- forming sloping '
‘of interbedded pale red and white rocks with a rather thitker, bright red, band at the
. top.  Again the division into red and white groups sg/Avell seen in the Buffalo Bend
© - area is difficult to apply. T s
" ' The conglomeratic character of the basal

beds is well illustrated in the cliffs
south of the Sabi-Lundi confluence. ‘ ! '

. b

DISTRIBUTION OF PEBBLES IY THE CONGLOMERATES
. A great variety of pebbles and cobbleg/is encountered in the conglomerates of
the Malvernia Beds. Pebbles derived frosh the Basement Complex are widely dis-
tributed, the most common being of quértzite or vein-quartz (these two are often
-difficult to distinguish). Various typeg of gneiss and ironstone are also commonly

found. Of the Karroo rocks the rhyfolite seems to be the most common, closely -

followed by granophyre. Pebbles of Karroo sediments, such as the Cave Sandstone,
are rare, as are basalt pebbles. Buffalo Bend, boulders of white sandstone and
" calcareous pebbles derived from/the Malvernia Beds themselves are included in the
" conglomerates. In the southern/part of the area most of the conglomerates are made
up of cobbles of a tough pyfplish-red quartzitic sandstone which were probably

~ derived from the Waterberg/outcrops of the Zoutpansberg area of the N. Transvaal.
“The distribution of th¢ pebbles is of considerable interest in giving an indication

of directions of derivatjén. For example, rhyolite and granophyre pebbles are
abundant in the Dumigsh, Makonde Pool and Buffalo Bend areas, éspecially in the
outcrops west of the Nuanetsi. They do not occur north of the present outcrop
of the rhyolite and granophyre, i.e. in the conglomerates near Chikombedzi Halt,
and are replaced there by Basement pebbles. Hence the transport of materials

sandstone pebbles, believed to be derived from the Zoutpansberg,

appear in endrmous numbers and they are also found in the Malvernia area. Here,

‘therefore,
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ABSTRACT -

at ]eg.?tt}lleo‘(;gn:itx};ff i':;rakopmfmd and Walvis Bay extcnsive areas of the Namib desert, totalli
et el The q 53 x.ometTrs, are covered by gypsum deposits and gypsum~cemcnt’ed ramgl
compositgon fro‘gg}; ur? é; liriluz:ﬁ %z;t];pn ;;roduc}t o{ 'I'Iertiary and Pleistocenc calcretes that rangcdviil
« ure ca onate rocks to lime-ceme d gravel

tion proceded fromthe surface downwards to depths a.vcra;?nt;dfrsggdeningog:}?Vds. bl o

phide-bearing, diatomacecous ooze. This azoic zone {

phic n t e. measures about 15,000 i

:'s, a.ssltbulthd }n]lm::ldlately of_f—%horc to the west of the gypsum deposits T)s]%ulz:rcdﬁlometefs e

ps bl wn in: anh and precipitated with mist and dew to react with the calcrctcy Sc%i? fu El};}de

ok sgyo})stlli::to?.‘:x::go fa.sp;;ifgpm cx:j:ess gf V?/O 1percent have been proved within a radiusaoin:bé?::
( mund an alvis Bay. The lo 7 i

:mterland of these twp towns are of the order of several hund‘:-,tfg i:‘;;ﬂgng };psum o t'hc
re the largest known in South West Africa. S0, heen ool

" The gypsum crust is on the avera i A ‘
: _ s ge 1-3 feet thick (0, 3—1 meter), but
iocagly a(titam to a maximum of 12 feet (4m). It grades downwards into);:alcarcrzl:)i}s’
and and gravel or rests on a basement-surface, Impuritics consist of variable

uantities of sand : -
((:lrete. and and Pcbbles» that were present in the original unreplaced cal-

