?.We GEVERSe Moke, Drs Phile

(Communicated with permission of the South
West Africenidministration).

To accowp ¢co€h+~c44fAZq/ 47’53a8¥&u»22~u

““‘Ji:agk“r 52*42/1aoodh>

OONTEHTS.

1, INTRODUCTION.

IXIo PHYSIOGRAPHY:

(a) General Morphelogy of Western Damaraland.

(b) Origin of the Coastal Plain of the Namib,

III, STRATIGRAPHY:

As The floor of the oldest sediments.

Bs The Abbabis Syptem:

(a)

(b)

' (e)
(¢)
(e)
(1)

Leeality‘ extent of occurrence and general
deseription,

Sedinentary Beds: Gneissose Arkoses, Grits
and Quartzites; Schistose Rooks; cryatalla
ine limestones

Orthcamphibolites.

Intrusive gnelses and mixed rocks.
Correllation of the gneisses.

Sections through thc'Abbabis System.

Ce The Damara System.

The copyright of this thesis is held by the

1 University of Cuze i,
; Reproduction of the wholz or any part
o & e

i m:?y Be fhade for study purposes only, and
not for publication. '




The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



G+ PHE DAMARA SYSTEM.

(a) Historical .

I The Quartgite Series.

(1) qyuos Quartzites and Basal Caonglomerate. .
(2) Epyn Quartzites.

II Fhe Chuos Tillite.

III The Marble Seriese.

I¥ The Khomas Series.

V Sections through the Damara System.

D. POST-BAMARA IGNEOUS ROCKS OF THE FUNDAMENTAL COMPLEX.

Main Period of Granitie Intrusion.

I Diorise, Hornblendieand Anorxrthosite.
II Gxancdiorite.

III Biotite-~Hornblende and Hornblende-Granite
(Goss Granite).

IV Dykés of Haornblendite, Quartz-Hornblendite and
Diorite-porphyrite intrusive into Goas Granite.

Salem Granite ( including Habis Granite)s

Post-Salem Phases:

(&) Red Granites.

(b) Greyish-whité nonporphyritic Granite.
(¢) Aplitic Granites and Aplites.

(d) Pedgmatitic Granite.

(e} Pegmatites.

VII Composite Gneifses. _

VIII Progressive differentiation of the Magma.

=

Es TECPONICS AND MECHANISM OF MAGMATIC INTRUSION.

(a) Pre-Damara folding movements.
(b) The Main Post-Damara orogenic period.
(¢} The Mechanism of Magmatic intrusion.

(4} The higher degree of metamorphism of the
Fundamental @omplex in the coastal area.

(e) The eo%géstency of tectonic directions in
SO-w. [ 3 : .

Ps THE AGE OF THE ABBABIS AND DAMARA SYSTEMS. S

Ge THE BIRTH OF THE AFRICAN CONTINENT.,



INTRODUCTIQN: .

Enormous areas of South West Afriocs, par-
ticularly in its central portien, are occupied by very
ancient gneissoid and granitic rocks, a great variety of
schists and other more or less highly metamorphosed
sediments. These ancient rodks, forming as they do
the backbone or nucleus of our comtinent, on which all
younger rocks reposo‘as a veneer of varying thickness
and dontinnity, are everywhere generally grouped to-
gether under the term Basement or Fundamental Complex.

For obvious reasons, chief of which are their
invariably highly folded and metamorphosed nature and
the entire absence of fossils, these anclent sediments
"and their intrusives have ﬁearly always after the first
initiatien ofvgeologioal surveys in most countries of
Africa been somewhat neglected and also visiting geolo-
gists have génerally préferred to devote their attention
and limited time to less complex problems, for the
solution of which‘detailed mapping extended over many
years was not an eésential or indeed a sine qua non.

A notsble exception, however, to this rule is the detail-
ed early work of Rogersfand du Toit in the northern Cape
and of Hall in the eastern and north-eastern Transvaal.

In Europe and America, at a corresponding
stage of the development of regional geology, conditioms
were entirely similar and to this day the space devoted
t0 pre-Cambrian stratigrapbhy in most text books is in
comparison to the fossiliteroue Palaeosgolic and later
Systems exceedingly smal}. Batural and to a large
extent unavoidable as this state of affairs may be,
nevertheless it is apt to lead to entirely misguided
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conceptions in the mind of the novice and untravelled
‘worker as to the relative importance of the pre-Cambrian
and the post-cambriaﬁ not'only in building up the outer
crust of our globe, but also a= regards areal extent
and particularly with reference to the geological time-
scale. To the student growing up amidst the ancient
sedimentsg building up the plateau of southern and central
Africa and trained to visualise the exceedingly old age
of the African continent, that portion of a European
text-book of stratigraphy dealing with the Tertiary con=-
veys no intelligible message. The whole epoch is to
him so in¢omprehensibly recent and short~lived, that the
time-scale f;xed in his mind allows of no comparisons
To the student of pleistoljcene glacistion in the north
@German plains and the investigator of the "Litorina Sea",
tﬁe praecursor of the preseéent Baltic, the pre~Cambrian,
even the Palaseozoic is equally inoomprehensible. In the
same way the present European and to & lesser extent
American text-booke on Stratigraphy produce in the mind
of the ordinary stratigrapher and peslaeontologist an
entirely erroneous ooﬁqéption, particularly regarding
the relative importance of the ;arioua Systems on thd
geologic time-scale,. He fails to realise at what a
late date in the history of our globe life of the more
highly organised type really came into existegce; that
the Palaeogoic and later Systems in reality form but a
thin veneer of sediment on the pre-Cambdan rocks; that
the latter form the nucleus of all continents and, lastly,
that they‘not only preponderate in bulk, but also that
the length of time necessary for their formation is vaastly
in excess of the time expired since the begimming of the
Gambrian,
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It 18 of course obvious;that far greater
difficulties attend the unravelling of the pre~Cambrian
Ahistory of the earth, than that of the later periodse.

Iﬁ the same wgy as hand-writings are rendered dim through
age, 80 also the geological records backwards through
the aeons become increasingly difficult to readQ ibove
all,eur mind and imagination entirely fail to appreciate
the enormous intervals of time separating certain events,
the visible records of which appear crowded together and
in general have been more or less highly disturbed.
Partioularly is this the case with the oldest known
sedimentary bed;Ztith archean rooks generally. Fossils
that might serve as indicetors of time and horizon are
entirely wantings All the constituent roocks have been
highly disturbed by intense folding and nagnafic intrue-
giom, The sediments are often metamorphosed beyond
recognitions Unoomformities, the main aids in assessing
time-values, are more often than not completely obliterat-
ed by interfolding, Iuock alone in discovering omne or
two localities more favoureble for their preservation can
offset this disadvantages Even age-determinations by
ordinary superimposition are wery often rendered in-
applicable by systematic overfolding. Indirect and more
laborious methods have to be applied, such as the dew
ternmination of the intrusife nature or otherwise of a
certain widespread igneous rock into the various sediment-
azy}groupa, or the detailed atudy of pebbles, particulaxly
with reference to their derivation, inuoonglomoratio
zoness Very often results, which in the case of younger,
less met amorphosed and less disturbed beds would have
been apparent almost at once, can only be deduced after
detailed mapping extended over years. |
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In Europe Sederholm and his assistants in
Pinland have led the way in establishing a stratigraphy
of pre~Cambrian sediments and in North America a large
number of geologists, among them Walcot and Coleman,
have been 80 successful in unravelling the pre~Cambrian
history of their contimenty that the mejor divisions of
the Nerth sAmerican classificatien of the older and most
anciént rocks‘han- praotiéally become standard throughout
the world.,

It is obvious of course that investigationas of
these 014 sediments and their intrusives will be mest
rewarded wizgr;uccess and thelr results be of wider sig-
nificance in regions, where the continental nuclei have
been deprived of their veneer of younger sediments over
great areas. The old, rigid landblocks of the earth‘s
crust w&dd offer the most favourable opportunities in
this respect. It is no wonder therefore, that the pre=
Cambrian stratigraphy hitherto established and well-known
is connected with two such land-blogcks or continental
nguclei: The can’adian Shield and Fepymoscandia.

' " South Afrioca as a portion of one of these
ancient landblocks, the largest of them all, offers
rarticularly favourable facilities for studies in this
field. With the exception of its extreme southern por-
tion the surface veneer of younger sediments has by
erosion become very‘disrupted and localised, an immediate
result of the o0ld age of the surfsce of our sub-continent,
Ever since its consolidation info a continental nucleus
in arch@an times, our comtinent has weathered the ages
as & firm and stable block, that only rarely subsequently
was submerged beneath the seéa. On the few occaslons
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that this event did ocour, apart from minor enoroach-
ments of the sea along portions of the coast, it was
only a shallow and shortlived sheet of water that cover-
ed larger portions of the oontinent; South Africa,on
the contrary)ie characterised by a great wealth of non-
marine, terrestiél or at least continental shallow-water
deposits. Among the continents of to-day, Africa of
which the extreme northern part is a foreign entity only
ocomparatively recently aocrued and geologically in
reality a portion of Europe, is the venerable "old man®
and the very large areas of exposed pre~Cambrian roocks
mark the progress of ifs senile decay.
s already stated, enormous areas of South

West Africa are ocoupled by these ancient rocks, Mag-
nificent exposures over large areas, partly the result
of the general aridity of the country, invite to detailed
studies. In the woids of Wagner (6,po33 )¢ ®An |
almogt bewlldering wvariety of lithological types is re=
presented, and with its unrivalled wealth of exposure
the territory will, no doubt, eventually become one .of
the olassic fields of petrographiocal research". To whid
Beets aﬂds (12,p+42), that not only petrographically, but
also stratigraphically South West Africa promises to
beéone, together with North America and Pepmoscendia a
classioc country for the study of pre~Cambrian formations
in geheralo . |

The first step in thias direotion has already
been effected by Kalser and Beetz in the Iuderitzbucht
littoral, where their very detailed investigétions
have made this coast&l strip one of the best known areas
in the country. In conneotion with the Pundamenmtal
Complex a recent paper of Beets (12) is of special
importance, since it represents the firat attempt based
on detailed investigations in the south te classify the
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Basement rocks of the whole territory.

 Similar progress cannot be reported for the
rest of the country. Although numerous geologists have
from,timé to time desoribed many of the most notable
rock=species belonging to the Pundamental Complex, never=
theiess the stratigraphy and tectonic structure of the
latter have hitherto been neglected. Very useful work,
however, in this direotion was done by Rimann in the
Rehoboth area, where an attempt was made by him to
classify the Fundamental. Complex in that portion of the
territory (4). The most notable contiribution towards
our kﬁowledge of the distribution of the various main
rook-types of the Basement Complex was made by Reuning
some years ago (7)e éiistgeologioal map of the Central
Portion of South West Africa (scale 1:2000000) proved of
great wvalue in the mapping of the area to be described
in the present paper. It conveys, however, very little
information about the tectonic structure and none about
the succession of beds in the sedimentary components of
the Pundamental Complex, To Heuning we also owe very
valuable inweafigations on many of thé ore«deﬁosits
genetically connected with the old granite-intrusives
(8 & 9)o |

The sarliest desoription of part of the ancient

roéks in the area under consideration was given by
G#rich in 1889 (1) In 1911 Cloos collected information
about these ancient rocks in the srea of the Erongo
Mountains. In 1316 Wagner puplished his compendium of
the geology of South West Africa and briefly described
some of the main rock-types (5). In 1921 he made a
further contribution to our knowledge of the o0ld granitds
and associated mixed rocks in the coastal area in the
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hinteriand,of Walvis Bayy (6). The recent paper of
Beetz on the Stratigraphy of the Fundamental Complex has
already been mentiioned (12). Iﬁ,alluding to the central
and northern portion of the territory he makes use of

the information contained in the papers by Rimann, Reuning
and Wagner. | '

(EOTE: The numbers in brackets refer to the biblio=
graphy at the end of this paper).

The area in which detailed mapping has been
oarried out by the Geologiosl Survey of South West Afrioca
since 1927 and briefly referred to as Western Damaraland
is bounded by the 21° lat, in the north and 23° lat. in
the south and by the 15° longs in the west and 17° long.
in the east, The Lower Ugab river, or the line joining
the Brandberg and Kompaneno Mts., north of Omaruru,
denotes its northern limit, while the Tinkas Flats
between the Kuiseb and Swakop rivers and the north-western
corner of the Khomas Highlands mark its limit in the

 The A FewWoudlady to Wikoys
southe Tae railway;%%ﬁETQEEEégijthe central portion
of this area from Wilhelmstal to Arandis. ’

The northern portion of this area, i.e., north
of the line Joining the Little Spitzkopje, USakos'and
Karibib, was jointly mapped by the writer and his
colleague, Mr.H.P. Proffurze, in 1928, while the area
between.thelonaruru River and the Brandberg was mapped
in 1927 by Dr.S.H. Haughton and Mr.HoF.Fromurze, The
results of these invéstigations have in very brief form
been jointly published in 1929, as well as a more
detalled paper on the "Pin-Pegmatites of thd Erongo Area®,
which were the main object of investigation (13,14 & 15).
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In 1929 and 1930 the writer mapped the southern
half of the area, which proved wastly more instructive as
regards the atiatigraphy of the Pundamental Complex than
the northern area had been, Not only were such deductions
&8 were possible in the latter verified in the southern
portion, but in addition such a wealth of unexpected new
information boqame available, that the area beiween the
lower Khan and the Swakop Rivers bids fair to become the
classic region for the ancient stratigraphy of the central
and northern portions of the territory. As a result,
the present paper deals alpost entirely with the geological
structure as éxposed in & remarkably clear way in the
southern portion of the area. The northern portion
conforms to this, exoept for certain changes in facies,
and; except for the o0ld granites and derived pegmatites,
exhibits a fairly uniform monotony as far és the PFunda~-
mental Complex is concerned. Also the exposures cannot
compete with those in the area between the Lower Kahn
gnd Swakop Rivers,

II. PHYSIOGRAPHY,

(a) @eneral Morphology: The area delineated above ;

and briefly referred to as Western Damaraland embraoces two

g

very distinct types of country, there being a vexy marked
difference between its western and eastern portions,
While the latter is densely clad with bush and trees (in f
the main variocus forms of acacia) the former is an arid |
desert and forms part of the Namib, the extensive desert
coastal tract of South West Africa. A stretch of country .
exhibiting intermediate characters separgtes the west t
from the east. The average rainfall rises from less
than one inoh in the west to 10+12 inches in the east.
The / esooo ¢






The vegetation of the Namib,which consists
mainly of different species of Mesembrianthemum and
Enphorbié, becomes progressively more stunted and scanty
towards the coast, while the immediate coastal tract is
almost destitute of vegetation.

The northern portion of the area is drained by
the Ugab and Omaruru and the southern by the %;ln, Swakop
‘and EKuisedb rivers. None of these rivers are'perennial,
but only flow after heavy downpours in the interior. They
are filled to varying depths with gravel and feispathio
sand and already in thelr central courses very often are
hundreds of metres in width. The underground flow in
the case of each river, howéver, is considerable and open
water occurs in all these rivers with the exception of the
Khan, &t several localities throughout the whole year,
Water is everywhere obtainable in shallow pits and wells,
The sélinity of the water increases progressively from east
to west, Along their courses through the Namlb plain
all of these rivérs have cut canyons of varying depth into
the rocks of the Fundamental Complex, the most impressive
being those of the Khan River in the area of thg Khan
Mine (depth approximately 300 Mo )and of the Swakop River
from Hfuseb to Birkenfels (average depth approximately 200~
250 M) Needless to say these canyons provide magni
ficent exposures, and, since they are of great length,
unique gections through the rocks of the Fundamental
Complexs

The latter build; up almost exclusively the
entire area, Apart from the youthful surtgge, such as
river-gravels, windbléwn sand, desert-rubble,etc., the
only rocks of younger age occur in a few isolated looalities
of the northern area: The Brandberg, a circular dome of
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youthful Erongo granite, 25 miles in diameter, and
surrounded by a narrow fringe of Kaoko-sediments and Lavas
(Rarroo); the Great and Little Spitzkopje, two smaller
intrusions of Erongo-granite of striking shape; and the
Erongo Mountains, a oclrcular block of Kaoko-sediments
overlain by a great thischjtess of lavas and intruded by
granodiorite and the typical Erongo-granite in a most
plcturesque way, The Erongo is a volcano of Kpoko
(Earroo) times. In addition there are a large number of
Disbase and Olivine-~diabase-dykes, whioch ococur crowded
'together in the zone of.cru;tal weakness continuing the
big Waterberg fault in a NE-SW direction past the sites
of the Erongo and Spitzkopjes to beyond Goanikorkes and
Birkenfels on the Lower Swakop rivere The bulk of these
dykes are no doubt Kaoko (Karroo) in‘age and represent the
feeding fissures, - from which the lowest basaltic lavas of
the Erongo, Brandberg, Omatako Mts., etc.,were erupted,
In the gouthern portion of the area, there occur two small,
but morphologically very prominent outliers of these lavas
and underlying Erongo (Kaoko) éediments on the farm
Okongava south of Karibib: the "Sargdeckel” (coffin~lid)
and Virgin Peak.

The whole area under discussion includes portions
of three well-marked morphologioal entities,

 In the south the map'embraoea the western edge

of the Khomas Highlanda (Khomas = Nama (Hottentot) for

mountaine), an exceedingly rugged and inaccessible region
extending in a NE- SW-erly directicn,parallel to the general
a&rike of the sddiments of the Fundamental Complex from
¥indhoek westwards. Its north-western edge is followed,

by the wvalley of the Swakaop river from Okahandja to

Ot jimbingwe, Its western edge marks the site of the

Gre;t Escarpment of Southern Africa, which as a purely
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erosiongl feature parallels the coast almost right around
the sub-continent. As far north as the Khomas Highlands
the escarpment in S.W.Africa is wellemarked and represents
an imposing morphological feature, there being a drop of
about 500 M,y down to the upper reaches of the Namib plain,
North of this point the escarpment disappears as a well~-
marked feature as far north as the Central Kaokoveld, wheie
it is again well-marked, In the area under discussion
the larger rivers rising in that portion of S.W.Africa
possessing the higheat rainfall, 1;e.,'the Swakop, Khan,
Omaruru and Ugab rivers, have cut the escarpment far back
into the interior of the country. The north-western edge
of the Ehomas Highlands, an imposing scarp éeveral hundred
metres high, marks the sudden inward trend of the Great
Escarpment as far as Okahandja. The Khomas Highlands
represent a highly dissected, very extensive peneplain
possessing a general height of about IBOO*(QOO metres
above sea-level, Its geological structure is very simple
and its rocke~composition very uniform. It 18 essentislly
composed of an enormous thickness of biotito-schists and
is remarkably free from igneous intrusions., As a struotural
feature it will be disocussed in more detail in the tectonic
chapter of this paper.

The seocond morphological feature is the most

extensive and represents the western extension of the

Fnselbexz Region of Central and Western Damaralands The
latter exhibits exfensive flats,'for the most part deeply
covered with sand and surface limestone, through which

the underlying ro&ks project in the form of prominent
mountainous areas, ridges and isolated conical hills. The

mode of origin of this "FMselberg" landscape has often

. been discussed and need not be commented on here. BSuffice
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it to say that the prominences represent particularly
weather-resisting erosional remnants and that the intervening
débris~covered flats are primerily due to the faot,that
under the climatic conditions obtaining the‘accumulation of
sand and rock-débris is in excess of their removal by running
water and winde

| ' Thc‘ﬂhae}berg landscape is most typically developed

in the northern portion of the area, where the general plain
is surmounted by several very large mountain-blocks. The
highest elevation not only of this area, but also of the
whole ofis;W.Airica, is the Brandberg, which rises to @
height of 8550 feet above sea~level. The Erongo Mountains
attain their greatest height along their western precipitous
escarpment, where the Hohensteine tower 7670 ft. abeve sea=-
- level, Another prominent range are the Kompaneno Kis.,
noxrth of Omaruru, which in the Okongue Peak attain an ele-
vation of 5800 feet. .

In the southern portion of the srea single,
well-marked mountain blocks are rarer, their place being
taken by mountainous tracis, seﬁarated by sand and rubble-
covered plains and the valleys of the larger rivers,‘and
by long continmuous ridges formed by one or more wesathers
resisting horizons in the Fundamental Complex., The most
‘important group in this connection is the Quﬁrtzite Series,
the ieddish~brown Chuos—quartzites of which forﬁ e large
number bf very consplicuous mountain-chains or large domes
according to the tectonic plan. The highest elevation
is reached by the Otjipatera Mountain south of Usakos
(1910 M. = $300 feet)eo Other quertzite ridges are the
Chuosberg (1600 M. = 5300 feet), a long continuous red
ridge forming the backbone of the area between the Khan and

Swakop Rivers; the Gamgamchab Mt, (1706 M)socuth of Usakos;
the Khan Hts., north of the Chuosberg,and the Langer
Heinrich (1168 M) south of the Swakop River near Riet,while
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quartgite~domes are represented by the Roolberg near Usakos
and the Potberg (1406 M.} and the mountains along the
southern bank of the Swakop River. |

In places the *rble §eries also assume morpho-
logical importance. In general the latter forms long low
continuous ridges, which often stand out sharply, while
the underlying quartzites have been entirely planed down.
At several 1ooalit1;5, however, eog., around Karibib, south
of the Otjipaterabérg and at the Palscher Helinrioch near
Buaablit builds fairly high mountains. In the area south
and weat of the Langer Helnrich, i.e., in the northern
portion of the Tinkas Game Reserve, the quartszites recede
morphologically almost entirely and here the plain 1is
surmounted by long, straggling xtringers of low marble
kopjes and ridges.

Along the western margin of the map, around the
confluence of the Khan and Swakop rivers, the red Chmos
quartzites ﬁorphologioally become quite subordinate and

“thelr place is taken by the dark greenlishegrey Khan
quartzites, which near R¥ssing and around the Khan Mine
form & number bf ebngpiouous mountains, From a distance
these have a bluisheblack appearance and hence such names
as 'Biuuer Heinrich® (Blue anry)o |

' The graniteson the whole are morphologiocally
unimportant. In places, however, very resisting types,
generally of rather aplitic nature, build prominent domes,
like the Tachub (1565 M.) south of Usakos, the so=called
Sphinx (1075 M.) near the old Sphinx mines, a conspicuous
needle of red, somewhat pegmatitic granite, and the
granite mountains around Donkerhoek in the south, the

highest of which is 1800 M, above sea-leval, The constitu-

ent granite is nenporhyritic, rather poor in melanes and

of whitish-grey coloure This rock very often gives rise
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t0 enormous steep and smooth slopes, thal are reminiscent
of the grandiose scenery formed by the youthful Erongo-
granite. |

Small domes and cupolas, the so-called "Banks'
of South West Afrioca are exceedingly common, particularly
on the debris«covered plain of the Namib. These "Banks"
or small dome-shaped outcrops of granite projecting through
the surface deposits very often mark the site of temporary
water-holee and on this account are of great valué in these
arid tracts. The water either collects after a periocdical
or epé;odical downpour in ocup-shaped holleys in the
granite, but in this ocase is of very short duration, or
it collects in sand-filled joint-fissures in thg granite
to form typical water-holes, which generally last for
several months after one of the intermittent thunder-
storm showers.

- Along the western border of the area, between
the railway and Omeruru river the numerous diabase-dykes
give rise to low, but consplcuous dark parallel ridges,
very often representing the only rock-outcrop in the débris-
covered plain of the Namib. The contrast between the
dark ign;eus rock and the glaring-white of the surface-
limestone 80 widely distributed in thia region, isL;ery
sfrikiﬁg one indeed,

IHE ORIGIN OF THE COASTAL PLAIN OF THE NAMIB:

The third important morphological entity is the
Plain of the Namib, which in the area under discussien
reaches from the coast about 140 Em. (87 miles) inland.
The Namib everywhere rises fairly rapldly towards the
interior. The 100 M. contour in the coastal strip
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between Walvis Bay and the mouth of the Omaruru River

runs 8«10 Km. (5-6 miles) inland from the shore. 35 Miles
from the sea the height of the plain is already 450 M.

Below the esc&rﬁment of the Khomas Highlands (87 miles

from the coast) its height is about 1100 M. above sea-level,
The slope of the plain t;wards the sea therefore possesses
a considerable gradient.

Furthermore the plain is not an absolute one.
Particularly in the area between and around the lower %Phn
and Swakop Rivers it is surmounted by numerous ridges and
hills of the Tmselberg type. The Marble Heries of the
Damara System in this area plays a vefy conspicuous part
in building up the latter. As already pointed out by
Wagner (6 p.72), this would certainly not be the case if
the Namib plain had been formed by marine planation, as
is ﬁaintaingd'in some quarters,

The plain is covered'by all manner of surface
deposits typlcal of weathering under arid conditions. The
most predominant are: rock-débris of various grades,
generally highly felspathic and either unconsolidafed or
lime-@emented; felspathic windblown sands and grits;
aurface;limestone. Around the Lower Kann and Swakop
rivers, however, definite terraces of fluviatile gravels
and grits are met with. The latter are best exposed
along the southern bank of the Swakop from the Langer
Heinrich (55 miles from coast) to the descent of the road
into the Swakop valley at Nonidas. Between Haigamohab ‘
and the latter 16cality, they forn,an}almost level plateau, “
cut into by a number of dry rivulets and overlooking with
precipitous ¢liffs the canyon of the Swakop River, 200 M.
deep. |
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These youthful beds consist essentially of lime-
cenented felspathic grits with a large number of conglo-
meratic layers and numerous isolated pebbles. The bulk
of the enclosed pebbles are typically river~worn and well-
rounded. A minority are flat and angular. Their thick=-
ness is very irregular (average near Goanikontes 12«15 M).
They were laid down over an uneven surface. They fill
depressions and overlap prominences, where they generaliy
contain large rock-fragments and rubble derived frdm the
latter. $his feature is practically proof against the
marine origin of these beds, as maintained by Voigt and
Reuning. No fossils of any kind have so far been found
in them, In addition the gravels become coarser and
the pebbles still more numerous in an inland direction
towards the Langer Heinrioh.

Interbedded with these sediments occur several
lense-shaped layers of rock-salt and gypsum, pointing to
lagoon~conditions near sea-level. There is no doubt there-
fore’that formerly the niveau of the plain in general was
much lower and since the cessation of lagoon-conditions in
this particular locality the coast must have risen by o
approximately 550 M. or over a thousand feet. Along the
shore north of Swakopmund very well-marked beach terraces
were observed at heights varying from 10-12 and 20-25 f+.
above present sea-level, They mark‘the mogt recent ele~
vations of the coast,

The Namib Plain as such, however, was not for=
med by a marine transgression, The portion actually .
submerged before the main uplift just referred to, is

‘neafly everywhere deeply covered by subsequent sand«dunes

and / oeesee
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and thus hidden from view, Prom all the available
evidenée it appears,that at the time of deposition
of these youthful salt-bearing sediments, there
existed a low, wide plain below the escarpment
possessing arid conditions of climate and formed
mainly by aeolian erosion and sheet-flood action,
as already suggested by Wagner (6.p.72). The plain
lay approximately %50 M. lower than now and the
immediate coastal tract must have been submerged.
The uniform and level fluviatile plateau-
‘gravels around the Khan‘and Swakop rivers and their
very wide’distribution away E;om,fhe present canyons

4
prove, that the gann and Swakop.,and no doubt also
[

! K 4 .
the other rive:s]at that time di& not flow in well-
established chamnels, but meandered over a very wide
level area or, more probably, changed their shallow
and wide channels very frequently with each "coming

down" in flood and in this way spread a thick sheet

of grits and river~gravels over & very wide area,

/ oeeso
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I1I. STRATIGRAPHY OF THE FUNDAMENTAL COMPLEX.

It is not pfoposed in this paper to deal
exhaustively with the purely petrographical nature of
the sedimentary rocks of the Fundamental Complex. The
main types of these have at intervals been descriﬁed
particulady by Rimann, Reuning and Wagner. Only the
main features will in each instance be briefly described.
For fuller descriptions - always, however, of rocks
collected over limited areag-the reader is referred to

the Bibliography at the end of this paper.

All sedimentary constituents of the Funda-—
mental complex have been more or less highly metamorphosed,
as well as the oldest granites. Ortho - and para-
gneises, as well as mixed rocks have a wide distribu-

tion.

Rimann, who investigéted the Rehoboth area
of Central South-West Africa (4) applied the term
*Primarformation”, i.e. Primary System, to these highly
folded and metamorphosed ancient rocks in contradistinct-
ion to a less metamorphosed and less folded group,which
he thought o have established and called by him the
"Phyllite Formation". Recent work by the writer in
the Windhoek district and by writer‘s colleague,Mr. de

Kock, in the Rehoboth district, has, however, shown that
Ve sbralioyaf fice secc cegason, Viaﬁiéié? *~fﬁ“‘-
e Y % il BAH3-0

The term Primary System is also misleading in that it

implies, that &8% its constituent sedimentary rocks
represent the oldest sedimentaries formed after the

formation of the original crust of the earth. The..
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The occurrence of pebbles of quartzite and marble in
conglomeratic zones of Rimann's Primary System,however,
clearly proves that this‘is not the case and that a
gtill older group of sedimentaries must have existed

or still exists somewhere. Such an older group of
highly metamorphosed sedimentary rocks has now been
discoveréd by the writer in Western Damaraland and
termed Abbabis System. It is separated from the over-
lying beds, equivalents of Rimann‘'s Primary System in
the Rehoboth area, by a well-marked unconformity.

