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CHArTSR I .

INTRODUCTION

1) 3cQT?e of t.hA Work

11,6 ge0‘OSi °f  "  are“ 0f • baut * > * »  »q. tan In the Qnaruru
-  r - o t > i= described* The descrip tion  deals in  d e ta i l  with

geomorphology, stratigraphy, te c to n ic s , P e tr o g r .p * . petrology and

, . ”e0lOG’ ° f  the ':onol’13i° «  ere reached concerning the
geo o g ica l h isto ry , and the re la tio n sh ip  of th is  area to  adjoining areas

The work c o n s is ts  o f i6 5 typed pages, 26 ta b le s , 13 diagrmns,

P o ographs, 13 photomicr ographs and 13 maps.

2 ) s i t u a t i o n :

The area to  which the fo llow ing d escrip tion  r e la te s  i s  

Situated in the n o r ,A s t e r n  corner of Oraruru D is tr ic t ,  South West 

rrca. I t  comprises a s tr ip  of country from f i f t e e n  to  tw enty-five

° a point one hundred kilometres in land, where i t  sk ir ts  the northern

Branaberg. The Brandberg 'West Mine l i e s  roughly in  the 

; ;n tr e  of th is  area. (See Map, Pig. 1 ,  h e a r *  but outside the area l i e  

r o , -ra ter  and the Messum A lkali Complex, to  the north and south
r e sp e c tiv e ly .

3) Communication.q;

e a s t  - 1116 t *‘‘ f le U S  ^  “ 3 the Q“ 'UrU R1Ver ^  to  the south 
, a ouc one hundred and f i f t y  kilom etres away. l 945  a pas3able

/  1038 “a3 “ 'le f r ”  ^  ^  ‘ he nearest permanent
ement, in  order to  open up the Brandberg West t in  d ep osit, b is is

the Rr a 4  f a lr ly  fr0m “ UgaMS th°  % 'h R iver, north of
an rg , jo in s  the Brandberg West-Vis road. Cape Cross can be

411  th 9  W e  r i W  tnelading most of the Ugab River bed,
" traversed hy four-wheel drive trucks.

a ir s tr ip  has been cleared near Brandberg West Mine, and a 

° tran 3a ltU r WiU ^  in s ta lle d  a t the mine soon.
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4) Popu lation ;

Before the  i3randherg vest Mine was opened, th e re  were no

permanent human se ttlem en ts  in  the area* A sm all group of nomadic Ber(-

damas ex is ten  by h 'u iting , ga thering  wild f r u i t s  and p la n t  tube's, and

robbing a n t s ’ n e s ts .  These n a tiv e s  are only r a r e ly  met with in  th e i r  

p r im itiv e  s ta te  today.

In many p a r ts  of the a r e a , s i t e s  of old n a tiv e  v i l la g e s  a re  

in d ic a te d  by grouped r in g s  of s c h is t  s la b s . These, according to  the 

lo c a l  dergdamas, were b u i l t  a f t e r  the  heavy ra in s  of 1934 , when a large  

number of n a tiv e s  came to  reap  the b e n e f its  of g raz ing  and game.

A p o ss ib le  e a r l i e r  occupation can be deduced from the numerous

rocx  a r te f a c t s  and f lak e s  which are  found a t  almost a l l  the sources of

s u i ta b le  m a te r ia l .  A rte fac ts  of imported m a te r ia l ,  to g e th e r  with broken

o s t r ic h  egg s h e l l s ,  are  found in  some of the many caves and rock s h e l t e r s .

e s p e c ia l ly  in  those near w ater-holes or commanding a wide sweep of f l a t  

coun try .

5) i l lm a te  and R a in f a l l ;

The area  f a l l s  w ith in  the hamib J e s e r t , and consequently  has 

an a r id  c lim ate .

The p re v a il in g  wind i s  from the south-w est and blows the sea 

m is t sometimes more than 80 km in lan d , from the cold waters of the 

oengue -.la C urren t. The e a s t  wind blows fo r only a few days per y e a r , 

end s s tronger than the  south-w est wind. I t  i s  a lso  warmer, o ften  caus­

ing a rap id  r i s e  in  tem perature from 60° F. to  over 90° F. on the c o a s t .

S ca tte red  showers f a l l  y e a r ly  w ith in  the a re a , but g en e ra lly  

any given p a r t  of the  area  rece iv e s  r a in  only once every s ix  or seven

y e a rs .  At longer in te r v a l s ,  widespread and sometimes t o r r e n t i a l  ra in s  

cause a temporary flow in  the r iv e r  beds.

The large area  of the Brandberg Mountain, p a r t  of which f a l l s

in to  th i s  a re a , re c e iv e s  a h igher r a i n f a l l  than the surrounding d e s e r t ,

and a common occurrence i s  th a t  of the  Brandberg being under dense cloud

form ation while the low ly ing country about the mountain i s  free  of cloud.

6 ; Aater R esources:

The Trgab River i s  the  main source of po tab le  water in  the are

I t  floods i f  lo c a l  r a in s  are  t o r r e n t i a l ,  or i f  h e a v y  r a in s  have f a l l e n  

fu r th e r  in lan d .
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At o ther times th e re  i s  a sub-su rface  flow , and good water may be found

••̂ fc ^  3hai^-0 ,' v e i l s  le ss  than t jve f e e t  deep, a t  many p o in ts  in

the  r i v e r ,  as f a r  down-stream as one h a lf  mile from the  sea .

Numerous weak springs e x i s t ,  which are  in v a r ia b ly  s a l ty  during  

d r y  p erio d s . They are  commonly s i tu a te d  a t  p o s it io n s  where s y n c l in a l ly  

fo lded  sediments are  cu t by deep tra n sv e rse  stream s.

A lte r  r a in s ,  standing water i s  found throughout the  area  in  

pans and in  so lu tio n  c a v i t ie s  in  g ra n i te  and m arble.

7) V ege ta tion :

The low r a . n f a l l  supports only a sparse v e g e ta tio n , which be­

comes sp e c ta c u la r ly  augmented a f t e r  the ra re  good r a in s ,  when g rass  grows

q u ick ly  on any f l a t  a rea  carry ing  sandy s o i l ,  and many v a r ie t i e s  of flower, 

ing  p la n ts  spring  up in  the r iv e r  beds.

^re e s  anc  ̂ f a i r l y  th ic k  bush grow in  the la rg e r  r iv e r  beds, 

no tab ly  in  the  Amis R iver and i t s  t r i b u t a r i e s .  Thick patches of tamar­

is k  are  common in  the  Ugab gorge, and dense growths of reeds f lo u r i s h  

where water i s  near the su rfa ce . Trees and thornbush are r a r e ,  probably 

because of the floods  which occur almost y ea r ly  in  the  narrow gorge.

The curious p la n t ,  Welwitschia M ira b i l ls ,  i s  common in  the 

a rea  except on the  c o a s ta l  p la in .  The rugged h e igh ts  of the  Brandberg 

a re  overgrown by dense low scrub , which d i f f e r s  considerab ly  from the 

v eg e ta tio n  of the  d e se r t  below. This i s  probably because of the f a c to r s  

o f ,  f i r s t ,  h igher r a in f a l l  and lower tem peratures, second, i s o la t io n  from 

th e  la rg e r  spec ies  of grazing game, and th i r d ,  the na tu re  of the  s o i l  

derived  from the Brandberg g r a n i t e •
%

The la rg e r  wild l i f e  i s  e s s e n t ia l ly  m igra tory , varying in

amount with the a v a ila b le  g raz ing . This ap p lie s  to  the numerous sp r in g -

bok, gemsbok and zebra, and a lso  to  small groups of kudu, k l ip s p r in g e rs ,

and r h m o c e n i .  Lion fo llow  the herds of game. In the  Brand berg l iv e

many ro c k - ra b b i ts ,  preyed on b  leopards. The b ird  l i f e  th e re ,  and in  

the  Ugab gorge, i s  p l e n t i f u l .

3 ) i^ e vious G eological Work and P ro sp ec tin g {

Up to  the 193? -  1945 war, l i t t l e  a t te n t io n  had been paid to  

|  t h i s  area  owing to  i t s  in a c c e s s ib i l i ty .

M
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U°  aCC,Jrate topograph ica l map e x is te d  and the g eo lo g ica l maps showed the 

area  t oe u n d erla in  by Archeanp-schists. (Ref. Du T o it ,  1930). Some 

work was done on the  Karroo rocks to  the north  of the area  by Reuning

(" 9 f * 1925} and the  S®010^  of the  Brnndberg has been described  by
H. Cloos. (R ef., 1?31).

During 1923, The S o lar Development Company spent some time 

p rospec ting  fo r  cine in  the  a re a , but no maps or d e sc r ip t io n s  » r e

? " t V h e  i:lne3  A p artm en t, in Memoir No.39, mentions the 

occurre  .-e of l.,aa in  tile a re a . This account i s  presumably based on 

th e  work of The S o lar Development Company.

During 1927 and 192 3 the country  to  th e  so u th eas t of the 

a rea  from Okombahe eastw ards, (see map F i j i )  was mapped ty  Severs and 

Fronmurze (1929) and to g e th e r  with l a t e r  work by Haughton, Schwellnus

souw, the  r e s u l t s  were compiled in to  the  Omaruru Sheet pub lished  

by the  Department of Mines in  1939. (Ref. Sheet No.71, 1939). in  193d

th e  area  was v i s i te d  ty  l ^ t i n  and tffip , who then discovered the  Messum 

A lk a li Complex ly ing  immediately to  the  south .

During the l a s t  war p a r ts  of the arba were v i s i te d  

in  order to  sample various t i n  and tungsten  occurrences. The roads 

mentioned above were made when some of the  p rospec ts  reached the  mining 

s ta g e ,  and thus the  a rea  became more e a s i ly  a c c e s s ib le .

;ho area  was g eo lo g ica lly  mapped from February to  December 

1946, as p a r t  of p rospec ting  opera tions  being c a r r ie d  out the  3 . „ . a .

Co. Ltd. During the  In s t  f iv e  months of th i s  period  the  w rite r  was 

a s s i s te d  ty  t o .  B. Worst. The period  from December, 1949 to  Larch, 1950

was spent checking the  map, remapping some p a r ts  in  d e t a i l ,  and c o l l e c t -  
ing rock specimens.

Most of the mapping was done by pacing and compass survey, and

a Plane cable was used fo r  th e  more d e ta i le d  work. The atoence cl

tr ig o n o m e tr ic a l  beacons precluded any accura te  c o n tro l  of the survey.

The p erio d  from a r c h ,  1950 to  December, I 950 was spent a t  the

' rSity4f She - i t w ' w s r . n i ,  as fo l lo w s ,-  The f i e ld  maps were r e ­

drawn, and reduced from the  sca le  of 1 , 15,000  to  a sca le  1 , 100, 000.

rrcm th e  500 specimens th a t  had been g a th e red , 350 were

s e le c te d ,  and th in  sec tio n s  were made by th e  G eological Department J ta d f .
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These th in  sec tio n s  were examined m ic ro sco p ica lly , and where necessary

a crush was made and examined.

Under the  "U n ivers ity  Scheme", four complete s i l i c a t e  a n a ly se s ,

th re e  limestone analyses and one w olfram ite a n a ly s is ,  were made a t  the 

G eological ourvey, P re to r ia ,  in  1951.

The p e tro lo g ic a l  in v e s t ig a t io n  was continued p a r t- t im e  during  

1951 and 1952, during which period  the  w rite r  was able to  use the 

f a c i l i t i e s  of the  Union C orporation , G eological Department and Research
la b o ra to ry .

The whole in v e s t ig a t io n  was c a r r ie d  out under the  d i r e c t io n
of P rofessor T,We Gevers.

9 ) Nummary 0f  the Geology?

TAB1E I

MAIN GEOLOGICAL DIVISIONS

INTRUSIVES FORMATIONS SYSTEMS

Recent uraveIs — Kalahari age 
an d y o u n g er. 3 Ages -  Recent

randberg G ranite 
liarroo D o le rite s

Basic lav as .
Sanastones — Stormberg S e r ie s . 
-r'gd.imen ts  — Dwvka S e r ie s . Karroo System

acid  Dykes
Old G ranite In tru s io n

Upper S c h is t  S e r ie s  
Upper Marble S e rie s  
Middle S c h is t  S e rie s  
lower Marble S e rie s  
lower S c h is t  Ser

Dair.ara System.

The o ld e s t  known beds in  t h i s  a rea  are  the sediments of the 

Daoara system. A fte r being deposited  they were t i g h t l y  fo lded  along 

l in e s  running n o rth eas t-so u th -w es t. A fter the  fo ld in g  had occurred , 

g ra n i te  was in tru d ed , in  the form of a composite p h a c o li th .  There were

a t  l e a s t  th ree  ages of g ra n i te  in t ru s io n ,  the second being more ex tensive  

than the f i r s t ,  and the th i r d  being le s s  ex ten siv e .

In tru s io n  of pegm atites and q u a rtz  veins probably followed 

the emplacement of the g ra n i te .
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After considerable erosion and peneplanation, eedlments of the 

Karroo system w re  la id  down, and these were covered large th icknesses  

of basic lavas. At the end stage of eruption of Karroo lavas, a l l  the 

rocKs were intruded by basic s i l l s  and dykes. This was followed by the

the Brandberg g ra n ites . The small amount of fa u ltin g  seen 

in  the area i s  probably a l l  of la te  Karroo or post-Karroo age.

During Kalahari and la ter  tim es, gravels were deposited in

and huar the Ugab River Valley a t successive periods, and were then l e f t

as h ig h -lev e l gravels a fter  rejuvenation of the Ugab gorge had occurred, 

due to  continental u p li f t .

Iresen t exposures:

The ugab River has cut a deep v a lley  through near-hor1cental 

sediments and lavas of the Karroo System, and with i t s  tr ib u ta r ie s  has 

exposed an area of h ighly folded sch is ts  and marbles intruded by g ra n ite . 

To the e a s t , erosion  has ravined the hrandoerg with ra d ia l gorges cu ttin g  

through a fringe of h i l l s  composed o f f la t - ly in g  Karroo rocks, 

south l i e  the Goboboseb Mountains, a range composed of Karroo rooks, 

separated from those surrounding the Brandterg by  s c h is t  exposed in  the 

Amis S.ver v o .iey . a few o u tlie r s  of Karroo rooks o v er lie  the older 

rocks at high points in  the d issected  sc h is t  country.

The rocks in  th is  desert area are w ell exposed, except in  the

western part, where a th in  crust of sand, cemented with gypsum  covers 

much of the surface. After the rare good r a in s , the consequent th ick

grass cover hides a large proportion of the outcrops, e sp e c ia lly  in  

country of low d isse c tio n .

To the
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I

CHAPTER I I .

OEOMORPHOLOGY.

Tne part of the Namib Desert described in th is  rep ort, con­

s is t in g  as i t  does of several d ifferen t geo log ica l form ations, presents 

examples of many features ty p ica l of desert landscapes. Deep and 

youthful d issectio n  and the general lack of vegetation have combined 

to Provide a rare d isp lay  for the g eo lo g ist and the geomorphologist.

The physiography w ill be described, and some of the d e ta ils  

d iscu ssed , under the heading "Physiography and Drainage". This sectio n , 

which w i l l  be mainly d escr ip tiv e , w il l  be follow ed by a d iscu ssion  of

the p ossib le  erosional h isto ry  and the general processes of erosion  
in  the area*

A) Physiography an d _Dra in a g e .

ne nrea ca < • divided into s ix  w ell-defined  physiographical 

u n it s : -  (See sketch map. F ig . 2 ) .

1 . The (Igab River Gorge.

The Dissected S ch ist Country adjoining the Ugab River v a lle y .

3. The Brandberg granite m assif.

K *  The Gobobosed Mountains.

5. The Western Granite area.

6 . The Coastal P la in ,

l )  Ifeg JJgab River Gorg q .

Except in  the co a sta l p la in , the Ugab River flow s through a 

deep and narrow gorge in  the area man^d. Deepest near the Goontagab 

River junction , at a po in t where steep  c l i f f s  r is e  to  1 0 0  metres above 

r iv e r  l e v e l ,  (See Photo, F ig . ?' the verge becomes gradually shallower 

upstream toward, the Brandberg and downstream towards the Sesob River 

confluence. In the la s t  th irteen  kilom etres down to  the sea , the r iver  

ru n , in  a shallow channel which cuts about 8  metres in to  the gravels  

of the coasta l p lain  and i s  up to 500  metres wide. whereas the r iver  

runs nearly  stra ig h t in  i t s  lower reaches, upstream i t  fo llow s a winding 

course in  sympathy with the changing s tr ik e  d irection s o f the geo log ica l 

features encountered, such as dykes, fa u lt s ,  and con tact, between re ­

s is ta n t  and s o ft  s tr a ta . The resu ltan t path of the r iver  has many 

sharp turns and in d en tation s.

C\>
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Along most of the r iv e r ’s length can be seen remmants of low- 

le v e l  ra ised  gravels, a h ig h -lev e l ra ised  v a lle y , and a much older  

erostonal 'mrface in to  which the la t te r  was cu t,

in term itten t bed of cemented gravel, occuring a t heights  

o f from 2 metres to 15 metres above the oresent r iver  bed, forms the 

lo w -lev e l r^avel az.d is  found Uf ..a lly  along the in sid es o f curves in  

the present gorge, and ra re ly  ly in g  on s l ig h t ly  elevated  benches.

The h igh-level v a lle y , generally  containing gravel, occurs 

in term itten tly  at e leva tion s of from 15 metres to  65  metres above 

nresent r iver  le v e l ,  and thus forms more noticeab le features than the  

lo w -lev e l gravels. The ra ised  v a lley  (see  p h o t^ . F igs 4 , 5 ,6 ,? ''in 

p laces taves the form of d issected  platforms covered with low h illo ck s  

of gravel, but generally  i t  e x is ts  as a terrace along the side of the 

7 gab R iver, or ts  an elevated  v a lle y  some distance from the present gorge.

c-xamoles of th is  ra ised  v a lley  can he seen one m ile west of

^alznutz on the north side of the TTgab R iver, and near the confluence

o f the Zebra and Ugab R ivers, where the elevated  v a lley  runs for a

short d istance alongside the Zebra R iver, about 2 kilom etres south of 

the Ugab R iver. (See photo; 7 ig .

The older surface was not seen as a separate v a lle y , but as 

v a lle y  sid es up to 65 metres above the h ig h -lev e l v a lle y , which cuts  

f a ir ly  sha^nly into the older surface. The older surface i s  not con­

fined  to  the Ugab gorge, but extends in term itten tly  over the whole area. 

Much o f the surface i s  deeply d issected - and i t  i s  doubtful whether any 

of i t s  or ig in a l d etr itu s su rvives. Good examples of th is  older surface 

occur west of the Braknutz and east o f the Gnantagab R iver. (see nhoto, 

P ig . 9 ) .

2) The D issected Schi s t  Country.

The arca from the Brandherg to  the western sch is t-g ra n ite  

contact 'see  man, F ig . 2 ) i s  occupied by a deeply d issected  area of 

sc h is ts  nd marbles, which form a ridge and v a lley  topography trending 

n orth -east south-west near the Brandberg, and swinging to  a north-south  

d irec tio n  at the western g ra n ite -sch ist contact.



Thp monotony of the snccPFFlcn o f ridges and v a lley s  i s  broken by two 

elevated  areas, the Zerissenes Mountains and a group of h i l l s  on the 

southwest side of the Gemsbok R iver, Both of these areas project; 

beyond the fa ir ly  even summit le v e l  of s c h is t  and marble r id g es , (See 

photo, F ig , 1 0 ^, Most of the streams here flow in to  the lo c a l base- 

le v e l  of the Upab R iver,

For the sake o f c la r ity  in describ ing the d e ta ils  o f the 

physiography in th is  area, the follow ing sub-d iv isions have been made:-

(a) Upper Marble U n its.

(b) S ch ist and Lower Marble U nits,

(c) The Western S ch ist and marble area, 

fd) The Zerissenes Mountains.

^e'1 Pans and features due to Wind erosion .

«) Upper. Merblf. U n its.

The Upper Marble beds, situated  stratigraph 1ca1 1y between the 

Upper and Middle S ch ist s e r ie s , form conspicuous ridges where exposed as 

syn clin a l troughs, and v a lley s  u su a lly  l i e  along the a n t ic lin e s .