" The bulk of the widespread deposi i .
a posits of gypsiferous gravel and calcret ing
ﬁo&gﬁt}h{e ;:olastfilbpiilrt off t]hc Namib desert may be correlated with the ;(;);cicggigg ‘
alahar beds of the interior and are probably of Tert; i
Pleistocene pluvials the bi i ising i : s deathoioo din
Pleist . 8Eer Tivers, rising in the areas of higher rainfall
Interior, dissected these gravel deposits and even cut it the sttt
Se gra t deep gorges into th derlying
basement-rocks forming spectacular scar o T oo e i
. { Ps, one of which can be scen on the t
Ejggo%f ktl;e SwakoF bgorgc. Here the gravels arc as much as 100 fect (30m) thicio'ilnr}l1
maze of barren gorges leading d ‘ :
o e S S gorg : Ing down to the 600 feet (180m) deep canyon
man;l‘};)iaitglsagzl; ré\c/:;s,ag?ctthe 'lt‘uéms (Fig. 1), rising within the desert, have iﬁ
olaces : ¢ to cut down into the basement. The i
;i;p;gs;wns in the slightly dissected, undulating gravel plains and ﬁrgcfilllxll)l}:et‘lwge
—20 feet (4-6m) tfzrraccs of younger calcarcous gravels of Pleistocene age Thcsy
are also covered with a gypsum crust. " e
All these gravels, well exposed albn i i »
A & Is, g Innumerable gullies and river banks,
the direct continuation of the crusts of calcarcous gravels and calcrete foun(lnl'asr'tl’llcr:(;j

Jnland. Like these they are lgx?ctica]ly unsorted and have all the characteristics |

of gravels and sand_s dcposi.ted by rivers and sheet-floods under semiarid conditions

. 3 . :
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"stream fro?n some large marble outcrops.

+(1931) has come to the same conclusion.
.. *also? Can.such widesprea Cf .
. depressions . (Fig. 2) nor dependent on thg lit

“Thersis , slightc yubt that these deposits
There is not the slightest dou e e i be truc of the gy

errestrial origin also?

) in the vicinity of

deposits (hatched ;
i 4 ey is situated down-'

Fig. 1—Approximate position of some major gyps e Tulios River

d. The high-grade deposit

are of terrestrial origin. Gever::, !
psum crusts|
er confined to pans of,

deposits, which are 1 >d
S o hology of the older .base_‘m‘e:n‘t? be 0

10 Miles

Fig. 2—Schematic scction from the Swakop to the Tubas River. 1=basement, 2 = Tertiary
retrace-deposits, 3="Pleistoccene terrace, 4=gypsum crust.

The relationship of the gypsum deposits to the underlying calcarcous sediments
must provide the answer to this question. Numerous exposures show that the
gypsum mantle grades into the underlying sediments and is only distinguished from
the latter by the presence of gypsum 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—even the calcrete-filled fissures on the hillsides have been transformed
to gypsum—indicates that the alteration acted from the surface downward. This
interpretation is strengthened by:.a further observation, made on the terrace of a
small river, where the altcration to gypsum pcnetrates along the occasional joints
far deeper into the calcareous sediment than it does where no joints are present

(Fig. 8. The locality, to the north of Swakopmund, is marked x on Fig. 1).

o
e © o
B i e )

o deeo" 500

Te+Ti e 00 Ooc -

DRY RIVER- BED K _ T

= ———a e

Fig. 3—Pleistocene terrace forming bank of small river. 1=sand and gravel cemented by
calcrete, 2=gypsum-cemented sand and gravel, 3=Ienses of pure, fibrous gypsum. The gypsum-
cemented zone is approximately 3 feet (Im) thick. Along two joints the alteration to gypsum has
penetrated deeper into the calcified sediment. :

3

What process or processes can have caused this alteration, and what is the
origin of the large volume of sulphur neccessary for this transformation? The
sulphur could not have been derived from the sediments because the calcareous
Bravels, sands and calcrete: crusts did not contain pyrites or other sulphur-bearing

