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In the vicinity of 3obnbeb, both forth and South of the Kuiseb, 
well developed vegetation :rolygons r.ave been noted. Previ ous workers 
l:ave concentrated their efforts on the ra tterned ground features in 
tr.e interdunal valleys South of the Kuiseb. Two otl':er zones of 
patterned rrround are described it is proposed that 
all three types are r,enetically similar. Desiccation of gypsum-r:..ch 
sedirncnts seems to have produced the polygonal 

plains. 
Vegetation polygor.s on crusts. 
Vep:etation polygons in interdunal valleys. 
Sumr:la ry. 
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DuriDC the a'UIIIler ot 1m-1978 precipitatioa in the CDV&llailtD- .;::·;:o .• 
DNe:rt waa two or three u..- tbe loac tera aYera&e. Go'ba'beb reoei'ftt 

&'bout 100 llilli.Mtrea compared with the earlier lODff teN ._ ,_.. · .. 
'b7 Schul.se ( 1969) of leas thaa llilli.Mtrea. Aa a renl t ot th1a tile 
veptatiOD cover was couiderably •re extensi ve than wnaal, 
well clenlopecl polygoD&l pattel'DS. · !heae features are the pl'04l10t ol 
large acale aoU atructurea which, although noted b7 other worbN 
(Gowlie, 1972J Ollier &D4 Seel7, 1977), have JWVer lM• Nl7, !JlfteU.W. 

·' Previous atudiea haft OODCatrated OD the patteru4 .11'0aD4 tRill ia the 
interd.unal ...U818 South ot the l'aiaeb, aeu Oo'babeb. !hia naet•tiola 
will atte.rpt to deacribe aDd interpret three diatillot tJpea of .,..ptatt• 
pol.JIOIUI, thoae tOW14 OD the ll"Uit• plaina DMr Go'ba'beb, thoH 
uaoci.aW rith QP81111 oruate 1a the. Yici.DitJ ot Snrtbukbei'C, 40 
Jd.lo.etrea South-east of Valvia Bay, as well u tbt iaterclaal patte,...._ 
groua4, (see tigllre t). 

zrtD'B lJ;a1p 
!he undulating plains to the Jorth of the Kuiaeb Jiftr are 

of Proterosoie De.araa S.,.t•. aetaaorphio roclDI with !Dtrwliou ot Pon-
Damaran (lhoaa and. Ba.koa) Salea Gl'Uitea. ID the vioizlit'J of OobatMtb ·. · 
1llca achiata rith iatl"wwift cruit• ail4 auoc1ate4 telclapar pepatlt. 
preloai.Date (JIIartia, 1965). !he aurtace •t•ri&l• 1D the afta are 
shallow lithoaola derived tl'Oil the w•therilag ot the lMMirock thou,h 
there are also areaa o . toasU reddiah-brow:n eoUa and CJP&NII and. 
gnao-calcareoua crusts {Schols, 1963, 1968 aD4 1972). 

!he ftptatioa pol7pu iD this area are ranlJ well 48ftl.ope4. 
'1'heJ consiat of linea of gJ"Us ea vhioh define a net pattem. !he liaea 
are ,eaen.ll7 between ti.,.. and twaat, oetiaetfta w14e ritl t.tle cetftl 
anu the polycou tieiDc two to fin •trea 1D d*r• !bel'lf an 
other to1118 of Yeptation patterai.Dg iD th1e area, tor es:u:ple, linee 
ot plaat growth dil'ectl7 uaociated with wid..- 3otate 1a the 

. bedrook and also riDge of yegetati oa around putia.UJ 'buried lftllite 
core boulders which have been' weathered by deequuatioa (Sehols, 1972). 

It 1a poaai ble t hat t he net patterns are also the product ot 
growth ot vegetation along joint lines iD the bedrock. 

