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In the ton portion of the Unner S ch ist S e r ie s , there i s  p o ss ib ly  a 

s l ig h t  drop in the iron content of the emphibole. (See F ip . 6 7 ) .

Four p o ss ib le  explanations for th is  ere as f o l lo v s : -

1) The m aterial denosited d'.xrinp the formation of the or ig in a l 

sediments became itnoree s in *"1 v nnre ferruginous tourards the end of the 

period of denoeition .

2) During deposition , the comnaction of the sediments caused

water to  percolate unwards through the beds. This wafer could have 

d isso lved  iron from the lower rocks end deposited i t  higher up, a fter  

compaction and therefore movement of water of deposition , had ceased, 

(tiedberg has stressed  the importance of compaction in m obilising water 

of deposition  in sediments; Ref, 1936.)

3) After the sediments had been compacted they were compressed 

la t e r a l ly  and strongly fo ld ed . Any r e su ltin g  decrease in  to ta l  volume 

must have been sligh-cly i eved by a movement of water upwards to  re­

gions of lower pressure. Ter-perefcures were probably high, f a c i l i t a t in g  

so lu tion  of iron at depth.

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

a fron t of iron and magnesia—bearing so lu tion s upwards. The source 

of the heat could b e:-

n) F rictio n  due to movement between bedding olares during fo ld in g .

b) F riction  due to  the movement of the sediments over a deoollement

during and a fter  fo ld in g .

c) Increased pressure on the lower part of the sediments, due to  

thickening of the crust of sediments through fo ld in g .

d) The e f fe c t  of inherent heat of the in ter io r  of the earth , be­

coming In ten sified  due to  the folded and thickened mass of sediments

sinking down in to  the earths cru st.

Of the above, a combination of 3) and A) i s  thought to  be 

the most reasonable explanations. In a paper by P. Lapadau-Hargues, 

as quoted by Read, (Ref. Read, 1948) analyses show that MgO and v e f  

content gradually increase away from yran1t e , through angen fn e is s ,  

n erth ite  gneiss arid p la g io c la se  «« to s c h is t .



Between the la s t  two rocks, the FeO Increase Is  greater than the MgO 

in crease . From sc h is t  through s la te  to  "original sediment" the ^eO 

increase la  le s s  than the MgO increase. Thus the variation  In com­

p o sitio n  of amphibole Is  p o ssib ly  a symptom, of regional zoning.
%

A progressive change in the composition of hi o t i t e  does not 

seem to  e x is t  although there i s  a certain  rhythmic change, in sympathy 

with the change from calcareous to  non-calcareons sediments. (F ig . 67 ). 

Therefore i t  i s  p ossib le  that the iron and magnesia content of the sed i­

ments became fixed  during the la te  stages of fo ld in g , and a fte r  the 

formation of b io t i t e .  Local changes of com position, near granite

con tacts, may have occurred la te r ,

3) The Grades of Metamorphism in the. Arge•

Table No XIX and F ig . 66  show the types and p o sitio n s  of the 

5 4 fforF>nt zones of metamorphism. The probable original r-̂ cV J-”pes are

indicated  in the ta b le ,

Imnure dolom itic lim estones have given r is e  to phlogopite

marbles which in turn have been changed to  amphibole marble and f in a l ly

to amphiho]e—pyroxene rocks. Partial, analyses of s^ec .mens of

marble (Table XX) show th at the MgO -  CaO r a tio  i s  too low for the

rocks to  be classed  as dolom ites. They are probably dolrw rtic

marbles.

A rgillaceous and calcareous sediments gave r ise  to  b io t ite  

g r sn u lite s , amphibole gren u lites  and amphibole-garnet g ra n u lites .

Calcareous nodules In shaly beds are changed to  amphibole— 

pyroxene-ocapolite "Pseudo-diorites". Sim ilar rocks have been des­

cribed from the Appalachians (Ref. Ross, 1935, and F.mmons and Leney) ,  

the Cold Coast (Ref. Conybeare), and the Karroo system (Ref. Walker 

and Poldevaart, page 627), 6 o n e  acid pe,gmatite dykes (No. 270) l i e

near the p seu d o-d ior ites, and could p ossib ly  be connected with to e ir  

form ation. Mottled act4n o llte  d ionside-ep ldcte bends (No, 271) have 

been formed in the sc h is t  adjacent to the dykes. Solutions emanating

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

metamorphism, which i s  p o st-tec to n ic , judo<nc from the haphazard

o r ien ta tio n  and unsheared condition  o f  the m inerals.
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TYPICAL METAMORPHIC ROCKS.

160.

STRATI GRAPHIC POSITION PROBABLE ORIGINAL SEDIMENT

Top of Upper Sch ist 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

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

MEDIUM GRADE METAMORPHISM

Cordierite—orthocluse quartzite 
Orthoclase quartzite

Quartz-blotite sch ist 
Knotted quartz-biotite sch ist 
Epidote-quartz-actinolite rock 
C ordierite-b iotite hormfels

B io tite  sch ist 
B io tite  sch ist 
Quartz-biotite sch ist
Knotted cordierite b io tite  sch ist 
Q uartz-cordierite-actinolite sch ist 
Bytownite-actinolite granulite

Pure narble 
Graph;Lte marble

NO.

U 5
191

200
199
319
377

52
108
255

33
76

105

134
253

HIGH GRADE METAMORPHISM NO.

A northite-actinolite granulite 137

Anorthite-diopside granulite 
Grossularite-diopside rock

112
116

Vesuvianite-diopside rock 
Grossularite-diopside-wollastonite
rock

69

101

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

Ferruginous limestone 
Impure carbonaceous limestone 
Impure arenaceous limestone 
Impure limestone

Shale

Pure limestone 
S lig h tly  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

Ferruginous marble 
Graphite marble. 
Quartz-biotite marble 
Muscovite marble

B io tite  sch ist

Pure marble 
Orthoclase marble 
Calcareous granulite 
A ctin o lite -b io tite  granulite 
G rossularite-fluori te rock 
A ctin o lite—diopside roc.-;

Calcareous b io tite  sch ist

Pure marble

Calcareous q u a r tz ite  and q u a r tz it ic  
marble
A ctin o lite  marble

51
258
260
300

252
49
57
80
85
77

249

47

247
46

Tourmaline-actinolite-diopslde rock 217
Actinolite-diopside-anorthite gram'’ 11te 113

4



TABLE XIX (continued) 

TYPICAL METAMORPHIC ROCKS.

STRATIGRAPHIC POSITION PROBABLE ORIGINAL SEDIMENT MEDIUM GRADE METAMORPHISM NO. HIGH (HADE METAMORPHISM NO.

Brown Marble Zone Arenaceous lim estone 
Impure limestone

Calcareous quartzite  
B io tite  marble

2A5 ! 
243

Yellow Marble Zone Pure lim estone 
Arenaceous lim estone 
Impure limestone 
Impure dolom itic lim estone

Dolomitic shale

Pure marble 
Q uartzitic marble 
B io tite  marble
A c tin o lite—diopside-orthoclase
Gramslite

238
240
232

291
Asphibole-garnet rock 292

Middle S ch ist S er ies  ! Shaly sandstone 
Dolomitic shale

Dolomitic shale 

Impure calcareous nodule

B io tite  sc h is t
A c tin o lite -b io tite -o r th o c la se
Rock
A ctin o lite -d io p sid e -co rd ier ite
Pock
A ctin o lite -sca p o lite -ep id o te  
garnet nodule (Pseudodiorite)

261

73 |

271

287

Lower Marble S@ries Arenaceous lim estone i 
Impure lim estone 
Dolomitic shale

Marble
O rthoclase-phlogopite marble 
O rth o cla se-ec tin o lite -d io p sid e-  
co rd ier ite  rock

263
264

389

Lower S ch ist S er ies Arenaceous shale 
Arenaceous shale

Dolomitic shale !

B io t ite  sch is t
Tourm aline-m uscovite-biotite
sc h is t
O rth o c la se -co rd ier ite -b io tite -  

__ apt^npii^e isranHlita . . .

422

413

282
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T Ad Lei XX

PARTIAL AiLilXSiS (F ilARBiii.

u

L i .  16 32. AO

i  OTAl 33.31 54.23

White or own
Marble

Blue 
Upper 
Marble.

.vov/er
i-.arble

LOCALITY 'Irak . Brak R. Western
Ochist

granite
contact.



This i s  an example of strongly  se le c t iv e  metamorphism.

The work of so lu tion s in forming amphibole-feldspar rock 

i s  i l lu s tr a te d  as fo llo w s. S e lec tiv e  metamorphism of certa in  calcareous 

bands in the sch is ts  i s  comnon. Rarely, however, irregular masses of 

amphibole-bearing sc h is t  extend in to  calcareous wall-rock from bands of 

pars—em phibollte, (Ŝ e photo, F ig , 6 8 ). These masses u su a lly  have

narrow q u a rtz-fe ld sp a r-ca le ite  veins in th e ir  cen tres, and the concentra­

tio n  of amphi bole decreases away from the v e in s , -^his condition i s  

sim ilar to  that found at Lough Anure, covmty Donegal, Ireland and des­

cribed by W.S. P itcher, (Ref. 1950), and suggests that mobile so lu tion s  

have contributed towards much of thn metamomhism in the area,

/.) Thermal Metamqrphi sm at the Gran ite  Hon tp ct.

A w ell defined metamorphic zone 11as in the sc h is t  and marble 

along the granite contact. The metamornhi sm i s  strongly s e le c t iv e ,  

and the main e ffe c ts  av,a seen in the bands of impure marble, which are 

a ltered  to  coarse grained vesuviari +«-diopside rock, ^Noe. 69 and 7b'1 

(See Map, F ig . AO). Amphibole-gamet rocks are found in the adia- 

cent s c h is t s .  This metamorphic zone i s  ra re ly  more than 700 metres 

wide, end i f  i t  i s  accented that the granite was in jected  in the form 

of a phacolith , the true thickness of th is  zone would be le s s  than 50 

m etres.

The constant c lo se  sp a tia l re la tio n sh ip  between the granite  

contact and the high grade metamorphic rocks in d icates that the meta- 

morrhism was caused d ir e c t ly  by the beat of the granite. Addition of 

substance by means of so lu tion s probably took p la ce , because ther was 

not enough s i l i c a  in the o r ig in a l lim estones to  form the c a lc - s i l i c a t e s .

More ra re ly , w o llaston ite  and garnet are found, together with 

diopside or vesu vian ite , as metamorphic products of lim estone, (Nos.

101, 102),
A dark diopside-garnet skarn rock (Nos. 116 , 22A) i s  developed 

at the rare places where granite i s  in d irec t contact with marble, and 

forms a selvedge between granite and marble. The garnet i s  grossu lar ite  

or andradite, (Nos. 113, 11A, 116).
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Anorthite and bytownite, products of high grade metamorphism 

of impure lim estone, were found in Nos, 76, 105, 112, 333, 134 and 

137, However the presence of epidote and a ll these specimens in ­

d ica tes that the h ighest grade had not been attained (Ref, Marker, 1932, 

page 255),

B) The Granites,

Analyses, modes and norms of the three main "m njte types are 

given in  Table No, XXI.

The analysis of No. 326 i s  comparable with two gran ites ana­

lysed  by W.P. de Kock, (Ref, 1934, page 9 7 ), and No 373 i s  slml3ar to  

an average for 40 granodiorites, given by Daly, (Ref. 1933 page 15 .)

The analysis of a p l i t ic  granite (No. 326) bears some re­

semblance to  an a p lite  l i s t e d  by E. Kaiser (R ef. "Die Diamantan-'.Juste",

Vol, 1 . page 304), and i s  markedly sim i3 a r , both in analysis and mode 

to a granite that Coetzee (Ref 3941) s ta te s  as having caused the metamor­

phism of a sediment in to  a granodiorite.

The analysed gran ites are compared diagrammat1ca!3y witn granites  

from South West Africa and Nemaqualsrd in F ig . 6 9 .

F ie ld  examination of the granites shows a wel3-defined  s e r ie s ,  

sta rtin g  with two ages of granodiorites (including No. 100)and quartz 

d lo r ite s . These rocks are intruded by b io t ite  granites (including

No. 373^. The youngest gran itic  rocks are a p lite s  (No. 326) and an

a lk a li granite (No. 388).

The quartz d io r ite s  and granodiorites are rare ly  found in 

contact with t h e  sediments, and a r e  penera3l y  separated from them by 

b io t ite  gran ite , M icroscopical3y, some of the crranodiorites resen-Kie 

cren itised  sediments, as they contain n o ik ilitd c  «mphibole c r y s ta l1 o b la sts . 

