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4. THE GEOLOGY OF THE BASEMENT ROCKS

ined to those found in that area.

Stratigraphically, with respect to the rocks in the

kop area of the Damara orogen, the lithological

is incomplete, for the Khah, R&ssing, Karibib

gort Formations are absent. Consequently the

d Tinkas Formatiors follow unconformably aon the

ind Chuos Formatioms respectively. No limestane

gl of the Karibib Formation is developed. Jacob (1974,

% Fig. 1) schematically shows the relationship between
pibib and Tinkas Formations within the area he mapped.

ds, the limestone disappears gradually to give way

exclusively to the schists of the Tinkas Formation,

for localized development of thin limestone bands.

(1965, p. 22) reported similar findings in an area

H i
north.

Etusis Formation (Ns; Q)

e
) The Etusis Formation incorporates most of the

r Heinrich Mountain and two small outcrops in the

zites and oligomictic conglomerate bands. The

sses of the latter are mostly between 100 mm and
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'5j$p-pqcur as thick as 15 m.

bbles are generally well rounded and are com=
of guartz with lesser amounts of granite, peg=
rémphihclite. Metamorphism has naot affected the

f‘ﬁgﬂﬂgignificant degree, but the pebbles in the

e do show some elongation. Bedding planes are

recognizable, especially where the caonglomerates

- guartzites are composed of quartz, microcline
lase with smaller amounts of biotite and
" Magnetite and zircon are the main accessory

I8 The matrix of the conglomerate is similar to the

ﬁhuas Formation (DzG)

-

-;ﬁe Chuos Formation is developed only at the foot
stern slopes of the Langer Heinrich Mountain. It
k type of uncertain origin and has been variously
ed as a tillite, tilloid or diamictite. No

ice has been found to regard the Chuos Formation as
”%ffﬁfinitely of glacial origin (ibid., p. 17).

p”ThE rock is essentially schistose, having a cleavage
dion parallel to the overlying schists of the Tinkas
tion. Metamorphism has elongated the pebbles parallel
 schistosity, giving the diamictite'the appearance

'augen gneiss'. Wuartz, quartzite and granite are

i@in constituents of the pebbles. Occasionally secretion
]
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are 'found.

eralogically, the matrix is composed of quartz,

% microcline, biotite and muscovite.

It forms the prominent Schieferberge in the
| the Augawibberge in the south-east.

7fé most striking feature of these rocks is their

and calc-granofels bands. The thicknesses of the

V, with the latter not exceeding about 1 m. On

the calc-granofels is more resistant to weathering

nds out as a low narrow ridge.

. Calc-granofels bands are 'massive and nan-foliated!'

jhere gneissic structures have developed in tight

aibid. ﬁ. 65). In hand-specimen, the rocks are

'ﬁ_gratic, sometimes greenish, fine-grained and extremely
Texturally they are either porphyroblastic or seriate

, p. 67). Quartz, plagioclase and diopside are

11y the major constituents. Other minerals such as

cline, hornblende, garnet, calcite and scapolite are ﬂﬂJ&o

P oM

[So0 present to a greater or lesser extent. mmJ’"Mfzﬁh;{th

The mineralogical assemblages of the pelitic schists

belong to the amphibolite facies ard ceorrespond to the medium

high grades of metamorphism. Within the area mapped, the

ts fall in the medium grade, as separation of the grades

P
found further to the north, at the 'beginning of anetexis
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isograd (ibid., pp. 92 and 129).

ﬂ#m rocks are fine-grained with lepidoblastic texture
%mpnsed of guartz, plagioclase, biotite, K-feldspar
erite. Minor minerals such as muscovite, sillimanite,
€ and garnet are commonly found. (ibid., p. 93,

,g?. Biotite is responsible far the lepidoblastic

" Salem Granite (Gng )

G

éThE Salem granite is located to the north-east of
. Good exposures, although very weathered, are
J'i@lthe Tinkas River.

y;lt is a porphyritic biotite granite, medium to
grained, and has a composition varying between
Eite and granite (ibid., p. 144, Fig. 54).
logically, the Salem Granite contains quartz,
ocline, plégiuclase and biotite. Phenocrysts consist
iBeline perthite.

d_Stratigraphically the Salem Granite occurs abaove
Sis Formatiaon in the zone normally occupied by the

Formation.

