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DISTRIBUTION OF PJ;:BBLES CONGLOMERATES 

, A great vari ety of pebbles and cobble Js e.ncount ered in the conglomerates of 
· the Malvernia Beds. Pebbles deriYed fro the Basement Complex are widely dis­

tri];)uted, the most comm.on being of q · rtzite or vein-quartz {these two are often 

.. difficult to dis tin guish). Various typ of gneiss and ironstone are · also commonly 

found. Of the Karroo rocks the r olite seems to . be the most common, close! y 
followed by granophyre . Pebbles .o Ka:rroo sediments, such as the Cave Sandstone, 

are rare, as are basalt pebbles. Buffalo Bend, bould ers of whi te sandstone and 

calcareous pebbles derived from he :'IIalvern ia Beds themselves are includ ed in the 
· conglomerates. In the sou the part of the area most of the conglomerates are made 

up of cobbles of a tough p plish- red quartzitic sandstone vihich were probably 

derived from th e Waterber outcrops of the Zoutpansb crg area of theN . Transvaal. 
. ·:The distribution of th pebbles is of considerable interest in giving an indication 

of dire .ctions of derivat' n. For example, rh yoli te and granophyre pebbles are 

abundant in the Dumi , ?IIakonde Pool and Buffalo Bend areas, especially in th e 
west of the ruanetsi. They do not occur north of the present outcrop 

of the rhyolit e i.e. in th e conglomerates near Chikombedzi H alt, 
and are replaced ere by Basement pebbles. Hence the transport of material s 
·in the whole of t e western part of the outcrop shows evidence of a strong south-

_.ward . compon 
In .the e southwest, however, in th e area between Pafuri and Dumi sa, 

sandsto ne pebb les, believed to be deri ved from· the Zoutpansberg, 
ous numb ers and th ey are also found in the Malvernia area. Here, 
is evidence of derivation from the west and perhaps an indication of 

of th e Limpop o. 
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ABSTRACT 

In the vicinity of Swakopmund and Walvis Bay extensive areas of the Namib desert, totalling 
at leas t 1,000 square kilometer s, are covered by gypsum deposits and gypsum-cemented gravel 
and sand . The gypsum is an alteration pro_Q_ucj; of Tertiary an cl Pleistocene that ran ged in 
compo sition from P.Ure calciu!!l carbonate rocks to lime -cemente d sands and gravels. Th e altera ­
tion proceded from tneSiirrace downwards to depths ave ra ging from one to three feet, with the 
purity of the gypsum so formed being dep ende nt on the carbonate con tent of the original calcrete . 
The enormous quantity of sulphur required for thi s transformation seems to have been generated 
as hydrog en sulphide und er anaerobic conditions on the Atlantic sea bot tom in a. d eposit' of sul­
phid e-bearin g, diatomaceou s oor.e. Thi s azo ic zone mcas ·ures about 15,000 square kilometers and 
is situated immedi at ely off-shore to the west of the gypsum deposits. The hydrogen sulphide 
was blown inland and precipitated with mist and dew to react with the calcrete. Several million 
tons of gypsum having a purity in excess of 90 percent hav e b een proved · within a radiu s of about 
30 miles of th e town s of Swakopmund and Walvis Bay. Th<: lower grade gypsum dep osits of the 
hint erla nd of these t wo town s arc of th e order of several hundred million tons. The se deposits 
are the larg est known in South West Africa. 

The gypsum crust is on the average 1-3 feet thick (0, 3-1 meter), but may 
locally attain to a maximum of 12 feet (4m). It grades downwards into calcareous 

sand and gravel or. rest s on a basement-surfac e. Impuriti es consist of variable 
quantities o( sand and pebbles that were pres ent in th e original unreplaced cal-
crete. · 

The bulk of the widespread deposi ts of gypsiferous gravel and calcrete occurring 
along the coastal part of the Namib desert may be correlated with the upp er portion · 
of the Kalahari beds of the interior and are _ probably of Tertiary age . Durin g the 
Pleistocene pluvials the bigger rivers, rising in the areas of higher rainfall of th e 
interior, dissected the se gravel deposits and even cut deep gorges into the underlying 
basement-rocks, forming spec tacular scar ps, one of which can be seen on the south 

bank of the Swakop gorge. Here th e grave ls arc as much as 100 feet {30m) thick and 
overlook a maze of barren gorges leading down to the GOO feet {180m) deep canyon 
of the Swakop River. 

