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ABSTRACT

A brief account of the location and physical
aspects of the region is followed by descriptions of
mapping and laboratory techniques employed. Recent

ideas on regional stratigraphical correlation in South

West Africa are critically reviewed.

Strata 1lying southeast of the farm Losberg 105 have,
on the bagis of 1ithqlogy and copper mineralisation, been
Eorrelated with the Tsumis Formation. The Nosib Eﬁrma~
tion, of predominantly marine character, has on structural
grounds been excluded from the Damara System. The latter
here has a greater thickness than elsewhere in South West

Africa, unless isoclinal folding is much more prevalent

than has been assumed.

The accurrence on Eintracht 118 of a pebble conglom-
erate, tentatively equated with the Chuos Tillite, makes
possible a subdivision of the Damara strata into the

various series established in the literature.

It has been found possible to differentiate between
Kamtsas and Damara quartzites on petrological grounds,
Further, it is concluded that the bulk of Hakos carbonate
rocks originated as dolomites and have subsequently been

dedolomitized to a greater or lesser extent.

The area contains both ortho+ and para-amphibolites,

as well as one occurrence of intrusive granite,

Evidence is given for at least three periods of de~
formation. It is congidered that, if the Nosib Formation
was involved in a pre-Damara orogenic episode, later fold-

ing nmust have been co-axial with this.

Sedimentation and metamorphism are treated in broad

outline, There appears to have been a deepening

H



of the basin of deposition from Nosib to Damara times.
Cyclicity in sedimentation is evidenced by lithological
associations in the Damara strata. The entire area
falls into the greenschist facies of regional metamor—
phisn,

Superficial deposits include river gravel and .
gilt, quartzite- amd vein quartz-rubble, calcrete and

-

Kalahari sand.

~

The economic geology is described with special re-

ference to the widespread copper mineralisation,
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I. I NTRODUCTTION

The country described in this account covers an area
of some 900 sqguare kilometres, and is situated astride the
White Nossob River, with its centre lying approximately
140 km. east of Windhoek (see Map 1 at the end of this
report). Stretching from 4 km., east of Omitara to 17 km.
west of Witvlei, the area has the following appfoximate
boundaries: \

18° 02' and 18° 20' east longitude
22° 15' ang 22' 32' south latitude.

The gravelled main road from Windhoek to Gobabis
erosges the area in an easgt-west direction, and follows
the left bank of the Nossob, ag does the railway line
connecting these towns. At present a new tarmac road
linking Gobabis and Windhoek is under construction, and
the proposed route is indicated on Map 2. A secondary
road, connecting Omitara with Nina and Leonardville
further down the Nossob, crosses the southwestern portion
of the area, access to the remainder of which ig by means
of farm tracks of variable quality. Drifts through the
Nossob are generally sandy, and become impassable when

the river comes down in flood every three to four years.

Owing to the aridity of the gountry the White Nossob
River, with its then plentiful supply of underground water,
attracted the attention of the early German settlers.
Hence,it 1is from the period 1904-1914 that most of the
"Nossob farmsg" may be said to date, having been acquired
principally by formér soldiers of the Schutztruppe. Land

further removed from the river was developed somewhat later.

Farming is the sole occupation of the population, the

emphasis being on cattle ranching. Crops such as maize

%



and beans are grown on a limited scale in good rainy
seagons to provide supplementary fodder. Witvlei and
Omitara, both situated on the main road and railway, and
lying respectively east and west of the area mapped, are
the centres for the farming communities. Both centres
have a European population numbering only a few dozen,

but do offer egsential services.

-
~

Until recently, the only evidence of prospecting to
be found in the area consisted of several old trenches.
These are concentrated especially on the farm Goldene Aue
106, and date from the period between the two world wars.
They were dug in search of gold, to which end also at
least one diaménd drill hole was put down on Astra 20%.
during the same period. Activity ceased until 1968,
when two South African mining houses took out large con-
cessions with a view to prospecting for copper. These
activities are still continuing at the present time, and
it was while he was in charge of an exploration programme
in the area, during the period 1969-1970, that the author
was able to carry out the mapping which forms the subject

of this report.

Climatically, the Nossob valley shows extremes. Day
temperatures during the period October-February are normally
in excess of 3500, while the winter average lies around
28°¢, During June-July the nights are generally well be-
low freezing, a temperature of -16°¢ having been recorded
in 1968. Precipitation is erratic and unreliable. The
"small rains" in September usually yield negligible amounts.
The main rainy season commences in November, and lasts until

March, with January being a dry month. An annual average

for the area is 300 millimetres.
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IT. PHYSICATLT FEATURE S

TOPOGRAPHY

Broadly, the region consists of a gently undulating
surface, sloping eastwards and lying between the 1500
and 1550 metre altitude contours, Rising out of these
plains are "ingelberge" and isolated ranges that in
places reach absolute altitudes of over 1700 metres:
This portion of the country may thus be considered to re-
present part of a transition zone between the relatively
broken country that slopes down from the Auas Mountains
and the Neudammer Hochland, east of Windhoek, and the
monotonous plaing that stretch across into South West
Africa from the Kalahari Basin of Botswena. The highest
point in the area is the peak of Kuduberg on Joachimstal
107, at an altitude of 1748 metres, while the lowest
point ig in the bed of the White Nossob River where it
leaves the area mapped at a height of 1470 metres. The

total relief of 280 metres is thus not inconsiderable.

The alternation of bands of hard and soft rock has
had a decisive influence on the topography of the area,
rolling gragslands underlain by soft schigts being inter-
spersed with sharp quartzite ranges and isolated hills
that rise steeply from the plains, A prominent feature
of relief is the line of hills that traversesthe centre
of the mapped area in a NE-3W direction, forming the
approximate southeastern boundary of the Damara System,
The range, commencing at the southern boundary of Ottawa
150, gradually increases in height towards the southwest.
It reaches 1609 metres in the Rotberg on Otjiwarumendu
119, and 1704 metres in the Otjiwarumecnduberg, which

rises some 200 metres above the plain on Losberg 105.
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From there the range continues, at a height of some 100
metres above the surrounding country, as far as Locarno

211,

Some %-4 kilometres north of the above range are
two further bands of quartzite that manifest themselves
in isolated hills. These peaks, such as the Okaheberg
on Losberg 105 and the Loskop on Dorka 206, lie at an
average elevation of 1650 metres. The dominant feéture
of the area, especially when viewed from the southwest,
is the Kuduberg-Omatewaberg massif, an eroded anticline
now bisected by the White Nossob River.  North of the
river a band of Hakos dolomite locally reacheg prominence
in the Vierkuppenberg range on Eintracht 118, while
quartzite is again responsible for the peculiar cone of
the Hutberg, immediately north of the main road on Diana
117. In the extreme north of the area mapped only the
granitic cupolas of the Dachsberge rise above the edge

of the sandveld on Sandflats 123.

DRAINAGE

Owing to the arid climate, there is no permanent open
water anywhere in the region. The chief drainage feature
is the wide shallow valley of the White Nossob River,
which traverses the country in a direction just south of
cast, When the first settlers arrived at the turn of the
century, the local water table was less than a metre be-
low the surface of the river bed. Depletion by pumping
has dropped this level by some 20-30 metres in most areas
of the valley. Running parallel to and some 12 km. north
of the White Nossob is a prominent vlei, or "omuramba",

that eventually forms the river on Griinental 151, just

west of Witvlei.

BRSO
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Away from these two features, local runoff usually
ends in the numerous small pans and depressions that dot

‘the plains.

The regional drainage is at right angles to the
topographical and geological grain of the country. River
erosion has kept pace with uplift, as evidenced by the
valley cut by the Nossob right through the flat-lying
registant gquartzite of the Omatewaberg-Kuduberg anticline.
Neither this, nor any of the other resistant bands, has
had any influence on the direction of the drainage, which

must thus be regarded as superposed.

The pronounced meanders of the river indicate that
an advanced s%age of maturity was attained. A subse-
guent period of uplift, evidenced by the general rise in
summit levels of the hills towards the southwest, caused
renewed downcutting to take place. The desiccation of
the climate resulted in decreased runoff and this, coupled
with the reattained nmaturity of the river, led to the in-

cised meanders being filled with sediment to their present

level.
VEGETATION

The vegetation of the area is varied, and reflects

to & large extent the underlying rock types.

In the southwest and extreme northeast of the region
mapped, a fairly thick cover of Kalahari sand masgks the
geology, the surface consisting of gently rolling plains

with a good grass cover. The genera Stipogrostis and

Eragrostis predominate, the former being the chief source

of cattle fodder. The "steekgras" (Aristida congesta) is

developed locally. The "inselberge"™ dotted over the

Plaing, usually consisting of quertzites or dolomites

=y

.
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carry a dense growth of "hakiesbog", the Acacia melifera.

On the dolomite ridges aloes are commonly found.

On approaching the Nogsob valley, the sand cover
decreases in thickness and outcrops become more frequent,
The grasslands go over into parkland featuring the shrub

Acacia hebeclada and the trees A, hereroengig, A, melifera

and A.giraffiae, the camelthorn, This latter is common

in areasgs of deep sand cover, and was observed to show a
marked preference for bands of Hakos dolomite where these
are obscured by the sand, This feature was used exten-

sively in the photogeological mapping of the region.

On the fosgsil dunes developed on the northern slopes

of the quartzite ridges, trees of the genera Tarchonanthus

and Terminalia are found, The Kamtsas quartzite ranges

o i e S ot e e

are clothed in Albizzia snthelmintica on their slopes,

the crests being covered by Combretum gpiculatum and

Dichrostachus. The lower bands of Damara quartzite,

forming the Okaheberg on Losberg 105 and the Loskop on
Dorka 206, carry a good growth of aloes, as do the over-

lying Hakos dolomites.

Areas of more plentiful ground water supply, such as
fault zones and pans, usually carry thickets of "hask en

steek", the Ziziphus mucronata., : The shrub Catophractes

e s,

al?fﬁfﬁf}}? the "gabbabos" of the farmers, shows a prefer-

ence for areas underlain by calcrete or calcareous rocks,

and was accordingly also used for mapping purposes.

Finally, the banks of the Nossob river are charac-
terised by thick stands of the "soetdoring" tree, Acacia

karoo.




ITI, PREVIOUS GEOLOGTIC CATL WORK

There are no published naps or accounts of any geo~
logical investigations undertaken in the region under

congsideration.

Korn and Martin paid reconnaissance visits to the
area in 1939, and worked intermittently in it from 1943
onwards, mainly in order to locate new ground water sup-

plies for the farming sector. No mapping was carried

out by then.,

According to K. Seeger (personal communication),
geologists of Bethlehem Exploration and Mining Company
mapped the area between Witvlei and Omitara during the
period l952~5%, with the object of locating economic
deposits of iron ore, A reconnaissance map on a scale
of 1:100,000 was prepared. This was, however, not

available to the present author.

Systemnatic mnmapping of the region between Rehoboth
and Dordabis, covering the areas underlain by rocks of
the Marienhof and Tsumis Formations, and the Dordabis
and Damare Systems, was undertaken for the South West
African Geological Survey by Schalk in the period 1959~
1964. Hig map, on a gcale of 1:100,000, was followed
by a detailed report written in 1966/67; +to date neither

work has been published.

This mapping was continued in a northeasterly direc-
tion from Dordabis as far as the farms Locarno 211 and
Koko 212 by Seeger in the period 1966-68, and thus
impinges on the area presently being considered. Again,
the map has not been publiéhéd, and there is as yet no

report to acconpany it,




In 1967 Seeger and Schalk compiled a reconnaissance
map, also on a scale of 1:100,000, of the country between
the farm Losberg 105 and the town of Witvlei. Distribu~
tion of this map was restricted to one mining compeny

working in the area,

The only other map of the general area is one compil-
ed by the above authors early in 1969, coveringaa narrow
strip of country south of the White Nossob River between
Seeis and Witvlei. This map, on a scale of 1:100,000,
presents a broad outline of the regional geology, and
was prepared as a result of investigations into the ground
water supplies that could possibly be utilised in the
construction of the new Windhoek-Gobabis road; it is

again not available in published form.

Detailed mapping of the area around Losberg 105 on a
scale of 1:20,000 was carried out for Anglovaal South West
Africa (Pty) Linited by the present author in 1969-70.

The adjacent territory to the east and north, held under
concession by Fedswa Prospekteerders (Edms) Bpk, was
napped on the same scale by geologists of that firm

during the period 1968-70.




Iv, FIELD WORK AND COMPILATION

QF MAPS

Regional mapping of the area held under concession
by Anglovaal S.W.A. (Pty) Limited, consisting of the
four farms Losberg 105, Goldene Aue 106, Astra 205 and
Dorka 206, was started by the author in June 1969,

*Owing to the pressure of other prospecting work such as
soil sampling, trenching and wagon-drilling, only three
of these farms had been mapped on a scale of 1:20,000
by the end of the year. However, during this period,
two areas showing copper nineralisation were geologically
surveyed on a gcale of 1:1,000, Map 3, covering one of
these prospeéts, which is situated in the extreme eastern

corner of Goldene Aue 106, is included in this work.

The remaining farm in the concession, Astra 205, was
napped in Januery 1970, It was by then eppreciated that
a fuller understanding of the geology and structure of
the region would be obtained only if the mapping were con-
tinued beyond the boundaries of the concession, and this

was done during the period February-April 1970.

Aerial photographs, taken in 1958 as part of Job 294,
on a scale of approximately 1:36,000, were available for
the concegsion area, and for th; country extending north-
wards beyond Sandflats 123, For the farms Joachimstal
107, Biischow 108 and Omatewa 11%, the farmer kindly
supplied a mosaic compiled from photographs on a scale
of 1:25,000, At the end of 1969, enlargements of the
photographs covering the concession, on a scale of
approximately 1:12,000 became available. These were not
extensively used, since their size of approximately 70 x

70 cn. made them difficult to handle in the field,
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especially on windy days.

REGIONAT MAPPING

Generally, mepping was done by recording all data
directly on the photographs by means of pencil or Rapido-
graph pen. The information was subsequently transferred
to the working plan using proportional dividers and scale
rulers, Until a working plan on a scale of 1§20,000
for the whole area had been compiled, a copy of Seéger's
1:100,000 Seeis-Witvlei map was used. The widespread
cover of Kalahari sand hampered field mapping considerably
and nuch use was nade of a "Casella" pocket stereoscope
in producing a photogeological compilation of such areas.
As already méntioned in Chapter II, the Hakos Dolomite
bands could be traced easily by means of the darker
tone produced on the photographs by the belts of camel-
thorn trees commonly growing on these bands. Elsewhere,
despite the poor quality of the photographs, stereoscopic
examination often yielded information that would have
been unobtainable in the field, and provided many clues
to the structure. In short, it was a valurble aid to
the mapping and allowed much ground to be covered in a
short space of time. Traverses on foot and by vehicle
were undertaken at intervals across the area to check

on the validity of the photogeological interpretation.

Despite the fact that the cover of Kalaheri sand
severely limited the areas of outcrop, it was the author's
intention to provide, where possible, an idea of the
continuity of the strata. The techniques of photogeo-
logical interpretation allowed this to be done with a
considerable measure of success, and in nany cases helped

to elucidate inportant aspects of the regional structure.