(NO. 210) m icroperthite (No 313), and the shape of the con stitu en t  

grains i s  u s u e l l v  irrenu3 ar. Some altered  sediments found near the b i­

o t i t e  granite contact resemble ouertz d iorJtee  fe . g. ’’0 , R0).

S ch ist "xenoliths" in the older granodio’- ite  are m ostly  

aligned p a ra lle l with the sc h is ts  of the nearest sediments, and thus are 

p o ssib ly  s k ia lith s .

Thus the evidence points towards a metamornhic orig in  for  

some of the older erero d io r ite . However a variation  diagram (F ig . 70)



TABLE XXI
1 7 0 .

ANALYSES. NCRM3 AND MODES CF GRANITES & DOLERITE.

W’

Analyst; C.J. Liebenberg.

No. 326 373 100 359

SiOj 72.86 67.10 52.Q5 4 6 .0 0

a12°3 13.63 14.30 16.95 14.32
F©2°3 0.30 1.11 1.60 6.55
FeO O .U 2.59 5.75 6.47

MgO 0.08 1.32 6.13 6 .3 6

CaO 1.22 3 .40 8.18 12.34
NagO 3.36 3 .20 2 .11 1.70

K2 ° 5.25 3 .70 2 .79 0.50

♦HaO 0.4.0 0.67 1.59 1.72

-H20 0.12 0.13 0.21 0.28

0.60 0.50 0.30 1*44

T i^ Trace 0.75 2 .00 1.30

P2°5 0.03 0.26 0.16 0.24
MnO 0 .0 2 _____ 0.07 _________ 0.10 ... 0.21

TOTAL ___22,51 99.60 99.92 99.93
NCRFG;

or 31. U 21.63 16.68 2.78
1

ab 23.30 27.25 17.82 14.14
an 3.61 13.90 23.36 30.02
11 2.89 3.30 3 .50
cc 0.90 1.10 0.70 3 .30
Mg 1.62 2.32 9.51
G.' * 3.23 17.48
hy 7.24 17.25 10.31

-----&----- 32.16 ___ 24.42 2.64 5.64TOTAL 96.11 100.10 97.35 99.63

MODES;
K-Feldspar 39.3 17.7 0.3
P lagioclase 23 .9 41.8 47.3 45 .1Quartz 34.5 29.9 7 .7
B io tite 10.6 12.6
Muscovite 1 .3
Amphibole 30.3
Pyroxene 41 .1Ore , e tc . 1 .3 13.3
TOTAL 100.0 100.0 100.0 100.0
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of the three analysed gran itic  rocks shows an almost s tr a ig h t-lin e  

re la tio n sh ip  between them, ind icating  that they could a ll  be products 

of d ifferen tia tio n  of ore parent magma. F ield  and microscopic evidence 

ndicates that the younger grar.odiorites and the b io t ite  granite are 

subsequent and not synchronous bodies. The in tru sive  nature of the 

b io t ite  granite i s  demonstrated by i t s  re la tion sh ip  to the fo ld  

structures o f the Damara sediments.

The origin  of these younger granites i s  not known. They are 

apparently products of d ifferen tia tio n , because they themselves show 

the e f fe c t  of d iffe r e n tia t io n , the three stages represented being 

Increasingly  acid.

The b io t ite  granite was the major in trusion , and immediately 

preceded the more acid a p lit ic  gran ite, the pegm atites, and most of the 

quartz v e in s. The amount of ouartz veining in the sch is ts  i s  far  

T eeter than that found in the granite, but much of the quartz could 

have originated in the sediments them selves.

Therefore i t  seems possib le that a l l  the younger granites  

and pegm atites, and many of the quartz v e in s, originated in a parent 

gran itic  magma at depth. This magma, could have bac-r formed e ith er  by 

d ifferen tia tio n  of the basic mama at great depth, or bv d ifferen tia tio n  

of gran itised  sediments at moderate depth. A portion of th is  magma could 

have beer mobilised and moved upwards along a vertical, plane of weakness 

in the Damara sediments, with the follow ing re su lts :  when the Upper

Marble horizon had been pierced, the granite s i l le d  la te r a lly  along 

str ik e  in to  the form of a composite nhacolith , while the sediments beneath 

the phacoHth slumped downwards, creating space for in trusion . The 

"ppf of the phacolith , 1 oosted over the centre of the highest point 

of the ascending rra n ite , was supported by the pressure of the rran-'te, 

and was p a r t ia lly  reconstitu ted  into granodiorite and quartz d W it e .

''See S ection , Fig. 71) The assim ilation  of calcareous rocks could have 

contributed towards the formation of granodiorite. Presen t day erosion  

ha? <uc-'Osed mostly the flo o r  contact of the phacolith , and thus there 

i s  an irregular str ip  of b io t ite  granite bet’.reen the sch is ts  and the 

granodiorite.
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^ e r e  t h e  r o o f - c o n t a c t  o f  t h e  p h a c o l i t h  i s  e m o s e d ,  t h e  s c h i s t  i s  h i g h l y  

a l t e r e d  i n t o  b i o t i t e  h o r n f e l s ,  r a r e l y  c o n t a i n i n g  c o r d i e r i t e  ( N o .  3 7 7 ) ,  

a n d  i s  c o m m o n ly  i n d i s t i n g u i s h a b l e  f r o m  g r a n o d i o r i t e  i n  t h e  h a n d  s p e c i m e n .

T h e  p r o c e s s e s  t h a t  p o s s i b l y  l e d  t o  n a l i n g e n s i s  o f  t h e  s e d i m e n t s  

a t  d e p t h  w e r e  a s  f o l l o w s .

a )  H e a t  w a s  p r o d u c e d  b y  m e c h a n i c a l  f r i c t i o n  a n d  increase in  l o a d ,  

a s  d e s c r i b e d  u n d e r  " R e g i o n a l  M e ta m o r p h i s m  a n d  Zoning", s e c t i o n  ( 4 ) .

i b i s  h e a t  m u s t  h a v e  a f f e c t e d  a l a r g e  a m o u n t  o f  m a t e r i a l ,  i n  s u i t e  o f  

t h e  l o w  c o n d u c t i v i t y  o f  t h e  r o c k s .

b )  H x o t h e r m a l  r e a c t i o n s ,  o n e  s t a r t e d ,  s u p p l i e d  m o r e  h e a t .

•/ T h e  f ^ l d i n c  c a u s e d  t h e  s e d i m e n t s  t o  o c c u p y  a b o u t  o n e  t h i r d  o f

t n e i r  o r i  p i n a l  a r e a ,  a n d  t h e r e f o r e  t h e  p r e s e n t  v e r t i c a l  t h i c k n e s s  m u s t  

b e  a b o u t  t h r e e  t i m e s  t h e  o r i g i n a l  t h i c k n e s s ,  t h e  v o lu m e  r e m a i n i n g  t h e  

s a m e .  I f  t h e  o r i g i n a l  t h i c k n e s s  o f  t h e  D a m a ra  s e d i m e n t s  w a s  3 0 , 0 0 0  

m e t r e s ,  a s  i s  p r o b a b l y  t h e  c a s e  i n  t h e  W in d h o e k  d i s t r i c t ,  ( R e f .  G e v e r s ,  

1 Q3 4 ,  p .  2 3 0 ) ,  t h e n  a n  a d d i t i o n  o f  d o u b l e  t h i s  t h i c k n e s s  w o u l d  h a v e  c a u ­

s e d  t h e  m a s s  o '  s e d i m e n t s  t o  s i n k  t o  a  d e p t h  w h e r e  t h e  b a s a l  s e d i m e n t s  

w o u l d  b e  g r a n i t i s e d  a n d  p o s s i b l y  m o b i l i s e d ,  over a l a r ^ e  a r e a .  I s l a n d  

a r c  s t r u c t u r e  a n d  s h a r p  d o w n - w a r n i n g  o f  t h e  c r u s t ,  a s  p o s t u l a t e d  b y

U m b g r o v e , ( R e f .  1 9 ^ )  w o . a d  n o t  b e  n e e d e d  i n  o r d e r  t o  b r i n g  t h e  s e d i m e n t s  

i n t o  t h e  d e p t h s  w h e r e  p a l i n g e n e s i s  w o u l d  t a k e  p l a c e .

1 h e  m a i n  m a s s  o f  g r a n i t e  t h a t  i s  now  e x r o s e d  p r o b a b l y  a s c e n d e d  

l a t e r  t h a n  t h e  s o l u t i o n s  w h i c h  h a d  c a u s e d  r e g i o n a l ,  z o n i n g .

o u m m in g  u p ,  c e r t a i n  f a c t o r s  a f f e c t i n g  t h e  g r a n i t e  p r o b l e m

i n  t h i s  a r e a  c a n  b e  e v a l u a t e d  a s  f o l l o w s : -

a )  i-fuch o f  t h e  o r a n i t e  i s  i n t r u s i v e  i n t o  t h e  s e d i m e n t s ,

b )  P e r i p h e r a l  l e n s e s  a r e  a b s e n t ,

c )  C o n t a c t s  a r e  f a i r l y  s h a r p .

d )  P e g m a t i t e s  a r e  c o m p a r a t i v e l y  r a r e ,  ( o f .  U i s ,  E r o n g o ) ,  a n d  

a r i l t o  d y k e s  o c c u r  i n  a m o u n t s  a l m o s t  e q u a l  t o  t h e  n e g m a t i t e s .

e )  M o s t  o f  t h e  x e n o i i t h s  a r e  p a r a l l e l ,  b u t  some a r e  d e o r i e n t e d .

f )  T h e r e  ■'s a  w e l l - d e f i n e d  c o n t a c t  z o n e ,

g) M e t a m o r p l i i c  m i n e r a l s  a r e  r a r e  i n  m o s t  o f  t h e  g r a n i t i c  i g n e o u s

r o c k s ,  b u t  som e o f  t h e  g r a n o d l o r i t e  m i c r o s c o p i c a l l y  r e s e m b l e s  a  m e t a -  

m o r p h i c  r o c k .
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h,' ‘ Ihe roo f of the p h aco ll th  was probabl^r f l a t .

ly lh6 srh  u t e  i s  gen era lly  massive, but m arginally  has d i re c t iv e  
s t ru c tu re s .

j )  1 - - i t - p a r - l i t "  in je c t io n  i s  absent.

-)  s e r i a l  d i f f e r e n t i a t io n  i s  in d ic a te d ,  with evidence of four 
m j  ac tions of magma#

1} vontan.mat.ion through inco rpo ra tion  of country rock i s  not 

genera l in  the b io t i t e  granite#

mj The remaining roo f p o r t io n s  of the p h aco ll th  c o n s is t  of h ighly  

te red  sc ..j .  t am  ^ ra n u l i te ,  some of which resemble y a n o d i o r i t e .

•0 -one of the metamorphic rocks in  the  area resemble g ra n o d io r i te .

o) examples of the work of metasomatism e x i s t  throughout the area 
of ikunara sediments.

p) A form of reg iona l zoning e x is t s  in  the flaiara sediments, and 

p o ss ib ly  in d ica te s  the presence of a widespread body of g ra n i te  a t  depth .

q) The mineral occurrences of the  area s u r e s t  the presence of an 
ac id  g ra n i te  a t  depth.

The above fa c to r s  suggest t h a t  the  exposed g ra n i te  i s  a sub­

sequent and not synchronous body, t h a t  i s ,  i t  d c s  not c o n s is t  of s e d i ­

ments g ra n i t i s e d  in  s i t u .  The c r i t e r a  used here are  those suggested 

by S u llivan  (Ref. 1946).

ac to rs  which cannot be evaluated are as fo llow s; -  

a , ihe o r ig in  of the exposed g ra n i te .

b) The p o s i t io n  and s t ru c tu re  of the southern edge of the  p h a c o l l th .

c) -he t o t a l  volume of g ra n i te  in truded , and i t s  o r ig in a l  ex tension

ana form above the p resen t erosion  su rface .

) -he depth and o r ig in  of the  p os tu la ted  pa ren t magma.

e) The response of the roo f of the p h aco ll th  to  the ac t io n  of

the in trud ing  magma,

f )  The method by which the g ra n i te  ascended.

fu r th e r  work in  the adjo in ing  areas w i l l  probably throw some 
l ig h t  on b) and f ) .



v >• Atj i t e g ! re ^ ^ a t i te d  and quartz  v e in s .