I n 118Dy ca•es , the vegeta tioa polygons a re found .ill areas 
with lithosols over one metre deep. This suggests that bedrock structure 
is not a significant factor. The vegetation grovs in cracks filled with 

. 
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AD47 Mterial. 'fhia aDd ia a aizture Of 1"0\Ulded, iroa ozift ataia.t _'· · 
quarts craiDe, cleriYed fl"OID the clUBM to the SCMlth, ... •DPlar q.n. 
trapeate troa the ,_thuH·'cruiU be4rock. 'fbe ...a CONN tM 
lN.lk ot the plaiu near Cobabe'b to a dep-th of tin to twnt7 c•tt.V. 
lNt •taU to aore thaD twenty ontiaetrea 1a the oNOta. la .tM aa.a 
wi-th wgetation polJ80U the aand averliu a eUt7-ola;y horison . about 
fiYe to ten oqtiaetne thick. fhie iD tam onrliea coane craaite 
fn&Mnta which are trequatl;y partiall7 oouolidated 'b7 caloia 
oarbomate and/or QPna ( ... ficure 2.l). ltridatl7 the 'hptatioa 
arwa ill the oracb 'becauae the roota ban eu;y aocue to •oU':•btuoe 
'bel• the cla7 horisoa which i8 relatiwl;y i.Dpeaetzalale to tbe NOt 

The cracks •1 ori.&'iate ill two ..,.. Piratl7, th8J •7 be the 
renlt ot TOlu. ohanpa 1a the cla7 lqer oauaed bJ ntti.Jlg ... .,.,_ 

Schols ('975) ataW that attapulgite &D4 MU.,..ite an tbe 
•ia olq ld.aeal.a U80Ciat4Ml with the gzouit• but looall7 
aoaborUlODite •7 predoaiaate (aut, 1970). '!'he l arce Tolae 
that occur when aoniaorillo:Di te Ull4fl'I088 wettiq aD4 cb71Dc ooulct ·• 
accea;At tor the larp aoal.e oreok p&ttel"U (Ollier, 1966) . Al.te.-U-.17 
the oraotiDc •7 be :elated. to· tlae ateriala canti.ng 
4ebri.a bQ.eath the olq lqer. !he cla7 horisca haa a oalciua 
carlKmate o011tent ot lee• Uaa 'thrM peNat 117 veiCJ1t, wb.Ue the 

·- , , i/J. • .. ·'. .,"' 
.. . ' . " .. 

QPe\IJI content ia leas than 0·"'· 'l'hia COJIP&I'M with a 8tMJ.11UCe th.rolaC!l 
the weathered gn.ni te horizon ahoviac high calciua carbcmat e lnele at 
the top but decreasillg wi tb depth while the perctmtqe mna 
cton-profUe (see table 1 ) • 

Table 1. t.lciWI oa.rbonate .ani ·Qpa'Oa cozaceatratiou i n a aoU potU• 
froa the cranite plaiDa lorth of Gobabeb. 

Depth ·caco3 "· "· 
20 em 67.14 1 • 12 
:50 Cll 5.12 5().41 
40 ea 
50 Cll 

trace 
17. 07 

63.21 
54.35 

Similar profiles have been described 'bJ Schola (19'72) ancl . ,. 
ertdently '\he t of leachtnc of the lliaeral.a troa aurtan d.,_ite 
and prec i pitation of the less soluble calciua parbonate MJOTe the gyp• . . 

(Krupkin, 1963; Page , 1972 ) . It i s possible that Tolume 
these minerals undergo des i ccation. Thi s will be dealt with in 

. . ' 

l"· •. -. ' 
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the context of ttthe pattemed ground assoc iated with gypsum crusts . 

