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In the ton portion of the Unner Schist Series, there is possibly a
slight drop in the iron content of the emphibole. (See Fip. 67).
Four possible explanations for this ere as follovs:-

1) The material denosited d'.xrinp the formation of the original
sediments became itnoreesin “lv nnre ferruginous tourards the end of the
period of denoceition.

2) During deposition, the comnaction of the sediments caused

water to percolate unwards through the beds. This wafer could have
dissolved iron from the lower rocks end deposited it higher up, after
compaction and therefore movement of water of deposition, had ceased,
(tiedberg has stressed the importance of compaction in mobilising water
of deposition in sediments; Ref, 1936.)

3) After the sediments had been compacted they were compressed
laterally and strongly folded. Any resulting decrease in total volume
must have been sligh-cly ieved by a movement of water upwards to re-
gions of lower pressure. Ter-perefcures were probably high, facilitating
solution of iron at depth.

A) Heat applied at a deep horizon in the folded sediments, drove

a front of iron and magnesia—bearing solutions upwards. The source

of the heat could be:-

n) Friction due to movement between bedding olares during folding.

b) Friction due to the movement of the sediments over a deoollement

during and after folding.

) Increased pressure on the lower part of the sediments, due to
thickening of the crust of sediments through folding.
d) The effect of inherent heat of the interior of the earth, be-

coming Intensified due to the folded and thickened mass of sediments

sinking down into the earths crust.

Of the above, a combination of 3) and A) is thought to be
the most reasonable explanations. In a paper by P. Lapadau-Hargues,

as quoted by Read, (Ref. Read, 1948) analyses show that MO and vef

content gradually increase away from yranlte, through angen fneiss,

nerthite gneiss arid plagioclase «« to schist.



Between the last two rocks, the FeO Increase Is greater than the MNpO
increase. From schist through slate to "original sediment" the ”eO
increase la less than the MO increase. Thus the variation In com-
position of amphibole Is possibly a symptom, of regional zoning.

- A progressive change in the composition of hiotite does not
seem to exist although there is a certain rhythmic change, in sympathy
with the change from calcareous to non-calcareons sediments. (Fig. 67).
Therefore it is possible that the iron and magnesia content of the sedi-
ments became fixed during the late stages of folding, and after the
formation of biotite. Local changes of composition, near granite
contacts, may have occurred later,

3) The Grades of Metamorphism in the. Argee
Table No XIX and Fig. 66 show the types and positions of the

S54fforF>nt zones of metamorphism. The probable original r-“cV F’pes are

indicated In the table,

Imnure dolomitic limestones have given rise to phlogopite
marbles which in turn have been changed to amphibole marble and finally
to amphiho]e—pyroxene rocks. Partial, analyses of s”“ec .mens of
marble (Table XX) show that the MO - (CaO ratio is too low for the
rocks to be classed as dolomites. They are probably dolrwrtic
marbles.

Argillaceous and calcareous sediments gave rise to biotite
grsnulites, amphibole grenulites and amphibole-garnet granulites.

Calcareous nodules In shaly beds are changed to amphibole—
pyroxene-ocapolite "Pseudo-diorites". Similar rocks have been des-
cribed from the Appalachians (Ref. Ross, 1935, and Fomons and Leney),
the Cold Coast (Ref. Conybeare), and the Karroo system (Ref. Walker
and Poldevaart, page 627), bone acid pe,gmatite dykes (No. 270) lie
near the pseudo-diorites, and could possibly be connected with toeir

formation. Mottled act4nollte dionside-epldcte bends (No, 271) have

been formed in the schist adjacent to the dykes. Solutions emanating

from the nearby granite body could have caused the pseudo-diorite

metamorphism, which is post-tectonic, judo<nc from the haphazard

orientation and unsheared condition of the minerals.



STRATIGRAPHIC POSITION

Top of Upper Schist Series

Above the top marble band
and below the ouartzite

Above the Blue Marble zone
and below the top marble band

Immediately above the Blue
Marble Zone

Black and dark blue marble on

top of the Blue Marble Zone

Top Black Line

Top Blue Marble

Middle Black Line

Bottom Blue Marble

Intermediate Marble Zone

TYPICAL

PROBABLE ORIGINAL SEDIMENT

Felspathic sandstone
Felnpathic sandstone

Impure sandstone
Impure sandstone
Calcareous shale
Shale

Calcareous shale

Sandy Shale

Sandy shale

Sandy shale

Shale

Dolomitic shale

Impure dolomitic limestone

Arenaceous limestone
Impure arenaceous limestone

Pure limestone
Carbonaceous limestone
Impure dolomitic limestone
Impure dolomitic limestone

Ferruginous limestone
Impure carbonaceous limestone

Impure arenaceous limestone
Impure limestone

Shale

Pure limestone

Slightly impure limestone
Sandy marble

Impure dolomitic limestone
Dolomitic limestone
Impure dolomitic limestone
Impure dolomitic limestone
Impure dolomitic limestone

Calcareous shale

Pure limestone

Arenaceous limestone

Dolomitic limestone

ta&k e m

VETAMORPHIC ROCKS.

MDIUM RADE METAMORPHSM

Cordierite—erthocluse quartzite
Orthoclase quartzite

Quartz-blotite schist
Knotted quartz-biotite schist

Epidote-quartz-actinolite rock
Cordierite-biotite hormfels

Biotite schist
Biotite schist
Quartz-biotite schist

Knotted cordierite biotite schist
Quartz-cordierite-actinolite schist
Bytownite-actinolite granulite

Pure narble
Graph;Lte marble

Ferruginous marble
Graphite marble.
Quartz-biotite marble
Muscovite marble

Biotite schist

Pure marble

Orthoclase marble
Calcareous granulite

A ctinolite-biotite granulite
Grossularite-fluorite rock
Actinolite—diopside roc.-;

Calcareous biotite schist

Pure marble

Calcareous quartzite and quartzitic

marble
A ctinolite marble

NO.

US
191

200

199
319
377

52
108

255

33
76

105

134
253

51
258
260
300

252

49
S7

30

85
77

249

47

247
46

HGH GRADE METAVDRPHISM

Anorthite-actinolite granulite

Anorthite-diopside granulite
Grossularite-diopside rock

Vesuvianite-diopside rock
Grossularite-diopside-wollastonite

rock

Tourmaline-actinolite-diopslde rock

160 .

Actinolite-diopside-anorthite gram' 11te

NO.

137

112
116

69
101

217
113



STRATIGRAPHIC POSITION

Brown Marble Zone

Yellow Marble Zone

Middle Schist Series

Lower Marble S@ries

Lower Schist Series

TABLE XIX (continued)

TYPICAL. NEIAMIRPHIC ROCKS.

PROBABLE ORIGINAL SEDIMENT

Arenaceous limestone
Impure limestone

Pure limestone

Arenaceous limestone
Impure limestone

Impure dolomitic limestone

Dolomitic shale
Shaly sandstone
Dolomitic shale
Dolomitic shale

Impure calcareous nodule

Arenaceous limestone
Impure limestone
Dolomitic shale

Arenaceous shale
Arenaceous shale

Dolomitic shale

MEDIUM GRADE METAMORPHISM

Calcareous quartzite
Biotite marble

Pure marble
Quartzitic marble
Biotite marble

Actinolite—diopside-orthoclase
Gramslite

Biotite schist

A ctinolite-biotite-orthoclase
Rock

Actinolite-diopside-cordierite
Pock

A ctinolite-scapolite-epidote
garnet nodule (Pseudodiorite)

Marble

Orthoclase-phlogopite marble
Orthoclase-ectinolite-diopside-
cordierite rock

Biotite schist
Tourmaline-muscovite-biotite

schist
Orthoclase-cordierite-biotite-

apt"npii®e isranHlita

NO.

2AS
243

238
240
232

291

261

73
271

287

263

264

389

422

413

282

HG@ (HADE METAVDRPHSM

Asphibole-garnet rock

292



TADla XX
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Upper
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This is an example of strongly selective metamorphism.

The work of solutions in forming amphibole-feldspar rock
is illustrated as follows. Selective metamorphism of certain calcareous
bands in the schists is comnon. Rarely, however, irregular masses of
amphibole-bearing schist extend into calcareous wall-rock from bands of
pars—emphibollte, (S*e photo, Fig, 68).These masses usually have
narrow quartz-feldspar-caleite veins in their centres, and the concentra-
tion of amphibole decreases away from the veins, -"his condition is
similar to that found at Lough Anure, covimty Donegal, Ireland and des-
cribed by W.S. Pitcher, (Ref. 1950), and suggests that mobile solutions
have contributed towards much of thn metamomhism in the area,
/.) Thermal Metamqgrphi sm at the Granite Hontpct.