Still more recent work by de Kock in the Rehoboth
district seems to indicate that also hhefe the:e exists
a group of sedimentaries still older Than Rimann‘é
Primary System, only that here the unconformity is very
indistinet. The term Primary System can therefore be

dspensed with.

A. The floor of the oldest sediments; the problem of the
originadl crust of the earth.

In Western Damaraland the sedimentary
constituents of the Fundamental Complex are, as already
stated, divisible info two groups: The Abbabis and
Damara Systems. With the éxception of the Khomas
Highlands both Systems have everywhere been intruded on
a vast scale by a great variety of gneisses, granites
and other intrusive rocks. The gneisses are partly
ortho-gneisses, but to a large extent represent highly
metamorphosed mixed-rocks of various ages and associated
with a great variety of gneisses and granites. The
orthogneisses on the other hand are in this area mainly

associated with the older Abbabis System.

&11 of the orthogneisses everywhere in the
investigated areas, however, have been found to be intrusive

]
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into the most ancient sedimentaries ( Abbabis System)
and no gneissose rocks representing the floor, on which
the latter repose, were found. Conditions in this
area of the globe‘s surface are therefore entirely
similar to those on the Canadian Shield. Here the
Laurentian gneisses and gneissose granites were for a
long time held to be a portion of the original crust of
the earth, on which the oldest sedimentaries of the
Coutchi#bhing and Keewatin were deposited. Later in-
vestigations and a closer inspection, however, showed
that although in a mechanical sense the oldest sediments
repose on the Laurentian gneisses, nevertheless the latter
are intrusive into the former and stratigraphically are

therefore younger.

The same has been found to be true for
nearly all other parts of the world, where large areas
of pre-Cambrian rocks are exposed. Sederholm in Finnland
however, still is of bpinion that the orthogneisses under-
lying his Ladogian represent portions of the oxriginal
crust of the earth and in accordance he has designated

them as katarchaic primary gneiss.

Also Beetz in his recent publication
(12, p.45) considers certain basic and other gneisses
of the Lfderitzbucht littoral, which do not appear to be |
intrusive into any of the ancient sedimentary rocks ex-
posed here, to be primary gneisses. One of these
gneissose rocks is a widely distributed grejish Augen—
gneisse. ' Very similar rocks, however, also occur in
Western Damaraland, but here they are intrusive into
and younger than the beds of the Abbabis System, the

oldest sedimentaries so far discovered. In the Luderitz-
buch% littoral these beds are apparently unrepresented,

oNnly.ees
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vertical and in addition both Abbabis and Damara Systems
contain many similar rock-types. Unconformities are
therefore of necessity highly obscured and exceedingly
difficult of detection, particularly since the various
successive tectonic phases have always observed more or
less the same directions. Particularly favourable cir-
cunstances were therefore necessary to reveal the existence
of a still older group of metamorphosed sediments below the
universally distributed Damara beds, which together with
the intruded 014 Granites make up more than 95 % of the
rock-surfacé'of Damaraland. The locality of butcrop is
situated west of Karibib and south of Usakos on the farms
Abbabis, Nayachab, Ubib, Schettler and Tsawises.

In this area the beds of the Damara System are
areched up into a wide, elongate dome Qith a maximum elonga-
tion of about 50 km and a width of 18 km. The elongation
of the dome is directed parallel to the general strike of
the Fundamental Complex, i.e. S.W. — N.E. Its margin is
fqrmed by very conspicuous high mountain-ridges built up

the xred Chuoﬂéuartzites and to some extent also the
mérbles of the Damara System? fhe;Naiéchab, Gamgamchab,
Otjipatera,Chuos - and Khan lountains. The core of this
dome is taken up by the Abbabis bedsand intrusive gneisses,
amphibolites, granites and pegmatites.

Although similar domes and anticlines, though
nowhere of the same size, are numerous throughout the entire
area, nevertheless the Abbabis dome is the only one €éncon-
testably showing the existence of still older beds than the
Damara in its core. This fact is due to several causes,
the main @ne being the peculiar nature of the mechanism of

granitic intrusion in Central S.W.Africa. The granite

bOdieS L O ]
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bodies exbosed on the present surface are almost without
exception laccolithic or phacolithic in nature and closely
conform-to the structure of the sedimentary skeleton.
Next to phacoliths intruded along zones of torsion or
bending, laccolithic bodies filling synclines or forming
the core of domes and anticlines are most abundant.
In the mapped area this feature is so well marked that
the sediments merely form skef&al partitions between
granite bodies of all shapes and éizes. The most resist-
ing members of the Damara System are the Quartzite and
larble Series and intrusion has therefore mainly taken
place below and above them. Por this reason the softer,
more schistose Abbabis beds are so very seldom exposed,
being covered by 1laccolithic Branite bodies. In the
same way over a larger portion of the mapped area the
soft and schistose Khomas Series overlying the Marble
Series of the Damara System has been systematically dis-
placed by similar bodies df granite intruded between the
two groups.

In addition another feature must be noted
in this connection. A large portion of the Abbabis beds
consists of biotite and amphibole schists very similér
to the schistose rocks of.the Damara System. Where

the two occur close together,as in the surroundings of

’
Abbabis, where a well marked unconformity shows the former
to belong to0 an older system, the schistose rocks of tie
Abbabis System are seen to possess a higher crystallinity,
i.e. are metamorphosed to a still greater degree. At
localities, however, where the very characteristic quartzite
of the Damara System are not developed and their place

is taken by normal biotite-schists conformably underlying

the Marble Series, as in the northern portion of the area

around. .. P
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around thé Omaruru and Ugab rivers, and vertical dips
are in addition predominant, it is indeed very difficult
or impossible to prove the presence of the Abbabis
Schistose rocks.

Further, as already pointed out by Reuning (7),
it is a noteworthy fact, that the degree of metamorphism
of all the rocks concerned gradually increases from the
interior towards the coast. West of the line joining
Ebony, Jackalswater and the Langer Heinrich, this process
becomes very rapid énd along the western limit of the map
and in the coastal tract in general all the rocks have
suffered such chénges and have been intruded by granites
on such an intimate scale, that practically ail schistose
species can only be classed as mixed or hybrid rocks.esnd
'{n the absence of more characteristic rock—typeg it is
obviously impossible to distinguish between the two groups.
The cause of this feature ﬁill be discussed in:a later chapter
of this paper. |

Tnothe area under discussion, haowever, there is

a wellmarked unconformity between the two groups. This
feature is most clearly exposed near the western terminaticn
of the Gamgamchab Mtse. on the farm Schettler and on the
northern slopes of the Otjipatera llountain on Abbabis.
At the latter locality there is a very thick conglomerate at
the base of the (Quartzite Series, which contains a selection
of fragments of nearly all rocks making up the Abbabis
System exposed in the core of the dome.

Immediately below the Otjipatera mountain-ridge
there outcrop highly metamorphosed bedded rocks consisting
mainly of sericite and gquartz. Thﬁserockydﬁgtextensively
veined in lit-par-lit fashion by pegmatitic veins contain-

ing a salmon-red felspar and often crowded with black
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around the Omaruru and Ugab rivers, and vertical dips
are in addition predominant, it is indeed very difficult
or impossible to prove the presence of the Abbabis
Schistose rocks,

Purther, as already pointed out by Reuning (7),
it is a noteworthy fact, that the degree of metamorphism
of all the rocks concerned gradually increases from the
interior towards the coast. West of the line joining
Ebony, Jackalswater and the Langer Heinrich, this process
becomes very rapid and along the western limit of the map
and in the coastal tract ih general all the rocks have
suffered such chénges and have been intruded by granites
on such an intimate scale, that practically ail schistose
species can only be classed as mixed or hybrid rocks.ewé
In the absence of more characteristic rock-type; it is
obviougly impossible to distinguish between thg two groups.
The cause of this feature ﬁill be discussed in:a later chapter
of this paper. |

In the area under discussion, however, there is

a wellmarked unconformity between the two groups. This
feature is most clearly exposed near the western termination
of the Gamgamchab Mtse. on the farm Schettler and on the
northern slopes of the Otjipatera Mountain on Abbabis.
At the latter locality there is a very thick conglomerate at
the base of the Quartzite Series, which contains a selection
of fragments of nearly all rocks making up the Abbabis
System exposed in the core of the dome.

Immediately below the Otjipatera mountain-ridge
there outcrop highly metamorphosed bedded rocks consisting
mainly of sericite and quartz. Thﬁserockggextensively
veined in lit-par-1it fashion by pegmatitic veins contain-

ing a salmon-red felspar and often crowded with black
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tourmaline. The basal conglomerate of the Chuos
quartiites of the Damara System in this locality is
everywhere crowded with fragments of this characteristic
. salmon-red felspar, as well as with fragménts of the
pegmatite with black tourmaline and of the sericitic
rock. |

In the vicinity‘of the Henderson and Ehler's
Mine near the westerh termination of the Gamgamchab Mfs.
the unconformity is exposed in a very clear way. Here
a band of quartéites interbedded with schistose rocks
of the Abbabis beds striking approximately N - S can be
seen disappéaripg under the Chuos quartzites of the Damara

System striking more or less E = W.

‘Also the Chuos Tillite is packed with

boulders derived from the Abbabis beds.

Where the Basal conglomerate and lowest
gquartzites of the Damara System are underlain by gnei%?se
| igneous and mixed rocks, the fdiation in the latter
generally conforms to the dip and strike of the overlying
Damara beds. This feature indicates that the foliation
was mainly developed by folding movements subsequent to

the deposition of the Abbabis beds.

(b) General description.

The Abbabis beds appear to have undergone
folding already prior to the deposition of the Damara beds.
In addition they have been extensively invaded by ortho-—
gneisses with the production of mixed or hybrid rocks, ngw
having the appearance of typical Augengneisses.
Amphibolites are also very common'and without a doubt in
part represent ortho-amphibolites, i.e. highly altered

basiceess
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basic intrusions or flaws. The numerous amphibolites
and the abundance of amphibole=schists, together with

the greater crystallinity, i.e. the higher degree of
metamorphism of the schists and all the other rocks con-
cérned, are among the main distinguishing features of the

rocks of the Abbabis System in this area.

(e) The successign of beds and description of =zeeil
rockse

Everywhere in this locality the Abbabis
beds have been disturbed, confused and invajaed‘by various
gneisses with the production of large amounts of mixed-
rocks to such an extent that it has been impossible up to
the present to determine accurately the succession of the
various bedse. Mapping on a very much larger scale alone
can solve this problem. It is only possible therefore
ta indicate in broad lines the probable succession and to
describe briefly the various rock-types occurring.
At this point the reader is referred to the sections I ahd I

through the Abbabis System at the end of this chapter.

1. Original Sediments.

(a) Gneissose Arkoses and Quartzites.

On Abbabis and Schettler there is exposed a
great thickness of highly gneissose arkoses and coarse
felspathic quartzites, both with coﬁglomeratic layers.

They appear to represent the lowest horizon of the sedi-
ments exposed. - The pebbles in the conglomeratic zones
have been generally more or less deformed. They consist
mainly of guartz, felspar (anguiarfragments) and gneiss.
These rocks appear then to be followed by more fine- )

grained felspathic,phyllitic and more compact quartzites,

also. oo:oo‘
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also 1in part conglomeratic. The colour of these
arkosic and quartzitic rock varies from reddish-brown to
yellowish and reddish-white. The bulk of them have been
sheared and rendered highly gneisspse, in particular the
coarse arkoses. ‘

At several localities and apparently in a
higher horizon several layers of very dense and compact !
dark, greenish-black and brownish-black quartzites with
garnets and epidote were found interbedded with biotite%
and amphibole-schists.

Under the microscope these rocks invariably
show undulose extinetion of the quartﬁérains. Generally
these latter also show signs of parallel elengation. The
felspar consists predominantly of microcline, but decompos-
ed orthoclase is also common. In most sections plagio-~
clase is rare, but a few sections were examined in which
it predominates. Muscovite is found in most sections and
is often strongly bent and disrupted. Nearly all these
rocks contain abundant sericite. Secondary guartz is
common. Re-crystallisation, minerological changes,
kataklastic structures etc.; are most frequently observed
in the gneissose arkoses.

Epidote is common in many of these rocks and
ig often gives a yellowish-green tinge to some of the fine~-
grained quartzites. On Habis, west of Karibib there is
exposed a pale—greenish rock, which consists almost solély

of grains of epidote and quartz and thus represents an

Epidosite.

Pebbles, boulders and angular rock-fragments
of the more compact and resisting of these quartzites are
exceedingly common both in the Basa} Conglomerate of the

quartzite series and the Chuos Tillite of the Damara System,

(D)oees
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(b) Schistose rocks.

The Abbabis Beds embrace a great thickness
also of these. Their bulk seems to belong to a horizon
above the gneissose arkoses and main setbof quartzites.
Narrow layers of quartzite, generally epidotised and
passing over into quartzose Dbiotite- and amphibole~
schists, however, also occur in these predominantly dark
rocks. | Their majority represent highly metamorphoéed
bioiiteaéchists, but in contradistinction to the schistose
rocks of the Damara-System in this area, they also contain
abundant amphibole~ schists, such as Bioiite-Hornblende,
Hornblende- and Actinolite-schists. In addition there
occur Chlorite-schists and Biotite-garnet-sillimanite-—
Cyanite-schists. Under the microscope these rocks
exhibit the usual features of lepidoblastic rocks and
hence need not be described in detail. The Hormblende
is mostly deep-green to greenish-brown in colour.
Its needles generall& exhibit parallelism and it is often
poikilitically intergrown with.quartz, with the production
of sieve-structures. Epidote,Titanite and Magnetite are
common in the Amphibole and Chlorite-schists.Occasionally
Cyanite is present.

In addition to these rocks there occur quartz
and epidote-bearing para-amphibolites, originally probably
derived from calcareous shales.

Of petrographic interest are the dark contact-~
rocks building up the Black Hills north ogjéhuosberg on
Ubibvand Tsawsis, which embrace vexy compa.ct metamorphosed

‘hornfelsés containing abundant quart%kiotite, sillimanite,
garnet and some cyanite and cordierite, together with
apatite, zircon and magnetite. The sillimanite needles

or fibres are very often helicitically arranged around

icositetrahedra of red garnet.

o : , (Cleoes
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(¢) Crystalline limestone.

On the farm Schettler and at a place between
the Black Hills and the Chuosberg above a zone of fine-
grained felspathic quartzites there were found narrow
bands of highly metamorphosed limestone of a thickness
varying between 30 and 60 feet. The colour of the lime-
stone is generally brownish to yellows Under the micro—'
scope the calcite is mixed in varying proportion with gener-
~ally abundant Forsterite, Epidote, some Tremolite and here

and there with a little se&ondary quartz.

2. Intrusiive,chks.

(a) Orthoamphibolites.
A

Rocks of this description are very common
in the Abbabis beds and occur mainly in sill- or sheet-
form. On Ubib and Schettler, however, there also occur
some dyke-intrusions of this rock. It is impossible
to say to what extenf the former represent contemporaneous
flowse.

The coiour of these rocks is black to dark-
greenish-black. Their main constituent is a dark-green
hornblende, generally showing parallel orientation and
often also poikilitical intergrowth with quartz. The
mesostasig varies in quantity and consists in varying
proportion of minute quartz-graina, abundant Titanite
and Magnetite, as well as Epidote ahd,Zirkon togethex
with indefinable, aggregate-polarising matter.
Occasionally biotite is present. Hornblende, however,
is always in great excess and very often together with
gome octahedra and grains of magnetite the only consti-
tuent. In the latter case the rock probably represents
~altered hornblendites or uralitised pyromenites.

Aoo.é
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A few sections still exhibit remnants of the
ophitic structure of diabases and basalts, in which the
pyroxene has been replaced by hornblende. The.plagioclasé -
laths in this case show various degrees of saussu¥itisatian.

Whatever'their_éggcise original petrographical
nature, there is no doubt that these rocks represent altered
basic intrusions and possibly also ancient lava~flows.

One of these rocks, containing, however, con-
giderable amounts of quartz in small grains separating
parallel needles of green hornblende, exhibits numerous
rounded and elliptical ﬁphﬁerules of quartz suggestive of
amygdales. Under the microscope these sé#eruies were
found,to consist of an aggregate of large quariz-grains,
possessing fissures filled.with fibrous,aggregate—-polarising

matter and some calcite.

(b) Intrusive gneisses and gneisses derived from
hybrid rocks. ’

The Abbabis beds are litferally interwoven
with large and small bodies of gneiss and granite. While
the majority of granites including gneissose types are also
-intrusive into the overlying Damara beds, there are a number
of typical gneisses,‘which while breaking through the
Abbabis beds are no longer intrusive into beds of the
Damara Systeme. On the contraryf%ésal conglomerate of te
@bﬂartzitelgeries and the Chuos Tillite enclose a host of
boulders and pebbles derived from them. It must once more
be pointed out, however, that all the gneisses and granites
found in this area are later than the Abbabis beds. There
is thus no sign of the floor on which the latter were
accumnulated,

In this connection only pre-Damara gneisses

will be dealt with.

The’o - ~ B b &






31.

The most widespread of these and outcrapping
over considerable areas on the farms Abbabis, Navachab and
Habis is a coarse-grained greyish gneiss, which represents

an altered biotite-muscovite-plagiclase granite.

Plagioclase by far predominates, but microcline and
occasionally also some decomposed orthoclase also occur.
Biotite and muscovite are present in nearly equal proportion.
The quartz invariably possesses undulose extinction and
kataklastic structures are typically represented. The
quartz partiy occurs in micropegmatitic intergrowth with
plagioclase and microcline. The degree of gneissosity
varies. In general the rock is not a typical augengneiss,
though irregularly distribute%/ ”Augenzconsisting of a
quartz-felspar aggrégateﬁ surrounded by small grains of
secondary quartz and abundant shreds of sericite)are present
everywhere. In numerous places, however, this type passes
over into a typical Augen-gneiss with large Augen of white
felspar(Plagioclas?). This type obviously resulted from

a porphyritic phase of the original biotite-muscovite granite.

In the Chuos Tillite on Navachab west of Karibib,
big blocks and boulders‘of this rock preponderate over other
rock—-fragments.

Similar greyish Augengneisses also occur in
smaller bodies on Tsawisis and the area north of the Chuos-
berg in the vicinity of the Black Hills. On the road from
Ubib to Tsawisis in this region there is exposed a greyish
gneiss composed of large eyes of whike plagioclase and quartz
surrounded by dark brown biotite and containing abundant
zircon. The very biotite-rich types of these Augengneisses
no doubt represent altered hybrid rocks or'miézétites formed

by the lit-par-lit intrusion of the abovementioned original

plagioclase granite into biotite-schists or less altered
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equivalents of the Abbabis bedse.

West of the Black Hills small outcrops of a
greyish gneiss were found composed of large Augen of guartz
and white micrécline or microcline and ofthoclase set in a
kataclastic mesostaéis consisting of an interlocking
aggregate of microcline, othoclase and quartz,together with
small shreds of biofite and a little muscovite arranged
parfaﬂbl,to the foliation.

In the northern portion of the farm Schettler
a gneissose rock was found consisting almost entirely of
kataclastic orthoclase, microcline and quartz, which in
nearly all larger grains possesses a peculiar rectangular
cleaylage. Plagioclase is almost absent. In addition
accur a liftle chloritised biotite; some quartz-vermiculé;
a few shreds of muscévite; apatite and sericite. The
rock probably represents an altered aplitic granite.

On the same farm occurs a very similar rock,
but possessing plagioclase, biotite and muscovite, In
greater abundance and also containing some epidote and
titaniﬁe.

Fragments of these aplitic gneisses are very
common in the Chuos Tillite near bye. |

In addition there occur gneissose pegmatites
and highly sheared bodies of quartz.

Allso reddish Augengneisses occur in fair
abundance. In the Audawib~ and Kuduhikls representatives
of these underlie the Damara-beds apparently with a sedi-
mentary contacte.

Below the Husabberg, on the road from Pforte
to Husab, there are extensive outcrops of reddish orthé—

gneiss and also below the Rapfibenrucken on the Tinkas Flats.

At both localities they occur in juxtaposition with highly
altered gneissose red felspathic and sericitic quartzites

and...



- 32e

P

equivalents of the Abbabis beds.

West of the Black Hills small outcrops of a
greyish gneiss were found composed of large Augen of quartz
and white micrdacline or microcline and oxthoclase set in a
kataclastic mesostasis consisting of an interlocking
aggregate of microcline, othoclase and quartz,together with
small shreds of biofite and a little muscovite arranged
parfaﬂbl,to the foliation.

In the northern portion of the farm Schettler
a gneissose rock was found consisting almost entirely of
kataclastic orthoclase, microcline and quartz, which in
nearly all larger grains possesses a peculiar rectangular
cleayage. Plagioclase is almost absent. In addition
accur a liftle chloritised biotite; some quartz—vermiculé;
a few shreds of muscévite; apatite and sericitee. The
rock probably represents an altered aplitic granite.

On the same farm occurs a very similar rock,
but possessing plagioclase, bilotite and muscovite, in
greater abundance and also containing some epidote and
titaniﬁe.

Fragments of these aplitic gneisses are very
common in the Chuos Tillite near by. |

In addition there occur gneisscose pegmatites
and highly sheared bodies of quartz.

Also reddish Augengneisses occur in fair
abundance. In the Audawib- and Kuduhikls representatives
of these underlie the Damara-beds apparently with a sedi-
mentary contact.

Below the Husabberg, on the road from Pforte
to Husab, there are extensive outcrops of reddish orthé-
gneiss and also below the Rapbenrﬁcken on the Tinkas PFlats.
At both localities they occur in juxtaposition with highly
altered gneissose red felspathic and sericitic quartzites

and. .o
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and grits, which closely resemble them macroscopically and
are part of the @uartzite Series of the Damara System.
It is impossible to obtain fresh specimens of these reddish
gneisses. A section of a specimen from the northern part
of the Husabberg, besides exhibiting a high degree of in-
filtration with red iron oxides and even secondary magnetite,
showed the igdentifiable felspars to be mainly orthoclase
with subordinate microcline. In addition to highly
kataclastic quartz, decomposed biotite and some epidote are
presente. The contacts are everywhere such that the in-
trusive nature e$é otherwise of these reddish gneisses into
the beds of the Damara System could notm%e determined.
Nowhere, howevef, throughout the whole area, were they seen

to be intrus#ive into the latter.

(c) Pegmatites with salmon-red felspar.

In discussing the unconformity bet¥%een the
Abbabis and Damara Systems, it has already been pointed out
that on Abbabis highly altered rocks belonging to the former
are extensively veined by pegmatitic stringers GOnsistihg of
quartz, a salmon-red felspar, and often abundant black
tourmaline. The fact that the basal conglomerate of the
Damara Systeg immediately covering these rocks is crowded
with fragments of the very characteristic red felspar and
also of’the whole pegmatite, indicates the latter to be pre-
Damara in Age. It is not, however, gneissose. It must
also be pointed out that similar pegmatites of post-Damara
age associated with the o0ld granites are very common through-

out the entire area..

(da) Comrelation of the gneisses.

It is of interest to note that according to

Beetz (12, p. 45 and 48) in the Luderitzbucht littdral the
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oldest granite—intrusion is represented by a characteristic
mylonitised granite rich in plagioclase, which breaks
through older basic'gneié%s. This rock appears to be
comparable with the plagioclase-gneiﬁ%s and the gneissose
plagioclase-granite just described.
To what extent the older gneisses intruded

by this granite in the Luderitzbucht littoral may be .equiva-
lents of the pre-Damara gneisses intrugfive into the

Abbabis beds in Western Damaraland, it is difficult to
~ ascertain. Petrographically many txpes appear to bear
a close resemblance to each other. ' No definite state-
ments, however, can be made at.this stage. The outcrops
of these gneisses in Western Damaréland are too isolated
and discontinuous to allow of any final conclusions at
present. In addition in the coastal tract it is too
difficult to separate them from the gneissose hybrid-rocks

of a later age.

(e) I. Section through the Abbabas beds on farm
Abbabis, from S. to N.

Approximate thickness in lletres.

Top 60 - 80 Basal Conglomerate of the quartzite series
of the Damara System.Unconformity.

+ 40 Reddish gneiss ( sericitic rocks veined
by red-felspar-pegmatites)

4

100 Greyish gneiss ( biotitic schists -~ do- )

e

200 Reddish orthogneiss with gneissose aplites
and pegmatites.

1+

70 Greyish gneiss rich in biotite and highly
metamorphosed biotite-schists
Re@dish gneisg partly Augen gneiss.

Hundredsseas

i

5 &
P
.
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Hundreds )} dark biotite—~ and hornblende-schists with
of Metres) layers of Amphibolite and dark epidotic
quartzites.

4

Muscovite~gneiss with drawn—out gquartz—veins.

SA

12 } Yellowish-brown, felspatic quartzite with con-
glomeratic layers and clea¥age fragments of
red felspar.

20 Reddish-~brown metamorphosed quartzites, coaser
in grain.

10 Gneissose conglomeratic arkoses and felspathie

' Grits.

8 Silicified white quartzite.

100 - 130 Gneissose arkoses and Sericitic quartzites.,

e A L

B 800 - 1000 Whitish sericitic, quartz-phyllites and quartzites,

gneissose arkoses with intrusions of gneissose
pegmatites and aplites.

40 Biolite—-schists.
251 Sericitic quartz-phyllites and gneissose grits.
10 Reddish sericitic, felspathic quartzite.

Great thickness Gneissose arkoses and metamorphosed quartzites
intruded by greyish gneiss.

II. Section through Abbabis Beds on Farm Schettler near
Western termination of Gamgamchab Mts., from N. to S.

South of Aukas Pforte below quartzites and
marbles of Damara System: gneissose arkoses interwoven
with light-coloured gneisses (gneissose aplites and.aplitic
granites) and post-Damara reddish pegmatitess.

Then at above locality:

Biotite and hornblende-schists.

Reddish intrusive Augengneiss.

Quartzose biotite~ and Amphibole-schigts

E Withosea
“;; - i ‘ﬁyy G
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with layers of Amphibolite and lMetamorphosed
dark epidotic quartzites with garnet.

Biotite and Amphibole-schists with layers of
darker epidotic quarkzite.

finegrained felspathic, light-reddish-brown
quartzites.

dark biotite- and amphibole-schists with layers
of dark epidotic quartzites.

B “M
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Ce THE DAMARA SYSTEM.

(Primary System: Rimann; Schist Formation: Wagner
y 9y )
Frommurze and Gevers; Karibib Beds: Beetz),

8. Historical,

Together with the Main Granites intrusive
into them the beds of the Damgra System are by far the
most widely distributed rocks throughout the central
portion of South West Africa. As a matter of fact,
disregarding surface deposits, in the area stretching
from the northern boundary of the Nama Beds, south of
Rehoboth, to the southern limit of the Otavi beds near
Outjo and Pranzfontein, they constitute the exposed
rock~floor almost exclusively.

The first attempt to unraval the stratigraphic
succession of these beds was made by Rimann (4) in the
Bastardland area of Rehoboth. As already mentioned,

he applied the term Primary System to this ancient

group of sedimentse. This term has become customary

in the German geological literature dealing with S.W.A.
As already pointed out by Beetz (12,p.46) however,

there exist sedimentary beds still older than this group
of sediments. He therefore proposed the term "Karibib
Beds" for these rocks, since they are well exposed in
the surroundings of that village,

’ Wagner (6), and following him Frommurze and
Gevers (15, 14, 16) referred to these beds as constitut-
ing the "Schist Formation". Also this term, however,

is apt to be misleading, since it lays too much stress
on the petrographical nature and the distribution of
only one member of the whole group, namely, the Schist
Seriese. The term "Karibib Beds" in the author‘s

mind / oeesn
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This, however, is not the case. Since the quartzites

- include ter;estial)and in general represent shallow-
water deposits, such a uniformity would indeed have

been surprising. In addition it must be pointed out,
that also in the Bastardland and Windhoek areas, as shown
by recent work of the writer and his colleague Mr.de
Kock, the stratigraphic succession of these ancient beds
is considerably more involved than it would appéar from
Rimann‘s classification, and that there are several
quartzite and limestone horizons separated by unconform-
ities.

In Western Damaraland Rimann‘s Classification
does certainly not obtain. Here a massive conglomerate
forms the base of the whole system and is followed in
succession by a guartzife— , & marble - and a mica-~
schist - horizon of enormous thickness. In the area
between the lower Khan and Swakop Rivers the latter
group has nearly everywhere been displaced by various
granites filling the synclines of the very compliéated
tectonic structure. Only in the Khomas Highlands,
where granites are absent, does the real enormous thick=-
ness of the miéauschist— group become apparent.

The succession of beds as exposed in Western

Damaraland is as follows:-

2 Khomas Series (Schist Series: Wagner,
) Frommurze and Gevers).
(

Damara System.