R arely, when only the topmost band of the Unper li&rble beds i s  exnosed, 

a v a lle y  l i e s  along a sy n clin e . This ton band of marble i s  of a com- 

rec t nattire, as opposed to  the rather r la tv  and sch isto se  underlyinpr marblea 

The normal, shape of a ridge b u ilt  by an Upper Marble syncline i s  a sharn 

hogback, s l iy h t ly  apymetrical when viewed alony s tr ik e . (See photos.

F ig 11, 12, 13)• Ridges formed by the Upper Marble S e r ie s , where

steep ly  dipnino-, show a more rounded summit with c l i f f s  along the s id e s .

Hach of the various components of the Upper Marble se r ie s  

resnond to weathering in i t s  own ch a ra cter istic  way. The Blue Marble
»

band contains solu tion  c a v it ie s ,  some large enough to have served as I
I

human habitatf ana# (Photo Fig* 1/0 • Yellow marble bands immediately ?

underlying the Blue Merble d isp lay  the so lu tion  runnels, about 1 cm* in 

width, which are found on the surface of marble and lim estone outcrops*

Small., about 0*5 m* diameter, shallow depressions are present where a 

marble band i s  ly in g  f l a t ,  such as on occasional horizontal scree slabs*



Owing to d if fe r e n t ia l  weathering in  the marble bands, f l a t  

shelves nm along the s id es of many of the r id g es , due to  erosion of 

snf t  members of the Unper Marble Series#

Pseudo mudcrack-veathering occurs in the Yellow Marble 

bards u su a llv  in  slabs which have become h a lf—decomposed# Arching

of + in Trftrble be^ds or e x fo l ia t io n  la j'ers, i s  found where these are 

s+ il]  p a r t ia lly  attached to  bedrock# W erosion produces a f in e ­

grained wrinkled surface on some dark hard v a r ie t ie s  of marble# (See

photo, F ig . 1 5 ).

Mural join ing i s  widespread e sp e c ia lly  in bands of the yellow  

marble beds. (See photo, F ig . 1 6 ).

b) Schist-. an<L Lpyer_ Marbl e hn l t s #

S c h is t , with a few narrow interbedded marble and q u artzite  

beds, comooses the ereater portion of the d issected  sc h is t  country.

The r u le , in  the Upper Marble s e r ie s , of ridges being formed

along synclines and v a lle y s  along a n t ic lin e s , a lso  applies in  the

s c h is t  country, but, i t  i s  not sp invariable# The even summit le v e l

o f many sc h is t  ridges suggests a d issected  peneplain, with high areas 

of marble#

D ifferen tia l weathering in sc h is t  shows the banded structure  

well* ^See Photo, F ig . 17)# Dykes and fa u lts  u sually  form de­

pressions# The quartz veins which are connected with the lead and t in  

occurrences of the area, stand out from the s c h is t  together with adjacent 

w ells  of indurated sch ists#  This prominence of m ineralised quartz 

veins i s  a factor which should be taken in to  account i f  a e r ia l pros­

pecting  i s  carried out.

Near-horizontal sheets of d o ler ite  occur in the s c h is t s ,  and 

are sometimes l e f t  as caps to  m esa-like h i l l s ,  with e ith er  marble or 

s c h is t  as a base#

The q u artzites and Lower Marble se r ie s  rare ly  g ive r is e  to  

prominent fea tu res .
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Drainf of fa) and

except in  i t s  extreme western p a r t ,  the  s c h is t  a rea  i s  

d ra ined  by f iv e  main r i v e r s ,  a l l  of which flow in to  the Ugab R iver.

The r iv e r s  cu t across  the s t r ik e  of the sediments over most of t h e i r  

c o u rse s , fo llow ing the d i r e c t io n  of dykes or f a u l t s .  Thus they i n t e r ­

ru p t  the p a t te rn  of s t r ik e  r id g es  and v a l l e y s , described  below, th a t  

i s  produced try the a c tio n  of t h e i r  t r i b u t a r i e s .

Raised g rave ls  and r a is e d  v a lle y  f lo o rs  e x is t  along a l l  the 

l i v e  main r i v e r s . The degree of e le v a tio n  of the g rave ls  g rad u a lly  

in c re a se s  towards the Ugab a iv e r ,  and i s ,  fo r  each streaiy , roughly

p ro p o rtio n a ly  to  the depth of the  Ugab gorge a t  the po in t where the 

re s p e c t iv e  t r ib u ta r y  jo in s  the Ugab R iver.

There i s  a lower le v e l  of r a is e d  g rav e ls  throughout the a re a ,

which corresponds with the  low -level g rav e ls  of the  Ugab R iver.

West of the Gemsbok R iver, only one major stream flows in to  

the  Ugab R iver. The remainder flow towards the A tla n tic  Ocean, th e i r

catchment area  being separated  from th a t  of the Ugab River b y  low

d iv id e s .  At one p o in t ,  near the  source of the  Gemsbok R iver, t h i s  

d iv id e  i s  a c tu a l ly  in  the Gemsbok r iv e r  bed, and i s  composed of grave1.

'r o s ' on has formed numerous s tream s, commonly in  a t r e l l i s — 

work p a t te rn .  The b es t example of t h i s  p a t te rn  i s  in  the marble 

b e l t  to  the e a s t  of the Brandberg West Mine. (See Map, F i g . , 13).

The main c o n tro l l in g  fa c to r s  here are the s t r ik e  and fo ld in g  of the 

marble beds, so th a t  the streams fo r  the g re a te r  p a r t  of t h e i r  courses 

ar^ co inc iden t with a n t i c l i n a l  axes. R are ly , v a lle y s  cu t ac ro ss  the 

s t r i k e ,  along the paths of dykes or f a u l t s .  Headward d iv ides  of s t r ik e  

streams are formed where dykes cu t across  a marble a n t i c l in e .

The topography in  a reas  of fo lded  s c h is t  does not respond to 

the  c o n tro l  of the  fo ld  s t ru c tu re s  as r e a d i ly  as i t  does in  a reas  of 

f o l  ^  ;‘a r °he. Consequently t r e l l i s -w o rk  drainage is  le ss  w ell-defined  

in  s c h is t  country than in  a reas  composed of m arble. The s t r ik e  of the

bidding ex e rc ise s  le ss  c o n tro l ,  and the e f f e c t s  of dykes and f a u l t s  be- 

come com paratively stronger#
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'n the sch jst area east of Braknvts, zones of weakness running

northwest—southeast, and fa u lts  str ik in g  about north-south, determine 

the d irection  of stream beds.

The drainage in areas where the Lower Marble i s  exnosed 

f o l l o w  a f a ir ly  regular oattern , which i s  shown in Figure 19*

Where fold ing in  a Tower M arfa a n tic lin e  i s  comparatively 

open, the stream u su ally  l i e s  between the limbs of the a n t ic lin e .

But when the fo ld ing i s  nearly is o c l in a l ,  the stream l i e s  along the south­

east side of both lim bs, assuming that the bedding has i t s  usual south­

ea ste r ly  d ip . (See Fig 1 9 ). The reason for th is  i s  p ossib ly  that 

the streams are superposed from p ositions in the Upper Marble se r ie s  

which i s  now completely eroded. On a broad fo ld , the stream would cut 

through the middle sc h is t  to  a p osition  within the Lower Marble a n tic lin e ,  

but in t ig h t  isoclin a l, fo ld  with inclined  ax ia l planes,, the superposed 

stream would be d eflected  towards the southeastern side of the Lower Mar­

ble a n tic lin e  bv the r e s is ta n t  compact "rey marble fnrminp the apex 

of the fo ld .

c }  Ih§JiS£hern ScM jt,jnd.M arble Are&*

In the part of the area ly in g  to  the southwest of the Ugab 

watershed ( see sketch map, F jg. 2 ) the landscane i s  one o f shallow  

d isse c tio n . The low broad rideas are m ostly composed of sc h is t  be­

longing to  the Upper S ch ist S er ie s , and many of the va lleys have been 

cut, tnroufh the sch ist in to  a n tic lin es  of the Upper Marble S e r ie s . 

S an d -filled  va lleys are a feature of th is  area, and rocks are not as 

well exnosed as elsewhere, owing to  the widespread occurence of a 

surface crust composed of sand and rubble cemented with gypsum,

J&flJniSS.

I

/

#
H

A ll the larger streams in th is  a~ea drain towards the south- 

w est, tind th eir  minor tr ib u ta r ies  run in  a tr e llis -v o r k  pattern  

id en tica l with that of the d issected  sc h is t  country, described abovee 

Notable i s one of the main streams which rune along a narrow tongue 

of sch ist projecting to  the west in to  the granite#

-'HE-
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d )  The Zeriasenes M o u n ta i n p .

On old mars the name Zerlsaenes i s  applied to  some high 

h i l l s  in the middle of the area, about 8  km south of Brakputs, On 

the map in the paper written by Running and v, Huene (Ref, 1925), 

these h i l l s  are ca lled  the Messumberg, but th is  name i s  now accepted 

as b e l o n g i n g  to  the well-known mountains north-east of Cape Cross*

For the purnose of th is  d escrip tion , the older name w il l  annly* The 

Zerissenes Mountains cover some twenty square kilom etres, arid represent 

the h ighest exposure of s c h is t  and marble in  the area, th e ir  summit 

being about 65 metres higher than the base of the nearest Karroo Rocks, 

When viewed from the south-west, the mountains are seen to  include a num­

ber of peaks, each of which contains a syn clin e , and the v a lley s  between 

the peaks are on a n tic lin a l structures. (See sketch, f i g ,  20 ). To 

the south of the mountains l i e s  a pediment, composed of an area of 

Middle S c h is t , four k ilon etres wide across the s tr ik e , by f iv e  kilom etres 

long. To the w est, an area of about 25 square kilom etres o f Tinner 

S ch ist l i e s  between the steep flank of the mountainc and a long  

syn clina l ridge composed of Upper Marble and Upper S c h is t , This 

area of Upper S ch ist i s  lower than the above-mentioned Middle S ch ist  

pediment, the two areas being separated by a ridge of Upper Marble 

which i s  continuous with the structure of the western side of the 

Zerissenes Mountains.

Drain age.

The southern pediment of the Zerissenes Mountains drains to  

the lo c a l b ase-level formed by the broad stream flowing towards the 

west in to  the Sesob River, The pediment, sloping gently  to  the south, 

i s  shallow ly in cised  by numerous r u b b le -fille d  str ik e  streams, the 

surfaces of which l i e  about 15 metres below the top of the intervening  

r id g es, (See photo, F ig , 21 ). Some of the str ik e  ridges between 

the streams appear to be nearly buried beneath the gravel. Braiding 

and s p lit t in g  occur in the minor streams which run on the surface of 

the large stretches of rubble.



s '1 fgn fi.SM. ê_at w e s due to  Wind Bros*on.

Three types of nans are found in th is  area:-

(a) Wind-scoured pans*

(b) Barrier basins,

(c) Animal formed nans.

Coastal pans are described under section  (F ), "The Coastal

P lain".

i ' Wind—scoured .Pang*

Several examples of th is  type e x is t ,  mostly in the marble In 

the western part of the area, in country of shallow d isse c tio n . They 

wero probably formed by the a lternating action of wind and m ist. The 

s a lt s  nrobably orig inate in the sea, and are brought in to  the catchment 

area of the pan by sea m ist, and then are washed in to  the pans by the 

rare ra in s .

The la rg est of these pans l i e s  to  the southwest of the Oemsbok 

R iver, and i s  1 .5  km long by 0 .9  km wide. The bedrock here i s  folded  

marble. The nan has a small catchment area, and i s  only p artly  fed  

by the large stream flowing north-west across the s tr ik e , about one km 

north-east of the pan. In th is  stream-bed i s  a gravel d iv id e , s p lit t in g  

the drainage. The pan bottom contains a mixture of s a lt  and sand of 

unknown th ickness. Transparent cry sta ls  of gypsum up to  15 cm in  

length l i e  on top of the s a l t .  Along the perimeter of the pan, the 

s a lt  forms a smooth surface having a network of l in e s  formed by ridges  

of s a l t ,  about 2.5 cm high. (See photo, F jg . 22). Most of the sur­

face of the nan i s  covered with a layer of mixed s a lt  and mud, which has 

been farmed into a rough s^rrface con sistin g  of numerous concave surfaces 

edged by radges with d ifferen ces of e levation  up to  A5 cm. The f la t te r  

type of surface i s  found in patches within the rough—surface area.

This pan i s  about 300  metres above sea le v e l . The lowest ro in t of the 

catchment area i s  about 12  metres above the surface, and l i e s  on the west 

side of the pan. The pan bears some resemblance to Ehrhorn1s Pan 

fCovers, 1931 ^ b ^ . No samples were taken, as prospecting for s a lt  

in  th is  area i s  prohibited.
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Small shallow pans are found on the f la t s  near the western 

end of the Goboboseb Mountain pediment, (described In (4-) below),  

c lo se  to  the Brak River d iv id e . They are a lso  probably due to  wind 

action ,

i i )  Barrier Basing.

At two lo c a l i t i e s ,  one south west of the Zerlssenes Mountains, 

and one near the Brandberg, pans have been formed at the confluence 

of small and large streams by the damming of the sm aller, due to  

aggradation in  the larger stream.

i l l )  A n iW .X o rW  Pana*

Saucer shaped depressions, about 2 metres In diameter and 

as much as 0 ,7  metres in depth, are found throughout the area. These 

occupy f l a t  so ft  ground, such as river bends and headward d iv id es , and 

ra re ly , several are found grouped together.

After heavy rain  the water does not drain away, but remains 

u n t il  i t  i s  evaporated. These depressions are probably made by zebra,

stamping and turning on muddy ground.

The numerous game paths have provided a noticeable pattern of 

h orizon ta lly  lengthened m ullions along the sid es of most h i l l s  and 

r id g es . (See photos, F igs. 23 e tc .^ .

K W  Erjzaiqn.

Owing to  the lack of plant cover, wind erosion , d efla tio n  

and aggradation have played an Important ro le  in  th is  area. Although 

the p revailing  wind i s  from the sout’ —w est, i t  i s  the v io len t and hot 

east wind blowing for only a few days in the year, that causes the most 

s  noticeab le wind e f f e c t s .  Sand c o lle c ts  on the western sid es of rorth -

south r id g es, and exposed boulders are deeply wind-worn on th e ir  e a s t -  

facing s id e s .

Many of the r iver  beds, e sp e c ia lly  in the more exposed 

western part of the area, are f i l l e d  with a mixture of water-borne 

sediment and windblown sand.

Dunes are rare, except at certa in  lo c a l i t i e s  in or near the 

Ugab Gorge, where the sand i s  probably derived from the abundant 

m aterial in  the Ugab River bed, brought down in  times of flo o d .



(Se<t photo, F ig . 24.) • No (ime b e lt e x is t s  on the coasta l p la in  in  

th is  area.

Typical "desert pavement" due to  d efla tio n  i s  seen throughout 

the area. Dust storms arise  only immediately a fter  the rainv season,

The north-*.iept.prn com er of the Brandberg l i e s  within the present

are A, The description o*' the physiography of th is  mountain by Cloos

(Ref 1931^ leaves l i t t l e  to be added. For the sake of completeness 

the major points w ill  be summarised in  the description  below*

P h v s io s r a 11c a lly  the Brandberg in th is  area can he divided in to  

u n its .

fa' The Drendberg granite Mountain.

(b) The Contact of the Grandte and Karroo Beds.

(c) The Karroo Table Mountains.

(d) The Old Pediment of the Brandherg and the elevated  gravels.

The Brandberg granite forms ty p ica l smooth surfaces, with 

occasional rounded prominences. ^See Photo, F ig . 25 ). The drainage 

from th is  large mountain mass i s ,  in general, r a d ia l, sevm^al deep 

gorges having been cut in to  gran ite. The lon gest of these drains 

towards the north in to  the Ugab River, which runs close to  the north side  

of the mountain, ("Ugab" i s  translated  roughly as "the river which 

cuts deep into  the mountain"), and l i e s  about 6 5 0  metres lower than the 

ground to  the south of the mountain. Of the Brsndberg streams mapped, 

one has i t s  source near the centre of the granite mass, about 10  km 

from the fringe of Karroo h i l l s .  The remainder are short, steep  

streams averaging about 2 km in length in the Brandberg gran ite . A 

lo c a l base le v e l to the west i s  the Amis R i v e r ,  which flows in a northerly  

d irection  in to  the Ugab.

b) The.Contact Zone*

and the Kerroo rocks i s  a zone of weakness compared with the adjoining  

form ations, and has determined the p osition  of sca-9 of the trlbutar.ieo

o f the larger streams draining the Brandberg,

when the f in e  m aterial deposited on stream beds has dried .

3) The Brandberg. Granite M assif.

a) The Br andberg Granite Mountain.

The nearly v e r t ic a l contact zone between the Brandberg granite
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c ) The Karroo _Tablc  Mountalng#

(* These form an almost ccanplete g ird le  around the base of the

Brandberge Thev are m ostly ty o lca l Karroo mesas^ and some approach a 

con ical form# Th^ir width r a d ia lly  from the Brand berg granite i s  

constantly  about 0 o8 km# I t  i s  p ossib le  that th is  chain of 

h U le  owes i t s  preservation to  the hardening of the Karroo stra ta  

t irough t ' e  con tact-m et amorphic e f fe c t  of the Brandberg granite# The 

Karroo strata produce the e f fe c t  of a hard capping overlying so fter  beds#

In the north—western Karroo h i l l s ,  a basal conglomerate forms 

low c l i f f s  above waning slo res  of Upper S ch is t . (See nhoto# F ig . ?A)e 

Higher in the ? arroo s ^ a ta ,  c l i f f s  are formed by arenaceous beds# 

dN D ie ^ ^ P e d im e ^ t.o f  the Brandberg and the Elevated Gravels.
—“ wrn m : * *• ■ tm mmm m #*.» —— — —  —■ 

On the north-vestern and western sid es of the Brandberg, a 

t  w ell-developed pediment ex isted  before the lowering of the Ugab River

caused deep d issection  into the pediment * s northern s id e» The rejuve­

nation of the landscape i s  not so pronounced on the western side of 

the pediment where the Amis River forms a lo ca l b a se-lev e l, and the 

equilibrium  of the pediment has not yet been disturbed. There are 

however evidences of an even older land surface here, in  the form of 

small plateaux of sc h is t  covered with gravel. These h i l l s , which l i e  

to the south of the Nalb R iver, r is e  about 30 metres to 50 moires 

abov“* the le v e l of the present land surface, and represent the remnants 

of a landscape which here went through the cycle  of rejuvenation to  near­

m aturity. On th is  nearly mature landscape rejuvenation i s  again making 

i t s  mark near the Ugab River.
v

A good examole of a remnant of the older landscape i s  the 

narrow plateau of s c h is t , topped by gravel, which runs along the 

north-east side of the Nalb R iver. general plan, F ig , 27 md

plan 28 fs'1,

The younger landscape, which i s  being deeply d issected  near 

the Ugab R iver, includes two large a llu v ia l fans at the mouths of 

gorges draining the Brandberg. In the area south of the Nalb %lver, 

these a llu v ia l fans and wide gravel beds show l i t t l e  d isse c tio n , and 

*  present-day drainage takes place along th e ir  surfaces. North of the

N .ib  R iver, only remnant, of these fane e x is t .  For example, 6 ,5  ta  south



Of K u b u g a b i a  a  w i d e  e x p a r s e  o f  g r a v e l  c a p s  a n  e s c a r p m e n t  w h i c h  f a c e s  

n o r t h e a s t  a n d  d r a i n s  t o w a r d s  K u b u g a b l s ,  ^ h l s  g r a v e l  I s  p a r t  o f  a  d i s ­

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

c a r p m e n t  n o r t h w a r d s  t o  a  p o i n t  a b o u t  o n e  m i l e  s o u t h e a s t  o f  N a t l b e b  o n  

t h e  n g a b R i v e r .  T h e  g r a v e l s  o c r ^ v  high g r o u n d ,  a n d  o f t e n  f o r m  t h e  

h e a d w o r d  d i v i d e s  o f  r ^ s e r t  d a y  s t r e a m s .  T h e  r i v e r  o f  w h i c h  t h e s e  

" r a v e l s  a r e  t h e  r e m n a n t s ,  w a s  r r o b a b l y  c a n t u r e d  b y  a  s t r i k e  s t r e a m  

f-i o w in g  t o w a r d s  K u b u g a b i  s .  ( S e e  p l a n ,  F i g .  2 8  ( d ) .  T h i s  elevated  

r ^ v e r  b e d  m a k e s  a f o r t u n a t e  link -ur b e t w e e n  t h e  h igh -level r a i s e d  b e d  

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

i m e r t .  ^ h e  N a l b  R i v e r  r a i s e d  g r a v e l s  a r e  t h e r e f o r e  p o s s i b l y  t h e  sam e

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

TTgab R i v e r .