A well defined metamorphic zone 11as in the schist and marble
along the granite contact. The metamornhi sm is strongly selective,
and the main effects av,a seen in the bands of impure marble, which are
altered to coarse grained vesuviari+«-diopside rock, ANoe. 69 and 7b'l
(See Map, Fig. AO). Amphibole-gamet  rocks are found in the adia-
cent schists. This metamorphic zone is rarely more than 700 metres
wide, end if it is accented that the granite was injected in the form
of a phacolith, the true thickness of this zone would be less than 50

metres.

The constant close spatial relationship between the granite
contact and the high grade metamorphic rocks indicates that the meta-
morrhism was caused directly by the beat of the granite. Addition of
substance by means of solutions probably took place, because ther was
not enough silica in the original limestones to form the calc-silicates.

More rarely, wollastonite and garnet are found, together with
diopside or vesuvianite, as metamorphic products of limestone, (Nos.
101, 102),

A dark diopside-garnet skarn rock (Nos. 116 , 22A) is developed
at the rare places where granite is In direct contact with marble, and
forms a selvedge between granite and marble. The garnet is grossularite

or andradite, (Nos. 113, 11A, 116).
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Anorthite and bytownite, products of high grade metamorphism
of impure limestone, were found in Nos, 76, 105, 112, 333, 134 and
137, However the presence of epidote and all these specimens in-
dicates that the highest grade had not been attained (Ref, Marker, 1932,
page 255),

B) The Granites,
Analyses, modes and norms of the three main "mnjte types are
given in Table No, XXI.

The analysis of No. 326 is comparable with two granites ana-
lysed by W.P. de Kock, (Ref, 1934, page 97), and No 373 is slml3ar to
an average for 40 granodiorites, given by Daly, (Ref. 1933 page 15.)

The analysis of aplitic granite (No. 326) bears some re-
semblance to an aplite listed by E. Kaiser (Ref. "Die Diamantan-'.Juste',
Vol, 1. page 304), and is markedly simi3ar, both in analysis and mode
to a granite that Coetzee (Ref 3941) states as having caused the metamor-
phism of a sediment into a granodiorite.

The analysed granites are compared diagrammatlca!3y witn granites
from South West Africa and Nemaqualsrd in Fig. 69.

Field examination of the granites shows a wel3-defined series,
starting with two ages of granodiorites (including No. 100)and quartz
dlorites. These rocks are intruded by biotite granites (including
No. 373”. The youngest granitic rocks are aplites (No. 326) and an
alkali granite (No. 388).

The quartz diorites and granodiorites are rarely found in
contact with the sediments, and are penera3ly separated from them by
biotite granite, Microscopical3dy, some of the crranodiorites resen-Kie
crenitised sediments, as they contain noikilitdc «mphibole crystalloblasts.
(NO. 210) microperthite (No 313), and the shape of the constituent
grains is usuellv irrenu3ar. Some altered sediments found near the bi-
otite granite contact resemble ouertz diorJtee fe.g. 7’0, RO).

Schist "xenoliths" in the older granodio’™ite are mostly
aligned parallel with the schists of the nearest sediments, and thus are
possibly skialiths.

Thus the evidence points towards a metamornhic origin for

some of the older ererodiorite. However a variation diagram (Fig. 70)



TABLE XXI

170.

ANALYSES. N(RVB AND MIDES (F GRANITES & DOLERITE.

Analyst; C.J. Liebenberg.

No.
SiO]

A12°3
Fc2°3

FeO

Ca0
NagO

10 ©
¢HaO

-H20

Ti?

P2°5

MnO
TOTAL

NCREG;
or
ab
an

11

CC

Mg
GV
hy

&
TOL

MODES;
K-Feldspar
Plagioclase
Quartz
Biotite
Muscovite
Amphibole
Pyroxene
Ore, etc.

TOTAL

326

72.86

13.63
0.30

0.U
0.08
1.22
3.36
5.25
0.4.0
0.12
0.60
Trace

0.03

0.02

22,51

31.U
23.30

3.61

0.90

32.16
96.11

39.3

23.9
34.5

1.3

100.0

373

67.10
14.30
1.11
2.59
1.32
3.40
3.20
3.70
0.67
0.13
0.50
0.75
0.26

0.07
99.60

100.0

100

52.Q5
16.95
1.60
S.75
6.13
8.18

2.11
2.79

1.59
0.21
0.30
2.00
0.16

0.10

99.92

16.68
17.82

23.36
3.30

0.70
2.32
3.23

17.25

2.64
97.35

=
N.\]\IQ
AN W W

1.3
100.0

359

46.00

14.32

6.55
6.47

6.36

12.34
1.70

0.50
1.72
0.28
1*44
1.30

0.24

0.21
99.93

2.78

14.14
30.02

3.50
3.30

9.51
17.48

10.31

5.64
99.63

45.1

41.1
13.3

100.0



«

20

oW PV 0 » ol tint, (Zro s~ ZF
IO CrarsOCVC
C « 0l I v tvor— il zT-xaoA?<D-Z*>Dka
d"AN of DN (D gr<js> IM >s
JAc ¢/ VxvotweZ 250>
"y ran,lfe3 0/ AlN3 P23
Oc
o /J g oI
ACYF> 00"yOoezAoz-.S  oZ
anosM fres. o / ZNZ] ccl

200

3"C7

0Q

or’"cS

mro

No

y<yr-i

373

AC
6 0 70
Si oj
o n ID'"Sy r-on’™t of —y/?//e cr
Fig. 70.

/?7e >0 <

S* 376, 3 2VI, <<3/00" CK7I0CT e kv, /%

K/

69+#

S O

ZOO 3

A 1 crr- par

"B. cfir-td 3D 6>

\V4;:3
&Y
"Vor>oy iyHa #3/J
> Y rylf, cji/f/t £ N FY
\ oy ti/ 1.1
Potash ftldspor
Aofij<y*.J / iscjr't CJ/ /#~"» a /1
Co /‘/f leds o V4 /> 12.1% [Iv” [<eyrzz<>Z < |z,

12< 973 c,r,c//C.
'VZ> 7

/7.



of the three analysed granitic rocks shows an almost straight-line
relationship between them, indicating that they could all be products

of differentiation of ore parent magma. Field and microscopic evidence
ndicates that the younger grar.odiorites and the biotite granite are
subsequent and not synchronous bodies. The intrusive nature of the
biotite granite is demonstrated by its relationship to the fold
structures of the Damara sediments.

The origin of these younger granites is not known. They are
apparently products of differentiation, because they themselves show
the effect of differentiation, the three stages represented being
Increasingly acid.

The biotite granite was the major intrusion, and immediately
preceded the more acid aplitic granite, the pegmatites, and most of the
quartz veins. The amount of ouartz veining in the schists is far
Teeter than that found in the granite, but much of the quartz could
have originated in the sediments themselves.

Therefore it seems possible that all the younger granites
and pegmatites, and many of the quartz veins, originated in a parent
granitic magma at depth. This magmm, could have bac-r formed either by
differentiation of the basic mama at great depth, or bv differentiation
of granitised sediments at moderate depth. A portion of this magma could
have beer mobilised and moved upwards along a vertical, plane of weakness
in the Damara sediments, with the following results: when the Upper
Marble horizon had been pierced, the granite silled laterally along

strike into the form of a composite nhacolith, while the sediments beneath

the phacoHth slumped downwards, creating space for intrusion. The

"ppf of the phacolith, loosted over the centre of the highest point

of the ascending rranite, was supported by the pressure of the rran-'te,
and was partially reconstituted into granodiorite and quartz dW ite.
"See Section, Fig. 71) The assimilation of calcareous rocks could have
contributed towards the formation of granodiorite. Present day erosion
ha? <uc-'Osed mostly the floor contact of the phacolith, and thus there

is an irregular strip of biotite granite betreen the schists and the

granodiorite.
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"ere the roof-contact of the phacolith is emosed, the schist 1s highly

altered into biotite hornfels, rarely containing cordierite (No. 377),

and 1s commonly indistinguishable from granodiorite in the hand specimen.