Vegetation polygons on gypsum crusts 
Pattemed ground associated with gypsum crusts has been described 

by a number of workers in North Africa (Coque, 1955 and 1962; Butzer and 
Hansen, 1968; Page, 1972; Vieillefon, 1976) and by Besler (1972) in the 
Central Namib. There are essentially two forms. The first consists 
of small polygons 0.25 to 1metre in diameter which are associated with 
large columnar structures in the gypsum crust extending up to. two metres 
below the surface. This form is rare in the Namib. The second form 
is found in the Central Namib between Rooibank and Swartbankberg. The 
polygons are between two and six metres in diameter, their edges being 
defined by lines of grass growth while the rest of the surface is devoid 
of vegetation. As in the case of the vegetation polygons on the granite 
plai ns the grasses grow in sand filled cracks. The quartz sand has one 
to two percent gypsum and two to three percent calcium carbonate. The 
rest of the surface is composed of powdery ma. terial. containiD8 thirty 
to fort:r percent calcium carbonate and forty to fifty percent gypsum. 

Occasionally this surface is masked by a layer of sand and pebbles 
usually less than five ceatimetres thick. The fissures are five to ten 
centimetres vide and up to sixty centimetres deep. They have walls 
composed of slightly indurated material with a gypsum content of over 
65% and a calcium carbonate content less than 5% (see figure 213 and 
plate 1). Evidently t he continual movement of moisture down the cracks 
has resulted in solution and . reprecipitation of gypsum on the fissure 
walls. 

These large polygons have never been examined in detail. The clay 
content of the soil is generally very lov, less than five percent by 
weight, so volume changes resulting from desiccation effects on clays 
(Oilier, 1966) would not play a significant role. Large polygonal 
features have been reported from salt lakes in the western United 
States (Lang, 1943; Y.illden and Mabey, 1961; Christiansen, 1963; Neal 
and Motts, 1967). These are formed by saline water movement and 
desiccation causing tensional' stresses on the rigid salt crust. Tucker 
( 1978) suggested that the columnar structure of some gypsum crusts 
might be explained by similar desiccation stresses. However, the large 
ratio of depth to surface diameter of the columns is not in keeping 
with the salt lake polygons which are up to 300 metres but 
have fissures the depths of which are generally a tanth of the surface 
diameter. Alternatively, the volume decrease may be the result of 
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mineralogical the gypsum. Chatterji and Jeffery ( 1963) 
and Hunt, Robinson et al (1966) have shown that there is a 
change when gypsum (caso4.2H2o) dehydrates to hemihydrate (CaS04.tn2o). 
Under conditions of low Relative Humidity dehydration can occur when 

0 t emperatures reach 30 e. It may be necessary to invoke processes ot 
chemical dehydration to explain the columnar structures of some crusts, 
yet evidence from Tunisia1 (Page, 1972) suggested that these crusts are 
subsurface in origin and hence have been subjected to different 
processes than the crusts exhibiting large scale polygonation. It 
would seem most valid to invoke desiccation of the gypsum-rich sediment 
to explain the fissures since the dimensional ratios are in keeping 
with those of salt lake polygons. 

Once the cracks have developed they are maintained through the 
processes of infilling with wind blown sand and moisture seepage through 
this permeable medium. 

Vegetation polygons in ipterdunal valleys 
A number of different forins of patterned ground have been described 

bofering the Kuiseb, South of Gobabeb. All the types form random 
orthogonal nets and rarely achieve pentagonal or hexagonal patterns. (see 

Gcudie (1972) identified three different forms; polygons with 
raised edges up to 40 centimetres high and surface diameters up to 20 
metres; those with raised central portions; and those with depressions 
marking the edges (see plate ;). Ollier Seely (1977) classified 
the features according to different vegetational characteristics; those 
having vegetation along the cracks and a bare surface; those with 
grasses on the surface and edges free of vegetation; and an intermediate 
form with complete grass cover but dominant growth along the polygon 
edges. They interpreted the differences in terms of the characteristics 
of the surface materials. The polygons with edges defined by vegetation 
are :located on exposures of calcium carbonate ceaented dune sand. 
grasses preferentially in the cracks moisture is available. 
In the areas where there is an alluvial fill the fissures are too well 
drained for plant growth but ·the surface of the polygon can support 
growth. The subdivision between these two forms seems arbitrary and 
the intermediate type is not explained. 