N o r t h  o f  t h e  B r a n d b e r g ,  b r o a d  r i v e r s  r u n  northwards t o  t h e  

U g a b  i n  c h a n n e l s  c u t  a b o u t  6 0  m e t r e s  i n t o  t h e  B rm ndbere -  p e d i m e n t .

( S e e  p h o t o s ,  t i g s ,  ? 5 , ? b #2 Q) ,  T h e  p r o c e s s e s  o f  f o r m a t i o n  o f  a l l u v i a l  

f a n s  a r e  i n  a c t i o n  t h e r e  t o d a y .

4 /  T h e  G o b o b o s e b  M o u n t a i n s .

T h e  G o b o b o s e b  M o u n t a i n s  a r e  c o m p o s e d  o f  K a r r o o  r o c k s  r i s i n y  

+ o a b o u t  5 n r> m e t r e s  a b o v e  t h e  s u r r o u n d i n g  c o u n t r y .  T h e y  s e p a r a t e  t h e  

a r e a  m a p p e d  f r o m  t h e  a r e a  o f  t h e  Messum C o m p le x  w h ic h  l i e s  t o  t h e  s o u t h ,  

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

M o u n t a i n s  w h ic h  s t r e t c h e s  n o r t h w a r d s  o f  t h e  U g a b  R i v e r  f o r  AGO km .

T b e s e  mountains sh o w  f o r m s  s i m i l a r  t o  t h o s e  o f  t h e  K a r r o o  

n i l l s ,  d e s c r i b e d  a b o v e ,  w h i c h  s u r r o u n d  t h e  B r a n d b e r p .

p t h e  n o r t h - w e s t  o f  t h e  G o b o b o s e b  M o u n t a i n s ,  s e v e r a l  m i n o r

o u tlie r s  c ^ n s "*at mngtly of t h i c k  s i l l s  of onerse—grained Ker^oo d o ler ite

o v e r l v i n p  t h i n  l a y e r s  o f  b a s a l  K a r r o o  s e d i m e n t s .  As a r e s u l t ,  t h e

+ ' p i c e l  s h a p e  o f  b e d d e d  K a r r o o  h i l l s  i s  s e l d o m  s e e n .  T h e  d o l e r -*t e

s i l l s  m ak e  g e n t l y  r o u n d e d  h i l l s ,  o r  r o u n d e d  c a n n i n g s  t o  s t e e n  d i s s e c t e d  

s"l o r e s  o f  D ejnara  S y s t e m  r o c k s .

-W herever e r o s i o n  h a s  c u t  t h r o u g h  t h e  b a s e  o f  t h e  K a r r o o  s y s t e m  

t h e  e f f e c t  o f  t h e  r e s u r r e c t e d  p r e - K a r r o o  l a n d s c a p e  o n  t h e  d r a i n a g e  

p a t t e r n  i s  n a r k e d .
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T h e  n r e —K a r r o o  r o c k s  a l s o  a f f e c t  t -:e d r a i n a p e  p a t t e r n  w i t h i . r  t h e

■ e r ro - '  r o c k s ,  i # p « ,  s t r e a m s  a d v a n c e  h e a d w a r d s  i n t o  w eak  p o i n t s ,  such

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

rocks. ■Lhus, v a lley s p a ra lle l with the str ik e  of the older rocks 

are cut in to  the Karroo rocks*

Post—Karroo structures which control present drainage are 

rare. A n orth -sr  v a lley  to the west of the o u tliers  runs along a 

fa u lt  which i s  nr .>«nle post—Karroo in a^e.

T h e  K a r r o o  r o c k s  o f  t h e  n o r t h - w e s t e r n  p o r t i o n  o f  t h e  G o b o b o s e l  

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

16  t 'T  l o n p ,  n o r t h e a s t —s o u t h w e s t ,  b y  6  km w i d e ,  n o r t h w e s t - s o u t h e a s t .

e n  m a p ,  H p .  2 7 ) .  h i s  a r e a  o f  g r a n i t e  s l o n e s  g e n t l y  dow n t o w a r d s  

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

K a r r o o  r u b b l e ,  w h i c h  u s u a l l y  o b s c u r e s  t h e  a r r o o - g r a n i t e  c o n t a c t .  The

e v e r :  t o p o g r a p h y  o f  t h e  p r a n i t e  i s  r e l i e v e d  b y  a  f e w  g r a n i t e  " c a s t l e  kor*- 

r i e e " ,  l y i n g  n e a r  t h e  g r a n i t e - s c h i s t  o r  g r a n i t e  K a r r o o  c o n t a c t s ,  a n d  

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

T h e  a r e a  f o r m s  a  t y p i c a l  p e d i m e n t ,  s i m i l a r  t o  t h a t  w h i c h  a d -  

i o i n s  t h e  s o u t h e r n  s i d e  o f  t h e  B r a r d h e r e .  W h e re  t h e  Ka r r o o  r o c k s  o f  

t h e  G o b o b o s e b  M o u n t a i n s  o v e r l i e  s c h i s t  a n d  m a r b l e , t h i s  p e d i m e n t  i s  

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

w h i c h  w o u l d  n o r m a l  1 v  f o r m  e p e d i m e n t  t o  t h e  f l a t - b e d d e d  m o u n t a i n  m a s s ,

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

m a r b l e  b e d s #

D r a i n a p e ,

W i t h i n  t h e  a r e a  o f  g r a n i t e  t h e  p e d i m e n t  l a  d r a i n e d  b y  t h e  BrnV 

e n d  Z e b r a  R i v e r s ,  tw o  l a r g e  t r i b u t a r i e s  o f  t h e  U g e b  R i v e r .  To t h e  

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

h f :s d  o f  a n u m b e r  o f  s t r e a m s  f l o w i n g  t o w a r d s  t h e  n o r t h e a s t  a n d  a d j o i n i n g  

t h e  U g a b ,  T o  t h e  s o u t h w e s t ,  a  s i m i l a r  l o w  d i v i d e  c o m p o s e s  p a r t  o f  

t r e  w a t e r s h e d  b e t w e e n  t h e  U g a b  R i v e r  c a t c h m e n t  a r e a  a n d  s t r e a m s  w h i c h  

f l o w  t o w a r d s  t h e  A t l a n t i c  O c e a n .

♦



^  Ihe WegteiTi Granite A re & .

The larpe e^ a n se  of granite which l i e s  to  the west of the Go- 

boboseb pediment described above, can be divided in to s -

(a) a granite peneplain, ('the South-Western Peneolain).

(b a stretch  of d issected  granite country.

a) Ibe Sputh-WejLtern Penep la in .

This peneolain extends towards the west and south from the 

Karroo o u tlie r s  mentioned above, i t s  northern boundary being the gran ite-  

sc h is t  contact. The granite has been worn down to  a f la t  p la in , feature­

le s s  except for low h i l l s  composed of sc h is t  or metamorphosed lim estone 

x en o lith s , and rare dyke ridges of s lig h t e lev a tio n . (See Photo, F ig . U )

A thin layer of rubble covers the granite, which i s  exrosed in term itten tly  

in broad shallow streembeds.

b) Tbg_Dissected Gran ite  Country.

This a-ee co n sists  of typ ica l r o ll in g  granite country 

standing at a lower elevation  than the granite peneplain which l i e s  to  

the sou th -east. At or near the g ra n ite -sch ist contact, there i s  generally  

e low d issected  scarp, the sch is t  occupying the higher ground.

Features typ ica l of granite country, such as ex fo lia ted

boulders and solution c a v it ie s  (Banke) are found throughout th is  area,

and the grey granite has in places weathered to a smooth rounded 

surface with numerous projecting p i l la r s .

Basic dykes crop out along the cre sts  of prominent r id ges, 

and the drainage pattern i s  partly  determined by the pattern of intru­

sion o f the network of d'dreo which cut the gran ite .

The larger streams flow westward and generally  cut through 

dyke ridges in places where two d’dces in te r se c t .

1 he country gradually f a l l s  away westward to the coasta l 

plain  where the drainage becomes ill-d e f in e d  as a r e su lt  of the 

jo in in g  and braiding of several streams,

6 ' Th_e_C2M tjd J ’laijQ .

' i f t e e r  kilom etres from i t s  mouth, the ITaab River enters the 

co a sta l n la in , an almost f l a t  area covered with travel and sand into  

wh-ich the river cuts a broad channel about 7  metres to  10  metres in

denth#



tup i i v 5-r s mouth is  a sar.d bar which i s  transgressed d’tring

flo o d s . High tid es  sweep over th is  bar to maintain a small lagoon 

behind i t .

Hare sch ist nutcrops indicate that the gravel cover of the coa 

ta l  - la m  i s  shallow. S ^ n  featu res, such as a dolerifce-caoped mesa 

about 1 ? metres high, A km from the Ugab mouth, show uP pi’ominently.

Unlike most of the coasta l desert of South West A frica, large  

sard dunes or barchanes are not found here. The occasional small dunes 

have as n u cle i! logs which are brought down from inland when the larver  

r iv e r s , such as the Ugab, Omaruru and Swakop, are in flood . Wind-blown

sand soon c o lle c ts  round the obstacles and a lso  round whalebones, 

driftwood from w eok s, and small bushes.

A ser ies  of s a lt  pans ext,ends along the coast south of the 

Ugab mouth. They are separated from the sea by a str ip  of beach and 

low dunes about 100  metres wide, and are only rare ly  fed by inland  

streams. They receive th e ir  supply of water from the sea during
<

spring t id e s , and possib ly  from condensing see m ist.

Thp fTevels of the coasta l plain are probably sim ilar in  

age to i .  h igh -level gravels of the Ugab R iver. Large areas of 

gravel ly in g  to the north of the Ugab River on the coasta l p lain  l i e  

at approximately the same a ltitu d e  above the r iver as the h ig h -lev e l 

gravels further up stream. (See photo, F ig . 30)

R) Er_ig-ignal H istory o f t he Area.

The available evidence regarding the aeomornhology of the

area has beer given above, and the conclusions regarding the erosional 

h istory  are as fo llow s.

AbS.Rre^Karroo Land Surface.

After the fo ld in g  of and the in trusion  of the Damara sediments, 

nenerlanation took place on a large sca le , resu ltin g  in a surface 

which was rather uneven e sp e c ia lly  in areas of sch is t  and marble. At 

le a s t  one pre-Karroo monadnock s t i l l  e x is t s ,  as ~,e Zerissenes Moun­

ta in s . The reason for these mountains withstanding erosion so w ell was

probably because the top of the mot adnock consisted  of a folded mass 

of the r e s is ta n t Upper-Marble S er ies .
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Remnants of th is  body of marble survive in the form of syn clin a l 

troughs. (See F ig . 20 ).

Deposition of the f lu v io -g la c is l  basal Karroo beds place 

on th is  oeneoDain, and Partly  f i l l e d  most of the depressions. Con­

tinued deposition of a ltern atin g  coarse and fin e  sediments resu lted  

in a near]y le v e l surface, on to which where extruded the thick flow s 

of Karroo b a sa ltic  la v a s. These cooled and were eroded to a feature­

le s s  lava peneplain, the End Jurassic Peneplain described by Dixev. 

fRef. Dixey. 1939).

-n and roar the area, there followed the in trusions of Brand-

berg, Doros, Messum and Care Cross. A small amount of gravity  

fa u ltin g  took p lace.

Thus at the end c** the la s t  known mapmatic a c t iv ity , a nrac- 

t i c a l lv  f ia t  land surface of lava was developed, broken by four major 

prominences. Following a s lig h t  westward t i l t  of the continent, the 

Brandberg, Messum and Cape Cross complexes probably constitu ted  c -ange 

forming the southern watershed, and p ossib ly  the Doros volcano font 1 

-art of the northern watershed, of a r iver which cut through at le a s t  

0  metres of Karr-o rocks, and was superposed on the rocks of the Demara

system. This was the orig in  of the Ugab River v a lley  and probably of 

the Amis River v a lley . (See map, F ig . 31).

2) The_kpgt—Karroo Land Surface.

P ossib le remnants of the o ld est land-surface in the area 

e x is ts  as the up^er surfaces o ' the Goboboseb Mountains and of some of 

the Karroo h i l l s  surrounding the Brandberg.

3) The K ajL gher i  Land Surface.

The wide f l a t  v a lley  that was cut in to  th is  old land-surface

v° * ^ s l t m n  b»low the nre-Karr00 peneplain, separated the Goboboseb

ard Brandberg Mountains from the southern portion of the extensive Eten- 

deka range ly in g  to  the north.

An indication  as to the age of th is  v a lley  e x is ts  in the area

of red sand dunes which 15» on the north side of the Ugab River, op­

p osite  the Brandberg. The aspect of these dunes i s  that of ty p ica l

Kalahari s»rd. Thus i t  could be inferred that the Ugab River V alley  

originated  in pre—PIeistocene tim es.

Therefore, before the Kalahari Period, th is  broad v a lle v  had
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been eroded to  .  le v e l  some 80 metres belov the rre-Xerr,*, l M)d-,.drface 

«id about 500 metre, below the summit, of the nearly Karroo -Mountains. 

The v a lle v  s id e , formed part o ' the pediments of the surrounding 

mountain,, mentioned above, and the v a lley  bottom probably occupied a 

p osition  about 150 metres above that of the present llgab R iver. The 

a re , o ' gran ite, sch is t  and marble exposed was sim ilar to  that seen 

today, but the degree of d issec tio n  was probably l e s s ,  as i s  evinced

by the widespread la m e n ts , in the form of even s u m it - la v e l ,  to  many 

r id g es , of a fa ir ly  mature topograohy,

luring the Kalahari period, a large part of the present are, 

VM nrobably covered by dun's, none of which have survived. No f o s s i l s  

have been found in any of the recent deposits to  give an ind-cation  of 

a<?e, nor were any buried a rte fa cts  discovered.

Recent Rejuvena t io n ^

Since Kalahari times the most important changes in  the p osition  

of the Ugab River and i t s  tr ib u ta r ies  have followed the successive re­

juvenations of the Ugab R iver. The basic cause of these rejuvenations 

was probably continental u p l i f t ,  the e f fe c t s  of which are seen in the 

raised  beach terraces of the A tlantic co a stlin e  of the northern Kaoko- 

veld as w ell as on the coast southwards towards the Orange R iver. As 

a cause of these rejuvenations, continental u p li f t  rather than lowering 

sea ..e v e l, i s  postu lated , owing to the fa c t , observed on the north- 

/Rokoveld Coast, that the o ld est of three ra ised  beaches varies in  

height above sea le v e l as much as 15 m etres. Sim ilar observations 

n a v e  been made on the coast towards the Orange Mouth. (Ref. Haughton,

Although th is  does not nreclude lowering of sea -lev e l i t  in­

d ica tes that a somewhat uneven continental u p l i f t  has taken p lace.

About 110  km to  the south-east of the Ugab mouth, cemented 

gravels can be seen on the shore at low t id e , indicating that there 

has been depression of the land surface, as w ell as e lev a tio n .

A contributory cause of rejuvenation must have been a sudden 

increase in r a in fa l l .
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a '  ?il§ R8juven atin n ,

The f i r s t  rejuvenation of which records renain, l e f t  at le a s t  

one exarcrle of a ra ised  v a lle y  which e x is ts  today, running along the 

th side o. the '>aib R iver, The raised  v a lle y , and the several 

small gravel-tonped plateaux which project above the Brandberrs's 

western pediment, reoresent the o ld est known raised  gravels of the area.

are probab.y sim ilar in age to  the red dunes and the older land 

surface of which remnants occur throughout the area. Thus the gravels, 

dunes and old  land surface are possib ly  of Kalahari age. (See P ig . 3 2 ) .

b) Th9_Secqn4 RMuvenqtion.

A vounger se t of raised  gravels, which i s  correlated with the 

elevated  v a lle y  of the Ugab River, would be post-Kalahari in  age. This 

set of gravels and the accompanying raised  v a lley s  represent a drainage 

astern which was partly  abandoned during a second naHod of re  In.venation.

The widespread changes in position  of the Ugab River were 

- o s t lv  due to local capture by tr ib u ta r ie s . (See below under -River 

Capture"). however, deviations in the old course due to  strong  

fe a t ’ires s-.ch as hl^h r id g es, were commonly adhered to  a fter  rejuvenation. 

For example, Hve k:.l«netreg west of Salzputz the present r iver  i s  de­

f le c te d  to the south along str ik e  by the same Hdoe that d eflected  the

old. r<ver. Fast and west of the barrier, the old v a lley  l i e s  to the 

north of th« oresent v a lle y .

During th is  per led the coastal p lain  was brought to  an ad- 

vsnood stage of m aturity, probably by sheet-flood  action .

»o major lowering of the Ugab River has taken place since the 

second rejuvenation, bu„ minor changes tending towards degradation are

shown by the occurrence of low le v e l cemented gravels within the present 

Ugab River gorge.

Tn ' counterparts o  ̂ these cemented gravels in tr ib u ta r ie s  of 

the Ugab "Mver have been found covered with travertine denosited by

springs. The orig in a l springs are now dry, but s a lt  wa+er i s  found 
nearby.
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c ̂  Later_Grav e lg .

At J* ’ tMne the poorly sorted cemented grovels are 

Out by w ell-sorted  gravels ly in g  on bedrock, and are covered by f a ir ly

■veil sorted partly  cemented gravels. (See plan of streams at Brand- 

berg west Min,, F ig . 77, and s e c t im , F ig . 33 ). These fa c ts  ind icate  

that much of the gravel and alluvium that f i l l ,  the numerous v a lley s  

in the area originated a fter  a period of p lu v ia l a c t iv ity  during which 

the landscape had been cleansed of loose m ateriel and channels had been 

scoured in to  the cemented rubble that f i l l e d  the v a lley s . At the c lo se  

pluvia l period, the lowermost t<n-bearing gravels were deposited. 

Arid conditions follow ed, and periodic to rr e n tis l rains f i l l e d  the v a lle y  

flo o rs  with weathered m aterial, sm e of which bscsme cemented la te r .

Then increased r a in fa ll  formed the second age of tin-bearing gravels.

Arid condU lo „ ,  and periodic to r r e n tlt i  ra ins follow ed, again depositing  

the unsorted gravels. I  day the tendency s e ^ s  to  be towards increased  

r a in fa ll ,  as i s  evinced by the shallow tin -bearing streams on the sur-

unsorted gravels. Thus, in t i s  area, aggradation followed  

bv martial degradation occurred twice a fter  the scouring of the stream- 

beds. Today, degradation i s  in progress. Cloos, (Ref. 1 9 3 1 ) has 

described the post-Kalahari v a lley  near the Brandberg, but did not 

mention the existence of gravels within the v a lle y .

 ̂ JEr o 3 ion .

The recent rains appear to have been the heaviest in  the area 

for many years. Although there are no past records of r a in fa ll  here, 

the large number of la n d slid e , that occured a fter  the rains of 19/.9  

and 1050 in d icate that these rains were u su a lly  heavy. A good example 

of these lan dslid es can be seen on the l e f t  side of the tirak River, IP to, 

from th is  r iv e r 's  confluence with the Ugab R iver. At th is  point a 

small natural smphith.atre e x is ts  in the rocks of the Upper Marble S er ies .

In 19A6, only one large block had fa lle n  from the top, but in 1950 the 

Slone, were l i t t l e  with block, of m r b le . Earthouake a c t iv ity  i s  not 

admitted as a cause of these recent la n d slid es , as there has been no

recent increase in se ism ic ity  in S.U.A. (Verbti communication from 
Dr. H. Martin).



I t  v i l l  take many year, for these boulders to  d lsin terrrate  and be 

removed b.- v'r.d action , as the only catchment area for water i s  the am­

phitheatre i t s e l f .  From t.Ms i t  mav be Inf e - - d that the recen t

-a m , are the heayiest that th is  lo c a l i ty  ha, h .„ for p ossib ly  hundred, 
of years,

5) ffoa+lttti-glJgith  other. Area?.