The processes that possibly led to nalingensis of the sediments

at depth were as follows.

a) Heat was produced by mechanical friction and increase 1in load,

as described under "Regional Metamorphism and Zoning", section (4).

ibis heat must have affected a large amount of matertal, i1n suite of
the low conductivity of the rocks.

b) Hxothermal reactions, one started, supplied more heat.

o/ The f*ldinc caused the sediments to occupy about one third of

tneir oripinal area, and therefore the present vertical thickness must

be about three times the original thickness, the volume remaining the

same. [f the original thickness of the Damara sediments was 30,000

metres, as 1s probably the case in the Windhoek district, (Ref. Gevers,

1Q34, p. 230), then an addition of double this thickness would have cau-

sed the mass o' sediments to sink to a depth where the basal sediments

would be granitised and possibly mobilised, over a lar“e area. Island

arc structure and sharp down-warning of the crust, as postulated by

Umbgrove, (Ref. 19”) wo.ad not be needed in order to bring the sediments

into the depths where palingenesis would take place.

lhe main mass of granite that i1s now exrosed probably ascended

later than the solutions which had caused regional, zoning.

oumming up, certain factors affecting thegranite problem

in this area can be evaluated as follows:-

a) i-fuch of the oranite 1s 1ntrusive into thesediments,

b) Peripheral lenses are absent,

c) Contacts are fairly sharp.

d) Pegmatites are comparatively rare, (of. Uis, Erongo), and
arilto dykes occur in amounts almost equal to the negmatites.

¢) Most of the xenoiiths are parallel, but some are deoriented.

f) There ws a well-defined contact zone,

g) Metamorpliic minerals are rare in most of the granitic 1gneous
rocks, but some of the granodlorite microscopically resembles a meta-

morphic rock.
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h,'* The roof of the phacollth was probabl’r flat.

ly 1h6 srh ute 1s generally massive, but marginally has directive
structures.

j)  L-it-par-lit" injection is absent.
-) serial differentiation 1s indicated, with evidence of four

mj actions of magma#

1} vontan.mat.ion through incorporation of country rock 1s not

general in the biotite granite#

mj The remaining roof portions of the phacollth consist of highly
tered sc..j.t am “ranulite, some of which resemble yanodiorite.
0 -one of the metamorphic rocks in the area resemble granodiorite.
o) examples of the work of metasomatism exist throughout the area
of 1kunara sediments.
p) A form of regional zoning exists 1n the flaiara sediments, and

possibly indicates the presence of a widespread body of granite at depth.
q) The mineral occurrences of the area surest the presence of an

acid granite at depth.

The above factors suggest that the exposed granite is a sub-
sequent and not synchronous body, that 1s, i1t dcs not consist of sedi-

ments granitised in situ. The critera used here are those suggested

by Sullivan (Ref. 1946).

actors which cannot be evaluated are as follows;-
a, 1he origin of the exposed granite.
b) The position and structure of the southern edge of the phacollth.

c) -he total volume of granite intruded, and i1ts original extension

ana form above the present erosion surface.

) -he depth and origin of the postulated parent magma.

¢) The response of the roof of the phacollth to the action of
the intruding magma,

f) The method by which the granite ascended.

further work in the adjoining areas will probably throw some
light on b) and f).



v> Arjiteg! re”™atited and quartz veins.

As mentioned under tTectonicsP?>the aplites and pegmatites
oecar a close structural relationship to the granite contact. They appear
to be related to the granite, and probably represent the final acid
prase of tne granite intrusion# Their consistent composition and mode
of emplacement support this view.

hany q”iartz veins, especially those near the Oranite contact,
are probably genetically related to the vranite. Some of those that
occ .dp in "0 seuimeni s away fr im the granite contact are possibly the
result of emanations Lrom the postulated deep granite body that was the
parent magma of the exposed granitee The galena, wolframite and
cassiterite-bearing quartz veins probably belong to this category.
lydrothermal solutions, originating partly 1in the deep granite, and
partly 1n the counrty roc::;, ascended along planes of weakness set up
uui'ing o ., ng# r.uch of the water that constituted the hydrothermal
solutions could have been derived from the alteration of kaolinitic
m - « 10 - -uspar as suggested by Goodspeed, (Ref. Q.,E, Goo<speed,
page 151).

D) Tho i\arroo Rocks.

!e lietaraorohism of the pediment?.

Low grade metamorphism 1s evident 1n most of the Karroo sedi-
ments. iue main cause of this mefamorphism 1s the widespread intrusion
of dolerite dykes and sills. Percolating hot waters have produced much
e i>ra'-IX. oome ol tnis fppt> of alteration i1s “robably connected with

~ Gbor 11bor™ volcanismj the presence of stilbite in an indurated mud-
stone (No# 363) 1s attributable to this cause.

The Karroo rocks are all affected by the basic intrusions# All
the mustone3d and sliales are indurated, and the sandstones are quartzitic#

ithe karroo hills surrounding the Grandberg show a somewhat

legree of meta iorphism, with spotted and mottled indurated mudst > *
and shales and higV:2™ siliceous quartzites and conwlomeraoe3e The 1Larroo

rcc/cs at tho rrandberg conuact zone sliow medium to hi“h—grade metajnorphism.

These rocks liave been described by Gloos and Chtrioba (Ref. 1331;.
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'* The Stomberg Lavas.

Although slightly differing varieties of lava occur in the
pi'esent area# there is no ev ’'mce for the differentiation in the lavas
that 1s described elsewhere, (Refs. Du Toit, 1939, Gevers, 1932,
Reuning, 1925).

examination of a section 400 metres thick showed that only
basalts and porphyriV.o basalta yere present. The lower® basic portion
of the leva flows is probably thicker here than in other press, and
the upper portion has been eroded away.

'the numerous amygdaloidai basaltic dykes were possibly feeders
o*” the lava flows. These dgkes are commonly cut by dolerites, and
are always much more weathered than the dolerites. Many of them strong],
resemble the lavas, both microscopically and in the hand specimen.

3. The Karroo Dolerites.

Examples of hhe Perdekloof and Hangnest t”pe of dolerite d?/kes,
and several niorite dolerites, were found 1n the area.

The relationship between the dolerites and the lavas indicates,
as in other areas, that both rocks originated from the same magma.

(Ref. Walker and Poldervaart, 1949, page 643)
The analysed dolerite, (No. 359, Table XXI and Fig. 72) differs

from the average Perdekloof type being richer in Fe”O” and CaO, and

poorer 1: SiOg and MgO. The variation from the average is reflected

in the modal composition of the rock. Olivine 1s absent and iron ore
is plentiful. Some of the iron ore has Evidently been oxidised to
haem atite. The pyroxene i1s probably a sub-calcic ferro-augite (see
figure 73, after Hess, 1949, pa“e 634) and is of unusual composition for

this area. Generallv, according to their plotted positions above the

course of crystallisation, the pyroxenes of the Karroo dolerites here

are probably rich in TI102.

Tr figure 71> the chemical composition of No, 359 is plotted
acalnst the chemical variation diagrer of the Karroo magma, (simplified

after Walker and Poldervaart, 1949, page 653). Witn the exception of

S:(>2 and "eO”, the rock falii well within the limits van,
Diffepentitatlon in the Karroo Dolerites,

I’he analysed dolerite ”~No. 359' 1s fairly representative of

the Perdekloof type dolerites found in the area.
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VARIATION IN COMPOSITION OF CLINOPYROXENES IN THE DOLERITES

DIOPSIDE / HEDENBERG/TE

20

Fig. 73.



I-lotted on he differentiation trend diagram of Karroo dolerites (Fig
14, simplified from //alker and Foldervaart, 1949, pa e 677), do. 359

ap”oears to be a comparatively early product of differentiation of the

Karroo magma. .'his i1s in conformity with the fact that several pierits

ao..erites occur in the area. Most of the picrites are apparently earty
differentiates of large and possibly floored masses of dolerite magma.
One -,xa.] , near the irandberg, is in the form of an extensive dyke,
,0. 192). It 1s possibly significant that the strike of this dyke 1is
directly 1n line with the Messum alkali complex. The only occurrence
o1 hangnest type dolerite (No. 13) was found 1n a large plug-like body,
and 1t 1s therefore possible that differentiation processes could have
contributed towards the formation of the rock*

It 1s almost certain that differentiation took place in some
of the thick sills that lie near the base of the Karroo beds in the

western part of the area. A directive texture can be seen in the plagic

clase laths 1n No. 73, which was taken from one of these sills.



(HAPTER VII

ECONOMIC GEOLOGY.

three types of mineral occurrence are found in the area.
Tin a,d t™ gst.n milnsd .t the Briber* «eet Mine, and tin has teen
"uned near the Brandherg, aoutheaat of Kubugabls. Snail lead oceummoee

are found 1n the Zerlaaenea Mountain, and In the area wet of then.

None of the lead occurrences have been worked.
A) Ibe .Briber? Jfest Tin-Ti®* sten Depn” +/

Ibe"Vein .OeEoglt. (See plans, Pigs. 75, 76, 77).