As mentioned under tTectonics!? > the a p l i t e s  and pegmatites 

oear a c lose s t ru c tu ra l  r e la t io n s h ip  to  the g ran ite  con tac t .  They appear 

to  be r e la te d  to  the g ra n i te ,  and probably rep resen t  the f i n a l  ac id  

prase  of tne g ra n i te  in trusion#  Their co n s is ten t  composition and mode 

of emplacement support t h i s  view.

hany q^iartz ve in s , e sp e c ia l ly  those near the 0r a n i t e  co n ta c t ,

a re  probably g e n e t ic a l ly  r e la te d  to  the vr a n i t e .  Some of those th a t

occ .ip in  '*0 seuimeni s away f r  im the granite con tac t are possib ly  the

r e s u l t  of emanations lrom. the p o s tu la ted  deep g ra n i te  body th a t  was the

paren t magma of the  exposed g r a n i t e • The galena, wolframite and

c a s s i t e r i t e - b e a r in g  quartz  veins probably belong to  th i s  ca tegory .

lydrothermal so lu t io n s ,  o r ig in a t in g  p a r t ly  in  the deep g r a n i t e , and

p a r t ly  in  the counrty r oc::, ascended along planes of weakness s e t  up

uui'ing • o ., ng# r.uch of the  water th a t  c o n s t i tu te d  the hydrothermal

so lu t io n s  could have been derived from the a l t e r a t i o n  of k a o l in i t i c

■1: - • 1 0 - -uspar as suggested by Good speed, (Ref. Q,E, Goo<' speed,

page 151) .

D) Tho i\arroo Rocks.

!• lietaraorohism of the pediment?.

Low grade metamorphism i s  evident in  most of the Karroo s e d i -  

ments. i ue main cause of th is  mefamorphism i s  the widespread in t ru s io n  

of d o le r i te  dykes and s i l l s .  Perco la ting  hot waters have produced much 

• i>-ra'-.LOf;. oome o1 tn i s  fppt> of a l t e r a t i o n  is  ^robably connected with 

~ Gbor iibor^ volcanismj the presence of s t i l b i t e  in  an indurated mud­

stone (No# 363) i s  a t t r ib u ta b le  to  t h i s  cause.

The Karroo rocks are a l l  a f fec ted  by the  basic  in trus ions#  All 

the  mi us  tone 3 and sliales are  in d u ra ted , and the sandstones are quartzitic#

ihe karroo h i l l s  surrounding the Grand berg show a somewhat 

. legree of meta iorphism, with spotted  and m ottled indurated mudst >1 ^

and shales and higV:2 '̂ s i l ic e o u s  q u a r tz i te s  and conwlomeraoe3• The iLarroo 

r  cc/cs a t  tho rr  and berg conuact zone sliow medium to  hi^h—grade metajnorphism. 

These rocks liave been described by Gloos and Chtrioba (Ref. 1331;.
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'* T h e  S t o m b e r g  L a v a s .

A l t h o u g h  s l i g h t l y  d i f f e r i n g  v a r i e t i e s  o f  l a v a  o c c u r  i n  t h e  

p i ' e s e n t  a r e a #  t h e r e  i s  n o  ev  ’ m c e  f o r  t h e  d i f f e r e n t i a t i o n  i n  t h e  l a v a s  

t h a t  i s  d e s c r i b e d  e l s e w h e r e ,  ( R e f s .  Du T o i t ,  1 9 3 9 ,  G e v e r s ,  1 9 3 2 ,

R e u n i n g ,  1 9 2 5 ) .

e x a m i n a t i o n  o f  a  s e c t i o n  4 0 0  m e t r e s  t h i c k  sh o w e d  t h a t  o n l y  

b a s a l t s  a n d  p o r p h y r i V . o  b a s a l t a  y e r e  p r e s e n t .  T h e  l o w e r ^  b a s i c  p o r t i o n  

o f  t h e  l e v a  f l o w s  i s  p r o b a b l y  t h i c k e r  h e r e  t h a n  i n  o t h e r  p r e s s ,  a n d  

t h e  u p p e r  p o r t i o n  h a s  b e e n  e r o d e d  a w a y .

' i h e  n u m e r o u s  a m y g d a l o i d a i  b a s a l t i c  d y k e s  w e re  p o s s i b l y  f e e d e r s  

o*’ t h e  l a v a  f l o w s .  T h e s e  d g k e s  a r e  c o m m o n ly  c u t  b y  d o l e r i t e s ,  a n d  

a r e  a l w a y s  m uch m o re  w e a t h e r e d  t h a n  t h e  d o l e r i t e s .  Many o f  th e m  s t r o n g ] ,  

r e s e m b l e  t h e  l a v a s ,  b o t h  m i c r o s c o p i c a l l y  a n d  i n  t h e  h a n d  s p e c i m e n .

3 .  T h e  Kar r o o  D o l e r i t e s .

E x a m p l e s  o f  hhe  P e r d e k l o o f  a n d  H a n g n e s t  t ” p e  o f  d o l e r i t e  d ? /k e s ,  

a n d  s e v e r a l  n i o r i t e  d o l e r i t e s ,  w e re  f o u n d  i n  t h e  a r e a .

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  d o l e r i t e s  a n d  the l a v a s  i n d i c a t e s ,  

a s  i n  o t h e r  a r e a s ,  t h a t  b o t h  r o c k s  o r i g i n a t e d  f r o m  the sam e m agm a.

( R e f .  W a l k e r  a n d  P o l d e r v a a r t ,  1 9 4 9 ,  p a g e  6 4 3 )

T h e  a n a l y s e d  d o l e r i t e ,  (N o .  3 5 9 ,  T a b l e  XXI a n d  F i g .  7 2 )  d i f f e r s  

f r o m  t h e  a v e r a g e  P e r d e k l o o f  t y p e  b e i n g  r i c h e r  i n  F e^O ^  a n d  CaO , a n d  

p o o r e r  i :  S iO g  a n d  MgO. T h e  v a r i a t i o n  f r o m  t h e  a v e r a g e  i s  r e f l e c t e d

i n  t h e  m o d a l  c o m p o s i t i o n  o f  t h e  r o c k .  O l i v i n e  i s  a b s e n t  a n d  i r o n  o r e  

i s  p l e n t i f u l .  Some o f  t h e  i r o n  o r e  h a s  E v i d e n t l y  b e e n  o x i d i s e d  t o  

h a e m a t i t e .  T h e  p y r o x e n e  i s  p r o b a b l y  a  s u b - c a l c i c  f e r r o - a u g i t e  ( s e e  

f i g u r e  7 3 ,  a f t e r  H e s s ,  1 9 4 9 ,  p a ^ e  6 3 4 )  a n d  i s  o f  u n u s u a l  c o m p o s i t i o n  f o r  

t h i s  a r e a .  General1 v ,  a c c o r d i n g  t o  t h e i r  p l o t t e d  p o s i t i o n s  a b o v e  t h e

c o u r s e  o f  c r y s t a l l i s a t i o n ,  t h e  p y r o x e n e s  o f  t h e  K a r r o o  d o l e r i t e s  h e r e  

a r e  p r o b a b l y  r i c h  i n  T 1 0 2 .

T r  f i g u r e  71>, t h e  c h e m i c a l  c o m p o s i t i o n  o f  No, 3 59  i s  p l o t t e d  

a c a l n s t  t h e  c h e m i c a l  v a r i a t i o n  d i a g r e r  o f  t h e  K a r r o o  magma, ( s i m p l i f i e d  

a f t e r  W a l k e r  a n d  P o l d e r v a a r t ,  1 9 4 9 ,  p a g e  6 5 3 ) .  W itn  t h e  e x c e p t i o n  o f  

S : (>2 a n d  ^ e O ^ ,  t h e  r o c k  f a l i i  w e l l  w i t h i n  t h e  l i m i t s  v a n ,

Diffepentitatlon  in the Karroo D olerites,

I’h e  a n a l y s e d  d o l e r i t e  ^No. 3 5 9 '  i s  f a i r l y  r e p r e s e n t a t i v e  o f

t h e  P e r d e k l o o f  t y p e  d o l e r i t e s  f o u n d  i n  t h e  a r e a .
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1-lo tte d  on he d i f f e r e n t ia t io n  tren d  diagram of Karroo d o le r i te s  (Fig 

1 4 , s im p lif ied  from //alker and F o ld e rv aa rt, 1949, pa_e 6^7 ) ,  do. 359 

ap^oears to  be a com paratively e a r ly  product of d i f f e r e n t ia t io n  of the  

Karroo magma. .'his is  in  conform ity w ith the f a c t  th a t  sev era l p ie r  i ts  

a o ..e r ite s  occur in  the a rea . Most of the p ic r i t e s  are  apparen tly  earty  

d i f f e r e n t ia te s  of la rge  and p o ss ib ly  f lo o red  masses of d o le r i te  magma. 

One -,xa..] , near the irandberg , i s  in  the form of an ex tensive  dyke,

, o .  192). I t  i s  p o ssib ly  s ig n if ic a n t  th a t  the s t r ik e  of th is  dyke i s  

d i r e c t ly  in  lin e  w ith the Messum a lk a l i  complex. The only occurrence 

oi hangnest type d o le r i te  (No. 13) was found in  a large p lu g -lik e  body, 

and i t  is  th e re fo re  p o ssib le  th a t  d i f f e r e n t ia t io n  processes could have 

co n trib u ted  towards the form ation of the rock*

I t  i s  alm ost c e r ta in  th a t  d i f f e r e n t ia t io n  took place in  some 

of the th ic k  s i l l s  th a t  l i e  near the base of the Karroo beds in  the 

w estern p a r t  of the a re a . A d ire c tiv e  tex tu re  can be seen in  the plagic 

c la se  la th s  in  No. 73, which was taken from one of these s i l l s .



CHAPTER VII

ECONOMIC GEOLOGY.

i h r e e  t y p e s  o f  m i n e r a l  o c c u r r e n c e  a r e  f o u n d  i n  t h e  a r e a .

Tin a ,d  t™ g s t.n  mlnsd . t  the  B r i b e r *  «eet Mine, and t i n  has teen 

"uned near the  Brandherg, aoutheaat of Kubugabls. S n a il lead  oceum m oee 

a re  found in  the  Zerlaaenea Mountain, and In the  a rea  w e t  of th en .

N o n e  o f  t h e  l e a d  o c c u r r e n c e s  h a v e  b e e n  w o r k e d .

A) Ibe .B r ib e r ?  Jfest Tin-Ti^ sten Depn^ + ̂

I b e ^ V e i n  . O e E o g l t .  ( S e e  p l a n s ,  P i g s .  7 5 ,  7 6 , 7 7 ) .

T h e  v e i n  d e p o s i t  c o n s i s t s  o f  a  sw arm  o f  q u a r t z  v e i n s  c o n t a i n i n g  

c o a r s e  c a s s i t e r i t e  a n d  w o l f r a m i t e ,  i n  a n  a n t i c l i n e  o f  L o w e r  S c h i s t .  T h e

s t r i k e  o f  t h e  s c h i s t  c o u n t r y  r o c k  i s  2 5 °  w e s t  o f  s o u t h  a n d  t h e  d i p  i s  

b e t w e e n  3 5 °  a n d  7 0 ( t o  t h e  s o u t h e a s t .

O liv ine d o le r i te  dy. >s, s t r ik in g  n o rth -so u th , cu t the q u artz
v e i n s .

A  ̂ S touctu re  of the  Veins.

T h r e e  a g e ,  o f  q u a r t ,  v e i n s  a r e  f o u n d  I n  t h e  m i n e r a l i s e d  a r e a .

- h e  o l d e s t  v e i n s  a r e  e m n l a c e d  i n  s c h i s t  b e d d i n g  p l a n e s ,  a n d  a r e  so m e­

w h a t  c o n t o r t e d .  T h e  v e i n ,  a r e  l e n t i c u l a r ,  a  f e w  m e t r e .  I n  l e n g t h ,  a n d  

u p  t o  1 5  c m . t h i c k .  T h e  q u a r t s  1 ,  m i l k y  t o  g r a y l a h  a n d  c o n t a i n ,  m us­

c o v i t e .  I n  t h e  m i n e r a l i s e d  a r e a  t h e y  c o n t a i n  l i t t l e  c a s s i t e r i t e  a n d  

p r o b a b l y  n o  w o l f r a m i t e .  T e n  o f  t h e  v e i n s  w e r e  e a m n l e d  I n  t h e  d l t ,  

a n d  a v e r a g e d  0 . 1 %  S n .  w a s  f o u n d  o n l y  I n  t r a c e s .  I n  t h e  a r e a s  ^ 

s a m p l e d ,  t h e  a v e r a g e  t i n  c o n t e n t  o f  3 6  q u a r t s  v e i n s ,  y o u n g e r  t h e n  t h e  

l a r t s - e i i c a  v e i n s ,  w as  a n d  t h e  a v e r a g e  WO  ̂ c o n t e n t  w as 0 . 1 % .

i a l l ^ - o c k  a l t e r a t i o n  b y  t h e  o l d e r  v e i n .  I s  n o t  n o t i c e a b l e .