• The patterned ground is located in dry river' channels dissecting 
the calcrete capped 42 metre terrace of the Kuiseb described by Gouciie 
(1972). The channels incise the calcium carbonate cemented dune sand 
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which underlies the bulk of the Namib dune field. They appear to 
represent overflow channels of the Kuiseb. The formation of these 
channels may be contemporaneous with the infilling of the Kuiseb's 
main channel with silt deposits further upstream at Ossewater and 
Homeb. These have been described by Goudie (1972), Wieneke and Rust 
(1973), Rust and Wieneke (1974), Oilier (1977), Marker (1977), and 
Marker and Mueller ( 1978). The channels are now locally overlain by 

longitudinal dunes. It is evident that the character of the fissures 
forming the patterned ground is dependent on their position on the 
sides of these dry channels (see figure 3). 

The larger polygons, up to 20 metres in diameter with cracks 
20 to 30 centimetres vide, are found immediately downslope from the 
pebbly calcrete caprock of tha42 metre terrace. Here the polygon 
surface is composed of a lag of pisolitic calcrete overlying the 
cemented dune sand, while the fissures are infilled with loose wind blown 
sand. Here the grasses, Stipagrostis gonatostachys, can 
obtain moisture by rooting in the nodular debris but not in the well 
drained sand in the cracks (see figure 2C). Near the floors of the 
dry channels, which may be up to 20 metres deep and 200 metres vide, 
there is no longer a nodular calcrete lag and the cemented dune sand is 
exposed. This material is bedded sub-horizontally and is relatively 
resistant to plant root penetration, although there is available moisture 
within 20 centimetres of the surface. In this area the polygons are 
only four to eight metres in diameter and the sand filled cracks are 
less than ten centimetres across. Here the Stipagrostis gonatostacbya 
roots in the cracks which.., being narrower) than at the top of the slope, 

(sec. f-i 2..1> • h!f:"rc. tf. _.,_ .,...I:' e. lf- • 
are not as well drained A Though the density of the network changes the 
topology remains the same. Between these two extremes is a zone in the 
middle of the slope where the bedded sandstone again precludes plant 
growth the cracks are: ten to twenty centimetres wide and moderately 
well drained• Here the grasses grow at the ed:ges of the cracks but not 
in the thereby utilising optimal conditions of rooting potential 
and moisture availability at the side of the sandstone block (see figure 
2E). 

The patterned ground with raised edges described by Goudie (1972) is . 
relatively uncommon compared wi th the aforementioned forms. It occurs 
at the highest parts of the valley sides and appears to 
fissures in the sandstone which have been filled vith purer calcr ete 
derived from the caprock. This indurated material is less prone to 



weathering and erosion than the sandstone and so forms a ridge {see figure 
2F). 

This phenomenon suggests t hat the cracks in the sandstone predate 
the development of the pebbly calcrete caprock. Yet the increase 
in the density of fissures down slope indicates that other factors are 
involved. If they are relict features developed on the old 
their density would decrease wi t h depth . It is feasible that the density 
of the crack network is a function of the amount of moisture in the 
material when it vas first exposed by fluvial erosion. The sandstone 
lower down the slope would have been mois ter t han that upslope and 
hence volume reductions caused by desiccation would have been greater 
producing the denser network. This is also a feature of patterned 
ground on salt lakes. The deeper the water table is in any locality 
the larger are the polygons and the widths and depths of ·'the fissures 
(Neal and Motts, 1967). 