Bloedkoppie Granite (G, )

The Bloedkoppie Granite is the main granite found

Elarea, and is situated south-east of the Langer

ich Mountain. Its most striking physical feature is

:éﬁﬁominent whale-back dome, called the Blutkuppe by the

German pioneers. Smaller granite outcrops are found
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dcally in the Bloedkoppie Flats which extend eastwards

Intrusive features of the Bloedkoppie Granite are

ﬁH;usion temperatures are indicated, for there has been
{e alteration of the country rock, although in same
@lities migmatization and partial granitization over

of a few tens of millimetres can be seen.

are well represented and those of the Tinkas

are orientated towards the north-east. This

that the Bloedkoppie Granite was implaced during

le difference between the xenoliths of the Tinkas
-#msis Formations, for the latter show a greater degree
alteration, whereas the former are hardly affected except
the smaller rafts.

The north-east orientation of xenoliths is parallel

Y ﬁthr aplitic intrusions and fracture patterns, along

tites. These pegmatites are pinkish in colour, with
dtite and tourmaline crystals orientated at right angles
€he contacts (Plate 2). Both fracture patterns cross
other at angles varying between 30° and 70°.

4 The Bloedkoppie Granite is very similar to the

m Leucogranite, but is slightly more potassic (Jacob,

74, p. 145). It is a medium-grained, but locally coarse-
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d, leucogranite with quartz, microcline, plagioclase
ite as the maiﬁ constituents. Accessory minerals
8\ zircon, apatite, allanite and ore are present. In
the quartz grains are slightly smokey. Grain sizes
ifeldspars vary locally up to 25 mm in longitudinal
Texturally the rock is hypidiomorphic granular and
jg8phic intergrowths.
It was virtually impossible to obtain a fresh sample
Bloedkoppie Granite pluton. Large sections of the
Lte were so weathered that individual grains had almost
ence. Even the freshest pieces aof granite had iron
o

ground biotite flakes, indicating that iron was gradually
ffIEieased from the crystal structure as a result of
ang. Plate 3 illustrates typical weathering in the
rs.
Unusual weathering features are developed aon the
ppie Granite, and three basic types emerge. The first
,liationlun both large and small scales, the former being
€ conspicuous on the Bloedkoppie dame, where large granite
pe cling to the steep slopes. Secondly, there is a
eRof weathering that fesults in & spongy texture and is
grred to as alveoles (Plate 4). Thirdly, the development
large caverns (Plate 5) termed tafoni qﬁé to be found.
i alveoles and tafoni as found in other deserts of the
gld have been described by previous authors, but they occur
it frequently in the foggy coastal type to which the
iib Desert belongs (Cooke and Warren, 1973, p. 58).
The shapes of the alveoles vary, but all have an

-;ally rounded entrance and the direction of penetration
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2 Secretion pegmatite in the Bloedkoppie Granite with biotite crystallizing along and normal to
‘the contacts.
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ile is rapdomly orientated. No preferential siting
in the granite face is apparent, for they are
eily located towards the direction of the

inds. Holes, in places, have completely eaten

granite. The entrance sizes vary between 30

On & much larger scale, tafoni have developed on the
T“ng slope of the Bloedkoppie. The size of these
between 2 to 10 m in height and 4 to 20 m in length,
h penetration of as much as 10 m. All have arch-
Entrances, with some flatter than others. Inner

2t are concave and irregular (Plate 5). The origin
”*glvecles and tafoni is puzzling, particularly with
®to the former. Granular disintegraticn, unevenly
pibuted on the rock surface, seems toc be the most

sable explanation for the formation of the alveoles.

of disintegration bear no obvious relationship to a
Bdirection that could carry sand particles or nuclei
joisture.