Marble Series

N

Chuos Tillite

Quartzite Series éKhan Quartzites
(Chuos Quartzites
éBasal Conglomerate

W _

Unconformity / eseeo
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I, THE QUARTZITE SERIES:

This group consists essentially of highly
iesisting quartzitic rocks and as a consequence is
morphologically of great importance, Nearly all of the
more important mountain-chains in the southein portion

of the area under discugsion are built up by this groupe

l. Chuwos Quartzites and Basal Conglomerate:

In the eastern portion of the area between the

lower Khan and Swakop Rivers the Quartzite Series 1is con-

stituted entirely by these reddish rocks. The reddish
colour and the comparative lack of alteration-minerals are

the main features distinguishing them from the greyish~

green Khan Quartzites,(Basal Conglomerate.
7

On the northern slopes of the Otjipatera Mountain
and well exposed on both sides of the Abbabis-~Etusis gorge
gneisses and highly metamorphic biotite~ and amphibole -
schists, as well as hybrid rocks of the Abbabls System,
can be seen to be unconformably overlain by a massive basal
conglomerate 80~100 M.thicke.

The enclosed pebbles consist mainly of very
abundant reddish felspar-fragments and.éuoh of a reddish
pegmatite often with black tourmaline, as well as of |
numerous fragments of highly micaceous gneisses and hybrid-
rocks, quartz, gneissose graphic granite and rarer of
amphibolite, biotite~ and amphibole schists. The ground-
mass is exceedingly rich in felspar, mainly of reddish
colour. As a matter of fact it 1s best described as a

coarse granite-detritus and the conglomerate is obviously

of / 6eo0eo0
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of térrestial origins The parent rocks, from which
the detritus and enclosed rock-fragments are derived,
can be seen outcropping on the lower slopes of the
mountain and the hills to the north as members of the
Abbabis System,

The conglomerate is generally somewhat

'sheared and rendered gneissose to some extent, but not

nearly on a scale comparable with that bf the gneissose
conglomeratic arkoses of the Abbabis System.

Such a well-formed and massive conglomerate
is not everywhere present af the base of the Quartzite
Series, where this is exposed. But everywhere the

basal portion of the lowermost arkoses is particularly
coarse in grain and generally also includes a few
pébbles,asatty. Also at the Otjipateraberg the
massive basal conglomerate ‘only represents a 1en§fi
shaped body, which rapidly decreases in thickness
and finally dwindles away towards the east and west

(vide section).

The Chuos Quartzites nearly everywhere
comprise a basal portion consisting of more or less
coarse arkoses, often with conglomeratic layers or
isolated pebbles. In general these arkoses are
elther entirely eftbedded or bedded only in a very
irregular way, Invariably they are very rich in
felspar, mostly of a reddish colour, and where
netamorphosed to an appreciable degreé, these rocks
may easily be comfused with reddish orthogneisses.

In an upward direction thé grain of these
beds graduslly becomes finer and the bedding at the
same time more regular and closely spaced, until the

arkoses are finally replaced by very compact, fine-

grained and well-bedded felspathic quartzitess
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-latter make up the bulk of the whole series and are
exceedingly weather-resisting.

Petrography: Under the microscope the felspar

is seen to be mainly microoline, but often also plagio-
clase ﬁs not rare. Orthoclase is nearly always highly
decomposed. As far as recrystallisation~processes
allow this fe8ture to be ascertained, the quartz-grains
are on the whole rather sharp-edged and not well-rounded
in the lower, highly felspathic quartzites. Secondary
quartz is most common in the very compact, fine-grained
quartzites, in which the felspar is least obtrusgive.
Undu?lase extinction and kataclastic structures are
generally cbmmon. Muscovite is very abundant, biotite
less common. With the exception of some very compact,
highly silicified beds, Sericite is universally dig=
tributed in great abundance, often together with
secondary‘quartz to form large knots and even ®alls in
the more metamorphosed, otriginally highly felspathic
quartzites, In other highly sericitic specimens
porphyroblasts of biotite and magnetite were found to
occur, giving the qugrtzite a spotted appearandeo
Epidote as an alteration product of the felspars is not
rare, but not nearly common enough to colour the whole
rock. In addition the ordinary accessory minerals of

"granites, such as apatite and zircon are present.

The Thickness of these quartzites, particularly
of the arkoses, 1s exceedingly variable. They were
obviously laid down on an uneven surface and appear
meinly to have accumulated in shallow depressions to
form lens-shaped bodies. The lowermost coarse arkoses

particularly appear to be solely of terrestial originaw,;u

representing mainly a 3ran1to~dotritn§;
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prlace or swept together in shallow basins. Where the
fhiclmess of the whole group suddenly decreames, the
lowermost arkoses disappear first, while th¢ upper,
fine—grained, well-bedded quartzites, which represent
shallow-water deposits, are most continuous.

In the Abbabis-Etusis gorge through the
Otjipatera range it was pdssible to pace off the entire
thickness of this group and fully 2000 M. or somewhat
over 6000 feet were measured at this locality., Towards
the main peak the thickness still further increases,
ti1ll finally the outcrop of the steeply dipping quartzites
is fully 4 km. wide. Beyond this point, however, the
quartzites'are sharply bent northward, §0 that probably
also tectonic movements have helped to increase the
thickness at this point by rock~flowage to the area of
lowent stress.

In the Chuosberg range the thickness of these
quartzites must be enormous. The width measured at |
right angles to the strike of the rocks, which dip vertic:&
to 75° to the south, is 5§=6 Km, near the Chuospforte. ‘
At the northern limb of the anticline, 1in the Khan Mis.
their thickness is already considerably less and east
of Ts;wisis and south of Auksas it is scarcely 25 M.

To the south of the Kuduberge, between Goas and Ukuib,
they locally disappear altogether, Great thicknesses
are further atiained by these reddish quartzites at the
Great and Little Rooiberg, north-west of Usakos and
along the southern bank of the Swakop between the Potberg
in the east and the Langer Heinrich in the west. Their
northernmost outcrop lies approximately 20 EKm. north of
Usakos at the Kudukuppe on Goabeb (vide Map ﬂ%’#‘), but
here the thickness is already very small. North of
thie loeality the Quartzite Feries appears to be un—
represented, = The Maible Series 1§ here underlain by
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prdinary biotite~and other schists, According to
Rcuning‘s Map (7) reddish quartzites make an appearance
again only north of the Ugab River in the area west of
Frangfontein and, since they are represented as under~
lying crystalline marbles, they occur most likely in
the same horizon.

It appears, therefore, that the entire Quart-
gite Series disappearsin a northerly direction and that
in their stead the narrow band of biotite—~ and amphibole-
sohisia, which in the normal area generally separates
Quartzite and Marble Series, gradually increases in
thickness and finally completely replaces the formere
In how far schistose rocks belonging to the Abbabis
System form the floor of the Marble Series in the northe
ern area, it was impossible to ascertain on account of
the unfavourable exposures and the highly folded nature

of all the rocks concerned.

20 Khan Quartglites:

Distribution: In the eastern portion of

the area, in which the Quartzite Series is represented, g
€o804y 1in the surroundings of Usakos and Karibib, the
reddish Chuos Quartzites are normally followed either
directly by the lowermost marble banids or by a varying
thickness mainly of biotite<schists (maximum thickness
about 120-~150 M.}, which separate the two types of

rocke Towards the west, however, and beginning in the
eastern portion of the Khan Mts., west of Tsawisis, and
in the lower Chuos Range west of the old Sphinx Mines,

& rapldly thickening wedge of a different type of
quartgitic rock, greenish-grey in colour, separsates the :
reddish Chuos Quartzites from the overlying Marble group;*'

v
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In the surroundings of the Khan Mine and along the
Swakop valley west of Husab, these rocks attain a great
thickness, which often reaches several thousand metres.
Fince the red Chnoakuartzites af the same time begin
gradually to recede, the former morphologically entirely
dominate over the latter and the colour of the mountain- |
rangesvézzz'changes from reddish to greenish-grey and,
seen from a distance, dark-blue and bluish-black. Honco-l
such nemes as Blauer Heinrich (blue Henry), & conspicuous

peak towering above the canyon of the Khan river just

‘south of the Khan Mine. The RSssingberg is another (

prominent mountain formed by the Khan quartzites and
large portions of the canyon-walls bothk of the Khan and
Swakop Rivers are built up-by then.

In the Khan Mts. west of Tsawisis the thieknossg
of these quartzites already ranges from 1000 to 1200 M. 5
and rapidly increases still further towarde the west, ?
In this area the greyish-green Khan quartzites dre again
overlain by a band of reddish, normal quartzites from
70-80 Mothick, which in turn is followed by the Marble
Series.(?ide Section V). Also in the surroundings of
the Khan Mine these red quartzites are 8till found to
occur in the form of se#eral narrow bands below the
marbles. (Section VI).

Such alternations of fhe two types of rock
are on the whole quite common in the area ofAtransitiona
This feature is particularly noticeable in the mountaine
ous area along the southern bank of the Swakop River
in the neighbourhood of Salem and Gaub, where the main
bulk of reddish quartzites, seyeral thousand metres
thick, 1is overlain by a number of alternating lenses
of red and gmwepishwgrey quartzites of varying thickness.

_ v AS / seeee
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At a number of localities in this area an uppermost
lens of reddish quartzites overlying the greenish-grey
Khan quartzites again swells out to a great thickness,
as for instance to the north and south of Gaub. At
other places in the same area this upper horizon of
reddish quartzites is entirely absent. In the same
connection it may be mentioned that the limestones of
the Marble Series in this particular area are very'inﬂ
conspicuous and even wanting. Where present, on the
other hend, +they are in turn frequently seen to be over=
lain by an uppermost horizon of reddish quartzites, from
30«50 metres thicks, The best exposures of this feature
occur along the road from Sphinx to Jakalswater and north
of the Rote Adlerkuppe west of Jakalswater. At the
latter locality the total thickness of the entire Marble
Series is only 20-25 M. and near Dieptal on the Swakop=
river it is absent altogether.

| The sedimentation in this area was therefore

& rather irregmlar onee

Petrographic description:

The Khan quartzites are everywhere highly
epidotic and hence their géneral greyish-green colours
The grain of the rock is on the whole fine, yet shows a
number of gradations. Very compact and fine-—grained
types generally possess a beautiful pale olive-green or
yellowish~green colouration. - Other varieties are
sugary and light greenish-grey in colour, no individual
grains of epidote being macroscopically visibles The
bulk of the rock, howéver, is somewhat coarser in grain
"with numerous macroscopically wvisible grainé of épidote .
and slightly darker greyish-green in éolour. Since in
addition to quartz and €pidote some varieties contain

macroscopically visible felspar and the bedding of these
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rocks is in general very ill-defined, these somewhat |
coarser varieties frequently resemble a fine-grained
greylsh granite.

Under the microscope the rock is seen to
consist of an interlocking aggregate of quartz and fels=~
par in varying amounts and abundant epidote. The nature
of the felspar varies. .In general microcline pre-
ponderates, but in some specimens orthoclase (highly
decomposed) and plagiclase are in excess, Many varietie,
particularly the finegrained types, show a reddish-brown
garnet to be a main constituent. In addition diopside
is common in nearly all sections and scapolite in a great
many. Sericite is on the whole inconspicuous. Titan-
ite 18 abundant in nearly all sections. The accessory
constituents of granites, apatite and zircon, also
occurs In a few sections chlorite is present, but
on the whole this mineral is not common. In one
section a little sillimanite was found,

Of special interest is the fact, that all
sectiona examined showed the presence of calcite as a
sort of mesostasis. There is therefore very little
doubt that these peculiar rocks originally represented
marine calcareous sandstones. The poéition of their
horizon between coarse terrestial conglomeratic arkoses
and well-bedded shallow-water quartzites on the one
hand and biotite-schists, para-amphibolites and orystal-
line limestones on the other hand is inkomplete accord-
ance with this deduction. The depth of the basin, in
which they were deposited, apparently increased towards
the west, but still was a shallow one, as the occasional
rippie-marks found in these beds show.

Still further west, at the RUssingberg and
along the sides of the Swakop canyon between Haigamchab

and / co0eed
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uﬁaringly distributed and already at the Western

Zphinx Mine they are rather rare, while the ground-
mass of the tillite is identical with the rock just
~described from further wést’even down to numerous nests
of epidote.

It appears therefore, that the rock in
question, here deeribed with the Khan quartzites, is
in reality an equivalent of the Chuos Tillite to be
described in the next chapter. This supposition is
supported by the excellent exposure of this horizon on
the northern slopes of the Langer Heinrich. Here the
- reddish Chuos quartzites are overlain by the rock in
question, massive and entirely imbedded. In its
lower portion erratics are entlrely absent, but they
gradually begin to appéar, until finally the rock
grades into the normal siliceocus tillite containing

numeroug pebbles,

I, THE CHUOS TILLITE,.

Introduction: One of the mogst notable

developments of Gedlogy during the last decades has
been the slow and gradual recognition that ice=ages
have at intervals chilled the surface of our planet
long before the advent of the last Pleistocene period
of glaciation, from the effects of which our earth
appears to be just emerging. The remarkable exposures
and excellent descriptions of the South Afrioan.Dwyka
Tillite have played an important r8le in furtherfiig
and finally establishing the general aococeptance of
world-wide pre-Pleistocene periods of glaciation.

An outstanding and somewhat unexpected
result of the invigorated search for fossil glacial
deposits down the geologic time-scale has been the

accumulating / eecee
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accumalating evidence to show, that they appsar to be
most abundant, even crowded, in the ancient§ dediments
forming the surface of our earth. Thus in Canada,
where the largest arxrea of Pre-cambrian rocks in the

world is exposed, ascording to Coleman®

ice=action
has been proved or shown to be probable in all the
" main subdivisions of Pre-cambrian rockse |
The amount of evidence of giacial work in
these ancient periods is all the more. surprising
*when one considers the age df these rocks and all the
possibilities of the destruction or permanent burial
or submergence of the Tillite, or else of its com=
plete metamorphism into schists", (ibid.p.240). While
not very long ago it was generally held that the
climate of our globe had experienced a gradual de-
crease culminating in the‘(then only known) Pleisto-
cene ice-age, 'it‘now appeara probable that the Pre=
cambrian was the coldest part of the earth‘s history,
with glaciers at work within every one of its main
sub-divisions. Part of this effect may, however, be
due to perpspective, the more distant glaciations
being apparently crowded together because we do not
appreciate the intervals between them". (ibidop.240);
| .elaeial action being mainly chroniclef by
land—~deposits and the bulk of preserved and invegtigat-
ed sediments being déposited by the sea, 1t is obvious
that we must look to the ancient, long-esatablished,
rigid land-masses, such as the Canadian shield and
the South African sub-continent, for the most ocom=-
plete record of the ice-ages, which have affected our

sarth.
Having / secee
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Having passed througﬂrhe stormy stage of its
development a8t a very early date of the earth‘s history,
South Africa presents to the investigator & very long
succession of continental and shallow-water deposits
dating right back to Pre= aﬁd early Proterozoic times
and only rarely interrupted by marine invasions. It
is not surprising, therefore, that South Africa already
now presents a formidable array of proved and well
established ancient tillites. With the extension of
geolagical research also into the more remote and
lesser known areas this record, judging by past
experience, will in all probability be still further
augmented and make South Africa into what it is fast
becoming: the classical country for investigations

in ancient glaciologye.

Extent of Occurrence: The Tillite wag first

discovered in the Navachab Hills, a few miles west of
Karibib, and then found to extend interruptedly in

a southwesterly direction past the Otjipatera or Etusia
mountain and the Tachub to the southern slopes of the
Chuos mountains, where its finest expoaﬁres occur and
where it attains a great thickneas. It was here, in
the vicinity of the 0old Sphinx mines that. ProfoRsBs
Young had independently noted the resemblance of this
rock to a tillite sometime previously (Verbal communioca-
tion).

It was still found characteristically develop=-
ed along the western margin of the degree-sheet at the
Husabberg or Palscher Heinrich and on the northern
slopes of the Langer Heinrich just south of the Swakop
River, a distance of 70-75 miles to the south-southwest

Atv / ..'.."
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At the latter point the tillite is overlain by a great
thickness of banded rocks representing ancient varves
and these stretch southwards through the Tinkas game~—
regerve, unfil they disappear beneath the surface-
deposits of the Namib half-way between the Swakop and
Kuiseb rivers. West of the mapped area the peculiar
quartzitic rocks already described as closely resembling
the matrix of the siliceous facies of the tillite, and
‘occupying the same stratigraphic horizon, undergo &
tremendous development along the lower Swakop beyond
its confluence with the é?fh»river between Haigamchab
and Richthofen, as well as at the RUssing mountain,
roughly 90 miles to the southweat of Karibib.

The writer‘s colleague, Mr.W.de Kock, has
gince then found the tillite also to continue into the
Rehoboth éistrict, some 80-90 miles to the south of
Keribib, where the quartzite and marble series again.
reappear from under the massive body of schists and
phyllites of the Khomas Highlandse

Recent work by the writer in the region
south-east of Windhoek has shown the presence also
in this area of peculiar quartzitic and schistose
- rocks contalning a variety of pebbles distributed in
a way strongly suggestive of glacial deposition in
the same horizon, i.e., between the Quartzite and
Marble Series, .

It will be seen, therefore, that the
glacial rocks occur over a wide area and it is evident
that the glaoiation.responsible for them must have

been a considerable one.

Mode of Occurrence and Thickness:

The distribution of the tillitiec rock is
very irregular and patchy and it is obvious that a

: large / sesse
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large amount of rearrangement, complete or partial
removal and scattering of the glacially deposited
material must have been effected by the waves of the
encroaching sea, for immediately after the depoiition
of this material the whgle area was completel& in-
undated., Partly as a result of the marine trans~
Bression the outcrop of the tillite is very intermittens
and its thickness varies between very wide limits,
though of course regularity in the deposition of its
materials is never a characteristic of glacier action
as shown by nearly all tills, ancient and recent. The
approximate thickness in feet along more or less the
same line of outcrop from N.E.,, t0 SeWo (75 miles) are
as follows: Navachab 350-400; Etusis 70-80; Tachud
40-60; Chuospforte at least 1500-~1600; Sphinx Mines
300~-%350; Husabberg 10. At the Langer Heinrich south
of the Swakop river it is about 300-500 feet. Further
west again in the unmapped area~élong the lower Swakop
the thickness of the massive unbedded quartzitic rock
containing occasional pebbles and identical with the
matrix of the upper portion of the typical tillite and
oocupying the same horizon, around Goanikontes and
Birkenfels, must be 2,000 feet and over.

In genersl it may be said that where the
underlying quartzites are very thick and massive, the
thickness of the tillite is also considerable, Thiis
at the Chuosberg the thickness of the former must be
_in the vicinity of 15,000 feet and more and here the
typical tillite attains its greatest thickness. It
is obvious that the basal conglomerate and the massive
quartzites were collected mainly in depressions of the’

ancient landsurface before inundation by the sea, for

it / seoee






J4

it is8 not uncommon for the latter to narrow down and
even pinch out completely over a distance of only a

few miles. These same aepressions must subsequently
also have served as centres of accumulation and pre-

gervation of the coarse glacial depositse.

General description:

Apart from the metamorphosed state of its
matrix, the tillite as typically developed at the
Chuospforte bears a remarkable resemblance to that
classical example of a fossil till, the Dwyka tillite,
in spite of the enormous interval of time separating
them, From a little distance their weathered sur-
faces present an almost identical appearance, as some
of the accompanying photographs show.

The rock exhibits all fhe characteristic
features of a fossil till., Its bulk is completely
unbedded, the argillaceous facies at the Chuospforte
being massive and showing no indication of stratifi-
cation over 500-600 feet. There is not the slightest
sign of assortment of the embedded pebbles and boulders,
which are of all shapes and sizes as the accompanying
photographs make clsear. Angular pebbles by far
predominate, though well-rounded ones are not rare.
Both angular and rounded are very frequently facetted
in a way typical of striated stones, This is par-
ticﬁlarly noticeable in rounded boulders and pebbles,
The size of the boulders and pebbles varies within
very wide limits: from the constituent particles
of a grit to boulders over 3 feet in diameter, The
largest were seen in the Navachab hills, where very

angular elongate slabs of rock 3 to 5 feet long were
found. On the whole, however, such very large
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masses of rock are rare and bouiders exceeding 2-% feet
in diameter are not very common.

Although numerous facetted pebbles and bould=~-
ers were found and even some still showing indications
of striae on what once were polished surfaces, no
uncontestably striated stones have so far been dig-
covered, It is also very unlikely that such will
be found in the future. In a rock of this age, it
would indeed be surprising to have found the delicate
gtriae surviving all the forces of destruction acting
on them throughout countless years. Different $types
of rock are striated with very different degrees of
réiiness and even in recent tills/' and moraines of
to—da% particularly where they do not comprise lime-
stones, striated stones are by no means always very
abundant and may even be rare.

But quite apart from these considerations
it borders on. the obstinate to demand the preéence of
striated stones in a rock of such age to prove its
glacial origin, when all remaining characteristios are
typically developed. Not only do the rocks of the
Damara System beldng to some of the very oldest sediw-
ments known, but in addition they have suffered
tectonic stresses and metamorphic changes to a very
high degree. In the words of Coleman (ibid p.226):
*it is indeed surprising that striated stones and
atriated surfaces should have been preserved at all
in so ancient a formation (Lower Huronian Cobalt
Tillite of Canada). This ocan only be accounted for
by the fact that the Leurentian Shield has been largely
exempt from folding or faulting since it was deposited,
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Wherever faulting and slickensides occur, as at
Timigami, forty miles south of Cobalt, striated stones
are wanting, the delicate polished and striated sur-
faces having been destroyed". Not only are the rocks
of the Damara System in all probability still older
than the Canadian Tillite mentioned, but they have been
subjected to the maximum of tectonic stresses. When
one takes such powerful factors as mechanical deforma=
tion of the pebbles, rock-flowage and surface-solution
into account, the preservation of strise would seem
impossible in such an ancient rock. In many instances
the pebbles are surrounded by a film of sericitic flakes
and present a pitted surface. Embayed contours due
to solution can be seen macroscopically even in very
large boulders. In other instances secondary silicifi-
cation of the whole rock has been so ihtense, that
pebbles and groundmass have been welded together and
the boundaries between them obliterated.

The matrix of the rock varies both in
macroscopic appearance and mineralogiocal composition.
It may be clagsified into two types: an originally
srgillaceous matrix and one originally main;y arenaceous.
The former has been mg;amorphosed into a typical bio~
tite-schist, very often knotted and spotied, and
macroscopically generally presents a dark-grey to dark
greyish-blue appearance. The knots consists mainly
of cordierte and secondary quartz. Under the micros—
cope this matrix is seen to be composed of an aggregate
of angular quartz grains and small flakes of biotite.
The other, arenaceous type has been changed into a very
peculiar greenish-black siliceous rock, very dense and
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compact and exceedingly hard. Macroscopically no
individual grains'of quartz can be seen, secondary
gilicification having entirely obscured its original
texture. Probably this quartzitic rock originally
repregsented a very finegrained sandstone or silt.
Gradations between these two types naturally also
~exist, shown mainly by the appearance and gradual in-
crease of biotite,

Originally this type of matrix and its
transitional stages must have been highly felspathid,
now evidenced by the marked abundance of epidote,

Some varieties, particularly the massive unbedded rock
containing few or no pebbles at all, 4is characterised
by veritable nests of epidote. The underlying Khan
quartzites also contain this mineral in great profusion
and it is a feature of the massive, unbedded dark
siliceous rocks occupying the horizon of the tillite
in the area around Goanikontes and Birkenfels.

Occasionally, particularly in the uppermost
portions of the tillite, there occur beds of ordinary.
finegrained, light-reddish or whitish, only slightly
felaspathic quartzite also studded with angular pebbles.

The proportion of pebbles and boulders to
the matri*’in general stands in direct relationship
to the mineralogical nature of the latter. Where the
matrix is siliceous, +the rock 1is generally packed with
boulders, very often to such an extent, +that the
latter preponderate over the former. Very large
boulders are most frequently to be found in this type
of rock. The angularity and sharp contours of the
embedded rock-fragments, although very marked through-
out the whole tillite, 1is particularly pronounced in
the siliceous rocks. The schistose, originally
argillaceous type in general contains the pebbles and
boulders more sparsely distributed and the matrix
always preponderates.' The bulk of the former are
also smaller, although large boulders of 1-2 feet e
diameter are also tb be found. In short, except for
the metamorphosed nature of its matrix, +the schistose
type very clbsely resembles the ordinary bluish-grey
Dwyka boulder-mudstones

All these features point to the greater
activity of glacial action and the marked vicinity
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to the actual area of erosion in the case of siliceous
types This is further shown by the superimposition
of the two types. Almost everywhere the tillite beging
with the schistose facies, that is to say, where this
type at all occurs, it forms the bottom and the top
layers, as the two characteristic sections given |

(pe } show., At the Chuosberg this type

forms considerably more than half of the bulk of the
whole rock and a massive unbedded bottom-~layer of

600~700 feet thickness.  Beyond this bottom portion
alternation of schistose and siliceous types sets on,
t1i1ll the latter predominates and forms & massive horizon.,
Towards the top the two types again alternate, the
schistose gradually increasing till it again forms the
topmost-layers before the commencement of varves,

These features and the previously mentioned
phenomeng very clearly point to the gradual advance and
retreat of the ice=front of the glacier or ice-sheet.

The coarser siliceous material is deposited nearer the

scene of active scouring, grinding and plucking of the

glacier and the fragments deposited in it are on the
whole larger, more numerous and more angular. Further
away everything in general shows lesser dimensions, the
sandy matrix changing into a o¢lay or mud. These chaenges
can be traced along the line of strike of the sediments
in the lower portions of the tillite from Chuospforte
to the Navachab Hills, as a compariSon of the two
sections given will make clear. The area of the
Navachab Hills during the first advance of the ice was
nearer the scene of active erosion than that of the
Chuespforte 20 miles to the south-west, a fact to be
referred to again later. Since, however, all the beds
having been intensely folded and vertical dips being
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predominant, only a few narrow sections along the line
of strike are available, there is very little scope for
such investigations. | With the advance of the ice
coarser material came to overly the finer and alterna-
tions mark successive advances and recessions of the
ice~front. The very thick and coarse siliceous tillite
designates the farthest advance of the ice lasting for
the longeét period. Alternation of the two types in
the upper portions of the tillite again demonstrate a
. fluctuating ice~front, while the ultimate prepondér-

ence of the schistose variety followed by fossil varves
marks the final recession of the ice from this area
and the formation of glacial lakes in front of the
glacier or ice=gheet, The section at the Chuospforte
shows 8~9 mgjor advances of the ice~fronte

The fact that the greatest thickness of the
schistose variety occurs in the bottom portion of the
tillite before the deposition of any coarse material
and that in the upper portion a%ter altei?tion it is
‘relatively thin and quickly followed by yarves, in-
dicates a relatively slow advance of the ice and a
comparatively fast recession after its furtherst
extensiona

Very similar fegtures with regard to a sandy
and argillaceous matrix have been noted by Beetzp in
the oasevof the tillite occurring at the base of beds
stated'by him to be Folded Nama, and by Haughton and
Frommurze™in the case of the Dwyka Tillite in the
southern portion of South West Africa,
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The rock fragments enclosed in the tillite
belong to a variety of types. At the Chuospforte
the most abundant are: = Vein quartz, brownish-grey
quartzite (from the underlying Abbabis beds), whitish
aplitic and microgranite and both para- and ortho-
gneissés. Some of the latter have been found to be
intrusive into the Abbabis beds, but on the whole their
area of origin is so far not very apparent, Highly
angular, slablike fragments of schistose and amphiboli-
tic rocks from the Abbabis beds also occur, but are
never abundant. In the Navachab Hills, where in the
siliceous tillite the angular rock fragments pieponder—
ate over the matrix, a white, probably bleached,
porphyritic gneissose granite predominates. This rock
except for its marked white colour, resembles in
structure and degree of gneissosity the plagioclase -
gneiss intrusive into Abbabis beds of the immediate i

neighbourhood. In addition there occur fragments of

A

vein quartz, somewhat gneissose types of graphic

granite, microgranite, aplite, white pegmatite with

" tourmaline, amphibolitic rocks and whitish and brownish ;
quartzites of the Abbabis beds., On the whole the en-
closed rock fragments appear to be less highly
metamorphosed and in the case of granitic rocks show

a lessor developed gneissose structure, than the
parent rocks in the vicinity, where the latter are

known. Their isolated position in the yielding

matrix apparently exerted a protective influence.
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I  SECTION AT THE CHUQSPFORTE FROM TQP TO BOTTOM.
: DIP 90 = 75% S.E,

Thickness in feet:
Salem granite in contact with gquartzose

biotite-schistse.