The vein deposit consists of a swarm of quartz veins containing

coarse cassiterite and wolframite, in an anticline of Lower Schist. The

strike of the schist country rock is 25° west of south and the dip 1s

between 35° and 70( to the southeast.

Olivine dolerite dy. >s, striking north-south, cut the quartz

velns.

AN Stoucture of the Veins.

Three age, of quart, veins are found In the mineralised area.

-he oldest veins are emnlaced 1n schist bedding planes, and are some-
what contorted. The vein, are lenticular, a few metre. In length, and
up to 15 cm. thick. The quarts 1, milky to graylah and contain, mus-
covite. In the mineralised area they contain little cassiterite and
probably no wolframite. Ten of the veins were eamnled In the dIt,
and averaged 0.1% Sn. was found only In traces. In the areas”
sampled, the average tin content of 36 quarts veins, younger then the

larts-etica veins, was and the average WO" content was 0.1% .

1all*-ock alteration by the older vein. Is not noticeable.

The later generation of quarts 1s the main bearer of economic
minerals. These veins occur 1n the form of a swarm, the main mass
of which occupies an are. of 250 metres by 350 metres adjoining No. 3
stream bed. (See plan, Pig. 75,. The veins are lenticular, pinching

and swelling, and they strike at about 70° west of true north, and d ',

t-wrds the north-east at angles between 70° and 80°.
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Individual
\% B VW uuu 1010OW CIEPved

"'h “ a1 md 3M le- (See underground pUn, Fi1g. 76

2 N A FU- 75)- - — 0, th, aoM t

A A J\/\( I( end not

o000,
—— —
0000 ,°-u,a nafi t"en emolaced Theae wto
constitute 10.* of the tote! rook e”eed 1n the edit. ole
olerite

accounts for 12, end the queries veins for * of the tote, '

schist onr gL UP Blot:
> “d S=W °§8iC— constitute M of the totdle  porne

Z. 1T Uee"MYy ~72.7.127] "L

ore. ate of schorl, garnet, quarts, and a little cassiterite.

In the ere. of the Brendherg West Mine, the tin-tungsten

r : ¢ ion ~ for » 800 To » sout,
on e.rxke, fvo more areas of tin-tungsten mineralization have

ound.Fand 16 km from the Brendherg West Mine. (F1, 27) :

r tha ~ - the sane patter: as :t

under OeologF, this t.vpe of high tem “rature quarts-toumaline vein 1is

-und throughout the area, Wt seldom carries eoon”c¢ mineral..

Oeneral views of the mine workings, taken from the Lower

-h 1e outcrop he.ween stream 3 and strew, 1, are shown in Fig.. 78 and

c eje Qre-MInerals.

In the later qu”ts veins cassiterite and woliYamite

occur in isolated patches, often coarse-grained.
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Or*tale <¢ewolfr*U w'th f.c, 10 cm. In 41, and m.aaaa of

iterita tin to Ir v-'. In weight, have been found in the underground

workinga and In the alluvial deposits. Scheelite 1s found rarely

occupying cracks in wolframite and as rare greenish crystals in the

uarts veins. On analysis, one of these crystals was found to contain

UOfo WB, 0.2 M3 and $§ Ov.

A snecoimen of wolframite assayed 70.6$ WB, 8.0$ MnO, and

13.4-§ FeO.

Thn occu"rence of the minerals within the nuartz veins appears

to be haphazard, and 1s not controlled by the attitude or thickness
of the veins. Tn spite of the coarseness of the train, the minerals
are fairly evenly distributed throughout the veins. Panning of samples

of wall-rock indicates that the wall-rock 1s barren of ore minerals.
C) The Country Rock,
Sohiat:
The predominating country rock 1s a ouar”biotite schist,

which has undergone considerable alteration at the quartz vein contact.

The thickness of wall-rock altered 1s roughly proportional to the

thickness of the veins, and for a 30 cm. vein, is about 7.5 cm on either

vein. The miner '-logical composition of specimens of un-

altered and altered schist i1s riven in the table below:

TABLE. XXII.

LQWa SCHIST’QUJEI'Y ROCK AT BRANDBitiG WEST MIKE

Specimen  Where % A ° Ext
i° Extras
ho. taken  Quartz  Big¢ite fituscovixe Toiarmaline Iron
Ore
417 Away 40 55
from
ouartz
velins
4729 Unaltered 50 50 R
schist e
from dumo Fluedte
404 Quartz 30
! 70 Some  Mala-
velin '
contact Chlti
snecks
409 n 20 70 10

413 n



The tourmaline, which is 1n the form of schorl, (rives the

altere1 van-rock a black "baked" appearance. The tourmaline cr.vstals

"re oriented oerp”dicular to the plane of the vein, and their contact

with the unaltered achiat 1s usually sharp. On surface the resistance

to westherinv of the schorl 1s shown by "walls" of vein charts frosen
to enclosing slab, of schorl, the whole standing well above the surroun.

ding schist. The prominence of these outcrops end the fact that they

are often coprer stained end contain large crystals of the ore minerals,
hare led to an early discovery of the deposit had the district

not been so difficult of access.

Calcareous Beds.

A narrow brown marble band occurs in the Lower Schist anti-

cline, some 8C metres below the Lower Marble Band, and has been cut

by mineralised quartz veins,

°ne SII°h intersection 1s seen near the small kopje lying to

At the contact, tourmaline,

(No. /,09).

the east of the head of No. 3 Stream.
iron oxides and well-crystallised brown cassiterJte occur.

The country rock ir a brown finegrained marble, containing biotite,

muscovite, a little enidote and some ore and quartz. (No. /;03).

Lower Marble.

A mineralised vein 1n the lower Marble Band to the northwest

of the winze shows € mineralogies! composition similar to the altered

schist wall-rook. of the rock consists of a parallel arrangement

vn .oumeline or stals, and the remainder 1s quartz. A few grains

of fluorite are present, and there are rare grain, of casslterite.
d' Petrography and Mineralogy.
An outline of the petrography and mineralogy 1s given below.

1 Ibg—QuarA»rmioa velne.

teppcOElc, The thicker win, have , core of quartz, con-

taining e~ne muscovite and a concentration of muscovite on each side of

the core. The muscovite 1s usually in the form of elongated Plates or

small books, the plates standing perpendicular to the plane of the veins.
In thinner veins (lees than /. cm thick) the quartz core 1is

abwrt, but there 1s a central line that appear, to bisect the mica-

quartz Intergrowth*
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No cespjterite ws seen in the bond specimens.

JIcroscofjc, A mosaic of interlocking quartz grains, with

Tains un to 6 mm in diameter. Muscovite occurs in smaller flakes.

No cessiterite was seen.

11 A The.uaft™tcurinaline veinst

MaSTPjcoEic*  White, somewliat milky quartz, with scattered patches

UP to 15 cm* In diameterof crystalline cassiterite and wolfra

and rarely some feldspar and muscovite. @ Rare patches of pale olive-green

crystalline scheelite. o0me of the wolframite 1s partly altered to

haematite, and to scheelite along cracks. The cassiterite i1s usually

dark brown and translucent, and 1s rarely transparent. Light brow

and almost white cassiterite has been found.

1'’J"Dsconic.  The quarts occurs as a mosaic of interlocking

grains, with grains up to five mm in diameter.

111) IThejlom try Rocks.
The.Schi*liNog”""~L ?.,")

The ccmrosition of the schists as seen from minmsconie

examination has been tabulated above. The schistos<ty 1s marked and

is parallel with the bedding. Rare, elongated orains of fluorite lie

parallel with the direction of schistoaity. Normally, tourmnline 1s

absent.  Muscovite 1s present as scattered flakes.

The. Aj.tered. Schijgt------ .(See. above, tableA)

(lias..404a..40S1 41Ja. 4U ),

In the schist adjoining the youiger quartz veins, biotite

1S rare or absent. Muscovite 1s more common than 1n the unaltered schist.

The schistosity 1s usually destroyed, but was found to persist in one

specimen. (No. 409). The quartz content 1s fairly constant, and

toorraline, sometimes with biotite, constitutes the remainder of the

rock. Ore 1s present 1n small amounts.
The. Broun Marble  (No. 407)
The groundmess consists of interlocking grains of calcite,

mostly small, with a few larger grains up to 0.5 mm  Rare of

enid”te are found in the groundmess, and 1n a veinlet.
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N “-ered f]a of muge”iri-te, blotlte, ore and onprtz occur
in the calclte groundmoss.

The. Lower Marble Band.

This 1s the same as that described under "General Geology".

The.basic Dykes.

11S* Olivine dolerite.