AR
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For the southeastern boundary of the Damara Systen,
along the faulted contact with the Tsumis Formation,
excellent colour photographs on a scale of 1:20,000, were
made available to the author early in 1971. These photo-
graphs, taken by the Aircraft Operating Company of Johannes-
burg for Fedswa Prospekteerders (Edms) Bpk, were found to
be far superior to the black and white photographs in that
tonal changes were much more marked. An added advantage
was that, owing to the correspondence of scales, the geology
as interpreted from these photographs could be transferred
directly to the transparent master copy of the geological
map. The availability of a full stereo cover allowed

the elininatipn of any distortion.

All the field data were plotted, on a gscale of
1:20,000 onto two sheets of transparent plastic film on
which the regional cadastral grid for the area had been
erected, Farnm boundary co-ordinates for all the farms
concerned were obtained from the office of the Surveyor- -
General in Windhoek, and were plotted as accurately as
possible on the scale used. As already mentioned, trans-
fer of data from photograph to map was by means of scale
rulers, proportional dividers, or by straight tracing fron
the photographs of corresponding scales, The two master
sheets thus produced were then photographically reduced
to a scale of 1:50,000, and the final map redrawn from
this reduction, All the draughting, except for the fimal
master plan rade from the photographic reduction, was done
by the author, including the large-scale map of the ex-
treme eastern portion of the farm Goldene Aue 106,

DETAILED MAPPING

Mention nust be made of the method employed in the

production of the detailed map (Map %) mentioned above.

2y



- 12 -

This is on a scale of 1:1000, representing an area in
which copper nmineralisation had been found. The region
is imnmediately adjacent to the Whit: Nossob River and
congists of slightly dissected country with a total re-
lief of perhaps 15 metres. The vegetation consists of
a thin belt of corridor forest along the river, the rest
of the area being rather open, covered only by grass and

-

Acacia melifera, The latter here geldom attains heights

of more than 1 metre.

The mapping procedure is one successfully used by the
Messina (Transvaal) Development Company in the region
around Messina, modified but slightly to fit local condi--
tions. A baseline was cut parallel to the strike of the
strata and staked at 50-netre intervals along its length.
Fron these stakes lines were led off at right angles,
both to the north and south of the baseline, by neans of
a Brunton conpass mounted on a tripod. These lines were
not cut open, but were also staked at 50-metre intervale
and extended as far as was necessary for mapping. This
wag done on centimetre graph paper, 1 cm, corresponding

to 10 metres on the ground i.e. a scale of 1:1000.

Commencing from the baseline and working outwards
a2long a particular staked line, a tape was stretched
along the ground between adjacent stakes. In practice
a 100m steel tape was used. All outcrops adjacent to
the tape were drawn in on the graph paper as accurately
as possible with regard to shape and size. The tape
distance between stakes was noted by an assistant read-
ing from the tape; an Ovarbo native was succesgsfully
used for this task. Distances to either side of the

tape were estinated visually. In this way a strip of

LTy
I

e



-13 -

country 50n wide, i.e. 25n either side of the tape, was
mapped with a high degree of accuracy. At the end of
the traverse, the mapping was stepped over 50n to the
next line of stakes perpendicular to the baseline, and
proceeded in the reverse direction back towards the base-

line.

The nethod is as accurate as plane tabling, and nuch
quicker once the stakes have been positioned. The latter
step required half a day for the Goldene Aue 106 map.
Four-foot steel droppers, bearing metal tags having the
distance from the baseline stamped on them, were used to
stake the lines; at Messina stone cairns were used., The
area covered by Map 3 and measuring approximately 700 x
450 metres was napped in detail in less than a week;
around Messina in the N, Transvaal, where thicker bush
and greater differences of relief hampered operations,
an area neasuring 400 x 1000 feet could be mapped confort-

ably in a norning.

Each day's napping was traced directly onto the trans-
parent master plan on which the baseline had been plotted.
Correlation and geological interpretation were done once
the entire area had been mapped. On prints made from
the master copy, the outcrops of any particular rock type
were coloured boldly, whilst intervening areas thought
to be underlain by the same rocks were coloured in the
same tint, only lighter. The end result was a highly
factual and extremely accurate "outcrop" map, the corner
co-ordinates of which could easily be tied in to the

regional grid.

Geological specimens collected in the field were

labelled on the spot; back at camp each sample was



- 14 -

numnbered, and the number and sanpling locality were

recorded in a book for later reference,

~
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Vo. LTABORATORY METHODS

A total of 138 thin sections were studied under the
nicroscope., Mineralogical conpositions were intially
estimated visually. Then, for rocks that warranted nore
detailed study, modal analyses were obtained micrometric-
ally by neans of a "Swift" Point Counter, manufactured

.by Cooke, Troughton and Simms Linited. The lcngths of
the traverses were at least 200 times greater than\the
naxinun dimension of the largest crystal occurring in
the slide. According to Walker and Poldervaart (1949,
p. 629) the error inherent in this method is probably

not more than 1-2%.

Only spécimens 91 and 94 were considered suitable
for detailed work on the felspars. By means of a
Leitz 4-axis universal stage, compositions of the plagio-
clages were determined according to the Ritimann zonal
riethod (Chudoba and Kennedy 1933, p. 41).  Some amphi=-
boles, as well as a pyroxene of the basic rocks occurring
in the areca, were investigated,. Data obtained from the
universal stage were plotted and evaluvated on stereograns,
using the equal-angle Wulff net. The 2V angle thus ob-
tained, together with the refractive index, allowed the
pyroxene conposition to be estimated by reference to

charts given by Hess (1949, pp 621-666),

Data from several amphiboles are presented, In
view of the statements by Deer et al (1963, Vol. 2,
p. 295) concerning the poor correlation of optical prop-
erties with chemical composition, the interpretation of
these results is in broad terms only. For most refrac-
tive index determinations, no attempt was made to extract

the mineral from the specimen, A crush of a snall
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portion of the rock was normally found to be 2dequate.
Standerd immersion methods, using sodium light, were
employed., The indices of the oils were checked after
each deternination on a Leitz-Jelley microrefractoneter.
The accuracy of the method is considered to be approxi-

nmatdy .002,

In view of the difficulty of differentiating between
calcite and dolomite under the microscope, nost th;n sec~-
tions of the carbonate rocks investigated were subjected
to a staining technique described by Toens (1966). 1In
the present investigation a dye, originally described by
Mitchell in 1956, was used very successfully. Toens (p.

6) states:

"The solution lasts indefinitely and within reason-
able lirits can be used over and over again, It
consists of a solution containing 0.1% of sodiun
alizarin sulphonate in N/15 HCI,  The procedure
ig as follows: An uncovered slice or hand-
specimen ig immersed in the solution at a tempera-
ture of 40°C for 30 seconds. After this tire
those portions consisting of calcite are stained
a deep red. Inmediately on reroval fron the
solution the specimen, or slice, should be washed
gently in distilled water and after allowing to
dry for a day or two the thin section can be
covered in the normal way. Better preservation
of the stained portion is, however, obtaincd by
using liquid paraffin to keep the cover-glass in

place,"

One mineral in each of qucimens 4 and 117 could not
be identified by thin-section methods alone. Since the
host rocks were limestone and dolomite respectively,
fragnments of these were dissolved in HCI; the insoluble
residues contained, besides quartz and a few other inm-
purities, the unknown ninerals, Refractive-index
determinations were carried out on these and then, since
there was still doubt about their identity, the ninecrals

were subjected to X-ray diffraction.

%
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For this, each nineral was ground as finely as
possible in a small agate nortar, then spread in a thin
film over a glass slide that had been lightly srieared with

grease, The slide was then mounted on the diffractometer,

The unit used was a G.E,C., XRD 3 diffractoneter, A
copper target was employed, the applied voltage being
-30 kvp at 20 millianmpéres. Scan speed was 2° per\minute,
resulting in an accuracy of approximately O.lO on the
diffractogran, As the instrument has only recently been
acquired by the Department of Geology, it was not possible
to refine the data by applying appropriate corrections.
The data obtained are gquoted in the relevant parts of

this text.
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Vi, GENERATL DISCUSSION OF STRA T-

I GRAPHY AND REGIONAL CORRETL-

ATION IN SOUTH WEST AFRICA

ABSTRACT

The Marienhof Formation is considered to represent
the oldest rocks known in South West Africa. It stretches
from west of Rehoboth to Dordabis, where it is overlain by
the Dordabis System, now subdivided into the basal, vol-
canic Opdam, and the essentially sedimentary Doornpoort
Formation, Schalk considers the Skumok rocks to represent
a locally developed acid phase, not warranting the term
"Formation". The Late Precambrian Damara System covers
most of the northern portion of South West Africa, and
has been divided into the miogeosynclinal Outjo Facies,
and the eugeosynclinal Swakop Facies, The latter, with
its further subdivisgions, forms the main subject of this
work. Comparisons are drawn between the basal member of
the Damara System, namely the Nosib Formation, and the
Tsumis Formation of Central South West Africa, initially
described in detail by Handley. Copper mineralisation
is found in both these formations. The Buschmannsklippe
Formation, equated with the Lower Nama beds, conformably
overlies the Tsumis rocks, and locally begins with a
tillite horizon. The presgence of this glacial horizon
hag been used as a basigs for tentatively correlating the
Buschmannsklippe Formation with that portion of the Damara
System occurring above the Chuos Tillite. Should this
correlation be upheld, the Nama System would represent a
southern shelf facies of the Damara System,

In order to put in perspective the complex geology
of the central portion of the country, it will be neces-
sary to digress somewhat from the discussion of the area
napped, and to present in as concise a form as possible

the relevant background.

Throughout this work an at'tenpt has been made, where
possible, to bese the stratigraphic nomenclature on 1itho-
stratigraphic units since correlations between the expos-
ure§ in one part of the country and another are fraught
with difficulties, while age determinations are almost
entirely lacking. The term "System" has of necessity
been used in certain Chses e.g. Damara System, but it
is not implied that this latter is one chronostratigraphic

unit, It is appreciated that the terminology used is
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inconsistent with the recommendations of the Internation-
al Subcomnission on Stratigraphic Terminology. However,
until such time as a systenm of terminology is universally
adopted, the present writer has, of necessity, had to

nake use of terms firmly established in the literature.

Throughout the following discussion reference should

be made to Map 1.

Amongst the oldest known rocks of South West Africa,
are those of the Marienhof Formation, tentatively dated
at 1700 million years (Martin 1965, p.l), forming a belt
of extensively granitised metamorphic rocks come 50km.
wide, trending eastnortheast through Rehoboth to the
vicinity of Dordabis. Here, the plunging nose of this
geanticline, formed during Damara time, is capped by
rocks of the Dordabis Series, so named by Gevers (1934,
p.243), who subdivided the widespread sequence of sedi-
ments and volcanics into Upper and Lower Dordabis Beds.
It is of note that Gevers tentatively suggested a
correlation of these rocks with those of the Nama System,
On remapping this area Schalk (1960) found the Upper
Dordabis Beds to correspond to the Nosib Formation at
the base of the Damara System, and to be separated from

the Lower Dordabis Beds by a major unconfornity,

Schalk divided the Lower Dordabis Beds, which he
termed the Dordabis System, into the Opdam, Skumok and
Doornpoort Formations, so named aftar the farms of the
region where the various lithological sequences have
their type areas. ‘Details of this subdivision are given

in Table 1.
In this connection Martin stated in 1965;

"It is proposed to use the name Dordabis System

%,
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TABLE 1

THE STRATIGRAPHY OF THE DORDABIS SYSTEM ACCORDING

Formation

TO SCHALK (1961)

(Modified afer Martin (1965, p.1l6))

Lithology Max. Thick-
ness

Doornpoort

Skumok

Opdam

Thick clay pellet conglomer- 00 m
ate., Quartzite with i%terbedé~- 3,1

ded calcareous quartzite and
sandy limestone,

Hard well-bedded guartzites
with ripple marks, clay
pellets and mud cracks, al-
ternating with layers of hard

red slate.
Coarse sedimentary breccia or
conglomerate, with local inter-

bedded rhyolite flows near
base.

Discordance

Local granite intrusions. 1,500 m
Rhyolite, felsite, ignim-

brite and thick guartz-

porphyry sills.

Quartzite withrrhyolite flows,
Sedimentary breccia.

Unconformity

Quartzite with interbedded 1,300 m
flows of mafic amygdaloidal

lava,
Amygdaloidal, epidotised basal-
tic lava, with interbedded

gsediments.

Sericite quartzite with lenses
of pebble conglomerate.
Phyllite.

Basal conglomerate with phyllit-
ic matrix.

Major Unconformity
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for the combined Opdam, Skumok and Doormpoort

Formations, if age determinations show them to be

fairly closely related in time, The name Dordabis

System is therefore regarded as provisiomnal,"

Later, more detailed mapping in the vicinity of
Dordabis (Schalk, 1966) showed the Skumok rocks to repre-
sent a locally developed acid phage of the Opdam Formation;
the term "Formation" is therefore mo longer warranted for
the Skumok rocks. The two members of the Dordabis System
as defined at present by Schalk (op. cit.), namel& the
Opdam and Doormpoort Formations, have a combined maximum
thicknegs in excess of 5,000m and were, according %o Martin
(1965, p. 20), folded before deposition of the Nosib and
Teumis Formations.

The Late ¥Precambrian Damara System, entering South
West Africa in the northwest from Angola, dominafes the
central and northern parts of the country. Two main
facies developments are distinguished:

1. The strongly metamorphosed, eugeosynclinal Swakop

Facies. |

2 The almost unaltered, miogeosynclinal Outjo Facies.

Thege are separated from each other to a certain extent
by older formations, forming a chain of inliers. The
Swakop Facies, rocks of which form the main subject of this
report has, on the basis of work by Smith (1961) and Schalk
(1961 - 66), to name but two, been subdivided further into
two series viz,

Khomas Series

Hakos Series

The Nosib Formation, a discontinuous succession of
coarse clastic sediments, underlies the Outjo Facies of the
Damara System im the Otavi Mountains of the Tsumeb-Groot-

fontein area. Comparable lithology end a similar mode of
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deposition in more or less disconnected basins are Ffound
in Gevers' Upper Dordabis Beds. This term has been aban-
doned, the lithologic unit being now termed the Kamtsas
Quartzite Member of the Nosib Formation, after the type
area of the Kamtsas Mountains on the farms Ibenstein 55,
Opdeam 284 and Hatsamas West 281 in the Dordabis district.
Here, slaty and calcareous rocks overlie the Kamtsas
quartzite conformably, forming the Witkoei Hill. To the
west, between Dordabis and Rehoboth, a fscies chenge
occurs, and these rocks interfinger with the phyllitic
Duruchaus Series of De Kock (1934). For this whole se-
quence overlying the Kamtsas quartzites the term Durucheaus
Member has been proposed by Martin {1965) and Schalk (1966).
Schalk describes a further quartzitic sequence lying above
the Duruchaus Member and includes this in the Kantsas

Member.,

The Lower Hakos - Stage directly overlies the Nosib
Forrnation, often unconformably. Of extremely varied
lithology, it consists of dolomites, quartzites, échists,
subordinate itabirites and amphibolites, and reflects the
unstable and rapidly changing conditions of deposition
usually asgsociated with the early stages of geosynclinal

subsidence,

The Upper Hakos Stage begins with the Tillite Sub-
stage, which follows on the Lower Stage with a discordance
or an unconformity. This tillite horizon, named the
Chuog Tillite by Gevers (1931), is of variable lithology
and thicknegs, and is overlain by marblrs, quartzites

and schists.