500 - 600" White crystalline limestones (marble)
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150°
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laminated amphibolitic and biotite~
schists alternating with narrow bazdds of
fine-grained black gquartzite.

white crystalline limestones.,

laminated biotite schists with alter-
nating narrow bands of black quartzite
(suggestive of varves,) '

grey crystalline limestones

schistose Tillite, i.e. matrix®biotite
schist; pebbles small, abundant in some
layers, sparing in others.

biotite-schists with occasional small
pebbles, mostly unbedded, but containing
a few horizons of alternating laminated
schists and narrow bands of black quart-
zite (varves).

whitish-grey phyllitic quartzites (serici-

tie).

Tillite; pebbles mostly small but
abundant; matrix dark, semi-siliceous.

Yellowish-white, finegrained, felspathic
quartzite showing cross-current-bedding;
enclosed stones numerous and all angular,

very compact quartzite, less felspathic;
enclosed stones all angular,.

dark siliceous tillite; pebbles and
boulders abundant; matrix somewhat
biotitic,

schistose tillite; pebbles sparingly
distributed,

ordinary dark silicecus tillite (Matrix
slightly biotitic) with numerous pebbles
and some very large boulders.

schistose tillite: pebbles abundant, but
not as numerous as in siliceous tillite,
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light grey quartzitic tillite; matrix
entirely siliceous; stones numerous.

dark siliceous tillite.
gschistoge tillite.

dark siliceous tillite packed with
pebbles.

schistose tillite.
dark siliceous tillite.

schistose tillite with some very large

boulders.
tillite, packed with stones.

schistose
spotted.

tillite; matrix knotted and

siliceous tillite; matrix somewhat
biotitic; pebbles abundant, but small.

Enotted and spotted schistose tillite.

siliceous tillite; matrix somewhat
biotitic.

ordinary siliceous tillite with numerous
and very large boulders.

knotted schistose tillite, weathering
yellowish-grey, pebbles numerous, but
less abundant than in siliceous tillite,
mostly small, with occasional large
boulders. Entirely unbedded.

Very massive, fine-grained, pale reddish-
brown felspathic quartzitd with nests of
epidote, resembling matrix of some types

of siliceous tillite; nao pebbles;

followed by the ordinary well-bedded,
finegrained, felspathic Chuos quartzites.

SECTIQN IN THE NAVACHAB HILLS NEAR KARIBIB, FROM

DIP 40 - 500 S, E.

Thicknesg in feet (approximate only)

Crystalline limestanes, pértly amphi-

bolitic and impure, with biotite-schists
and para-amphibolites.
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quartzitic tillite, crowded with
boulders.

impure limestone with narrow bands of
dark quartzite.

greenish tillite, matrix quartzitic with
epidote.

phyllitic micaceous quartzites.

greenish tillite.

phyllitic quartzites.

greenish tillite.

white, highly siliceous compact quartzite,

Main(greenish) tillite, crowded with
angular rock fragments, many very large.

gritty, schistose tillite.
greenigh tillite.
tillite with amphlibolitic schistose matrixe.

schistose tillite with numerous boulders
of a bleached porphyritic gneissose granite

greenish-black quartzites, the top layer
containing rock fragments.

hard, greyish~black indurated, fine-

grained quartzites.

ordinary reddish-brawn, felspathic
quartzitese.
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Ancient varves: It has already been stated, that the
~iaminated‘schiStosé rocks alternating with narrow quartzitic
layers overlfiying the tillite at the Chuospforte are
suggestive of glacial varves. Around the Langer
Heinrich south of the Swakop Rivér, in the area of
Tinkas and stretching south towards the Kuiseb)banded
rocks immediately overlying the tillite or its horizon
undergo an enormous development, The northern slopes

of the Langer Heinrich show the tillite 300 "-500"

thick) to be gradually grading intogzzzﬁickness'of
banded rocks, consisting of alternations of thin layers

of laminated biotite-schistsAand thicker bands of an
exceedingly compact greyish-black to greenish-black
guartzite, which under the microscope also contains

some dark green hornhlendé;g;opside. This rock must
originally have been a very fine somewhat calcareous
siliceous silt. In some horizons these quartzites are
ripple-marked, the ripples indicating the current that
produced them to have come from the west. in some
horizong both bands are siliceous, no doubt due to
increase in the wvolume of the glacial streams, but whereas
the narrawer band is then dark and contains flakes of
biotite (original argillaceous admixture), the wider band
is light in colour and more purely siliceous. ilhese
banded rocks here attain & thickness well over 1000 feet,
around Tinkas they probably approach 2000 feet. Thﬁ
thickness of the individual bands varieé within wide limits.
Sometimes measuring only a few centimetres, very often
they are much wider and the light siliceous bande may
'be over & foot and even two feet thicke In this case

tbe latter generally also exhibit a subordinate banding,i.e.
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a few darker layers, no doubt due to minor temperature
variations during the summer.

It will be seen from this description
and the accampanying photographg that these pééﬁliar
banded rocks agree very closely with pleistocene varves
and also those described and pictured from the Squantum
Tillite © and the Cobalt Tillite of America (Coleman
ibid, p. 223)s For a further comparison with recent
varves, the reader is referred to: Kindle, E.M:
Sedimentation in a glacial lake (Lake Cavell, Hocky
Mountains); Journ. Geol. Vol. XXXVIII No. 1, p.81l.

The photograph af recent banded glacial sediments re-
produced in this publication is almost identical with
some of the more thinly banded rocks at the Langer
Hdnrich.

It is quite clear, therefore, that a
fresh-water lake of considerable size must have existed
in this area in the fereland of the glaciated regiaon.
The water must have been shallow as evidenced by the
ripple-marks of some of the siliceous bands.

| No attempt was made to follow in the
footsteps of Baron Gerard de Geer, and to count accurately
the I;umber of varves and deduce the length of time
during which deposition lasted at this locality. As
already stated, the total thickmess of these banded
rocks south of the Langer Heinrich probably approaches
2000 feet, and on its northern slopes a thickness
exceeding 1000 feet is exposed before being cutf off by
Salem Granite (it must be remembered in this connection
that 40 miles north of this locality, at the Chuospforte,
the thickness of the tillite itself exceeds 1500 feet).

X Sayles, W: New interpretation of the Permo~ carboniferous
Varves at Squantum. Bull. Geol. Soc. Amer,
Vol. 40, No. 3, 1929, p. 541-546.
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At a place, where the individual bands are very narrow,

18 to 20 p;irs were counted to the yard, and at another
locality, where they were considerable wider, some of the
light siliceaus bands exceeding 1 foot in thickness, as
many &s 150 pairs aover a thickness of 30 yards.

No reliable average can therefore be obtained by counting
the varves over a limited thickness e&nd it is left to

the reader to arrive at his own conclusions as to the
length of time necessary for these banded rocks to have

been deposited.

Mode of Depasition. Although only a comparatively
small portion ofithe Central Portion of S.W.A. has been

mapped se far, nevertheless the outcrops of the tillite
are already known to occur over a considerable area in
accordance with the tectonic plan of the coumtry. It
may be s&id to have been proved over an area of roughly
6000 square miles. The writer feels confident that
future mapping will still considerably extend the limits.
Already now it is apparent that ﬁhe tillite is not the
result of a minor local glaciatione Its remarkable
thickness at the Chuospforte together with that of the
banded varve-rocks south of the Swakop still further
stress this pointe. The thickness of both t&pes of
rock are considerably in excess of that of any known
deposit of the Pleistocene and Dwyka periodsof glaciation.
unfortunately the highly folded nature of
the sediments afford little scope for regional investigationes
of the tillite, except on a vey limited scale. . Euch of
the detail of its mode of deposition will therefore
always remgin hidden. The following points, however,
are clear, The tillite represents the deposit of an

ice-sheet of great extent and duration.
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The thicknesses already commented on leave very little
doubt about this point. 1In spite of the complex
folding of the rocks of the Fundamental complex, it
- is fairly clear that the land-surface on which the
Chuos quartzites were in process of deposition was
gradually being worn down into a vast peneplain.
It has previously been stated that the basal con-
glomerate and overlying quartzites were ﬁainly deposgited
in wide shallow‘depreSSions, which were gradually
filled. For while the basal beds overlying the con-
glomerate are mostly very coarse arkoées, towardé,the
top they became progressively finer and the upper
portions represent finegrained, well and usually rather
thin-bedded quartzites.  With the onset of the glacial
period peneplanation must have been complete, for the
unifeorm distribution of overlying marble-horizon shows
the inundation by the sea to héve taken place smoothly
and comparatively quickly. Nowhere is there any
evidence of mountains rising abave the plain or a hilly
character of the submerged landsurface. The latter,
as shown by the uniform and very wide-spread develop-
ment of the rocks of the Marble &nd Khomas Series
over the whole of central S.#.A. must have been a very
extensive one.

There is little doubt, therefore, that
the tillite was deposited by an extensive ice-sheet
occupying low-lying country. ‘the floor of the ice
in the area under discussion was formed largely by
newly formed sédiments (Chuos quartzites) and in part
by a variety of older, already consolidated rocks.
Glaciated pavements therefore could originally have

been present on only & limited scale.
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This fact also explains several differences
in the development of the tillite, for instance at
the Chuospfqrte andzzhe Mavachab Hills. At the
former locality the lowerschistose tillite is very

thick and contains mostly small pebbles and these in

’P‘

comparisoj with the siliceous tillite rather sﬁéringly
distributede While the majority of pebbles ére
angular, rounded ones are also not rare. In the
Navachab Hills the lower schistose tillite is com-
paratively thin, while the bulk is of the siliceous
type ahd moreover so crowded with rock fragments, that
the latter preponderate over the matrix. Nearly all
fragments are here h;gbly angular and very large ones
are quite numerous. Some horizons of the siliceous
tillite almost have the appearance of breccias.
4Although the tillite is here in part still underlain
by gquartzites, yet a few kilometres away the latter
pinch out compidktely and the ice therefore ploughed

- over s0lid rocks, mainly & gneissose granite intrusive
into the Abbabis beds. A large amount of plucking must
have been effected by the ice, as shown by the great
number of very large, slablike fragments of the

former rock. '

The tillite, as developed over the major
portion of the'area, constitutes a typical ground-moraine.
The epidotic type containing very sparsely distributed

pebbles or apparently none at all)in al} probability
'represents the deposit from stagnant, inactive portions
of the ice-gheet.

Extensive glacial lakes must have existed
in the fore-land of the ice-front, probably formed mainly

ost
after its furthefght advance. The largest in the
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area examined was situated in the regiom of the
northern Tinkas game reserve between the Swakop and
Kuiseb rivers. The enormous thickness of the varve-
deposits show the glaciation to have continued over a
very long interval of time, The upper portion of the
banded rocks at the Langer Heinrich show about half a
dozen very narrow bands of marble (from 1 to 12 feet)
to be interbedded with the varve-deposits. Generally
the adjoining schistose and siliceous rocks are less
regularly banded than those away from the layers of
crystalline limestone in accordance with the fact that
varves are not formed in salt-water. This
interbedding shows that by this time eégrogenetic
sinking had progressed to such an extent, that the
surface of the area now practically lay at aea-level
| and the sea as a consequenve was enabled to make & few
brief inroads before the complete inundation of the
whole area commencing with the deposition of the main

marble horizon,
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III.- THE MARBIE SERIES.

The main rock-constituents of this group are crystalline
limestones, generally termed marbles throughout South West
Africa. They are mostly coarsely crystalline and of a variety
of colours. Although narrow bands of crystalline limestone
also occur in the mica-schists of the overlying Khomas Series
and occasionally also as small lenses in the &uartzite §eries,
this feature is nevertheless not too common in the area under
discussion and all major bands of crystalline limestone belong
to a well-marked and conspicuous marble horizon. Associated
with the limestones occur as subordinate members of this group
and mainly as intercalations of varying width :- dark biotite-
and biotite-amphibole~schists, black and greenish-black para-
-amphibolites and)occasionally in the lower portion of the
group narrow bands of finegrained quartzites, generally dark in

colour and often containing needles of greenish hornblende.

The petrographic nature of the rocks of this series
is therefore rather uniform, the number and succession of
individual marble~bands within the group on the other hand

very variable.

At the Great Rooiberg and the Gamgamchab range near
Usakos for instance the uppermost finegrained reddish quartzites
are immediately overlain by a very conspicuous band of brilliant-
~-ly white, sugary marble, which in turn is then directly followed
by the normal greyish limestones. Almost everywhere else,
however,the lowest major marble-band is separated from the
quartzites by a varying thickness (40-150m) of biotite schists
and amphibole-bietite-schists. ‘While the first instance
yields /...
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Yields a very striking colour contrast, the latter case

is responsible for a very characteristic morphological feature
as exemplified by the southern slopes of the Otjipatera and
Chuos ranges : the limestones form a parallel mountain chain
or ridge lower than that of the quartzites and separated from
the latter by a deeply indented saddle formed by the interca-
-lated schistose rocks (vide Photo Plate /g ).

In general the main bulk of limestones:Lnited into
one major marble band, in comparison with which any other
bands that may occur are merely accessory. This is the case
in the Kampaneno Mountains north of Omaruru, in the area
between the Erongo and Brandberg, at the QOtjipatera and Chuos
Ranges, north of the railway from Ebony to Arandis and again
around the lower Swakop at the Husabberg, Pforte and Witpoort.
At other localities, however, the marble horizon is mainly
made up of two bands of more or less equal dimensions and
separated by biotite- and amphibole-biotite-schists as well
as para-amphibolites, as for instance in the Khan Mountains
west of Tsawisis. More rarely, e.g. in the neighbourhood of
the Khan Mine, the whole horizon is constituted by several

less conspicuous layers of varying width (vide Sections IV - VII)

Thickness: Accompanying this irregularity in deposition is
a great variability in the thickness not only of individual
layers, but of the whole horizon. Although as a whole the
marble horizon is far more continuous and consistent than the
underlying @uartzite,ﬁeries, nevertheless the conditions of
sedimentation must still have been somewhat unsettled.

The marble horizon attains its greatest thickness in
the area of the Kampaneno Mountains north of Omaruru, where
it is represented by a single band t 700-900 M. thick, and in
the neighbourhood of Karibib, where 650-700 M. were paced off

at the Otjipateraberg.
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The following table illustrates the variable
thickness :-

at
Kampaneno £ 700-900 M; Karibib ts500 M; Otjipera(Etusis)

A

650-700 M;  Chuospforte ¥'400-450 M; Sphinx ¥450-500 M;
Pforte 200-300'M; Rote Adlerskuppe west of Jackalswater
22-25 M; Aukaspforte 0-5 M; Khan Mountains near Tsawisis
+ 120 M; Khan Mine (several bands) ¥ 230-250 M; Audawib

0-100 M; Dieptal 15 M; Langer Heinrich 0-6 M.

Locally, e.g. between the Aukaspforte and Tsawisis,
the marble horizon may disappear altogether. In general the
total thickness is greatest in the nofthern and north-eastern
portion of the area and decreases towards the west and
particularly towards the south. In the former area the marble
horizon is an important morphological factor, particularly
since the Quartzite §eries is completely absent.

Along the Swakop River from Otjimbingwe to the
Langer Heinrich and south of this area the marble -horizon
is very inconspicuous or absent altogether over considerable
distances, e.g. south of the Herehisspitze and around Tinkas.
In this area one may speak of an argillaeeous facies of the
Marble Series, in which the limestone-bands entirely recede
and biotite~and biotite-amphibole-schists form the bulk of
this horizon. At the Potberg for instance there is no
conspicuols marble-bed at all and the quartzites are overlain
by normal biotite-schists through which are scattered at
intervals a number of narrow bands and lenses of limestone.
On the northern slopes of the Potberg near Gamikaubmund twenty-
-three such bands, none exceeding 30 M. in thickness, were
counted irregularly distributed throughout a thickness of
800-1000 M. of schists. Most of these bands and lenses are

less than 8-3 M. in thickness.

At /...
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At Grastal, near Palmtal (Pot-Mine) the following

section through this horizon is exposed :

Bottom.,
30 M.
6 M,
25 M.
32 M.
18-25M,
2 M.
+5 M.

7 .

M
M
1.3 M.
M

M
o M

O M,

.3 M.

1.1 WM.

3 M,

Section III.

Metamorphosed, highly sericitic, knotted
quartzites.
Lenses of a peculiar, brownish-weathering rock
éonsisting in the main of Diopside rich in
magnesia.
quartzitic biotite-schists and quartzphyllites.
conglomeratic biotite-schists (Tillite horizon).
quartzitic biotite-schists and phyllitic quartz-
~ites,
biotite-schists.
yellowish crystalline-limestone.
biotite-schists.
crystalline limestone.
biotite-schists.
crystalline limestone.
biotite-schists.
crystalline limestone.
biotite-schists.
crystalline limestone,
biotite-~wchists.
crystalline limestone.
biotite-schists.
crystalline limestone.
biotite-schists.
crystalline limestone.
biotite-schists.
crystalline limestone.
Several hundred metres of biotite-schists cut
off by Goas Granite.
on /ees
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On the northern slopes of the Langer Heinrich there
occur interbedded with varve-like, banded rocks overlying the
tillite, 4-6 very narrow bands of crystalline limestone
ranging in thickness from .3 to 4-5 M. South of this mountain,
in the surroundings of 1inkas, limestones proper are absent
altogether. |

In this connection it may be mentioned that on accoumnt
of the peculiar tectonic structure of the Fundamental Complex
in this region enormous thicknesses of marble are sometimes
simulated. Particularly is this the case in the northern area
between the Khan and Ugab Rivers, where the underlying Quartzite
Series is absent. In this region exposures of marble several
kilometres in width are no rarity. Also at places of powerful
torsion and bending great thicknesses of limestones are
sometimes accumulated through rock-flowage into the areas of
minimum stress; as for instance on Dorgiivier between the
Chuosberg and the Swakop River. Vefy sudden attenuations of

marble~bands are no doubt in many instances due to the same

. cause.

Petrographic description:

- “rhe predominant colour of the limestone is bluish~-
-grey, but greyish-white, yellowish-white and pure white
varieties are also widely represented. The macroscopic
appearance of these rocks is entirely dependent on the degree
of metamorphism, which they have undergone, particularly that
of recrystallisation. In the vicinity of granite intrusions
the latter has usually reached a very high degree. This type
of rock lacks any weather-resisting qualities and dimintegrates
into rhombohedra of calcite of varying dimensions. The latter
not intrequently possess a length along the face~edges of

more than S cm. These calcite-rhombohedra may be greyish,

greyisé—blue, milk~white, pink or lemon-yellow in colour.

Clear tfansparent rhombohedra of iceland-spar are exceedingly

In/ees
Tare., .
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In areas, where large granite-intrusions are absent
or large thicknesses of biotite-~schists have protected the
limestones, the degree of re-crystallisation has generally beer
high enough to produce a coarsely granuiar tekture. At some
localities, however, e.g. in the Etiro hills and the ﬁernburg
Range (Marble gquarries) near Karibib, a large portion\of
the rock is finegrained and even dense. ‘The weathered
surfaces of this type of rock often closely resembles the:
Hulifantsklip" of the Transvaal dolomite and other more youth-
~ful 1imestonés. tThese finegrained types, however, nearly
invariably show indications of originally colloidal argillace-
-ous, ferruginous and bituminous admixtures, which exerted
a protective influence during re-crystallisation. The original
banding of the limestones has on this account been most complete
-ly preserved in the latter type of rock,

In many/n;rizons the limestone is crowded with para-
1lel bands of chert, now frequently rendered crystalline.

These chert-bands are almost invariably highly interfolded and
~contorted, very often to an extraordinary degree. ‘'his feature
testifies to the marvellous plasticity attained by these lime-~
~stones during the intense folding movements/ that affected
them. In the area south of Neineis and QOkombahe, the lower
portion of the marble~horizon is particularly full of rusty-
-brown chert-bands and in addition highly farruginous. The
whole rock weathers with the production of a characteristic
dark-brown colour and is a great aid to stratigraphic orien-
-tation.

In the same area a brilliantly white, sugary lime-
-stone forming the topmost layer of the whole group, forms an e>
-beediné;useful marker-bed. As a result of its compact and
resistiné nature it forms a number of very conspicuous, snow-
-white hills. Its thickness varies from less than 1 M. to

over 3Q W, In éﬁditi@&‘the rack is eveprywhere crowded with

small glisteﬁing flakes of graphite. This rock therefore
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originally must have been an impure bituminous limestone and
also in this case the protective influence of colloidal
admixtures during recrystallisation is very apparent. Even
where this rock is in direct contact with intrusive granites,
it still possesses the normal sugary grain and its compact
texture/while the bulk of the underlying originally purer
limestones,free of graphite, although further away from the
granite intrusion, have been completely recrystallised and dis-
«integrate§l into large and small rhombohedra of calcite.

Under the microscope the finegrained limestones are
seen to consist of an interlocking aggregate of calcite-grains
and to contain very few alteration ﬁinerals. Occasionally
secondary silicification is a notable feature. In areas in-
~-vaded by granites, the texture, as already stated,is much
coarser and the calcite ideemorphic to a greater degree. 1In
this type of rock tremolite and actinolite, generally macro-
-scopically visible, are widely distributed. Frequently these
minerals, particularly the former, form a major-constituent
of the whole rock and on the Husabberg, west of Pforte, there
occur lens-shaped bodies of pure tremolite several feet,
occasionally yards in length, scattered throughout a particular
horizon of the limestone. Although pegged, this occurrence
from aq'economic point of view is valueless. In the area of
Witpoort and Husab, south of the Swakop River, there occurs
a rack, in which not only a large portion of the calcite has
been altered to fibrous tremolite, but the remaining portion
also so completely silicified, that a rock of remarkable tough-
-ness has been produced. In the same area, the limestone,
silicified or otherwise, very frequently presents pink and
greenish spots (diopside) and at Witpoori a highly silicified
rock of this description in addition contains green beryls
along a pegmatite contéct.

Of/ces
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Of all rock-types represented in the Damara System,
the limestones\have offered the greatest resistance to the
widespread granitic invasion. Whilgf%verlying schists very
often have been displaced, disrupted and to some extent assi-
-milated, it is not uncommon for marble ridges to continue
right through granite intrusions of considerable size (7 p.236).

In the sougfrh portion of the area the overlying
schists have almost invariably been displaced or partly assi-~
-milated and granite-bodies show a marked predeliction for
intrusion between the marbles and schists to fill synclinal
basins. Granite-limestone contpacts are therefore exceedingly
common and a large portion of the ore-occurrences are connected
with them (Gamikaubmund-, Ida-, Saddleback-, Henderson Mines,
etc.). Calc-silicate rock is therefore very abundant and
includes : Almandine, Andradite, Grossular, rarely Uwarowite,
Diopside, Epidote, Wollastonite, Forsterite, Tremolite, Acti-
Qnolite, Scapolite,ATitanite, Apatite and Fluorite. Deposits
of massive garnet are very common and in the neighbourhood of
Husab and Palmtal there exist veritable hills and ridges of
this miner?l, the cgﬁite having been almost completely used
4&;«;ﬂ~namev§d. Unfortunately, although to be expected,
the garnet is mostly rich in Ca0 and Andradite appears to
be most common. Pure almandine, mostly used for the manu-
-facture of garnet-abrasives, while present in considerable
quantity, is only subordinate in bulk.

Near Omburo, northeast of Omaruru, there is a large
deposit of Fluorite in limestones of the Marble Series.é‘At
a number of these granite- or pegmatite-limestone-contacts
metasomatic replacement of the calcite by metallic sulphides
is conspicuous, but nowhere has a really first-rate ore-
~deposit been discovered. On Otjimboyo Ost the marble is
veined by Galena and Copper pyrites, which carry small
amounts of gold.

Graphite /...
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Graphite is very widely distributed in these
ancient limestones, generally in the form of small flakes
irregularly disseminated throughout certain layers. Occasional-
-1y also massive graphite occurs, as for instance in the nkighe
-bourhood of Otjiwarongo. Part of the original limestones
therefore must have had considerable amounts of bituminous
- and carbonaceous admixtures. In this respect the Damara lime-
-stones bear a marked resemblance to the highly graphitic

archeozoic limestones of the Grenville Series of North America.
Where excessive recrystallisation has not destroyed
this featufe, a great many of the limestones are heautifully
banded. The marble~quarries near Karibib - unfortunately almost
entirely dormant ~ exhibit a remarkable wealth of different
patterns and designs highly sﬁitable for ornamental and
general architectonic purpose. Apart from rocks of uniform
grey, greyish-blue, black, pale-reddish, yellow and sugary-
-white colour, there are spotted and above all banded types.
Uf the latter there are varieties possessing either straight

or contorted banding with almost every conceivable colour-
-combination. Of great beauty are also types, in which the
originally banded and variegated rock has become intensely
brecciated and the multi-coloured fragments have been recemen-
~ted by a white or greyish secondary calcite.

Caves and subterramneous caverns are of common
oceurrence in these limestones, particularly in?he regioﬁs of
higher rainfall. Some of them contain considerable quantities
of bat-guano and in Karibib an unsuccessful attempt has been
made to utilise the latter economically.

The biotite—schists separating the limestones from
the Quartzite Series are of the normal type, with the exeeption
that in the neighbourhood of the former they frequently become
amphibolitic and pass over into black and greenish-black para-

-amphibolites. Under the microscope the latter are seen to

ébnsiét of a dark-green, strongly pleochroic heornblende,

numerous/ ...
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numerous quartz-grains and generally also some biotite. Titanite
is nemrly always present as an accessory. Prior to the intense
metamorphism the rock originally no doubt represented impure

argillaceous limestones and calcareous shales and mudstones.

IV.- 1HE KHOMAS SERIES (Mica-Schist Series:
4 ‘Rimann and Wagner).

Where granite-intrusions have not displaced them,
the Marble Series is everywhere conformably overlain by a
great tyiékness of crystalline schists, in which biotite-schists
by far predominate. It has already been stated, that in the
region of the lower Khan and Swakop rivers these rocks have
generally been dispiaced by granite intrusions filling Syn—
~clinal basins underlain by crystalline limestones. Where
this is not entirely the case, the schistose rocks are general-
~ly interwoven with lensew of granite and pegmatite, frequently
with the productlon of mixed-rocks and composite gneisses.

on of the mapped area and to a still
In the extreme%w §£%%¥§é§ long. these rocks are to be found
almost entirely in the latter form.,

Also in the‘northern portion of the area, i.e.
between the Khan and Ugab rivers, where the scadle of granitic
invasion is less intense, these rocks are mainly found in
the form of more or less narrow strips and wedges separating
granite massif's and generally swarming with pegmatites. It
is impossible therefore to arrive at a reliable estimate of
these schistose rocks in these regions.

The southeastern corner of the mapped area,
however, includes a portion of the Khomas Highlands. As far
as could hitherto be ascertained this rugged mountainous tract
is built up entirely by rocks of this group. Together with
his colleague Mr. de Kock)the writertherefore proposes the

name"Khomas Series" for the mainly schistose rocks overlying

the Mérblé'Sefies;‘ The old temn'?ﬁca,- Schist Series" is

misleading, since typical mica-schists occur also in other

SSoe South /oo'
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South of the prominent quartzite ranges along the
southern bank of the Swakop river from the Potberg to the
Langer Helnrich,a large body of granite has been intruded
between the quartzites and overlying lowermost schists on the
one hand and the main bulk of schistose rocks on the other
and thus separated the latter from the other rocks of the
Damara System, The succession, however, can be shown to be
a continuous one. The Marble Series is practically absent
in this‘regbn, but the warvelike, partly schistose, partly
quartzfz rocks overlying the tillite on the other hand undergo
a tremendous development. They consist‘of narrow alternating
bands of normal biotite-~schists, often amphibolitic, and of a
dark, very compgg} and finegrained black to greenish-black
quartzite, oftenAvisible porphyroblasts of green hornblende.
Under the microscope these quartzite-layers generally not only .
contain dark-green hornblende, but also some diopside. The
rock originally no doubt represented a very finegrained somewhat
calcareous siliceous silt, alternating with very fine clay or
mud.

In the range of hills between Agdawib and Anawood,
west of Otjimbingwe, there occur in the same horizon very
similar banded, quartzitic rocks, which here weather to a rusty-
-brown colour, but on fresh surfaces are greenish-grey in

colour and generally spotted green and brown. The main bulk

of these rocks has remained on the lower, i.e. northwestern
side of the large granite intrusion, but on Blohmtal and
Donkerhoek identical rocks form the southeastern margin of
the intrusion. The banding, however, soon becomes less
regular and the intercalated beds of dark quartzite become
somewhat thicker, but after a thickness of about 1000 M.
gradually recede.

On Blohmtal these very resisting rocks pass over into

the normal crystalline schists of the Khomas Highland, biotite-
-schists by far predominating. On Quabis and Chapgals

the rocks closely resemble those of the vicinity ofHWindhoek.
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Steelgrey graphitic schists, as well as Staurolite- and
Cordierite~schists also occur in this region. Also narrow
bands of white to greyish quartzite with conspicuous "Garben"
of radiating hornblende needles are aiso to be found. On
Quabis there occur, moreover, several narrow bands of an

impure, finegrained reddish limestone.

Thickness. On account of the great uniformity of rock types
and the absence of variety and marker-beds, it is impossible

to make out the detail of the tectonic structure of this

part of the Khomas Highlands and to arrive at a reliable
estimate of the thickness of the rocks of this group. The

beds all dip parallgixto the S.E. The thickness, however,

must be:;normous one,running into tens of thousands of metres,
In the Windhoek area between the Auas Mountains and Okahandja

where the tectonic structure is very simple, the figure of

30,000 metres dees not seem to be excessive.

