulk of 

the cemented material is of sand size (see gr ain size diagram ) and is capped 

by, and contains some, well-rounded, wind polished, fluvial pebblesf 

(diagrams ff , /b ) • 

Because of t he minimal rainfall of the area it is difficult to attribute 

t he polygons to wetting and drying of the crust under present rainfall 

condi tions, though funfrequent storms of high inter1;sity could•conceivably have 

some effect. It is tem9ting to suggest a slightly higher rainfall in the past . 



Bot h topographi c posi tion, and relative lack of clay minerals, seem to 

exclude any idea that t hey are formed bi playa desiccati on or by expansion 

and contraction of clays. These have been the t wo f avourite explanati ons 

for pa tterned grom1d in ot her arid lands. Any explanation t hrough frost 

action, akin to that occurring in tundra envior onments, is r uled out by 

t he present almos t compl ete absence of frost . Evidence from elsewhere in 

Sout h West Africa does not sugges t a particularly cold peri od in the period 

since the f orma t ion of the terrace upon which the polygons r es t (probably 

Upper Pl eistocene ) . The raised nature and different characteristics of 

some of t he polygon r ims preclude any explanation involving the stresses 

pr oduced by the movement of massive lOO m. dunes across t he crust, though 

the results of such pressures has yet to be fully explored . 'l'hus, unless 

there was some increase in hQmidity since the terrace was f ormed, it is 

difficult to give any satisfactory explanation for the polygons. It is 

particularly difficult to explain the great size of the polygons, though 

the thickness of the crust may be one possibl e reason . Thin crusts can 

general l y sustain only small polygons, though this vari es very greatly with 

t he physical properties of t he material s involved . 

Another sort of patterned, ground is caused -by t he trapping of sand by 

scattered masses of vegetation to give pi mpled ground . This is part icularly 

evident on air photos of the valley fringes and t he coastal zone around 

Swakopmund . Acanthosi cyos horrida Welw . and Ci trullus ecirrhosus Q.OfiJ?- . 

(both Cucurbitaceae) are responsible for such mounds, but Salvadora persica 

gives some of t he clear est examples . (See photo ) . The mounds, which show 

similarity to the phreatophyte mounds around play in the States, 



average about 50n . in diameter, and are generally about 3 - 4 m. in height . 

Some of t h e pimpled ground of the Western Cape, in t he r.J:almesbury area, 

l ocally called heuveltjies, may be l argely relict mounds formed under more 

arid conditions. 

1rHE CRUSTS O.F THE iLA.:r\UB 

One of the most striking f eatures of the Central Namib plains and river 

terraces is t he widespread nature of various types of crus t . There are 

bas ical l y t wo types: gypsum crusts (gypcrete), and calcium carbonate crusts 

(calcrete) . Local ly the gypsum crust reaches 4m. in thickness (Martin, 1963) . 

In r eality, however, with the exception of high grade deposits which contain 

a s much as 90% pure gypsum, most of the gypsum crusts contain moderate amounts 

of calcium carbonate. Mart i n (1963) des cribes the location of some of the 

hi gher gr ade deposits, and believes that the gypsum crusts result from the 

alteration of an older and underlying calcrete by marine hydrogen sul phide 

eruptions . Whether such special causes are required to account for what is 

normally a common f eature of dry maritime deserts (for example, north east 

Africa) the present author is not sure . In t he vicinity of marble ri dges 

and ins el bergs t he gypsum contains above average quantities of Caco3, and 

3 samples from Swartbank had Caco3 contents of 44-5)b , 21.6% and 35 . 14%, 

thus showing t he local effects of t he hi ghly calcareous ma r ble (96% Caco3). 

The mean calcium carbonate content of t he most calcareous horizon in 25 

localities s ampled by myself between \7al vis Bay and just beyond Gobabeb, 

and by Scholz (1963) between Walvis Bay and hi s station, Namib 7, was 12%. 



No 9articularly mar'zed i s avLl.ent in th c:J GOnposi tion and 

character of t ::e crusts unti l onJ i:s about 60 - 70 miles from the coast. 

At that distance, the rather 'uffy crust is largely replaced by a 

more compact and dense calcrate , containing a l arge amount of brecciated 

material derived from the breakdcvn'1 of underlying rocks. Initially it is 

particularly well developed in the small, shallow drainage lines running 

from inselbergs, probably because of t he local presence there at certain 

times of more soil moisture . particular calcrete raay f or that reason 

have no particular age or palaeoclimati c significance. It i s seldom more 

than a meter or so thick . 