T h e  l a t e r  g e n e r a t i o n  o f  q u a r t s  i s  t h e  m a in  b e a r e r  o f  e c o n o m ic  

m i n e r a l s .  T h e s e  v e i n s  o c c u r  i n  t h e  f o r m  o f  a  s w a rm , t h e  m a in  m a s s  

o f  w h ic h  o c c u p i e s  a n  a r e .  o f  2 5 0  m e t r e s  b y  3 5 0  m e t r e s  a d j o i n i n g  N o . 3  

s t r e a m  b e d .  ( S e e  p l a n ,  P i g .  7 5 , .  T h e  v e i n s  a r e  l e n t i c u l a r ,  p i n c h i n g  

a n d  s w e l l i n g ,  a n d  t h e y  s t r i k e  a t  a b o u t  7 0 °  w e s t  o f  t r u e  n o r t h ,  a n d  d ' , 

t - w r d s  t h e  n o r t h - e a s t  a t  a n g l e s  b e tw e e n  7 0 °  a n d  8 0 ° .
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I n d i v i d u a l
v B V» uuu 1OLLOW CTEPved

" ' h “ a i  m d  3 M l e - ( S e e  u n d e r g r o u n d  p U n ,  F i g .  7 6

Z T 1"  ^  FU- 75)- -  —  —  o, th,  aoM t

T :  ^  ^  ^  —  —  -  — 1 (  e n d  n o t:::: ̂ the ̂ —-—-  ̂̂  Theae w to  

s c h is t  onri <y"L U11° Blot:
  “ d  S = W  ° S iC —  c o n s t i t u t e  M  o f  t h e  t o t a l .

, ° -u , a  n a f i t ^ e n  e m o la c e d  
c o n s t i t u t e  1 0 . *  o f  t h e  t o t e !  r o o k  e ^ e e d  i n  t h e  e d i t .  o l e

a c c o u n t s  f o r  1 2 ,  e n d  t h e  q u e r i e s  v e i n s  f o r  *  o f  t h e  t o t e ,  '
o l e r i t e

r» _ uoun e borne

Z I T Uhere 9 fe“nMTov ~ZZ1 2 Z7 ™ Z
o r e .  a t e  o f  s c h o r l ,  g a r n e t ,  q u a r t s ,  a n d  a  l i t t l e  c a s s i t e r i t e .

I n  t h e  e r e .  o f  t h e  B r e n d h e r g  W e s t  M in e ,  t h e  t i n - t u n g s t e n

r : : ion ~ for ^ 800 To ^  sout,
on e . r x k e ,  f v o  m o re  a r e a s  o f  t i n - t u n g s t e n  m i n e r a l i z a t i o n  h a v e  

o u n d . F a n d  1 6  km f r o m  t h e  B r e n d h e r g  W e s t  M i n e .  ( f j ,  2 7 ) ,

r  tha “  ~  —  the sane p a t t e r :  as : t

u n d e r  O e o l o g F ,  t h i s  t .v p e  o f  h i g h  t e m ^ r a t u r e  q u a r t s - t o u m a l i n e  v e i n  i s  

- u n d  t h r o u g h o u t  t h e  a r e a ,  W t  s e ld o m  c a r r i e s  e o o n ^ c  m i n e r a l . .  '

O e n e r a l  v i e w s  o f  t h e  m in e  w o r k i n g s ,  t a k e n  f r o m  t h e  L o w e r  

- h i e  o u t c r o p  h e . w e e n  s t r e a m  3  a n d  s t r e w ,  1 ,  a r e  sh o w n  i n  F i g . .  7 8  a n d

c ‘: e ‘j  e  Q r e - M l n e r a l s .

In the later qu^ts veins cassiterite and woliYamite
occur in isolated patches, often coarse-grained.
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O r ^ ta le  <><• w o l f r ^ U  w 'th  f . c ,  10 cm. In  41, and m.aaaa o f

i t e r i t a  tin to  l r v-'. In w eight, have been found in the  underground 

workinga and In  the a l lu v ia l  d e p o s its . S c h e e lite  i s  found r a r e ly  

occupying cracks in  w olfram ite and as ra re  g reenish  c ry s ta ls  in  th e

u a r ts  v e in s . On a n a ly s is , one o f these  c ry s ta ls  was found to  con ta in  

U .O fo  W03, 0 .2 $  M03 and $  Ov.

A sneoimen of w olfram ite assayed 7 0 .6 $  WO3 , 8 .0 $  MnO, and 
13.4-$ FeO.

Thn occu"rence of th e  m inerals w ithin  the nuartz  veins appears 

to  be haphazard, and i s  not co n tro lled  by the a t t i tu d e  or th ick n ess  

of the v e in s . Tn s p ite  of the  coarseness of the t r a in ,  the  m inerals 

are f a i r l y  evenly d is tr ib u te d  throughout the v e in s . Panning of samples

of w all-rock  in d ic a te s  th a t  the w all-rock  i s  barren of ore m in era ls .

c ) The Country  Rock,

S oh ia t:

The predom inating country  rock i s  a o u a r ^ b io t i te  s c h is t ,  

which has undergone considerab le  a l te r a t io n  a t  the quartz  vein c o n t a c t .  

The th ickness of w all-rock  a l te re d  i s  roughly  p ropo rtiona l to  the 

th ickness of the  v e in s , and fo r  a 30 cm. v e in , i s  about 7 .5  cm on e i th e r

v e in . The miner '-logical composition of specimens of un­

a lte re d  and a lte re d  s c h is t  i s  riven  in  the ta b le  below:

TABLE. XXII.

 LQWra  SCHIST^QUJ£1^Y_R0CK_AT _BRANDBitftG WEST MIKE

Specimen Where % 
ho. taken Quartz A 1°

B io tite  f-tuscovixe Toiarmaline
i° E x tras

Iron
Ore

417 Away
from
ouartz
veins

40 55

4?9 U naltered 50 
s c h is t  
from dumo

50 Rare
F lu e d te

404

409

Quartz
vein
con tac t

30

n 20

70

70

Some

10

Mala­
c h ite
snecks

413 n 25 40 25



The tourm aline, which i s  in  th e  form of sc h o rl, (rives the  

a l t e r e i  v a n -ro c k  a black "baked" appearance. The tourm aline c r .v s ta ls 

"re  o rien ted  o e rp ^ d ic u la r  to  the plane of th e  v e in , and th e i r  co n tac t 

w ith the  u n a lte red  a c h ia t i s  u su a lly  sharp . On surface the  r e s is ta n c e  

to  w estherinv  of the  sch o rl i s  shown by "w alls" of vein c h a r ts  fro sen  

to  en c lo sin g  s la b ,  of s c h o r l , the whole stand ing  w ell above the  surroun. 

ding s c h is t .  The prominence of these outcrops end the  f a c t  th a t  th ey  

are o ften  coprer s ta in ed  end contain  la rg e  c ry s ta ls  of the  ore m inera ls ,

hare led to  an e a r ly  d iscovery  of th e  d ep o sit had the  d i s t r i c t  

no t been so d i f f i c u l t  of access .

Calcareous Beds.

A narrow brown marble band occurs in the Lower S c h is t  a n t i -

c l in e ,  some 8C m etres below th e  Lower Marble Band, and has been cu t 

by m inera lised  quartz  v e in s ,

°ne S11°h in te rs e c tio n  is  seen near the  small k o p j e  ly in g  to  

th e  e a s t of the head of No. 3 Stream. At the  co n tac t, tou rm aline , 

iro n  oxides and w e ll-c ry s ta l l is e d  brown c a s s i te r J te  occur. (No. /,C9 ) .  

The country  rock i r  a brown fin eg ra in ed  m arble, con ta in ing  b i o t i t e ,

m uscovite, a l i t t l e  en ido te  and some ore and q u a rtz . (No. /;03 ) .

Lower Marble.

A m ineralised  vein in the  lower Marble Band to  the northw est 

o f the winze shows e m inera log ies! com position s im ila r  to  the  a l te re d  

s c h is t  w a ll-ro o k . of th e  rock c o n s is ts  of a p a ra l le l  arrangem ent

vn .o u m eline or s t a l s ,  and the  rem ainder i s  q u a rtz . A few g ra in s 

of f lu o r i t e  are  p re se n t, and th e re  are ra re  g ra in , of c a s s l t e r i t e .  

d ' Petrography and Mineralogy.

An o u tlin e  of the  petrography and m ineralogy i s  given below.

1' Ibg—QuarA»rmioa velne.

te p p c O E lc ,  The th ic k e r  w i n ,  have ,  core of q u a rtz , con­

ta in in g  e~ne muscovite and a concen tra tion  o f muscovite on each side of 

the  co re . The muscovite i s  u su a lly  in  the  form of elongated P la te s  or 

small books, the  p la te s  stand ing  perpend icu lar to  the  plane of the  veins.

In th in n e r veins ( le e s  than /. cm th ic k )  the quartz  core is  

a b w r t ,  bu t th e re  i s  a c e n tra l  l in e  th a t  appear, to  b is e c t the  m ica-

q u a r tz  Intergrow th*
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No cespj t e r i t e  w s  seen in  the  bond specimens.

J lc ro s c o f jc , A mosaic of in te r lo c k in g  quartz  g ra in s , with

T a in s  un to  6 mm in  d iam eter. Muscovite occurs in  sm aller f la k e s .

No c e s s i t e r i t e  was seen.

i i   ̂ T h e . ^ u a £ t ^ t c u r i n a l i n e  v e i n s t

MaSTPjcoEic* White, somewliat m ilky q u a rtz , with sc a tte re d  patches 

UP to  15 cm* ln d ia m e te r  o f c ry s ta l l in e  c a s s i t e r i t e  and w olfram ite , 

and r a r e ly  some fe ld sp a r and m uscovite. Rare patches of pale o live-g reen  

c r y s ta l l in e  s c h e e li te .  o0me of the w olfram ite i s  p a r t ly  a l te re d  to  

haem atite , and to  s c h e e lite  along c rack s. The c a s s i t e r i t e  i s  u su a lly  

dark brown and tra n s lu c e n t, and i s  r a r e ly  tra n sp a re n t. L ight b row  

and alm ost white c a s s i t e r i t e  has been found.

i 'J^ D sco n ic . The q u a rts  occurs as a mosaic of in te r lo c k in g  

g ra in s , w ith g ra in s up to  f iv e  mm in  d iam eter.

111) I h e j lo m tr y  Rocks.

The. S c h i ^ l i N o g ^ ^ L ? , ^ )

The ccm rosition of the s c h is ts  as seen from m inm sconie 

exam ination has been ta b u la ted  above. The sch is to s< ty  i s  marked and 

i s  p a r a l le l  with the bedding. Rare, elongated  o ra ins of f lu o r i t e  l i e  

p a r a l le l  with the d ire c tio n  of s c h is to a i ty .  Normally, tourm nline i s 

a b sen t. Muscovite i s  p re sen t as sc a tte re d  f la k e s .

The. Aj.tered. Schijgt------.(See. above, ta b le A)

(lias. .404a. .40Si__4lJa. 4U ),

In the s c h is t  ad jo in in g  the youiger quartz  veins, b io t i t e  

i s  ra re  or absen t. Muscovite i s  more common than in  the u n a lte red  s c h is t .  

The s c h is to s i ty  i s  u su a lly  destroyed , but was found to  p e r s i s t  in  one 

specimen. (No. 409). The q uartz  con ten t i s  f a i r l y  co n stan t, and 

to o r ra l in e ,  sometimes w ith b io t i t e ,  c o n s ti tu te s  the remainder of the 

ro ck . Ore i s  p resen t in  small amounts.

The. Broun Marble (No. 407)

The groundmess c o n s is ts  of in te r lo c k in g  g ra ins of c a lc i t e ,  

m ostly  sm all, with a few la rg e r  g ra ins up to  0 .5  mm. Rare of

en id^ te  are  found in the groundmess, and in  a v e in le t .
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^  ^t-ered f] a of muge^iri-te, b l o t l t e , ore and onprtz  occur 

in  the c a lc l te  groundmoss.

The. Lower  Marble Band.

This i s  the  same as th a t  described  under "General Geology".

The.ba s ic  Dykes.

llS* O livine doler i t e .

P lag ioc lase  i s  andesine.

the o liv in e  i s  n e a rly  a l l  a l te re d  to  preenish yellow serpen­

t in e .

The aug ite  i s  in  sub—o p h itic  g ra in s .

iiag n e tite  and lim on ite  occur as a c c e sso rie s ,

No. tr7 \  O liv ine d o le r i t e ,

The o liv in e  i s  m ostly  u n a lte red .

No, 423. Oliv in e  d o ]e r i te .

S im ilar to  '1 9 , bu t con ta in ing  le s s  o liv in e . All the  o liv in e  

p re sen t i s  h igh ly  a l te re d .

e ) Sampling.