Petrographic Description.

o | " The main rock-types of this group have often
been described, in most detail by Reuning from the area of
the Natas Mine near the southeastern edge of the Khomas High-
-lands (9 p.1929). Since the various rock-types are to be
found scattered everywhere throughout central South West
Africa, it is not proposed to describe them in detail. Only
the main features will be briefly mentioned.

The structure of all schistose rocks of this
group is typicaily lepidoblastic. With the exception of the
coastal area, where a higher degree of metamorphism prevails,
most of them may be said to belong to the meso-zone of
Grgbenmann-Niggli.

| Dark biotite-schists by far predominate. In
addition there éccur biotite-muscovitey biotite-muscovite-

-chlorite-,biotite-hornblende~-, hornblende~-, chlorite-, talc- a
and graphitie-schists, as well as sericitic phyllites. In

the /.O.
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In the biotite-schists dark biotite with deep-brown to light-
;yellow and more rarely light-green ﬁleochroism is the main
constituent together with quartz in various proportions.

By an increase of the latter the rock often passes over
quartzose and quartzitic biotite-schists into biotitic quartz-
~ites. Acid plagioclose is not rarz and as accessories

there occur epidote, zoisite, chlorite, calcite, zircon,
titanite and apatite.

‘'he amphibole-schists generally show the green
hornblende to be poikilitically intergrown with quartz and
accompanied by biotite in varying proportions.

Spotted and knotted schists are widely distributed
and porphyroblasts in general are common. The knots consist
to a large extent of cordierite and quartz. More rarely they
contain andalusite. Staurolite—schism%zggz:?containing also
long crystals of Cyanite,are very common and often form
continuous horizons hundreds of metres thick, as for instance
at the Garob Mine and the northern margin of the Khomas
Highlands near Osona. At the former locality Staurolite
crystals 10 cm. long and 4 cm. wide are no rarity and the
mineral is so abundant, that the weathered surface of these
rocks is covered with crystals packed closely together.

Occasionally there occur small lenses of wvalueless
chrysotgee in bands of talcose schists.

Garnet , generally of a deep-red to a brownish-red
colour (Almandine-Andradite) is widely distributed in the

mica schists, of which it very often is a main constituent.
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V.- SECTIuNS THROUGH THE DAMARA SYSTEM.

Section IV,.~

Thickness

in metres.

45
30
e

4

2%
25
160
18
300
85

16
14

e
18

40
70 -

o !

Section along the old wagon road from

Habis to Nekhoes, £b Km. southwest of

Karibib.

Goas Granite with remnants of biotite-
~schists of Khomas Series.

White crystalline limestone.
Quartzose biotite-schists.

White crystalline limestone.

Greyish phyllites. ‘

White crystalline limestone.
sericitic quartzphyllites,

White crystalline limestone.
Biotite-schists.

wnite crystalline limestone.
Dark-green amphibole-schists and dark
phyllites with narrow lenses of fine- .
-grained,dark, rusty weathering quartzites.
Bluish-grey crystalline limestone.
QYuartzose biotite-schists.

Grey crystalline limestone.

Greenish quartzose amphibole-schists and
quartz-phyllites.

Arenaceous bilotite-schists and schistose
quartzites with pebbles.

Platy, reddish, sericitic quartzites with
lenses of arenaceous biotite-schists.
Coarse, reddish, conglomeratic arkoses,

- gnelssose,

Arenaceous mica-schists and brownish-

-grey phyllites.

Coarse conglomeratic arkoses, gneissose.
Arenaceous mica-schists with pebbly layers.

UNCONFCRMITY,

Greyish'micaceous gneiss, mixed rocks
and gneissose @plites and pegmatites.
Abbabis Systen,

SeCtiOI’l V'- /. o0
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Section V.- Section along the Abbabis-Etusis Gorge

Thickness
in metres.

650-700
12

20

30
2z
70

30

10
11
50
10-11
15

10
2100

70

80-100
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in _the Otjipatera Range.

Goas Granite with remanants of biotite-
~schists of Khomas Series.

Sugary-white and grey and greyish-blue
coarsely crystalline limestones.

Amphibote-schists with narrow lenses of
dark quartzites and impure limestones.

Impure, brownish, cherty crystalline
limestones.

Amphibolitic biotite-schists with
narrow lenses of dark quartzite.
Greylsh-white crystalline limestone.
Arenaceous biotite-schists with several
quartzitic layers carrying angular
rock-fragments,

Biotite-schists with narrow bands of
greenish-brown quartzite and a few very
narrow lenses of impure limestone.
Greyish crystalline limestone.
Arenaceous biotite-schists.

Gap, rocks covered by rubble.

Siliceous tillite.

Yellowish-brovn finegrained wel€-bedded
guartzite.

Conglomeratic layer, pebbles well-rounded
Finegrained reddish felspathic quartzites
Coarser, whitish felspathic quartzites.

Massive conglomeratic arkose and coarse
conglomerate.

Groundmass : reddish arkose.
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UNCONFORMITY.

Micaceous gneiss, mixed rocks and red-
-dish pegmatites.
Abbabis System.

section VI-" /-o.
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Top. Thickness
. in metres.
55 Quartzitic schists with narrow lenses

of sericitic quartzites.
25-28 Coarsely crystalline limestone.

8 Greyish sericitic quartzites.
13 Coargely crystalline marble.
125-150 Pale-reddish serititic quartzites, partly
phyllitic.
12 Coarsely crystalline limestone.
16 Pale~reddish phyllitic guartzites.
48 Coarsely crystalline marble.
10 Whitish phyllitic quartzites.
42 Dark quartgitic biotite-schists.
13 Coarsely crystalline marble.
. 2 Dark-green epidotic quartzites,
10 Pale~reddish sericitic quartzites, partly
phyllitie.
2 Dark-green epidotic quartzites.

2/3rds. Coarsely crystalline limestone.

3 Whitish sericitic quartzites,
Great thickness (over 1500 M.) of

greyish-green epidotic quartzites
(Khan quartzites) interwoven with
swarms of pegmatitg of Khan Mine type.
In the southern limb of the anticline, close to
the canyon of the Khan river, dark para-amphibolites inter-

-bedded with the limestone-bands are far more conspicuous.
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D. POST-DAMARA IGNEQUS ROCKS OF THE
FUNDAMENTAL COMPLEX.,

The ancient sediments of the Fundamental Com-
plex have been invaded by granites and other deepseated
igneous rocks on an enormous scale and a very considerable
proportion of S.W.A. is underlain by them., In certain
portions of Central S.W.A., particularly in the area
enclosedfq the Khomas highlands in the south, the Erongo
mountains in the west, the Omaruru river in the north
and the Sandveld in the east, they by far preponderate
over sediments and form very extensive coherent massifs.
¢§euzrally, however, and this is particularly so in the
area under discussion, very large bodies of granite are
wanting and the latter merely form the material filling
interstices in a sedimentary skeleton of exceedingly
complex structure. Laccoliths, phacdlithic bodies and
sheets of varying dimensions are the normal forms of
intrusion. In the Khomas Highlands granite-outecrops
are conspicuously absent, a fact to be again referred to
in the tectonic portion of this paper. Everywhere else,
however, the sediments are intimately interwoven with
granites of various types with the production of wide-

spread hybrid-rocks and composite gneisses.

The pre-Damara gneisses intrusive into the heds of the
Abbabis System have already been discussed. The rest

of the granites, forming part of the Fundamental Complex
and constituting by far the larger portion of its igneous
rocks, are post-Damara in age and in the area investigat«
all belong to one grand cycle of igneous intrusion,

which is without parallel boph in the preceding and sub-
sequent geological history of this part of the earth's
crusts Reuning (7, 8 & 9) has on this account made use

of the collective term "Main Granite®" (Hauptgranit).
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Since these rocks however, not only include a great varisy
of different types of granite, but also widespread
dioritic and subbasic rocks, this collective temm is
misleading. The rocks belonging to this vast cycle of

igneous intrusion may more adequately and conveniently

be referred to as constitutingy

THE MAIN PERICD OF GRANITIC INTRUSION.

The various rooks of this epoch form an
excellent illustration of cyclic igneous intrusion and
the progressive differentiation of a magma of large
volume, It has already heen mentioned, that the
granites and associated rooks in the area under dis-
cussion do not occur in very extensive bodies of
batholythic type, but mainly fill interstices in the
sedimentary skeleton and tbus occupy a large number of
separate compartments. Everywhere in the central and
northern portions of S.W.A. the available evidence
indicates that this main period of granitic intrusion
accompanied a vast tectonic upheaval, during which the
beds of the Damara System were folded into high mountain
chains. Even the pegmatites, the very last phase of
the cycle, still clearly exhibit this tectomic control.
These questions will he more fully dealt with in a later
chapter of tpis paper.

It}ilear, howevér, that such a mode of in-
trusion, i.e. the gradual filling of compartment by
compartment, offered unique oppeortunities for the
preservﬁtion of individual fractions formed during the
progressive differentiation of the magma in one or

more larger unexposed chambers. Each fraction as it

arrives and is emplaced, except for a more or less 1

narrow adit, is cut off practically entirely from the

main bulk of the magma: and subsequent resorptiom
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processes an anything like a large scale are ruled out.

not
It is/surprising therefore to find the intru-

sive cycle particularly complete and the warious fractions
particularly well-marked in the area investigated. In
regions on the other hand, where conditions of intrusion
were such as to result in only a few bodies of granite

of much larger dimensions, the cyclic succession is far
less marked and it is generally only possible to make out
a few main#ypes, as for instance in the large granite

area between Okahandja and Omaruru and in the area
southwest of Rehoboth. § In this connection the point
must be stressed, that the rate and extent of differen~
tiation depends largely on the rate of cooling of the
emplaced magma and this again is mainly regulated by

the size and depth of the magmatic chamber, as well as

the addition or otherwise of fresh supplies of magms  frono
below, Identical or closely similar fractions can there-
fore be formed in separate magma -chambers at widely
different intervals, particularly when far removed from
one another, and thus complicate the cycle. § In the
investigated area the withdrawal of the wvarious fractions
from the parent-magma —~chamber and their emplacement in

a compartment of the sedimentary skeleton appear to be
mainly the result of tectonic stresses, In this region
at least there is very clear evidence indicating, that
tectonic stresses were the main controlling force and
that they made use of the plastic magmatic¢. material in
filling potential cavities and moving it into areas of
mirimum stress. It cannot be stressed strongly enough
however, that this only applies to the upper portion of
the crust, which is exposed for investigation in this
region, down to the depth of the sedimentary skeleton

and down to which lateral stresses operated. Deeper
horizons are not exposed. Generalisations are as mis-—

leading and barmful in this case as in any other. :i




A great variety of conditions govern any large-
scale magmatic intrusion from place to place and it
would be futile to suppose, that the cycle of intrusion
as -established in western Damaraland experienced no
deviation in other parts of S.W.A. The country is far .c

too large for such mneritical generalisations.

The peculiar mode of intrusion, i.e. the
emplacement of different fractioms generally in separate
compartments of the sedimentary skeleton, is responsible
for a great d;;th of mutual contfacts. Very often a
strip of marble or knotted schists no wider than a few
hnndagd metres may separate two types of granite and yet
no evidence for their relative ages be exposed anywhere.
This feature very often greatly prolonged the time re-
quired for actual mappinge.

Fortunately, however, a diligent search through-
out the area of 7200 square-miles was rewarded by the
discovery of quite a number of mutual contacts of all the
different types with only one or two exceptioms The
order of succession of the various rocks belonging to the
Main Period of Gramitic intrusion, as put down in the
following pages, is therefore based on actual exposures
in the field. Unfortunately it was impossible to have
full analyses of the main rock-types made, but the
careful migcroscopic investigation of a large number of

slides entirely support the deductions made in the field.

In ke Western Damaraland the earliest phases
of the intrusive cycle are diorités and associated

hornblendites, diorite—porphyrites and anorthosites.

The diorites frequently grade into granodiorites. These

are followkd by more typical granmodiorites and hornblende-
granites. The rocks listed here pasﬁbssa considerable
distribution, but are in totoyey subordinate to the

succeeding granites proper. The earliest of these are



mostly porphyritic biotite—granites, of which the so

called Salem Granite is the most conspicuous member and

at the same time the most wide-spread granite of all.
It is followed by a number of more acid and less

biotitic types, grouped together as Post—Salem Phases.

They grade from normal greyish-white and red granites,

still with a fair proportion of biotite, to highly acid

aplitic and pegmatitic granites, the final products

being aplites and pegmatites proper, as well as bodies of

regmatitic quartz.

Before proceeding with their description, the
writer wishes to stress the point, that all the available
evidence indicates that all these various types of
dioritic and granitic rocks do not belong to widely
separated periods of intrusion, but are merely succes-~

sive phases of one grand intrusive cycle.

There, is,however, one type of granite,

referred to as Habis Granite, of which this is not

certain*uﬁile definitely post-Damara in age, it is

- .possible that it belongs to an earlier epoch than
the main period of gramitic intrusion. It will be
described under the heading Salem Granite, which it

most closely resembles,

I. DIORITE, HORNBLENDITE AND ANORTHOSITE. -

There are quite a number of laccolithic
bodies of dioritic and allied rocks in the area west
and south of Karibib. The largest is of irregular
shape and, almost encircled by marble-ridges stretches
from Navachab over Habis on to Okongakq,Ost, which is
underlain mainly by these rocks, and continues from

there into Audawib Ost and West. The two prominent

mountains on Okonga¥a, the "Sargdeckel® (coffin-1id)

and Virgin Peak are built up by diorite, but possess
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a capping of Erongo sediments and diabases. Another
fairly large body occurs on the lower portion of Goas
and is cut into by the Gamikaub river. A smaller body
is to be found on the farm Kubas, just a few miles to
the north-west. On the Tinkas flats, finally, a few
miles ﬁorth of the Tubabasberg, a prominent white marble
mountain, there occurs a peculiar quartzite~breccia,

in whih the cementing material is rich in green horn-
blende and dioritic in nature. Some distance away
there is a body of altered dioritic im-masuxre rocks

near Husab on the Swakop river.

The constituent rocks show a fair amount of
variation, both macro- and microscopically. The
extreme edge of the laccolithic bodies generally con-—
sists of very dark rocks, which often grade into horn-
blendites and form an endomorphic marginal facies.
These marginal hornblendites are best exposed alorg the
road from Karibih to Otjimbingwe on the slopes leading
up to the Otjimbingwe Pforte. From the margin in-
wards the rock gradually becomes lighter in colour and
its bulk has the normal greyish-blue or steel-grey

colour of most diorites.

On Navachab and most extensively on Audawib
Ost and Audawib west the diorites further grade into

granodiorites and even hornblende—granites. These

rocks are most abundant in the inner portions of the

laccolithic bodies.

The macroscopic texture of all these rocks

is tyﬁically grancblastic,

According to mineralogical composition the
bulk of these rocks conmnsists of normal Biotite-—

hornblende~diorites and Biotite-hornblende—quartz-

diorites. In the former quartz is rare or sparingly
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distributed, in the latter it is quite conspicuous, part
of it often in vermicular intergrowth with plagioclase.
The plagioclase in the typical diorites is mainly ande-
gine and labradorite, in the guartz—-diorites mainly
oligoclase and andesine. The most abundant femic con-
stituent in both types of rock is biotite, very often
with pleochroic haloes around zircon-inclusions. Many
of the darker varieties of diorite, rich in melanes,
macroscopically show numerous large flakes of golden
biotite. Green, strongly pleochroic hornblende, as
ideomorphic crystals or in hypidégmorphic aggtegates,
is invariably also very abundant, but generally less so
than biotite. Some types, however, e.g. from Audawib
Ost near the Qtjimbingwe Poort, contain the former in

excess and are therefore Hornblende~biotite—-diorites,

All varieties contain abundant sphexe o?kitanite, very
often as idgomorphic crystals or as large alloftriomor-
phic grains., | Apatite is invariably also abundant and
most sections also contain epidote and ocecasionally

secondary calcite as decomposition products.

Negr the Natmaakbank 6~7 miles north of
Usakos, there occurs a small outcrop of a dark rock
surrounded by schists and isolated from any other
occurrence of diorite. Under the migcroscope it is
seen to consist of plagioclase, id‘%morphic augite,
often twinned; quite abundant hypersthene with
characteristic black inclusions of ilmenite; veiy
abundant biotite; abundant apatite and some irregular
aggregétes of Pyrite, partly decomposed and recrystale
lised to magnetite. Quartz is comparatively rare.

The rock therefore represents a Biotitk—-hypersthene—

augite—-diorite.

At Husab on the Swakop river, best exposed in

the river—-canyon near the open water and along the road
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them. At least a portion of these pegmatites, however,
are probably derivatives of later graniti%phases.

On the north-eastern slgpes of the Potberg,
between Grastal and Ukuib on the Swakop river, there

occurs a single dyke of a white Anorthosite studded with

grains of pyrite. The rock consists almost entirely of
Eg;é_g}gg;oclase. Quartz is present, but very sBmbordi-
nﬁte. There are abundant crystals of Spheﬁe and some
large idé%morphic individuals of colourless garnet,

The latter are no doubt derived from the limestones of
the Marble Series, into which the rock is intrusive.
Most likely this anorthositic rock is a derivative of

- the dioritic rocks outcropping76—7 miles further north.

’

II. GRANODIORITE.

As élready stated, the dioritic rocks Jjust
described, in places pass over or grade laterally
into granodiorites. Thus on Navachab the ordinary grey
quartg-diorite of the interior of this portion of the
laccolithie body thiough a gradual transition passes
-into a light-grey granitic rock, which the microscope
shows to be a granodiorite. Near the western termi-
nation of the laccolith this rock again grades into the
normal greyish diorite and this in turn into a very dark

marginal diorite, very rich in melanes.

Under the migcroscope acidplagioclase is seen i
to be still considerably in excess, but phenocrysts
of microcline are also guite numerous; biotite is
abundant; a little muscovite is prewent; quartz is
abundant, partly in granophyric intergrowth with felspar
(micropegmatite)., Hornblende, while present, is not
abundant in the rock from this locality.

The most exten51ve outcrops of granodiorite
gcenys

associated with,duSQFie rocks #s on Andawib Ost between
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Okongava and Otjimbingwe. Also in the rocks from

this area ferromagnesian minerals have receded and horn-
blende is generally less abundant than biotite. The
predominating felspar is £ill an acid plagioclase, but
orthoclase, partly in granophyric intergrowth with
quartz, is no longer rare, but quite conspicuous.

Some types, in which the plagioclase on the one hand and
orthoclase and microcline on the other are practically

equally abundant, should perhaps already be classed

with the biotite-hornblende-granites. In all these
rocks sph#ne and apatite are abundant and epidote common

as an alteration product.

III. GOAS GRANITE : BIOTITE-~HORNBLENDE- AND HORNBLENDE-
. GRANITE.
On Goas and portions of the adjoining farms,
as well as on Ukuib, Komandibund and Audawib there are
extensive outcrops of a generally finegrained granitic
rock, which in addition to its bluish-grey colour is
characterised by considerable amounts of ferromagnesian
minerals. Before contacts with typical Salem Granite
were found and micioscopic sections of the rock were
examined, the writer mapped the rock as & non-porphyritic
variety of Salem Granite. At a later date, however,
contacts were found on Goas showing, that the typical
porphyritic Salem Granite is intrusive into this rock and
a microscopic investigation revealed wmnsiderable deviations

from the former.

7Y

While thus representing,older phase than the
Salem Granite, field-evidence seems to indicate that in
part at least these rocks grade into the granodiorites
and diorites by a gradual endomorphic transition. Lo-
cally, however, as is to be expected, also intrusive

contacts occur.
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Where good contacts are not exposed, it is
admittedly difficult madecroscopically to distinguish
this type of granite, particularly where the hornblende
is not conspicuous, from some finegrained varieties of
Salem Granite, in which the normal and characgeristic
porphyritic strueture is not well developed. The |
microscope, however, reveals considerable differences
in minerological composition. The writer wishes to
point_out, however, that while in this particular region
the granite referred to as Goas Granite is demonstrably
a precursory&hase of the Salem Granite, in other regions
the one may pass into the other without intrusive con-

tacts.,

Under the microscope it is seen, that the
content of acid plagioclase (albite-oligoclase) is still
very considerable and in some sections acid plagioclase
on the one hand and orthoclese, microcline and micro-
perthite on the other are present in nearly equal pro-
portions. (?enerally, however, the latter predominatey.
Sometimes the acid plagioclase is present in idébmorphic
zonal orystals showing bothAalbite and Periclin#twinning.
Orthoclase generally preponderates over microcline,
Microperthite is not rare, Micropégmatite common. Most
varieties still contain apatite and particularly sphene
in considerable abundance. The amount of ferromagnesian
minerals varies, as well as the relative importance of
biotite and hornblende. A rock from the vicinity of
the Pot-mine near Palmtal contains abundant hogglende,
but hardly any biotite. It is therefore a Horn@blende

Granite. In one section of this rock a few grainsg of
Scheelite were seen. In a similar rock from the
Gamikangﬁnd Mine (limestone-—cthtact : Cg@yrites, Bornite
Molybdenite, Garnet, Epidote, etec.) a,brownisthreen

hornblende, poikilitically intergrown with quartz, is
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associated with abundant diopside. The latter abviously

resulted from the limestone-contact.

With this group must also be classed some of
the rocks associated with the galtered diorites and grano-
diorites near Husab, in which miérocline eand to & lesser
extent orthoclase preponderate over the acid plagioclase.,
The biotite also in this rock has been almost completely
altered to chlorite.

The northern rortion of Goas is underlain by
a rock of this group, which contains far less ferro-
magnesian minerals (biotite) than normally is the case.
Acidplagioclase, however, is still very comspicuous and
present in nearly equal proportion with orthoclase and

tc a lesser extent micracline.

IV. DYKES OF HZORKBLEKDITE-E QUARTZ-~-HORNBLENDITE AND
DIORITE~PORPEXYRITE INTRUSI INTO GOAS G .

On Goas and the adjoining portion of Etusis, in
the immediate vicinity of the Neikhoes waterhole, there

is exposed a ramifying network of dykes composed of
Hornblendite, Quartz-Hornblendite and subordinately

Diorite—porphyrite. The dykes are closely spaced, but

possess no. great length. A number of prominent dark
hills are formed by them. They are intrusive into Goas
Granite and partly also into limestones of the Marble
Series. A large dyke of diorite-~porphyrite cuts right
aécnns the latter and the gquartzites of the Otjipatera rxam

.range.

The Diorite—porphyrite is a compact dark

greyish rock, to which nwmerous large rounded phgnoorysts
of felspar and smaller ones of quartz lend a spotted
appearance, Unker the microscope large corroded
sphaerulitic and often zomal phenocrysts of plagioclase,

as well as a few highly corroded ones of quarts are seen
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to be embedded in a dense, fibrous, aggregate-polarising
matrix. In one section the latter was seen to enclose
minute laths of plagioclase and grains of quartz. A
few large phenocrysts of decomposed biotite are generally
af?;resent. The felspar phenocrysts are frequently
epidotised. In addition occur apatite, magnetite and
chlorite (decomposition of biotite).

The Hornblendites present a variable macrosco-—

pic appearance. They are all dark rocks, but while some
of them are almost black and consist almost entirely of
parallel hornblende crystals with very little inter-
stitial plagioclase, other varieties possess a fair
abundance of the latter and the rock then assumes a
peculiar speckled appearance on fresh surfaces:
Polygonal and rectagonal sections of black hxrnblende
set in an always subordinate matrix of white plagioclase.

Under the migecroscope large id‘%morphic,oriented
crystals of green hornblende, often poikilitically en-
closing small grains of quarta and laths of plagioclase
are seen either to constitute almost the entire rock o2
to be separated by an interstitial aggregate of acid
plagioclase. Apatite is very abundant and sphene common.
fn some sections epidote is abundant as decomposition
product. Quartz while rare in some varieties, is quite
conspicuous in others. In the dark types, cons;sting
almost entirely of hornblende, it is generally rare.

The area of occurence of these peculiar dyke-
rocks is surrounded practically 6n all sides at varying
distances by bodies of dioritegf quartz-—diorite, often

possessing a marginal facies of hornblendite and quartz-

Oms o, ooy aopd Uyt

hornhblendite, as well asqéranodiorite. Egg&kluuﬁjmb\/
JDrobable, therefore, to dSzume that these dykes4 repre-

sent a differentiate from more deepseated portions of the

same dioritic magma and hence were intruded, after the di#:

ferentiation in higher regions had already progressed
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somewhat further. None were found intrusive into

phases later than the Goas granite,
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Ve SALEM GRANITE:

This prthritic biotite~granite is the most
widely distributed granite:throughout the central portion
of South West Africa. Together with the succeeding more
acid phases Reuning (7,8,9) has therefore termed it "Main
Granite".

It was first desdribed by Giirich (1) from the
neighbourhood of Salem on the lower Swakop River and its
name has become firmly established in the geological
literature dealing wifh S.W.A. An excellent petrolo-
gical description of the rock was given by Wagner (5).

As typically developed the Salem Granite is a
grey porphyritic biotite-granite, with tabular phenocrysts
of orthoclase and microcline. Generally the rock is very
coarse-grained, particularly at #e Salem and other
localities, where the rock fills narrows synclinal basins
and;assimilated considerable amounts of schists with the
production of an abnormally high biotite-content.é?The
interior of larger masses the grain very often is less
coarse and sometimes the texture is of the ordinary
granoblastic type and the porphyritic structure indistinect.
The high content of femic constituents (biotite), however,
gtill distinguishes also the type of rock from the more
acid, nonrporphyritic later phases. The high content of
femic minerals is one of the main characteristics of the
Salem granite. A direct result of this feature is its
almost universal grey colour,

The felspar phenocrysts usually exhibit flow
gstructure, i.e., a parallel orientation, which is in-
variably Strictly conformable to the structural plan of
the sedimentary skeleton. The flow-structure is
particularly noticeable in smaller massifs and in the

margingl / ceees
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marginal portions of 1érgér bodies.

While generally coarse-grained, there are also
types in which the felspar phenocrysts are much smaller.
Flow structure is a particularly marked feature in this
variety. It is well represented in the rock of the
"bank" at the Sandamab water-hole, between the Erongo and
Great Spitzkopj}e.

In this connection another feature may be dis-
cussed, namely the large amount of assimilation effected
by the Salem Granite, when intruded into the schistose
rocks of the Khomas Series. There exist a large number
of excellent exposﬁres, which demonstrate this fact very
clearly. Oné of the best illustrations is afforded by
a narrow elongate body of Salem Granite intruded into
schistg, south of Aubinhonis on the Omaruru river.

dt the edge of the Salem Granite massif it is
difficult to distinguish between contact-altered schists
and the dark grey, highly micaceous Salem Granite. There
is a wide zoné of transition, several hundred metres in
width, from the normal biotite-schists, to the typical
porphyritic granite.

Beginning from the schist side, the latter ex-
hibit:the usual phenomena of contact alteration (spotted
and knotted schists)i Then follows a zone of minute and
intimate lit-par-lit intrusion of the schists by the
granitnzmagma. The granitic veins at first consist'pre—
dominantly of white felspar crystals with their axis of
élongation arrayed parallel to the micaceous bands (strike
of the schists). Individual felspar erystals entirely
surrounded by altered, highly micaceous schists are very
common..

Purther / eeeee
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Further towards the adtual granite, such felspar
crystals become more numerous and begin to form coherent
bands separated by nafrow strips of altered schists. The
latter are finally reduced to thin lamellae of biotite
separating long rows of parallel felspar crystals. Finally
these alternating bands become disrupted and the individual
flekes of biotite are scattered about within the granite
and the feispar crystals are no longer in their entirety
parallel to one another, +though both the latter and
"achlieren" of biotite still exhibit a marked parallelism
to the strike of the adjoining schists.

It is highly unlikely that individual felspar
crystals already formed within the magma were squeezed
into the altered schists and there is little reasonable ,
doubt that they were formed in place. Not only the high }
femic content of the Salem Granite in sthall bodies and
marginal portions of larger massifs, but also its porphy-
ritic nature appears to be at least in part due to assimi-
lative processes, during which, with progressive assimi-
lation and enlargement of the space occupied by the magma,
the newly formed felspar crystals gradually drifted from
the sides of ihe body of the magma into its interior.

Being the first granite intruded on an extensive scale and
in olosgse conformability to the tectonic plan, the Salem
Granite had a far better opportunity to effect assimila-~
tion than thellater phases, which were intruded after

the sediments had already been consolidated to a very

much higher degree })

That a large amount of assimilation actually
took place, is further shown by the following feature,

Wherever / eecee

writer‘s attention to this mode of origin of part of the
1ocrysts of felspar was first directed by Prof.A. Young of
2> Town, who pointed out very similar features in case of
Cape Granite and its contactse.



104.