Distinct from t his younger cal cr·ete is the gr ea t calcified conglomerate 

which caps the older geological beds in the area of t he Kuiseb and Swakop 

canyons . This deposit, which may have a thickness as great as 30 m., seems 

to pre-date the incision of the drainage , and may well be of Pliocene age, 

t hus corresponding in age to the great Ka lahari limestone deposit of the 

Kalk Plateau. The conglomerate caps t he canyon rims to give a feature of 

marked geomorphic i mportance. The s9read of the calcification process has 

led to the slight disrupti on and doming of the underlying r ocks, and has 

also tended to form in circular masses. Such ' boils ' are saldom more than 

3- 4 m. across and do not, therefore, com9are in size with ' calcrete anticlines ' 

described by Jen.n.ins s and Sweeting ( 1962 ) for V estern Australia, and also 

0 known in the ciacrete surroundi n::: t he Etosha Pan. 

Another 11ajor class of calcrete in the area is that forming the 

Pleistocene river terraces. In the area between the Khan and Swakop Rivers 



Smith has described Upper Pl eistocene terraces at 40 ft . above pres3nt 

drainage level . Such low, calcareous terraces also line the rrubas . 

THE KUISEB RIVER 

The Kuiseb rises in the Khomas Hochland near Windhoek, and, as a 

result of t he relatively high rainfall and runoff in t :hat area, is the firs t 

ma jor river t o reach the Atlantic north of the Orange River . Even the Kui seb , 

however, loses itself i n a delta inland from Walvis Bay . Within the lJamib 

it has no south bank tri-butarie z:,, t hough a few small wadis, like the Sout 
pC' I ''"'f\\, 

Rivier bring in some low on rare occasions . Not all these gulli es seem to 

""" have been able to adjust t hemselves to t he inci sion of the Kuiseb, and so 

' hang1 above the main channel by a smal l amount . 

Like the other rivers of t he north and central Namib, the :J_ong profil e 

of the river shows a tendency towards convexity, rather t han the concavity 

charac teri stic of most rivers . (See diagram and Stengel, 1964 , 1966.) 

As Leopold, Wol man and Mi ller (1964) write: "Rivers increase in s i ze 

downstream as t ributaries increase the contributing drainage area and thus 

the discharge . 
r 

Concomitant with the downs tream increases in the chanel ' s 
"' 

wi dth and dept h and t he general tendency for bed-particle si ze t o decrease, 

the gr adient gene r ally f l attens . I n general, t he longitudinal profile is 

concave to t he sky ." If, however, discharge does not increase downstream, 

as in the case of the Nami b, it is possible, if the ot her variables allow 

(load, size of debris, flow resistance, velocity, wi dth, depth etc.), tha t 

t he river will have an inc,reased slope in its lower portions. However, as 

Leopold, et al . point out, even the Indus, Murr ay, Rio Grande, and lHle , all 

of which have decreasing discharge downstream, show a tendenpy for concavity. 



The river has a mouth whi ch shows evidence of a buri ed channel about 

25- 30 m. below pr esent channel l evel ( Vegt er, 1953 ). 'l'hi s i ndica t es tha t 

t here was once a l owe r base level associa t ed with a lower s ti l l-stand of the 

s ea . :t<.;vidence of higher s ea l evel s al ong t he coas t is als o present in the 

f orm of r aised beaches, a fea t ure common to the whole western coast of southern 

Africa . Speitzer (1966) reports a 14 - 16 m. terrace at Swakopmund, with two 

possible lower terraces at 12 m. and 4-6 

Alluvial terraces are present along the Kuiseb, and are particularly 

well-marked around Gobabeb . 'r he results of aneroid traverses by the author 

suggest the sequence of terraces shown in diagram l\ . The bes t developed 

terrace is at about 42 m. Some of the lower terraces are cut into bedrock, 

,;·enerally granite and ·oegmati te, but all are capped bJ g-y-psu.rn/calcrete crusts 

and rolled pebbles . The major dunes have developed on top of them. The 

crust is best developed on the hi gher terraces and has presumably played a 

role in maintaining the fresh, angular form of the terr aces . 