The Khomas Series follows conformably on the Hakos

Series, and is composed chiefly of biotite-garnet schists

g
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and local narble bands. North of Windhoek an otho-
amphibolite horizon may be followed on strike for a
congsiderable distance, while the Auas Mountains south

of this town represent a quartzitic horizon intercal-
ated with the schists. The exact placing of the
boundary between Hakos and Khomas Series is subject to
dispute; the matter is treated in some detail by Martin

(ope cit. pp 40, 42-43),

The Tsumis Formation, initially nepped as pert of
the Basal Beds of the Nama System by Rimann (1915) and
De Kock (19%4), covers a large area to the south of
Rehoboth, It fringes the southern rim of the anticlin-
oriun of Marienhof and Dordabis System rocks, and overlies
these with a pronounced unconformity. Locally, as on
the farm Girib Ost 60 in the Rehoboth district, an angular
difference of 900 ig apparent between it and the under-
lying Doornpoort Formation. Northeast of Dordabis the
Tsumnis and Damara beds approach one another very closely,
but are always separated by a large fault which precludes
any direct age comparison on stratigraphic considerations.
However, the Tsumis Formation and the Kamtsas Member of
the Nosib Formation are lithologically similar, both
being felspathic quartzites shoqing proninent cross-
bedding, heavy-mineral banding and, locally, conglomerate

lenses. Moreover, as stated by Martin (op. cit. p.49):

"eveeeo. the Tsunis beds have been folded along
axes parallel to those of the Nosib and the
Damara gediments, and there is no indication that
the Damara rocks were involved in younger move-
ments after they were metamorphosed. The Tsumis
Formation must thercfore be older than 500 m,y."

In the Klein Aub area Handley (1965) showed that the
Tsunis Formation attains a maximum thickness of 5,700n,

but thins out rapidly towards the sides of the basgin of
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deposition., This feature, together with the occurrence
of copper mineralisation in both formations, is another
point supporting correlation with the Nosib Formation.
Handley (op. cit. p.213) subdivided the rocks of the
Klein Aub area into four stages; remapping by Schalk
showed a major structural and sedimentological unconform-
ity to lie between the Doornpoort and the three'overlying
formations (see Table 2). The Kamtsas Formation here

is believed by Schalk to correspond to the Nosib Forma-
tion of northern South West Africa; his brozd correlation

may be extended to cover the Witvlei region.

It is of interest that as early as 1950 Martin,
mentioned in Boocock and Van Straten (1962, p.138),
thought the Ghanzi Beds of Botswana to represent the
northeastern continuation of the Tsumis Formation., Work
by geologists of Anglovaal South West Africa (Pty) Limited
in the period 1968-1970 has strengthened the possibility

of such a correlation.

In the area mapped by the author between Witvlei and
Omitara, rocks correlated by the Geological Survey of
South West Africa with the Opdam Formation occur on the
farms Ottawa 150, Sandflats 123, and Eintracht 118,
However, these have now been ineluded by the present writer
in the Damara System, for reasons fully discussed in the
appropriate chapter below,

Rocks correlated by geologists of Fedswa Prospek-
teerders (Edms) Bpk with Schalk's Klein Aub Formation,
and possibly including a portion of thc Doornpoort
Fornation, are present on the farm Christiadore 104,

They occur on the southeastern side of the thrust fault

gseparating the "Tsumis" rocks from the Damara System.
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TABLE 2

REGIONAL CORRELATION OF THE TSUMIS FORMATION ’

(Modified after Toens, 1969)

SET

Klein Aub Area

Dordabis District

Witvliei Region

W. Bofswana

(Handley)

(Schalk)

(Schalk)

(Anglovaal S.W.4.)

(Geological Survey)

Nama Systen

~ Unconformity -

’Upper Quartzite &
Conglomerate Stage

=

(o]

-

* | Calcareous Quartz-—

Eﬁ ite Stage

2 | Calcareous Shale--
Stage

Tesumis

Lower Quartzite &
| Conglomerate Stage

— Unconformity —
Skumok Formation

Dordabis S

yatem

N

Nama System

Buschmannsklippe

Form.
- Unconformity -

Kamtsas Formation
(of the Tsumis)

- Unconformity -
Klein Aub Form.

(copper mineralisa-

tion)

— Unconformity -

Doornpoort Formation
including Skumok Por-

phyry)

~ Unconformity -

Opdam Formation

Dordabis System

Damars System

—~ Unconformity -~

Kamtsas Member
(of the Nosib Form.)

- Taconformity -
Not developed

—

’boornpoort Forma-—
tion with local

porphyry

- Unconformity -

Opdam Formation
(copper minerali-
\ sation)

Buschmannsklippe

Pormation

- Unconformity -

Tsumis "CY
(Kamtsas of Fedswa)

— Unconformity -

Tsumis "B"

(copper mineralisa-

tion)

— Unconformity -

Tsumis "A",

including basal con-

glomerate

- Unconformity -

Opdam Formation

Damara System

— Unconformity —

Upper Ghanzi Beds

- Unconformity «

Middle Ghanzi Beds
(copper mineralisation)

— Unconformity —

Lower Ghanzi Beds

(copper mineralisation)

- Unconformity =

Kgwebe
Porphyry Series
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The Nosib Formation is well developed on the northwest

side of this fault, where the sequence consists of
phyllites interbedded with subordinate limestones and con-
tains two prominent quartzite beds. Owing to the presence
of the fault, a basal conglomerate is absent here. The
top of the sequence is marked by the lowermost band of
Damara quartzite, which is in turn overlain conformably

by the lowest Hakos dolouite horizon,

The Buschmannsklippe Formation generally exhibits a
near-conformable relationship with the underlying Tsumis
rocks, with which it has been folded, and usually consists
of shallow-water dolomitic limestones, shales, white
ripple-narked quartzites and red sandstone. It covers
the extreme southeastern portion of the area under con-

sideration,

On Orochevley 216, immediately south of the southern
nargin of the area mapped, rocks of the Tsumis Formation
are expoged in the anticlinal core of a large fold in
Buschmannsklippe rocks. The fact that "Tsumis" rocks,
nore correctly assigned to the Klein Aub and Doornpoort
Formations (see above) also apparently overlie the
Buschmnanngklippe Formation to the northwest on Christia-
dore 104, nay be explained by the presence of a strike
fault., This feature, trending roughly parallel to the
previousgly mentioned fault which separates the "Tsumig"
rocks from those of the Nosib Formation, has upfaulted
southeagterly dipping streata of the former group against

Buschmannsklippe sediments having a northwesterly dip.

Seeger recently umapped a tillite at the base of the
Buschmannsklippe Formation south of Gobabis, In 1969

drilling by Anglovazl S.W.A. (Pty) Limited in the
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Uhlenhorst district of central South West Africa reveal-
ing s sinilar tillite, apparently filling topographical
lows in the Tsumis surface, and showing an angular un-
conformity of 10-15° with the Tsumis rocks. The tillite
is overlain by poorly-bedded pink to purple gquartzites
not easily distinguishable from the Tsumis quartzite of

the area,

The discovery of this tillite horizon has imp;rtant
implications regarding the correlation between the Nama
and Damara Systems of South West Africa, Martin (1965,
pp. 22, 114~116) discusses the relationship between the
Hakos Series of the Damara System and the underlying
Nogib Formation, and that of the Nama System and the
underlying Tsumis Formation, The possible equivalence
of Nogsib and Tsunis Formations hag already been alluded
to and, if this interpretation is correct, the over-
lying sediments of the Damara and Nama Sysiems should
be comparable. The Lower Hakog Stage presents a
contact with the Nogib Formation that is not everywhere
conformable; in certain areasg, the Stage is not present,
the Chuos Tillite of the Upper Hakos Stage transgressing
directly onto the older basement. If this tillite is
correlated with the Buschmannsk;ippe tillite, the upper
portion of the Dameara Systen oohld well correspond to
the Nama Systenm, the latter possibly representing a
southern shelf facies of the former, The Buschmanns-
klippe Formation would thus form the base of the Nama
Systen.  Schalk (1961) has already correlated it with

the Kuibis and Schwarzkalk beds of the Lower Nana.

A further possible correlation, again strengthened

by the presence of the tillite, night be made between
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the Buschmannsklippe Formation and the Numeeg Formation
of southern South West Africa. The latter formation
could then, as has already been done by Rogers in 1915,

be included in the base of the Nama Systen.
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ViII, QO UTLINE OF THE GEOLOGY OF

THE COUNTRY BETWEEN WITVTLET

A ND OMITARA A

ABSTRACT

The area mapped comprises a slightly larger north-
western portion, underlain by rocks of the Nosib Forma-
tion and Damara System, and a southeastern part, containing
the Tsumis and Buschmanngklippe Formations. The relative-
1y narrow strip of Tsumis rocks is fault-bounded both to
the northwest and southeast. An unconformity exigts
between Nogib Formation and Damara System. Owing to the
great thickness of sediments present, all members of the
Damara System are congidered to be represented in the
area., Recent deposits include river gravel and silt,
pediments of scree flanking the hills, as well as a wide-
spread cover of Kalahari sand. The system of grid
references used throughout the remainder of this work is
explained,

The area covered by Map 2 may be roughly divided
into two sections. The slightly larger northwestern
portion is made up of rocks assigned to the Nosib Forma-
tion and the Damara System, while the southeastern portion

conpriges the Tsumis and Buschmannsklippe rocks.

The Tsumis Formation covers a strip of country sone
3km, wide trending northeastwards through the farms
Owinieikiro 213, Gemsbockvley 214 and Christiadore 104,
broadening to a width of approximately 7.5km. on the
farms Otjiwarumendu 119, Okasewa NW 120 and Okasewa North
121. It forms an area of low relief, best described
as an undulating plain., Outcgops are fairly abuncant,
the beds generally dipping steeply . to the southeast.

The more calcareous members are overlain by surface

limestone,

On the northwestern side, the Tsumis rocks are sep-
arated from the Nosib Formation by a thrust fault, which
dips to the northwest at a relatively shallow angle, The

Nosib Formation consists of the phyllitic Duruchaus Member,
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forning a belt of low relief, and the Kamtsas Member which
here consists of two parallel bands of quartzite, gener-

ally forming prominent ranges.,

Rocks tentatively assigned to the Kamtsas Member of
the Nosib Formation occur in the extreme southwest of the
area mapped, on the farms Owinieikiro 213 and Locarno 211.

.Consisting chiefly of purple quartzites, they dip north-
westwards at moderate angles, forming hills which fapidly

gain height towards the southwest.

The Nosib Formation is separated from the overlying
Hakos Series of the Damara System by an unconfornity,
Major strike faulting is present along the contact between
Nosib Formation and Hakos Series, and is reponsible for
the apparent overlap of the latter onto the former.

This is very evident from the map, which shows the Nosib
Formation to decrease in outcrop width from some 9km. in
the southwest to less than 2km, in the northeast of the
area mapped. The Lower Hakos Stage begins with a -
quartzite, overlain by a dolonite band. The lithologi-
cal assemblage that follows above this consists of
quartzites, dolomitic limestones, phyllites and schigts
with subordinate amphibolites and dolerites. It is
characterised by repetition of these rock types, and by
facies changes and wedging out of whole units. Major
quartz-filled shear zones parallel to the regional
strike are conmmnon. The relief is varied, the phyllites
and schists forming low ground while the quartzites and

dolomites give rise to prominent ridges and hills.

Al though the presence of an horizon corresponding
to the Tillite Substage of the Upper Hakos Stage could

not be established with certainty, the large thickness
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of sediments overlying the Nosibd Formation suggests that
the greater portion, if not the whole of thec Hakos Series,
is represented in the area. Accordingly, the possibility
that certain horizons belonging to the Khomag Series

occur in the extreme west of thc region, towards Omitara,

cannot be ruled out.

. The Buschmannsklippe Formation occupies thé remainder
of the area mapped, and covers that portion of the gountry
lying to the southeast of the strip of Tsumis Formation
rocks., The contact between these two formations is a
fault, The larger portion of the area is underlain by
shales, which give rise to flat or gently undulating
ground similar to that of the Tsumis Formation. In the
extreme south of the map, on Orochevley 216, sheared
quartzites form the prominent anticlinal nose of the

Weiggberg, which plunges northeastwards.

Strike faults are characteristic of the whole region.
Folding is isoclinal in the Tsumis rocks, but of a more
open character in the Buschmannsklippe, Nosib and Damara

gsedinents.

Anong the more recent deposits to be found covering
the area are thick accunulations of silt and gravel in
the valley of the White Nossob*River, as well as pedi-
rnents of scree from the hills of the Kamtsas Member,

The mos£ widespread of all is a cover of red to grey
Kalahari sand which obliterates most outcrops in the

areas underlain by phyllites and schists,

Throughout the remainder of this work, the
positions of sampling stations and other places of

intercst, whose precise location cannot be easily
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defined by purely descriptive terms, will be quoted by
neans of their grid references. For this purpose, a
metric grid has been marked around the edges of Map 2.
Thus, the grid reference for the homestead on Losbherg

105 would be given by the figures -23540/40860., The Y
co-ordinate is quoted first, followed by the X co-ordinate.

In the exanple above, these would be:

Y - 23540
X 40860
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Vill. DETAILED GEOLOGY OF THE

COUNTRY BETWEEDN WITVILET

AND OMITATRA

1, THL TSUMIS FORMATION

ABSTRACT

Techniques employed in the mapping of the Tsunmis
rocks between Witvlei and Onmitara are discussed., With
the exception of the striking purple colour, which is
Peculier to Tsumie and Doornpoort rocks, there are
strong sinilarities, chiefly on lithological grounds,
between these formations and the Nosib TFormation,
However, differences in the style of folding of Tsumis
and Nosib rocks show up well on aerial photographs,
Broad similarities in lithology, together with the
occurrence of strata-bound copper nineralisation, nake
nossible a correlation of the Tsuuis rocks of the Wit-
vliei region with those of Handley's Klein Aub type
area. Current stratigraphical nomenclature is
critically reviewed, and a theory seeking to explain
the lenticular nature and irregular distribution of
copper-bearing strata is put forward.

The general distribution of this formation in South

West Africa has been covered in Chapter V1.

In the region under consideration, rocks tentative-
1y assigned to the Tsumis Formation lie on the southeast-
ern side of the thrust fault that forms the southeastern
boundary of the Nogib and Damara rocks. This tract of
country, falling under the prospecting grant held by
Fedswa Prospekteerders (Edms) Bpk could not, for obvious
reasons, be investigated as thoroughly as the rest of
the region, Mapping, coupled with a few short travers-~
es acrogs the area, was done largely on aerial photo-
graphs on a scale of 1:%6,000 (part of Job 294 of 1958),
and on the recent colour photographs on a scale of
1:20,000, Many data were kindly furnished by geo~-
logists of Fedswa, the adoption of whose detailed sub-
division of the Tsumis rocks was not considered

justified for the purposes of the present investigation,
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Generally, the rocks consist of fine- to mediun-
greined felspathic guartzites, often cross-bedded and
usually showing concentrations of heavy-minerals along
their bedding planes, Lithologically, they exhibit
striking similarities with rocks of the Kamtsas
Quartzite Menber of the Nosib Formation with regard to
.felspar content, cross-bedding and heavy—minerél banding.
A point of difference is that these Tsumis rocks wéather
to a characteristic and congpicuous purple colour,
This, according to Martin (1965, p. 51) has been shown,
from boreholes put down in the Gobabis district, to be a
secondary near-surface feature only, the colour fading
at a depth of approximately 100mnm, Nevertheless, the
colour is characteristic of all areas of Tsumis rocks

vigited by the present author.