CoKoarln? th is  area with other areas in A frica, a n d  using

the nomenclature of King, (Ref, 1951) the follow ing ten ta tive  co rre l­

ation  i s  put forward,

TABLE I I ,

GORRKLATJON op lamd surfaces.

Su’nmlts of Ooboboseb Mountains. Gondvanf. Surface.

U p lift and Rejuvenation,

Red d'Tes, Nalb River gravels,
and oider land surface, (Kalahari) African Surface.

U p lift

H igh-level gravels of Ugab River
and coasta l p lain  Lowveld Surface?

U r lif t

Low-level cemented gravels
and present Ugab Gorge Limpopo Surface?

Only the "Kalahari” surface and the coasta l plain surfaces

are w ell-developed. The p ossib le old surface on the few surviving

tab le tops of the Goboboseb Mountains can only be inferred to  e>~tst

from the mode of weathering of the lavas, which tends to nreserve the

unper surface of the mountains. No d etr itu s i s  known to he preserved 

on top of these mountains*

The h igh -level gravels of the Ugab River, which are probably 

the same a»e as those of the coastal p la in , represent only a narrow 

s tr in  of country inland, and not a true neneolain surface.



youth.

c )

„ The G° r ? 9  19 9 t l“  m  « s ta g , „f  extrame

^Figures 32 & 33 show the re la tion sh ip  o f the erosion su rface , 

area, or the gravels at Bran«iberg Vest Mine.

CejHonMo F eat,jre ,,

•  « Z Z Z T " -  “
''hree main features e _  under th is  heading, v i z . , the

Mountains, ^  th« Brandberg

8" f e _ Z e r is §enea Mountains.

E E = r =

: = -
Mn„ H  ’!’ nCe " ’ b’ V ltS  SUrViV!a- Th9 f - W l e a l  fa e t-r s  con tro l-  

f  the f °™ °f  th " 9 have been d iscussed .
b' lilt Sâ haetbJtountjins.

These are a group of residual h i l l s  separated from the l a r .

R , d °n S°Uth SMe by the Messum Riv«r. (HungorabRiver^.

These mountains ex h ib it fea tu res, such a . mesas a-d bu ttes, 
ic e .  of fiat-bedded Karroo rocks.

° ' Th£_Brandber^; Moimta in g .

treat eram te m assif, the highest mountain in South

- - f r i c a .  presents a combination of topographic features which i s  ^

probably unique. The normal a h a ,  of a mountain fomsed from a granite '

Plug i s  complicated here by the  en circ lin g  Karroo h i l l s  which are j

integrated with the main mass and by the c ircu lar  _  of metamorrtde 

r cks at the Karrott-Brandberg granite contact.

o f n 0 rM 1  Pr°C0,Wa "  ^  rate o f la te r a l advance
tne ned ment i ,  now probablv subordinate to  the rate of 1 owerin.
b« pediment.
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The fa c t  the Brwndberg "Tflnlte has cu t through both s c h is t

and tTanl t e  has m a te r ia l )y  a ffec ted  the  form of the r^dlmpnt which 

w^'uln rn rm ally  e r jg t  to  such a mountain In t h i s  a r id  r e r l n r .  F u r th e r ,  

t-he d is s e c t io n  caused by the  UFab P iv e r ,  with i t s  successive re ju v en a -  

t i o n r ,  has been a mator fa c to r  in determining the  form of the pediment 

or the ro r tb  and west s ides  of the  mountain. To the south and south­

e a s t ,  ou ts ide  the sr»a mapped, a well-formed Pediment e x i s t s ,  old 

g ra n i te  forming the f l o o r ,

2 ' D efin e tionjtL. Plains ♦

Sever a, * rn6r’ nfd es tru o t i  onal p) a Ins are represen ted  here , 

a x Pedlmertp.

Tr th i s  decppt a^ea, the  term "pediment" i s  more r e a d i lv

applied  to  the  fe a tu re s  s k i r t in g  the Pr^ndherg, the fk-boboseb Moun-

tA irs  and the Zerissenes Mountains, than the term "piedmont a l l u v i a l  

p la in " .

Tn 621 th ree  examples, only a p a r t  of the  mountain mass i s  

composed of a formation d i f f e r e n t  from t h a t  c o n s t i tu t in g  the  f lo o r  of 

the pediment. The Zerissenes Mountains are P a r t i a l l y  capped by rocks 

of the  Upper Marble S e r ie s ,  a id  the  pediment where best developed i s  

p*de of Minnie S ch is t  S e r ie s .  The Brandberg Pediment i s  composed of 

rocka of the Damara System, or old g ra n i te .  The Uoboboneb ^ediment 

i s  the best example of the  th r e e , although i t  i s  by no means p e r f e c t .

A f a i r l y  well developed bajads l i e s  a)onm the base of the mountains.

The re ju v en a tio n s  caused by the  successive lowerings of the  Ugab P iver

v  hflve ro t ' y0+' cut' f'Mo pediment, whereas the  pediments of the Z e r is -

rApo^ end Rrandberg Mountains have been deeply d issec ted  due to  the  

lowering of the Ugab R iver, the lo ca l  b a s e - le v e l ,  

b) Penepl a i n s .

Mature peneplains do not e x i s t  in the area, but the term 

"peneplain" i s  being applied  to  roughly le v e l  land surfaces t h a t  

belong to  one ^ r l o d  of erosion*
j

U it t ie  remains of the two o ld es t  post-Kan"on o e rep la in s  in

the a re a .
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c

ma ,i or

i s  mentioned above, the tab le top , of the Cboboseb Monnt.ina and 

the even su m lt  le v e l of many of the ridyes ro es ib ly  oorrespond with

the orig in a l elevation  o f t . ,e ,e  two mT f ,o ,a .  (Se .  nhotoa. F ie . , 0  

and 3 1 ) t

■ he svrface of the lower of these two renerlains was broken 

by prominences such as the Zerisaenes Mountains, and by marble r id res  

which a* that time had a comoaratively low elevation  «-d may have been 

remnants of ridces that ex isted  before the K a rro o  r e r W . The summit

le v e ls  of most of the ridr ave not been lowered to any great extent 

bv the f i r s t  or second periods of rejuvenation, extent near

r i v e r s .  I n d e e d ,  i n  s e s e  p a r t s  o f  t h e  a r e ,  s u c h  a s  t h a t  l y i n g  t o  t h e  

s o u t h  w e s t  o f  t h e  G em sbok R i v e r ,  e v e n  t h e  b e d s  o f  t h e  r i v e r s  a n d  s i r e ,  

h a v e  n o t  b e e n  a p p r e c i a b l y  l o w e r e d .  Near t h e  U g a b  R i v e r ,  h o w e v e r ,

a d v a lle y s , abandoned a fter  the second rejuvenation, 

e x is t  at heights of up to 65 metres above Present river le v e l .  T r i-  

butaries of r iv ers  such as the Zebra and Rrak run in s t e e r  narrow 

c o r s e s  near th e ir  Junctions with the larver r iv e r s , and th e ir  headward 

divides are at the heads of broad shallow v a lley s  which are remnants of 

the Kalahari renenlain. tSee diagram, Fig 35 ). Tnese old headward

d t v i d - s  Show  t h e i r  comparatively g r e a t  a g e  bv  t h e  decomposed condition  
o f  t h e  b e d r o c k *

c) oggth^'Fstover. Peneplain.

This n -arly  mat,u.e feature, shown on the map, was formed 

- ’ n , a Period or t_yerroo peneplanation, and l i e s  not far below 

the p osition  of the pre-Karroo peneplain. I t  i s  probably of Kalahari
a^e t  co n sists  of a nearly f l a t  p la in , sloping at a low angle to­

wards the west and covered with a thin layer of rubble deposited by

sh eet-flood  action . Wind d efla tion  has remoyed a l l  fin er  m aterial frc 

the surface, leaving typ ical desert pavement.

*his peneplain has escaped rejuvenation, and in the streams 

Iving in the h i l ly  country to  the north aggradation has occurred. Thi 

i s  demonstrated bv the numerous examples of s p l it t in g  of drainage, f i l ­

lin g  of v a lley s , and stream braiding. The cause of the aggradation 

i s  that the rare rains are In su ffic ien t to  remove the abundant m aterial

which i s  availab le through bedrock decomposition, caused by the pro- 
valent sea-m ist.
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Aeolian sand comooses nart of the material f i l l i n g  the v a lle y s . These 

v a lley s  -/ere probably formed during the second rejuvenation period, 

and aggradation occurred during a la ter  arid period,

d) The Coasta l P lp te.

There i s  no d e fin ite  evidence as to  the origin of th is  p la in .

h^e+_f]0ori action was probably a major cause. Raised marine terraces,

such as those found along the coast to the north and the south, are 

absent here*

The gravels along the sides of the Ugab River appear to  be

f lu v ia l  in ori yin. They are best developed on the north side of the

gab tiv e r , 1 bee photos, 5 ,>A, 10,30' and oocisihiy represent remnants of 

an old flood -p ln te of the Ugab River.

This plain i s  therefore more probably a peneplain than a 

true coasta l p la in , and i s  probably not of marine orig in . The coasta l 

landscape has reached a fa ir ly  mature sta re , as i s  shown by the lack  

outstanding features and the braiding of streams.

3) Raipefl Vfljleyp and, Gravel g|f

(See Diagrams, Figure 3 ?)

Corresponding with the two main periods of neneplanation are

two main se ts  of "steed v a lle y s , in places containing gravels. The

older and hiaher v a lley  i s  found near the Kalb River together with

preserved gravels, and a lso  west of Brakputz as described above. I t

i s  possib le that the area west of the Brakputz w ill  y ie ld  gravels of

the same are. The younger se t i s  found throughout the area in the

form of terraces along the main r iv ers , and as raised  plateaux and

v a lle y s , sometimes gravel-covered and up to  ? km away from the r iv e r s .

A m uch l o w e r  s e t  o f  c r s v e t e  i s  f o u n d  w i t h i n  t b e  v n l l e v s  o f  t h e  ] a r ^ e r

5* afd at Brandbepcr Vest Mine, these rravei * are overlain by s t i l l  

younger gravels.

4) Bflging^

Barrier basins, wlndscoured pans, and typ ica l desert playas 

are f  and in the area, as well as small baste" formed by chemical action  

in marble. Their origin  has already been d iscussed .
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5) Siaigage Patterns .

The almost comnlete absence of vegetation in th is  nart of the 

harcib Desert has been an important factor in the control o f the drainage, 

There i s  nothing to bind what l i t t l e  s o i l  e x is t s ,  and the r e s u lt  i s  

stream bods of various Mses ha\m> formed along every outcropping 

l in e  of weakness except where such lin e s  are protected by ta lu s . Thus, 

the factor of vegetation cover being absent, only mechanical and chemical 

agencies are l e f t  to control erosion, and for any given se t of geo log ica l 

con d itions, the resu ltan t topography i s  u su a lly  the seme.

The nredominant drainage pattern in the area of Damara rocks 

i s  a rectangular one, modified by changes of str ik e  and by oblique 

fa u lt  lin e  v a lley s . The str ik e  of the bedding i s  the main control 

of the sm aller, consequent streams, and a se t  of dykes, and some fa u lt s ,

at r ig h t angles to the s tr ik e , completes the rectangular pattern. (See 

Plans, F ig s . 18 & 85).

Thp Ugah and P ossib ly  the Amis Rivers appear to  be supernosed, 

as has been noted above, but the remaining large streams are probably 

a ll consequent streams which have swung in an anticlockwise d irection  

to  th e ir  pr ent p o s itio n s , across the s tr ik e . In a ll the large r ivers  

however, loca l control of structure i s  pronounced. Contact v a lleys  

e x is t  along several stretch es of the ach iat-gran ite contact, as w ell

as along the contact of the Karroo beds and the Brandberg Granite.

6 ) S tream Capture*

fhe strong control of geological features on drainage, combined 

with the rejuvenation of the landscape, have produced many examples of 

stream capture. These may be c la s s if ie d  according to  are.

'V  Stream Capture caused by the f i r s t  rejuvenation.

(b) Stream capture caused by the second rejuvenation.

' 1,8ter stream capture not d ir e c tly  connected with the

second rejuvenation.

*) S ta ^ a ^ p tj^ ^ ^ u je sL b y ^ th e  f i r s t  reluven. t i . , .

The Naib Fiver, flowing northwest from th» Brandberg, is  nn
H>i6

exsmnle o f /S e e  F ig . 28 (a) ) .  The old course of the r1v»r can be

c1ear] y napall^l with th6 ^resent river#
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e stream that jo ins thm ’Tpab River about 0 . 7  ̂ km south of 

the Brak RH mouth has captured a stream which once ran in to  the Rra> 

Jver, »e "ir 'r e  28 (b) ) ,  The cantor stream, which r-ns along

a lin e  of f e r U s , cut headwards through a monocline of the Unner Marble
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The h isto ry  of the Nalb River Is a ser ies  of captures by minor tr ib ­

u ta r ies  during the headward advance of streams excavating downwards 

to  the rejuvenated base le v e l .  The r e su lt  i s  more a sh jftln g  of the 

r iv e r 's  course then a capture by a d ifferen t stream. The old Nalb 

River probably joined the Amis near the point of confluence of the 

^resent Nalb River.

b) Stream Capture caused bv the second rejuvenation.

Examples of stream capture caused by the second, rejuvenation  

car be seen along most of the length of the Ugab River (See map F ig , 27 ). 

Major changes in  the course of the rjv*r have occurred east of the Amis 

piver confluence, at the Goantagab River confluence, and at Zebraputz.

At Brakputz and Saltnutz, the nresent Ugab River s t i l l  runs within the 

confines of the ancient Ugab v a lle y , although i t  i s  displaced la te r a lly  

in several p laces.

The raised gravels of the Zebra River indicate that i t s  course 

has been considerably changed near the Ugab River. (See F ig . 28 fc ) .

The Ugab River has sh ifted  to  the north, and the Zebra River has occupied 

about 2̂ - km of the old course of the Ugab R iver, at an a ltitu d e  about 

ZO metres below the orig in a l r iver bed.

Further examples of r iver capture are seen near Kubugabis 

and south of Brakputz, 

i )  Kubugabis^

At Kubugabis, raised  gravels extend for eigh t kilom etres from 

a noint near the Brandberg to  a point near Natibeb. Much of the catch­

ment of th is  ancient river has been captured su ccessively  by three 

streams running northwards to  Kubugabis. (See plg . 28  ( *  ) ) .

This example i l lu s tr a te s  the strong e f fe c t  of la te r a l ravining  

from a rejuvenated r iv e r , ( Ref. Rich, 1 9 3 8  N, e sp e c ia lly  where geological 

control, in th is  case the str ik e  of the bedding, permits stream for­

mation,

111) Sqyth _o_f Rrakouts.

The stream th a t  jo in s  tho Ugab River about km south of

the Brek Riv=>r mouth has captured a stream which once ran in to  the Brak

R iver, 1 S e e  F igure 28 (b) ) ,  The can tor stream, wh'ch r» ns along

a l in e  of f a u l t s ,  cu t headwards through a monocline of t h e  Upper Marb"1 e
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S e rie s  nrobably a f te r  re^uvenat-5 ?n commenced. (See photo, v ig  3 ^ ' .

The flow in  the  cantured  streams was d iv erted  through the  f a u l t  

gap, from a s t r ik e  jo in in g  i t  to  the Brak R iv e r , nrobably because the  

e f f e c t s  of re juvena tion  were stronger in  the  f a u l t - l i n e  stream than  in  

the  s t r ik e  stream ,

c; L ater stream cap tu re  no t d i r e c t ly  connected with the  Second 
Re.juvenati on.

An example of t h i s  e x is t s  near the source of the  Gemsbok 

v e r , (See Map, P '? '. Agpradati on of prnvel in  the Gemsbok

Riv e r  bed a t  th i s  po in t has d iv e rted  towards the  west much of the f 1ow 

t Rn t o r ig in a te s  in the alluvium -covered sou th -’, re s te rn  penenlain .

t
t



CHAPIN III

GEOLOGY CF THE AREA.

The d e sc r ip tio n  of the geology w ill be t r e s te d  c lirono log ica lly  

s t a r t in g  with the o ldest rocks. D etailed  d e sc r ip tio n s  of the rock sp ec i­

mens l i s te d  a re  given under "Petrography".

The geo log ica l form ations present are  shown in  Table I I I .

(A) Rocks Of The Damara Syetmm;

1. The lower S ch is t S e r ie s :

The o ld es t rocks seen in  th i s  area are the Lower S ch is t S e r ie s ,  

These c o n s is t  of a s t r e tc h  of in te n se ly  fo lded s c h is ts  in  the form of 

t ree a n t ic l in o r ia  exposed in  ihe Lgab River v a lley  from the Goantagab 

R iver confluence to  a po in t 16 km to  the west.

Owing to  the  absence of marker horizons w ithin  th i s  a e r ie s ,  

i t s  exposed th ickness can not be measured, but can only be judged from 

the  measured th ickness of the overlying Middle S ch is t  to  be a t  le a s t  

500 m etres. The lower s c h is t  weathers dark chocolate brown and i s  common— 

ly compact, r a th e r  sc h is to se , breaking with a subconchoida1 f r a c tu re .

The dominant rock i s  a quartz  b io t i t e  s c h is t ,  (Nos. 391, 4 I 7 , 

422, 424 and 429).

Where the metamorphism i s  of medium g rad e , m ottled and spo tted  

g ra n u li te s  and nornfeIses are developed giving r i s e  to  amphibole granu— 

l i t o s ,  amphibole—b io t i t e  g ra n u l i te s ,  and amphibole—pyroxene h o rn fe lses . 

'.Nos. '7 7 , ' f ,  '’79, 2 30, 231, 2 ’>2 , 233 and 234). Tourmaline-muscovite

h o ro fe ls  i s  developed in  the Lower S ch is t  a t  quartz  vein  con tac ts  a t  

Brandberg West Mine. (Nos. 404, 409, 413, 414 and 420).

2 . The iuower Marble Beds:

T h i s  i s  a  c o n s i s t e n t  m a r k e r  w h ic h  c a n  b e  t r a c e d  o v e r  a  l a r g e

a r e a ,  a n d  w h i c h  s e p a r a t e s  t h e  Low er S c h i s t  f r o m  t h e  M i d d l e  s c h i s t ,  (see 

p h o t  o s ,  p i g g ,  7 , 7 3 ,  3 0 ) ,  i h e  m a r b l e  b a n d  c o n s i s t s  o f  tw o  m a in  c o m p o n e n t s  

a b o v e  w h ic h  l i e  a b o u t  5 m e t r e s  o f  s c h i s t  t o p p e d  b y  a  n a r r o w  m a r b l e  b a n d .

T h e  U p p e r  c o m p o n e n t  i s  b l u i s h  g r e y  m a r b l e , tw o  t o  f o u r  m e t r e s  thick a n d  

m e d iu m  t o  c o a r s e  g r a i n e d .  M i c r o s c o p i c  e x a m i n a t i o n  sh o w s  t h a t  i t  c o n t a i n s

m o r e  t h a n  95/• c a l c i t e  a n d  t h e  r e m a i n d e r  i s  m o s t l y  q u a r t z .  (N o s . 263 an d



r i

Z5.

T a B W  I I I

/ 1  .. 1 i : ,. . r : :y Or vfcoT ( F  TiW B & iA W R O .

S y s t e m  o r  
R e l a t i v e  a g e . S e r i e s S t a g e

----  1 .... .......

C h a r a c t e r

]—  —-------

T h i c k n e s s I g n e o u s
I n t r u s i o n s .

R e c e n t A l l u v i u m ,  s a n d  
C e m e n t e d  g r a v e l s

F ro m  l e s s  t h a n  
1 m e t r e  t o  m o re  
t h a n  15 m e t r e s .

P o s t - K a l a h a r i  

K a l a h a r i  ?

I Y o u n g e r
h i g h - l e v e l
g r a v e l .

O l d e r
h i g h - l e v e l
t r a v e l .

P a r t l y  c e m e n t e d  
g r a v e l s .

P a i ' t l y  c e m e n t e d  
g r a v e l s .

P'rom l e s s  t h a n  
1 m. t o  m o re  t h a n  
5 m e t r e s .