Plagioclase 1s andesine.
the olivine 1s nearly all altered to preenish yellow serpen-
tine.
The augite 1s in sub—ephitic grains.
11agnetite and limonite occur as accessories,
No. #7! Olivine dolerite,
The olivine i1s mostly unaltered.

No, 423. Olivine do]erite.

Similar to 'l19, but containing less olivine. All the olivine
present 1s highly altered.
e) Sampling.

General: “he main object of the underground development at the
Brandberg Vest Mine ivas to evaluate the mineral content of the quartz
velins. A dditional objects were to investigate the structure and
quantity of the veins and to prove the continuity of values with depth.

The winze was put down in 1946, and benches were cut into the
castern side of the hill. Encouraging values found during these ex-
cavations led to the development of the adit through the hill and to the
driving and raising on the reefs. Channel samples were taken of most
of the veins 1n the adit and the drives. A tabulation of the results
1s given below. (Tables XXIII, XXIV, XXV).

High values have been cut to 3.C$ Sn and 3.C§ WO

Thicknesses are given in inches.
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tghle X m i

VALgSIN REEFs OVER 0.3!; (Sn + WOo) AT
BRANDBERG URS!T UTHE.

(« xt) 27 W3B (b) (b x t)

8 » #th 1* % Sn ,»

Reef No.
-------------- — in .Incbeg.
36 0.08 2.88 0 4 14'4
?9 Q35 10.15 0.5 14'5
8 2N 0.02 0.48 7 3 55 9
13 1.93 25.09 T 0.0
2.3

. 0°:2f AR 0.6 ?ii
2N 0.65 15.60 0.3 7'2
12 2.81 33.72 7 8 33.6
8 0.16 1.28 0.5 4'0
14 0.62 3.68 0.1 1'4
24 0.48 11.52 0.2 4.8
. ) 0,55 3 30 03 1.8
Quartz-Mica 24 0.62 14,88 T 00
Telc » 0.16 4.64 0.3 8.7
0*60 6.00 T 0.0
8 0.31 2.48 0.4 3'2'
10 0.48 4.80 0 0.0
9 1.07 9.63 0.3 2°7 '
5 0.36 1.80 0.5 2'5
,% 2.80 19.60 0.3 2'1
10 0.11 1.10 0.2 2'0
11 0.60 6.60 0.6 6.6
36 1.27 45.72 0.2 7'2
12 2,13 25.56 0.4 4.8
16 0.37 5.92 30 48.0
26 0.55 14.30 0 O:O
IT O . Av. *2»* W t-°-7TW 335-23 °-5« 276.1
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TABIS XXIV

VALUES IN RSKFS WNSIH 0. 3% WO)) AT
BRANDBSRG WEST MTMKS!

Heef thickness (+) jiSn (a) (a X t) >W03  (b) (b x t)
S 0.11 38 0 v
36 0.11 3.96 0 0
36 0.08 2.83 T 0
36 0.11 3.96 0.1 3.6
14 0.17 2.38 0 0
4 0.06 0.24 0 0
13 0.07 1.26 0 0
M 24 0.07 1.63 T 0
17 0.06 1.02 T 0
7 0.08 0.56 0 0
M 10 0.14 1.40 0 0
3 0.07 0.21 0 0
36 0.25 9.00 : 0
1.68 0
12 0.03 0.96 0
13.2"
Total 0.12)4 32.07 0.01# 3.6
From |
Table 430 0.70> 33523 0.58%# 2761
XX111
Grand Total
753" 0.49> 36730 0.37/. 2797
Av. 17.5"

QM * Quartz - Mica vein

TABIE XXV

AVERAGED VALUES OF REEFS IN KIVLS AT
BRANDRSRG  WEST MINE.

Drive No. Av. neef thickness  No. of Samples Av. Sn# Av. WB#

in i1nches
83» Dr. West 6.3 3 0.72 0.02
102" Dr. West 22.7 10 0.41 0:72
137" Dr. West 14.3 13 0.46 0.79
137" Dr. East 24.0 15 0.73 0.33
195" Dr. West 16.4 19 0.96 1.00
195" Dr. East 14.9 9 0.50 0.42
242" Dr. West 21.5 12 0.34 0.25
242" Dr. East 11.9 7 1.26 M ]

Totals and Averages 17.9 33 0.63 0.56
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In the adU, the averse .f reefa Is and 0.3»
W3 over 17.5.

Excluding all reefa below 0.3$% (Sn * WO,), 28 reef, averac
0.70% Sn and 0.5$ wry over 37.7".

The -c-elnlrg 15 reefa «ver.ee 0.1 * and 0.0* WQ ,,ver IS.?-.

In 495 feet of driving, 356 feet were on feu- of the reef, and
averaged 0.6* Sn and 0.56" WO, over 17.9a.

For the whole minerallaed body In the are. aenpled, the average
value, of reef running at more than 0.* (Sn ¢ «,,) would be 0.6* Sn

and 0. 5* [.e. aratio of 54 Sn to 46 WO,.

A Reserve”

Totr1 nock in the mineralised are. above adit level (taking

U.03 cu. feet per abort ton) - 1,560,000 abort tone. 43 reefa, of
which 28 contain 0.$ (sn + WA

Total reef thlckneaa of "6 reefa - 480", or 7.5* of length
of adit.

Threfore 7.% of total = ore reserves.

- 117,000 short tons over 0.$ (Sn + W)

ord® n to assay values, the Sn - ration 1s 54-s/16.

Aaaumlng that the concentrate produced baa 7* (Sn a WO0,), and

that the recovery la 65* for each, the ore reaervea conUin 1332 ton,

of concentrate, at 37.* Sn and 32.* WO, or 503 ton, Sn and 429 ton.
Of W3.

*) 5sflts™

ton of mixed concentrate 1s composed of 0.378 tons
Sn and 0.322 tons of WC*

0.378 long tons Sn at £500 p.t. £189.

0.322 long tone WO, of which 85* or 0.2737 long tone are

recoverable In a 65* WO, concentrate.

0.421 long ton, concentrate at £5 per unit - £136.825.

Therefore total from one lorg ton mixed concentrate

It If

2325.825

n it
b short £290.911

Estimated cost per short tor to mil] ie 37.1V -
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Therefore al] owing for 65/. recovery of Sn + WO' in a 7<#

concentrate, the weight of Sn + WO' in 100 tons of ore to cover cost

of production 1s:-

” 100 20
100 290.911 0,6%

The above figures are based on the metal prices that existed
In 1949 pince then prices have risen considerably and the pay lim it
i1s now probably lover than 0,6# ,
h) Mining

Tne individual veins are too closely spaced and too irregular

to permit mining by underground stoning. nown to adlt level# condition,

are 1deal for opencast mining. The adit 1s suitable for use as a

tramming way, requiring only boxholes connecting with a surface cutting.

The quartz veins have a fairly good "parting" from the schist, and by

limiting drilling to the schist, fines would be kept at a minimum.
Most of the waste car be sorted before the ore reaches the mill,

1) Reduction PJant.

The reduction riant that the South West Africa Co. proposed

to 1nstal consists of a primary crusher, a ball mill, a rake classifier

and three sand and two slimes tables. This plant 1s designed to treat

50 tons of ore per day. Water 1s to be pined 4 miles from the Tigab

River, 1-dth a li1ft of about 400 feet*

The installation of a magnetic sermretor has been considered

OTrfna to high costs of wolframite-cassiterite separation in the Union.

A "Cyclone" type of heavy medium separator would probably be

fl useful addition to the above plant*

2) Tilg-JJJJ1Z33% Deposits (Plan. Fig. 77)
1) Historical. The alluvial tin-tungsten deposits at Brandberg

West were first sampled in 1945.  Although more than 160 miles from rail,

the deposits were found to be well worth exploiting.  The production

of cassiterite-wolframite concentrate started on the 7th May 1946, and

from that date until the end of 1949, 410 short tors of concentrates were

produced, averaging about 7# (Sn + WO,) i,, the proportion of 56;: Sn
to \Jvj V3%

At first only cassiterite was produced, there being no sale

Tor mixed concentrates.



Lflter, in 1946, a magnetic separation plant became available in the Union

and the cassiterite-volframite concentrate became saleable.

The ore reserves at the beginning of 1950 were 46, 171 abort

tone containing 0.284% tln-wolfrcmite concentrates, or about 137 short

tons. 'his amount of concentrate would normally be produced in about

14. months,
b>  The-Maln“Deposits (Plan, PM*
i) Geology pf the Alluvial HasQcHjvo,

The main alluvial deposit lies in five dry stream beds in the

* of o’lertz vein mineralisation described above. The stream beds

lead into a tributary of the Zebra River. (See photo, Fig 78).