The dunes have in places invaded t he river bed, but at no point, except 

in the coastal tract, have they crossed the river completely . The satellite 

photo shows the contrast well. It is possible that the Kuiseb has shifted 

its bed to the north under pressure advancing dunes, and it has been 

suggested that the ne. ture of rock bars in the sunken mouth (Vegter, 1953) 

and the flow of fresh water into Sandwich 'Bay support t his. Largely fine-

grained sediments have been banked up side tributaries of t he_ Kuiseb near 

Ossewater, and are now being dissected . They are largely uncement ed. It 

seems possible t hat they were formed i n the not too distant pas t by the 

pending up of the Kuiseb . If t hey wer e of any grea t age woul d suspect 

,. 



they would have become cemented like the Upper Pleistocene terraces along 

the river not very to the west. However, the river bed is now incised 

deeply into bedrock, and t he gorge i nto which the sediments were deposited 

must be of considerable age . In many places too, especially to the east 

Gobabeb, . the i ncision the stream bed suggests that a shift to the north 

has not taken ;:>lace in the very recent past. 

The reason why the dunes stop so abruptly at t he Kuisab is that such 

big dunes can only move very slowly, so that the al'1!ost annual floods which 

come down the Kuiseb past Gobabeb are able to remove the sand'before it 

crosses the river bed. The Kuiseb Floods have, however, only reached the 

Atlantic 15 times between 1837 and 1963 (Stengel, 1964). Thus, because 

the lesser influence of r iver floods at the mouth, and because of the drift 

sand along the coast, the dunes cross the river in a narrow fringe by the 

sea, before being finally stopped by the Swakop River. In addition rare 

northerly winds of high velocity would play a role in keeping the dunes from 

crossing the River . A possibility is t l.,at the dunes have only 

recently reached the River, and that the northern boundary the dunes 

co-incides with the Kuiseb purely There is some support 

this idea the eastern part of the dunefield, for a German geological 

map 1912 shows a road or track running on the south side of the Kuiseb as 

west as Natap . (Range, 1912) . 

Towards the Kuiseb Gorge north bank, tributaries of the Kuiseb, like 

those of the Swakop, have cut back into the Damara rocks, largely schists, 

to give a badlands type of scener,y . This has been termed the 1 Gramadullas 1 • 



Vfuilst some of the gul lies may be the result of past wetter peri ods , it 

seems likely that i nfrequent storms of high intensi ty could, in the course 

of time, erode t he lands cape in this way . The Swakop is lined by a much 

more incised series of gullies in its lower course t han is the Kuiseb, and, 

as the satellite pho to clearly shows, is more constricted by banks. 

<I ·• 



THE DUNES OF THE HAMIB 

The dunes of the Namib are reputed to be the biggest in the World, 

and examination of te photos ta;\:en by t Le astronauts of Gemini 4 and 

Gemini V suggests a broad s i milari t y with those of the EmptyQ.uarter of 

Arabia (NASA, 1967, pp . 23, 47, 137) and with those of southern Algeria 

(p . 154) . They are basically linear dunes averaging near Gobabeb about 

80 - lOO m in hei ght . Near t he Sossus Vlei, however, they have been reported 

as reaching 250 or 275 m in height above the surrounding plain (Jaeger, 1939, 

p . 19). The Sossus is one of the three major vleis - the other two being the 

Tsondab and Kuichab Vleis - which fails to breach the massive dunes. However, 

the s-taellite photo of the Namib does suggest some discontinuity in the dunes 

to the west of the Tsondab vlei . 

The main trend of the dunes is ap()roximately from north to south, and 

it is probable that easterly winds are responsible for t his trend as t hey are 

dominant at velocities greater than the threshold velocity required for the 

movement of sand . Near the coas t, as the satellite photo shows, some dunes 

trend approxi:.:Jately NE to SVI, and this orobably results from the relatively 

higher velocities nearer the coast which enable the very frequent south 

wes terly winds to play a great er role in sand movement than they do further 

idand where velocities appear to be less. (Diagram b ) 
Random measurements of 50 maximum dune slope angles shows the average 

( ") 32° d 1 t b 25°. lee steep slope to be just under , and the average windwar s ope o e 

These dunes are markely bigger than those of the interior sandveld of 

southern Africa - the Kalahari. I n t he Kalahari many of the dunes are 

degr aded forms resulting from a watter period sinoe t heir fotri:ation. In the 

western Kalahari, near Koes i n Sout h Wes t Africa, the dunes average only 



80 feet (25 m. ) and have inter-dune streets only 300 m. across, campared 

wi th 1000- 1500 metres in the Namib. However, the spacing of some dunes 

near the Tsodilo hills in Botswana, together with their width, suggests that 

they may at one t i me have had a simi lar size to those at Gobabeb. The 

characteristics of Kal ahari and l'Jamib sand are generally similar. (See 

diagram ) . 