F ro m  l e s s  t h a n  
1 m. t o  m o re  
t h a n  3 m.

P o s t - : ^ a r r o o F a u l t  b r e c c i a F ro m  l e s s  t h a n  
1 m. t o  a b o u t  
7 m.

L a t e - i i a r r o o A t  l e a s t  2 0 0 0  m. 
v e r t i c a l  t h i c k n e s s .  
From l e s s  t h a n  1 m. 
t o  m o re  t h a n  5 0  rn.

Brandterg 
G ran ite ,
D o l e r j t e  d y k e s  
s i l l s  a n d  p I i i  s .

K a r r o o S t o r m b e r g  

Dwyka

S t o r m b e r g
l a v a s

A m y g d a l o i d a l  
a n d  p o r p h j y T i t i c  
b a s a l t s .

A p p r o x i m a t e l y  
450 m.

C a v e
S a n d s t o n e

S a n d s t o n e s  
a n d  p e b b l e  
b a n d s .

A p p r o x i m a t e l y  
40 m e t r e s .

M u d s t o n e s , 
s h a l e s , s a n d ­
s t o n e s ,  l i m e ­
s t o n e s  & f l u v -
i o g l a c i a l  b a s a l  
c  o n ; ; l o m e r  a  t  e  s .

F ro m  1 5 0  m. 
t o  2 6 0  m.

R r e - r j a r r  o o , 
p o s t - J a m r a A p l i t i c  g ra n i te , 

a c i d  pegm atites 
& quartz  ve ins . 
B io tite  Granite 
v r a n o d i o r i t e  <:
c u a r t z  ( i o r  ' 1 r:

D i n a r a

. .

U p p e r
S c h i s t

S c h i s t s  & t h i n  
□ u a r t z i t e  > ; .n d s

6 5 0  rn.

U p p e r
i - a r b l e

M a r b l e  & t h i n  
s e i i i s t  b a n d s .

125 m. | 
_ 1

i i i d d l e
u c h i s t

Schists
- - —f

350 m. t o
5 0 0  m.

Lower 
. j irb le

,

i
t
^ a r b l e  6  t h i n  
3cj 1s t  b a n d s .

10  m.

Lover
ic h is t

i c h i s t s 500 m.

J
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The lower component of the main band is  about as th ick  as the
Y

upper, and co n sists  of a ltem ng yellow ish  and dark brown to black bands 

averaging about 5 cm. to  10 cm. in  th ickness. The yellow  ro"- i s  an im­

pure marble, with up to 30> quartz grains as the impurity. The dark bands 

co n s is t  of sch istose  brown marble (No.264) a^d quartz phlogopite s c h is t ,  

(No.265). A ctin o lite  appears in  the sc h is t  at lo c a l i t ie s  of medium grade 

metamorphism (No. 285). The to ta l  thickness of the two components i s  

usually  le s s  than 7 metres.

The topmost marble band i s  about 0.5 m. to  0 .7  m. th ick  and 

weathers to a yellow ish  brown colour. I t  i s  a marble sim ilar to  the yellow

marble of the main band.

At Brandberg West Mine, a calcareous band underlies the lower 

marble band about 75 metres below i t .  This band i s  a poor marker, as i t  

i s  dark brown and rather sch istose  and weathers sim ilarly  to the Lower 

S ch ist. (No.403). This rock becomes an a ctin o lite -d io p sid e-o rth o cla se  

hornfels in  areas of medium grade metamorphism. (No.339).

3. The Middle S ch ist S e r ie s :

Above the Lower Marble S eries and below the Upper iiarble Series  

l i e s  a considerable thickness 01 s c h is ts . This ser ies  has been ca lled  the 

Middle S ch ist. Owing to the nature of the fo ld in g , i t s  thickness could 

be measured at only two p laces, on the Zerissenes Mountains and on the 

Brak River (See map F ig. 27). ^he f i r s ;  measured thickness (350 metres) 

i s  thought to be more accurate than the second (5 0 0  metres) because in  

the f i r s t  case only one minor fo ld  occurs between the exposures of Lower 

and Upper Marble. In the second case at leasv two such fo ld s occur.

The Middle S ch ist includes several bands of blocky granulite  

which r e s is t  weathering better than the more rch istose rocks. These bands 

co n sis t  of b io t ite  granulite and weather a reddish-brown colour, and form 

scree slopes of large angular blocks (Nos. 59# 274)• The more sch istose  

components of the Middle S ch ist co n sist dominantly of q u artz-b io tite  

s c h is t , and weather to a darker colour, forming smooth slopes (Nos. 0 ,

6 3 , 2 6 1  and 286).

Medium grade metamorphism in  the Middle S ch ist has produced 

h orn felsie  rocks sim ilar to  those in  the fewer S ch ist (Nos. 72, 73, 75, 

273, 233, 298), and more rarely  pseudo-di o r ite s , (Nos. 237, 233, 239, 

see under "Petrology").

z Tin



47 .

(a) Conglomerate:

Near the top of the Middle S ch ist s e r ie s , an im persistent 

narrow conglomerate occurs at two lo c a l i t ie s  on the Sesob R iver. A 

th ird  p ossib le  lo c a lity  i s  on the Brak River, where conglomerate f lo a t  

was found. The occurrence p.t one of the Sesob River lo c a l i t ie s  c o n s is ts  

of a lin e  of scattered pebbles up to  3 0  cm. in  diameter, of g ra n ite , 

gn eiss and amphibole q u a rtz ite . The pebbles are oheared and are se t  in  

a sheared dark m atrix, (No. 71). They were found in  the comparatively 

fresh  rock in  the side of the small canyon used as a road from the south 

in to  the Sesob River. Another occurrence, further upstream on the 

Sesob River shows a better sorted conglomerate about 15 cm th ick , con­

s is t in g  of lenses of sheared, well-rounded pebbles of quartz, b io t ite  

quartzite (No. 61) and granite averaging about 1 cm diameter, in  a
t

q u a rtz itic  matrix, la te r a l ly , th is  conglomerate grades within a few 

yards in to  a bed of scattered sub-angular pebbles of sim ilar composition 

to  that given above, in  a sch istose  matrix.

A th ird  p ossib le lo c a lity  i s  at the headward divide of «. small 

stream leading in to  the Brak River from the north. The only occurrence 

observed here was in  the form of a loose block 0 .6  metres by 0 .3  metres 

b7 0 . 2 ^  metres in  s iz e .  This consisted  of sheared, w ell sorted conglomer­

a te , containing mostly quartz pebbles, average s ize  1  cm., in  contact 

with a band of b io t ite  sch is t . The source of th is  f lo a t  could not be 

found. The area i s  one of Middle S ch is t , with syn clin a l ridges of the 

Upper Marble S er ie s .

v I t  i s  d i f f ic u l t  to  judge the sign ifican ce of th is  conglomerate.

I f  i t  represents evidence of an unconformity, then i t  i s  the only such 

evidence. An angular unconformity would be imperceptible in  the extreme 

fo ld in g , and the apparent parallelism  of the Upper and Lower Marble 

S er ies  seems to  allow of a disconform ity only. The scattered d i s t r i ­

bution of the pebbles and the occasional w ell—sorted conglomerate lenses  

suggest f lu v io -g la c ia l  or ig in , but i t  must be stated that the conglomerate 

by no means resembles any of the ty p ica l g la c ia l beds found in  South 

West africa; indeed the occurrence of a t i l i i t e  over so small an area 

would be unusual.



Above the horizons of the conglomerate and immediately below 

the Upper Limestone s e r ie s , a so ft  band is found in  the s c h is t . This 

weathers to a powdery ta lcose m aterial, which i s  too decomposed to  per­

mit microscopic id e n t if ic a t io n , but which appears to be mostly s e r i c i t e , 

with iron oxides.

In the Sesob River area, e l l ip s o id a l bodies occur which con­

ta in  considerably le s s  b io t ite  than the surrounding b io t ite  s c h is t .

These bodies vary from a few centimetres in  length to  as much as two 

m etres, and from 1 cm. in  thickness to  25 cm. They are oriented p a r a lle l  

with the strongest cleavage d irection  present (No. 261).

E llip so id a l bodies sim ilar in  shape and s ize  to  the above, 

but d iffer in g  in  composition, were found in  the sc h is t  in  the Gemsbok 

River area. The e ll ip s o id s  co n sist of zoned aggregates of unsheared 

coarse-grained c a le - s i l ic a te  m inerals, (Nos. 237, 233, 239), and are 

sim ilar to  certa in  pseudo-diorites described from the Southern Appalach­

ian region and from the Gold Coast, and the Karroo system. These are 

described more fu l ly  under MPetrology” •

4« The Upper Marble S e r ie s :

The Upper Marble Series bears a remarkable l ith o lo g ic a l re­

semblance to the lower Marble S er ie s . The ser ie s  i s  made up of three 

main components, the Yellow Marble at the bottom, the Brown Marble in  

the middle and the Blue Marble at the top. (see photos. F igs. 37, 33). 

The to ta l  th ick n ess, however, i s  about 25 times that of the Lower Marble 

S er ie s .

The average thicknesses of f i f t e e n  sections measures in  the 

area are shown on the follow ing ta b le : -



TABL2 17

THICKNESS d 1 UPP5R KARBL& SERIES FRdl BASS CF YELLOW
KmRBLE ZONE TO TOP OF BLUB MARBLE.

Area
Dip

over­
turned.

True thickness  
of southeast 
side of syn- 
c lin e  (in fe e t )

True thickness 
of northwest 
side of syn- 
c lin e  (in fe e t )

Dip

Sesob River 53° 463 144 31°rt 55° 223it 63° 430 216 30°ti 77° 564 252 45°2 m iles north­
ea st of Sesob R. 53° 456 172 30°
Ugab R. west of
Sesob River# 53° 290?
Brak River 60° 444
Tributary on east
sid e of Zebra R. 73° 540 216 47°

rt 60° 420
ft 49° 290

Averages 413 200

* 125 metres -  60 metres.

Thicknesses of adjoining limbs in  the same fo ld  are joined bv
dotted lines#

The above figure s i l lu s tr a te  the con sisten t thickening of the

overturned limbs of fo la s , r e la t iv e  to  the limbs that are r igh t side up.

(See under Tectonics, '‘Fracturing and Deformation connected with the 

Folding").

The distance from the Blue Marble to the topmost marble band 

i s  as much as 300 metres in the Sesob River area.

(a) The Yellow Marble Zone. (See Section l l ,  F ig .3 9 ).

The Te] ] ow Marble co n sis ts  of about 40 layers composed of 

yellow  q u a rtz itic  marble, (Nos. 235, 240, 241, 395), black or brown 

sch isto se  marble (Nos. 231, 232, 234, 237), and some lig h t brown b io t ite  

marble bands (Nog. 230) a t the base. Rare bands of lig h t  grey marble 

(No. 233) occur in  the Yellow Marble zone.

In some areas, the b io t ite  bearing marbles have been metamor­

phosed to a c t ir io lite -b io t ite  s c h is t , (No. 293), a c tin o lite -d io p s id e -  

orthoclase rock (Nos. 291, 295), a c tin o lite -o r th o c la se  rock (No. 294) 

and amphibole-garnet rock (No. 292).

Some of the yellow  q u a rtz itic  marble bands a tta in  a thickness

of 3 metres in  the western part of the area, but most are between 0 .2 5  „ 

and 0«45 id. in  th ick n ess.



The darker bands are somewhat thinner. Narrow dark lin e s  are seen tra ­

versing the marble bands, or interbedded with them, and microscopic

examination shows these lin e s  to be made up of minute mosslike graphite 

p a r t ic le s .

The Yellow Marble Zone comprises about h a lf of the to ta l  

th ickness of the Upper Marble S er ies . Individual yellow  marble bands 

vary considerable in  thickness la te r a lly . Towards the top of the Yellow 

Marble Zone brown marble bands appear in  increasing numbers.

(t1) The Brown Marble Zone:

The crown marble i s  a comparatively narrow group, averaging 10 

to 12 metres in  th ickness. I t  co n sists  mostly of a lig h t chocolate brown 

b io t ite  marble (nos. 242, 243), sim ilar to  that described above. There 

are a few in tercalated  sch istose  bands (No. 13).

Yellow marble bands which are rare within th is  group in  the 

central and eastern part of the area, become more p le n tifu l to  the west 

(No. 245) where the brown marble group lo ses  i t s  in d iv id u a lity  and 

appears to become an extension of the Yellow Marble.

(c) The Blue Marble Zone:

This i s  the most d is t in c t iv e  of the three marble zones and 

ty p ic a lly  i t  co n sists  of even-grained bluish-grey marble, (Ncs. 47, 117, 

113> 252) over 6 0  metres th ick . It i s  quite d ifferen t from the under-  

ly ing  marble bands, and shows no bedding through most of i t s  th ickness.

In the eastern part of the area, i t  immediately o v er lie s  the Brown 

i-.arble, and to  the west a group of yellow  and brown marble bands t o t a l l ­

ing up to 2 0  metres in  thickness and sim ilar to those compering the yellow  

Marble Zone, separates the Blue Marble from the Brown Marble. This group 

has been ca lled  the Intermediate Marble. (No. 247). A w ell marked black 

band, 1 0  cm to  15 cm. th ick , occupies a p osition  in  the centre of the 

Blue Marble band, and i s  being referred to as the Middle Black Line.

(See photo, F ig. 37;. The rock i s  a b io t ite  s c h is t , (Nos. 4 8 , 249 and 

299) and i s  usually  accompanied by two thin white marble bands. I t  is  

generaj ^y b t ie r  exposed in  the western part of the area than in  the ea st .

The Blue Marble is  commonly overlain  a narrow (15 cm.) but 

d is t in c t iv e  yellow ish-w hite q u a rtz itic  band, and continuing upwards,

from 6  metres to  20 metres of b io t ite  sc h is t  (No. 50) and calcareous



granulate (No. 57), on which l i e s  a layer of fine-grained dark blue

or ' lack graphitic marble, 3 metres th ick . (Nos. 251, 253, 259). The

la t te r  i s  not a prominent band, and usually  l i e s  along the bed of a 

str ik e  stream.

in the Brakputz area, two narrow (45 cm. to 90 cm.) marble 

bands, weathering an olive-brown colour, l i e  resp ectiv e ly  45  metres 

(No. 253) and 65 mo^es (No. 254) above the black marble. In the Amis 

ver area, these bands are represented by two bands of almost pure 

marble (Nos. 134, 135). B io tite  s c h is t , or b io t ite  granulite separates 

the bands (Nos. 52, 53, 54, 55, 83, 103, 103, 109, 111, 203, 2 5 5 , 2 5 6 ,

257). in the besob River area, the topmost marble band i s  as much as 

300 metres above the Blue l»Iarble.

Metamorphism has produced the follow ing rock types in  the Blue 
Marble Zone:

intermediate Marble -  A ctin o lite  marble (Nos. 4 6 , 4 6A)

Blue Marble -  Orthoclase marble (No.49) a c tin o lite -a n o r th ite  rock 

(No.77 ), a c tin o lite -d io p sid e  rock (No.1 1 3 ).

S ch ist above Blue Marble -  A ctin o lite  granulite (N0 .I I 4 ) .

dark Blue Marble -  ^ u artzitic  Marble (Nos. 51, 5 6 ) , and sch istose  

muscovite marble (No. 300).

Upper Marble beds. D iopside-vesuvianite rock (No. 6 9 ) ,  D iopside- 

w ollaston ite-garnet-versuvian ite rock, (No. 1 0 2 ) ,  and quartz-garnet- 

d iopsid e-w ollaston ite  rock (No. 101).

Upper o ch ist Bands -  A ctin o lite  granulite (Nos. 7 6  and 105), and 

A ctin o lite-d iop sid e gran u lite , (No. 104 and 112).

n garn et-flu or ite  rock (No. 35) apparently the product of 

metasomatic a ctio n , occurs in the top of the Blue Marble band near the

fa u lt  which l ie s  to  the north-east of the Gemsbok River. (See under 

"Petrology").

Xenoliths of rocks probably belonging to  the Upper Marble 

o e n e s  have been found in the g ra n ite , and include the follow ing rock- 

types: d iopsid e-p lag ioclase-vesu vian ite  rock (No. 79) s e r ic ite  marble

(No.121), a c t in o lite  b io t ite  granulite (No. 30), a c tin o lite -d io p sid e

gr-i.julj te .No.31 ), and tourmaline—hornblende-diopside rock (No.2 1 7 ).



5. The Upper S ch ist Serifta;

ihe Jpper Sch ist ser ie s  i s  composed of b io t ite  sc h is ts  (Nos. 

13b, 197, 1 j9, 200, 202) some of which are spotted or knotted, b io t i t e -  

co rd ier ite  hornfels (Nos. 33, 377) and knotted calcareous quartz sc h is t  

(No. 204). Some of these sc h is ts  are lo ca lly  a ltered  to a c t in o lite

hornfels (No. 319) quartz-m uscovite-b iotite sc h is t  (No.219) and ch lo r ite  

sc h is t  (No.311).

o io tite -p o o r  e l l ip s o id a l structures, sim ilar to those found in

the middle S ch ist s e r ie s ,  are common in  the Upper S ch ist S e r ie s , in  tne 

western part of the area.

ihe thickness of the sc h is ts  above the top of the Blue Marble 

band could not be determined with any accuracy owing to the intense  

holding and the lack of marker horizons. The next d is t in c t iv e  formation 

above the Upper Marble horizon i s  a sheared quartzite band about 6  

metres thick (No. 191) with a poorly developed g r it ty  pebble-bed at i t s  

case, ihe quartzite i s  lo c a lly  altered  to  a c t in o lite  quartzite (No.137) 

and a c tin o lite -d io p sid e  quartzite (No. 1 •). This quartzite and about

6 0  metres of overlying b io t ite  sc h is t  are ,ne youngest members of the 

Damara system that e x is t  in  th is  area.

The thickness of the intervening sc h is ts  i s  cer ta in ly  more 

than 300 metres, i f  the prevailing  pattern of t ig h t fo ld ing i s  repeated 

to  the e a s t , and i t  i s  probably of the order of 6 0 0  metres.

The rocks of the Damara System were t ig h t ly  folded and la ter  

intruded by several ages of gran ite , which caused minor warping and 

fo ld in g , (dee under Tectonics ) . No f ie ld  evidence has been found for  

the presence of basic dykes that are pre-Karroo or pre-granite in  age.

(Ej host—Damara Acid In trusions:

1. Granitic Rocks?

The o ld est gran itic  rock in  the area i s  a f in e -  to  medium- 

grained grey granodiorite (Nos. 125, 366, 374, 375). This rock covers 

a large area, to  the west of the Gemsbok River but i s  present only in  

small bodies in  the eastern part of the granite area. The f ie ld  re la tio n s  

of the granite and the la ter  intrusions are d i f f ic u l t  to  determine, 

owing to  the resemblance between v a r ie t ie s  of granite belonging to two 

d ifferen t periods of in trusion .



The rare w ell-defined  contact exposure give an in d ication  of the age 

r e la tio n sh ip s | but over wide areas the im p racticab ility  of exact d eter­

mination of rock types in the f ie Id  makes accurate mapping of granite  

contacts d i f f ic u l t .

The grey granodiorite appears to merge with a fin e  to medium

gi ained grey quartz dior: te vnto s .  1 JO, 130, 216). A minor amount of

fin e  to  medium-grained pinkish grey granodiorites (Nos. 126, 301), and

medium-grained pinkish grey quartz d io r ite  was intruded la te r . Dykes

and s i l l s  of pink quartz d io r ite  (Nos. 106, 107) cut the Upper Marble 

S eries in the west.

ihe major intrusion  of the area follow ed, con sistin g  of a

pinkish grey or grey b io t ite  granite (Nos. 99, 306, 308, 309, 312, 313,

573), generally coarse-grained and porphyritic but with fine-grained

v a r ie t ie s . The phenocrysts where welldeveloped usually have a linear

o r ien ta tio n , para'l e i  with the sch is t  contact. Individual phenocrysts

are up to 7 cm. in  length. This granite i s  sim ilar to  the Salem Granite

(hef, /tanner, 1915, p* 4 0 ) and i s  generally  intruded between the sch is ts

and the granodiorite. It i s  best developed in  the eastern part of the 

area.

ihe f in a l phases of granite intrusion in  the area co n sist of a 

oinklsh a p lit ic  b io tite  granite (No. 326), which cuts porphyritic b io t ite  

g ra n ite , and a coarse salmon-pink granite rich  in  orthoclase (No.388). 