General: ^he main o b jec t of the underground development a t  the

Brandberg Vest Mine ivas to  evaluate  the m ineral content of the quartz  

v e in s . A dditional o b jec ts  were to  in v e s tig a te  the s tru c tu re  and 

q u a n tity  of the veins and to  prove the c o n tin u ity  of values with depth .

The winze was put down in  1946, and benches were cu t in to  the 

eas te rn  side of the h i l l .  Encouraging values found during these  ex­

cav a tio n s led  to  the development of the a d i t  through the h i l l  and to  the 

d riv in g  and r a is in g  on the r e e f s .  Channel samples were taken of most 

of the  veins in  the a d i t  and the d riv e s . A ta b u la tio n  of the r e s u l t s  

i s  given below. (Tables XXIII, XXIV, XXV).

High values have been cu t to  3.C$ Sn and 3.C$ WÔ .

Thicknesses are given in inches.
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ta b le  x m i■ ' i - — — — •
e

VALgSJN_REEFs OVER 0.3!; (Sn + WO o’) AT 
BRANDBERG UR5!T UTHE.

R e e f  N o .  8 » # t h l *  % S n  , »  (« x t )  ?! WO3 ( b )  ( b  x  t )

-------------- — i n  . I n c b e g .

88*

21 i f  0 .3 9  5 .10
36 0.08 2.88

1 .7 8  42.72
?9 O.35  10.15
2  ̂ 0.02  0.48
13 1.93 25.09

:  o°:2f , 1 : 1 1

2^ 0 .65  15.60
!2  2 .81  33.72
8 0 .1 6  1 .28

14 0.62  3 .68
24 0 .4 8  11.52
o 0,55 3 30

Quartz-Mica 24 0.62 14,*88
Telc »  0.16 4.64

0 *60 6.00
8 0 .31  2 .48

10 0 .4 8  4 . 8O
9 1.07 9.63
5 0 .3 6  1.80

,% 2 .80  19.60
10 0.11  1.10
11 0.60 6.60
36 1 .27  45 .72
12 2,13 25.56
16 0 .3 7  5.92
26 0 .55  14.30

0 0 .0
0 .4 14 .4
0 .2 4 .8
0.5 14.5
2.3 55.2
T 0 .0

2.3 32.2
0 .6 14.4
0.3 7 .2
2 .8 33.6
0 .5 4 .0
0 .1 1.4
0 .2 4 .8
0 .3 1 .8
T 0 .0

0 .3 8.7
T 0 . 0 .

0 .4 3 .2
0 0 . 0 .
0 .3 2 .7
0 .5 2.5
0 .3 2 .1
0 .2 2 .0
0 .6 6 .6
0 .2 7 .2
0 .4 4 .8
3.0 48 .0
0 0 .0

I t o .  Av. ^ 2 » *  W t - ° - 7W 335-23 ° - 5«  276.1

c
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TABIiS XXIV

VALUES IN RSKFS UNI>1H 0 . 3% WO-)) AT
BRa NDBSRG WEST MTMKS!

Heef th ickness (+) jiSn (a) (a x t )

QM

QM

T otal

From
Table 
XX 111

S
36
36
36
14
4

13
24
17
7

10
3

36

12
13.2"

430"

Grand T o ta l
753" 

Av. 17.5"

0.11
0.11
0.08
0.11
0.17
0.06
0.07
0.07
0.06
0.08
0.14
0.07
0.25

0.03

0.12)4

. 38
3.96 
2 .83
3.96 
2.38

0.24
1.26
1.63
1.02
0.56
1.40
0.21
9.00
1.68
0.96

32.07

0.70> 33523

0.49> 36730

>W03 (b)

0
0
T

0.1
0
0
0
T
T
0
0
0
T

0 . 01#

0 . 5 8 #

0 .37/.

(b x t )

V

0
0

3 .6  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

3 .6

2761

2797

QM * Quartz -  Mica vein

TaB I£  XXV

AVERAGED VALUES OF REEFS IN  iK IV LS AT
BRANDRSRG WEST MINE.

Drive No. Av. n eef th ickness 
in  inches

No. of Samples Av. Sn# Av. WO3#

83» Dr. West 6.3 3
102 ' Dr. West 22.7 10
137' Dr. West 14.3 13
137' Dr. E ast 2 4 .0 15
195' Dr. West I 6 .4 19
195' Dr. E ast 14.9 9
2 4 2 ' Dr. West 21.5 12
2 4 2 ' Dr. E ast 11.9 7
T ota ls  and Averages 17.9 33

0.72
0.41
0.46
0.73
0.96
0.50
0.34
1.26
0 . 6 3

0.02
0.72
0.79
0.33
1.00
0.42
0.25
M l
0.56



I

193.

In the  ad U , the  a v e r s e  „ f re e fa  l s  and 0 . 3»
W3 over 17.5'».

Excluding a l l  re e fa  below 0.3$ (Sn * WO,), 28 r e e f ,  a v e r a c  
0.70% Sn and 0 .5 $  wry over 37 .? " .

The - c - e ln lrg  15 re e fa  «ver.ee  0 . 1 *  and 0 .0 *  WO, „ver I S .? - .

In 495 f e e t  o f d r iv in g , 356 f e e t  were on feu - of the r e e f ,  and 
averaged 0 .6 *  Sn and 0.56" WO, over 17. 9 a .

For the whole m ineral!aed  body In  th e  a r e .  aenpled, the  average 

v a lu e , of r e e f  running a t  more than 0 . *  (Sn ♦ « , , )  would be 0 .6 *  Sn 

and 0 . 5*  I . e .  a r a t i o  of 54 Sn to  46 W0,. 

f  ̂  R ese rv e^

T o tr i nock in  the m ineralised  a r e .  above a d it  le v e l  ( tak in g

U .0 3  cu. f e e t  per abo rt ton) -  1,560,000 ab o rt to n e . 43 re e fa , of 
which 28 contain  0 .$  (sn + WC%)

T otal r e e f  th lckneaa of "6  re e fa  -  480", or 7.5* o f leng th
of a d i t .

Threfore 7 . $  of t o t a l  = ore re se rv e s .

-  117,000 sh o rt tons over 0 . $  (Sn + WOg,) 

ord^n to  assay  v a lu es , the Sn -  ra tio n  i s  54-s/f6 .

Aaaumlng th a t  the  concen tra te  produced baa 7 *  (Sn a W0,), and 

th a t  the  recovery  la  65* fo r  each, the ore reaervea  conU in 1332 to n , 

of c o n c e n tra te , a t  3 7 .*  Sn and 3 2 .*  W0„ or 503 to n , Sn and 429 to n .
Of WC3 .

*) 5sflts*

ton of mixed concen tra te  i s  composed of 0.378 tons
Sn and 0.322 tons of WĈ

0.378 long tons Sn a t  £500 p . t . £189.

0.322 long tone W0, of which 85* or 0.2737 long tone are  

recoverab le  In  a 65* W0, co n cen tra te .

0.421 long to n , concen tra te  a t  £5 per u n it  -  £136.825.

T h e r e f o r e  t o t a l  f r o m  one l o r g  ton  mixed concen tra te
If If

1 s h o r t  r n it

E s t i m a t e d  c o s t  p e r  s h o r t  t o r  t o  m i l ]  i e  3 7 . 1 V -

2325.825

£290.911

I
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Therefore a l]  owing fo r  65/. recovery  of Sn + WÔ in a 7<#

co n cen tra te , the weight of Sn + WÔ in 100 tons of ore to  cover c o s t 

of production  i s : -

20
100 2 0

100 290.911 0 , 6#

In 1949.
The above f ig u re s  are based on the metal p rice s  th a t  e x is te d

bince then p r ic e s  have r is e n  considerab ly  and the  pay l im it  

i s  now probably  lover than 0 , 6# ,  

h) M in ing

Tne in d iv id u a l veins are  too c lo se ly  spaced and too ir re g u la r  

to  perm it mining by underground ston ing . nown to  a d l t  leve l#  condition, 

are id e a l fo r  opencast m ining. The a d i t  i s  su ita b le  fo r  use as a 

tramming way, re q u ir in g  only  boxholes connecting with a su rface c u tt in g . 

The quartz  veins have a f a i r l y  good "parting"  from the s c h is t ,  and by 

l im itin g  d r i l l in g  to  the s c h is t ,  f in e s  would be kept a t  a minimum.

Most of th e  waste car be so rted  before the ore reaches the m il l ,

i )  Reduc tio n  P Jan t.

The reduction  r i a n t  th a t  the South West A frica Co. proposed

to  i n s t a l  c o n s is ts  of a prim ary cru sh er, a b a ll m il l ,  a rake c l a s s i f i e r

and th ree  sand and two slim es ta b le s .  This p la n t i s  designed to  t r e a t

50 tons of ore per day. Water i s  to  be pined 4 m iles from the  Tigab 

R iver, i-dth a l i f t  of about 400 feet*

The in s ta l la t io n  of a magnetic serm retor has been considered

OTrfna to  high co sts  of w o lf ra m ite -c a s s ite r ite  separa tion  in  the Union.

A "Cyclone" type of heavy medium sep ara to r would probably be 

fl. u se fu l ad d itio n  to  the above plant*

2) Tilg-JJJJlZjj>l__Deposi t s  (P lan . Fig .  77)

) H is to r ic a l .  The a l lu v ia l  tin - tu n g s te n  deposits  a t  Brandberg

West were f i r s t  sampled in  1945. Although more than 160 m iles from r a i l ,  

the d ep o sits  were found to  be w ell worth e x p lo itin g . The production 

of c a s s ite r ite -w o lfra m ite  concen tra te  s ta r te d  on the 7th May 1946, and 

from th a t  date u n t i l  the end of 1949, 410 sh o rt to rs  of co n cen tra tes  were

produced, averaging about 7 #  (Sn + WO,) i„  the proportion of 56;: Sn 

to  \Jv j W03#

At f i r s t  only c a s s i t e r i t e  was produced, th e re  being no sa le

Tor mixed co n cen tra te s .

a



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

and the cassiterite-volfram ite concentrate became saleable.

The o re  r e s e r v e s  a t  t h e  b e g in n in g  o f  1950 were 4 6 ,  171 a b o r t  

to n e  c o n t a i n i n g  0.284% t l n - w o l f r c m i t e  c o n c e n t r a t e s ,  o r  a b o u t  137 s h o r t

t o n s .  ' h i s  am ount o f  c o n c e n t r a t e  w ould n o r m a l ly  be p ro d u c ed  in  a b o u t  

14. m o n th s ,

b> The-Maln^D eposits (P lan, PM^  

i)  Geology p f the Alluvial HajqcHjvo,

The main a l l u v i a l  d e p o s i t  l i e s  in  f i v e  d r y  s t re a m  b ed s  i n  t h e  

— * o f  o’l e r t z  v e in  m i n e r a l i s a t i o n  d e s c r ib e d  a b o v e .  The s tre a m  b e d s  

l e a d  i n t o  a  t r i b u t a r y  o f  t h e  Z eb ra  R i v e r .  (S ee  p h o to ,  F i g  7 8 ) .

F i f t y - t w o  e x p l o r a t o r y  t r e n c h e s  were p u t  down in  th e  s t r e a m  b e d s ,  

and  s a m p lin g  r e s u l t s  d i s c l o s e d  t h a t  t h e r e  have been  a t  l e a s t  t h r e e  

n e r i o d s  o f  c o n c e n t r a t i o n  o f  h e a v y  m i n e r a l s ,  ( s e e  p l a n ,  F i g .  77 mnd 

s e c t i o n  F i g .  3 3 ) .  A much o l d e r  p e r io d  o f  a l l u v i a l  c o n c e n t r a t i o n  i s  

i n d i c a t e d  th e  r a i s e d  g r a v e l s  dow nstream  fro m  th e  a l l u v i a l  d e p o s i t s ,  

w here t r a c e s  o f  t i n  have been  fo u n d  i n  a  g r a v e l  bed l y i n g  on t h e  e a s t  

>nuk u  t h e  Z eora  R i v e r ,  a b o u t  15 m e tre s  above p r e s e n t  r i v e r  l e v e l .

The m a t e r i a l  f i l l i n g  t h e  s tre a m  b ed s  i s  g e n e r a l l y  s u b a n g u la r ,  

b a d ly  s o r t e d ,  and n o t  f a r  from  i t s  p o s i t i o n  o f  o r i g i n .  The " s h o o ts "  

o f  ( r a v e l  r i c h  in  c a s s i t e r i t e  and  w o lf r a m i te  a r e  u s u a l l y  b e t t e r  s o r t e d ,  

and  c o n t a i n  w e l l  ro u n d e d  p e b b l e s .  T hey  a r e  r a r e l y  cem e n ted , w h e rea s  

cem en ted  b a r r e n  r u b b le  i s  p l e n t i f u l ,  end h a s  been  fo u n d  u n d e r ly in g  

r i c h  a l l u v i a l  o re  o r  c u t  i n t o  by  g r a v e l s  c o n t a i n i n g  o r e .