Fifty-two exploratory trenches were put down in the stream beds,

and sampling results disclosed that there have been at least three

(see plan, Fig. 77 mnd

neriods of concentration of heavy minerals,

section Fig. 33). A much older period of alluvial concentration 1is

indicated the raised gravels downstream from the alluvial deposits,

where traces of tin have been found in a gravel bed lying on the e€ast

>nuk u the Zeora River, about 15 metres above present river level.

The material filling the stream beds i1s generally subangular,

badly sorted, and not far from its position of origin. The "shoots"

and wolframite are usually better sorted,

of (ravel rich 1in cassiterite

and contain well rounded pebbles. They are rarely cemented, whereas

cemented barren rubble 1s plentiful, end has been found underlying

rich alluvial ore or cut into by gravels containing ore.

In the ore shoots, the richest gravel is always confined to

the lower part of the shoot, which may rest on bedrock, cemented

rubble or uncemented rubble.  The richer ground, which contained up to

15% cassiterite and wolframite, over a layer 30 cm thick in marts of

'Dd. 3 stream, 1s coloured reddish brown, and there 1s usually a rapid
transition tc the paler brown overburden.

1s given

The probable history of deposition of these gravels

under "Geonornholoo-v".
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11 £«22o0aiyanj2f the Gravej,.

he waste materzalJ, Is connosed of —

a) Schist pebbles, cobbles, and boulders, up to 0.6 m in dimeter

mostly subanmilar to rounded.

b) Vein quarts, up to 0.3 metre, dimeter, rarely carrying ore

minerals.
Cc) Rarely dolerite boulders.

d) A matriX decomposedschistafinegrained quartz grains.

The heavy minerals consists o f:-

assite. *tc, varying in size from dust to rounded crystals up

Pebbles 5 cm in diameter, and rare boulders up

to 10 cm 1n diameter.

to 15 ¢cm In diameter*®

b) Wolframite, varying in size from dust to rounded crystals up

to 10 cm 1in diameter*®

c' Small particles of i1iron oxides.

if fine-grained are usually free from quartz

Tne ore minerals,

(more than 2.5 cm diameter)

particles. The coarser ore particles

contain small pieces of vein ouartz.

The average proportions of various sizes of recovered concen-

trate are as follows!

AConcentrate A A
29 24 13 10

Total 100

shows the promrtion of the various screen

The following table

sizes of - n alluvial ore, and the amount of concentrate obtained from

each s1 %e:-

TABLE XXVI.
m im iO M gJ* OgEjM) CoiICEWRATES AT T O . STKEAM BRAMDBERG URIT
MINE. L-°¢
% o _
wl ze re Concentrates Minerals

-si-2* -i-2 f tptq] .ore J4Casg Xi/o0

180

- =1 ~ 2 - 1




c l-gureg were obtained from experimental .

*M > °m "r0d”Ctlén In *> 3 Stream. In the er-erlnenta on the nro-

rartions of Varloua screen sizes 1, the or . 28.4 Ires of sveraee ore

w * The fl«MP** for the eoncentratr * ,-esulted from errerlments

invlovine quantities of concentrate varying from 308 kga to 4,U 6 kys.

"fn""ftton of minerals were found by hand-nicking 10 kps

of clear concentrate.

Th" aboVe fi?urea are g/™ 1n graphical form in a histogram,

Figure 81,

111) Sampling .Methods*

Sampling was carried out by winnowing weighed quantities of

ore : . : .
Local Damara tribesmen are experts at winnowing, using a wooden

dish or "skottel", similar to the Awustralian "Yandi". (Ref. Simpson, 19t

This method of winnowing 1s of prehistoric origin, its original use having

been for the preparation and cleaning of cereal foods. Developed in-

dependently in primitive countries, 1t 1s used today in dry parts of
A ustralia, South West Africa, Burma and Central Africa for the pros-
pecting and production of the rare heavy minerals such as gold, tantalite,

nassiterite, and wolframite™

The"skottel", as used at Brandberg West 1s an elliptical

wooden dish, about 75 cm inches long by 22 cm wide, and 5 cm deep.  The

skottel 1s filled about two-thirds full with ore, and 1s held by the

operator with two hands, one at each end. Four movements are used in

obtaining concentrates from the ore. The effects of the movement are

as follows:

ion of the heavy .rnineral5, The lierhter

SI7®
and coarser particles move to the left end of the skottel, and the

heavier particles sink to the bottom in the right half of the skottel
with the finer heavy particles to the extreme right.

pt—the ljight.from the.heavyJ>articles, and removal

of exce”s finesA :11g moves most of the ]ivht material towards the

le ft, and towards the operator. Very fine material 1s blown away.

The heavy material 1s moved to the right and away from the operator.



3) Winnowing. The light material, with a little of the heavy

m aterial, 1s tirown into the air so that the wind blows the light grains
away, allowing heavy grains to fall into the skottel.

4) For concentrating fine-grained heavy material. The skottel 1s

held at an angle, right side down, and the heavy material moves to the

right.

The principles underlying the action of the skottel are ob-
scure. The "sizing" effect, (1, above) 1s probably analogous to that
occurring in a Hardinge ball-m1ll. The concentration of heavy minerals

at the bottom of the skottel 1s probably due to deflation of the sur-
rounding light particles, the whole acting rather like a heavy liquid
because of the continual motion. But certain refinements of the method,
such as No, 4., do not seem to allow of explanation by any of the few
stated principles applying to dry concentration.

Tests showed a recovery of 757» - 807», using the skottel, but

this factor cannot be relied upon owing to the differences of skill in

the operators.

Recovery w*« found to be more efficient when low concentrations

of heavy mineral were present, than when the concentration was high.
The average amount of ore skottled by one worker per 9 hour day was

found to be 320 kgs, orabout 5.3 cu, feet. This result w= obtained

from the results of 200man-days, workin» on — , +Ilmm grave] which
produced an average of 5*0% heavy minerals.

The concentrates require further cleaning which 1s also car-
ried out with the skottel, and produces good results. One shipment
of concentrates cleaned in this way assayed 71.6% (Sn + WO3) and in an

adjoining tin area which is free from wolframite, one shiment assayed

73% Sn, The average shipment assays about 70% (Sn + WO0N).
1v) Mining.
A fter 1nitial trenching and sampling had been done, early in

1946, it was decided todiscard all -1mm material, and to handpick the
material. As shown i1in Table XXVI and the histogram, Fig. 81,
the-1mm material constitutes 30% of the total -f" ore, but contains

only 10% of the total recoverable cassiterite and wolframite,
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The remainder was skottled, and then sifted into two grades, +3/16" -

and Hlmm - 3/16n. The coarser grade was hand-sorted into wolframite

and cassiterite, at an average rate of 4.5 kilos per hour per work, about

ISbeing lost 1n the process. The finer grade material could not be

sorted economically by hand, and was mixed with the cessiterite con-

centrates produced by sorting and hand-picking.  The resulting concen-

trate when cleaned, contained up to 6(# Sn. Later, when a magnetic

generator become available i1n the Transvaal, 1t was unneccessary to
separate wolframite from cassiterite at the mine.
The river bed was divided into paddocks (see Photos, Fig. 82,

83) and overburden was removed until sampling indicated the presence

ore, in a layer averaging about

Hmm

of more than 1% heavy mineral.  The
45 cm in depth, was strinoed from bedrock and sifted to a

nroduct, which was skottled. Bedrock was cleaned with wire brushes.

Sampling of ore and tailings was carried out hourly. Ore was weighed,

bagged, and removed immediately to prevent theft and encourage further

production.

About 30 native labourers were engaged in Stripping overburden

and piling ore. iwentv Damaree, about half of them women, concentrated

and sorted the ore.  About one hundred Damara tributerg were allowed to

work the quartz veins and eluvial deposits on the hillsides, and later,

stT'eem bed- Nos. 1, 4, and 5. The tributers brought cassiterite concen-

trates 1n weekly for sale. The concentrates were tested by Immersing

a small sample in +» hydrochloric acid in a zinc bath, and 1f too

impure, were rejected.

The production of concentrates for each week was cleaned by
skottling, bagged, and sent to the rail-head, Omaruru, by motor truck.

At the beginning of 1947, tests were carried out on a vibratory

dry blower concentrator of the type described by Sweet. (Ref. Sweet, 194/).

A battery of these concentrators was put into operation and proved more

efficient than the skottlers, for nrimary concentration. It was still

necessary for skottlers to treat the concentrator product. By this time

the average value of the alluvial deoosit had been considerably decreased,

because of the depletion of the riche" nptohe.«.