These granites occur in  small q u an tities near the sc h is t—granite contact. 

Their age r e la t iv e  to  each other i s  not known.

The form of granite body i s  described below in  the d iscussions  

of the h istory  of the Damara period and under "Tectonics".

A small pj-Ug of vesicu lar acid lava (No.2 4 ), containing large 

phenocrysts and in clu sion s of quartz, occurs in  the Lower Sch ist S er ie s , 

^  nor tn west of Nr and berg West Mine. I ts  age i s  unknown, but i t  

possib ly belongs to the same period of intrusion  as the tirandberg.

2. Acid Dykes:

Most of the acid dykes in the area l ie  in  sch is t  within four 

kilom etres oi the gran ite . I hey are rare in  the gran ite , except near 

the sch ist contact.



O n ^ y  two small groups of acid dykes l i e  as far as 4  km from the granite f

one a t a p osition  east of the head of the Gemsbok River, (No.270), and

one to  the east of the la :ge  s a lt  pan,(No. 33). They are rarely  as much

as 3 metres thick and average about 0 .6  metres in th ickness. Lengths

vary from 3 metres to  about 1.3 km. The dykes almost invariably contain  

quartz, mi crocline a lb ite  and m uscovite•

Tourmaline was found in  only two specimens (Nos. 302 and 373) . 

A pegmatite 2 f  km from the old granite near Kubugabis d iffe r s  from a l l  

the others examined, in  that i t  contains about 2 /» pyroxene and a lso  

about 2> apatite  (No. 141).

A plite No, 4 2 6  cuts the b io t ite  granite near No.216, and 

pegmatite No. 307 i s  in  granite No. 306. Pegm atities Nos. 315 and 324 

have been intruded in to  pink b io t ite  gran ite.

..ost of these dykes are intruded along bedding planes in  the 

s c h is t  or marble (see map, Fig. 40). Oblique or cross-dykes are rare, 

and are always smaller than the str ik e  dykes.

G enerally, pegmatites are rare compared with the Uis and 

arongo areas. About h a lf of the number of acid dykes are fine-grained

a p lit e s ,  (e .g . os. f ' ,  1 3 2 , 226, 303), the remainder being medium to  

coarse-grained pegm atites.

3. wuartz Veins:

I he three types of quartz veins that occur in the area are

described unuer ''-.conomic Geology". A large amount of quartz veining

has occurred in  the sch is t  country, but quartz veins are rare in  the

gran ite , f lu v ia l  concentrations of vein quartz in  parts of the sc h is t

country have formed "desert pavement" con sistin g  almost e n tir e ly  of 

quartz.

An unusually large concentration of quartz-tourmaline veins

occurs in  the Upper S ch ist S eries about two m iles east of the eastern

end of the granite ly ing to the south of Brandberg West Mine. No

economic mineral has been found in  th is  area, which i s  situated  along an 

a n tic lin e  in  the sc h is t .

The area ar rind the Sosob River lead occurrences contains a 

..arge number of quartz veins and vein patterns sim ilar to those d es-

cribed in  the lead occurrences are found in  most of the a n t ic l in e , there.



V

b r A j N d b f . r g  w  r  - z\  R  E  A  '

P O R T I O N  OF THE SCHIST -  G\
bOUTH W E S T  OF THE

S C A L E .

/ M i l r

,
v y

H  /  /  CS K  Z tv  z->-7

N cv/ .s c /  G u' c  As

cy/z> /0& r~  NTc'* /  /(^  <s V— / k sS

A Z/ <V t-V/£3 v> c* H s  c. T~ \F   ̂ »> ci

|A-> v5 i-v4 ? z » ~ c V / oyr-> JS z <n/1— z— o  O A

A z  zn A  (T» x— O z - i  / /  O  /  z AM a  r* <~r r I t

/

7/
&

/

FIG.



Small areas with profuse quartz veins l i e  in  a n tic lin e s  to  

the west of the bend in  the Zebra River near i t s  confluence with the 

Ugab ver. hese v?jns hav he typ ica l c r iss -c r o ss  fracture pattern , 

and the wallrock i s  tourmalit but no econofnic mineral i s  present*

*'O reason can be given for the presence of quartz veins in  

a n tic lin e s  adjoining unveined a n t ic lin e s . The age of the veins with 

respect to  the Karroo Rocks i s  unknown, but they are probably pre-Karroo. 

iio quartz veins were found in  the Karroo rocks in  the area.

(21— G eological  History of the Damara Periodi,

1* Deposition of the Sediments:

The Darnara system as exposed in  th is  area consiste e s s e n t ia lly  

of fine-grained  rocks that were, before metamorphism, arenaceous sh a les , 

arenaceous and arg illaceou s lim estones, and pure lim estones. Sandstones 

and pebble bands are rare and in  comparatively th in  beds. Deposition  

probably took place in  deep water, near the centre of a deep geosyncline. 

The land bordering th is  sea was the source of sedimentary m ateria ls. 

During each of two s ta g es , the supply of fin e  m aterial diminished, and 

f in a l ly  ceased, while lim estones were being formed. The limestone de­

p o s itio n  seems to  have been seasonal to  some ex ten t. Thin layers of 

calcareous mud were ia ia  down a ltern atin g  with layers of purer ca lcar— 

eous m aterial, and i in a lly  nearly pure carbonate was deposited over a 

comparatively long stre tch  of time. Then, carbonate deposition  stopped 

suddenly and clay  and fin e  sand accumulated again. Two or three th in  

layers of carbonate m aterial were deposited at fa ir ly  long in terv a ls  

a; ter t n is ,  but 'were f in a l ly  overlain  try large th icknesses of arenaceous 

muds. The second formation of lim estone, (now the Upper Marble S er ie s)  

was much greater than the f i r s t ,  but followed an almost id en tica l  

pattern of formation, and rhythmical development of layers, a ltern a te ly  

r ich  and poor in  carbonate matter occurred. In between the two lime­

stones the presence of conglomerate pebbles in  a shaly matrix, and of 

quartz pebbles in  a sandy matrix, in d icates that there was p ossib ly  a 

short period of g la c ia l  deposition; part of th is  g la c ia l  m aterial was re­

washed, probably under shallow water conditions and the sandy pebble beds 

were formed, 'ihe presence of calcareous nodules, now highly a ltered ,

near th is  horizon is  p ossib ly  in d ica tiv e  of g la c ia l  a c tio n , since sim ilar  

nodules are common in  the Dwyka se r ie s .



After the upper layers of limestone had been la id  down, 

arg illaceou s sediments were deposited over a long period. Then the sea -  

le v e l  dropped once more, p ossib ly  exposing dry land, and an advancing; 

shore lin e  led to  the formation of a th in  covering of sandstone with a 

vasa l g r it ty  pebble—bed. The m aterial of th is  arenaceous fa c ie s  was 

formed by concentration of the m aterial in  the arg illaceou s beds. On 

the evidence of the fo ld  stru ctu res, as explained under "Tectonics1*, 

th is  fa c ie s  p ossib ly  marks an unconformity. The water le v e l  rose once 

more, and the deposition  of arg illaceou s sediments was resumed. There 

the record ends in  th is  area. The formation of about 1,700 metres of sed i­

ments has been described, above. A large thickness of sediments pro­

bably lay above the known upper lim it of the Upper S ch ist S eries before 

erosion  of the Damara land surface began. Towards the northeast, across 

the Ugab River l i e  folded sediments that are probably higher in  the 

system. Rocks older than the Lower S ch ist S er ie s , as seen west of the 

Goantagab River confluence, are probably not exposed in  th is  region , as 

the known exposures are in  dome-like a n tic lin o r ia  which are c lo sed , both 

north and south of the Ugab River. North of the Ugab River the str ik e  

of the beds swings towards the north, end most of the Damara rocks below 

the Upper Sch ist S eries become hidden under Karroo beds.

2 . Folding of the Sediments:

After dep osition , the sediments were folded. There i s  no 

evidence, such as thickening of beds in  syn clin oria , to  suggest that 

fo ld in g  began during deposition .

The present a ttitu d e  of the fo ld s could have resu lted  from 

pressure from the southeast and e a st . The cause of the movement was 

probably connected with the f i l l in g  in  of the geosyncline and the 

is o s ta t ic  adjustment which follow ed. Minor fo ld ing  e f fe c t s  were caused 

by attenuation and squeezing, e sp ec ia lly  in  the lim estones. The larger 

e f f e c t s  could have been caused by sim ilar processes, due to  the great 

th ickness of sediments deposited . Most of the movement took place along 

uedoing planes, but, the near—horizontal cleavage in  places suggests move­

ment independent of bedding.



In the present area , the regu larity  of fo ld in g  of the sedim ents, 

which now occupy le s s  than h a lf th e ir  o r ig in a l area, suggests that they 

were moved on a s lig h tly  uneven f lo o r , which p ossib ly  consisted  ol the 

rocks underlying the basal Dain&ra uods. A small degree of r e l i e f  in  th is  

f lo o r  could have causer' the over-rid ing fo ld s to  r is e  and be stretched , 

a-ong s tr ik e , and to be dragged behind the a x ia l lin e  of the fo ld s  on 

e ith er  s id e . Bends in  the plan p o sitio n s of the fo ld s , convex towards 

t v e south, ind icate lo c a l i t ie s  of such probable "humps" in  the flo o r  of 

the fo ld s . The stretch ing of the fo ld s  occured mostly along s tr ik e , as 

stretch ing  in  a northwesterly d irection  would merely cause a lo c a l open­

ing of the fo ld s . The bends in  the fo ld s (see plan, F ig . 27) are gener­

a l ly  the lo c i of dykes and ok fa u lts , as at Brakputz, along the Sesob 

River and between the Gemsbok and Sesob R ivers. These lin e s  of weakness 

were residual up to  the time of the post-Karroo disturbances. The bends 

that l i e  w ithin the main body of the Damara rocks, are not of the same

o r ig in  as the bends near the granite contact, which are due to the in tru s­

ion  of the gran ite .

Another cause of fo ld in g  could have been the movement of the 

f lo o r  of the sediments towards the so u th eas t, due to  convection c u rre n ts  

i n  the underlying magma. Whatever the  cause, the e f f e c t  would have been 

s im i la r ,  namely, the  production of a s e r ie s  of overturned fo ld s  with a x ia l  

p lanes dipping towards the so u th eas t.

3. The Granite In tru sion s:

The g ra n itic  rocks were intruded a fter  the main fo ld ing  had 

occurred, quartz d io r ite  and granodiorite were the f i r s t  rocks to  be 

intruded, but the in trusion  of b iot te granite was of greater extent 

than the ea r lie r  in tru sion , and now separates most of the e a r lie r  in ­

tru sion s from the sediments. The granite was intruded in  the form of a 

composite phacolith , which forced i t s  way in  between bedding planes in  

the Upper S ch ist Ser .es a short distance above the top of the Upper Marble 

S e r ie s . Thus the shape of the phacolith  was largely  determined by the 

p o sitio n s  of the anticllnor^a and synclinoria  of the Upper Marble S e r ie s . 

The edge of the phacolith fo llo v e}  not n ecessarily  along a horizontal 

plane, the top of the Upper Marble S er ie s . The wedge-shaped edge of the

phacolith  bent the southeast-dipping fo ld s towards the w est, the d irection  

of le a s t  res ista n ce .



The s e d e n t a r y  roof of the phacolith  vas p ossib ly  h ighly a ltered  by the 

e a r l ie s t  in tru sio n s, e sp ec ia lly  d ir e c t ly  above the areas where the in -  

tru s iv e s  broke through from below. The roof m aterial was p o ssib ly  r e -  

con stitu ted  in to  granodiorite and quartz d io r ite .

The g ra n ite -sc h is t  contact exposed today represents p artly  the 

lower and partly  the upper contact of the phacolith . The subject of the 

structure of the granite i s  d ea lt with in  greater d e ta il  under "Tectonics'

some of the pegmatites and quarts veins in  the arte were d irec tl;  

derived from th is  g ra n ite , in  p laces where the Upper S ch ist i s  underlain  

by gran ite . Other acid  dykes, such as those ea st of the s a lt  pan, are 

in d ir e c t ly  the r e su lt  of the granite in trusion  which bent the sediments 

ly ing to  the south downwards on an east-w est h in g e -lin e . Lines of weaknes 

"long th is  hinge lin e  were intruded by acid dykes which probably orig in -  

ated in  a deeper gran ite . Structural controls a ffe c tin g  the emplacement 

o f quartz veins in the Samara beds are described under "Economic Geology" 

Apart from some m ineralised quartz veins and a form of v e r t ic a l zoning^ 

described under "Petrology", there i s  l i t t l e  evidence to  ind icate the 

presence of a deep body of g ra n ite . The postulated "humps" underlying 

the fo ld s may have been caused by such a gran ite , which coulihave been 

intruded at the same time as the known granite in tru sion .

The b io t ite  gran ite , the a p l i t ic  granite and the pegmatites

belong to  su ccessive ly  la ter  stages in  the d iffe r e n tia tio n  of a parent 

magma. (See under "Petrology").

The older granodiorite i s  p ossib ly  a true igneous rock, and 

one o f the f i r s t  products of d ifferen ta tio n  of a parent magma. There i s  

o f ie ld  ev iien ce to  sugg s t  that i t  originated through the a ltera tio n

of the Qamar, rocks, but microscopic evidence in d ica tes that some of i t  

i s  a reconstitu ted  sediment.

j u )  CorreLfitinn;

The Folded S ch ists and Karhloa.

in their  l i th o lo g ic a l ,  stratigraph ic and tecton ic  fea tu res , 

the pre-Ksrroo rocks of th is  area are c lo se ly  sim ilar to  rocks of the 

bamara System as found elsewhere. A cm parison of the stratigraphy  

of the present area with that of other areas i s  tabulated below:-



table v

2^R £UTI0N CF̂  SCHISTS AND KARATE

60 .

‘Lrea ^est of Brandber^

’e r ie s  Rock Types Thick­
ness.

Western
'Damaraland
(Frommurze Gevers. 
1929).

Upper
S ch ist
S er ies

Windhoek and Re- 
hoboth (Gevers, 
1934. and De Kock 
1934).

Upper
Marble
S eries

S ch is t , 
Quartz!te 
Unconformity 
S ch ist with 

narrow marble 
hands near 
base.

Top band of 
Blue Marble 
up to 6 0 0  
metres th ick . 
Many lower 
bands separat­
ed oy sc h is t .

Total
6 0 0
meters

nhomas Series Khomas S eries
3 k Wuartzite. S ch ist & Q uartzite.

1 i l l i t e  Horizon.
Av.
125 m.

Middle
S ch ist
S e r ie s .

Schist
Altered  
limestone 
nodules 
T i l l i t e  ? 
horizon S ch ist

350
metres

to
500
metres.

Marble S eries  
Numerous marble 
bands in c l. a 
top-most band,
UP to JO m th ick
Intercalated
sc h is t  bands. 

i l l i t e  Horizon

Marble S er ies .
Marble bands, sc h is t  
and Ita b a r ite .

Lower
Marble
S er ie s .

Marble band 10
metres.

Lower
S ch ist
S eries

S ch ist At lea st Quartzite Series  
5 0 0  m. Q uartzites and

sc h is t  with some
marble band.g.

Quartzite Series  
Q uartzites, arkose 
and conglomerates.

Total *  1,7 0 0  m.

^  " b 131 Serla3 ”  -  * —  ™ on of the —

88  ’ 3lml2ar tD ^  the northern part of t W a U M .

The pos3 lb le  t i m t e  horUon could have orl.ln atad  in  M o a tln .

1C9' 8WPt ^  CUrrentS the - = t  rrOT the Western ^ r a l a n d  area,
""’Ch UaS ^ b a b ly  the focus of g la c ia l  a c t iv ity .

The Grani t i c  R o c ,

The g r a n i t i c  rocks of t h i s  area bear a strong  resemblance to  

the  post-Jem ara g ra n i te s  o f  ad jo in in g  a re a s ,  both l i th o lo g ic a l ly  and in

°f  8mPla0ement- ^ tfferen tia tio n  ser ie s  i s  present in  a W s t  a l l

the areas where ̂ nara rocks are invaded by gran ites (Gevers, 1929, p .4 2 )

The grarUteS 10  the 8T ea8  61,6 a:Unost invariably emplaced as con­
cordant bodies in the sc h is ts  and marbles (Gevers, 1929, p. 3 9 ).



M ln era lo g ica lly  tha b lo t i t e  g ra n i te  o f  the  Brandberg '* a t

a m ila r to  th e  oalen  u ra n ite  of the  Qnaruru D i s t r i c t ,  as des­

c rib ed  in  the  Dept, of Mines p u b lic a t io n , "The Geology and M ineral 

D eposits of th e  Onaruru Area", 1939, p. 19. The a p l i t i c  g ra n i te  (No.326 

could well be the  eq u iv a len t of the  A p li t ic  G ranite described  on page 2 1  

o p ^ c it .  Ihe o ld er g ra n o d io r i te s  and q u a rts  d io r i t e s  are  probably eq u iv -

n t to  the  rocks th a t  a re  described  as  being o lder than the  Salem 

G ra n ite , c ge 22, op c i t .

- o r e  i s  no evidence of any d ep o s itio n  of rocks from the l a s t  

ec id  in t ru s io n  up to  Karroo tim es. R ather, e ro s io n  cu t deep in to  the 

Damara rocks and g r a n i te ,  and there  were probably no la rge  e a r th  move­

ments. The Karroo rocks were deposited  on the uneven su rface  o f an im­

p e r f e c t  penep la in . The c o r r e la t io n  of th ese  rocks with the Karroo System 

nas long been recogn ised . (Ref. Du T o it ,  1939) .

The Karroo Systems

th e  a rea .
The follow ing i s  a ta b u la t io n  of the  Karroo rocks found in

TABLG VI

S aaA L Ig S p  SECTION Twwnnnw

1) S ection  in  the Amis River a rea .

Rock types. Approx. 
th ick n ess . a e r ie s .

G o le rite  dykes and s i l l s

Amygdaloidal and p o rp h y ritic  basic lavas
n ln te r c a la te d  sandstone lenses  a t  base.

-dandstones, g r i t s  and pebble bands with 
in te rca jiac ted  mudstone bands.

i'Ost-lCarroo

450 m.
I

UNCQNFGRMTTV ?

Red, brown and b lack  mudstones with th ree
mam zones of sandstone, the lower one 
boing io s s i l i f e r o u s .

-Drown lim estones and limestone nodules in  
brown shale with in te rc a la te d  pink sand­
stone and dark p u rp lish  brown sh a le .

A lte rn a tin g  pale sandstones, g r i t s ,  purple 
sandstones, p u rb ie , g reen ish  and redd ish  
b r i t t l e  sha les  and dark mudstones, with 
some b recc ia ted  la y e r s •

Rasa! conglomerate ( f lu v io g la c ia l? )
Red and yellow  mudstones 

or mudstone b recc ia .

40 m.
) Stormberg
)

70 m to  
80 m.

20 m.

60 m. (w. of 
Amis R. )
110 m. )
(B. o f Amis R.) /

Up to  2 m. )
Up to  6 iii. )
Up to  12 M. )

)
)
)
)
)
)

) Dwyka 
)



6?.
LiBIZ VI (Contd)

pJCTION THROUGH THE KARROO ROCKS.

2) sec tio n  in  the Northwestern o u tlier  of the Croboboseb Mts.

Bock T̂ rpes

D olerite S i l l

Approx. 
tM ckness.

Up to 25 m.

Ot'ries.

Bout-Karroo

ih a le  and mudstone, varved a t the base. Up to  12 M. )

Basal^conglcmerate (F lu v io -g la c ia l)

1. Basal beds:

or Up to  2 m.
)
)
)

Dwyka- -  -  -

The beaal beds of the i<arroo system in  the present area are

subject to  considerable la te r a l varia tion . The most common fa c ie s  i s  a

basal conglomerate (Nos. 17,90) which i s  of f lu v io -g la c ia l  or ig in  at 

le a s t  in  part of the area.

A brecciated mudstone forms an a ltern a tiv e  basal bed, and only  

rarely  is  th is  mudstone unbrecciated. Where both conglomerate and breed  

are present, the breccia o v er lie s  the conglomerate.