In  th e  o re  s h o o t s ,  t h e  r i c h e s t  g r a v e l  i s  a lw ays  c o n f in e d  t o

th e  lo w e r  p a r t  o f  th e  s h o o t ,  w hich  may r e s t  on b e d ro c k ,  cem en ted

rubble or uncemented ru b b le . The r ic h e r  ground, which contained  up to

15% c a s s i t e r i t e  and w olfram ite , over a lay e r 30 cm th ick  in m arts of

'2o. 3 stream , i s  coloured redd ish  brown, and th e re  i s  u su a lly  a rap id  

t r a n s i t io n  tc the p a le r  brown overburden.

The p ro b a b le  h i s t o r y  o f  d e p o s i t i o n  o f  t h e s e  g r a v e l s  i s  g iv e n  

u n d e r  "G eonornholoo-v".



196.

1 1 ' £ « 2 2 o a i y a n j 2 f _ t h e  G ra v e j,.

h e  w a s t e  m a t e r z  aJ, I s  c o n  n o s e d  o f  —

a )  S c h i s t  p e b b l e s ,  c o b b l e s ,  a n d  b o u l d e r s ,  u p  t o  0 . 6  m i n  d i m e t e r  

m o s t l y  s u b a n m i l a r  t o  r o u n d e d .

b )  V e i n  q u a r t s ,  u p  t o  0 . 3  m e t r e ,  d i m e t e r ,  r a r e l y  c a r r y i n g  o r e  

m i n e r a l s .

c )  R a r e l y  d o l e r i t e  b o u l d e r s .

d )  A m a t r i X  decomposed s c h i s t  a f i n e g r a i n e d  q u a r t z  g r a i n s .

T h e  h e a v y  m i n e r a l s  c o n s i s t s  o f : -

a s s i t e .  * t c , v a r y i n g  i n  s i z e  f r o m  d u s t  t o  r o u n d e d  c r y s t a l s  u p

t o  1 0  cm i n  d i a m e t e r .  P e b b l e s  5 cm i n  d i a m e t e r ,  a n d  r a r e  b o u l d e r s  u p

t o  15 cm I n  d i a m e t e r *

b )  W o l f r a m i t e ,  v a r y i n g  i n  s i z e  f r o m  d u s t  t o  r o u n d e d  c r y s t a l s  u p

t o  1 0  cm i n  d i a m e t e r *

e '  S m a l l  p a r t i c l e s  o f  i r o n  o x i d e s .

T n e  o r e  m i n e r a l s ,  i f  f i n e - g r a i n e d  a r e  u s u a l l y  f r e e  f r o m  q u a r t z  

p a r t i c l e s .  T h e  c o a r s e r  o r e  p a r t i c l e s  (m o r e  t h a n  2 . 5  cm d i a m e t e r )  

c o n t a i n  s m a l l  p i e c e s  o f  v e i n  o u a r t z .

The average p roportions of various s iz e s  of recovered concen- 
t r a t e  are as follow s!

^ C o n c e n tra te  ^  ^
* 9 2? 24 13 10

T o t a l  1 0 0

T h e  f o l l o w i n g  t a b l e  sh o w s  t h e  p r o m r t i o n  o f  t h e  v a r i o u s  s c r e e n  

s i z e s  o f  -  n  a l l u v i a l  o r e ,  a n d  t h e  a m o u n t  o f  c o n c e n t r a t e  o b t a i n e d  f r o m

each si %e:-

TABLE XXVl.

m i m i O M g J *  O gE j M )  C0 1 IC E W R A T E S_A T  T O . STKEAM  BRAMD B E R G  U R IT
MINE. L- ‘

w1 ze* °re  Concentrates M inerals

 -s-i-ẑ  - i - 2 f  tp tq ] .ore J4Casg X i/o

m #  |  I  LB
-  -----------------1 ^ 2 — 1 : | —
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c 1-gureg were obtained from experim ental

*M  f ’ °m " r0d”Ctl6n ln *<>. 3 Stream. In th e  e r-e r ln e n ta  on th e  n ro - 

r a r t io n s  of Varloua screen s iz e s  1„ the  or . 28.4 Ires of sveraee ore

w * The f l «MP** fo r  th e  eoncentra tr • ,-esulted from erre rlm en ts

in v lo v in e  q u a n ti t ie s  of concen tra te  vary ing  from 308 kga to  4 , U 6 kys.

" fn" " f t to n  of m inerals were found by hand-nicking 10 kps 

of c le a r  co n cen tra te .

Th" aboVe f i? u re a  are  g 1™  in  g rap h ica l form in  a histogram ,
F igure 81,

i i i ) S a m p l i n g  .M e th o d s *

Sampling was c a r r ie d  out by winnowing weighed q u a n ti t ie s  of 

Local Damara tribesm en are experts  a t  winnowing, using  a wooden 

d ish  or " s k o t te l" ,  s im ila r  to  the A u stra lian  "Yandi". (R ef. Simpson, 1 9 t f  

This method of winnowing i s  of p re h is to r ic  o r ig in , i t s  o r ig in a l  use having 

been fo r  the  p repara tion  and c lean ing  of ce rea l foods. Developed in ­

dependently  in  p rim itiv e  c o u n tr ie s , i t  i s  used today in  dry p a r ts  of 

A u s tra lia , South West A frica , Burma and C en tral A frica fo r  the p ros­

p ec tin g  and production of the  ra re  heavy m inerals such as gold , t a n t a l i t e ,  

na s s i t e r i t e ,  and wolframite*

T h e"sk o tte l" , as used a t  Brandberg West i s  an e l l i p t i c a l

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

s k o tte l  i s  f i l l e d  about tw o -th ird s f u l l  w ith o re , and i s  held by the

op era to r with two hands, one a t  each end. Four movements are  used in

o b ta in in g  concen tra tes from the o re . The e f f e c ts  of the  movement are 

as fo llow s:

SI?® ion__of _t he heavy .rnineraI5 , The 1 ierhter

and coarser p a r t ic le s  move to  the  l e f t  end of the  s k o t te l ,  and the

heav ie r p a r t ic le s  sink to  the  bottom in  the r ig h t  h a lf  of the s k o tte l  

with the f in e r  heavy p a r t ic le s  to  the extreme r ig h t .

_pf—the_ l,igh t.from _ the .h e av y J> a rtic le s ,  and removal 

of_exce^s _finesA : riig  moves most of the ] i vht m aterial towards the 

l e f t ,  and towards the o p e ra to r . Very f in e  m a te ria l i s  blown away.

The heavy m a te ria l i s  moved to  the r ig h t  and away from the o p e ra to r .



3) W in n o w in g .  T h e  l i g h t  m a t e r i a l ,  w i t h  a  l i t t l e  o f  t h e  h e a v y  

m a t e r i a l ,  i s  t i r o w n  i n t o  t h e  a i r  s o  t h a t  t h e  w in d  b l o w s  t h e  l i g h t  g r a i n s  

a w a y ,  a l l o w i n g  h e a v y  g r a i n s  t o  f a l l  i n t o  t h e  s k o t t e l .

4 )  F o r  c o n c e n t r a t i n g  f i n e - g r a i n e d  h e a v y  m a t e r i a l .  T h e  s k o t t e l  i s  

h e l d  a t  a n  a n g l e ,  r i g h t  s i d e  d o w n ,  a n d  t h e  h e a v y  m a t e r i a l  m o v e s  t o  t h e  

r i g h t .

T h e  p r i n c i p l e s  u n d e r l y i n g  t h e  a c t i o n  o f  t h e  s k o t t e l  a r e  o b ­

s c u r e .  T h e  " s i z i n g "  e f f e c t ,  ( l ,  a b o v e )  i s  p r o b a b l y  a n a l o g o u s  t o  t h a t  

o c c u r r i n g  i n  a  H a r d i n g e  b a l l - m i l l .  T h e  c o n c e n t r a t i o n  o f  h e a v y  m i n e r a l s  

a t  t h e  b o t t o m  o f  t h e  s k o t t e l  i s  p r o b a b l y  d u e  t o  d e f l a t i o n  o f  t h e  s u r ­

r o u n d i n g  l i g h t  p a r t i c l e s ,  t h e  w h o le  a c t i n g  r a t h e r  l i k e  a  h e a v y  l i q u i d  

b e c a u s e  o f  t h e  c o n t i n u a l  m o t i o n .  B u t  c e r t a i n  r e f i n e m e n t s  o f  t h e  m e t h o d ,  

s u c h  a s  N o ,  4 . ,  d o  n o t  s e e m  t o  a l l o w  o f  e x p l a n a t i o n  b y  a n y  o f  t h e  f e w  

s t a t e d  p r i n c i p l e s  a p p l y i n g  t o  d r y  c o n c e n t r a t i o n .

T e s t s  sh o w e d  a  r e c o v e r y  o f  757» -  807», u s i n g  t h e  s k o t t e l ,  b u t  

t h i s  f a c t o r  c a n n o t  b e  r e l i e d  u p o n  o w in g  t o  t h e  d i f f e r e n c e s  o f  s k i l l  i n  

t h e  o p e r a t o r s .

R e c o v e r y  w*« f o u n d  t o  b e  m o re  e f f i c i e n t  w hen  l o w  c o n c e n t r a t i o n s  

o f  h e a v y  m i n e r a l  w e r e  p r e s e n t ,  t h a n  w hen t h e  c o n c e n t r a t i o n  w a s  h i g h .

T h e  a v e r a g e  a m o u n t  o f  o r e  s k o t t l e d  b y  o n e  w o r k e r  p e r  9  h o u r  d a y  w a s  

f o u n d  t o  b e  3 2 0  k g s ,  o r  a b o u t  5 . 3  c u ,  f e e t .  T h i s  r e s u l t  w*=< o b t a i n e d

f r o m  t h e  r e s u l t s  o f  2 0 0  m a n - d a y s , w o r k i n »  o n  — , +lmm g r a v e ]  w h i c h

p r o d u c e d  a n  a v e r a g e  o f  5 *0 % h e a v y  m i n e r a l s .

T h e  c o n c e n t r a t e s  r e q u i r e  f u r t h e r  c l e a n i n g  w h i c h  i s  a l s o  c a r ­

r i e d  o u t  w i t h  t h e  s k o t t e l ,  a n d  p r o d u c e s  g o o d  r e s u l t s .  One s h i p m e n t  

o f  c o n c e n t r a t e s  c l e a n e d  i n  t h i s  w ay  a s s a y e d  7 1 .6 %  (S n  + WO3 ) a n d  i n  a n  

a d j o i n i n g  t i n  a r e a  w h i c h  i s  f r e e  f r o m  w o l f r a m i t e , o n e  s h i m e n t  a s s a y e d  

73% S n ,  T h e  a v e r a g e  s h i p m e n t  a s s a y s  a b o u t  70% ( S n  + W0^) .  

i v )  M i n i n g .

A f t e r  i n i t i a l  t r e n c h i n g  a n d  s a m p l i n g  h a d  b e e n  d o n e ,  e a r l y  i n

1 9 4 6 , i t  w as  d e c i d e d  t o  d i s c a r d  a l l  - 1 mm m a t e r i a l ,  a n d  t o  h a n d p i c k  t h e

m a t e r i a l .  As show n  i n  T a b l e  XXVI a n d  t h e  h i s t o g r a m ,  F i g .  8 1 ,  

t h e - 1 mm m a t e r i a l  c o n s t i t u t e s  30% o f  t h e  t o t a l  - f "  o r e ,  b u t  c o n t a i n s  

o n l y  1 0 % o f  t h e  t o t a l  r e c o v e r a b l e  c a s s i t e r i t e  a n d  w o l f r a m i t e ,
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The rem ainder was s k o tt le d , and then s i f te d  in to  two grades, +3/16" -

and +lmm -  3 / l6 n.  The co arse r grade was hand-sorted  in to  w olfram ite 

and c a s s i t e r i t e ,  a t  an average r a te  of 4 .5  k i lo s  per hour per work, about

I S  being l o s t  in  the p ro cess . The f in e r  grade m a te ria l could no t be 

so rted  econom ically by hand, and was mixed with the c e s s i t e r i t e  con­

c e n tra te s  produced by so r tin g  and hand-picking. The r e s u l t in g  concen­

t r a t e  when cleaned , contained  up to  6(# Sn. L a te r , when a magnetic 

genera to r become a v a ila b le  in  the T ransvaal, i t  was unneccessary to  

sep ara te  w olfram ite from c a s s i t e r i t e  a t  the  mine.