The cumulative percent gra i n size diagram and tables shows the nature 

of the sand which forms the dunes in the Central Nami b. The grain sizes lie 

between 0 . 5 mm . and 0.07 mm., so tha t the sand can be classed as rnedium, fine 

and very fine under the Wentworth Classification . Though the sam-ole is not 

big enough to allow any f i rm assert ions, the crests of the linear ridges 

seem to have slight l y coarser sizes than sand taken from the slopes of the 

dunes . 

Inland from the coast, behind the coas t al dunes between Swakopmund and 

Walvis Bay (Samples, N/ Al8, N/Al9, H/Al7), t here are sometimes a few small 

isolated dunes, but the only other ma j or accumulations of sand ar e t hosa on 

the east- facing sides of t he l ar ger i nselbergs such as Kahpn Mountain and 

Mount.s.in . The sand accumulation from the easterly berg winds a t 

extends over 300ft. (90m.) up the mountain s ide, with a slope of 18°. 

The sand which forms the accumul ati on is coarser t han the average for the 

Hamib due to the contami nati on of YJeathered s chistose rock from the steep 

rock slope above . \ £) 

'-



THE I NSELi3ERGS AND T- E PLAINS 

Spreitzer (1966) has reviewed the chronology of denudation in the 

Central Namib. (Diagram \q ) He suggests t hat the inclined plane of the Namib, 

which rises to 900- 1200m ., consists of several surfaces related to higher 

still-stands of sea level than that of the He places t he breaks 

between these surfaces at 200, 400, 600 and 900 m. above present sea-level . 

Views across the Kuiseb Canyon s hc·w how clearly t he highly folded beds have 

been pl aned off at some stage (see photo ). Above all these levels another 

surface has been postulated, and it is represented by t he dissected mass of 

the Khomas Hochland, which forms the eastern boundary of t he Desert . L.C.King 

has suggested that it might be a remnant of the Jurassic surface which he 

supposes to ocour over much of Southern Africa, Martin believes it is a 

pre-Permo-Triassic surface ( personal communication to Logan, 1960) that has 

been re-exposed from beneath younger beds, and in contrast, Kaiser (quoted 
c-} 

by Gevers, 1936) suggest, it was formed in a Cret aceous humid :)eriod . The 

general consensus of opinion, as reviewed by Logan, is that the surfaces are 

essentially fluvial . 

Rising ab uve the Namib plains are a large number of ridges and isolated 

mountains, the form of which, and also the abru9tness of which , is related to 
0 The best developed pe·diments, generally with a slo ·>e of 4 , develop 

in granite inseloergs generally have the most rounded forms . The gr anite 

pediments are rock cut, and the inselbergs are oversteepened at the base. It 

seems reasonable to ccce ;> t that the property possessed by granite .in an arid 

envioronment of breaking down abruptly from boulder size to cons :l;iituent grain 



size, combined with weathering at t he base of slope, is the ma jor factor in 

slope formation . Also, in spite of the low rainfall, aerial views of the 

area around Mirabib, Swartbank and other inselbergs, shows the role of 

anastovhising streams in removing fine-grained material from the pediments . 
\_j 

Nowhere has much talus accumulated to obscure the well-m 01 rked break in s lope 

between pedi ment and inselberg, though dolerite and some schist, because they 

break down in a more continuous fashion, sometimes show greater accumulations 

of debris . The rills, which must remove much of the fine material from the 

pediments, are marked b,y the presence of lines of bushes and grass, in an 

otherwise largely vegetation-less area . 

Wind seems to be relatively unimportant in the shaping of slopes in 

the Central Namib, though one does see some minor undercutting of rocks. 