The brecciated mudstone i s  w ell exposed in  the foot h i l l s  of 

the Goboboseb Mountains wher- i t  a tta in s  a thickness of 12 metres (No. 332  

I t  makes prominent rounded c l i f f s  of d is t in c t iv e  reddish organge hue.

In the hand specimen th is  rock i s  seen to  co n sis t of small angular to  

sub-angular fragments, of various co lou rs, orange and yellow  being the

Many of t h e  fragments have dark rims. The fragments and

matrix are very fine-grained . Thin section s give l i t t l e  more information  

because of the fin en ess of the grain.

The brecciation  seems to  have taken place befo-e the sediments 

uere consolidated , and the m aterial appears to  be derived from a some­

what calcareous mudstone. The or ig in  of th is  formation i s  not known 

but i t  ts p ossib ly  connected with the Dwyka g la c ia tio n . A sim ilar breccia  

I S  described by  Du T o i t ,(1915, page x lv ) ,  who ascrib es i t s  orig in  to  the 

mashing up of older beds by g la c ia l  a ctio n .

About 7 Im west of the fa u lt  in  the Karroo sediments near the 

Omaruru road, the basal teds co n sis t  o f two layers of b righ tly  coloured  

mudstone, each about 3 metres th ick . The lower layer i s  orange-yellow  

(3 6 3 ) and the upper layer i s  brick red in  colour.

iiost common.



■one of the minerals composing the rock can be Id en tified  m icroscopically . 

. , * 7  surface weathers lik e  a  fine-grained impure lim estone, and fresh  sur­

fa ces  on both the red and yellow  v a r ie t ie s  are dark' brown. On breaking 

tne rock, curvea starch lik e fragments are produced, sim ilar to  those 

described by Wagner, (1915, p .6 5 ) in  h is account of the Dwyka boulder

mudstone. This rock i s  p ossib ly  an undisturbed occurrence of the brecciat  

ed basal beds described above.

The conglomerate i s  ty p ic a lly  developed in  the Karroo fo o t h i l l s  

of the Bratkerg (see photo, Fig. 26) and In an o u tlie r  of the (ioboboaeb 

mountains situ ated  between the Brak and Gemsbok R ivers, where i t s  f lu v io -  

g la c ia l  nature was inferred from the presence of a g lacia ted  pebble,

(see photo, rxg. 4 1 ) found in  a basal conglomerate 1 .5  metres thic% 

overla in  by 3 to  10 metres of mudstone and varved shale (No.4 ) . The 

shale i s  seldom more than 1 metre th ick .

The conglomerate generally  co n sis ts  of w ell rounded, i l l - s o r t e d  

pebbles, average s iz e  2 .5  cm.in diameter and rarely  reaching 15 cm. in  

diameter, in  a lig h t greenish grey matrix con sistin g  dominantly of fin e  

to  coarse quartz grains. The pebbles co n sist of quartz, gran ite , pegmatite 

quart?/ >, amphibole granulite and rarely  feldspar.

The upper contact of the conglomerate i s  sharp against the 

sh a le . Rarely, the basal band i s  a reddish conglomerate g r it  (No.327).

ihe shales overlying the conglomerate show considerable variation  

m  th ickness, partly  due to the extensive in trusions of d o ler ite  sheets  

within them, and partly  because of the uneven pre-Karroo land surface.

This unevenness was not completely compensated by the deposition  of the 

basal conglomerate. The shales appear in  part a t le a s t  to  be varved 

sh a le . The thin section  shown (N0 . 4 , photo. F ig .6 4 ) was made from a 

specimen found near the g lacia ted  pebble.

r-arKings sim ilar to worm t r a i ls  are found in  these shales 

(see photo, F ig .4 2 ). This i s  not an uncommon feature of Pwyka sh a les .

I t  was seen at two p la ces , the one mentioned above and another on the 

Omaruru Road on the west side of the post-Karroo fa u lt  shown on the map 

12 km. south of Sch ilfputz. Near the fa u lt ,  a th in  skin of shale covers 

a resurrected pre-Karroo outcrop of s c h is t , and the "worm tra ils"  fo llow

the uneven surface, n t the f i r s t  lo c a l ity  mentioned, the markings occur 

on f la t  bedded varved shale.



ternating sandstones, shales and mudstones o v er lie  the basal

bedS ’ the Mnd,t0nea b e ln 8  erouped the bottom. The eendstores and

g r i t ,  are pale and purpliah brown (Mo,. I5 4 , 174, 175, 330, 333) and the 

sh a les and mudstone, are reddish brown, purplish and greenish trown 

(N=s. 153, 155, 156, 169, 170, 171, 172, 173, 323, 329). The sh a le , are 

somewhat f i s s i l e .  Sedimentation appears to  have been e r r a t ic , probably 

due to the unevenness of the pre-Karroo land surface.

The Calcareous Znnm«

The f i r s t  w ell-defined marker horlson to  be deposited above 

these sediments was a calcareous band about 20 metres th ick . This band is  

found a t points on both sides of the Amis R iver, 16 km. separating the 

two extreme outcrops. The wide d istr ib u tio n  of th is  bed in d icates th at  

i t  was probably la id  down on a f l a t  surface. The th ickness of the under­

ly ing Karroo beds varies from 6 0  m etres, west of the Ami, River to  110 

metres on the northwest side of the Brandberg. The calcareous band con­

s i s t s  of nodules of brown limestone and c r y s ta llin e  c a lo t te , (Nos. 1; ,

334, 332) with some ch ert, in  compact beds a few fe e t  th ick  (No. 3 3 6 ) or 

in  p la ty  layers. Fine-grained pink sandstone (No.3 4 2 ) and dark purplish  

brow shale and dark mudstone (Nos. 168, 225) occur as in terca la tio n s in

the main bed, and scattered  brown limestone nodules from 1 cm. to  1C cm. 

iiameter appear In some of the shale bands.

3. oetiiffen ts  above the calcareous zone.

Above the calcareous zone l i e  shales and mudstones (Nos. 167, 

337, 333, 343, 345) with in terca lated  sandstone (Nos. 340, 344, 330, 381) 

and g r it ty  bands (Nos. 339, 341) to ta ll in g  from 65 „ . to  80 metres in  

th ick n ess. The to ta l  thickness of these band, i s  fa ir ly  constant, and 

varies between 70 and 80 metres. The sandstone, are reddish brown, and 

the shales and mudstone, are red, brown, purple and black. Individual 

sandstone bands are rarely  more than I t  metres th ick .

One reddish brown sandstone bend near the post-Karroo fa u lt  

contains lenses (No. 330) up to  one metre long by 10 cm. th ick , of qua-tz

g r it  and ch, ,ky grains up to  1 cm. diameter. These grains occur in  sub- 

rounded and elongated and curved shapes, (see photo, F ig . 4 3 ). 4

p o s it iv e  phosphate reaction  in d ica tes that the grains are probably 

p a r tic le s  of bone matter.



w  ‘ 4  v /  v i a
'/nese seaimenLs, on a sharp contact, 

pale sand2tones and pebble bands, (Nos. 165, 346). The pebbles are quartz 

and average about 1 cm. diameter. Two bands of mudstone (No.166) t o t a l l ­

ing b metres in  th ickness are intercelated in  the q u a rtz ites . Ihese rocks

make prominent lig h t coloured c l i f f s ,  on the Karroo h i l l s  sk ir tin g  the 

Brandberg.

4* The Basic Iavws;

Overlying the sediments described above, occur about 4 5 0  metres 

of dark coloured dense araygdaloidal and porphyritic lavas (Nos. 163, I6 4  

347, 343, 349, 350, 351, 352, 353, 354, 355, 3 5 6 , 357, 3 5 8 , 3 6 0 ) with 

len ticu la r  in terca la tio n s of purplish sandstone (Nos. 3 6 I , 3 6?.) near the 

bottom of the lavas. The individual lava layers are more e a s ily  recognis­

able through th eir  coiour on weathered su rfaces, than by microscopic 

examination. Green, brown, black and grey weathering Lavas are present 

'see section  No.4 , F ig . 39). xhe rock types are a ltered  araygdaloidal, 

porp h yritic , and araygdaloidal porphyritic b a sa lts .

5 . Metamorphosed Sediment*;

ihe Karro' sediments in  the Brandberg fo o th i l l s  have been meta­

morphosed in to  hard, dense rocks. The mudstones and shales form dark 

fine-grained  hornstones breaking with a conchoidal fractu re, a q u a lity  

which has led to th e ir  widespread use as stone implements. A fine-grained  

purple rock with pinkish patches i s  a common and peculiar variety  of 

indurated mudstone, ^he lig h t  coloured patches form along cracks, and as

rounded shapeless masses, giving the rock the appearance of an araygdaloidal 
lava.

The sandstones have formed pale g lassy  q u a rtz ites , which on 

the southern side of the Brandberg, outside the present area, are l ig h t ly  

m ineralised with tourmaline and pyrite#

lhe3e a ltered  rocks dip at a low angle towards the Brandberg 

from which they are separated fcy a r in g -lik e  body of Karroo rocks that 

nave been subjected to  more in tense metamorphism. The body i s  about 

G.7p km. wide and at f i r s t  s igh t resembles a ring-dyke, as the bedding 

structure of the o r ig in a l rocks has been destroyed. Damara rocks were 

probably mixed with Karroo rocks during the formation of th is  body. The

petrography of these metamorphic rocks has been described fcy Cloos and 

Chudcba. (Ref. I 9 3I ) .



In the Western pert o f the area, as i s  shown on the sec tio n s , 

39’ °n ly W U  a,10UntS o f ^ n oosed irsen ts e x is t .  Thick d o le r ite  

Sheet= (KO-73) —  W e r .  of s*iale or c o o p e r a t e ,  and

reSt °n 13 ";v '‘re '!tly the nneren pre-karroo land su rface. 

The manner in which the d o ier ite  f i l l s  v a lley s  in  the pre-Karroo land

surface s h e e t s  that the rook was extruded, hut the absence of v e s ic le s  

in d icates intrusion  under cover. S i l l s  commonly fo llo w / and uneven sur-

?aCe St 8  M J°r I - ,  s i l l s  have produced indurated shale

and c h lo r it ic  q u a rts ,tes  in  the Karroo rocks, but even where xen olith s

Karroo or other rocks were found enclosed in  d o le r ite , (see below

under "The Karroo W r i t e s " ) ,  the grade of metamorphism i s  low.

Karroo J o ler it* * .

d o ler ite  dykes have intruded a l l  the formations in  the area u, 

to  and including the Karroo lavas (ho.359). Two » i „  types arc found .

MCk S U 1  ln  the “  -  the area i s  a coarse-grained rock,
with andesine-lahradorlte feldspar (No. 78 ). The s i l l  i s  you ^ er than

any of the d o ler ite  dykes found in  contact with i t .

Before the in tru sion  of th is  s i l l ,  a t le a s t  ttoee ages of basic 

rocxs .were intruded butthe dykes are so variable in  mineral composition 

tea t no means was found for id en tify in g  the d ifferen t ages, apart from

“  C rU erla - 011Vl"e — tee -  present in  about the sM e quantity  
as the d o le r ite s . Ckily f iv e  p ic r ite -d o le r ite s  were found out of 5 0

d o le r ite s  that were s e i n e d ,  and four of them H e in  and near the Upper

oai-ble band, from a point about 16 W. sou th w st of B r a n d y  West Mine 

to  a 1)01111 6 k™- south of the mine.

of the dy<es are porphyritic or amygdaloidal. These ty re s  

ra re ly  contain o liv in e , and weather to  a l ig h t  reddish brown colour,

to the upper lavas of the Goboboseb Mountains. Ophitic structure

'  n0t/ “ °n ln  the ajnyBBaloidal dykes, the augite i f  present being 

g ra n u litic  to sub-ophltio . An amygdaoidal diabase dyke in  the old granite

' ’ “8S ^  t 0  ^  ° lder tha" » " c ^ i t e  dyke. The o liv in e  d o ler -
1 es weather .arx brown or greenish black.

Bros,on gaps ^ e  forced where dykes cut across schdst ridges

r : --
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In gran ite country, dykes always form prominent ridges (See photos, 

F ig s . 2 9  and 44 ). in the rare cases where dykes cut the Karroo lavas,

e ith er  depressions are formed, e .g .  at the top of the Goboboseb Mount­

ains (ho.9 5 9 ) or the dyke stands out in  a w a ll- lik e  structure, (see  

Photo, Fig. .,5 ). o o ie n te  sheets in  the lavas form low c l i f f s .

Where d o le r lte  sheets dipping at a low angle cover granite or 

Damara or Karroo rocks, they protect the older rocks from erosion and

the exposed surface of older rocks f a l l s  rapidly away from the d o ler lte  

capping in  areas of deep d issec tio n .

The dykes normally have a maximum thickness of 9  metres, and

some thin  down to  a point where they pinch out. They are found in  f l a t

sh ee ts , and dipping at a l l  angles up to v e r t ic a l. The steeper dipping 

dykes run in  two major str ik e  d ireotion s -  one p a r a lle l with the str ik e  

of the sediments and one roughly at r ig h t angles to  th is  d irec tio n .

Where they run oblique to  the s tr ik e , they usually fo llow  a tw isted  path, 

a ltern a te ly  running p a r a lle l with the bedding and cutting a t r igh t  

angles across the bedding. (See p lan s. F ig . 4 6  and 8 5 ) .

A diagonal s h if t  i s  commonly mads ty  the dyke pinching out,

and "making" again s l ig h t ly  to  one side of the lin e  of s tr ik e , en echelon. 

Tenths vary from a few metres to  3  k ilom etres.

Wo j l a ‘ -ly in g  sheets were found more than 2 5 0  metres below the 
base of the Karroo rocks.

'here the smaller dykes in te r se c t th ick  marble bands, they 

usually  pinch out, but larger dykes cut stra igh t through.

Where dykes cut the Upper Marble or Lower Marble, they occas- 

io n a lly  seem to  replace part of the marble band. West of the Zebra 

r iv e r , two such examples occur, as fo llow s; southwest of the small t in  

deposit -hat l i e s  northwest of Brandberg West Mine, a d o ler lte  dyke (No.22) 

runs in to  the lower Marble Band, and rep laces about 15 metres of the band 

along s tr ik e , the marble a t the dyke contact i s  unchanged.

Farther to  the south a v e r t ic a l coarse-grained p ic r ite  d o ler lte  

dyke 15 m. thick (:,o. 394) cu ts across a folded body of Upper Marble. The 

dyke Pinches out rapidly in  the confining Upper S ch ist that l i e s  to  the 

north and south o f the Marble. Boulders of conglomerate (Nos. 392, 3 9 3 ) 

up to  3 m etre, in  diameter are found in  the dyke. The conglomerate

pebbles are well-rounded W  poorly sorted , aM are se t  in  a o h lo r itised  
V uartzitic matrix.



The pebbles vary In s iz e  from 1 cm. to  15 cm., and c o n s is t  of quartz, 

g ra n ite , pegm atite, quartzite and h orn fels. The conglomerate has a free , 

and unsheared appearance, and some of the pebbles are not strongly  

cemented in  the matrix. This rock i s  probably derived from the basal 

conglomerate of the Karroo system, and must have sunk approximately one 

hundred metres to  i t s  present p o s itio n . Thin veins of l ig h t  greenish  

decomposed m aterial (No.W ) cut the dyto in  a l l  d irec tio n s . The mater­

i a l  appears to  be a mixture of magnesite and asbestos.

A large p lu g -lik e  body of brogrite d o le r ite  (No. 13) cuts  

through marble without causing aty appreciable displaoment, at a point 

on the r ig h t bank of the Brak River where the r iver aakes a large S -

bend’ 8  ° f  Zebraputz- i h i = 13 the only occurrence of tron zite
d o ler ite  that was found in  the area.

Numerous d o ler ite  dykes occur northwest of the Brandberg, but

do not appear to  be g en e tic a lly  re la ted  to  the in trusion  of the Braier^  
g ra n ite . z-

arm of dvkes, trending north-west, occurs in  the Sesob 

River -  Gemsbok River area over a length o f 16 km. and an average breadth 

of 7 km. .-arts of the swarm appear to  fo llow  the rare a n t ic lin a l  

structures in  the Oamar, sediments that run across the str ik e  of the

.we. p lans. F igs. 4 6  and 35)1 These structures are p a r a lle l  

with the large a n t ic lin a l structure running northwest from Rrakputz.

The sediments of the Karroo system contain numerous s i l l s , 

e sp e c ia lly  the more f i s s i l e  Dwyka sedim ents, but s i l l s  are only rarely  

found in  the lavas, and none were found in the sandstones.

j i j — Comparison with th? x .-roo System  tww„ .

Area to the north t

The Karroo rocks of the itendeka Mountains are similar to 

the Karroo rocks in  the present area. Intermittent basal sediments

covered by th ick  layers of basic la v a ,, occur over an area of about 

16,000 square km.

-lections made by Reusing (Ref. 1925) at Doros, Khuab and atsab  

e lo s e ly  resemble section s o f the Karroo rocks in  the Amis River area.

idee section  N0 . 4 , F ig. 39). The Khub sec tio n , about 50 t o . northwest 

o f the Brandberg, i s  almost id e n tic a l with sectio n  No. 5 mde on a h i l l

s t  the n e w e s t  side of the Brandberg. The p o sitio n s of the imown



lim estone zone, the "Main Sandstone" and the bottom of the basic lavas,

can be correlated , and the two sandstone bands lyir% in  between the

Brown Limestone zone and the Main Sandstone at Khuab have th e ir  counter

parts at the Brandberg and p ossib ly  In the northeastern Goboboseb 

Mountains.

Beneath the Brown Limestone zone, deposition  seem to  have 

,r r a ,,ic , but a basal conglomerate i s  common to both areas.

Layers of tu f f  were not p o s it iv e ly  id en tif ied  in  the Amis 

River and Brandberg area.

Above the Main Sandstone, the thickness of lava at Khuab is

about 5 0 0  metres and a t the northeast corner of the Goboboseb Mountains 

the lava i s  4 3 0  metres th ick .

— The Lronno Mountains;

T h e  s e d i m e n t s  o f  t h e  K a r r o o  s y s t e m  i n  t h e  S r o n j o  M o u n t a i n s

( K e f ,  u-v e r s .  1 9 2 9 ,  p. 4 5 ) c o n t a i n  m u c h  c o a r s e r  f a c i e s  t h a n  t h o s e  f o u n d

i n  t h e  B r a n d b e r g  a r e a  1 3 0  km. t o  t h e  n o r t h w e s t ,  b u t  t h e  p a t t e r n  o f  

a l t e r n a t i n g  c o a r s e  a n d  f i n e r  b e d s  i s  com m on t o  t h e  t w o  a r e a s .

The lavas, in  their  s im ila r ity  of appearance and composition 

provide a c lo ser  correla tion  between the two se ts  of rocks.

*Lr of the Brandberg?

i h e  s e q u e n c e  h e r e  i s  so m ew h z .t  d i f f e r e n t  f r o m  t h a t  o n  t h e

n o r t .  - w e s t  s i d e  o f  t h e  m o u n t a i n .  A c c o r d i n g  t o  C l o o s  ( R e f .  1 9 3 1 )  t h e

o l d  g r a n i t e  i s  o v e r l a i n  t y  a  b r e c c i a  o n  t o p  o f  w h i c h  i s  a b o u t  1 0 0  m e t r e s

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

a n d  s a n d s t o n e s  a n d  f i n a l l y  %  t h e  m a i n  m a s s  o f  e x t r u s i v e s .  F u r t h e r  t o

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

— Bputh-wes t  of the Brandberg:

here, according to Cloos ( op c i t . )  three lig h t  bands of 

conglomerate and sandstone are separated by s la te s ,  and probably by 

ex tru siv es . These layers correspond with those found northwest of the 

Brandberg in  the present area. These sediments, southwest of the Brand.

berg, are covered by basic lavas, which in  turn are covered by more acid  
lavas.

Cloos does not mention the ex istence of any t u f f s .  The only

fine-grained  rocks described *  him are sh a les , shaly sandstones, and 

fine-grained sedim ents•



For the rirongo-tirandberg area, Cloos stated  that the la te r a l  

extension  of the earth 's crust due to d o ler ite  in tru sion , was between 

0 . 1 /  and 1 . 0/.. These figu res apply to the present area, certa in  n ;ts  

showing greater concentration of dykes than others. (See map, ^ ig .2 7 ).