The r iv e r  bed was d iv ided  in to  paddocks (see Photos, F ig . 82,

83) and overburden was removed u n t i l  sampling in d ica ted  the presence

of more than 1% heavy m inera l. The o re , in  a lay e r averaging about

45 cm in depth , was s tr in o e d  from bedrock and s i f te d  to  a +lmm

nroduct, which was s k o tt le d . Bedrock was cleaned with wire b rushes.

Sampling of ore and t a i l in g s  was c a rr ie d  out hourly . Ore was weighed,

bagged, and removed im m ediately to  prevent t h e f t  and encourage fu r th e r  

p roduction .

About 30 n a tiv e  lab o u re rs  were engaged in  S trip p in g  overburden 

and p i l in g  o re . iwentv Damaree, about h a lf  of them women, concen tra ted  

and so rted  the o re . About one hundred Damara tr ib u te rg  were allowed to  

work the  quartz  veins and e lu v ia l d ep o sits  on the  h i l l s id e s ,  and l a t e r ,  

stT'eem bed- Nos. 1 , 4 , and 5. The t r ib u te r s  brought c a s s i t e r i t e  concen­

t r a te s  in weekly fo r s a le . The concen tra tes were te s te d  by Immersing

a sm all sample in + » hydrochloric  acid  in  a zinc bath , and i f  too 

impure, were re je c te d .

The production of concen tra tes fo r each week was cleaned by 

s k o t t l in g , bagged, and sen t to  the r a i l -h e a d , Omaruru, by motor tru c k .

At the beginning of 1947, t e s t s  were c a rr ie d  out on a v ib ra to ry  

dry  blower concen tra to r of the type described  by Sweet. (Ref. Sweet, 194 /).

A b a t te ry  of these co n cen tra to rs  was put in to  operation  and proved more 

e f f i c ie n t  than the s k o t t le r s ,  fo r nrim ary co n cen tra tio n . I t  was s t i l l  

necessary  fo r  s k o tt le r s  to  t r e a t  the co n cen tra to r product. By th i s  time 

the  average value of the a l lu v ia l  d eo o sit had been considerab ly  decreased , 

because of the  dep le tion  of the  riche" nptohe.«.

Tr 1<?49, a r  m -v lb ra +ory blower was developed by a re s id e n t  of

I



C t a a r u r u ,  K5r. f h m n a r  O e s t l i j m d ,  a r d  w as  u s e d  t o  n r e o a r e  o r e  f o r  t h e  

v i b r a t o r y  b l o w e r g .  T h e  r e s u l t i n g  c o n c e n t r a t e  w a s  m uch h i g h e r  g r a d e

t h a n  h a d  b e e n  o b t a i n e d  p r e v i o u s l y ,  a n d  i t  w as  p o s s i b l e  t o  d i s p e n s e  w i t h  

m o s t  o f  t h e  s k o t t i e r s .  A t  t h e  b e g i n n i n g  o f  1 9 5 0 ,  t h e  c a l c u l a t e d  

a v e r a g e  g r a d e  o f  t h e  a l l u v i a l  (S n  + WO^) o r e  r e s e r v e s  w as  0 . 2 8 / $ ,  a n d  

t h e  m in e  h a d  a  r u n n i n g  l i f e  o f  o n l y  U  m o n t h s .

c ' Minor _AllHZifll_DSE2SA£a at JEjrandberg West.

6 9Tna-1-"'- p "'1 u v i a l  t i n  d e p o s i t  e x i s t s  2  km n o r t h w e s t  o f  B r a n d -  

b e r g  W e s t  M in e ,  i n  a  s m a l l  t r i b u t a r y  o f  t h e  U g a b  R i v e r .  ( S e e  m a p ,

F i g .  P h i .  T h i s  d e p o s i t  w a s  w o r k e d  o u t  e a r l y  i n  1 9 6 6 ,  a n d  y i e l d e d  

c a s s i t e r i t e  o n l y .  T h e  c a s s l t e r i t e  i s  p r o b a b l y  d e r i v e d  f r o m  t h e  r a i s e d  

g r a v e l s  o n  t h e  r i g h t  b a n k  o f  t h e  Z e b r a  R i v e r .  C a s s i t e r i t e  f l o a t  h a s  

b p o n  f - u n d  i n  t h e s e  g r a v e l s ,  a n d  p r o b a b l y  o r i g i n a t e d  i n  t h e  m a in  m i n e r a l -

i s e d  b o d y  w h e n c e  i t  w e?  w a s h e d  down t h e  o l d  b e d  o f  t h e  Z e b r a  R i v e r  b e f o r e  

r e j u v e n a t i o n  t o o k  p l a c e .

R ' Lh®_/ ubu_gabi_g T i n  O cour r e n c e s j

A s m a l l  a r e a  o f  t i n - b e a r i n g  p e g m a t i t e s  e x i s t  a t  a  p o i n t  2  km 

s o u t h  o f  t h e  U g ab  R i v e r  a t  K u b u g a b i s .  ( S e e  p l a n ,  F i g .  2 7 )

S m a l l  a l l u v i a l  d e r o s i t g  a n d  som e o f  t h e  p e g m a t i t e s  w e r e  

w o r k e d  h e r e  d u r i n g  t h e  i 0 PQ -  1 9 6 5  w a r ,  b i t  w o rk  w as  s t o p p e d  i n  1 9 6 5 .

T h e  p e g m a t i t e s  a r e  f o u n d  o v e r  a  d i s t a n c e  o f  a b o u t  3 0 0  m e t r e s  

i n  a  n a r r o w  b a n d  r u n n i n g  p a r a l l e l  w i t h  t h e  s t r i k e  o f  t h e  s c h i s t s .  ( S e e  

F i g u r e  e 3  ) .  T h e  c o u n t r y  r o o k  i s  a  s p o t t e d  b i o t i t e  s c h i s t ,  b e l o n g i n g  

t o  t h e  U p p e r  S c h i s t  S e r i e s ,  a n d  c o n t a i n i n g  i n t e r c a l a t e d  q u a r t ? , i t i c  b a n d s .

s h e  s c h i s t  b e d d i n g  d i p s  t o  t h e  n o r t h w e s t  a t  a b o u t  6 0 °  a n d  

s t r i k e s  n o r t h e a s t .

T h i n  s e c t i o n s  o f  t h e  s c h i s t  a n d  q u a r t z i t i c  r o c k , N o s .  1 3 6  a n d

1 3 7 ,  sh o w  t h a t  t h e  s c h i s t  i s  a q u a r t z  b i o t i t e  s c h i s t ,  a n d  t h e  q u a r t z i t i c  

r o c k  i s  a n  a c t i n o l i t e  g r a n u l I t e .

T h e  p e g m a t i t e s  e r e  l e n t i c u l a r ,  u s u a l l y  a b o u t  30  m e t r e s  l o n g  

s l o n g  s t r i k e  a n d  a l l  l e s s  t h a n  1 m e t r e  t h i c k .  M o s t  o f  t h e  p e r a r e t i t e a  

a r o  e m p l s e e d  i n  s c h i s t  b e d d i n g  p l a n e s ,  b u t  som e d i p  t o w a r d s  t h e  s o u t h ­

e a s t  a n d  s t r i k e  p a r a l l e l  w i t h  t h e  b e d d i n g .
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One v e in , (No, n ' cnnS5 stin p  m ostly of o v e rts  with l i t t l e  fe l  denar 

and np.iscovlte, rune oblique to  the s tr ik e  of th e  s c h is t  and d lrg  ver­

t i c a l l y .  This vein c a r r ie s  l i t t l e  casslterlte.

The pegmatitet, vary In composition from alm ost pure q u artz  

veins to  qu artz -fe ld sp tr-ffiu sco v ite  pegm atiee, with a l i t t l e  b l o t l t e .

Schorl i s  commonly p je s e n t .  The c a s s l t e r l t e  I s  l ig h t  brown, In w e ll-  

develrred  c ry s ta ls  up to  1 om diam eter *

Vein N o. D d i f f e r s  from the o th e rs  in  th a t  i t  i s  banded and i s  

f in e r  in  " ra in , and has a chalky appearance. I t  appears to  be a l te re d

q u a r t s t e , A th in  re c ti  on shows the fo llow ing  composition:

M l * Quartz 80^

O rthoclase 15%

Rare p lag io c la se  g ra in s .

A patite  7?.* /

Pi/roxene a l te r in g  to  Amphibole and c h lo r i te  2%

Ifuecovite end B lo tlte  1%

Limonite pseudomorphic a f te r  P y r lte .

The quartz  occurs in  rounded g ra in s  up to  Wn. d iam eter.

The P lag io c lase  and the  o rth o c la se , which i s  p a r t ly  a l te re d , a re  in te r ­

s t i t i a l  in  the  ouartz  g ra in s . The a p a ti te  i s  subhedrsl. A few la r r e  

g ra in s  of p a r t ly  a lte re d  pyroxene are found. The b lo t l te  i s  pale  brown.

The banding i s  due to  a l te rn a tio n s  of coarse and f in e -g ra in s
o f q u a rtz .

The h ighest concen tra tions of c a s s l t e r l t e  a re  in  tho veins

th a t  s t r ik e  p a ra l le l  w ith the  s c h is t .
\

Underground development would be requ ired  in o rder to  sample

tn i s  t in  occurrence f u l ly .  Surface exposure in d ic a te  th a t  the tonnage 

a v a ila b le  i s  sm all.

C) The Lead OccurrenceaT

Between the Z erissenes mountains and S alzpu tz , f iv e  lead  occur­

rences have been found. One occurrence, near the la rg e  beacon on the  

Z erissenes Mountains i s  mentioned in the S.A. Department of Mines 

G eological Survey Memoir No. 39. "lead  D eposits in  the Union of S.

A frica  and S. West A frica” . p. 165 .

The rem aining occurrences were d iscovered in  ]9/,6 and 19/,q .



None appear to  be of economic in te r e s t  a t  p re se n t,

?) Thg Z erljiseres Mountain  Lead Occurrence,

This sma.ll m ineral occurrence l i e s  on a steep  e a s t- fa c in g  

slope about 60 m etres to  the  n o r th -e a s t of the  le rp e  ca irn  th a t  marks 

the  summit of the Z erissenes Mountains,

Qountrv Rpck, The country  i s  s c h is t  in  an a n tic l in e  of the  

Middle S c h is t S e r ie s , and the  vein outcrops are  about 15 m etres below 

the  base of the  Uroer Marble S e r ie s ,

Mine r a l t  satIona The lead  i s  found in th* form of galena in  

v e r t i c a l  onartz  veins s t r ik in g  n o rth -so u th . Galena was found in  only 

one v e in , and in very smal] q u a n t i t ie s .  This vein has a s t r ik e  leng th

of 15 m etros, and a maximum th ickness of 30 cm. The galena occurs
*

in  small s c a tte re d  c ry s ta ls  in  the quartz  vein which a lso  co n ta in s  

ch a lco p y rite  and p y r i t e , and i s  somewhat s ta in ed  by copper ox ides.

Copper s ta in in g  was found in  a second q u a rts  v e in , but galena was ab sen t.

The w ellrock has undergone a l te r a t io n  in a way s im ila r  to  th a t  

a t  Brandberg West Mine. A ] eyer of tou rm alin ised  we]]rock a few cen­

tim e tre s  th ic k  sep ara tes  the  quartz  veins from the s c h is t .

Although the  presence of gold i s  mentioned in Memoir 19, op 

c i t ,  crush ing  and panning of samples taken from the veins y ie ld ed  no 

go ld ,

2) G alenapccm rencejs. in  the.Upper .„% rb le .S eries .

(P lan , F ig . 85).

Three galena occurrences ha.ve been lo ca ted  in the area be­

tween the  Sesob and Gemsbok R iv ers . The general geology and p o s itio n s  

of th e  occurrences are  shown on P lan, F ig , 85, The th ree  occurrences 

are s im ila r  in s tru c tu re  and m in e ra lisa tio n .

Occurrence A See Plan F ig . 85f

In th is  occurrence, galena i s  found with copper and iro n  

oxides in quartz  v e in s .

e N Country Rock, The country  rock c o n s is ts  of the  Brown Marble

Band and the In term ediate  Marble Band of the  Upper Marble S e r ie s .

The hfinging—wall of th e  zone of m in era lise^  ouar+z veins i s  formed 

by th e  base of the Blue Marble Band,



The Brctm Marble i s  a q u a r tz i t ic  b io t i t e  marble, co n ta in in g  

bands o f ouartz  g ra in s up to  0 .5  mm diam eter.

!n° derk chocolate  brown colour i s  due to  the b io t i t e  (No.
4 3 ).