Wherever the Salem Granite is intruded as smaller phaco-
lithic lens-shaped bodies into biotite schists or as
somewhat larger lacolithic bodies into narrow synclinal
basins originally filled by schists overlying the Marble
Series, that is to say wherever tectonic stresses brought
the granite into intimate contact with biotite-schists
the granite invariably has a much higher biotite-content
‘and to some extent is also coarser in grein. The rock

as a result has a very much darker colour and frequently
is also somewhat foliated. it is obvious of course
that subsequent tectonic stresses could become effective
much more easily in such a highly biotitic rock, in which
the scales and flakes of biotite provide easy gliding-—
planes, than in %ﬁt/very massive granite of interlocking
grains and crystals of felspar and quartz.

This feature is particularly well-marked in the
large body of Salem Granite around Jackalswater and along
the Swakop river in that region. The bulk of the rock,
well-exposed at the large "bank" at the Jackalswater water-
hole, is a very.massive rock, typically porphyritic amd
biotitie, but of very uniform and highly resistive tex-
ture. In the vicinity of Gemwb the main massif sends
off a large and narrow subsidiary branch, which fills a
‘very narrow trough, originally occupied by biotite schists,
between parallel anticlineslformed by the Quartzite Series.
The Swakop river follows this narrow trough from Palmtal
to Gaub. The granite.reaches from the latter place past
Salem as far as HorBbis as a long narrow tongue. The
rock composing it is exceedingly coarse-graihed, with large
felspar-phenocrysts and highly biotitic with abundant
biotite-échlieren. In places it is somewhat sheared and

foliated.
ONe / eesee
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One may therefore distinguish a highly biotitic
marginal facies from the normal type of Salem Granite.
At Salem itself the rock is of the former variety.

Under the micrqscope the very acid plagioclasé,
mostly albite and acid oligoclase are seen to be still
quite abundant. In a section of a rock from Wilsonfontein
it even predoﬁinates over orthoclase, microcline being
rare in this specimen. In a few specimens from Paukwab
north of thé Omaruru river also andesine is present. 1In
nearly all specimens, however, orthoclgge, with very well-
marked Karlsbad twié}ng, sodaorthoclase and microcline by
far predominate over the acid plagioclase. Microcline
is universally very abundant and very often predominates
over orthoclase and even replaces it almost entirely.
Thiséigrticularly so in the case of the large phenocrysts.
The orthoclase is to a large extent intergrown with albite
to form microperthite. Various types of micropegmatite
occur, but generally subordinately.

The goAaTLVZ TTSHSHNT Saoas SVTRAN-SORASRD «
Biotite is always present in considerable abun-
dance, often largelj altered to chlorite (pennine), In

one specim@n also green pleochroic hormnblende was seen to

to be present, mostly poikilitically intergrown with quartz

Muscovite is occasionally visible as an
accessory constituent. Of the latter zircon is always
abundant, but apatite and titanite are less common than
in the previously describedrdiorites, granodiorites and
hornblende-granites. Black tourmaline is occasionally
present, as well as fluorite and topaz. Epidote, as an
altezﬁétion mineral, is common,. Metallic ore-minerals
are rare, though magnetite, pyrite and molybdenite were
noticed in a few sections. Sericite as an alteration

product / eceees
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product of the felspars is not uncommon.

Along the contacts of pegmatite dykesyg
cutting through the Salem granite, the phenocrysts of
soda-orthoclase and microcline sometimes assume a
beautiful pink colouration. In the Otjimboyo area
and particularly well exposed on Okapane, there out-
crops a coarsely crystalline porphyritic granite en-
tirely identical with the ordinary grey Salem Granite
except for the salmon-red and pink colouration of its
felspar phenocrysts. This réck fringes the outer
edge of the normal Salem granite, is of considerable
width and, where contacts are exposed (e.ge near the
homestead of Okapaue) it is intrugﬂive into the for-
mer, This porphyritic granite with pink felspars
at this locality thus appears to represent a slightly

younger phase of the granite intrusion.

HABIS GRANITE:

It has already been stated, that there
exists oné type of granite of which it is not certain
whether it belongs to this intrusive cycle or whether
it represents an older post-Damara intrusgion. The
rock indicated outcrops in considerable bulk on Habis
and small portions of the adjoining farms, 6-9 miles
west of Karibib. It here forms several prouminent
hills and underlies mainly the Marble Series, into
which it is intrusive.

The rock is dark grey in colour and through-
out markedly porphyritic, greyish-white felspar
pheﬁocrysts being set in a dark biotitic matrix. In
addition it is generally faintly gneissose in appear-
ance. Under the microscope its mineralogical com-
position was found to vary, for while most slides

ShOW/ooioo
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show microcline to predominate and plagioclase to be very
rare or.almost completely absent, in one section acid
plagioclase, ranging from albite to andesine was found to
preponderate over microcline and orthoclase. Biotite

is generally abundant)in gome specimens;‘more so than

in others. Muscovite, while sometimes present, is in-
conspicuous.

Macroscopically the rock bears a considerable
resemblance to the highly biotitic,marginal facies of

Salem Granite. The latter outcrobs some two miles to
| the south at the Undas bank, but here is‘of the less
biotitic, normal type. Nowhere else, however, was the
Salem Granite seen to possess such a degree of foliation.
Under the microscopic crush-structures in the quartz{
and felspar are very marked and there is a distinct
parallelism of the biotite flakes and zones of coarsei :
and finer aggregates of felspar and quartz. The pheno-
crysts of microcline are not infrequently seen to be
somgwhat deformed.

No contacts with Salem Granite and the closely
neighbouring diorite are anywhere exposed and the Questiong
as to the age of this tyﬁe of granite must provisionally :
be left unsettled. It is possible, however, that it
merely represents a facies of Salem Granite intrusive
into schistose rocks of the Abbabis System, the foliation f
being due to the absorbtion of biotite and particularly

intense tectonic stresses.

VIi. POST-SALEM PHASES:

The intrusion of the Salem Granite was followed
probably at varying intervals by a number of other j
granitic rocks belonging to successive phases of differ- é

entiation and solidification of the same parent magma. g

It / eeees
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It so happens that, in this portion of South
West Africa a number of several very clear exposures
demonstrate thé later age of these granites and that
here the successive differentiation ef the magma is
manifested in a very clear way. But, as already stated,
conditions naturally vary from place to place and the
gsame complete seguence cannot, of course, be expecfed
everywhere,

Cloos (2 and 3) has collectively designated
these related granites as "Normal Granite". They pre-
sent, however, widely differing aspects not really
typical of ordinary normal granite.

Their distribution is a very wide one, but
taken over the whole area, less than that of the Salem
Granite. |

For the classification of these various
granitic rocks their petrographical characters and mode
of occurrence will be taken as a basis. Naturally |
a large amount of variation occurs within the several

groups.

A. RED GRANITES:

Granitic rocks of red colour are widely
distributed throughout the area investigated. They
are particularly abundgnt along the Ugab river around
Sorris-Sorris, ﬂnichab, Davib,etc.; along the Khan river
around Wilhelmstal, Claustal and Treuflenfels and
further east, and in the area around Ebony and Trek-
kopie as well gga;he confluence of the Khan and Swakop
rivers. |

Macroécopically the rock varies from coarse- ,
grained, even porphyritic types to ordinary hypidéb- i
morphic granular and fine-grained aplitic varieties.,

Oﬂly/ sevace i
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Only typical’granitic-types will be described in this
connection. Aplitic varieties will be discussed in
the chapter dealing with aplites. The division is of
gourse somewhat arbitrary, since very often the aplitic
varieties merely rédpresent msrginal facies or the chilled
rock of small bodies. There is thus a large amount of
gradation. On the other hand numerous exposures show
thé aplitic varieties to be later phases and intrusive
iﬁto the ordinary red granites.

Wherever contacts are exposed all thsee rocks
are intrusive into Salem granite.

With the macroscopic appearance and grain
of the rock also varies its content of ferromagnésian

minerals. Thus a coarse—grained variety from Richthof-

en on the Swakop River contains abundant biotite with
Rumerous zircons and pleochric HBloes. Muscovite is
absent in this rock. Orthoclase and soda-orthoclase
by far predominate and aecid plagioclase is rare in it.
Titanite is absent and there is also very little apa~
tite. Other similar varieties,show.microcline to be
practically the only felspar present, e.g., from near
Okatib on the Khan river. . 3
The red granite from south of Trekkppje, |
where it forms numerous small bodies, contains biotite
more sparingly and the felspar is also almost entirely
microcline. A little orthoclase.and microperthite
also occur. Plagidclase is almost entirely absent.
South of Husab there are large out¢rops of a
finegrained and compact reddish granite contéining con~
gliderable quantities of biotite mostly altered to
pennine with lavender-blue interference colours. The
predominant felspar is microcline, but orthoclase is
also quite abundant. ©Plagioclase is wvwery rare. In
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addition occur a little muscovite and varying amounts
of secondary sericite.

Summarising, these reddish granites are
characterised, apart from their colour, by the abund-
ance of microcline, the paucity, even absence of
plagioclase and the comparative scarcity of minerals
containing appreciable amounts of calcium, such as
Sphene and apatite, in general. gbst of them are
already rather acid and biotite is never nearly as
abundant as in the Salem Granite. The quartz frequent-
ly shows signs of corrosion and in the western area
invariably éxhibits strain shadows and other kataclastic
phenomena. Compared with the réddish aplitic graniteé

muscovite is rare.

b. GREYISH-WHITE NON-PORPHYRITIC GRANITE:

‘ Of all granites later than the Salem Granite

granite, this bas the widest distribution. It some-

what resembles that type of Salem Granite in wiich

the typical porphyritic nature of the latter is not

very distinct, but may be distinguished from it by its

congiderably more acid nature and the far lesser con-

tent of fempic minerals. ;
The main constituents of this granite ére

quartR, soda-orthoclase and microcline. In the sections

‘examined by the writer plagioclase (albite-oligoclase),

while usually present, is quite subordinatey Bilotite

is not nearly as abundant as in the Salem Granite and

is generally accompanied by muscovitekwhich occagsionally

predominates over biotite. Of the accessory minerals

zircon is always abundant, apatite much‘rarer and

sphene generally absent. Epidote is often present as |

an alteration product.
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- Pneumatolytic minerals, such as muscovite
and black tourmaline are far more abundant than in

Salem Granite and gradually inérease in importance as

the differentiation of the magma proceeds. Occasionally

gchorl is present in such excess that this type of
granite passes into a tourmaline granite (Kakausib).
The very large body of granite extending from
east of‘Otjimbingwe along the northern foot of the .
Khomas highlands past Tsaobis, Donkerhoek and the
Arichadamp Mts. far into the Tinkas Game Reserve con-
gigts mainly of this type of granite. Around Donerkey-
hoek it forms a very rugged and imposing mountain-leand
with sheer faces many hundreds of feet in height. Here
" the granite is of a very light, almost white colour.
It is of medium grain, but contains numerous irregular
bodies of coarse pegmatite. A highly pneumatolised re-
presentative of one of these repregenmts the well-known
Tantalite occurrence of Donkerhoek. Microscopic
gsections of specimens of this granite from Onanis,
west of Doderhoek, show biotite, with pleochroic haloes
around zircon inclusions, to be rather sparing. Mus-
covite in some sections is more abundant than biotite,
Most of it metasomatically replaces the felspar. This
is particularly clear in the not uncommon micropegma-
tite, in which the muscovite has often compietely re-
placed the felspar, leaving the quartz as wormlike
inclusions. Microcline is by far the predominating
felspar, but orthoclase and soda-orthoclase are also
abundant. . Plagioclase is quite subordinate. The

quartz very often exhibits corroded edges and not

infrequently also edtwer katatlastic phenomena. Apatite

is rare; sphene absent. In one section a very large
scale of muscovite encloses numerous parallel needles
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of gillimanite cutting across its cleavage with abott
75°.

At Ubukhoes, along the northern edge of this
large massif, +the biotite content of the rock is con- |
siderably higher, but not hearly as high as in the
Salem Granite. |

Frequently this type of granite is markedly
garnetiferous, also away from marble contacts. Since
the garnets are frequently aligned along joint-cracks
in the granite or in well marked parallel zones, they

are most probably mainly pneumatolytic in origin,

Ce APLITIC GRANITES AND APLITES:

With progressive differentiation of the
parent magma, the granitic intrusions become more and
more acid and at the same time more scattered, less
coherent and less extensive.

In addition to typical dyke-aplites there
occur numerous bodies, gergally oﬁfgggf{ag%¥2%¥, of :
aplitic granite and aplite of varying acidity. ‘General—:
ly these rocks are fine-grained, compact and highly |
weather-resisting. Hence they frequently form
eminences of the JMselberg type.

While‘most of these rocks consist almost
entirely of quartz and alkali-felspar, some varieties
still contain varying amounts of biotite, generally
with a large number of zircon inclusions. As the
acidity, however, increases, biotite becomes more and
‘more inconspicuous and i%é%ead mugcovite very often
agssumes importance. With the exception of Zircon,
accesgory minerals are very rare. Quarfz is always
present in great abundance and no syenitic varieties

were met with. In most rocks the surface of the
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quartz-grains is markedly corroded. Of the felspars

microcline invarijably by far predominates,but ortho-
rtho-

clase and soda-Clase are also stnndant and microperfhite
also occurs.  In many types plagioclase is entirely
absent and gemrally the felspar in this case is almad
entirely microcline. In others acid plagioclase
‘(albite-acidsoligoclase) is present, but always very
subordinately. Granophyric intergrowth is common
around larger felspar individuals, but no typical |
granophyres were found.

These aplitic rocks may be divided into two
groups according to the colour of the felspar: fgg

Aplitic granites and aplite and White aplitic granites

and aplite.

Red Aplitic Granites and Aplites.

Rocks of this description are very common in
the southermn portion of the mapped area. On Ukuib
a deep-red aplitic rock,macroscopically resembling a
granophyfe, but showing no granophyric intergrowth
under thé microscope and consisting practically entirely
of quartz and felspar (mainly microcline(, is intrusive
into Goas Granite.

South afd west of Karibib red agplitic rocks
are rather widely represented. The very conspicuous
dome-shaped hill, a few miles west of the villege, is
built up by a rock of this type. It is finegrained and
in the hand-specimen resembles a sericitic and fels-
pathic quartgzite very closely. It contains fair
amounts of muscovite replacing felspar (mainly micro-~
cline, then orthoclase and microperthite). In the
sections exagined‘secondary sericite is very common,
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the sericitisation beginning along cleavage-cracks of
the felspar with the production of mrrow parallel films
or even in the form of a grid. Numerous dyke-
derivatives of this type of rock occur in the same area
and at other localifies. Many of them so closely
resemble reddish felspathic quartzites, that they have
more than once been mistaken for such. Where they

have been intruded into Chues Quartzites as narrow
dykes ﬁarallel to the bedding, a very close inspection
indeed is necessary'before they are recognised as
aplitic dykes. I#éome cages of this description the
microscope alone can decide the gquestion.

Their greatest distribution, however, these
reddish rocks experience in the surroundings of the
Lower Swakop and Khan Rivers from Husab and Welwitsch
westwards. Here they grade into pure-white or yellow-
ish white aplitic rocks and together with the very dark
Khan quartzites and a host of dykes of black Karroo-~
dolerite produce very striking scenic'effects. The
@anyon-walls of the Khan and Swekop rivers in the area
of their confluence at Haigamchab represent some of
the most striking scenery in South West Africa{ﬂl‘sﬁ’aﬁa
Specimené collected from the Ida Mine hear Husab show
practically no fepmic minerals at all and consist
entirely of corroded quartz, with mrked strain-shadows,
and microcline, orthoclase, microperthite and quite
subordinate acid plagioclase.

These aplitic rocks are nearly everywhere
intersected by numerous irregular bodies and dykes
of‘pegmatitew
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White Aplitic Granites and Aplites:

In the northern portion of the area under
discussion white aplitic rocks are quite common, par-
ticularly in the surroundings of the Erongo.Mts. It is
a peculiar fact that reddish aplitic rocks are almost
absent in this region. They have the same mineralogical
composition as the rocks just described, the felspars,
however being white. This white variety of aplitic
rock seems to be considerably more weather-resisting
than the reddish type and forms a number of prominent
eminences, such as the Okongue Peak (5,800 feet) in
the Kompaneno Mts. north of Omaruru, the ‘two mountains
known as Grober Gottlieb I and II and the Giftkuppe,

a few miles east of Erongo station. At the latter |
locality the highly acid rock is very white in colour
and, owing to a large number of parallel joints dipp-
ing at a rather low angle and frequently made use of by
subsequent somewhat darker pegmatites, from a distance
resembles a stratified crystalline limestons.

Numerous later intrusions of pegmatite are
also a feature of these white aplitic bodies.

It has already been#tated, that in the area
of the confluence of the Khan and Swekop rivers the
very widespread reddish aplitic rocks very frequently
grade into equally wide-spread white aplitic rocks.

The latter are in places pure white in colour and when
intruded as sheets closely resemple bands of coarse

crystalline limestone, even at a closé distance. This

rock may be referred to as White Husab "Granite". It
is rather coarse in grain and, except for a few
isolated small flakes of chloritised biotite and very
little muscovite, consists entirely of quartz and
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white felspar (microqline, orthoclase, microperthite
and very subordinate acid plagioclase). All sections
examined exhibit pronounced kataclastic features, such
as marked strain shadows of the quartz and fracturing
"of quartz and felspar. In the neighbourhood of marble

bands this rock is freguently garnetiferous.

d. PEGMATITIC GRANITES:

Apart from the innumerable pegmatite-dykes
that have invaded the enveloping schistgs on an enormous
scale, there occur numerous bodies of granite highly
pegmatitic in nature. They are found as irregular and
broad dyke-like bodies, usually along the edge or in
the vicinity of earlierxr intrusioﬁs. Very frequently
the types of granites already described as Post-Salem
Phages are intruded by such irregular and dyke-~like
bodies to such an extent, that thevpegmatitic material
by far predominates, and the whole rock is best des-
cribed as pegmatitic granite.

The rock is always of very coarse grain and
presents many of the features of typical pegmatites.
Owing,-nb doubt, to the greater volume of residual
magma, the enclosed famgitive constituents did not
alter the rock to the same extent as in well-defined
‘pegmatite dykes or smaller bodies, with the result
that their pneumatolytic effects are'not as concentrat-
ed. The rock is, ﬁowever, usually traversed by
additional pegmatite dykes or sheets, which exhibit
the usual pneumatolytic phenomena in more concentrat-
ed form.
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In addition to large quartz grains and crystals
of alkali felspar, the characteristic mineral of thése
rocks is muscovite, which frequently occurs in large
well-formed books. At several localities it gradesA
into or is replaced by lepidolite. 1In addition bladk
tourmaline (schorl) is widely distributed. The slopes
of hills formed of this type of rock are frequently
~thickly strewn with fragments snd well-formed crystels
of schorl, some of exceptional size. Occasionally
guch crystals exhibit a central core of corroded crys-
talline quartz, showing that the crystals were formed
by the replacement of the latter. Garnets, often in
the form of large icositetrahedra aligned in zones
parallel to the strike of the pegmatitic bodies, aré
also very abundant in these-rocks, not only when they
have invaded marble bands (grossular and andradite or
melanite), but also eway from the latter (almandine-

0£4Auéh4¢k

A very %ypiead feature of these pegmatitic

spessartite).

granites which necessarily vary greatly from place to
place, are abundant feathery and stellar aggregates
consisting of cookeite and quartz. Very often a large
proportion of the whole rock‘is altered in this way.
Similarly to the aplitic granites and aplites
algo the rocks of this group may be divided into White

and Red types.

White pegmatitic granites and pegmatites are

again most common in the northern portion of the area
in the surroundings of the Erongo mountains. Herd
gsome of them assume considerable proportions and, on
account of their weather-resisting nature, form
conspiéuous eminences. The most prominent of these
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are the Omaruru Kop and the Great and Little Kginachab

below the western excarpment of the Erongo.

Red Pegmetitic Granites, with pink or deep salmon-

red alkali felspars/undergo a marked development in
the area south and south-west of Karibib on Okongava,
Ot jua, Audawib, Reu Schwarben and Habis, and still
further south on Anawood and Otjimbingwe. They here
form a number of conspicuous hills and ridges, which
gm a distance closely resemble quartzite ranges. In
the Audawib hills rocks of this type are intrusive into
the gneisses underlying the Quartgite Series of the
Damare System apparently with a sedimentary contact.
Everywhere these rocks are highly pegmatitic
and full of‘muscoviéé and schorl. They are traversed
by innumerable dykes and lenses of more typical peg-
matite, which occasionally carry coloured tourmalines,
as on Neu Schwaben, The large deposits of lepidolite-
on Okongava are also situated in a rock of this des-

cription.

6. PEGMATITES:

Naturally there is no sharp dividing line
between the type of rock just described and typical
_pegma,tites° For the sake of convenience and on
account of their economic importance however, dykes
and dyke-like bodies of typical pegmatite, which
generally intersect'thé former type of rock in great
abundance and often make up a large proportion of its
total volume, have been reserved for separate des-
'»cription. They exhibit the usual pneumatolytic pgenom-
ena in more concentrated form.

With subh a ﬁealth of various types of
granite, it is not surprising to find pegmatites to
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have an enormous distribution throughout the Fundamental
Complex of South Wesf Africa. Ag a matter of fact, with
the‘exception of the copper-lead-zinc-vanadium deposits
of the Otavi area, the diamondiferous gravels of the
southern coastal areé and a few unimportant minor deposits,
nearly all other known occurrences of minerals of

economic value are associated with contacts and pegmatitic
derivatives of the granites belonging to the Main Period
of intrusion. While a very large number of oxre and
mineral occurrences has been found, unfortunately the

bulk of them are of value only to the mineral~collector.
From an economic point of view they have proved very
disappointing.

It is not the purpose of this paper to discuss
fully the various types of pegmatites and mineral-
occurrences associated with themn. Only their main featuras
are here indicated in mere outline in order to complete |
the picture of the main period of granitic intrusion. Forx
fuller information the reader is referred to Wagner (5); é
Reuning (8) and the detailed description of the tin-
‘bearing pegmafites by Frommurze and Gevers (14 and 15). ’

‘Most bodies of Salem Granite and its succeeding
phases are accompanied by sWarms of pegmatite-dykes.

While a great number of pegmatites usually also occur in
the parent granite;bodies themselves, particularly in
their marginal portions, they attain their greatest de-
velopment in the enﬁeloping schists. It is a noteworthy
fact, that pegmatites are rare in the crystalline lime~
stones so widely distributed throughout the whole area,
evén when these are in direct contact with the parent
granite. Within the schistose rocks,'however, they

occur in vast numbers, generally in distinct swarmg or
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groupé, and the presence of these can usually be as-
cribed to one or more structural featﬁres, which will be
discussed in the tectonic chapter of this paper. Briefly
they are most abundant in narrow strips of schist and

in the outer zZone of tension around phacolithic bodies

of granite. It is also a noticeable fact, that pegmatite
dykes are usually very much more abundant at localities,
where the dip of the schists is steep, than at places
where this is low. They generally conform closely to

the strike and dip of the schistse.

The thickness of the pegmatite dykes varies
from a few inches to 50 feet and more and "blows" of
considerable width are not uncommon. Their length
naturally also varies. Some of the dykes of medium
width are remarkably consistent,

There exist numerous different varieties of
pegmatite according to the naiuie of subsequent pneumat-
olytic alteratioms. The basis of all of them is a
coarse~grained rock consisting almost entirely of Quartz
and felspar (orthoclase, microcline, albite and micro-
perthite), a large proportion of the latter usually in
graphic intergrowth with the former. " The felgpar is
either pure white in colour or pink and salmon-red. In
the northern area wiiite pegmatites predominate by far,
red pegmatites being mainly distributed in the southern
ares. It is a noteworthy fact, that the tin beariﬁg
pegmatites in the Erongo Area are all white in colour.
Not a single tin-bearing red-felspar pegmatite is known .
to the suthor in the entire area. At a few localities
the ﬁreponderance of lepidolite over ordinary muscovite
imparts alsc to the ordinary tin-bearing white-felgpar
pegmatite a pinkish colouration.
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Tourmaline pegmatites with black Schorl and

muscovite pegmatites are by far the most common. Occadon-

ally, as Pfor instance on Neu 3chwaben, near Usakos and
Aukas and on #Hwe Irles' tin claims on Otjimboyo Ost and
Otjakatjongo, beautifully coloured tourmalines ocour,
often banded in alternate zones of green and wine-red.
These coloured, lithia-bearing tourmalineé are very
rarely associated With the ordinary black Schorl, but
generally accompany muscovite, lepidolite and cassiterite.
Where the.two types do occur together, the Schorl can
genérally be shown to be deposited at an earlier stage of

pneumatolysis.

Garnetiferous pegmatites also have a fair distribution{
i
Very commonly the garnet (almandine-spessartite) is ]

associated with Schorl and the available evideﬁce indicated

that it is pneumatolytic in nature and similar to black-

iron-tourmaline, in general deposited at higher tem-

B O

peratures than most of the other pneunmatolytic minerals.
On Elliot‘s claims below the Hohensteine, these iron
and manganese-garnets are associated with the iron-
manganese phosphate triplite.% Econonically the most

important are tin4bearing and copper-bearing pegmatites.

The tin-bearing pegmatiteg have a very widé dis-

tribution in the northern portion of the area between !
the Khan and Ugab rivers. Wherever examined the j
~cassiterite proved to be a secondary mineral metasomati-
cally replacing felspar and quartz. PFhere are several
types of tin-bearing pegmatites. Frommurze and Gevers

in their paper distinguish the following:-
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A. Tin-~-bearing pegmatites situated in the parent

granite.  In them the cassiterite occurs directly
associated and even intergrown with black tourmaline.
The cassiterite is very dark in colour. Occurrences of

~this type are not frequent.

B. Pin-bearing pegmatites gituated in the adjoining

schigts: These represent the bulk of all occurrences.

They may be further sub-divided into -

(a) Pegmatites containing cassiterite associated with

a lérge emount of albitisation of the potash-felspars and

- unadcompanied by gffeisenisation and tourmalinisation on

any extensive scale.

(b) The ordinary common type of tin-bearing pegmatite,
containing cassiterite accompanied by generally abundant

muscovite and less abundant coloured tourmalines.

(c) Intensely gteisenised pegmatites associated with
intrusive bodies of pegmatltic quartz. At Mubeb south
of the Otjipatera Mt., there is an occurrence of this
description. Occasionally cassiterite in fhese depositg J

is acoompanied by triplite, as at Sandamabd and Kudubis.

In general there exist well-marked metallogenetic |

zonés.' The pegmatites situated in the marginal portion

of the parent granite and in schists of the immediate
neighbourhood of the contacf are generally full of black
tourmaline with only sparingly distributed muscovite and
devoid of cassiterite. At VarY1n§-dlatin¢Qa‘Irbm the

L4
contact the black tourmaline disappears or becomes imn-

conspioubus and muscovite becomes predominant. Associated]

withvit occur cassiterite, wolframite and tantalite.

Th.e / ceesce




k23 .

The effects of the temperature gradient are thus
wmell-marked. |

Pegmatites with large books of mugcovitg are not
rare. At Karub, on the railway line from Usakos to
Swakopmund, a red-felspar pegmatite along a marble-
contact contains considerable amounts ofvlarge plates of
biotite. Associated with it ocour garnet (grossular),
epidote and diopside.

It has already been gtated that at several lbcali—

ties the muscovite-gpeisen, tin-bearing or otherwise,

passes into lepidolite~g¥eigen, generally with abundant

topaz. In the area immediately south and east of
Karibib there occur large lenses consisting almost en-

tirely of lepidolite.

Copper~bearing pegmatites are also fairly abundant, but

have all proved digappointing. One of the largest
occu;rences,oi5this type was worked at the %?in Mine.

The pegmatite here posseséés”a red felspar (orthoclase)
énd contains rather abundant hornblende, some mica and
occasionally large orysfals of apatite. The ore is copper-
. glance (upper levels), copper pyrites and bornite. Other
pegmatitic and contact-pneumatolytic copper occurrences
'ingthe southern regionvare the Henderson and Ehlers®

"Mine"™ near Usakos; several small ocourrences on Ubid-
?Tsawiéis; the Idamine near Husab (limestone—contact and
‘adjoining pegmatite with scheelite, molybdenite and small
 amounts of uranium ore); Pforte (scheelite and wolfram-
ite); the Pot Mihe:near Paimtal{(scheelitg, molybdenite
and a little gold) and Gemikeubmund north of the Potberg.
The latter‘occnrrence is of contact-pneumatolytic type

and shows a heavy development of garnet and epidote.

The ore is:.Malachite, Azurite, Cuprite (zona;pf oxidg~- %’

tion) and Gopper pyrites, Bornite and Chalcocite.

Large flakes of molybdenite also occur.
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. Pegmatites containing minerals of Tantalum, Niobium,

Uranium and rare earths: It has already been mentioned
that the cassiterite in the ordinary geisenised pegma-
tites is not infrequently accompanied by small amounts.
of tantalite and wolframite.  Occasionally,as on Ploeg-
er's claims south of the Brandberg, tantalite alone is
present.