Conglomerate lenses are well developed locally, as
are limestones, marls and shales, ranging from maroon to
green in colour,. Folding is isoclinal, the general dir-
direction of dip being towards the southeast. Strike
faulting is common. The linear pattern produced by these
structures shows up distinctly on aerial photographs, and
igs in marked contrast to the bold open folding exhibited

by the quartzitic members of the Nosib Formation,

The presence of extengive conglomerate lenses may
be used in a tentative correlation with the rocks of the
Klein Aub area, described by Handley in 1965, On the
farm Chrigstiadore 104 copper nineralisation occurs
locally within these conglonerates, while on Okasewa NW
120 it is found in the shales and limestones above the
conglomerates, A broad correlation with the Klein Aub

type area of the Tsumis Formetion (see Table 2) would
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place the conglomerates and associated guartzites in
Handley's Lower Quartzite & Conglonerate Stage. This
corresponds to Schalk's Doornpoort Formation, and to the
Tsunis "A" of Angloveal South West Africa (Pty) Limited.
These rocks bear a strons resemblance to Doornpoort
sediments observed by the author on the farm Renown 235
.in the Dordabis district. The overlying calcareous
shales on Okasewa NW 120 would then correspond to
Handley's Calcareous Shalc Stage which, together with
the Calcareous Quartzite Stage, makes up Schalk's Klein
Aub Formation. The corresponding mineralised strata
north of Witvlei have been termed Tsumis "B" by Anglo-
vadl workerse Quartzites lying above these two
formations may be correlated with Handley's Upper Quartz-
ite & Conglomerate Stage, and are termed Tsunis "CY in
the Witvlei arca, Pedswa geologists follow Schalk's
nomenclature and assipgn these strata to the Kamtsas
Formation, The present author feels that this leads

to confusion in the Losberg area, where the term Kamtsas
should be retained for the quartzitic members of the
Nogib Formation until such time as definite proof of the

equivalence of Nogib and Tsumis Formations is at hand,

For the Klein Aub area, Handley (1965, p. 213)
mentions the presence of 2 ginuous northern contact of
the Tsunis rocks with thc underlying older formations.
This, together with the restricted strike development
of the lower members, suggests that deposition occurred
on an uneven floor in isolated basins, beyond the limits
of which only the higher members were able to tranggress.
These observations may serve to explain the fact that
copper nmineralisation, apparently confined as it is to

the lower members of the Tsumis Formation, ig found only
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in isolated localities. Furthermore, a reason would be
provided for the lateral thinning out of strata and
rapid facies changes that characterise these sediments

on Okasewa NW 120,

It is felt that the detailed work at present being
carried out by the nining companies engaged in prospect-
ing activities in the area between Dordabis and Wipvlei
will eventually enablec a clrarer subdivision of the
Tsumis Formation to be made. This, together with a
more precisely defined interrelationship between Doorn-
poort, Klein Aub and Tsumis rocks may result in the
disgscovery of further zoneg of rmineralisation, Further-
more, correlation of these beds between Klein Aub and
Witvlei would bc a significant step towards placing
the present tentative correlation between the Tsunis
Formation of South West Africe and the Ghanzi Beds of

Botswana on a firmer basis.

The Tsunmis Formation may yet prove to be one of the
rmore important and widesprecad sedimentary sequences of

the subcontinent,
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2. THE NOSIB FORMATION AND DAMARA SYSTEM

ABSTRACT

Trends in nomenclature during the pcriod when a
detailed stratigraphic colunn for the Damara Systen
was being established, are discussed, as are events
leading to the incorporation of the Otavi System with-
in the Damara Systen as the miogeosynclinal portion of
the latter., The basal arenaceous nenmber of both the
nmiogeosynclinal Outjo Facies, and of the eugeosynclinal
Swakop Facies of the Damara System, is termed the Nosib
Formation. Pertinent literature on this is reviewed.
‘Owing to sinilarities in lithology between the Nosib
rocks of the Losberg area and those of the Dordabis
region, Schalk's subdivision of the latter into an
arenaceous Kantsas Menber and an argillaceous Duruchaus
Member has been adopted by the present author, In the
vicinity of Losberg 105, differences in the conditions
of deposition, when compared with the Dordabis type
area, have caused the Duruchaus Menber to be developed
at the expense of the Kanmtsas quartzite, which is re-.
presented by two narrow, lenticular horizons. A
detailed treatment is given, covering all aspects of
the Nosgib TFormation between Witvlei and Onitara,
Finally, reference is nade to a breccia occurring on
the farm Locarno 211. This horizon shows certain
ginilarities with the basal Bevet's Conglomerate of
the Transveal Systen,

Notegs on Nomenclature

In 1928 Krenkel proposed the term "Damara Systen"
for what was then considered to represent the oldest
group of sedinmentary rocks in the central part of South
Wegt Africa, It is of note that he thought the Khonmas
Series to belong to a younger group of metasedimentse.
Gevers and Frommurze (1929), working in Northwestern
Dararaland and broadly following the classification of
Rirann (1915), divided this systen: into a basal "Quartz-
ite Series" overlain by the "Marble Series", the "Mica-
gchigt Series" forming the top of the succession. This
subdivision was followed in the Western Rehoboth by
De Kock (1934), who substituted the term "Khomas Series"

for the uppermost newmber of the Damara Systen,

The linestones and dolornites of the 0tavi Mountains

and the eastern Kaokoveld, terned the Otavi 3ystem by

Vg

.
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Hermann in 1908, were considered to form a separate
geological entity by workers such as 8tahl. However,
later mapping in the period 1950 to 1960 by Rabie in

the Kaokoveld, Clifford in the Fransfontein-Outjo area,
and S8hnge and 3uit in the Otavi Mountainland, led to
the correclation of the Otavi Systen with the Damara
.Systen, According to Martin (1965), the rocks of the
former Otavi System should now he termed the (miogéo—
synclinal) Outjo Facies of the Dauara Systen, while the
forr.er Darara Systei: per se rakes up the (eugeosynclinal)

Swakop Facies (of thc Damara Systen).

The subdivision of the Systen led to some difficulty.
Mepping in both the northern and central parts of South
West Africa had shown that in certain areas a discor-
dance, locally passing into an angular unconfornity,
separates the predoninantly quartzitic basal formation
fron the higher nenbers of the Damara Systen, In the
southeastern Windhoek district Gevers (1934) unwittingly
split this basal renber into twoj one portion he in-
cluded in thc Darara Systen as the "Quartzite Series",
the othocr, around Dordabis, he correlated with the Nama
Systen, and tentatively called it thc "Upper Dordabis
Beds", Both units have now bgen reco¢nised as belong-

ing to the Nosib Forration.,

In 1908 Hermann terred the basal formation of his
"Otavi Systeu" the "Nosib Series" in the Otavi Mountains,
while in 1926 Stahl labelled it the "Hundskopf Formation"
in the Kaokoveld, Stahl subsequently (1940) recog-
nised the equivalence of the two beds in the northern
part of the country, and dropped the term "Hundskopf

For:zation". In 1954, this latter nane was unfortunately

ko
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revived by the Geological Survey of South Africa, which
body separated the series from the overlying Damara
System on account of the unconformity existing between
them, However, as stated by Martin (1965, p.22) and
Smith (1965, p.8), the term "Nosib™ has priority over

"Hundskopf", and should thus be used in future.

The term "Marble Series” has been dropped in favour
of "Hakos Series", nemed after the Hakos Mountains of
the Rehoboth District, The table below gives the old

and new names:

Former Name New Name

Khomas Series) Swakop Facies
) of the Damara

Marble Series) Damara System Hakos Series ) Systenm

Khomas Serieg)

Quartzite ) Nosgib
Series ) Formation

(after Smith, 1965, p.9)

The Nogib Formation of “Central South Wegst Africa

This forms an essentially arenaceous series in both
the northern and central parts of South West Africa, and
its position at the base of the Damara System fits in with
the classical concept that geosynclinal assemblages
characterigtically have arenaceéus beds at their bases
(Martin 1965, p.22), However, the formation exhibits
congiderable lithological variation from one locality to
another, and is often separated, as in the area between
Witvlei and Omitara, by an unconformity from the overlying
Damara System., It is for this reasgon that the Nosib

Formation will be considered separately here,

The earliest detailed map and accompanying descrip-

tion of rocks now included in the Nosib Formation stems

)
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from Rimann (1915), who made a geologiecal survey of the
Bagter Gebiet for the Hanseatische Minen-Cesellschaft,

In the period 1923-25 Reuning published 2 map of the

e R e

central portiom of South West Africa, as well as a des-
cription and map of the Natas Mine and surroundings,
while in 1929 Gevers' and Frommurze's account of the
geology of Northwestern Damaraland appeared. ° These
authors included the "Quartzite Series™ in the Damara
System, since there was mno intervening unconformity

between it and the overlying beds.

Concerning the lithology of the gseries these authors

state (p. 34):

"Well-bedded phyllitic gquartzites form the topmost
portion of this group, and are succeeded down the
scale by phyllitic and coarse conglomeratic arkoses.
The latter are usually very massive, entirely un—
bedded and rendered markedly gneissose by regional
metamorphism, They are, as a comnseguence, vVery
easily mistaken for gneissose granites., Both
quartzites and grits are usually highly felspathic
and sericitic,"

Deposition of the upper quartzites appears to have -
oceurred irregularly over an uneven floor; pinching out

and lateral facies changes into mica schists and greywackes

underlying the "Marble Series" were commomly moted, To
the south these guartzites increase in thickmness from some
350m at the Great Rooiberg to many times this figure in the

Chuos and Ebusis Mountains betweem the Khan and Swakop Rivers.

The most:comprehensive work of this early period was
carried out by De Kock (1934) in the Western Rehoboth,
Distinguishing two series of pre—Damara beds, mnamely the
Marienhof and thé Duruchaus Series, he divided the latter
intos

(a) Mica schists containimg impure limestone bands:
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(b) Crystalline and talcose marbles;

(¢) Micaceous quartzites and sandstones.,

These rocks, covering an area of some 1500 sq. km,
west of Rehoboth, are stated by De Kock to have a maxi-
mum thickness of 7,000 metres. They rest on and have
in part been metamorphosed with rocks of the Marienhof

-

Series, and are overlain, often unconformably, by the

-

basal conglomerates of the Damara quartzites,

More recent work in this area has necegsitated a
partial revigion of De Kock's interpretation, Martin

(1965, p.11) states:

"Mapping in progress has e...... revealed that the
conglomerate which was regarded by De Kock as the
basal conglomerate of the Duruchaus Series is not

a basal conglomerate but an intraformational con-—
glomerate of the Marienhof Formation. A consider-
able portion of the terrain assigned by De Kock to
the Duruchaus Series has therefore to be included
in the Marienhof Formation,"

Mapping by Gevers (1934) in the Windhoek district
revealed an arenaceous sequence, similar to the one
occurring in Northwestern Damaraland, to exist at the base
of the Damara System. This "Quartzite Serieg", today
termed the Nogib Formation, ranges in thickness from 500
metres to approximately 3,000 metres. It locally begins
with a basal conglomerate, up t6 40m thick, of Marienhof
and Duruchausg pebblesfollowed by conglomeratic arkoses
and reddish felspathic quartzites containing isolated
pebbly layers. Thege sediments form the prominent
relief of the Billstein (2,250 metres), Oamitesberg
(2,144m), and Hoher Schein (2,258m) mountains, to name
but a few. In the vicinity of the Oamitesberg Gevers

(p. 230) found that:

&
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" eeess.. the guartzite horizon includes thick
(up to 1,000 metres) intercalations of highly
garnetiferous quartz-muscovite-schists and
sericitic quartz-phyllites,"

This sequence may probably be correlated with the
Witkoei Beds on the farm Ibenstein 55 in the Dordabis

district.

With regard to the higher members of the "Quartz-

ite Series" Gevers states (p. 231):

"The upper portion of the Quartzite Series, which
in this region has a total thickness of about 3,000
metres, exhibits very different features. It is
platy and flaggy, in some layers almost laminated,
of white colour, very fine~grained, less felspathic,
but rich in sericite."

Schalk (1961), on remapping Gevers' Upper Dordabis
Beds, was able to correlate these with the Nosib Forma-
tion. The essentially arenaceous series is now termed
the Kamtsas Member. It begins with coarse felspathic
quartzites characterised by scattered pebbles, talus
breccias and conglomerates, whose pebbles are derived
from all pre-Nosib rocks of the area, set in a soft

phyllitic matrix,

These quartzites are, on the farm Ibenstein 55 of
the Dordabis District, overlain on the Witkoei Hill by
slates and calcareous rocks. An unconformity separates
this Witkoei Formation from tﬁe overlying Lower Hakos

Stage of the Damara System.

Mapping by Schalk of the intervening area between
Dordabis and Rehoboth hag shown that the Duruchaus
Series and the Kamtsas Beds are merely different facies
developments of the Nosib Formation. De Kock's
Duruchaus Series is now termed the Duruchaus Member of

the Nosib Formation. In the Dordabis area the

L iR

i)
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underlying and overlying quartzites constitute the

Kamtsas Member,

Working in the western part of South West Africa,
around the Khan and Swakop rivers, Smith (1965) divided
the Nosib Formation into a Lower and an Upper Stage;
he stressed that in part these stages also represented

lateral variations, or facies,of each other.

The Lower Stage begins locally with a conglomerate,
of maximum thickness 80 metres, of poorly sorted, well
rounded pebbleg composed of underlying rock types found
in the immediate vicinity, set in a granular to schistose
matrix. This is followed by a thickness of %0 - 3,350
metres of félspathic quartzite, generally massively
bedded at the base and becoming more thinly bedded at
the top. There are numerous intercalated conglomeratic
horizong, and cross-bedding is common. The variability
in the thickness of this unit is-attributable to deposi-
tion on an eroded Basement surface in local basins of
variable depth, Granitisation of this stage is wide-

gpread.

The Upper Stage conformably overlies the Lower Stage
and was divided by Smith (p. 18) into an "Amphibolite
Facies", of a variable thickness Jjudged to exceed 300
metres, and a "Calc-granulite Facies", again of variable
thickness but estimated to reach 1200 metres. The
rocks of this stage are thought to represent former
calcareous argillites and calcareous felgpathic sand-

stones respectively.

A gimilar two-fold subdivision of the Nosib Forma-
tion was also made by Guj (1970) in the Sesfontein area

of the Kaokoveld. There, the base of the psammitic

e
R

e R
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Lower Stage is not exposed, the rocks consisting of more
than 2,000 metres of thickly to thinly bedded arkosic
quartzite containing local intraformational conglomerates
up to 200 metres thick. Subordinate pelitic members

and interbedded basic lavas are confined to the top of
the stage. The concordant Upper Stage is essentially
pelitic with but locally developed arenites; the thick-

ness may exceed 1,500 metres.

The Nosib Formation between Witvliei and Omitara

In this area, lying some 90 km northeast of Dorda-
bis, the present author found the Nogib Formation to be
well represeited. It consists of a pelitic assemblage,
here correlated with the Duruchaus Member, and contains
two prominent gquartzite horizons equated with the Kamtsas
Member. A basal conglomerate was not observed, since

the formation is cut off against the Tsumis Formation to

the southeast by a major fault. The seguence is over-
lain unconformably by the Hakos Seriesof the Damara

System.