Onshore fogs commonly penetrate inland as far as the
BT Heinrich (about 100 km from Swakaopmund) and the
gsolved salts they bear act as chemical etching agents.
gtration into the granite is by mechanical means and

mical reaction in microcracks along intercranular

Mdaries at the point of weakness. No evidence of salt
I8ts is found in the alveoles, but these may have been

Bved by rainfall.
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notomicrograph showing weathering
50.

effects in the feldspars. Crossed nicols. Magnification
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veoles in the Bloedkoppie' Granite.

foni on the north-facing slope of the Bloedkoppie dome. Dimensions are approximately 10 m
high, 10 m deep and 30 m wide.
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A éirectibnal aspect of the tafoni infers that

at a point in the granite was brought about and

ted by environmental factors such.as differential

jtures and corrosive solutions. A north-facing slope

eespguthern hemisphere accumulates a greater amount of
ring the day than do southern slopes. This may have

icient to form a crack in the granite and thereby

a tafoni.

Examination of the inner faces of the tafoni shows

&ing and disintegration are taking place simultaneous=

'iﬁgcing a constantly crumbling surface. 5alt precipita=

ween the flakes is common. This indicates that the

\
g is caused by initial chemical reaction, probably

ion of feldspars, followed by differential volumetric

ision of crystallizing salts.
;;X-ray diffraction analysis reveals that the chief
11:1;.1131'1'[:5 of the salt crust are sodium chloride and saome

t hydrated salt (probably a hygroscopic type) of which
ftification was not possible. A partial chemical analysis
="":;-Sal‘lz crust is given in Table 2.
Neither alveoles neor tafoni were found in the
zites and schists of the Etusis and Tinkas Formatians

7e Gawib Granite, but they are locally developed in the

Granite. This observation therefore implies a
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o PARTIAL: CHEMICAL ANALYSIS OF THE SALT CRUST
- ACCUMULATING IN A TAFONI ON THE BLDEDKOPPIE

Cation A Anicon o
Ca 1,8 CL~ 52,6
Mg 1,0 502 /253
Na 24,1 NO, 013
K 0,04 COEE™ 0,58

N

Gawib Granite (Gg)

48
The Gawib Granite is situated in the south-western

Bf of the area. Structurally, it forms a pluton, with

:ve and cross-cutting relationships to the Tinkas

It appears to be a composite intrusion of

fibthe outer gneissic margin is older than the locally

phyritic interior. No large prominences are present

in the case‘of the Bloedkoppie Granmite, but the Gawib
e consists of rounded onion-foliated boulders of

82 m in diameter. The colour of weathered surfaces is

garthy brown.

The gneissic margins are granodioritic, but towards

Bcentre the composition becomes more granitic (Jaceb, 1974,

Quartz, plagioclase, microcline, biotite and

ende are the chief constituents, with epidote and
gne the main accessory minerals. Compared with the
gedkoppie Granite the amount of microcline is much less,

Breas the plagioclase and biotite contents are considerably
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oL

Horebis Granite (G

Horebis Granite in outcrop is small and developed
-k on the extreme west of the area. Contacts with
rock types are covered by sediments of the Gemsbok

ete formation, but contact with the Gawib Granite is

ied, for in one locality they are separated by only

pf soil.

MIt has an unusual spotted abpearance due to the

10 to 30 mm in diameter, of black tourmaline.

red and white varieties are found. Tesebura lly, 35t
Iitic and composed of quartz and microcline with

pplagioclase.

Pegmatites

Pegmatites cover most of those types described by
B (1974, p. 154). The oldest type are the syntectonic
lgeneous varieties developed in the regional foliation
;_ The bulk of pegmatites, however, belong to the

Erogeneous class, consisting of zoned and layered types,

Mlatter being the more abundant of the two.
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