The smaller rivers, like the Tuba s (Fig. 1), rising within the desert, have in 
many places not been able to cut down into the basement . They occupy wide 
depressions in the slightly dissected, undulating gravel plains and are flaiikecl by 
12-20 feet {4-6m) terraces of younger calcareous gravels of Pleistocene age. These 
are also covered with a gypsum crust . · 

All thes e gravels, well expose d along innum era ble gullies and river bank s, are 
the direct continuation ohh e crusts of calcareous graycls .Jlnd calc rete found farth er 
inland . Like these they are practically unsort ed and hav e all th e characteristics 

.. of gr;ve ls and sands deposited by rivers and sheet-floods und er semiarid conditions. 

'Published under Goverm!'cnt Printers; Copyright Authority No-. 3275 of 30{12/63. 
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Fig. 2-Schematic section from the Swakop to the Tubas River . 1 =basement, 2 = Tertiary 
retrace-deposits, 3 =Pleistocene terrace, 4 =gypsum crust : 

The relationship of the gypsum deposits to the underlying calcareous sediments 

must provide the ·answer to this question . Numerou s exposur es show that the 

,gi·psum mantle grades into the UQQ.erlying sediments and is only distingui shed from 

the latter by the in place of calcium carbonate. The whole 
relationship suggests an alteration of the calcium carbonate to gypsum. The 

fact that the gypsum crust covers all the calcareous deposits irrespective of age 

or elevation--'-everi the calcrete-filled fissure s on. the hillside s have been transformed 

to that acted from the surface downward. This 
interpretation is strengthened by : a further observation, made on the terrace of a 

small river, where the · alteration to gypsum penetrate s along the occasional joint s 

far deeper into the calcareous sediment than it does where no joints are present 

(['ig . 3. The locality, to the north of Swakopt:nund, is marked x on Fig. 1). 
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·. _<::::l..=.,. DRY RIVER- BED •. 

- --=-- ""---' --=-
. . ·'· , Fig. major deposits in . ,;icinity of : -- --- --

stream from some large ·marble .outcrops. · ·. ·... . calcr ·t g . ., Clstocene terrace formmg bank of small river 1 =sand d 
1 

. . . . ·• . ·:· .. ·· -·''' : c c e, -=gyl'sum-ccmented sand and gravel, 3=lenses o( . . .' . an grave cem ented by 
··• . , , .-; Walvis Bay and Swakopmund . The high.··grade deposit along the Tubas River is situated down· ! · Fi 

3
_p

1 
. . . . 

. . . ·. ·.1' emented zone IS 3 feet (1m) thick. AI ·.P':'' e, fibrou s gyps':'m. The gyps lim-
.•. . ' ·. ·) penetrated deeper mto the calcified sediment. ong. t\\ 

0 
JOIIlts the. alteration to gypsum has 

There is not the ·slightest doubt that these deposits are of terrestrial origin. Gever; ; : 1 

. (1931) has come to the same conclusion. But can this be true of the gypsum crusts) • I 
• 1 also? Can such 'yidcspread gypsum deposits, which arc neither confined to pans · 

. ·; (Fig . 2) nor dependent on the . lithology o.f the older be of · 
::iterrestrial" 'ori,.,in also? · · · · · ·· ' · · · · .· ,.,._ ·"'-." · · : · 

.. ... . .___ "·-.• , . t 

t 
•,j-1,' 
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What process or processes can have caused this alteration, and what is the 
of the large Yolume of sulphur necessary. for this transformation? · The 

sulphur could not have been derived frob1 . the ·scdimcn .ts because the calcareous 
gravels, sands and calcre .te _, crusts did not pyrites or . other sulphur-bearing 
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teration should not be cant 

·· The position of 

.. ·. \v!'!ich'an ans\ve'r'iriay be sought: . 
. :>: : fi:om\he cda.St inland for a U!Sldll<-t;; v• -- --

hind the alte rlf(on and 4o to 45 _____ _ . .. . . ' ·. ... . ' ' .. ' .. : .: .. . . . . . . ,., '· .. t· · i+ •,.r 

coast. This seems ·. to ·suggest a connection with the sea, and calls to IJ1ind. 

volume from the sea ev;_;y y-ear dunng summer. -
Copenhag 'e'n (1953) ha. s the con'd.itions- responsible for this phenomenon : 

The northward-flowing Benguela current is formed by · upwelling cold Antarctic 

water. This water is rich in nutrient salts which allow the growth of a very rich 

·and fish fauna. During the summer 'months the normal south and 

south\vesterly winds are occasionally replaced by north or west winds bringing with 

them invasions of warm; ·-subtropical water of higher salinity . The sudden increase 