Gypsum crusts protect much of the area from deflation and there are not the 

alternating bands of resistant and less resistant sedimentary rocks to give 

' typical ' wind erosion forms so characteristic of the Southern l'Tamib. In 

the Pomona area, for example, Kaiser (1926) des cribed ' Die Korrasions-Landschaft 

der RUcken und Kuppen 1 in the Dolomite of t he liJ"ama f:lystem. Moreover, in the 

Central Namib, as Gevers remarked, the wind is not nearly that powerful agent 

of erosion that it is in the Luderitzbucht littoral, about which Cloos (1954) 

wrote: 

"Here for almost nine months of the year without a break, the 
wind devcurs the land . It gnaws away the rocks as hungry t:,-oats 
gnaw harsh grasses and thorny bushes •••• Armed with ••• glass-hard 

the wind ceaselessly pelts the mild slate and the 
waxy soft limestone, the hard granite and its SQhistose, somewhat 
less durable brother, the gneiss. Quickly, as if mel ted, the soft 
rocks disappear ." 



. •. 

Nevertheless, there are some significant deflation forms in the 

central and northern Namib . Some are visible on the west side of the road 

from Walvis Bay to Rooibank, whilst Maack (1966) mentions deflation basins 

of considerable extent in the Stormberg sandstein between the Koichab and 

Hoarusib Rivers. 

The ' desert pavement ' characteristic of the plains of the 

lTamib may in part result from t he deflation of fine materials to leave a 

coarse residue at the surface. Such ' desert pavements ' are well documented 

for other areas ( Co-c;monweal th Bureau of Soils, 1966), and exist in other 

parts of Southern Africa, particularly in the area to the south of Kenhard 

(C . P. ) . Much of the material forming these pavements is highly polished, 

whilst on the under sides q_uartzitic pebbles may be stained by green window 

algae . 



Cl'JATEIDTARY CLDU TIC CHANGE IN THE CEI:Tfu\L 

The whole history of climatic change in Southern Africa is most 

uncertain, and t he old chronology of Van Riet Lowe et al based on the Vaal 

River '11errace Sequence, which for so long acted as a base, has been convincingly 

shown to be inadequa te (Partridge and llrink, 1967). However, t ha t t here was 

a marked degree of climatic change in the Kalahari is not in doubt, but the 

clima tic relat i ons of the Hamib are such that a marked change in the Kalahari 

does not necessarily mean a similarly marked change in the l'Jamib. Moreover, 

evidence from t he rivers of the Namib, which have t heir sources in the high-

l ands of South 'est Africa, would essent ial ly be external evidence . However, 

Ko rn and £,1artin have suggested a widespread Middle Stone Age pluvial for 

South West Africa, and in the :;.1raukluft area (as r eported by SBhnge and Van 

Riet Lowe) have suggested a s) luvial period coinciding with t he beginning of 

t he Pleistocene. Martin and Mason, (1954 ) from a tufa de-p osit in Phillips 

Cave, Erongo Mountains, on the edge of t he Namib, have suggested a slightly 

higher rainfall at one during the format i on of Bed II. Surface limes t one, 

which probably needs a higher r ainfall t han that at present in the Jifamib, is 

widespread, but much of it may be (Pliocene) in age , and t he dati ng 

of the rest is unc ertain. Smith suggest that a 40ft. calcreted terrace in the 

Sv1akop valley i s Upper Pleistocene i n The fact tha t the 'IUbas R:i ver, 

unl i ke those rivers with their sources in the hi ghlands, has been unable to 

penetrate the dunes or to di ssect its course into the Namib suggests 

t hat there was i nsuffici ent rainfall within the confines of the l\famib itself . 

There are t wo further lines of evidence whi ch point to moister conqitions 

during the Pl eistocene i n the central lTam i b . 



At the Cape T-.wn Musewn, 0urrington is working on ;=- :. una o ( t he l'aised " 

bG0ches along the coast of South Africa and South West Afr ica. He has found 

evidence of a warm water fauna in some of the raised beach 1nateria l. The fauna 

indicates warmer temperatures in the T3enguella Current, and this would aLnost 

certainly lead to higher rainfall totals . This confirms the earlier work of 

Haughton (1932). 

Secondly, Scholz (1968) has described a buried fossil, red-brown soil 

from just east of the Kuiseb near Gcbabeb . Thi s fossil soil appears below the 

gypsum crust and is characteristic of alternating moist and warm climates. 

The soil has the following profile (Scholz, p . 102): 

0- 3 cm. A: Ochre brown, gritty sand with incoherent fabria, 
covered by a loose layer of q_ur:rtz grit . 