A very interesting, unusual type of pegmatite
occurs on Donkerhoek. A pegmatitic blow of consider-
able size has been intensely altered pneumatolytically
with the deposition of muscovite, lepodolite, Beryl, Tan-
talite, Niobite,Blomstrandite, black and blue tourmaline,
apatite and garnet., A considerable portion of the rock
consists of a dense aggregate of Rabenglimmer enclosing
crystals'0f black tourmaline, green Beryl and red garmet.
Klbitigation of the original pegmstite is particularly
marked at this occurrence. A large portion of the
original pegmatite has been altered to a cellular aggre-
gate of intersecting plates and lamellse of albite,
Mainly with the latter are associated blue tourmalines.

PegmatiteS'with Beryl and Rose-quarts:

’”fBodies of pegmatitic quartz of varying di-
mensions are common throughout the Erongo tinfields and
the southern and western portions of the area under dis-
ecussion. Rqsé~quartz is particularly abundant in the
surroundings of ROssing and Arandis. A few miles
north of the latter locality there is a veritable hill
of beautifully coloured rose-quartz. The mineral is
‘assdoliated with white pegmatites, which near RGssing
contain large amounts of greenish Beryl, partly also
in the form.of greemish-blue aquamarine and more rarely
of honey-yellow heliodors. The latter contains a
small admixture of Uranium and is hence slightly radio-
active.. Assocliated with the Beryls occur sm&all amounts
of topasz, Wolfrsmite, Tamtalite, Niobite and Fluorite.

In the samé region, particularly abundantid® in
the surroundings of the Rossingberg, numerous irregular
bodies of pegmatitie quartz, associated with the same
pegmatites~39ithe rose-quartz already mentioned, contain
fair amounts of Ilmenite. Specimens of this mineral
from south of Arandis are markedly radioactive.

Also in the area north and south of Arandis
occur several small bodies of pegmatite containing
‘abundant large crystals of apatite. | |
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Vii. Compogite gneigses and bybrid rocks.

It has alreaﬁy been stated elsewhere that
the degrce of metam,tphism of all rocks constituting
the Pun&amehxal Gomplcx il very much greater in the
eaaatal area than further inland In addltion the
sedimentary components have been 1ntruded by various
gnsinses and granites, mostly’belonglng t0 the main
pericd of grinitic intrusion and post-Damara in age,
to sueh an extent that hybrid and mixed,roeks are very
ea::;n ahd eften prependerate over the pure sedimentis.
!hete featurcc naeessaxily’anmplicatea the mapping along
the tastern.margin of the map oonsiderably While the
ve:y rcslstive marble-bands algo in this region are
well—devaloped and,e3311y discernable, the schistose
xocks have mastly been altered beyond recognition and
txansformed into mixed and hybrld rocks and composite
gnei%bs. "*a;‘thc accampnnying map these are > grouped
together ic; irrespactiva of horizon and age. It is
;altogether impossibls in this region to distinguish
‘thc -chistoae rocks of the Damara System from those of the
ilbblﬁisié}stem, which may be present anong the rocks
underlying the marble horiaan of the former.
L : .z- Lyart frem the Marble and Quartzite Series
‘;oi the D;méra System and some large intrusions ef Palt-
:Dannigfgranite the Fundamenxal complex in the coastal area
thac therefore lnrgely been reduced to Y variety of
Egnnissose hybriderocks and compoalte gneissea. It must
be peinted ‘out in this conneetiom that the bulk of the
’észiiléﬁéisdmaidely’represented in the eoastal area do
knat belong to older Systems than thosa described in ‘this

paper frem inrther inland. . The older literature de-

3% 3m.@.vellknown fact that the degree of MetRmOTphLiEE
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sk e e et 1

Ry gréaﬁla' vary from place to place and im nc absolute
criterion in assessing the age of various rocks.
In-thiﬂmtieum portion of Seuth Weét Afrioa it can
be. demonstrated that the majority of gneissaome rocks
eutereppimg in. the Wtal ares pase into the sediments

l.,ngz\:tr&nitec, exhibiting far less intense degrees of
metsmorphiem further inmland., - = Sush terms as "Gneiss-

. hoyisen®; denating an easumed older group of rocks, &re
wherefore highly isapjropriate and misleading.

ieci oo Eyes-in the.normal ares of the interior

- sxiensive Jit-par-lit intrusgfien of schistome roeks by
Rermel granites mey ocessionally lead to subgneisscse and
m;eid zeaks. There axe quite extensive outcrops
of sych rocks immediately south of Karibib, underlying
the Marble-xridge that encircles the north-eastexrn portion
azﬁgzmvmmm;z,ﬁm quarizite hﬂxism iz bee
3eoally absent and tle crystalline limestones &re undere
lain hy darh biokkke-schists, amphibale~gchists and pars-
ilmihalttcs. - A% the-@kongava Bforte & Teddish post-
Danaxe gianite can be seen #s to vein these racks in lit-
par-lit fashien with the praeduction of a gm.imid
hybrid-zack. k‘,(,,v.;g?;ifpoa:the,abundantlamell&e af biatite

in sush .recks provide planes of easy gliding, it is not
mmam,’mtwtectcnic stresses have. been more effective
in defoxming the enclcsed felspar crystials ang that

i -pheriomens are more &bundant in these reoksv

thm in laxge nasses of compact granite.  The more mobile
m raocks may in this conneeticn be likened to shook-
&hmau:., & oslmilex feature is the frequently pre~
neunced m\v’ftm, foliation and even distinet gneiss-

osity in the hargin#l portiors of larger bodiss of granj

whioh in .the interier; mrtiom possesses the normal
grmablntic texture.
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VIII. Progtessive differentistion of the Magma.

’

Corpad o B as s Tiun
“"'»&hdﬁ:}de’r of succession and the ‘mineralegical
m'yoséuien‘ of -ftﬁﬁ' iumu rocks belonging to the main
pezisd of granitie intrusion form an excellent illustration
of ‘the progressive differentistion of a single pafent
DAgRAS - Lo Y | '
Jatey < The esrliewt truﬂm te arrive in that

poztion of the erust now exposed br denudatien ate inter-
nadiato and subbasio: roeks: various types of aierites,

vinamm;qmmcruu, with suberdinate hornblendites
and quarts<hernblendites;  Pifferentiaticn under special

conditiong also resulted in the productionm ef small

isslated ¥odids of anorthosite. In These rock ?gmlue
/iﬁ by far predominant and rangec dom to acid lnbradorlte.
M follow, » Trequentily by grsdation, grano— :
mmmmummtu, in which &cid plagié&;ase,é
wa&:txm ‘slbitepligoclase ta ‘andesige, sometimes still

glightly predominates or is present in more or less egual
. proparticm whth orthoclase, microcline and sada' arkhoclase.

Invariably acid plagiloclase is still very conspicuocus.

-3 . Them vast wolumes of biotite-granites (Salem)r
'mim:néed,ww markedly porphyritic, In most I

ﬂ&ﬂiﬁme by the writer these rocks still contain !
‘Rﬁﬁi&blt smounts of very acid plagioclase ( alhite~ }
‘eligoplame) and in the &rea mepped the Salem granite im a 1
v &l cal-alkaligranite. It has alrelﬁy been stated !
that the high Aictdte-eontent of some varities of Salem j

|

- due ¢ the aasinilation of considerable

anounts of hiotite-schiat. In the same connectiem it

5. algo is due to Mmmtlve pracessas, daring ,ﬁx

. uhinh, 'lth pragt«siu assimilation and cnlaratmmt m

wag described how its marked porphyritic texture im part %
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the epacc eccupled by the magma , the Ielspar erystale
ne-1g~rormea betteen the merginﬁl bietito-lamellae
drifted from the ex&es of the hedy of magma into ita
interiar." Being the first fraction to be intruded
eﬁhan exteneive acale and in close confarmability to the
structural plan of the sediments, 'the Salem granite had
a iﬁr better oppertunity to effect assimilation than the
later phases, whieh -ere emplaeed after the'sedimente
hed alxeaﬁy becn consolidated to a much higher degree.
o - Qhe pe.t—Salem.phesee representdz:;eeeive
fractiena et graﬁusllx'increaaing acidity. Eemic
minerals are en the uhele rare in them and graduelly
dlsappeer'as the acidlty increases. Calcium-bearing
aeiﬁ plagioclaee ( eligoelase) is now also rare and often
entirely ahaent. The sectians investigated by the
author indicate that most of theee rocks represent

alktlipgranitct tceegq;ng to the elts-iflcation in use.

EREH TN &3 : SRFE

ThiQ 1; an instance of ealceilknli.and alkali—granite

-being derived from the game parent magma and not belonging
te difierent,pzevincea.

e
Ae the bietitebeontent in these rceke reeedee

’nd finallg beeemea ineonspieuous, muscovite gradually

c,f\ DRI

increaeee~in importance and in the flnal fractions

(pegmatitee ahd to a leseer'e:tent aplitee) often is a
main.eonatltuent. | Even in the pxecuxaery acid granites

}

1t is‘e;moet inwariably seen to heve reeulted from the
revlaoement of potaah-felspare. The admixeﬁ gaseous

ennstitucnts of thn magns therefore graduslxg became

? ‘\ u,- «% it ‘N 5

morc and moxe ccncentrateé.

LR B e L

In thia conneetlen it is 1ntereat1ng te note

that tagether gith the decrease of calcium-bestiig

plagioclase and hornblende in the slides examined, oth



129,

waalcium—beaxing minemal: alsac gradually duindle away .
Thus in the dig}ta: and saaceiatnd hoxnblendites, as
well as 1n the granndiorltea and hornblende granites,
sphene or titanite and alse apatite are axceedlngly
,abundant and,ferm a eharacteristia feature of the rock,
paxticulaxly the former. In the Goas granite both
minerals are still very eonsplcuoua. In the Salen
granite sphene ia quite inconspicuous and also the
apatlte very much :educed zircon being the main
‘acceasery constituent. In the post-ﬁalemAphases also
apatite\anindleé away and,irequently is almost entirely
absent.

Phe Main Period of granitie intrusion
therefore presents an exceptionally clear exaﬁple of
mineralogical changes in related igneous rocks-and of
progressive differentiation as & whole. The latter
can be followed over & long successive series of mainix
granific rocks representing the iiquid—magmatic gtage
&nd their pegmatitic derivatives, in which exceedingly
varied pneumatolytidprocesses can be studied with &
renarkably clarity of detaii, right down to the hydro-
thermal stage with ite innumerable quarts-stringers in
the schistose rocks of the Khomas Highlands. Thexe
are probably few oountrie;7:§2i§ there existg such
anigque exposures of a wealth of different types of
pegmatites and where mineral-zoning is so pronounced.
With the progress of investigation South West Africa
chould become a classic country for the study of

mineral-paragenesis in pegmatites. ‘The remarkable

‘“ltho c;oo‘ /‘,‘
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mealth of exposures allow of the interconnection of
certain phenomena, which'in'lesa arid climes with ex-
,pdsuzcs ﬁorexspa;inglj digtributed éppear more dis-—
| eonnected.and,incoherant; Detailed investigations

in thia field particulazly stress the continuity of the
process of. magmatic intrus}ian and solidifiecation and
;gboya all the importance of the temperature-gradient

~ in the producticn of mineral-zones. Gradual gradations
~ are the rule and abrupt changes the exception.
Schematic systematisation iz always untrue to nature.

EOO..O
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K. TECTONICS AND MECHANISM OF MAGMATIC INTRUSION.

The ancient sediments of the Fundamental Complex
everywhere have been intensely folded and there is evidence
to show that they were affected by several periods of upheaval.

(a) Pre-Damara Folding Movements.

The first of these was responsible for the folding
of the Abbabis beds. It has already been stated that it has
been found almost impossible to unravel the stratigraphic
succession of these most ancient sediments, partly on account
of the intense interfolding, partly on account of the enormous
amount of confusion caused by the intrusion of numerous ortho-
-gneisses and the production of large areas of composite gneisses

Since the exposure of the Abbabis System is not very
extensive, little detail can be gathéq,about these early folding
movements. Already they appear to have had a predominantly
northeast-southwesterly trénd. As far as can be made out the
tectonic upheaval was accompanied by the intrusion of the main
bulk of pre-Damara orthogneisses and the production of the
hybrid rocks, later altered to composite gneisses.

At has occasionally been stated, that the foundation
rocks q? E%e Damara System already must have been highly
metamorphosed and rendered gneissose before the latter were
deposited, because the conglomeratic horizon of the latter
contain pebbles of highly altered and gneissose rocks. While
it is certainly true that in the normal area, i.e. away from
the more highly metamorphosed coastal area, theschistose rocks |
and limestones of the Abbabis System possess a higher crystallin7
-ity than those of the Damara System and that the pre-Damara |
igneous rocks are universally gneissose, while those of the Main;
Period of granitic intrusion are not or ondy in certain regions,;
nevertheless it is apparent that the pebbles of the conglomeratﬁ%
layers of the Damara System were also metamorphosed together 4

!

) £ rala rooiln A/.-- ;
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A large paft of their crystallinity and metamorphsm is, therefore,
probably a subsequent feature, impressed on them after their |
embedding. That this is so, is shown by the following facts :
It has already been commented on, that in the case of those
pebbles and boulders from the Chuos Tillite, of which the parent
rock in the Abbabis System or among the pre-Damara gneisses is
known, they invariably exhibit a lower degree of general meta-
-morphism and gneissosity than that of the parent rock en g§§§g.j
This peculiar feature can only be explained bXassuming that e !
when the pre-~Damara rocks were being eroded by ice and rock-
-fragments embedded to form moraines of younger age, they were
not nearly as metamorphosed as they are to-day. In addition

it stands to reason that small rock-fragments enclosed by a
great thickness of plastic and yielding clay or silt will be
better protected against subsequent tectonic and other stresses,
such as load, and against heat-effects, than the massive and

coherent body of the parent rock.

Another point worth mentioning in this connection is
the fact, that at the foot of the Otjipatera Mountain and general
-1y on Abbabis and its surroundings, the foliation of the hybrid i
rocks and composite gneisses of the Abbabis System as well as of “

the intrusive orthogneisses is mostly pargllel and conformable

ey aea o eer

to the post-Damara folding. This would suggest, that the

rocks concerned had suffered comparatively little load-meta-

& e et s o, s g

-morphism, although, of course, a considerable amount of
contact metamorphism must have been effected by the intrusion
of the pre-Damara gneisses and at least some dynamic metamor-
-phism by the pre-Damara folding movements, and that the
greater part of the present degree of crystallinity and gneis-
~-sosity was impressed on them by the vast post-Damara orogenic

(b) /...
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The lMain

(v) , Post-Damara Orogenic Period.

The latter represents by far the most colossal
upheaval, which the African continent ever experienced, particulars
-1y since it was accompanied by magmatic intrusion on a scale,
that not only was never equalled, but in comparison with which
all later intrusive periods dwindle into insignificance. ASsS a
matter of fact, both processes of this period combined gave
birth to the African continent. In magnitude and effect this
upheaval can only be compared with the Laurentian revolution
closing the Archean era in North America.

Since the main period of granitic intrusion no doubt
was a long-continued process and since all its constituent
igneous rocks from the first to the lasti pnases, inciuding the
very last pegmatites, exhibit unguestionable evidence for
intrusion and solidification under tectonic control, the folding
movements must have been of very long duration.

The general strike of the sediments of the Fundamental,j
Complex iﬁcluding those of the Abbabis beds throughout the
central and northern portions of South West Africa is NE.-S.W.
This strike is, however, by no means constant and the sediments
deviate from it to an extent, that at once suggests the marked
influence of multilateral stresses. Sudden changes into
directions at right angles to the general strike are characteris-
-tic features of the structural plan of these ancient sediments.
Excellent examples are afforded by the marble ridges of the
Kampaneno Mountains north of Omaruru (Map, Fig.®) and the
complicated marble "dome" on Goabeb between the Khan River

and the Kudukuppe (lap, Fig. &). Locally the sediments are |

}

;
{
|

of the folding movements is particularly well demonstrated by théj

powerfully ruptured and dislocated in such right-angle folds

and also heavily intruded by igneous rocks. The irregularity -

outcrops of the bands of crystalline limestone comnstituting ‘i

the Marble Series. The individual bands frequently meander

about /...
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about in a most bewildering manner, often producing an intricate
network, a veritable maze of one and the same marble band(Map,
Fig. L).

Apart frowm these very marked deviations, the folding
1s on the whole very irregular. Long continuous folds in the
form of regular synclines and anticlines are rafe. Wherce they
do occur, they are usually complicated by minor additional folds,
which render even the more regular and consistent folds complex.
A characteristic feature are numerous domes separated by
irregular basins, and meandering anticlinal ridges, generally
of marble, separated by irregular synclinal basie frequently
filled by granites. The area north of the Khan river around
Arandis, Trekkopje and Ebony on theAaccompanying map illustrates
these features in a very clear way,

The north-western and northern limbs of syn- and anti-
~clines generally possess a very much steeper dip than the south—%
-~eastern and southern. Actual overfolding is very common
and mostly directed from the S. E. and S. to the &.W. and N. The
dominant étress during the folding movements, therefore, come fror
the 3.14. and S.

The complex nature of the folding, however, and the
features already described immediately suggest, that the Stresseg
were not entirely unilateral. On the contrary, it is apparent,
that the sediments when folded were not free to yield laterally,
but experienced a considerable amount of resistance also in a
direction at right angles to the dominant stress, or, in other
words that they were subjected to multilateral stresses. Hence
the bewildering irregularity of the folds.

If sediments are compressed in one direction only and
are entirely free to yield sideways in a direction at right
angles to the stress, long continuous folds of great regularity
result. The tendency of a single stress in one direction only
is to reduce the width of outcrop in the direction parallel i

to the stress and extend it in the direction at right angles to

Tl - 7
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the latter, in which direction an active strain is operating.

In the case of multilateral stresses, however, particularly

if the sediments are also compressed by stresses operating at
right angles to the dominant stress, the rocks are not free to
yleld sideways and the resultants of these lateral stresses
produce movements, that are mainly directed upwards. The whole
block of sediments is as a result buckled up in an irregular

way and hence the large number of dome-like structuresg, which
characterise the tectonic plan of these ancient sediments.

Their convexity, outline and direction of elongation naturally
depend on the relative strength of the operating stresses at

any one point. The tendency of multilateral stresses, therefore
is not to reduce the width of outcrop in one direction only

and extend it in a direction at right angles to the former,

but generally to reduce the circumference and surface extent

of the whole area of outcrop, and to increase the vertical
thickness of the folded rocks. This same circumferential
compression and the resultant of multilateral stresses, the
effect of which 1s to produce movements mainly directed upwards, -
would naturally also concentrate any highly mobile magmatic |
material at their disposal into such dome-like structures and 1t
is not surprising, therefore, freguently to find the latter
particularly heavily intruded by granite (Map, fig.d).

One of the largest and most complex dome-like struc-

.

-tures of this description are the Kampaneno or Tjirundu Moun-
-tainsﬂg§tgmaruru, in which the Marble Series has been strongly
arched upwards and bent about in an extraordinary fashion (Map,
Fig.8). ‘'he whole structure could, perhaps, be referred to as
an irregular compound dome.

Very complex folding is also evidenced by the area

between the Chuosberg range and the Swakop River around Dorst-

-rivier and Sphinx (Large accompanying Nap) . Here there are

two /e ﬂ
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two small perfect domes of marble. At the site of a sudden
right angle bendL a Tew miles south of the road from Dorstrivier
to Sphinx, the marble horizon has been thickmed into a block
several kilometres in width. Ihis is partly the result of
folding (compressed basins and domes), partly no doubt, however,
also due to rock~-flowage into the areas of minimum stress,
particularly since the marble-bands only a few miles to the east
and west are quite narrow. It is a well-known fact, that
plastic rocks are often attenuated and even completely drawn

out in the limbs of anticlines and synclines and thickened in
the crests of the former and the floors of the latter.

In this connectilon another interesting feature may
be pointed out. It is the extreme paucity of lines of disloca-
~tion or faults of any appreciable throw in these highly folded
sediments. Their almost complete absence on the large accompany-
-ing map is not due to obvious difficulties,that might be
experienced in locating them in great thicknesses of very uniform
rocks. This might hold for the extreme south-eastern corner
of the map in the Khomas Highlands and other extensive areas
uniformy underlain by schistose rocks without marker beds or
by large bodies of granite. Throughout the greater portion of
the map, however, the marble horizon forms an excellent market-
bed, which at once would indicate the presence of faults of any
considerable throw. The writer at quite a number of localities
was struck with the facility with which these now coarse-grained
rocks respond to sudden and abrupt changes in the direction of
stress without any fimcturing worth speaking of.

The key to these phenomena is found in studying the
banding of the limestones, or at localities where they enclose
large humbers of narrow parallel bands of chert. Beautiful
exposures of extensive surfaces of these crystalline limestones
are very common under the arid climatic conditions (rainfall in
coastal portion of the Namib less than % inch per annum). ;@4
Numerous exposures of this kind show the banding and narrow . |

chert /oo
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chert bands to be folded and contorted in ah.almost incredible

. mammer without the slightest sign of fracturing. The limestones
at the time of folding must have been as plastic as dough and it
is this extraordinary plasticity, that enabled them to respond
in such an elastic way to abrupt changes in the direction of

stress. It also no doubt greatly aided the rock-flowage just

referred to.

(c) The Mechanism of Magmatic Intrusion.

Throughout the entire area there is abundant evidence
to show that the intrusion of the o0ld granites and their pegma-
-titic derivations was closely assoclated with the folding of
the ancient sediments. There is no doubt,that even the last
phase of intrusion, i.e. the swarms of innumerable pegmatites
were injected while the folding movements were still in active
progress. Not only 1s this the case, but the intrusion of the
granites and pegmatites appear to have been mainly controlled
by the tectonic forces operating.

A variety of facts point to this conclusion. To
begin with granites and assoclated rocks almost invariably
closely follow the structural plan of the sediments, even down to
the minutest detail. Map, Fig. # and the large accompanying map
very clearly demonstrate this. The granite intrusions are
foﬁnd either to occur as laccolithic bodies forming the cores
of anticlines and domes and conformably filling or forming part
of synclines and basins, or as numerous lens-shaped and irregular
phacolithic bodies, the outlines of which are determined by the
strike and disposition of the sediments. With the exception of
the schistose rocks, particularly of the Khomas Series, which are
frequently displaced and in part have also been assimilated,
the igneous rocks, although preponderating in bulk over the
sediments over the greater portion of the mapped area, have

left the sedimentary frame intact to an extraordinary degree.

AS/ e
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ggfhas already been pointed out, that they mainly fill separate |
compartments in a sedimentary skeletal frame. |
Conformable and concordant contacts are the rule |
throughout’ the entire area. Discordant contacts naturally also
occur locally, but are, on the whole, very restricted. So
close indeed is the adherence of the igneous intrusions to the

tectonic plan of this region, that the magma appears to have

been made use of by the tectonic forces operating as a highly
mobile and plastic material in filling potential cavities and %
compartments in the sedimentary skeleton. 1In accordance herewithg
granitic material is found with particular abundance in regions
of minimum stress, such as in the cores of domes, the crests of
anticlines and the floors of basins and synclines.

The very large granite-intrusion along the northern

foot of the Khomas Highlands, as far as its contacts are con-

-cerned, also closely conforms to the strike and dip of the

sediments. It seems to be in the nature of a very large and

massive sheet wedged in between sediments. The latter are |

merely disrupted and pushed apart by the granite, the normal

succession continuing on each side of the granite-body. The

great number of large xenoliths of schists that are found to

fat in the granite, particularly in the area north of Donkerhoek

and Onanis, do not materially affect the sedimentary succession.
That the magma at the time of its emplacement was

subjected to tectonic stresses, is further revealed by a study

of the ééggégz of most granites and their parallel textures.

It has already been mentioned, that the Salem granite, particular:

-1y in smaller bodies, exhibits a pronounced flow-structure. The

)
parallelism of the felspar phenocrysts follows closely not only
the tectonic structure in general, but also any sudden and
abrupt variation in strike of the enveloping sediments. Micaceus
and acid "Schlieren" and all other parallel textures of the

granite bodies, as well as incipient foliation, where present,

invariably closely conform to the strike and dip of the sediments

- 3 v N L
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and thus indicate, that at the time of intrusion the magma

was subjected to active stresses.

The fact, that although all paréllel textures
in the igneous rocks of the main period of granitic intrusion
strictly conform to the tectonic plan, but that on the other hanc
the granites and associated rocks, except sometimes in highly
micaceous varieties or more often in hybrid rocké, generally shov
no trace of‘foliation, but possess a typical hypidéomorphic
granular texture, indicates, that their intrusion was most likel;
contemporaneous with the later phases of tectonic upheaval.

That it was still controlled by tectonic forces,
however, 1is shown'conclusively by numerous very clearly exposed
phenomena. Throughout the entire area there is abundant evidenc
to show that the position, outlines and distribution of granite-
~bodies and pegmatite dykes are very frequently the direct
result of stresses operating on the sedimentary frame and of
movements within them. Differential movements in areas of
powerful torsion are the principal factor in this connection.

The whole phenomenon i1s best explained by comparison
with a pack of loose, pliable cards bent downwards at their
ends. Differential gliding movements taske place along
the surface of each card and lens-shaped open spaces are formed
in the outer arc of tension, while the inner arc represents a
zone of compression. If this bending movement is carried out to
its full extent, the tension in the outer and the compression
in the inner arc will progressively increase and, if the process
is carried out in a rigid frame and the card-ends firmly
gripped, there will come a point, when the outer cards will
break and be pulled apart, while those in the inner arc will
crumple upe.

This is precisely what has happened in the case of
chistose rocks at quite a number of places. An excellent
example is afforded by a granite phacolith situated along the

Khan river below the northern slopes of the Great Rooiberg,

northeast /...
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Schematic plan of granite phacolith filling space formed by differential
movements in schists during bending; also showing abundance of pegmatite
dykes in the outer arc of tension.
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~northeast of Usakos. At this locality all series of the
Damara System have been bent into a sharp curve constituting
the northern flank of a strongly arch2d-up dome (Map, Fig.$).

The sediments within the inner arc have been powerfully crushed,
crumpled up and folded, particularly the schist partings between
the marble bands. In the outer arc of the curve, on the other
hand, numerous slabs and xenocliths of schists floating in the
granite, but still parallel to the strike of the sediments,

show that a large amount of disruption took place in the outer
region of tension. The granite merely fills the largest open
space formed by differential gliding in the strongly bent schists
in the form of a phacolithic body. (Fig. 4.

This feature: disrupting and igneous intrusion in

the outer strained arc and crushing and crumpling up and an
absence of igneous intrusion in the inner arc of compression

is continually met with throughoﬁt the whole area (Map,Fig.d).

Particularly the numerous dome-like structures, more

especially those the elongation of which is at right angles to
the general strike, are regions of intense and intimate igneous
intrusion. One of the best examples of this nature is the
complex area between the Kudukuppe and the Khan river on Goabeb
north of Usakos (Map,Fig.l). <The sediments here form a sharply
bent anticlinal structure with quartzites appearing from under-
-neath the marbles at theKudukuppe. It is clear that during
the formation of such a sharply bent structure, differential
movements in the alternating beds of Marble and biotite-schists
shquld produce ideal conditions for magmatic intrusion on an
intimate scale. ‘“he schistose rocks in conseguence are actually
riddled with innumerable wedges and lens~shaped phacoliths of
granite. No other supposition, but that the grani{mas intruded
contemporaneously with the folding movements, is possible to
explain these phenomena.

The /...
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The same tectonic factors also have a most
lmportant bearing on the question of dyke-intrusion. It is
found ﬁhat pegmétite dykes occur with particular, usually
dverwhelming abundance in the vicinity of granite-~schist contacts
where the latter execute a marked bend in strike (Map, Fig.{,
Map, Fig.d). Thus on Ameib in the case of the grénite-phaco—
~lith at the foot of the northern slopes of the Great Rooiberg
(Fig.4) hardly a single pegmatite dyke is to be found in the
inner arc of compression, where the schists are crumpled up,
but hundreds of them occur as a distinct swarm in the outer zone
of tension. Where the schists straighten out again the pégma—
~tites become less abundant or even disappear.

While there are large numbers of pegmatites in the
parent granite bodies themsehes, particularly in their marginal
portions, they attain their greates£ development in the enve-
-loping schists. This feature is not surprising. The granite-
magma itself being under a powerful pressure and the rock
produced on solidiflcation being massive and coherent except for
Joints, the pegmatitic residual magma, rendered extremely mobille
and aided in its upward ascent by concentrated gaseous solutions,
found the schists, weakened by innumerable planes of schistosity
and bedding, along which differential movements during folding
were producing potentially open'spaces, far easier to penetrate.
For the same reason they avoid the massie and compact bands of
marble and quartzite.

Other factors favouring the intrusion of dykes are
connected with the close neighbourhood of two or more granite
bodies separated by schist wedges of only narrow width. Such a
strip of schists 1s then usually intensely invaded by dykes,
but also here it is a noticeable fact, that distinct swarms
usually occur in regions where the schist-wedge or‘strip is bent,
even 1f it be only by a few degrees.