Tr 149, a r m-vilbratory blower was developed by a resident of



Ctaaruru, KSr. fhmnar Oestlijmd, ard was used to nreoare ore for the

vibratory blowerg. The resulting concentrate was much higher grade

than had been obtained previously, and it was possible to dispense with

most of the skottiers. At the beginning of 1950, the calculated

average grade of the alluvial (Sm + WO") ore reserves was 0.28/$, and

the mine had a running life of only U months.

c' Minor AIlIHZifll DSE2SAfa at JEjrandberg West.

6 9Tna+"- p"luvial tin deposit exists 2 km northwest of Brand-

berg West Mine, 1n a small tributary of the Ugab River. (See map,

Fig. Phi. This deposit was worked out early in 1966, and yielded

cassiterite only. The casslterite is probably derived from the raised
gravels on the right bank of the Zebra River. Cassiterite float has

bpon f-und 1n these gravels, and probably originated 1in the main mineral-

ised body whence 1t we? washed down the old bed of the Zebra River before

rejuvenation took place.
R' Lh® / ubu gabi ¢ Tin Ocourrences]

A small area of tin-bearing pegmatites exist at a point 2 km

south of the Ugab River at Kubugabis. (See plan, Fig. 27)

Small alluvial derositg and some of the pegmatites were
worked here during the 10PQ - 1965 war, bit work was stopped in 1965.

The pegmatites are found over a distance of about 300 metres

in a narrow band running parallel with the strike of the schists. (See

Figure e3 ). The country rook 1s a spotted biotite schist, belonging

to the Upper Schist Series, and containing intercalated quart?,itic bands.

she schist bedding dips to the northwest at about 60° and

strikes northeast.

Thin sections of the schist and quartzitic rock, Nos. 136 and

137, show that the schist is a quartz biotite schist, and the quartzitic

rock i1s an actinolite granullte.

The pegmatites ere lenticular, usually about 30 metres long

slong strike and all less than 1 metre thick. Most of the peraretitea

aro emplseed in schist bedding planes, but some dip towards the south-

east and strike parallel with the bedding.
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One vein, (No, n' cnnS5stinp mostly of overts with little fel denar
and np.iscovlte, rune oblique to the strike of the schist and dirg ver-

tically.  This vein carries little casslterlte.

The pegmatitet, vary In composition from almost pure quartz
veins to quartz-feldsptr-ffiuscovite pegmatiee, with a little blotlte.
Schorl 1s commonly pjesent. The casslterlte Is light brown, In well-

develrred crystals up to 1 om diameter *

Vein No. D differs from the others 1in that 1t 1s banded and 1is

finer 1in "rain, and has a chalky appearance. It appears to be altered
quartste, A thin recti on shows the following composition:
M1* Quartz 80%

Orthoclase 15%

Rare plagioclase grains.

Aspatite 72.
Pi/roxene altering to Amphibole and chlorite 2%
[fuecovite end Blotlte 1%

Limonite pseudomorphic after Pyrlte.

The quartz occurs in rounded grains up to Wn. diameter.
The Plagioclase and the orthoclase, which is partly altered, are inter-
stitial 1n the ouartz grains. The apatite 1s subhedrsl. A few larre
grains of partly altered pyroxene are found. The blotlte 1s pale brown.
The banding is due to alternations of coarse and fine-grains

of quartz.

The highest concentrations of casslterlte are in tho veins

that strike parallel with the schist.

\

Underground development would be required in order to sample

tnis tin occurrence fully. Surface exposure indicate that the tonnage

available 1s small.

@) The Lead OccurrenceaT

Between the Zerissenes mountains and Salzputz, five lead occur-
rences have been found. One occurrence, near the large beacon on the
Zerissenes Mountains 1s mentioned in the S.A. Department of Mines

Geological Survey Memoir No. 39. "lead Deposits in the Union of S.
Africa and S. West Africa”. p. 165 .

The remaining occurrences were discovered in ]9/,6 and 19/q.



None appear to be of economic interest at present,
?) Thg Zerljiseres Mbuntain Lead Occurrence,

This sma.ll mineral occurrence lies on a steep east-facing
slope about 60 metres to the north-east of the lerpe cairn that marks
the summit of the Zerissenes Mountains,

Qountrv Rpck,  The country 1s schist in an anticline of the
Middle Schist Series, and the vein outcrops are about 15 metres below
the base of the Uroer Marble Series,

Mineraltsatlona The lead 1s found in th* form of galena in
vertical onartz veins striking north-south. Galena was found in only
one vein, and in very smal] quantities. This vein has a strike length
of 15 metros, and a maximum thickness of 30 cm. The galena oceurs
in small scattered crystals in the quartz vein which also contains
chalcopyrite and pyrite, and 1s somewhat stained by copper oxides.
Copper staining was found in a second quarts vein, but galena was absent.

The wellrock has undergone alteration in a way similar to that
at Brandberg West Mine. A ]Jeyer of tourmalinised we]]rock a few cen-
timetres thick separates the quartz veins from the schist.

Although the presence of gold i1s mentioned in Memoir 19, op
cit, crushing and panning of samples taken from the veins yielded no
gold,

2) Galenapccmrencejs. in the.Upper .,,%rble.Series.

(Plan, Fig. 85).

Three galena occurrences ha.ve been located in the area be-
tween the Sesob and Gemsbok Rivers. The general geology and positions
of the occurrences are shown on Plan, Fig, 83, The three occurrences
are similar in structure and mineralisation.

Occurrence A See Plan Fig. 85f

In this occurrence, galena 1s found with copper and iron
oxides 1n quartz veins.
eN Country Rock, The country rock consists of the Brown Marble
Band and the Intermediate Marble Band of the Upper Marble Series.

The hfinging—wall of the zone of mineralise” ouar+z veins 1s formed

by the base of the Blue Marble Band,



The Brctm Marble is a quartzitic biotite marble, containing
bands of ouartz grains up to 0.5 nmm diameter.

In°® derk chocolate brown colour 1s due to the biotite (No.
43).

The intermediate Marble consists of alternating bands of

brown m-rhle, as above, and -rev and Yellow m-rble. Well-develor d

-ornhvroblasts of actirolite, i1n haphazard arran-ement, are present

in some of the bands. (Nos. Z6 A, 46B).
Rarely, nart of the Blue Marble ha'/e been altered to a diop-

(No. 69) This specimen ,-as found as float on
(™ .47)

side vesuvianite rock.

a Blue Marble outcrop. The Blue Marble 1s normally v-r-v

The Quartz Veins.

Four types of quartz veins a-» found at this occurrence.

* -®1™ jIB%tz vejns Jn the marble. These are em”laced in bed-

dany planes in the ma, le, and are similar to the bedded quartz veino

Brandberp Vies, 'ine. They consist of quartz, Lz.sccvite and a little

feldspar, and contain no galena or copper minerals.
Microscopic examination of thin section No. 44, taken from
ti1s type of vein, showed the following composition:-

Mostly interlocking quartz grains, averaging 0.15 mm with

some interstitial calcite. Rare muscovite flakes and rare orthoclase.

1 tz ,yg’ng gtriking east-west. These cut (a), and rarely

contain galena”™  They are lenticular and average 55 cm in thickness

and smetres in length
Microscopic examination of thin section No. 64, taken from

this type of vein, showed only interlocking quartz veins with crenulate

boundaries.

1 11!

These cut fa) and (b) and contain galena, and copper and iron

oxides. The galena occurs in masses up to 8§ cm in diameter, but 1s

present in only small amounts in most of the veins. The best exposure

of galena consists of a veil 8 cm thick with a strike length f 2 metres.

About 90" of this vein consists of galena, the remainder being . aartz

and 1ron oxides.



Microscopic examination of thin section No. 65, taken from this

type of vein, showed the following compositions

Interlocking quartz veins, to 2.0 mm diameter, with some

interstitial calcite,

Some interstitial tourmaline.

Some biotite flakes.

Half of the section consists mostly of quartz, and half of small

(average 0.” mm rounded quartz grains disseminated in a mosaic of

calcite grains.

Samples of galena from the vicinity have been found to contain

13 ounces of silver per ton of galena.
iv' Bedded Q%artz veins in tw. Schist.

These are enrolaced in bedding planes in the schist overly£r.K

a narrow dark blue marble band (No. 51) which lies immediately above

the Blue Marble*

The schist Is a biotite schist, some bands being spotted.

(Nos. 52, 53, 54, 55.)

"hey consist of lenticular bodies of banded, iron-stained
quartz somewhat cavernous with malachite, and iron oxides by no galena.
“hey varv in length from ore metre to three metres and are up to 20 cm
thick. The malachite is in the form of acicular crystals in cavities.
The age of these veins relative to the others could not be determined.