Table 3 shows the stratigraphy of the Nosib Forma-
tion in selected areas along the southern edge of the

Damara geosyncline. ‘ :

From this table it is evident that in the area
between Witvlei and Omitara the phyllites, when com-
pared with thoge of the Dordabis District, are developed
at the expense of the quartzites, suggesting marine
conditions to have prevailed for the greater part of
the period of deposition. If allowance is made for
the faulting out of a certain thickness of the basal

member of the series, which in the Kleeberge range on

3



TABLE 3

COMPARATIVE STRATIGRAPHY OF TH: NOSIB FORMATION ALONG THE SOUTHERN MARGIN

OF THE DAMARA GEQSYNCLINE

Western Rehoboth
(De Kock 1934)
Damara System

- Unconformity -

Micaceous Quartzites
(500 m)

Crystalline & talcose
marbles (approx. 90 m)

Quartz-mica Schists
(approx. 6500 m)

Basal Conglomerate
(locally developed)

- Unconformity -

Mgrienhof Series

Dordabis District
(Schalk 1966)

Damara System
~ Unconformity -

Kamtsas Quartzite Member
(600-1100 m)

Witkoei (Duruchaus) Member
(150-200 m)

Kamtsas Quartzite lMember
(4000-6200 m)

Basal Conglomerate
(locally developed)

- Unconformity -

Basement and Dordabis System

Witvlei/Omitara Region

(Fey 1970)

Damara Systenm

- Unconformity -

Ze

Duruchaus Member (aporox. 500m)
Kamtsas Upper Member (250-980 m)

Duruchaus Member

(approx. 400 m)

Kamtsas Lower Member (300-400 m)
Duruchaus Member (approx. 1000m)

Not

exposed

Faulted Contact

Tsumis

Formation

e
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farms Mountain View 107 and Kleeberg 292 some 50km
to the southwest reaches 6,200 metres, it appears that
the Nosib Formation between Witvlei and Omitara has
thinned to hetween one third and two thirds of its maxi-
mum development elsewhere on the southern margin of the
Damara geosyncline, The style and nature of the fold-
Aing, as reflected especially in the psammitic mémbers,
together with the unconformable relationship exhibited
by the overlying Hakos Series make it advisable to con-
gider the Nogib Formation as a separate entity from the
Damara Systen. The findings of the present author thus
essentially confirm those of Schalk in the Dordabis

region,

The Kamtsags Quartzite Member

(a) Lithology

Two quartzite members, designated Kql and Kg2 on
the map, are present, both showing abundant evidence of
deposition in shallow water, in all probability under
fluviatile or lacustrine conditions, Cross-bedding,
slumping and heavy-mineral banding are virtually ubiqui-
tous. In contrast to the other regions where the Nosib
Formation is developed, conglomerate lenses are not
present in the area being considered., Only on Owiniei-
kiro 213 were very igolated small pebbles of white vein
guartz noted. Lithologically, both Upper and Lower
Quartzite Members are very similar, both being composed
of two main varieties of quartzite, occurring as alter-
nating bands or irregular lenses of variable, but often
considerable thickness:
i) A massive type, pink to grey, fine-grained and

containing much finely disseminated magnetite,
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the alteration of which imparts the pink coloura-
tion to the rock. Bedding is occasionally
rendered faintly vigible by the concentrations

of heavy-minerals along the bedding planes, Slump
structures, also shown up by the heavy-mineral
banding, are very common., Owing to the resili-
cification of the outer gkin to a depthof approxi-
mately 1 cm, this rock weathers into rounded
boulders with a glassy appearance. The fracture
is conchoidal.

A gecond variety, less glassy than that above and
weathering into fragments exhibiting a sugary tex-
ture to, which the iron oxides impart a brown stain.
Bedding is well defined by means of heavy-minerals
along the planes of deposition; cross-bedding on
8 scale ranging from several centimetres to 1 - 2
metres is prominent, The rock is well jointed,
breaking into angular fragments defined by the
intersection of the bedding planes with one or
more of the joint directions. The size of the
fragments variesg from approximately 10 cm to over

1 metre across.

Incipient limonitisation of the iron oxides may be

.

seen in both varieties in the form of haloes, one to two

millimetres across, surrounding the magnetite particles.

With regard to jointing in the quartzites, three

main sets were noted:

i)

A very flat, almost horizontal set which, on the
flatter summits of the hills, leads to the forma-
tion of rock pavements. This subhorizontal set

was often seen to carry a quartz filling several



- 45 -

millimetres thick, which in turn fregquently
exhibited slickensiding, denoting some movement
to have taken place along the joint surfaces.

ii) Two sets of almost vertical joints at approximate-
ly right angles to one another, and trending

roughly northeast and northwest respectively.

(b) Distribution and Field Relations

The Lower Quartzite Member has a limited distribu-
tion, being found only in the extreme southwest of the
area mapped on the farm Owinieikiro 213, and on the farms
Losberg 105 and Otjiwarumendu 119 in the northeast. Here
it forms the prominent Otjiwarumenduberg and its north-
eastern oonéinuation, the Heliographenberg and the

Rotberg.

On Owinieikiro 213 it forms a range of hills running
parallel to and just southeast of the boundary between
this farm and Dorka 206, here formed by the Upper Member,
Like the lstter, the Lower Member swings sharply south-
wards at the northwestern corner of Owinieikiro 213.

It follows the western boundary of the farm befoare
terminating against the thrust fault, south of which in

this locality an uninvestigated sequence of undifferen-

tiated quartzites occurs, striking roughly southwest with

a northerly dip. This is tentatively included in the

Kamtgas Quartzite Member of the Nosib Formation.

These latter rocks are felspathic gquartzites, well
bedded and exhibiting heavy-mineral concentrations along
the bedding planes; their purple colour is similar to
that of the Tsumis rocks., The formation manifests
itgelf in a low rise, beginning just west of the Nina-

Omitara road on Owinieikiro 213 and increasing rapidly
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in height towards the southwest. The nature of the
relationship with rocks assigned to the Tsumis Formation
could not be ascertained, since the intervening area be-
tween the two forms an extensive pan on Owinieikiro 213,
In view of the opposing directions of dip a fault or un-
conformity could exist between the two. The obviously
faulted contact in the north offers no information

-

regarding the relationship with the Nosib Formation.

The base of the Lower Kamtsas Member was nowhere
observed, but the unit is assumed to lie conformably on
the Duruchaus phyllites, a thickness of some 400 metres
of which also servey%o separate it from the Upper Member.
Unlike this latter it does not form a continuous barrier,
having been breached in several localities by water
courses which have carved wide valleys in the quartzite,
Nevertheless, it resches impressive proportions near
the western boundary of Owinieikiro 213, forming hills
riging 75 - 100 metres above the plain. Here the
quartzites are some 380 metres thick, and dip to the
west at approximately 60°. East of the nose of the fold
in the northwestern corner of the farm the dipssteepen.
At the point where the Nina-Omitara road crosses the
Lower Member, 1.5 km south of the Owinieikiro 21%- Dorka
206 boundary, dips of over 80° towards the northwest
were measured, and the bed has thinned to anpproximately
240 metres. It can be followed eastwards for a further
2.5 km before dying out, presumably duec to a facies
change, Duruchaus phyllites taking its place on the

farm Gemsbockvley 214.

The Lower lember reappears on the farm Losberg 105

to form the prominent Otjiwarumenduberg, which rises

48
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over 200 metres above the plain. This hill must be
regarded as a tight anticline, overfeclded to the south-
cast (see Section C-D of Map 2), and contains a core of
Duruchaus phyllites. Owing to the fact that the steep
slopes of the hill are covered by extensive deposits of
scree, the contact between the quartzite and the over-
lying phyllites is difficult to place with accuracy.

This possibly leads to an exaggeration of the thitkness
of the Lower Member, which is in this vicinity estimated
to reach 300 - 350 metres. The phyllitic core manifests
itself in a valley running up the mountain from the north-
east but, owing to the large amount of scree present, the
soft, easily weathered phyllites were exposed only as a

result of trenching operations near the summit.

The southern limb of the anticline appears to thin
rapidly towards the northeast, and is assumed to swing
sharply southwestwards on the boundary between Logberg
105 and Christiadore 104, possibly being cut off by the
large thrust fault. A facies change to a phyllitic
sequence separates it from its natural conti@étion on

Gemsbockvley 214,

Immediately northeast of the Otjiwarumenduberg the
northern limb of the anticling has been displaced approx-
inately 100 metres by a siniséral fault that is very
evident on aerial photographs. Beyond this fault it
forms the low range running parallel to the Losberg
105/Christiadore 104 boundary. The Lower Menmber here
thins out considerably, so that in the bed of the White
Nosgob River it consists of a few ribs of quartzite only,
each 3 - 4 metres thick, in the phyllite. DNortheast
of the river it thickens again rapidly, to reach some

400 metres in the long Heliographenberg range on

ohp.

=
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Otjiwarumendu 119.

Structurally, a shallow syncline exists north of
this range, straddling the White Nossob River and cover-
ing portions of the farms Losberg 105 and Otjiwarumendu
119, The low rise (grid reference 24500/41250) approx-
imately 1 km eastsoutheast of the Losberg homestead
forms the most prominent outcrop of this northern limb
of the syncline, further evidence for which was observed
in 2 gravel pit along the route of the new main road on
Otjiwarumendu 119, Here a thin band of quartzite
correlated with the Lower lMember was found. Further,
aerial photographs show a fold closure to exist immediate-

1y southeast of the Eintracht railway siding.

On the slight rise east of the Losberg homestead
referred to above, the quartzite resembles that found in
the Otjiwarumenduberg, with prominent heavy-mineral
concentrations on the bedding planes. Cross-~bedding,
on a scale of several millimetres only, is occasionally
visible. Slumping is prominent, The hill appears to
be a zone of dislocation, as at least two zones of
faulting with quartz veining and brecciation of the rock
were noted, trending roughly parallel to each other, one
on the northern and the other on the southern side of
the hill respectively. A thi; band of phyllite is
exposed near the crest of the hill, The dips of the
strata appear to be mainly to the south, but since
several northerly dips were noted the presence of minor
folds cannot be ruled out. As evidenced by overturned

cross-bedding, some overfolding to the north is present.

A little distance to the northeast, on the banks of

the White Nossob River, isolated outcrops of silicified
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quartzite occur. Between these anc the hill described
above quartz veins at lecast 1 metre wide crop out, con-
tinuing into the northerly zone of dislocation on the

hill,

The Rotberg on Otjiwarumendu 119, just north of
the railway line, forms the most northerly exposure of
the Lower Quartzite Member in the area mapped. It
consigts of a saddle opening southwestwards, the‘rail—
way line occupying the sie of what must have been an
axis of uplift from which the Kamtsas sediments between
Heliographenberg and Rotberg have now been eroded,
The northeastern end of the Rotberg forms an anticlinor-
ium, with folds plunging gently both to the northeast

and southwest.

The Upper Member of the Kamtsas Quartzite is more
continuous than the Lower Member, and forms a prominent
ridge for most of its length. Ite southwestern end
being truncated by the thrust fault on Owinieikiro 213,
it swings sharply northeastwards at the northwestern
corner of the farm, to run just east of northeast in
the forn of a prominent range averaging 1,650 metres in
height, or some 100 metres above the plains. This
forms the boundary between the farms Costa 207, Dorka
206 and Losberg 105 in the northwest and Owinieikiro
213, Gemsbockvley 214 and Christiadore 104 in the south-
east, The highegt point of the range is reached im-
nediately southwest of the southern corner beacon
of Losberg 1053 the hills decrease in height rapidly
from here northeastwards. Where the range crosses

the boundary between Losberg 105 and Christiadore 104

it is little more than a small rise, which dies out




- 50 -

after a further kilometre. The thickness of the
guartzite also decreases northeastwards, from sonme

980 metres on Owinieikiro 213 to 250 metres on Losberg
105. Dip measurement gave values of approxinmately
60°W on the eastern boundary of Locarno 211, steepen-
ing to 70 - 80°NW along the southeastern boundaries

of Dorka 206 and Losberg 105. Four kilometres north-
east of the point where the Nina-Omitara road crosscs
the range, a dextral fault with a lateral displacement

of 500 metres was noted.

Immediately southeast of the Otjiwarumenduberg the
sand cover nasks the geology, but from aerial photo-~
graphs the Upper Member is seen to form a tight synclin-
al closure, the beds now running back in a southwesterly
direction, The quartzites immediately fornm rore
prominent relief once the Christiadore 104 - Losberg
105 boundary is recrossed. Initially overfolded to
the northwest, the northern 1limb of the syncline soon
resuries a normal attitude, although dips remain very

steep. The gquartzite forms a low ridge running as

far as the boundary Losberg 105 - Dorka 206, where
another prominent closure occurs in the form of a small
anticlinal hill, from which the beds swing back to run
northeastwards for a short dfstance. Further tight
folding occurs in the southwestern corner of the farm
Losberg 105 before the Upper Member, now manifesting
itself in the otherwise flat, sandy terrain as a glight
swell carrying occasional float, dies out in the centre
of the farm just north of the Otjiwarumenduberg. In
this area outcrop over a strike length of some 300
netres shows the beds to have thinned to less than 100

metres.

A TS
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Most of the hills formed by both the Upper and
Lower Members of the Kauntsas Quartzite fell away steceply
to the northwest and southcast. The slopes are gener-
ally rubble-strewn, the rock breaking up chiefly due to
the fornation of angular blocks resulting from the
intersection of bedding planes and joints. These blocks
are often loosened by game e.g. kudu, which are still
plentiful in the area, and by cattle which graze on the
hills. Mechanical weathering probably plays an import-
ant part in the denudation of the hills, especially in
winter when night temperatures of between -5°C and -10°¢C
alternate with daytime averages of 27 - 3300. Summer
rainfall, ugually in the form of heavy thunderstorms,
leads to gully formation with the consequent removal of
debris. On the southeastern flank of the Otjiwarumen-
duberg an excellent example of a depositional terrace
at the lower end of such a gully was found, situated at

an altitude of approximately 100 metres above the plain,

The extent to which the quartzite rubble derived
from the hills covers the adjacent areas is discussed

in Chapter XI.

Outcrop of the Kamtsas Member is confined to rela-
tively isolated bands trending parallel to the long
axes of the hills, and exposufes are usually found only
in the upper third of the ranges. Below this the scree
magks all outcrop, and effectively conceals contacts

with the Duruchaus phyllites.

Of interest is the band of brecciated, flesh-

coloured quartzite found in a gravel pit (grid reference

s

-10300/50220) on the western side of the Nina-Omitars’” . -o\

N

road on Dorka 206, approximately 1.5 km north of tie:
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Upper Quartzite Member, Similar rocks were found some
3.5 km to the northeast, along the camp fence running

from the Dorka homestead to the boundary fence with Gems-—
bockvley 214. Here the outcrop consists of a low ridge,
perhaps 200 metres long, showing several bands of
brecciated quartzite which, with its heavy-mineral band-
ing, resembles the Kamtsas quartzite. Dips in this
locality appear to be both towards the northwest and

the southeast. The quartzite beds are underlain by phyl-
lites containing a band of brown- to buff-coloured lime-

stone.