M




minerals tion or UNdergrounc,
s b B g ' d to the surface. i
tgrat}l.?l?eS;:c:{-};la;lgitc:lepzri\t{i?rf of the zone of alteration indicat
which an arisb\'ver may be sought.. 'lihgugygsnu,m t;:m:t;() o)
Jents from the coast inland for a dl.stance qf about & e e e
Ia < alteration becomes sporadic and disappears Some s from e
land the altera ms to suggest a connection with the sea, and calls to mind tf 'wﬂi
cant' "ThlsI-SIecS eleased from the sea every year dur}ng the summer mon on:
\éogl;giaoin (fgsg) has described the conditions resgogmble folr1 _;}gscg}xc{anlgﬁzrrxctié
) 8 wi is forme upwelll .
s nOl’th\\"fl rd—i’gowil: ic}}gxcilng lr‘xeuljclrizl;?:;lltt; Swft?ich‘alloxz thI; growth of a vetrgl ncl(xl
i T'hbdw?i elf fauna. During the summer months the nprmal sou 3.1111
s e ds are o;:casionally replaced by north or.west winds br1ng1pg v ; -
sout_h\'vestefly W:f‘ warm;:subtropical water of higher salinity. The sudélin El(;r:u(l_
';Bi?ml'l;:?:c?ﬁz and salir;ity destroys the coas};ca'l péanktlgrlxl :I;dpx;riyolfe:he gth o
o gt i < ich in turn ki g »
| dei} B poigsto(:lr; lil}?:: ';);if(;?l(i)é;ﬂ};flcreqcives vastly inc;ease_d quar&txtxes‘ :ri
latglzgic rzgtet:?’thét upon decpmi;bsit:i:on, exhausts the supply of dissolved oxyg
or s er ) CO

“in the bottom water.

In this anaerobic environment sulpha’ce-reducings grrlrllzrg-f
isms flourish to produce large quantities of sulphurejctg(} h):ldrcigex:),f e
Org?nhl s into solution in the bottom water. The periodic s ‘pgtythroughout
e ts reat that the anaerobic, azoic conditions e?clsts rig R
It.rll\%tter : ‘tf:ﬁgath the area where the invasion of subtropical water oc¢ :
- the year . "
fregey ° 30’ South and 94° 30’ South and extends
' i lies between Lat. 21°3 d :
proti aZt011C ch;r(::n the 150 m to the 50 m bottom contour, t}}e latter Emir;i C{OQJ)I} ;
all;prix‘:glzeergiles off the shore. In this zone the sea bottomf 1tsh(.:hz;zlx; }31;1 el
i idic, di A broad tongue ol this ;
0si Iphidic, diatomaceous 00zc. . Lt
depoilt P_gs;ln%hc bottom of the Walvis Bay. Under certain meteirorﬁgl::;ing o
?150 (1;2 poisonous bottom water may be forced to the surface, exte
ions bottom w:

bers and emitting large volumes of sulphuretted hydrogen. The

| ot i vhite lead-base
y or??:r;ination of the air may be sufficiently concentrated to turn v
C 12

= : : A
= nts and silverware dark grey. The prevailing west wind carntcs ;lge rflci)lrézafr?g?nwthe
e tward over the desert sufficiently far to be dctccte.d 10 to g

. 31119:15 v'Vl‘he author has, on one occasion, distinctly noticed the sme

coast. as,

it e 33 rr:/ﬂz::e] nljer::(iil')itated practically every night in this part of t}:ic d(;s‘:zg(tl
L vl\%i‘stl'géov) (;\nd thcl;c can be little doubt that thq:sglphuretted hydrogen diss
a : . - . v
§not%is moisture, is prcmpltz}ted at the same time. N WY i
" We can now compare the area of the gypsum dcposits W e et
e ‘hich extends from the neighbourhood of Cape Cross to . =
az‘:}%(ff’ n,(:o:\ c::: ma_p) The main gypsum deposits occur between Ca{::(; brozsu ;w-\;;.
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DEPOSITS OF SOUTH WEST AFRICA .

r, it s that suitable conditions for its formation did exist to the
Valvis Bay azoic zone. .This does not invalidate as far as our present
es, the hypothesis of gypsum formation by sulphuretted hydrogen pro
luce ca, for the sea off the coast of the Kaokoveld is not well known. It is
-therefore possible that smaller azoic areas may exist here or that the Walvis Bay
.az0ic'zo y in the past have extended farther north. REN ST

-« In the southern Namib, to the south of Liideritz (Knetsch, 1937) gypsum forms
as subsurface crusts over chlorite schists, amphibolites ets., which are probably
rich in sulphates. Here conditions seem to be comparable with those under which

gypsum is formed in other parts of South Africa too, as described by Wasserstein
(1935). '

. Formations rich in

pyrites, impeded drainage and a dry climate-seem adequate
to explain these last-mentioned occurrences. These factors 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 transformed into gypsum. This alteration, which
worked from the surface downward, is thought to have been caused by the periodic
. precipitation of H,S derived from the sea and dissolved in mist and dew. Condi-
tions comparable with the present ones have probably existed through most of the

Pleistocene. There was thus ample time for the production of sulphur and for

the transformation of the calcrete. The normal alteration of calcrete into gypsum

under the influence of ground-moisture or ground-water, rich in sulphate, probably |
operated at the same time in some of the depressions, for instance along the Tubas
river, and has there created gypsum deposits of up to 12 feet thickness.