Wall-rock alteration by the ouartz by the ouartz veins appears
to be absent. The vein outcrops stand out well above the country rock,

) Structig3 of the Veins.

The quartz veins (b) and (¢) form a criss-cross pattern in
the Br-wn Marble Band in an anticline of the Upper Marble Series, and
they extend to a minor degree into the Intermediate Marble Band. (See
Figure 86 and Photo 87). The veins are lenticular, pinching out at

the contact of the Intermediate Marble with the overlying Blue “arble.

Their lower limit is not known. They are either vertical or have a

steep dip, and they strike at angles between 50° and 90° to the axis

of the anticline.
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This axls is practically horizontal.

Thp veins are graced at intervals of from 5 to 8 metres, and
the pattern formed bv them is one commmon to almost every schist anti-
cline, and to many of the marble anticlines in the area.

The attitude of the galena-bearing ouartz veins, and their

association with a single stratigraphic band in an anticline, indicate
four structural controls which probably regulated the emplacement of

the veins.

i) An anticline acted as a "trap" for solutions moving upwards.

ii) The Brown Marble and Intermediate Marble, brittle compared with th

me <lv-a Blue Marble immediately above, were more easily fractured

than the overlying band.

lit) The fracture pattern In the Brown Marble and Intermediate Marble

was controlled by the folding of the anticline. The line, of tension

that "ere filled with quarts veins followed a pattern common In such

anticlines (Compares

M.p. BiUincs, 19/.?, p. 126, and V.H. Newhouse, 19/.?, Anticlinal struc-
turea at 1) Bakerville, British Columbia, 2) Sheep Creek, B.C. 3) Cha-

narcilla, uhile, 4) Quartz Hill, Montana).

iv) The whole of the Brown Marble and Intermediate Marble outcrops

are displaced towards the southeast side of the anticline, because o'

the thinning of the south-east limb of the anticline.

The bedded veins ((d)above) possibly originate

that escaped through the '"blanket" of the Upper Marble.

A striking repitition of the control exercised by a brittle

band is seen Iin the band known as the Middle Black line, (No. 48) which

lies roughly in the middle of the massive Blue Marble Band. (See Plate).

In the mineralised area, the Middle Black line contains numerous lenti-

cular quartz veins averaging about ?.5, cm maximum thickness. These

veins n ntenn a little galena, and copper and iron oxides. They ap-

near to be small-scale representation of the main bodv of quartz, veins,

ard follow the same criss-cross pattern,

d) Tntrusivea.

The minera”sed nortion falls within an area occupied by a

swarm of dolerite dykes. ] . .
The mineralogical composition of these



cvices is SN that v/ieir apo-relationship can be deterriined only

in the field. They are mostly of Perdekloof type. (Nos. 26 to 32,

and 35 to 39)
®) Ejl'ltia-

Only one fatlit was seen at palona occitrr-ence "A'".  This
fault strikes at a small angle to the bedding and has a down-throw

of about 3 metres to the southeast. A band of breccia 15 cm thick

is developed along the fault plane,
f) Value of Occurence WIL
IM-ausrtz veins.

Only one vein, mentioned above appears to contain a high

concentration of galena. Jn general the veins are so poor in mineral

that they cannot be mined profitably at present Tices of lead.

Eluvial .Galena.

Galena boulders up to 15 cm in diameter, partly altered to
lead carbonates, are scattered over the mineralised area. It iIs es-
timated that one ton of galena could be picked w> on surface,

o) Alluvial Galena.

,Jaterworn pebbles of galena were found in the dry stream bed.
Panning of alluvium from a shallow pit yield'd a small quantity o*
galena.

The alluvium in the stream bed, down to a point about 65
metres from the Sesob “Hver, is derived from the mineralised zone.

The wide portion of the stream bed near the Sesob River, con-
tains about 2,500 tons of alluvium, down to 2 metres below surface,

lI-iost of this alluvium is probably derived from the stream cutting

across strike iron the south-east* This stream has a comparatively

large catchment area, which contains no economic minerals. (See plan,

Fig. 35).

Investigation of the alluvial trenching would not be worth
while, owing to the diluting effect of the tributary stream.

The galena occurrences Bend C are similar in structure to

occurrence A, but probably contain smaller amounts of galena.
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D) °rif£ln.the quartz Velng.

The Sesob River lead-silver occurrences resemble strongly in

structure the Brandberg West tin-tungsten occurrences. The structural

controls in both areas are similar.

Tourmaline is common to the two localities, but is present
only in gm»ll ouant'tZes at the lead—silver occ’irrences,

“he cfalena-bearing veins of the Zerissenes Mountains form a
possible Unk between the two areas, as they are associated with tour-
malinised wall-rock, and contain galena but no cassiterite.

Thus the mineralisation is nrohably hynothermal in all the
occurrences,

lone of the oua”tz veins could have been derived from the
nearest exposed granite, which was intruded above the timer Marble

horizon. Two nossible sources of the mineralisation exist in the area.

) About 25 km northeast of the Brandberg West Mine, a granite

body cuts the Lower and Middle Schist.
This PTanite is oossibly the same as that exposei north of
the Brandberg, where it appears to be connected with the genesis of

several tin occurrences including the Kubugabis occurrence described

previously, Before the emplacement of the Brandberg Granite, this

older granite was probably continuous southwards to the Uit, tin area.
This granite w<* oossibly the source of the Brandberg West

tin—wolfram veins and the Sesob niver lead—silver veins farther to the

west. This postulated zoning e feet is analogous to that existing

at tin-wolfram and lead-silver occurences in Cornwall and Saxony.
(W. Lindgren, p. 651.)

(?) A line of doming running from Brakputz northwest into the
baokoveld, exists about 9 km northeast of the Sesob River lead occur-

rences. This structure is possibly due to the intrusion in depth

of an igneous body, which could have caused the mineralisation.

E) Prospecting in the Area.

The oriPinal prospecting was carried out as follows. A

geologist surveyed a strip of country by traversing, at jr km intervals

fiwere possible, and at the same time three or four Berg Dame* tested

eu the small streams In the area traversed, by means of the skottel.
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Promising looking onartz veins were samnled, and later crushed and panned.
Hesuits on a field map at a scale of 4" to 1 mile. Any discoveries of
economic mineral were followed up by pitting and trenching.
General.

In most areas, outcrops constitute such a small proportion
oi the surface that traverse 1"nes km apart are close enough to ensure
that there is littlechance of an outcropping ore deposit being over-
looked. But where rock exposures constitute almost 1(X$ of the total
surface, as in the present area, the traverse intervals should be much
closer together. The close pattern of erosion is another reason for
detailed traversing.

If any ore denosit lies within the area, it is probably
exnosed and therefore every outcrop in the area .hould be examined.
As this is for oractical purposes impossible, the only answer to the
problem is that the area should be aerially photogranhed. Much
nhotograohs would show all the areas of onartz veining, as well as the
general geological structure, which woula indicate areas 'permissive"
for the nresence of ore bodies. Much unneces ary wastage of time
could be eliminated, as the most nromising areas could be visited
immediately after a study of the photo-geology had been completed. If
no ore deposit was discovered, the area could be abandoned with greater
confidence than if ground traversing alon» had bean used.

Thug it is considered essential thnt, aerial nhotograohy }»
carried out in such an area, before ground prosneeting is commenced.
V) Economic Possibilities of th* Area.

Tin and Tungsten,

The Brandbertr West Mine is a livine examnle of a nrofitable

-rfno (@~ etir1r in a remote and desert area. The Kuhugabis tin oc in-
i'ence could possibly also be profitably worked but requires underground

development in order to be proved.

The high-level gravels of the Zebra Ri’rer, below the main

mineralized area, possibly contain payable Quantities of casslterite,

although there has been considerable dilution of the tin bearing

gravels from other scounces,
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fhe Ce"”ntM nat''* 0f the tieht render them unpayable, ,,»,n
if cassiterite were present.

haturally, the area lying In strike with the main deposit

should be thoroughly investigated.

Other areas worth further investigation are as follows:-

isaia-—Th2_ b>so.bRiver Area.

The several structural controls that are known to be conneoted
with lead mineralisation here limit the number of permissive are...
Aerial photogranhy would be a great help in the search for ore-bodies.
SaUa- The reported gold occurrence of the Zerissenes Mountains
(3.A. Dent, of Mines, Memoir No. 39 page 165), should be investigated
With a view to the possibility of finding an alluvial gold deposit.
iaAW The large salt nan southwest of the Gem.bok River should be
investigated with a view to exporting to Cane Cross, where the local

salt is unsuitable for preserving seal skins. A road could be made

with little difficulty from the salt pan to the coastal road.
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