The in term ed ia te  Marble c o n s is ts  of a l te rn a t in g  bands of 

brown m -rh le , as above, and -re v  and Yellow m -rb le . W ell-develor d 

-o rn h v ro b la s ts  of a c t i r o l i t e ,  in  haphazard arran-em ent, are p re se n t 

in some of the  bands. (Nos. Z.6 A, 46B).

R arely , n a r t  of the Blue Marble ha'/e been a lte re d  to  a d iop - 

side  vesuv ian ite  rock . (No. 69) This specimen ,-as found as f lo a t  on 

a Blue Marble outcrop. The Blue Marble i s  norm ally v-r-v ( ^ . 47 )

The Quartz Veins.

Four types of quartz  veins a-» found a t th is  occurrence.

* -® i^^_jIB % tz_vejns Jn  the_ m arble. These are em^laced in bed-

dany p lanes in the ma, l e ,  and are s im ila r  to  th e  bedded q u artz  veino

Brandberp Vies , 'in e .  They co n sis t of q u a r tz , Lz.sccvite and a l i t t l e  

f e ld s p a r , and contain  no galena or copper m in era ls .

Microscopic exam ination of th in  sec tio n  No. 44, taken from 

t i i s  type of vein , showed the  follow ing com position:-

M ostly in te r lo c k in g  quartz  g ra in s , averaging 0.15 mm. with 

some i n t e r s t i t i a l  c a lc i t e .  Rare muscovite f la k e s  and ra re  o rth o c la se .

i ' tz_,yg^ng g tr ik in g _east-w e s t. These cu t (a ) , and r a r e ly

contain  galena^ They are le n t ic u la r  and average 55 cm in  th ick n ess  

and 8 m etres in length

Microscopic examination of th in  sec tio n  No. 64 , taken from

th i s  type of ve in , showed only in te rlo c k in g  quartz  veins w ith c ren u la te  

boundaries.

1 1 1 !

These cu t fa) and (b) and con ta in  galena, and copper and iro n  

ox ides. The galena occurs in  masses up to  8  cm in  d iam eter, but i s  

p re sen t in  only small amounts in most of th e  v e in s . The b e s t exposure 

of galena c o n s is ts  of a v e i l  8 cm th ick  with a s t r ik e  length  f 2 m etres.

About 90^ of th is  vein c o n s is ts  of galena, th e  remainder being . a a r tz  

and iro n  o x id es .



Microscopic examination of thin  section  No. 65, taken from th is  

type of vein , showed the follow ing compositions

Interlocking quartz veins, to 2.0 mm diameter, with some 

in te r s t i t ia l  ca lc ite ,

Some in t e r s t i t ia l  tourmaline.

Some b io tite  flak es.

Half of the section  con sists  mostly of quartz, and h a lf of small

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

c a lc i t e  grains.

Samples of galena from the v ic in ity  have been found to  contain 

13 ounces of s ilv er  per ton of galena.

i v ' Bedded_Q%artz veins in tw. S ch is t .

These are enrol aced in bedding planes in the sc h is t  overly±r.K

a narrow dark blue marble band (No. 51) which l i e s  immediately above 

the Blue Marble*

The sch is t  Is a b io t ite  sc h is t ,  some bands being spotted.

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

'’ hey consist of len ticu lar  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 

th ick . The malachite i s  in the form of acicular crysta ls  in c a v it ie s .

The age of these veins r e la t iv e  to the others could not be determined.

Wall-rock a ltera tion  by the ouartz by the ouartz veins appears 

to be absent. The vein outcrops stand out well above the country rock,

c) Structig3_of _the Veins.

The quartz veins (b) and (c) form a cr iss -cro ss  pattern in 

the Br-wn Marble Band in an an tic lin e  of the Upper Marble S er ie s , and 

they extend to a minor degree in to  the Intermediate Marble Band. (See 

Figure 86 and Photo 87). The veins are le n tic u la r , pinching out at 

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

Their lower l im it  i s  not known. They are e ith er  v er t ica l or have a

steep dip, and they str ik e  at angles between 50° and 90° to  the axis  

of the a n t ic lin e .
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This axls is  practica lly  horizontal.

Thp veins are graced at intervals of from 5 to 8 metres, and 

the pattern formed bv them is  one common to almost every sch ist anti­

c lin e , 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 an tic lin e , indicate

four structural controls which probably regulated the emplacement of 
the veins.

i ) An a n tic lin e  acted as a "trap" for so lu tions moving upwards.

i i )  The Brown Marble and Intermediate Marble, b r it t le  compared with th

me <1v-a Blue Marble immediately above, were more e a s ily  fractured  

than the overlying band.

l i t )  The fracture pattern In the Brown Marble and Intermediate Marble

was controlled  by the fo ld ing  of the a n t ic l in e . The l in e ,  of tension

that "ere f i l l e d  with quarts veins followed a pattern common In such 

a n tic lin es  (Compares

M.p. B iU in c s , 19/.?, p. 1?6 , and V.H. Newhouse, 19/.?, A nticlinal s tr u c -  

turea at 1 ) B akerville , B ritish  Columbia, 2) Sheep Creek, B.C. 3 ) Cha- 

n a r c il la ,  uh i le ,  4 ) Quartz H i l l ,  Montana).

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

are displaced towards the southeast side of the a n tic lin e , because o ' 

the thinning of the south-east limb of the a n t ic lin e .

The bedded veins ((d) above) p ossib ly  originated in so lutions  

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

A strik ing  r e p it it io n  of the control exercised by a b r i t t le  

band i s  seen in the band known as the Middle Black l in e ,  (No. 4 8 ) which 

l i e s  roughly in the middle of the massive Blue Marble Band. (See P la te ). 

In the mineralised area, the Middle Black l in e  contains numerous le n t i ­

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

veins n ntenn a l i t t l e  galena, and copper and iron oxides. They ap-

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

ard fo llow  the same c r iss -c r o ss  pattern,

d) Tntrusivea .

The minera^sed nortion f a l l s  within an area occupied by a

The mineralogical composition of these
swarm of d o ler ite  dykes.



cvices i s  ŝ . that v/ieir apo-relationship can be deterriined only

in the f i e ld .  They are mostly of Perdekloof type. (Nos. 26 to  32,

and 35 to 39)

®) Ejl'ltia-

Only one fat l i t  was seen at pal on a occitrr-ence "A". This 

fa u lt  s tr ik es  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  

i s  developed along the fa u lt  plane, 

f ) Value of Occurence WA11.

IM -ausrtz vein s.

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 profitab ly  a t present T ic e s  of lead.

E luvial .Galena.

Galena boulders up to 15 cm in diameter, partly a ltered  to  

lead carbonates, are scattered over the mineralised area. I t  i s  es­

timated that one ton of galena could be picked ur> on surface, 

g) Alluvi a l  Galena.

,/aterworn pebbles of galena were found in the dry stream bed. 

Panning of alluvium from a shallow p it  y ie ld 'd  a small quantity o  ̂

galena.

The alluvium in the stream bed, down to  a point about 65 

metres from the Sesob -‘H ver, i s  derived from the mineralised zone.

The wide portion of the stream bed near the Sesob River, con­

ta in s about 2,500 tons of alluvium, down to  2 metres below surface, 

l-iost of th is  alluvium i s  probably derived from the stream cutting  

across s tr ik e  iron the south-east* This stream has a comparatively 

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

F ig . 35).

Investigation of the a llu v ia l trenching would not be worth 

w hile, owing to the d ilu tin g  e f fe c t  of the tributary stream.

The galena occurrences Bend C are sim ilar in structure to  

occurrence A, but probably contain smaller amounts of galena.
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D) ° r i £ l n . t h e  quartz Velng.

The Sesob River lea d -s ilv er  occurrences resemble strongly in  

structure the Brandberg West tin-tungsten occurrences. The structural 

controls in both areas are sim ilar.

Tourmaline i s  common to the two lo c a l i t i e s ,  but i s  present 

only in gm»ll ouant't-’es at the lead—silv e r  occ’irrences,

^he cfalena-bearing veins of the Zerissenes Mountains form a 

possib le Unk between the two areas, as they are associated with tour­

malin ised  wall-rock, and contain galena but no c a s s i t e r i t e .

Thus the m ineralisation i s  nrohably hynothermal in a l l  the 

occurrences,

lone of the oua^tz veins could have been derived from the 

nearest exposed granite, which was intruded a b o v e  the timer Marble 

horizon. Two nossib le sources of the m ineralisation e x is t  in the area.

^l) About 25 km northeast of the Brandberg W est Mine, a granite  

body cuts the Lower and Middle S ch ist.

This PTanite i s  oossib ly  the same as that expose i north of 

the Brandberg, where i t  appears to be connected with the genesis of 

several t in  occurrences including the Kubugabis occurrence described 

previously, Before the emplacement of the Brandberg Granite, th is  

older granite was probably continuous southwards to the Uit, t in  area.

This granite we<* oossib ly  the source of the Brandberg West 

t in —wolfram veins and the Sesob niver lead—silv e r  veins farther to  the 

west. Ih is  postulated zoning e fe e t  i s  analogous to that ex is t in g  

at tin-wolfram and le a d -s ilv e r  occurences in Cornwall and Saxony.

(W. Lindgren, p. 651.)

(?) A lin e  of doming running from Brakputz northwest in to  the 

baokoveld, e x is ts  about 9 km northeast of the Sesob River lead occur­

rences. This structure i s  possib ly  due to  the intrusion in depth 

of an igneous body, which could have caused the m ineralisation.

E) Prospecting in the Area.

The oriPinal prospecting was carried out as fo llow s. A

g eo lo g ist  surveyed a s tr ip  of country by traversing, a t jr  km in terva ls  

fiwere p ossib le , and at the same time three or four Berg Dame* tested

• u  the small streams In the area traversed , by means of the s k o t te l .
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Promising looking onartz veins were samnled, and la ter  crushed and panned. 

Hesuits on a f ie ld  map at a scale of 4" to  1 m ile. Any d iscoveries of 

economic mineral were followed up by p it t in g  and trenching.

General.

In most areas, outcrops constitu te  such a small proportion 

oi the surface that traverse l^nes km apart are close enough to  ensure 

that there i s  litt lech a n ce  of an outcropping ore deposit being over­

looked. But where rock exposures con stitu te  almost 1(X$ of the to ta l  

surface, as in the present area, the traverse in tervals should be much

closer together. The c lo se  pattern of erosion i s  another reason for 

detailed  traversing.

I f  any ore denosit l i e s  within the area, i t  i s  probably 

exnosed and therefore every outcrop in the area .hould be examined.

As th is  i s  for oractical purposes impossible, the only answer to  the 

problem i s  that the area should be a e r ia lly  photogranhed. ^uch 

nhotograohs would show a l l  the areas of onartz veining, as w ell as the 

general geological structure, which woula indicate areas "permissive" 

for the nresence of ore bodies. Much unneces ary wastage of time 

could be elim inated, as the most nromising areas could be v is ite d  

immediately after a study of the photo-geology had been completed. I f  

no ore deposit was discovered, the area could be abandoned with greater 

confidence than i f  ground traversing alon» had bean used.

Thug i t  i s  considered essen tia l thnt, aer ia l nhotograohy }»<» 

carried out in such an area, before ground prosneeting i s  commenced.

v ) Economic Pos s i b i l i t i e s  of th* Area.

Tin and Tungsten,

The B ra n d b er tr  West Mine i s  a 1 iv in e  examnle of a n rofitab le  

-rfno (ay-’ et.ir>rr in a remote and desert area. The Kuhugabis t in  oc in­

i'enc e could possib ly a lso  be profitab ly  worked but requires underground 

development in order to  be proved.

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

mineralized area, possib ly  contain payable Quantities of c a s s l t e r i t e ,  

although there has been considerable d ilu tion  of the tin  bearing 

gravels from other sc ounces,
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fhe Ce"”ntM nat'“'* 0f the t ie h t  render them unpayable, „»,n
i f  c a s s i t e r it e  were present.

haturally , the area ly in g  In s tr ik e  with the main deposit 

should be thoroughly in vestigated .

Other areas worth further in vestigation  are as fo l lo w s :-

is a ia ----Th-2_b>so.bRiver Area.

The several structural controls that are known to be conneoted 

with lead m ineralisation here l im it  the number of permissive a r e . . .

Aerial photogranhy would be a great help in the search for ore-bodies. 

S a U a - 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 p o s s ib i l i ty  of finding an a llu v ia l  gold deposit. 

ia A W  The large s a l t  nan southwest of the Gem.bok River should be 

investigated  with a view to  exporting to  Cane Cross, where the lo c a l  

s a lt  i s  unsuitable for preserving seal sk ins. A road could be made 

with l i t t l e  d i f f ic u l ty  from the s a lt  pan to  the coastal road.
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