The two occurrences described above must be r egarded
as forming 2 small quartzitic interbed in the phyllites.
They are seen to lie along the southwestward extension
of the synclinal axis of the fold in the Upper Quartzite
Member on Losberg 105, along which some dislocation and
brecciation appears to have taken place. The rocks have

been tentatively included in the Kamtsas lMember.

(¢) Petrography

Specimen 9 was collected from the hill in the Lower
Quartzite Member immediately west of the Nina-Omitara
road on Owinieikiro 213. It is a massive, glassy rock,
pink in colour, rather felspathic, and contains much
disseminated iron oxide, The thin section shows the
grain size to vary between 0.3 and 0.8mm, the average
being O.5mm, Egquidimensional quartz grains, somewhat
recrystallised and showing undulose extinction, make up
the bulk of the rock. Potassic felspar occurs chiefly
as orthoclase, with subordinate microcline. Some
micropegmatite was noted, as were perthitic intergrowths.

The plagioclase was determined ag albite, A1l the

iR
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felspars are somewhat altered and cloudy. Iron oxides,
probably chiefly magnetite, are common in the rock,
occurring as cubes after pyrite, and as anhedral grains.
Mica, both as biotite and muscovite, occurs in very

minor amounits. A 1little zircon was also noted.

A further specimen (No. 63) from the Lower Quartz-
ite Member was collected on the northern slope of the
Otjiwarumenduberg on Losberg 105, from a band of the
massive quartzite (type (i) above) just below the
summit., In hand specimen it resembles closely the
rock described above, except for its grey colour. Under
the microscope 1t was seen to be of finer and more uni-

form grain,.the particle size varying between 0.1 and
O.%mm, with the average lying close to 0O,25mm., The
quartz grains, slightly elongated in the plane of the

bedding, which is emphasized by the concentrations of
magnetite particles, form a mosaiec of recrystallised
interlocking grains with mutual boundaries described by
Spry (1969, p.19) as lobate sutures. Very subordinate
anhedral calcite occurs between some of the grains. The
felspar in the slide is only slightly cloudy. Ortho-
clage occurs as subhedral laths, as does microcline,
Albite commonly shows anti-perthitic intergrowths with
microcline. 0f the micas, muscovite is the more pro-
minent, occurring as laths O.%mm longj some biotite
was noted. Epidote, apatite and tourmaline are present

in trace amounts.

Two specimens from the Upper Quartzite Member were
investigated microscopically. A sample taken from the
boundary between Owinieikiro 213 and Locarno 211
(specimen 10) is a fine-grained, pink, almost massive

felspathic rock, and contains finely disseminated iron
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oxides which are occasionally concentrated along faintly
visible bedding planes. Specimen 67 was collected from
the smell hill in the extreme southwest corner of Losgberg
105 (grid reference -15670/46000), It is a fine-grained,
grey, felspathic quartzite, in which the bedding is well
defined by the heavy-mineral concentrations. The speci-
men is cut by a quartz-filled fault lmm wide, with
magnctite concentrations along its edges. This displaces

the bedcing on adjacent gides by arproximately 2-%mm,

Texturally, the two specimens are again very similar,
although there is a difference in grain size, as was also
noted for the Lower Member specimens taken from broadly
similar localities. 3lide 10 shows the grain size to
vary between 0.1 and 0.8mm, averaging 0.2 to 0.3mm, while
in snecimen 67 the limits range between 0.05 and O.7%mm,
the average being O,2mm, The bulk of each rock is again
made up of recrystallised quartz grains, followed in terms
of volume by potash felspar and plagioclase. It is note-
worthy thet the orthoclase in both specimens is rather
sericitized whereas the plagioclase is still fresh,

Specimen 67 contains more quartz and magnetite, and less

felspar than specimen 10, Mica is subordinate in both

rocks, while accessorieg are epidote, zircon and chlorite.

Table 4 shows the volumet}ic compositions of the
four specimens described above; by way of comparison
figures quoted by Schalk (1966) for a specimen of Kamt-
sas quartzite from the farm Wortel 54 in the Rehoboth
district are also given. Specimens 9, 10 and 63 show
an average felspar content of 19%, but even the range
of 13-21% exhibited by the other two rocks given in the
table still falls within the limits postulated by

&

Pettijohn (1957, p.291) for subarkoses. According to

4
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TABLE 4

VOLUMETRIC ANATYSES OF KAMTSAS QUARTZITES

Sample No., 9 63 10 67 X g
artz 80.3  T7.8  79.8 84,5 7T ;
Orthoclase  13.2  13.0  12.6  10.0 ) T
Microcline 1.4 1.1 0.8 0.4 % -
Albite 4.5 4.9 5.5 3.0 ) é
Nica Tr. 0.7 0.3 0.1 ) f
Iron Oxides 0,5 1.3 1.0 2.0 ’3 2 :
Carbonate - 1.0 - - ;g %
Accessories 0.1 0.2 Tr. Tr. % j
Total % 100.0  100.0 100.0 100.0 100

Average grain
size (mm) 0.5 0.25 0.25 0.2 0.13%

-

Specimen 9 Owinieikiro 2173
Kamtsas Quartzite, Lower Member

Specimen 10 Locarno 211

)
)
Specinen 63 Losberg 105 )
)
) Kantsas Quartzite, Upper Member
)

Specimen 67 Losberg 105

Specimen X Wortel 54,
Rehoboth District.Kamtsas Quartzite (Schalk 1966)

.
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Krumbein and Sloss (1963, p.168), citing data by
Williamg, Turner and Gilbert, the rocks would be classgi-

fied as felspathic arenites.

For the sake of completeness, brief mention must
be made of the breccia from the gravel pit on Dorka
206, already mentioned above, Specimen 3% is a very
fine-grained, magsive, flesh-coloured quartzite travers-
ed by a quartz vein 4mm in width, Uncer the mi&TOSCOpe
quartz, as grains 0.1-0.2mm across, is seen to be the
dominant constituent; incipient recrystallisation has
led to clusters, each of several grains with sutured
boundaries, cemented to adjacent similar clusters by
anhedral carbonate. The felspar consists of roughly

equal proportions of orthoclase and albite; magnetite

occurg as irregular blebs, but also as isolrted cubes IR

after pyrite. Muscovite, biotite, apatite and epidote
are accessories, A visual estimete gave the following

figures: L

QUATEZ  wvveeeseosnses 5%
FCLlSPAT wevvoenceeees 11%
Carbonate seceeeessess 12%
Magnetite seeeeeeecas 1%

ACCESB0TICS seeencecas 1%

-

It will be seen that this rock, apart from the car-
bonate content which must be attributed to the period of
brecciation, also qualifies for the term felspathic

guartzite.

The arparent uniformity of the Kamtsas quartzites,
as demonstrated by the descriptions and figures guoted
above, must lead to errors in manping and interpretation.

It is felt that a detailed sedimentological investigation

=y



- 56 -

of the area bctween Witvlel and Omitara, including grid
sampling of both members of the Kamtsas, together with
the plotting of cross-bedding directions, would probably
yield valuable data concerning the source and direction
of transport of the sedimcnts. The lithological and
mineralogical similarities between the quartzites,as set
out above, suggest that the only possible method of dis-
tinguishing between Upper and Lower Members, and possibly
between these latter and the numerous quartzite bands of
the overlying Damara System, would be by means of a study

of the heavy-mineral content of these rocks,

The Duruchaus Member

(a) Lithology

The dominant rock is generally a grey phyllite with
prominent schistosity, which leads it to split readily
into slebs 1 - 1l.5cm thick. Weathered surfaces are
grey to grey-green; in certain localities brown to blue-
black skins on the schistosity planes denote a higher-
than-average iron content, Bedding was not noted as
such, but the phyllites contain numerous limestone bands
dipping parallel to the schistosity, which thus seems
to be approximately parallel to the bedding. These
limestone bands range in thickness from 5 to approximate-
1y 3%0cm, the rock beins fine-grained and finely bedded,
often showing chlorite and quartz developed along the
bedding planes. In compogition these interbeds range
from impure limestones to calcareous gquartzites; colours
vary from pink to buff, probably depending on the iron
oxide content, Trenching at one locality exposed a

band with a bright-yellow surface,
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(b) Distribution and Field Relations

As distinct from the Dordabis area, where the
phyllites of the Witkoei Hill form an interbed between
the two quartzitic members of the Nosib Formation, the
quartzites of the Losberg area must be regarded as
lenticular, The bulk of the sediments is made up of
phyllites which underlie, overlie and interfinger with
the guartzite, The phyllites usually form featureless,
gently rolling plains on which outcrop is masked by the
Kalahari sand cover, However, examination of the spoil
from the numerous "meerkat" burrows in the area usually
reveals the nature of the underlying strata. The pre-
sence of phyllites containing interbedded limestone bands,
as well as zoneg of calcareous phyllite, is normally
indicated by the surface development of calcrete, to-

gether with a vegetation characterised by Catophractes

alexandrii.

Where contacts with the overlying quartzites were

exposed, as in trenching operations, these were usually

gradational over thicknesses of 50-100m, the quartzitic
interbeds becoming thicker and more frequent as one pro-
gresses upward in the succession. In the northern
limb of the syncline, at the Bouthcrn cnd of.the farm
Losberg 105, the Upper Member;of the Kamtsas Quartzite
is some 250m thick and becomes very phyllitic at the
top. This zone of quartz-sericite schist contains
cubes, 2-3nm ccross, of limonite after pyrite, as well
as thin bands of brown limestone, On the southern
side of the track (not marked on the nap) that leads
southeastwards from the windpump in the centre of the
farm, this zone is seen to be overlain by a higher band

of compact, pink, poorly bedded quartzite of unknown

Y
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thickness.

Trenching on the southern limb of this syncline,
inmediately northwest of the boundary with Christiadore
104, showed the contact between quartzite and phyllite
to be sharp, a further thin guortzitic interbed
occurring in the phyllites some 200m higher up in the
succession. A trench in the central portion of Losberg
105, situated approximately 1 km southsoutheast of the .
windpunp (grid reference -19250/44400), showed the
presence of gseveral thin quartzite bands with heavy-
mineral concentrations along the bedding planes in the
otherwise phyllitic assenblage. A featurc of the
phyllites brought out by napping and trenching is the
presence of numerous bands of white gquartz often associ-
ated with chlorite, and occasgionally with massive
carbonate. These veins anpear to reprecsent zones of
dislocation, fracturc fillings and sceccretion phenoncna,

and usually trend parallel to the regional strike.

Owing to the generally poor surface exposures, the
thickness of the Duruchaus phyllites ig difficult to
estimate, Since trenching has revealed the occurrence
of southeasterly as well as the more common northwesterly
dip directiong,fairly tight folding must be assuned to
be present, The figures giveé in Table 3 above are
thus in the nature of an estimate only, and should be

trecated with reserve,

(c) Petrography

Specimen 71, taken from Trench 005W(S) on Losberg
105, approxinately 800 metres southwest of the White
Nossob River and adjacent to the boundary with Christia-

dore 104, is a fragment of grey, fine-grained phyllite,

RS )



-~ 59 -~

Approximately 2 cn. thick,it is bounded by the schist-
osity planes, to which the mica in the rock irpsrts a

silky lustre.

In thin section, the rock ig seen to consgist of a
ratrix of very fine-grained scricite containing porphy-
roblasts of quartz 0,05mn thick and 0.,1-0.2mm long in the
plane of schistosity. Clinochlore formg subordinate
bright-green, pleochroic laths elongated in the ﬁiane of
schistosity, yet with a cleavage at a considerable angle
to the latter. It appears to be an alteration product
of biotite, occasional fraguents of which it was seen

to be replacing. Magnetite occurs as finely dissemin-

ated subhedral to anhedral grains of average size 0.05
to O.1lmm, Accessories are carbonete, felspar and tour-

naline, the latter probably of the schorlite variety.

Specimen 76, from Trench O50W in the same locality
as that above, closely resembles No, 71 in hand specinen.
In thin section the very much finer grain size and the
prcsence of appreciable amounts of ferruginous material

precluded a detailed examination.

A grey quartz-gericite schist, Specimen 69, was
collected from Trench 21(i) on the right bank of the
White Nossob River approximately 400 metres downstream
from the honegtead on Logberg 105, The schistosity
rlanes of the rock, apparently coinciding with the
bedding, show two nutually perpendicular sets of crenu-

letions, the one almost vertical, the other with a very

gentle southwesterly plunge.

Under the microscope the rock igs seen to consist
of quartzitic layers, somewhat folded, set in a guartz-

sericite natrix, The gquartzitic bands are irregularly
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spaced, and average l.5mm in width, They contain
granoblastic elongate quartz crystals of average size
O,lmm, often with development of sericite along the
grain boundaries. The bands locally interfinger with
the matrix which, in the cores of the folds shown by the
quartzitic layers, exhibits minor crenulations of wave
length 0,25-0.3mm, Quartz porphyroblasts in the
sericite are elongated in the plane of schistosity; an
incipient cleavage axial planar to the minor crenula-
tiong is visible. Biotite and chlorite are locally
developed; apatite occurs as rounded grains, and as
crystals elongated parallel to the schistosity. Iron
oxide, probably limonite, is present as yellow irregu-
lar masses. Prisms of brown, pleochroic schorlite

are fairly common, Calcite, as anhedra up to 0.4mm

across, 18 rare.

Specimen 74 is‘a phyllite from Trench 33 (grid
reference -19910/47070) in the southeastern corner of
the farm. A very fine~grained grey-green rock, it is
seen under the microscope to consist of granoblastic
elongate quartz grains set in a fine sgericitic matrix;
subordinate laths of muscovite are present, Apatite
and tourmaline occur in minor amounts. The glide is

nurky owing to the presence of amorphous aggregates of

iron oxide, probably limonite, This mineral isg con-

centrated in the slide especially in one band approxi-

mately 1,25mm wide, as particles 0,05-0.15mm in diameter,

Table 5 shows the approximate modal compositions
of Specimens 69, 71, 73 and 74, estimated visually.
From thege figures no general conclusions concerning
the average composition of the phyllites can be reached

&«



SPECIMEN

Quartz

Sericite

(0o

TABLE 5

APPROXIMATE MINERATLOGICAL COMPOSITION OF

Plagioclase

Mica

Chlorite

Iron Oxides -

Accegsories

Specimen 69

"

"

71
74
76

DURUCHAUS PHYLLITES

Quartz-sericite schist

"

n

n

n

n

69 71 T4 76
30 22 45 13
64 T4 50 16
- Tr. - -
) - Tr. Tr,
) 3
) 2 - -
1 2 5 10
2 Tr. Tr. 1
100% 100% 100% 100%
Trench 21(i) g
phyllite " 005W(S % 1o
" " 33 ) 105
)
n n 050W )
&

-
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as all components are seen to be extremely variable.

The rocks are best termed quartz-sericite phyllites.

In addition to the rocks described above, limestones
interbedded with the phyllites were also examined briefly.
Specimen 72 was collected from Trench 005W(S), and in
hand specimen is seen to be a fine-grained, finely bedded
pink rock showing occasional quartz lenses on the bedding
planes. There is local development of a brown éarbonw

ate assumed to be siderite or ankerite.

The thin section ghows layers of quartz alternat-
ing with layers of calcite, the latter mineral being
slightly more abundant and occurring as subhedral crys-
tals approﬁimately 0.2mm in diameter. Qﬁartz ig present

as recrystallised grains 0.05-0.2mm across, IFlagioclase

in the form of albite constitutes a surprisingly large
proportion of the rock. Accessories are iron oxides

and mica, The slide is traversed by a quartz-calcite

vein in which the crystal size is 0,5-1.0mm.,

Specimen 7% comes from Trench 3% mentioned above,
and was collected from just above the upper contact
of the Upper Quartzite Member. It closely resembles No,
72 in hand specimen, except that occasional dendrites

of manganese oxide are present on the bedding planes.