. •_ in tempera:ttire and salinity destroys the coastal plankton and may lead to the sud­
groi.vth of poisonous plankton too, which in turn kills a part of the fish popu­

lation. The b_gttom thus receives vastly increased quantities ol 

qrganic matter that, upon the sup_p_ly_ oxyg en 
iri the bottom water. In this anaerobic sulphate-reducing micro ­

organisms flourish to produce large quantiti es of sulphuretted hydrogen, some of 
which goes into solution in the bottom water. The periodic supply of organic 

matter is so great that the anaerobic, azoic conditions exists right throughout 

the year ben eath the area where the invasion of subtropical water occurs most 

frequently. · . . 
· The azoic zone lies between Lat. 21 °·30' South and 24° 30' South and extends 

.approximately from the 150m to the 50 m bottom contour, the latter being fouT)d 

·about three miles off the shore . In this zone sea bottom is cha_racterise<;Lb_y a 
dep.osit of A broad tongue of this sulphide ooze is 
ll.lso found on the bottom of the Vlalvis Bay. Under certain meteorological condi-

. tim-is the pQisonous bottom forced to the sur.face, exterminating ftsh . 

. in enormous numbers and eQ!ittin,g large volumes of sulphuretted hydrogen. Th e 
contamination of the air may be sufficiently concentrated to turn white 

jiafn ts and sil:ven\·are clark grey. The wind carries the contaminated 

\1-ir eastward over the sufficiently far to be detected 10 to 15 miles from th e 
coast. The author has, on ·one occasion, distinctly noticed the smell at Arandi s 

}llirie some 35 miles inland . 
Mist or dew are precipitated practically every night in this part of. the desert 

(Logan, 1960) and there can be little doubt that the dissolved 

in this moisture, is precipitated at the same time. 
can now co mpare the area .of the gypsum deposits with the area of the 

azoic zone which extends · from the· neighbourhood of Cape Cross to 1\feob (Lat. 
.. · 24 o 30', not · on map). The main ·gypsum deposits occur between Cape Cross an• I 

.: 'Walvis Bay, where as the desert between Walvis Bay and Meob is covered by dun es; 
thus accounting (or the lack of depo sits there . It would seem that there is a close 

correspondence betw een th e' of the gypsum deposits and 
extent of the gas-producing azoic zone. It should bementioned that thinner and 

!eS"s extensive gypsunrcrusts occur also farthei · north o_n the Kaokoveld coast. · It i:; 
possible that the original surface-limestone deposits were less robustly developed in 

this than farther south, thus accounting for the inferior of gyp-
;'.. ','> . , ' 
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;-OF SOUTH . WEST 

; .:.· . ' .... 
) conditions for its formation did exist to the 

az'oic zorie.,.,This ._does not' invalidate as far as our present 

hypothesis of formation by sulphuretted hydrogen pro-, 

:;c::a.;-.wr the sea off. the coast ·of the Kaokoveld is not ·\'lell known. It is 
..., , .. ,_ ..... ..,;.,..,..,.. .. / i areas ·may exist here or that the Walvis Bay 

,. - -:··- •. -· -,-- 'past have north. . . . . './ .. . '. . -
",-;: to the south of Liideritz (Knetsch; 1937) gypsum forms 

as: subsurfac e! crusts .over chlorite schists, amphibo.lites ets., which are probably 

rich in _sulpliat'es :· Here conditions seem to be comparable with those und er \vhich 

gypsum is formed in other part s of South Africa too, as described by Wasserst ein 
(1935). . . 

. Formations rich in pyrites, impeded drainage and a dry climate -seem adequate 

to explain these last-mentioned occurrences. The se factor s · are, however, totally 

inadequate to account for the deposits of the hinterland of Walvis Bay and Swa­

kopmund, ·where enormous volumes of calcrete that covered slopes , elevated 

terraces and plateaux have been tran sformed into gypsum. This alteration, which 

surface downw <J.rd. is thought to have been caused by the ]eriodic 

of H 2S derived from the sea · and dissolved in mist and dew. Condi­

tions comparable with the pre sent ones have probably existed through most of the 

Pleistocene . There was thus a_!!!Ele time for t !:!_e_ pJ:oduc !_ion of and for 

the transformation <:>f the calcrete . The normal alteration of calcrete into gyp·sum 

.under the influence of ground-moisture or ground-water, rich in sulphate, probably 
bperated ·at the same time iri. some of the depr essions, for instanc e along the Tubas 

. ri\rer, and has there created gypsum depo sits of up to 12 feet thickness . 
I If this hypothesis is correct then the purity of the gypsumshould depend on the 

purity of the calcrete from which it has been derived. Such a dependence be 
proved direCtly, but indirect arguments indicate thj,t thi s is prob ably the case: 

I. The impurities found in the consist exclusively of the silt, sand and 
pebbles contained in the original calcrete . 

2. It is well kno\\•n that the purest and thickest calcrete layers occur in the neigh­
bourhood of limestone or marble outcrops. It is therefore probably no accident 

that . the area containing the best gyp sum deposits is crossed by seve ral marbl e 
ridges (see Fig. 1). 