3 

7 

As above, but containing Caco3 

Brownish-yellow, sornewhat loamy sand, rich in 
with polyhedral fabric and a loose 

netw6rk of roots . 

30 - 40 cm . Y Yellowish-white, very coherent gypsum crust free 
of Caco3 

40 

80 

80 cm . fCY1 : 

120+ cm. fCY2 

Reddish-brown clay, partly consolidated by gypsum . 

Reddish-brown clay-gypsum crust with scattered 
white s pecks . 

The geological and geomorphic evidence for the Nami b is therefore not 

very conclusive. 'rhe archaeological evidence is in a si:nilar state. 'llhe 

ecological evidence, on tile other hand, does not suggest any grea t degree of 

climatic change , for t he Central Namib dunes have a uniq_uely ende·:nic fauna, 

whi ch is extraordinarily specialised . 



Koch (1960) wrote: "The limited exploration so far carried out shows 

that the endemic tribes, genera, and species far out nullber those found in 

other deserts of the world and in no other desert do we find species shcwing 

such specialisation, and adaptation. This leads to the conclusion that 

the richness and endemism is due to t he long and undisturbed duration of the 

peculiar clima te and conditions obtai ni ng in the lJami b •11 In 1961 Koch reported 

that of wingless ground Tenebrionid beetles , 2 tribes, 35 genera, and 200 species 

are endemic to the true from the Orange River to just north of 1.1o9amedes, 

and again remarked that this suggested nThe long and undisturbed duration of 

the special biota •11 Li'urther ecological v1ork since then on other aspects of 

the fauna near Gobabeb supports Koch ' s views on the super-b adaptation and 

endemism of the Hamib fauna . 

If the Namib has indeed undergone only minor climatic change it makes 

it of gr eat i mportance for the study of ' true' desert geomorphology . Host 

other deserts, including the Atacama, St'l em to have undergone marked climatic 

change in the Pleistocene . 
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G013.ABEB WI NDS: 

Vt 
Velocity (km/hr) 5-9 10-14 15-19 1 20-24 25-29 30- 34 35-39 40-44 45- lJ.9 50-54 

Direction I r 
I 

NE 70 25 13 I 14 14 16 5 4 6 1 

.l!i 139 43 35 I 40 58 49 26 20 2 l 
I 

26 SE 520 222 144 I 73 19 3 

s 193 224 137 I 7 15 4 

SW 202 267 328 I 231 91 

w 268 353 208 I 
48 I 5 

I 

Nl!l 361 354 221 I 54 9 l 
I 

N 563 552 308 I 109 32 8 4 2 2 
I --

Total 2316 2040 1394 I 576 -- I 
350 97 38 26 10 2 

Vt 
Data from lifDRS ( Gobabeb) fo r year 1966 (December) to 1967 (November) . Readings hourly 

throughout year, with exception of days i n Pebruar y 1967. 

Total calms (winds less than 5 km/hr ) = 1448 
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WIND ROSE FOR GOBABEB TO SHOW MOVING POWER OF WINDS 
OF EACH OF EIGHT DIRECTIONS. EACH AXIS REPRESENTS' 

THE CUBE OF THE VELOCITY OF ALL WINDS GREATER . 
IN SPEED THAN 20 km/hr TIMES THEIR FREQUENCY 

IN HOURS PER YEAR.. (1" = 2POO,OOO). 

(Constructed from · the data in diagram 2 ) • 
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SURFACE WI ND SPEEDS FOR WALVIS BAY 
AND LUDER ITZ? 

(At 1500 hrs •• Sourc e , Handbook, 1944 ) 

WALVIS BAY 

Month km/hr N NE E SE s SW w NW Less tha n 
3 knot s . 

Dec- 3-13 1 1 34 21 '8 4 
Feb. 14-27 5 22 1 1 

28-40 1 1 
Mar- fl 4 36 13 5 7 

Hay. 9 24 1 
1 

June- " :3 1 1 7 33 8 9 8 
Aug. 11 17 

1 1 
· Sept- " 1 3 27 9 6 9 

Nov . 12 28 
3 2 

. j 

• ' 
5 1 t LUDERrTZBUCHT 

; Dec- 3-13 2 1 3 5 3 11 5 ' 