Specimen 75, from the same locality, is a calcare-
ous quartzite. It ie a fine-grained, grey-green rock
consisting of bands 1-2mm thick of guartz-carbonate

separated by thin micaceous layers. Iron carbonates

are occasionally developed,

Under the microscope, the rock is seen to be composed
essentially of granoblastic elongate quartz grains,

approximately O.lmm long in the plane of bedding, which




APPROXIMATE MINERALOGICAL COMPOSITION OF

bla

TABLE 6

SPECIMEN

Calcite
Quartz
Albite
Mica

Iron Oxides

Specimen 72
" '73
" 75

DURUCHAUS _LIMESTONES

72 73 75
55 T4.9 20
40 22,0 70
5 0.9 5
Tr. 0.8 4
Tr. 1.4 1
100% 100.0% 100%

Limestone

Calcareous quartzite

Trench 005W(S3)

n

n

33
33

)

g Losberg
) 105

)

N.B. Composition of Specimen 73 determined micrometri-

cally by means of a Swift Point Counter.
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is shown by a few bands lmm wide of muscovite lathg with
very subordinate chlorite in a subparallel arrangement.
Some albite occurs amongst the quartz grains, which in
places have a cement of calcite. Magnetite is found

as subhedral grains of size 0.05mm in the chlorite-rich
layers; elsewhere it forms discrete cubes of gize 0,2umm,

probably after pyrite.

Table 6 gives the visually estimated compositions
of Specimens 72 and 75, as well as the more reliable
regults of a micrometric analysis of Specimen 73, This
latter was stained to determine the presence of dolomite,
but with negative regul ts. Specimens 72 and 73 are
probably best described as quartzitic limestones, while

Specimen 75 represents a calcareous guartzite,

The Breccia on Locarno 211

Thig occurrence lies in the Duruchaus phyllites
immediately west of the western boundary of the area
mapped, and does not feature on Map 2, It is centred
on the windpump situated approximately in the middle of
the farm Locarno 211 and forms, when approached from
the southeast along the track from Owinieikiro 213, a
low ridge rising 4-5 metres above the plain, The top
of the ridge consists of a wﬁite to pink marble some
100 metres across in outcrop width, around which lies
the breccia, forming a fold with a westerly plunging

axis. The synclinal closure of this fold is situated

approximately 300 metres northeast of the windpump.
The marble overlying the breccia on the southeastern

side of the syncline strikes approximately northeast

and dips at 340 to the northwest, On the other limb
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of the syncline the dips are steep, e.g. 85° to the

southeast; the strata may even be overturned locally.

The breccia, best exposed on the southeastern
slope of the ridge, forms isolated boulders and low
pavements between which occur blocks of quartzite and
dolomite, Three types were recognised. Type (i) seems
to be overlain in places by an only slightly brecciated
quartzite resgembling that of the Kamtsas Member. \This
is not found everywhere, but if pregsent is overlain by
type (ii), which may be overlain by type (iii). The
succession is capped by the pink marble. Minor folding,
with axes plunging steeply to the northeast, is present.
On the track to the windpump the total outcrop width

of the southeastern limb of the breccia is approximately

50 metres. Details of the three types are given below:

Iype (i)

A small area, forming a low pavement, consists of
a brown to pink rock containing angular to subrounded
fragments of fine-grained cherty material, ranging in
size from approximately 2mm to more than 1l5cm across,
These fragments, congtituting at least 50% of the rock,
are get in a ferruginous and calcareous matrix, They
occasionally show a very faint banding which may, in
places, be traced across several inclusions. Portions

of the rock show what appears to be relict folding.

A thin section of specimen 118, stained to differ-
entiate between calcite and dolomite, shows a calcareous
matrix containing subangular inclusions averaging 3-5mm

in size. These latter consist of two types:

(a) Crytocrystalline mylonitic material, brown in

plane-polarised light and a»pearing almost

e
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isotropic between crogsed nicols.
(b) A very finely crystalline aggregate (grain size
less than 0,05mm) of quartz and felspar in an

essentially dolomitic matrix,

0f the two types only (a) shows any stratification.
Where both types are present in one fragment, the con-
tact between them is a sharp line parallel to the banding

in the cryptocrystalline variety,

These fragments are cemented by material consisting
of angular grains of quartz, dolomite and felspar, rang-
ing in size from 0,05-1mm, set in a calcite-limonite
matrix., The calcite locally shows flow-texture, denoting
further brecciation and movement to have taken place in
the rock after introduction of the carbonate. Calcite-
filled veins are seen cutting across the inclusions
described earlier. Quartz is present as anhedral grains,
usually full of needle-like inclusionsy; it also forms

veins in the brecciated fragments. Extinction is

normally undulose. The felspar present is in most cases
polysynthetically twinned, and was identified as albite.
It occurs as veins cutting through the matrix of the rock,
and ag partiel rims around the inclusions. Several
dolomite grains were noted, poikiloblastically enclosing
felspar and quartz, Locally; calcite actively replaces
the dolomite. A mineral occurring as isolated, pale-
brown, slightly pleochroic laths, often bent and

resembling biotite, was identified as phlogopite.

It appears that brecciation of the rock was follow-
ed by the introduction of guartz and felspar, the latter
rimming the breccia fragments. Dolomite was brought in

almost simultaneously, and during crystallisation
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poikiloblastically enclosed felspar and quartz. Calcite-
bearing solutions were the last to be introduced. A
further period of brecciation led to the filling of

cracks by calcite, and is responsible for the flow-
structures that are developed locally in the calcite. Re~

placement of dolomite by calcite is now taking place.

Type (ii)

This type of breccia forms isolated boulderé con-
sisting of scattered, rounded fragments in the size range
0.5-%cm, set in a gritty pink matrix of quartz and occa-
sional rhombohedra of carbonate, The rock ig very
calcareous, reacting strongly with dilute HC1, It is

subject to replacement by surface limestone.

In thin section gnhecimen 119 is seen to congist of
quartz, dolomite and irregular fragments of brecciated
quartz-felspar-calcite material in the size range 1.5-
bmm, set in a very fine-grained quartz-carbonate~limonite
matrix containing subordinate felspar. Matrix and -
inclusions of the latter type are not easily distinguish-
ed between crossed nicols. Biotite, phlogopite, tour-
mgline, glaucophane, and iron oxides are accessories,
Some flow-banding, as was observed in slide 118, is

again present.

The rock appears to have suffered cataclasis to
a greater degree than type (i) above,
Iype (iii)

Overlying the two types mentioned previously and

occurring immediately below the marble, but of very

limited distribution, is a slightly brecciated and
folded qguartzite. The rock is grey to buff in colour

and finely bedded, with heavy-mineral concentrations
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along the bedding planes, It presents an irregular
outer surface with many leached cavities. One outcrop
of this rock type showed that the underlying Type (ii)
had become squeezed upwards into a crack at the base of
the quartzite, as though it had been injected in a
plastic state, A fresh surface in specimen 120 shows

guartzite bands 1--2mm thick alternating with layers of

pink, coarse-grained carbonate, A green flaky mineral
occurs in patches 2-%mm long, usually elongated parallel

to the bedding, Some quartz-filled vugs were noted,

In thin section, specimen 120 is seen to consist
of alternating bands 1-1,5mm wide, of fine-grained
guartzite and coarser quartz-carbonate, The fine
fraction consists of granoblastic elongate quartz
grains, approximately 0,05mm long, with subordinate
plagioclase and sub- to anhedral calcite grains. The
coarser portion of the rock is made up of idioblastic
dolomite, albite and granoblastic polygonal quartz
grains in the 0,2-0.%mm size range, usually traversed
by numerous cracks.

The green mineral noted in hand specimen was seen
to occur in minor amounts in the fine-grained quartzite
bands, but to be concentrated especially in the coarser
parts of the rock. It is présent as light-brown to
light-green, slightly pleochroic laths up to 2mm wide,
commonly showing sieve texture with inclusions of
quartz and calcite. Longitudinal sections show one
orominent cleavage; cross-gsections are typical of
pyroxenes, with two cleavages nearly at right angles
to each other, In the laths the extinction angle

measured from the cleavage is 3~120, the mineral having

C-4
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a negative elongation. It was further found to be
optically negative, with a EVX angle of approximately
850. From the foregoing it was identified as the soda

pyroxene acnite.

Biotite, as deep-brown, strongly pleochroic grains,
ig concentrated in isolated bands. Apatite and micro-

cline form accessories.

As already mentioned, both dolomite and calcite are
present in the rock., The former tends to occur as idio-
blastic grains up to 2mm across; staining of the slide
shows these to be in process of replacement by calcite,
The latter also formgs smaller fragments scattered
throughout fthe rock, inclusions in the pyroxene, and

gives rise to later veins cutting the rock.

A visual cstimate of the mineralogical composgition
is given in Table 7. The rock must thus be regarded
as a quartzite that has been subjected to partial re-
placement by carbonate, and seems to have received some

soda from an outside source.

Types (i) and (ii) of the breccia appear to rest on
and to be interbedded with a massive white dolomite,
occurring as low pavements below and between the breccia.
A thin section of specimen 117° shows this white dolomite
to be composed essentially of dolomite grains varying
in size from 0.05 to over 2mm, Subordinate calcite
occurs in layers assumed to be parallel to the bedding.
Quartz, muscovite and iron oxides are present in small

amounts only.,.

Of interest is a colourless mineral occurring as
pointed laths 1-2.5mm long, and sometimes showing one

cleavage running diagonally across the needles. The

a o T
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APPROXTMATE MODES OF SPECIMENS FROM LOCARNO 211

SPECIMEN NO, 116 117 120
Dolomite 94 83.8 ) 3
Calcite 4 - 6
Quartz 2 Tr. 70
Plagioclase Ir. - 2
Microcline - 3.9 Tr.
Mica ' Tr, 11.9 2
Acmite - - 15
Iron Oxides Ir. O.4 2
100% 100,0% 100%
Specimen 116 - Pink marble overlying breccia.

Specimen 117 =~ White dolomite underlying breccia,

Specimen 120 Breccia, type (iii).

N.B. Composition of Specimen;117 determined by means
of a Swift Point Counter,
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extinction is parallel to this cleavage. Twinning in
two directions, approximately at right angles to each
other, is present. The mineral apparently alters to
sericite. It was found to e optically positive, with

a 2V angle of at least 85°,

In an attempt to identify this mineral, a small
portion of the rock was dissolved in warm dilute HC1
The residue contained quartz, carbonate, and the ;nknown
mineral on which refractive index determinations were then
carried out, The following values for the optical con-

gstants were obtained:

Ny 1.529 Ny  1.523

These results, coupled with the occurrence of the
poorly developed "grid-iron" twinning mentioned above,

suggested the mineral to be microcline.

In order to verify this, an X-ray diffraction was
undertaken, However, owing to the contaminated nature
of the sample, results were inconclusive. Hence, no
X-ray data are quoted. Approximately 20 peaks on the
diffractogram could be matched with values for microcline
given in the ASTM cards. Intensities were markedly
lower than those guoted in the cards - this is possibly

due to masking of the reflections by the contaminants

present in the sample,

The pink marble (specimen 116) occupying the centre
of the syncline is a rather pure dolomite. A visual
estimate gave the mineralogical composition gquoted in

Table 7 .
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Origin of the Breccia

Many of the features mentioned above are similar
to those described by Du Toit (1954, pp 138-140), Toens
(1966, pp 56-58) and Handley (undated) for the Basal
(Bevet's) Conglomerate of the Pretoria Series in the
Trangvaal System, The principal points of similarity

between this conglomerate and the occurrence on Locarno

211 are:

(i) The angular nature of the fragments, suggesting
limited transport to have taken place.

(ii) The presence of bedding in the breccia fragments.
These may often be fitted together, so that the
origin&dl bedding may be traced for some distance

through the rock.

Du Toit (pp 138-139) suggests that the Basal Con-
glomerate of the Pretoria Series represents a beach
deposit, formed during a temporary period of emergence
of the newly deposited Transvaal Dolonmite. This, with
its cherty upper portion, would have provided the bulk
of the material for the conglomerate, Locally, quartz-
ite pebbles from the Black Reef Series underlying the

Dolomite are present.

Toens (p 57) remarks on the fact that the chert
fragments of the conglomerate may often be fitted to-

gether and suggests an in situ origin,

Handley provides photographic evidence of breccia-
tion in situ and postulates the following mode of
formation for the Basal Conglomerate, The sequence

dolomite-banded chert- sandstone/shale of the Transvaal
System was deposited without a major break in sedimen-

tation. With compaction resulting from the increasing

)
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load, connate water was expelled upwards through the
thick sedimentary pile. However, the impervious shales
above the chert horizon at the top of the Dolomite im-
peded egress of this water into the overlying basin.
Accordingly, the water travelled outwards from the
centre of the basin of deposition, moving upwards along
the initial dip of the chert. The considerable pres—
sure of this column of water led to solution and removal
of gelatinous silica from this zone, eventually causing
brecciation of the chert. Locally, ancmalous con-
ditions led to the preservation of some of the original
banded cherts, which may be observed to grade laterally

into the brecciated varieties,

For conglomerates formed in this manner, Handley

proposes the term "infraformation conglomerate.

In the occurrence on Locarno 211, the breccia
horizon is overlain by a dolomite. This rock type, al-
though often a good aquifxgr, is here of a massive,
compact nature, and could thus well have fulfilled the
role assigned by Handley to the basal shales of the
Pretoria Series. This particular dolomite horizon has
not been observed elsewhere in the region mapped, and
thus probably accounts for thegvery localised development
of the conglomerate, A feature of infraformation con-
glomerates mentioned by Handley is the introduction of
minerals, possibly of economic importance, into this
zone of percolation. On Locarno 211 the considerable
acmite content of type (iii) of the breccia may no doubt

be attributed to the introduction of soda in this manner.

In view of the general similarity between Bevet's

Conglomerate and the breccia on Locarno 211, it appears



that the latter has also been formed in gitu. The

present author therefore concurs with Handley, and would

like to see the term "infraformation conglomerate"

applied to this occurrence,
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3« THE DAMARA SYSTEM

ABSTHACT _

In order to present the background for a discussion
of the Damara System between Witvlei and Omitara, 1it-
erature covering the eugeosynclinal portions of this
System in other parts of central South West Africa is
reviewed. Then followg 2 detailed treatment of simi-
lar rocks in the vicinity of the farm Losberg 105, where
the main lithological types are guartzites and associat-
ed carbonate rocks, schists, and amphibolites, Problems
connected with classification and origin of carbonate
rocks are discussed, followed by an investigation into
the processes of dolomite formation and dedolomifisation.
It is concluded that the Hakos dolomites are true dolo-
mites, possibly in part of organic origin. The pebble
conglomerate foumd between Eintracht 118 and Spandau
149 is described with special reference to its strati-
graphic implications, Reasons are given for including
this horizon in the Damara System rather than in the
Opdam Formation, as has been the case hitherto. The
possible equivalence of the conglomerate with the
Chuos Tillite is mentioned. Localised occurrences of
melanocratic rocks of doubtful origin are considered to
represent both ortho- and para-amphibolites. Igneous
rocks related in age to the Damara orogeny are repre-
sented by the Dachsberg granodiorite on Sandflats 123,
and by mafic intrusions on Goldene Aue 106 and
Joachimstal 107.