If this hypothesis is correct then the purity of the gypsum should depend on the
purity of the calcrete from which it has been derived. Such a dependence canrnot be
proved directly, but indirect arguments indicate that this is probably the case:

1. The impurities found in the gypsum consist exclusively of the silt, sand and

: pebbles contained in the original calcrete. '

2. Ttis well known 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 gypsum deposits is crossed by several marble
ridges (see Fig. 1). :

The investigation of the deposits has so far been rather limited. A report by
-Borchers (1958) on work done by Rand Mines states that the Tubas river area, 35
miles from Walvis Bay (1 on Fig. 1) contains considerably more than 4 million tons
of gypsum, with a purity of 909, or better, in the form of a solid surface layer,
1-3 feet thick. -In some places gypsum of a grade of more than 809%, extends to
a depth of 12 fect.In most of the test pits, however, the high-grade crust was
underlain by gypsum-cemented conglomerates averaging 33-659, gypsum. The
deposit extends far beyond the area investigated by test pits.

- The second area investigated by Borchers is situated near the Kuiseb River
about 25 miles SE of Walvis Bay. Here pure crystalline 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
for modelling and medicinal purposes, is not great. The rest of the terraces in this
area consist of gypsum-cemented sand and conglomerates. ’

In 1959 Messrs H. & E. Borgardts K. G. Gypsum Works treated 2 bulk samples
from area No. 3, situated along the road to Maltahshe. If these 2 samples can be




th'sand. * No analyses have been made of samples from this de-
posit or from area No. 6. - i

it is in illi ing 909% purity. This
L B lvis Bay contain several million tons of gypsum averaging
' g:t::isal :'}c,)uld be suitable for the manufacture of plaster, plaster-boards, wall-

boards, block and tiles, etc.,-and selected material even for mogielling and medicinal
- .. ., purposes.

‘-2 For agricultural use even the sandy and conglomerati}: deposits would probably

" ’be suitable if the larger components were removed in the course of the crushing
_ operation. g

" "0'm) coupled with the absence of overburden will all tend to facilitate and »chea;_)cu'
s éxploita'tion. The main deposits are all situated at distances of 20 to 35 miles
om Walvis Bay. o . S,
.fr?mTlYe V‘;Iriter }i,s indebted to Dr. R. Borchers and Mr. A. v. Stryk for their kind
F ‘vpérmission to quote the unpublished reports listed amongst the Teferences.
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to the southeast'of Cape Cross contains a large deposit of powdery

The report by Messrs. Borgardts states that the deposits in the vicinity of

-~ The relatively uniform thickness of the depoéifs.ranging from 1-3 feet (0, 3—1,

h the low grade rescrves may be

many tens'
of gypsum of 90% or hig o

: 2 | . ')
‘without applying some form of beneficiation., ier purity available,
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do show up that the presence of numerous pebbles of hert quartzite, quart le 3

docs bring down the purity to 70—809;, eeen in the best alrcas.z SRS SYSh ke
We do' not think that Dr. Martin can be blamed for qubting

probably did not do the sampling, but accepted information g

certainly appear of better quality than what they are likely to
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pling in the arcas concerned

these better figures since he

iven to him. Some of these beds
be when mined.

Author’s reply to discussion
Reply to Dr. Fockema and G. A. P. Fraser

I would like to submit the follo{\'ing Alcply to the discussion by Drs. Fockem
I am grateful to Dr. TFockema and Mr, Frascr for pointi hat thei
) . . a g Mr. $ pointing out that their worlk shows the
figures, given in the reports quoted by me, to be too good. No sampling was done by myself.
As the bulk of the Impuritics scems to be coarse, beneficiation should not be difficult or costly.
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