' The investigation of the deposits has so far been rather limit ed_ A report by 
; Borchers (1958) on work done by Rand Mines states that the Tubas river area, 35 
} miles from Walvis Bay (I on Fig. 1) contains considerably more than 4 million tons 

of gypsum, with a purity of 90% or better, in the form of a solid surface layer, 
I -3feet thick. In some places gypsum of a grade of more than 80% extends to 
a depth of t'2 feet. In most of the test pits, howev er, the high-grade crust was 

underlain by gypsum-cemented conglomerates averagin g 33-65% gypsum. The 
deposit extends far beyond the area inv estigated by test pits . 

i 
\ 

t 
J _ The second area investigated by Borchers is situated near the ·Kuiseb River 

about' 25 miles SE of Walvis Bay. Here pur e c'rystalline gypsum forms irregular 
dome-shaped or hemispherical shells a few feet in radius and from a fraction of an 

. inch to one foot in 'thickness. The tonnage of this material, which would be suitable 

\ lor mo_delling and medicinal purposes, is not great. The rest of the terraces in this . 
t area consist . of _sand and conglomerates. · 

' l 

f In.l959 Messrs H. & E. Borgardts K. C. Gypsum Works treated2 bulk samples I from area No:}.: along the road to l\Ialtahohe. If these 2 samples can be 
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.. 1 ·: · · 
contains a' large 'deposit of powderv 

; have 'been' made of samples from this 

Borgardts ' states that the 'deposits in the vicinity of 

' - Walvis Bay contain several million tons of gypsum averaging 90% purity. This 

material would be suitable for the manufa ctur e of plast er, plaster-boards, wall­

boards, block and tiles,. etc.,-and selected material even for modelling and medicinal 
_,. _: ' - _ __ : . ·_ 

- _ ·-, , _ _-. For agricultural use even the sandy and deposits would prob aLI1· 
' _,, _' -!·._' be -suitable ' if the larger components were removed in the course of the crushing 

.. 

. ·: ·: 

. - ' operation . · , _- . . ._ - _ · 

· '"_· - -The relatively uniform thickne ss of the deposits .rangin g from 1-3 feet (0, 3-i, 
·o-m) coupl ed with th e absence of overburden will all tend to facilitate and cheapen 

exploitation. The main deposits are all situated at distances of 20 to 35 mib 
from Walvi s Bay . -

-The writer is indebte d to Dr. R . Borchers and Mr. A. v . Stryk for their kind 
permission to quote th e unpublished reports list ed amongst th e references. 
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_ ___ r-----·-i to :b/Ir:· intere s ting paper he has 
written. _ The :theory .for : the origin .of the · larg e gypsum deposits in the nt:ighb ourh ood of Wa lvis 

l - Swakopmurid see ms to explain much that bas been difficult to acco unt for . 

1· ·Howev er, we do wish to point out that, although th e low grade reserves may be many tens · 
1 of millions of ton s, th ere are no t seve ral milli on ton s of gyps um of 90% or high er purity availab1e, 

·without applying some form of beneficia tion . 

VIc did a fair amount o f samp ling in the area s concerned and fou nd that it is not difficul t 
to take sa mpl es of high qualit y if these arc chipped out from channels. H owe ver, larger samp les 
do show up that th e presence o [ num erous pebbles of hert , q uartz ite, quar tz and eve n coarse sand 
docs bring down th e purity to 70-80 % . eve n in the bes t areas. 

We do not think that Dr. Martin ca n be blamed for quoting these bett er ligures since he 
probably did not do the sampling, but accepted information g iven to him . Some of the se beds. 
ccrt a inlyappe a r of better quality than what th ey a rc likel y tu be when min ed . 

P.O. riox 9G5G, 
j f)lfANXESU1fRG. 

Author's reply to discussion 

Reply to Dr. Foclwua aJzd C. A. P ._ Fraser 

I would like to submit the followin g reply to the dis cuss ion by Drs. fockema and Fraser: 

I am grateful to Dr. Fockerna and :\-Ir. Fraser for pointing out that the ir wor k shows the 
'ligures, given in th e reports quol ed by me, to be too good. :Nu samplin:,: was done by mys elf_ 
:\ s the bulk of the seem,; to be coarse, bcn c lic iation shou ld z'lot be dirti cult or costly. 
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