The overlying lavas in  the northeast Goboboseb Mountains are

somewhat d ifferen t from those described fwm the Frongo, drandberg and

i\aoKove ld areas, in  that amygdaloidal and porphyritic layers are found

altern atin g  throughout the whole thickness of lavas. Porphyritic

v a r ie t ie s  containing phenocrysts are common. quartz porphyries were 

found.

5• The Omatako Mountains:
(Ref. ihe t,tjo  Beds of Northern Mereroland, S.W.A. *
T.W. Gevers. T.G.S.3.A. Vol. XXXIX).

In South West A frica, th ick  d o ler ite  s i l l s  are rarely  found 

m  rocks other than those of the Karroo System. In the Omatako moun­

ta in s , th ick  coarse grained o liv in e  d o ler ite  s i l l s  are in tru sive  in to  the 

lower portion of the Karroo system.

The s i l l s  in  the northwestern o u tlier s  of the Goboboseb Mountains

are sim ilar in  type and r e la t iv e  p osition  to  the s i l l s  at the Cmatakos.

D olerite in  t he  Union o f  South A f r i c a :

According to  Du T oit, as quoted by Walker and Poldevaart 

(p .6 0 2 ) d o ler ite  i s  comparatively rare in  areas of pre-Karroo strata  

from which the Karroo rocks have been stripped.

In the present area, d o ler ite  s i l l s  and dykes are abundant

both i n  the Damara and Karroo sediments. In the Karroo lavas, however, 

d o ler ite  dykes are rare,

(G) History of the K a r r oo xeriodi

1. (a) The Jwvka Serims :

G laciation followed ’ey the action of r iv ers  and lakes, played 

some part in  the spreading of the basal sediments throughout the area, 

and low forms of l i f e  probably ex isted  in  the lakes.

Inundation of the whole area follow ed, and fine-grained  sed i­

ments were deposited. la ter  these sediments underwent lo c a l b reccia tion , 

probably before the sediments had consolidated . Alternate lowering and 

ra is in g  of the water le v e l ,  and corresponding coarse and fin e  d ep osition , 

proceeded u n t il  most of the ir r e g u la r it ie s  of the pre-Karroo land-surface



ted teen f i l l e d  In. During th is  period, some of the basal teds may have 

been eroded in  parts of the area. Rare monadnocks, such as the Z eri-  

ssenes Mountains, projected above the sediments.

The drown Limestone Zone was then la id  down. The in terca la ted  

sandstone band indicates fa ir ly  shallow deposition . Fine-grained sed i­

ments, containing angular quarts fragments and c a lc ite  are a lso  in te r -  

bedded in  th is  sone. The orig in  of these sediments i s  not known. The 

fine-grained  m aterial i s  possib ly  of volcanic o r ig in , but there i s  no 

lo c a l evidence to  support th is  theory. The presence of melaphyre, under- 

neath tne a m  sandstones and conglomerates on the southeast side of the 

brandberg (Ref. W oos, 1931) in d icates a possib le source of volcanic tu ffs

The brown limestone la ;e r s  and nodules which contain c r y s ta llin e  

c a lc ite  are d i f f ic u l t  to  account fo r . Chemical concentration from a 

areous shale m  a p ossib le explanation. The presence in  the area 

to  the north, o! fo s s i l is e d  wood beneath pad r e p tilia n  f o s s i l  above, the 

Brown Limestone Zone, poin ts towards a possib le orig in  in  liv in g  organisms.

Reuning's or ig in a l theory which i s  generally  not admitted

(Du T o n , p. 3 0 1 ) that the nodules represented volcanic tu ffs  and bombs

i s  further disproved now that the calcareous zone has been id e n tif ie d  

50 km away from Doros Crater.

After the f l z u l  deposition  of calcareous matter, rhythmic 

lowering and ra is in g  of the water le v e l  produced at le a s t  three bands

o f sandstone and of shale or mudstone. Rarely the lowest sandstone layer 

contains lenses with broken bone matter. This occurrence i s  in  a

p o sitio n  sim ilar t that of the bone-bed at Doros cra ter , and the

is  sim ilar to  that found by Reuning beneath the fo s s i l i s e d  wood 

-r .sou  south-east of Atsab Mountains. (Ref. 1925).

* . iic J to rm b e rp ;  S e r i e s ?

* d is tm c t  change in  sedijnentatio?. occurred a fter  the de- 

p o sitio n  of the topmost shale. Coarse-grained sandstones am  conglomer­

a tes were deposited in  three successive la y ers, separated by two layers  

of dark fine-grained  sediment, which i s  now somewhat sheared.

These beds are w ell-defined  and have a sharp basal contact, 

ih  _ they p ossib ly  Indicate a disconform ity and the beginning of a new 

3e r ie s  of dep osition , the 3ormberg succession .



Th' ^  ln  VhlCh lenS' S 0f reddi3h sandstone are in terca lated  In lava

ajus to tee resemblance between these sediments and th e ir  equi­
v a len t, The Gave Sandstone.

The feeding channels of the lavas were probably the wide­

spread W slc anygdaloldal dykes, which have been found to  k  older ttan  
the d o le r ite s .

The sequence of magnetic d iffe r e n tia t io n  i s  not so w ell d is ­

played here as in the .Karroo lavas in  the & okoveld (Ref. Reuning 1910) 

and in  the Srandberg and Erongo Mountains. No acid porphyries or dykes

w - e  found with the exception of the acid lava p l ^ ,  of unknown age, 

north-west of Brandberg West Mine.

' •  -The K a r r o o  D o l e r i t m c , ,

The end o f the Karroo period was marked by extensive d o ler ite  

te „  of the in trusions penetrated the Upper lavas, most o f  

th . dykes and s i l l s  within the Karroo rocks being in  the lower sedim ents, 

ex, ensive in trusion  probably took place a lo ^  and near the basal contact 

o f the Karroo rocks, and near-horisontal sheets were intruded in to  jo in t  

Planes in the Damara rocks down to  about 250 metres below the base of the

Karroo. This shows that the sheets were intruded under a thickness of at 
le a s t  6 0 0  metres of rock.

f la t  sheets were in jected  before or together with the steep­
ly  dipping dykes.

The dykes followed two main d irec tio n s , one p a r a lle l with the 

str ik e  of the Damara rocks, and one roughly at r igh t angles to  th is

d ir e c tio n , along lin es  of weakness that probably originated in  the p o st-  
Damara fo ld ing .

4" fost-K arroo Fan 1t i ,

After the  in t ru s io n  of the  d o le r i t e  dykes, f a u l t in g  occurred,

s e e  of the larger fa u lts  being across the str ik e  of the Uumrra beds.

hese were e s s e n t ia lly  gravity  fa u lts  of sm all throw, and they usually

Ptnch out at both ends. This fa u ltin g  occurred p ossib ly  during the 

period or the Brandberg in tru sion .

5* The Brand her ̂  Intm ^iop.

n o o s  has fu l ly  described the 3raniberg in trusion  (Ref. 1 931)



ihe p o sitio n  of the intrusion  was probably determined by the in ter ­

sec tio n  of the Gape Gross-Messum lin e  of weakness with the) s c h is t -  

granite contact that cuts tlirough the Brandberg area. The in trusion  

con. vS of a pltig of gran itic  rocks in  a sheath of metamorphosed se d i­

ments. Six zones are recognised in  the contact r in g , between the in ­

tru sive  granite and the surrounding Karroo rocks. Cloos s ta te s  that the 

granite plug becomes narrow downwards. This feature was observed in  the 

northwest Brandberg, but the contact of the a ltered  zone with the Karroo 

iments dips outwards at 5 0 ° to  70°.

The age of in trusion  i s  post-Stormberg, and probably e a r lie r  

than the Khuab-Atsab stream melaphyres described by Reuning (1925). 

Preserved lava flows that might have originated in  the Brandberg are ab­

sent in  an area where old river beds e x is t  that are possib ly  counter­

parts of the river beds containing the btrearn-melaphyres. The la tte r  

rocks could have been extruded in  la te  Karroo tim es, as were the la te  

basic phases of the Icbombo. (Ref. Du T o it, 1939, p. 504). 4 it  the 

great amount of erosion preceding th e ir  extrusion suggests that they 

were of much la ter  age, and p ossib ly  belong to  the Cretaceous volcanics  

that are scattered  through South IVest Africa and Angola. (Ref. Du Toit 

1939, p. 376 and Beetz, 1933).

(H) Post-Karroo Sediments!

1. The Kiph l e v e l  t r a v e l s ;

The structural age and extent of these gravels have been d is -  

cussed unuer ueomorphology. f i t s  have been sunk in  only one section  of 

these gravels, near the Ugab River of the west side of the Zebra. (See 

photo, F ig . 7 ) . These gravels belong to  the old bed of the Ugab River.

A ll rock types in the area are represented in  the g ravels , which are 

cemented with layers of gypsum. The gravels are badly sorted and the 

component rocks vary in  s ize  from slabs of bedrock one metre long, through 

rounded boulders up to  0.5 metre diameter, down to  f in e  sand. No a rte ­

fa c ts  were recognised in  the m aterial in  the sid es of the p i t s ,  although 

the surface is  l it te r e d  with rock implements.

-ea-’ tne Brandberg, rounded boulders of Brandberg granite up 

to  0 . 6  metres diameter are found in  the old gravels.

-he gravels of the co a sta l p la in  contain sm aller, w ell rouded 

and better sorted pebbles.



7/,.

Both sees of high lev e l gravels ex h ib it sim ilar character-

The rOCk tyPeS preSent na^UPalI y  d iffe r  in  the old gravels of 

the vemsbok oesob, urak and -:ebra R ivers, from those of the Amis and

vers, there took types derived from the Brandberg and the surrounc 
m g Karroo h i l l s  are common.

The bajaaa running along the base of the Ooboboseb Mountains 

bably of the same age as the younger set of h ig h -lev e l gravels.

2 * lils lev e l Cemented GravpT.c

These gravels are compose! of rock types s W la r  to  those found 

«  the older g ra v e ls , but are generally  more angular, ind icating  to r r e n t.

"  dePOSltl°n ln  “  ^  — ces of these g a v e l s  are
m ostly in  present-day r iv er  beds, and are therefore subject to  erosion .

- s ,  only the more r e s is ta n t  portions have escaped erosion , and the 

p ersisten ce i s  due to  strong cementing by secondary lim estone, gravels  

of th is  age in the lower tr ib u ta r ies  of the Ugab are d istinguished  from

small p a rtic les  of sc h is t  in  the matrix. In the Ugab gravels the

matrix i s  composed of l ig h t  c o l l e d  qm rts .and cemented by calcareous 
m aterial.

3e uLounfrer  G ra v e  1 s :

g s and orig in  of younger gravels a t the Brandberg West

^  ^  deSCrib6d ^  Geoland "Geomorphology". Both of 
th .se  gravels are older than those produced hy present day drainage.

Travertine d ep o sits , which are probably sim ilar in  age to one 

of these se ts  of g ravels , are found overlying the e a r lie r  cemented angular 

grave! near Brandberg West Mine, in  one stream running from the south-

W St  ln t ° th 9  "iVer# °n the lin e  of ^ e  Brandberg West a n t ic lin e .
4* ;

The inland s a lt  pans contain a mixture of s a l t ,  aand and gypsum.

the gypsum occurs as transparent blades on the surface of the pans. The
depth of the s a lt  i s  unknown.

The co a sta l pans contain a mixture of s a l t ,  gypsum, f in e  mnd 

and mud. hone of the co a sta l pans appear to  b . of economic in te r e s t .

he p ossib le  orig in s of these pans Wve teen discussed under 
"Geomorphology".
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5 : uriace Crust:

In the area southwest of the Gemsbok R iver, s surface crust

ar as of sc h is t  and gran ite . The composition o f the crust i s  independ- 

ent of the natw e of the underlying rock. This crust i s  universal in

de3ert’ Snd 13 ^  ‘ 0  the action  of sea m ist. Porous

”  'er la 1 ' a" h “  3UrfaC6 rUbble "** raised  g ra v e ls , i s  impregnated and

probably cemented soon a fter  deposition .

^and .>inoq t

iand dunes are found inland only in  protected areas, usually  

near or in  the Vgab gorge west of Brakputc. the fa v o r a b le  areas are 

-hose Protected fro,, the east wind, which probably builds the dunes.

3and "  ClMn ^  ^ t e  in c o l e ,  and is  mostly derived
from the bed of the Ugab River.

^  the coast, sand accumulated around obstacles forming small

ta U  0 f f " t o w a r d s  the west. Much of th is  sand has been 

-o u g h t a short d istance inland fr m  the beach by the southwest wind 

and has then been r e d is tr ib u te d  by the ea st wind.

7. S o il:

the coarse grained, sandy appearance of surface 

rubble, fin e  sand and dust composes a large proportion of the underlying

* , r “ 1 ^  tC ?°" * ' *  m aterlal •*  Brandberg West Mine)
Ihe strong growth which fo llow s the sporadic rains i s  probably 

a r e su lt  of «nr,.=hme„t of the s o i l  during l o n g  periods of no growth,

ai< 9,1 ^  m° 1StUre fr0m dev P recip itated  by the sea m ist.



CHAPTER IV 

I  E-C T 0  O _0  § .

Thi.f» ‘ire* c o n s is ts  of folded Damare beds intruded by gran ite,

and from the point of view of structure can be divided in to  two main 

zones:-

A. The Zone of Folded S ch ist and Marble.

B. The Zone of S ch ist and Marble intruded by Granite.

(A) The. Zone, of Fo2de_d_Schist and Marbl e :

1 • F olding;

In the area which was mapped, stron gly  folded sediments occupy 

a portion about 80 km long by 16 Vm broad. Intense fo ld ing  has taken 

nlace sJom' axes which run north-south in the western nart of the a res , 

and which gradually turn to  a northeast-southwest d irection , towards the 

e a s t . (See nan, F ie . Z.6'1. The t d d  axes do not run "perfectly stra ig h t  

but show an anoreciable undulation along th e ir  lengths - > a horizontal 

^lane, and to a le sse r  extent in a v er tica l pinna.

Generally the exes of the fo ld s are horizontal, and the beds

qY,p overturned, dipping towards the east or the southeast. The o v e r -'

turning x 3  ascribed to ro ta tion a l s tre ss  produced by drag on the de- 

collem ent of the fo ld s . The fo ld s are e s s e n t ia l ly  closed sim ilar fo ld s . 

Near the Brandberg the dip i s  towards the northwest, a feature unusual 

in th is  port of South West A frica, As shown on the map, 70 Upper Marble 

a n tic lin e s  and 34 lower Marble a n tic lin e s  are exposed. The weve-

length of the fo ld s i s  f a ir ly  constant, being of the order of 4 0 0  metres

both Lower end Marble; minor fo ld s , drag fo ld s and crenu-

la t io n s  e x is t ,  e sp e c ia lly  in the marblea, and vrade down to  microscopic 

s iz e .  S ingle ^olds ra re ly  branch in to , m ultip le fo ld s along th e ir  

ax ia l len g th s. This feature i s  p ossib ly  more common in the narrow 

band of* Lo.rer Marble then in the Upper Marble, and i s  w ell displayed  

in  the Lower Marble anticlinorium  which contains the Brandberg West 

Mine. Towards the southwest, from the mine, bands of Upper Marble 

converge and probably meet under the Karroo cover. (See map, F ig .? 7 ) .

•ear the Brandberg West Mine, there are at le a s t  nine a n tic lin e s  of 

Low*r Marble which l i e  in between the converging Uoner Marble bands.



I o’ mr -prhle i s  not exposed at the point of convergence but l i e s  be­

low surface, probably at a depth of between 6 5 0  and 800 m etres.

Whether the nine fo ld s p e r s is t  at th is  depth, or converge in to  a s in g le  

io ld  i s  unknown. 1 he la t te r  structure i s  more .jrobable because e ls e — 

where the Upper and Lower Marble bands fo llow  sim ilar structure patterns. 

In e ith er  case, the beds are probably t ig h t ly  fo lded . This convergence 

of the axes of fo ld ing  i s  nrobably due to cru sta l shortening. Analogous 

o' rd itio n s  e x is t  in the Appalachians of Southeastern Pennsylvania and 

Maryland. ( R ef. Cloos, E ) .

Although unusual in i t s  structure, the forgoing i s  but one ex­

ample of cru sta l shortening in the area. As mentioned under Geology, 

fo ld  axes that are convex towards the south or southeast are probably 

the r e su lt  of dragging of the mass of fo ld s  over prominences in the 

p ossib le  decollement of the fo ld s . The bending of the fo ld  axes i s  

due to  fr ic t io n  and to  the ra is in g  of the dipping fo ld s; erosion to  

an even plane a fter  ra is in g  accentuates the bent shape.

2 ) Fracturing and Deform stion connected with the fo ld in g .

The stretch ing  o f the crust farmed lin e s  of weeImess which 

p ersisted  vn to  "*ate Ksrroo tim es, w ên they were intruded bv d o ler ite  

dykes. Later, gravity  fa u ltin g  occurred along these l in e s .  The Sesob

River Lead occurrences are p ossib ly  connected with two of these pos­

tu lated  stretched and weakened zones, which run northw est-southeast.

The l in e s  of weakness l i e  m ostly perpendicul «»r to the fo ld  axes. Any 

tendency to  stretch ing in a northwest—southeast d irection  would be re­

liev ed  by an opening of the t ig h t ly  closed fo ld s , and lin e s  of weakness 

p a r a lle l with fo ld  axes would not appear.

In w]aces, the thickness of a marble se r ie s  has been increased  

due to  numerous even drag-folds and crenulat1ons, with the e f f e c t  that  

the ind iv idual marble beds have become compressed la te r a lly  causing an 

actual thickening of the beds. (See photo, F ig . 38). Certain bands 

in the marble have shown structures p ossib le  only in a more or le s s  

p la s t ic  substance.

The intense fo ld in g  has resu lted  in marked attenuation a t the 

apices of some of the fo ld s .



79.

The Blue Marble bard tends to r e s i s t  bending, as i t  i s  p a r t ia lly  free

from bedding planes, whereas the lower, well-bedded marble bands make 

sharp bends with ease. (See photo, F ig . 4.7 )

Areas of compression formed inside fo ld s  found r e l i e f  

crumpling of the beds. (See photo.. F ig . 4 8 ) .  Most of the drag

folc-s within the merble bands are congruous but, as i s  to  be expected

in such p la s t ic  rocks, incongruous drag fo ld s  do occur.

During the mapping drag fo ld ing  was genera].]y used only as 

confirmatory evidence for the determination of the nature of fo ld s .

An examnle of boudinage was seen on the ea st side o f the Gems- 

bok R iver, in the Middle Black Line, interbedded between two th ick  beds

of b lo c k / l ig h t  grey marble. The boudins average about 0 .6  metres

long along str ik e  by 1 0  cm th ick .

The northwest limbs of synclines invariab ly  show compression

and attenuation , being about one h a lf the thickness of the corresponding

southeast lim bs. (See F ig s . 20 & 49, photo, F ig . 49(a) and tab le IV 

under M Ge o l ogy,r) ,

This feature i s  probably d ir e c t ly  connected with the over­

turning of the fo ld s . The change from normal fo ld s  to overturned 

fo ld s  would not involve a change in volume. Therefore, as shown in  

Figure 49, the crests  of the fo ld s would move forward in a horizontal

rlan e. The leading limb of a n tic lin e s  would be shortened, and the 

tr a il in g  limb would be stretched#

Maximum shortening of the leading limb would occur when i t  

became v e r t ic a l , (F ig. .<9 , (b) and as i t  became overturned, i t  would 

begin to  be stretched. (F ig . 4 9 , (c ) and (d ).

The stretch ing of the beds would cause them to  become thinner 

and the shortening of the beds would cause them to thicken. The r a tio  

of thickness of leading limb to  thickness of tr a ilin g  limb ( l  to  t  in 

the diagram) would be g rea test where the leading limb was overturned and 

dipping at an angle between < 5 0  @nd 6 0 °, and would be about 1 . 8 *1 .

(F ig . 49, C »nd D>. other fa c to r ,,  such as rucking of the leading  

limb (see p late) and drag caused b, hard cores o f a n tic lin e s  against

p la s t ic  overlying bed. could increase t h i ,  r a t io  to  the e x is t in g  f i g u r e  

of about 2 . 8 *1 .
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