Also /... i
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parallel, 13 per cent. ar right angles and 8 per cent. at
diagonal and oblique angles to the strike of the schists.

while the majority of dykes, whether strike-, cross-
or oblique dykes, in any one area show no differentiation with
regard to their respective ages, it is a noteworthy fact that
dykes obviously somewhat later and cutting across strike-dykes,
are usually cross~ or obligque-dykes. This fact indicates that
after the first injections the sedimentary frame had already
become somewhat consolidated by the folding and presence of
the at least partly congealed granites and pegmatites and that
the lines of smallest resistance and easiest penetration had
already been occuped. The later magma was, therefore, obliged
to follow joints and fissures across the strike of the sediments.
Summarising, there 1s, therefore, abundant evidence for the
contemporaneity of folding and magmatic intrusion during this
particular period of upheaval. |

(@) ‘he higher degree of metamorphism of the Fundamental
Complex in the coastal area.

This feature, first pointed out by Reuning (7), has
‘already been commented on on several occasioné. Its manifes-~
-tations have also already been described. ‘'lhere remains,
however, its cause.

Wagner (¢, p.72 & 83) has already pointed out, that
generally the foliation of the schists of sedimentary origin
and of the composite gneisses in the coastal area strictly co-
-incides With the original stratification. This indicates,
that a large part of their schistosity "was induced by load-
metamorphism before they were folded in a general north-easterly
direction". When the enormous thickness of these ancient
sediments is taken into account, this fact is not surprising.
In the case of a sedimentary group several tens of thousands
of metres thick, the lower portions of early sedimentation must
be undergeing load and thermo-metémorphism, while the upper 4
beds are still being deposited. In any case, metamorphism,

particularly /...
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particularly the initial recrystallisation of the original
shales to schists, must have already commeﬁced before dynamic
and contact-metamorphism set in with the folding of the sedi-
-ments and the contemporaneous intrusion by igneous rocks on
a vast scale.

That dynamic metamorphism has also been active is
shown by the already mentioned fact, that at the foot of the
Otjipatera range and elsewhere the foliation of the sediments,
corposite and orthogneisses of the Abbabis System is in the
maln paralliel to the folds produced by the great post-Damara
tectonic upheaval.

What now is the cause of the higher degree of general
metamorphism in the coastal area? It cannot be a dynanic
one, since in the regions further inland, the sediments have
been folded on Jjust as intense a scale.

| Features that are different in the two regions are
the following : In the coastal area very extensive outcrops
of granite are very much rarer than in the interior. It

has already been stated that the most extensive outcrops occur
between the northern limit of the Khomas Highlands, the Erongo
Mountains, the upper Omaruru river and the western margin of
the Sandveld. The western portion of the latter 1s underlain
by extensive tracts of granite as proved by boring. In this
area sediments entirely recede and occur to a considerable extent
in the form of large xenoliths. 7This area mainly underlain
by granites is interruptedly continued parallel to the coast
into the southern portion of the Kaokoveld.

Further west, towards and in the caestal area, granites
over a large portion of the total region still preponderate over
sediments, but here they occur intimately interwoven with the
sedimentéry frame, mainly filling comparatively small separate
compartments in the latter in the form of laccolithic and phaco-
-lithic bodies, as shown by the large accompanying map and map,

fig. 4.
The /...
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The extensive granite-tracts of the upland pléteau-
»-region have so far not been mapped in detail and a large proport
of the contacts are covered by sand. Reuning (7, p.235) inter-
-prets the phenomena here briefly outlined in the following way:
He considers the whole mass of the rocks belonging
Lo the Nain period of granitic intrusion to represent a huge
batholith, which has penetrated the crust to the greatest height
in the interior uplands. In the latter region the roof of the
batholith is said to have been denuded away and the upper portion
of the batholith thus to have been exposed. The upper limit
of the batholith 1s then supposed to have a westerly dip, so
that in the coastal area deeper portions of the crust are exposed
which accordingly and in addition to the sediments being inter-
-mingled with large amounts of igneous material present a higher
degree of metamorphism.

It has already been stated on several occasions, that
no typically batholithic bodies of granite have yet been met with
in the mapped area, but only laccolithic, phacolithic and sheet-
-like bodies. The possibility, of course, exists, that in
accordance with Reuning's interpreation the latter merely re-
-present portions of magma squeezed into the sedimentary roof
of the batholith by the folding movements, which the batholithic
intrusion accompanied; and that these detached portions of
magma are underlain in greater depth by a very large Datholithic
body. This, however, still has to be proved and before noc
detailed mapping has been done in the extensive granite tracts
of the interior uplands, which no doubt will throw considerable
light on this problem, the writer considers it to be futile to
debate the problem further at the present state of investigation.

| There is little doubt, however, that the greater degree
ofymetamorphism of the Fundamental Bomplex in the coastal area
is mainly the result of the greater intermingling of the éediment

with magmatic material, which has been intimate enough to produee

Injectiony-and-ee§x3=$-#-

large areas of mixed and hybrid rocks.
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contact-metamorphism have, therefore, probably played the

chief rdéle in bringing about this excess of metamorphism bver
the inland region. Load metamorphism may have supplemented the
former to some extent, as suggested by Reuning.

(e) ‘The Consistency of Tectonic Directions in South West
Africa.

Mention has already been made of the facf, that already
in pre-Damara times the sediments of the Abbabis System appear
to have been folded in a gsneral N.E.-S.W, direction. During
the great post-Damara upheaval this direction was again the
general and dominant one, the main stress having come from the
S.E. as indicated by overfolding. Following the Damara System
there is a vast stratigraphical gap in central South Weét Africa
and the rocks next in age are isolated outcrops of sediments and
lavas belonging to the Upper Karroo period. These comparative-
-1y youthful sediments have not been folded, but‘experienced a
fair amount of warping and Taulting.

One of the largest faults in South West Africa 1s

the Waterberg fault, which has been proved to stretch from the

vicinity of the Okavango past the north-western slopes of the
Waterberg and Etjo as far as the neighbourhood of Omaruru (Omburo)
a length of about 700 Km. At the Btjo it has a throw of several
thousand feet, the downthrow being on the south-eastern side.
The western continuation of this rupture is represented by
hundreds of closely-spaced and parallel dykes of Karroo dolerite
or diabasc)which continue the direction of the Waterberg fault
from Omburo, east of Omaruru, where it apparently terminates as
an actual fault, past the northern edge of the Erongo Mountains,
past Trekkopje and Arandis and past Haigamchab and Goanikontes
as far as the coast near Walvis Bay. (North-western corner of
large map).

Since both Stahl (17) and Krenkel(1l8) assume the fault

to continue as such as far as the coast, the writer wishes to - ﬁa

stress the point that the marble horizon as an excellent marger- :

>

"bed /aoa-
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marker-bed nowhere in the mapped area indicates any such fault,
the dlerites merely filling normal ruptures without any
\displacement worth speaking of. The abundance and closely
spaced nature of this multitude of dolerite-dykes (see north-
-western corner of large accompanying map and Map, Fig. 4),
however, indicates this line to be a zone of weakness in the
earthts cfust, which subsequent to the intrusion of innumerable
dykes of dolerite in the southwestern area developed into a
fault of large throw along its continuation #r the north-eastesn
apee.

it is further of interest to note that also the faci
of eruption in late Karroo times and the centres of intrusion
of the HErongo granite were evidently influenced by zones of
weakness in the earth's crust, which in post-Karroo times partly
developed into powerful faults. The former exhibit linear
arrangements, which are certainly remarkable.

The universal tectonic direction through central and
northern South West Africa, therefore, is N.E.-S.W, from the
very earliest tectonic phases in the Archean era right down to
post-Karroo times. Only in the extreme north-western corner of
the country do the ancient sediments again bend into the N.N.W.
direction, which roughly parallels the coast. In accordance
therewith post-Karroo faulting and warping also follow that
direction we Wes ﬁ:fv'm |

'he southern portion of South West Africa presents dif-
-ferent features. Here the main folds of the ancient sediments
of the Fundamental Complex are oriented slightly west of North,
which direction continues across the QOrange River into Cape
Province. The same axis of folding was then repeated at
intervals and at later periods by the tectonic upheavals
affecting all younger beds represented. Inﬁ%ape Province this
direction was followed not only by the folding movements that
crumpled up the Malmesbury beds and guided the intrusion of the

Cape /...
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Cape granites, but also by the mesozoic upheaval, that built
up the Cape Ranges.
But also in the southern portion of South West Africa
the N.&.-S.W. direction is evidenced by post-Nama faulting in
~ the Witputz "Graben" and in the "horst" of the Karas Mountains.
The subcontinent, therefore, was consolidated in
Archean times along certain definite lines, which have been re-
-newed again and again during its subsequent history.

According to verbal communication by Dr. Beetz, the
turn-in-strike of the ancient sediments of the Fundamental Comple
along the gcoast of South West Africa takes place a little north
of Spenciiﬁ%zgidtizgéi%%%g%.f% %ic%giszizzizgiiigéma%%i§?%2€2;?ht

yA ’ :

oriented a littig west of north right up from the southern part
of Cape Province, suddenly bends round into the N.E.-S.W. directik
- which dominates throughout central and northern South West Africa

It would be an interesting and, in the author's mind,
2 conclusive test of the Wegnerian hypothesié of continental
drift to study these phenomena also in South America at the
correéponding portion of its east-coast. Should such investiga-
~tions yield similar and comparable results, they would form a.

convinecing argument in favour of Wegner's hypothesis.
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THE AGE OF THE ABBABIS & DAMARA SYSTEMS.

. South Africe as one of the old, long-establishel
rigid portiome of the earth‘s crust, in common with
Canada and Fennoscandia, exhibits a particularly marked
wealth of ancient unfosslllferous groupse of sediments.
In spite of great differences of age these are very
often,ofugimi;gr petrological facies, While it is
generally possible to determine their relative age in
any one area, where & number of them occur together or
&t least are not separated by great intervals, longrange
corre%ﬂhtian on the other hand invariably presents great
Aq;fficulties. Correl#htions based purely on peungrar
phical comparisons are always & very hagardous, if not
a futile undertaking. Quite a number of such attempts

have later on been shown to he grotesque,

It is therefore imyosslhle to state with any
degree of finality the age of any of these ancient
sediments when compared with those of other countries.
Ey far the most promising means of arriving at an at
least approximate idea of their age is to utilise the
principles of dsstrophism as developed in North Amerioca.

FPor a fuller discussion of the probable ages
of the verious groups of ancient sediments in South West
Africa, the reader is referred to the important paper of

!
Beetg listed in the annexed bibliography (12). :

The old pre«~Cambrian Systems of Sogthern,Afrioa;
can conveniently be separated into two main divisionms: |
A group of very ancient, generally highly metamorphosed
sediments snd lavas, whick everywhere are intruded by and
are therefore older than the oldest wide-spread gmneisses

ani granites; and & group of younger; less highly

metemorphosed sediments, which rest upon the latter .
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To the first group belong the various members
of the Sweziland System in the Union and the Basement

Schists of Rhodesia, while the Witwatersrand and
Ventersdorp Systems are prominent members of the latter

group. : ‘

In South West Africa the Abbabis and Damara 4

Systems belong to the first group, while the systems
investigated by Beets in\the southern coastal portion of

" South West Africa (12), namely the Chlorite-schist group,
the Phyllite Pormation and the Konkip System, belong to
the latter. The Kunjas Series of the latter Beetz (12)
correllates with the Witwatersrand System, while the
masg-eruptions of the Sinclair Series, also part of the
Konkip System, bear a strong resemblance to those of the

i

Ventersdorp System of the Union. o

It ndw the ﬁrinciples of diastrophism possess any validity 1
at all, that is toisay,if one does not suppose the wide—
Bpiéad gﬁéisees end old granites, which cover buge areas i

 of Sowthern Africa, to have been intruded at widely

separated intervals, the Abbabis and Damera Systems of
Sdgth West Africa can only be correllated with members ;
6f the Swaziland System of the Unien. The Damara System ‘f

appears to bear most resemblance to the Kheis Series of

the Northern Cape.

It is obvious, of course, that a correllation
over greater distances, yarticularly over a whole occean,
can only be within.verj wide limits. The writer is
fglly aware of the limitations of the following attempt
t0 compare the Fundamental Complex of South West Afriecsa

with the ancient, well-kmown Systems of North America.
To his mind, however, such a comparison,altbough it is ”a
!

mainly of theoretical interest, helps to visualise the }.ﬁ‘

closely corresponding canditions of sedimentation in .
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tha£ the latter were not so very different from those of
mnéh.more recent periods. Further it helps to make
cleai, at'what an early epoch of the geclogical reccord,
as we know it, the Canadian Shield and Southern Africa
were consolidated into continental neuclei. The Primi-
tive Systems of Southern and Central Africa record the
history of the development of our portion of the earth's

crust into the Afriocan continent.

Nbrth America and Fennoscandla have led the
way in,setting up a stratlgraphy of the Precambrian and
the Rbrth Amerlcan classification.has become standard
throughout tha world. It st be realised, however,
that the division of pre-Gambrian rocks into Archean and
Proterozoic is largely a matter of convenience and usage
and only the Principles of Diastrophism lend to it a
uider significance.

In.Pireson.and Schucherts Teaxtbook of Geology
(1924) the Proterozoic rocks are said to be "nmot much
altered®, while those of the Archaen era are stated to k
be highly altered. No really typical schists, highly
alitered marbles and gneisses are found in the Proterozoic
Qﬁ North America. On this subdivision the Damara System,
would without the slightest doubt fall into the Archdaan,
for all its constituent.sediments are highly metamorpho—
sed, typidal schisté, gnéissoid mixed rocks and highly
altered'tremolitic marbles being characteristic componente
But it is & well-known fact that the degree of meta-
morphism'can.vary to a surprising degree even in closely
neighhouiihg areas and depends to a large extent on the
tectonic bistory of amy particular locality. A classi-

cal example is the Lower Cambrian clay of the former

Russian Baltic provinces. g-lt—-has-airuad‘r-been—cmed’ 5
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The oldest kmown North American rocks belong

to the Coutchiching Formation consisting mainly of mica~

schists and metémdrphoéed dolomite, The next in age ‘
are the schistose rocks interbedded with the highly
altered basioc lavi~flows of the Keewatin. According

to Coleman (ibfd. p.2%6) the Doré Conglomerate, the
glacisl origin of which is considered probable by the
same author, also belongs to the Keewatin. Then

follow the very widespread rocks of the Grenville
Series, generélly’stated to be also Archaeogzoic in age.

The most striking part of this series are crystalline ;

limestones or marble, ebounding in graphite, mica, .=ﬁ€
‘hornblende and serpentine., Associated with it are |
schists and metamerphic quertgzites. o

' These rocks are then followed by the only
slightly altered sediments of the Proterozoic. of
the lowest of this group, the Sudburian Series, it is

stated, "that their apparently modern nature is the met |
surprising impression made on the observer.* (Pixsaon ?
and Schucbert: Texthook of Geology p.162) Accomding to
Coleman (ibid. p.g?Q) sediments belonging to this group i
(the Timiskannian) include a boulder—conglomerate of ,j
probably glacial origin. These younger sediments are
said to be almost entirely continental and shallow—

water deposits. The main characteristic of their upper

division, the Keweenawan, are lava flows, nainly basioc,
of great thickmess.

These mass—eruptions Beetz (12) compares with
‘those of the Ventersdorp and middle Konkip (Sinclair

Series) Systems of the Union and South West Africass’
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compented on by Beelg, further exists between the |
- Protergoic deposits of N. America and the sedimentary . E
beds of the several South West Africa systems ewverlying f
the highly altered rocks of the Abbabis and Damare Sys—
tems and underlying the Nama (Chlorite«schist-,

Phyllite~ and Konkipformations). The bulk of these
rocks, in so far as they are not igneous, are shallow-
water deposits. Limestones occur, but do not form &

dominant feature (Beetg, ibid. p.52, 53, 55).

Comparing the older sedimentary Systems,
Abbabis and Damera, with those of Korth Amerioca
(Archean: Ooutchiching, Keewatin and Grenville Series)
lithologically, common features are not hard to look
faor. In both areas, their constituent rocks are highly
metamorphosed, schists, gneissose mixed-rocks and

altered limestones predominating. The latter (mnrblea).ﬁ}

are & characteristic of the Grenville series and in the
Marble Series of the Damara System identical rocks ﬁ?
attain & thickness of several thousand feet, Graphite,

of the Grenville Series, is in numerous places also a
marked feature of the Marble Series of S.W.A.

The tremendous thickness of the schistose
rocks of the Khomas Series of the Damara System (£30000
Metres) suggests marine conditions over a great length
of €ime. Also in the Abbabis beds schistose rocks
attain & great thickness. The predominent shallow-
water nature of all the succeeding, later sediments

shows how far back in geological time and at what early

stage in the formation of the earth’s crust the nucleus

of S. Africa as a continent came intoc existence,

A comparison based on diastrophic principles
yields further interesting resulis. In K. Amerioa

the Laurentian revolution closes the Archaen era,




invaded by granite (Laurentian) on a vast scale. In
S.We Africa both Abbabis and Damara Systems have under-
gone a maximum of tectonic stresses and have beén ine
truded by granites on just as vast a scale. Although
411 subsequent Precamhrian,formations are also folded to
a oonsideréble extent, nevertheless compared with the
former systems the tectonic stresses were far less
intense. The folding movements that set in subsequent
to the deposition of the sediments of the Damara System
and were accompanied by the main granitic intrusion of
S.W.Africa without a doubt represent a first-rate
xevolution, that in magnitude and effect is on a par
with the Lgurentian upheaval.

Comparing the perieds of main granitic ine
trusien in the two countries, in N. America the Lauren-
tian granite is by far the most widespread and imporitant.
No oldexr granites are known, but a second period of
granite intrusions, accompanied the Algomi{an Revolutian.
These later granites are very much more subordinate in
extent and effect, but according to Pirsson and Sc:lmc:.he:r:t‘I
(Ibid., p;162) *are so much like the Laurentian granites, .
that it is often very difficult to distinguish the two

-sets of deepseated 1nsﬁnsive§.“ The Laurentian;granﬂmsf
have been rendered gneissose to a considerable extent, |
but neot universally. In S.W.Africa the Salem granite ‘
and its later phaées (Main period of granitic intrusign,i
¢f. The Geology of N.W. Damaraland, Frommurze & Gevers, |
13) by far predominate over all other gramnites, but on |
the whole have been rendered gneissose only to a sube é
-erdinate degree, though fairly extensive areas composed |

of gneissose types of these granites also occur. In

addition, while in N, America the Laurentian granites

are the oldest acid intrusives, in S.W.Africa the main4

"period of granite indzrusion is preceded by at leastfiﬁe"
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- Granites younger than the Salem also occur, but are very

subordinate. :
It is somewhat difficult, therefore, to decide,
whether the Nain Granites of S.W.Africa and the folding,
which they accompanied, should be correlfated with the
Laurentian granites and the Laurentian revoiqtion respect-
ively or the Algo%lén granites and the Algom%an Revolutim.
Beetz (ibid. p.44) has deciﬁed,in favour of the latter,
but there are several strong arguments in favour of the
former correllation. As regards magnitude and effect
the two main periods of intrusion of the two countries
stand on a par. vEIy similar is also their mode of in-
tiﬁéian; i.e. bothvhéve broken into folded sediments @
gediments in the ;pfdcess of being folded, leaving the
structure of the latter to a large extent intact. In the
central and northern portions of S.W.A. these granites
form the f£illing material to a sedimentary skeleton. In
both areas, therefore, where heavily invaded, the sedi- B
ments, though intrﬁded, mechanically rest or float upon Y
the granites., \ |
| Further in N. America the Ep-Archeozoic Inter-
val, following on the Laureniian re#olution, forms the
long-continued period of active peneplenation of the v
ﬁewlyéformed nucleus of the continent and the succeeding

| Protercozoic sediments are in the main either shallow-

water or continental depositse. In S.WsA. the same oocus‘
after the folding of the Bamara System and its invasion
by the Main Granites (Salem etc.). Although also the

Abbabisg beds'and the granites intruded into them appear
to have been folded before the deposition of the sedi-

ments of the Damara System and the lowest of these repre~€
sent continentel deposits, nevertheless the middle and 7
tremendously thick upper beds suggest long-—continued G
::;;:;fconditions. The mucleus of the continent thexi»b

fPare anneara +ta have heen
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the Damara beds and %heir contemporaneous intrusion

by the main granites.

vFor’these reasons, therefore, it seémé
preferable to the writer to correllate the period of
intense folding after the deposition of the Damara
System and accompanied by the main granitic intrusion
‘with the Lﬂﬁrﬁhﬁién revolution, and the subsequent
period of peneéiﬁnﬁticn with the Ep--Archeozoic
interval. .. The appended table presénts the suggested
and probable correlfations - naturally within very
wide limits « in clearex form. It is based to a
lerge extent on that of Beetz (ibid. p.44), the
evidence being gathered mainly from the central and

northern portions of South West Africa.

Tentative eeeo/
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PENTATIVE COMPARATIVE STRATIGRAPHIO TABLE.
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of Pre-Canmbrian sediments inhto Archesan and Preterosoioc,

Sk

there seems very little doubt after considering the
above evidenas,.that the Chuos Tillite is Archean in
&ge and connidorably old.er than the Euro\nitn Geba.lt

ox Gammh Tixlite of Qanada. It im interesting

v T WhE

%6 ‘uate th-lt MM, ‘the dhecvorer oi’ thiﬂ tillitc,

ol

thagry o e L 0 L AGE B
records also :zun H.Amcriel.n dqyggit.g of similar age

(Eeewstin) a beumexacﬁnglomézau ( Doré conglomerste)

ef highl’; probabls glacial orxgin. ... Already in these

a.-i e e

SaFer

»
6 4 an

‘bherwmc “tppou *’ho ‘have been:

&haiul period- o:t world-»wiﬂe oxton,t,s

~IndeXeeeee




' @. THE BIRTH OF THE AFRICAN CONTINENT.

With the gradual extension of geological
investigation into the more remote parts of our earth's
gurface, it is besoming more and more apparent that
moﬁf of our piesentda& cantinents have been built up
or have accrued around nsuciei* which already existed
as rigid blocks at very early periods in the earth's
history. Some of them ﬁppoér to have been formed
together with the originnl crust of the earth, if the
‘theezg'af Kant-hsnlsca be accepted.

| The nriter does not propose to discuss
the inner causes of the ccnsalldation of certain portions
of tho earth‘s upper crust into particularly rigid blocks.
Qhe:e'are sever&l velleknoun hypotheses, which have
'sttcnptoa this. H@ merely wishes to stress the point
that some of these aontinental neuclei appear already to
haié heen preaént'as such in the very earliest periads
of pha geological record. .- The history of the Funda—
mental deplax,and the succeeding pre-~Cambrian sedi-

AR i

mentary systems of South West Africa prove this ceon-

clusively for the African land-bleck, the largest of
81l comtinental neuclei known, psrticularly if Wegners :?
h:pothesis ot continental dxlit be aceepted as true.

Very similaxr evidence ig also provided by other.‘ggzionﬁ—
of our sub-continent, in which the thin surfaccpvenQQr -%
of younger rocks has been denuded away and where there }g

are extensive exposures of pre-(ambrian rocks. ? The

gedimentary succession of pre~Jambrian tiwmes seems to
be particularly varied and complete in South 'olt'LIricagg:’

ande..y”
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. suggest it f“’e"hﬁ% %ocn of continental extent. The

and this cmzntry thorcfore seens to be destined to

ETSRT b

thm @ansidcnble light an t.he esrly history oi our

EE

cmrtinent.
o It has alrmxy been mentioned that in

T

a.mm Sesuth Wu;t Africa the oldest known gneises are

mtmhu into the oldest known sediments (Abbabis
System) and that no trace of the original orust of the
m'eaztg has been found. It is of
e cbtim that thc ‘Abbabis beds must have possessed

a rook-founutien an lhiah t:ney were deposited. This
ebvious tnt n :I.n additian cleaﬂy éemonstrated by the

wihioh the WL TR b
eaixu gusissofte mm % !hiﬂi zepreaent [ granitic
oo en;m ywxm wETE »'

2 the eangimntic lawezc in the latter

and the everlyim qmtsitu. ehnactemtiully

e.nough no pebbles &en.ved from sedimentary rock: were g
BLILO E L E
fmﬁ An sny ‘of the nedimentary components of the Abbabis
hed Lo the &@fmu...u, R
m. B0 u:zlior sedinentary group econ-
g sl aky vs the whele land -waw o :
pletslx denuded a-ay bdm the a.pm:u:un of the Abbabis

beés to havc e:xisted :Ln this zegion, the latter would

M e i

iepreaent the earliest sediments f.omed on this partion |
U’@? 24 » :: . - ' :’
of the e&zth 8 erus‘k. 4
WETLan per i
e '.l'hc nuture of the component rocks indicates tha -

t
also m thaac far off timu seathering and sedimentation gj
-im on un&er condit iona vory ‘gimilar to those of later »

pcrim. The coa:uc pebhly gneiaacse arkoses no doubt

;kbﬂ‘ -

repxtacnt a det‘ritus derived fran ’ . rocks and are .
ETERTE ¢4 “}.& " a . . -

ebviously cf ten:astial origin. Alreaﬁy before the
el UEes - i .

depa:itidn of the beds of thc Abba.bis System and the

& lan d-—afur %fa*éi“&ﬁ?ftha great volume of these rocks

A "great.ioe.
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'&:fl- GEE &Jhcj ok

s{?&tﬁ }Mekncan er thc &ppuently mee&ing schistaae

redkl et thc Lbhabia System indioatc longaccntinasi
g R Y

snb:equant marine condit iom and a doep submergemec af

the ?ximasval land surfaca. - The land as then existing
,IaS'still,in & labilc candition and alao the subgeguent
t&ctonic ( pre-namaxa) and.magmatic ( old gneisscs)
mmliaatian doos net &ppeax $0 have been -ufficient é’
quggngggagplleqpnanl;datcﬁ continentgltmuclgua,, ;

| » }; Por, slthough in Damare times there must |

‘ have been s long eontimed continentnl pgn.od% durina
which ﬁh nﬁugtlin ahains foxmod,by the pre-Damarsk

POBLLRRGRE G0V
expeme,pested meee eraanaty wolffhoms aas grake
taicknesses of gomtinental sad shallow water-deposite
were accumulated (Quartgite Series),and even & glacial

B e S

pzﬁga " ﬂ@th grea;t ice-gheets on & low~lying land-surface
lg;gﬁgﬁ %ﬁ g%%aggkgfiegigf_qxtensirg‘mqgfinic material
and virved %g JShe. N iote Janéd way agein gubmerged and J

iherc again Zollawed lan;-e:errtimuﬁ mme cﬁndlt ions,
The enarmoue thickncss of the Khomas Seriu ( several
tens of thouaanda of metres) indicates how long this
-marine period must have lasted. | ;
iavsey, Ioie ‘peaceful period of sedlm:entat:.en was thm | H
tmimtgg by the gigantic post~Damara revolution, during
lhiah tho sedimants, formed no dtmht over an enarmous ..

Lﬂt:Lcan mtingﬁ, xhc ptpper crust of this portien

ef the carth‘s surface m nd- been con,aolidato& t0 suy
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an extent, that it remained rigia,and aomparatively

{nmobile £or the regt of geologiemd himtory. The
mfmeleus of the L:Eriean eanmcnt had now been taned
and :tinally utablishqd and during &ll succeeding
:,;E‘Ii,m ite rigidiiy was never sericusly shaken.

The era of continental pmeplpmtian now
‘began and most. j:oba'bly'this periocd is contemporaneous
with thg Ep-Arehcemic ‘Interval of North Ameries. While
both tbhabis ancI bama Systems contain encrmous thiek-
nesses 01’. mrinc:bm, ‘%he latter are eonnpicmusly
absent in thc s‘th‘ntary aystm that follow the great
pa:t—nanazt mm&la S Lll later systm gueh as the

ap

i«.p -3

Ghloritwbﬁwﬁsrau:p, thc I’hyllite and Konkip systenms
aremainiybuﬂt of tf:‘teati&lmd shallow water deposits. |
_sc kfar &S theix mmentary components are eseneernea;

m t.hc eg;}garative}y narrow lime-stom horizons in the

‘Eia”}émnni and the

dge g ﬁ%ﬁéﬁmﬁéﬁ
‘aedimentary conpcmonts oi' the Ventcrsderp Syttm represent '
" "Yerrestial or shallow-mater depusitss S
Only once in post~Damara times dau ouz portion
»@f the continent appear t¢ have considerably sumk. in
level. In Kam&ﬁ!r&nsvaal times practically the whole j
"‘mamﬁnmt appeus %0 h&vo been mbnazgeﬁ below & j
shlllu su. Thc inundation, hotever, can only have ;

" bom 'Y mz.m am, ucapt perhapn in the southern portlon

‘the. ‘
) eﬂ tht Frevim Th.e bulk of the Nammda in South .‘1
wE BN S .

Ie:t A:Eziek axe - ef terreatial ané shallm:—-uter origin.
and ninox wcﬁ.m:lm or the coast in Sretaceaus and

‘& mirginal portien in lower Dwyka times

later times, the anrtme af our - partien of the contiment

has been land ever sihccu
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