- Feb. 14-27 23 16 - 28-40 19 8 
40+ 2 2 

Mar- 3 11 10 3 8 10 
Hay. fl 29 10 

10 3 
} • 1 1 

June- (j 

Aug. IJ • 6 1 10 9 6 13 17 
1 1 17 7 1 2 

1 6 1 1 
.. -

Sept- " 1 . 2 7 6 16 5 
Nov. / 20 17 /' 15 4 

5 2 

Cam pare the frequency of events (%) ef wind speed 28-40 knots. 
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IYJ[AN WIND VELOCITY FOR 1400 HRS AND 800 HRS 
FOR GOBABEB AND WALVIS BAY 

Dec. 1965 ..,. Nov. 1966 

-
./ 

/ 
/ 

,. -
N 

Gobabeb 1480 hrs 

Walvis Bay 800 h 

Gobabeb 800 hrs 
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MEAN MONTHLY TEHPERATURES 
oc. 

Wa1vis* Luderitz* Gobabeb + 

J 19.05 19.00 22.20 
F 19.50 19.50 22.10 
M 18.94 19.66 . 24.20 
A . 18.38 18 .27 22.20 
M 17.16 16.77 21. 80 
J 16.11 16.00 18.10 
J 14.66 15.22 17.70 
A 13.83 15 .22 17.90 

., s 13.94 14.77 18.90 
0 15.16 15.61 19.30 
N 16.72 16.90 20.30 
D 18.05 18.27 21.30 

i: .. 
·'' 

J 22.22 19.44 
. ' J F 22.22 20.00 Sourc es : 

H 22.22 20.55 
A * Handbook, 1944. 20.00 21.11 
M 17.77 + 

21.66 Records at NDRS, Gobabeb. 
i J 17.22 22.77 2o 

J 16.11 23.88 
1-ieigs, 

. · I A 16.11 26.11 . i 
I 
i s ; 17.22 23.88 

0 17.77 22.77 
N 18 .88 '/ 

/ 19 n 

D 21.11 21.66 
A . 2 Port Etienne2 rl.ca. ' . 
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Figure \0 
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PATTERNED GROUND NEAR GOBABEB 

·3m: · ---- ---

-----------·----

' ' 

A= The horizontal pattern of of the •area of . 
polygonal structures. 

B = Cross-section of polygon with raised margins 



N 

20 metre terrace .----.... 
Granite 

. ' J I 6m. terrace ' ' t terrace material with 
I - -:< 
I 0 

' . 

.J 

root casts 

45m.terra ce 

Crust outc rop 

Dune 

Polygonal 
Ground 

N - S sect.ion = 3000 m tr e es . 

s 



.. 

1900 

1000 
m 

0 

1800 

1400 

m 

0 

1800 ' 

m 

0 

lOO 200 300 

lOO 200 300 

lOO 200 300 
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co;·IPARI SON OF HAHI B AND KALAHARI SAND 

Mean % Gra in s izes Cumulative % fine r 

B. S . Sieve / Namib Ko.l ahari Nmnib Kalahari .No. 

• 
30 1.15 3 .52 98 . 70 95 .84 ' 

' · 

44 1:) . 97 8 . 85 89 .74 86 . 98 

60 36 . 85 19.22 52 .89 67.76 

85 29 . 45 37 -37 23.44 30 . 39 

lOO 11.51 10.85 11.93 19 . 53 

150 8 .42 14.05 3.52 5. 40 

200 2.60 4-04 0.91 

Pan 0.91 1.44 

· (Hean values determined from 15 samples o f dune : s a.nd fro m Goba.beb , 
a nd 9 sampl es of dune s a nd in the southern Kalahari) 

I . 

Other s an d cha r a ct eristic s : ·Namib Ka l aho.ri 

Ha z en' s Co efficiemt,,o f Uniformity o. 67 o. 67 
2.11 2. 21 

Standard devi a tion 1 . 71 1.76 
·····-------- ---- -

Skewness 0 . 04 0 .03 
· Kurtosis 1.30 1.35 
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SAND ACCU;1iUL.A'l' I ON GHAI N S I ZES ( %) 

Si. eve 1 2 

30 46 . 48 34 . 20 
.. 44 13.86 10. 71 

60 12. 34 11 .79 

85 13 .0.3 14 .• 

lOO 4. 80 6. 87 

150 5.72 10 . 60 
· , · .. ) 

: . ., ' 200 1. 89 4-93 : 

Pan 
,; 

1.89 5. 9Lt 
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