The soluble mineral content of the surface materials also appears 
to play a significant role. There is a marked decrease in the calcium 
ca rbonate concentration down slope from the calcrete cap . At the 
lowest points where the sandstone is exposed it contains between two 
and five percent calcium carbonate by weight, while at the highest 
levels the figure reaches between 2Cf%· and 4<J%. The calcrete caproek 
contains in the region of 6Q% to 7o% carbonate and no fissuring 
is evident. It is possible that the high calcium carbonate concentrations 
consolidate the sandstone and inhibit fissuring. Both Goudie (1972) and 
Seholz (1972) pointed out that the soi ls of the interdunal valleys are 
gypso-calcareous. Analyses of the sandstones and calcretes associated 
with the patterned ground reveal gypsum contents less than one percent 
by wei ght, though in certain localities one to two centimetre thick 
bands of mater ial with up to 6o% gypsti2 are found i n t he bedded sandstone . 
The i nc r eas e in gypsum content with depth below calcre t e horizons noted 
on t he granite plains North of t he Kuiseb is als o likely t o occur i n 
the interdunal valleys. In t he l a tter area, however, the greater 
permeabil i ty of t he s urface nia t er i als will resul t in the evacuation 
of the more solubl e gypsum to:greater dep t hs . This leaching process is 
also reducing the calciurr. carbonate content of t he sands t one surface . 
(see figure 2D). Hence the patterned ground may be a produc t of hi gh 
gypsum contents at the time of exposure of the, sandstone .nd i t s 
desiccation. int er pretation is supported by evidence f .rom identical 
fossil river cr.n.nnols four.d in the interdunaJ vA.lleys South of F.omeb, 
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30 kilometres further inland. Here the climate is too vet and/or the 
area too distant from the coast for gypsum soils to have developed and 
the vegetation polygons are absent. The only patterned ground in this 
area consists of sand filled sink-holes in the calcrete capl"OCk. 

SUJD!I!ar.y 
The vegetation polygons located on the plains North of the Kuiseb, 

those on gypsum crusts between Rooibank and Swartbank, and those in 
I 

the interdunal valleys near Gobabeb are all structurally similar. That 
is, in terms of the topology of the fissure intersections, they are 
random orthogonal features. On the granite plains the stratigraphy is 
essentially the same as that described by Ollier (1966) at Coober Pedy 
in Australia. He attributed the patterned ground formation to volume 
changes in the montmorillonite layer, not the underlying gypsum. In 
the Central Namib the fissures extend below the clay horizon and hence 
the gypsum would seem to play an important role. At SWartbaBk the 
patterned ground occurs on materials vith very low clay fractions but 
high gypsum concentl'8.tions. In the interdunal valleys clays are 
virtually absent and gypsum horizons are found only locally. Here the 
bulk of the gypsum has been leached to greater depths1since the exposure 
of the sandstone beds-.. It is suggested that the main factor in the 
production of the patterned ground in the Central Namib Desert is 
desiccation of gypsum rich sediments. Variations in gypsum and calcium 
carbonate concentrations and moisture availability account for different 
fissure dimensions and network densities. 
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Fig. 2. Soil profies. 
A. Granite plains North of Gobabeb. 
B. Gypsum crust area near Swartbankberg. 
c. Interdu.nal area. Vegetation free polygon edges. 
D. Interdu.nal area. Vegetation along fissures. 
E. Interdunal area. Intermediate zone between C and D. 

F. Interdunal area. Polygons with raised edges. 
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Fig. 3. Diagramatic section showing the transition of vegetation 
characteristics in the interdunal valleys. 

Fig. 4. Vegetation polygons, interdunal valley South of Gobabeb. 

Stipagrostis gonatostach:s growing in the fissures. 
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Plate 1. The edge of a vegetation polygon on a gypsum crust near 
Swartbankberg. 

Plate 2 . Aer ial view of vegetation polygons in an interdunal valley 
bordering the Kuiseb near Gobabeb (see vehicle tracks, bottom 
ieft, for scale). 

Plate 3. Fissured sands tone in the interdunal valley South of Gobabeb. 

4. Tnterdunal vegeta tion polygons South of Gobabeb. 
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