Introductory Remarks

Pollowing on the early, hroad classification of
the rocks of South Wegt Africa into a "Fundamental Com-
plex" overlain by the Nama System, the work of Rimann
(1915) in the Bastardland around Rehoboth laid the
foundations for the detailed stratigraphic subdivisions

that were to be made in the former group.

Rimann found rocks of the Marienhof and Duruchaus
Series to be overlain by his "PrimBrformation", his
geological subdivigion of which was modified and ex-
tended by Gevers and Frommurze (1929) to cover the rocks
of Northwestern Damaraland, and by De Kock (1934) in
the Western Rehoboth. The changes ir nomenclature
since this classification was set up have already

been discussed.
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General Stratigraphy and Lithology of the Swakop Facies

of the Damara System in South West Africa

Before embarking on a discussion of the stratigraphy
between Witvlei and Omitara, it is of interest to examine
the eugeosynclinal portions of the Damara System in
other parts of South West Africa in order that similari-
ties and differences may be brought out later in this

text,

In the Western Rehoboth, De Kock (op. cit.) found
his "Quartzite Series" to lie unconformably on rocks of
the Duruchaus Series, and to show locally developed
basal conglomerates. These latter vary in thickness
from 20 - 750 metres, and contain pebbles of Duruchaus
and Marienhof Series rocks; the size of the pebbles
varies from one locality to another, but normally lies
between 5 and 50cm. The quartzites overlying the con-
glomerates are variable in colour, usually medium-
grained and occasionally ripple-marked. Bedding
planes are seldom visible. Usually forming prominent
relief, this unit varies greatly in thickness; & maxi-
mum development of 3,000 metres is attained in the

Hakos Mountains,

Judging from De Kock's description of these rocks,
the present author feels that they should probably be

correlated with the Kamtsas Member of the Nosib Formation.

The "Quartzite Series" is followed by the "Marble

Series", of which De Kock (p. 41) says:

"This consists of crystalline marbles in bands of
varying thickness usually containing bands and lenses
of schists, phyllites, graphitic schists and graphitic
phyllites,,and not uncommonly fairly thick lenses of
quartzites. The marbles are more or less completely
recrystalliged, but the degree of crystallisation
varies from place to place, They may be compact and
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fine-grained or massive; in places, however, they are
coarsely crystalline, and weather into rhombohedrons
up to a cm, and more across. Layers of chert in the
fine-grained types are not uncommon, and may be
locally extremely abundant.,"

A maximum development of 700 - 1000 metres is given

by De Kock for this sequence.

Concerning the stratigraphic position of the til-
lite horizon in the Western Rehoboth, De Kock (p. 44)

states:

"The horizon in which the glacial beds occur
alters from place to place, sometimes the glacial beds
are intimately mixed up with the Marble Series, some-
times they are just below the Marble Series, and
sometimes just above,"

Lithologically, the tillite varies from angular
blocks and pebbles, set in a siliceous matrix, to
pebbly limestones and grits with facetted pebbles;
the size of the larger inclusions ranges from 2 - 30Ocm.
The thickness of the tillite horizon varies from 30

to approximately 1000 metres.

The tillite is followed by the Khomas Series, con-
sisting essentially of schists, with subordinate marbles

and quartzites.

The "Quartzite Series" of Northwestern Damaraland,
mapped by Gevers and Frommurze (1929) has been found
to correspond to the Nosib Fo}mation. Thig Series
is overlain by a marble horizon consisting of one
main band, 300 - 450 metres thick, over- and underlain
by several thinner beds. The marbles vary in colour
from blue to white, are occasionally banded and
brecciated,  and locally contain amphibolites derived
by the metamorphism of impure argillaceous limestones
(Gevers, p. 35). No tillite horizon was found in

this area.

R
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The "Marble Series" Just described is conformably
overlain by the great thickness of schistose rocks
that constitutes the "Mica~Schist Series", now termed
the Khomas Series, Thege rocks, ranging from mica-
schists through arenaceous schists to micaceous quartz-

ites, contain (Gevers, p. 36):

Meeeseeess numerous narrow bands of altered,
usually ferruginous limestone, as well as bands of
"marble" - granulite, garnet-granulite and, less
commonly, amphibolite. Ortho-amphibolites derived
from ancient basic intrusions, while generally common
in the Fundamental Complex, are rather rare in the
area under discussion.”

In the region south of Windhoek Gevers (193%4) found

that (p. 231):

"Where there are continuous exposures from the
Quartzite to the overlying Marble Series, as in the
Billstein-Oamites area, there is generally a transi-
tion zone, in which fine-grained sericitic quartzites
alternate with in part very gquartzose biotite- and
amphibole schists. In this region lenses of fine-
grained sericitic quartzites are to be found right
through the Marble Series as high up as the basal
schists of the Khomas Series.”

The "Marble Series", now termed the Hakos Series,
in this area varies greatly in thickness and in lithology,
the marbles grading laterally into schists. The am-
phibolites, talc rocks and itabirites on the farm
Hohewarte 76, termed the "Hohewarte Series" and equated
with the Duruchaus Series by Gevers, have been shown
by Schalk (1961) to grade along strike into the Lower

Hakog Series.

Concerning the Tillite Horizon, Gevers (p. 234)

has this to say:

"In Western Damaraland, along the northwestern
margin of the great Khomas syncline, the Chuos Tillite
occupies a definite horizon between the Quartzite
Series and the overlying Marble Series, but the occur-
rence of a great thickness of varved rocks at the
Langer Heinrich, right through the very attenuated

g
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Marble Horizon into the lower portion of the Khomas
Schists, shows that glacial conditions in other regions
continued for a considerable period. The tillite-
horizon in Western Damaraland, moreover, is marked by
well-developed rocks of morainic nature of very variable
thickness and, in a number of places, by varved rocks
overlying them.

In the Windhoek and Rehoboth districts, on the
other hand, the tillite-horizon is indicated in the
main by pebbly phyllites, limestones and altered marls
forming part of the Marble Series, and also by banded
pebbly biotite-schists immediately overlying the latter
and belonging to the lowest horizon of the Khomas
Series.” )

The maximum thickness of the Hakos Series, together
with the tillite horizon, is given by Gevers as approxi-
mately 2,000 metres. These rocks are overlain conform-

ably by those of the Khomag Series.

In contrast, Martin (1965, p. 37) states that in
the Dordabis area the Damara System overlies the Nosgib
Formation unconformably, beginning with a white, locally

conglomeratic quartzite.

In the area round the Khan River, Smith (1965,
p. 21) found no conglomerate to occur at the base of
the Damara System, which here follows the Nosib Forma-
tion conformably. The gtratigraphy and lithology of
the Lower Hakos Stage 1is extremely varied, facies
changes from "sugary" guartzites to dolomitic marbles
being common, The latter rocks make up the bulk of
the stage. Several pebble bands are mentioned, as
are quartz-biotite and biotite-amphibole schists. A
meximum thickness of 180 metres is gquoted for this
Stage. It is noteworthy that the tillitic Chuos Stage,
with a thickness varying from nothing to 600 metres,

here lies between the Lower and Upper Hakos Stages.

The Upper Hakos Stage consists of a number of

marble bands with intercalated biotite-schists and some

S
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quartz schists. For this unit a maximum thickness of

approximately 650 metres is quoted by Smith (p. 27).

Working in the Huab-Welwitschia area, Frets (1969)

found the Nosib Formation to bhe absent from the southern

side of the Bagement ridge that separates the Outjo
Facies from the Swakop Facies. Accordingly, the
Damara System rests directly on quartzitic ahd granitic
gnelss, and begins with a basal conglomerate, oria
tilloid which Frets interprets as corresponding to the
Chuos Tillite, This would indicate that the Lower
Hakos Stage is largely absent in this part of the
Damara System; only in the immediate vicinity of Wel-
witschia is it represented by a thin sequence of
phyllites, shales and argillaceous limestones. The
tilloid may laterally grade into phyllites and pebbly
shales. Of maximum thickness 100 metres, it is over-
lain by 40 - 800 metres of limestone followed by
arenites and argillites correlated with the Khonmas

Series,

In the area west of Sesfontein, Guj (1970) found
the Hakos Series to overlie the Nosib Formation para-
confornably over most of the area mapped, but does
mention two local angular unc?nformities. Generally,
the Lower Hakos Stage in that area beginsg with a
discontinuous band, up to 10 metres thick, of dark,
polygenetic conglomerate or grit, composed of unsorted,
poorly rounded pebbles in a calcareous or pelitic and
ferruginous matrix. This is followed by 60 - 100
metres of dark ferruginous phyllites, and by a variable
thickness of grey phyllitic or sandy schists, which

may be graphitic. Itabirites and siliceous carbonates

o
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are found throughout the sequence; infrequent carbon-

ate bands accompany the increasingly coarser-grained
schists higher in the succession. Several concordant
and discordant amphibolite bodies, regarded as sills

and stocks, are present throughout the stage.

The base of the overlying Upper Hakos Stage is
marked by the Tillite Substage (Chuos Tillite).

THE DAMARA SYSTEM BETWEEN WITVLEI AND OMITARA

Qutline of Stratigraphy and Structure

The Hakos Series in the area under consideration

consists of the following broad lithological groups:

i) Quartzites, together with a conglomerate
horizon;

ii) Dolomites and limestones;
iii) Schists of various types;
iv) Igneous rocks.
The sequence is characterised by repetition of types
(i) to (iii) above, reflecting the unstable conditions ~
and esgentially shallow-water environment that must
have accompanied the early formative stages of the Damara
trough. Amphibolite intercalations in the assemblage
are not uncommon, and the present author considers these
to represent, at least in part, metamorphosed mafic
volcanics, Similar findings were made by Rabie (Martin

1965, p. 35) in the extreme northwest of South West

Africa,

As mentioned in Chapter VII, a tillite horizon as
such has not been recognised between Witvlei and Omitara,
However, the great thickness of sediments overlying

the Nosib Formation makes it probable that the whole of

o zﬁf’.‘: .

DR



- 79 -~

the Hakos Series, and possibly even the lower portion

of the Khomasg Series, is present in this region, If

the Eintracht 118 conglomerate horizon can be equated
with the Chuos Tillite, it would serve as a useful marker
for the subdivision of the Hakos Series in the area into

a Lower and an Upper Stage.

Only one occurrence of granite was noted in the area
napped. It lies in the southern portion of the farm
Sandflats 123 and appears, from field relationships, to

represent a low-temperature, late-syntectonic body.

Structurally, the sediments of the Hakos Series
form a prominent anticline which dominates the northern
portion of the region. The railway line roughly bisects
this feature between Diana 117 and Omatewa 113, To the
gsouth of the White Nossob River there occurs a large
syncline, whose folds die out rapidly towards the west.
The gchists interbedded with the more competent quartz-

ites and dolomites are in part folded isoclinally. ~

In the following sections it is proposed to discuss
at some length the 1lithology, distribution, field re-
lationships and petrography of the various rocks that
make up the Hakos Series, and the lower part of the
Khomas Series, between Witvlei;and Omitara. Details
are given of attempts to detect variations in nineral-
ogical composition of the many quartzite horizons in
the succession. Thegse are usually not easily dis-
tinguishable from one another, and often closely
regenble the Kamtsas quartzites. Furthermore,
mineralogical studies were undertaken on some of the
many carbonate units in this area, as well as on the

amphibolites and the Dachsberg granite,
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The Contact with the Nosib Formation

In the area under discussion, the Hakos Series
lies on the Nosib Formation with an unconformable con-
tact, the exact nature of which could not be determined

owing to:

(1) The widespread sand cover which blankets most
outcrops, especially with increasing distance

from the White Nossob River;

(2) The presence of a shear zone, marked by outcrops
of massive white vein quartz, running along the
contact. Brecciation and local mylonitisation
suggest that some movement has occurred along

this zbne.

The practice followed by the Geological Survey of
South West Africa is to place the base of the Damara
System in this area at the base of the lowermost Hakos
dolomite horizon (K. Seeger, personal communication).
However, a study of field relationships by the author
has shown that the basal dolomite horizon lies conform-
ably on a qguartzite which, on Losberg 105, forms the
Okaheberg. The essentially linear nature of this
guartzite~dolomite unit is in marked contrast to the
fairly tight folding found inzthe sediments of the
underlying Nosib Formation. Accordingly, in this work
the Okaheberg quartzite has been taken to represent
the basal unit of the Damara System in the area between

Witvlei and Omitara.

An angular unconformity should be present between
the Damara System and the Nogib Formation, since the
latter wag obviously involved in orogenic movements

before the Damara sediments were deposited. However,

e
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a short distance upstream from the Losberg homestead,
where the arbitrarily placed contact described above
is exposed, no such unconformity was noted, The
Okaheberg quartzite hag here thinned to less than

5 metres and is extrerely brecciated. The overlying
dolomite has lensed out completely. Approximately
500 metres southwest of the White Nossob River, mylon-
ite was found along this contact. The presence of
such shear zones, which are especially prominent on
Eintracht 118, makes it probable that the apparently
transgressive relationship of the Damara System with
the Nogib Formation, as suggested from Map 2, is in

large meagure due to faulting along these zones.

Thus, if the Lower Member of the Kamtsas Quartzite
is used as a marker band it will be seen from the map
that the somewhat oblique trend of the fault, bounding
the Nosib Formation in the southeast, has resulted in
a reduction in the thickness of the Duruchaus Member
below this quartzite when the strata on Owinieikiro
213 are compared with those on Otjiwarumendu 119,
Similar conditions are found to prevail if the over-
lying sediments are considered. The exposed width
of strata between the Lower Kamtsas Member on Losberg
105 and the dolomite band ruﬁning past the windpump
(grid reference -16850/39120) in the centre of Goldene
Aue 106 is approximately 5.6km. Only 13km. to the
northeast, in the northwestern portion of Otjiwaru-
mendu 119, the distance between the same two horizons
has been reduced to some 3.lkm. It is considered
unlikely that this difference can be explained solely
by non-deposition, in the area northeast of the rail-

way line, of the Upper Kamtsas Member and of the basal

e
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guartzite-dolomite unit of the Damara System. A far
more plausible explanation is that faulting along the
shear zones has resulted in the wedging out of certain
stratigraphic units, leading to the apparently uncon-
formable relationship between Nosib and Damara sediments,

especially on Eintracht 118,

The Quartzites and Associated Carbonate Rocks

(a) Introduction

It is proposed to describe these two rock types
together gince, as a study of the geological map (Map
2) will indicate, they are usually associated in the
field with?each other. The alternation of guartzites
with limestones and dolomites appears to be character-
igtic of the early period of Damara sedimentation.

This feature is well represented in the extreme west
of the area mapped, on the farms Astra 205, Dorka 206
and Costa 207, and on Diana 117 in the northern portion

of the region.

The quartzites often, but not necessarily every-
where, give rise to prominent relief. This fact was
extensively used in thc photogeological interpretation
of the regional stratigraphy. Generally, the quartz-
ites range from fine—grained; buff to grey, bedded
types, showing heavy-mineral banding and conspicuous
cross~bedding, through massive, rcecddish, felspathic
varieties to sericitic, flaggy quartzites; calcareous
quartzites are rare. Most of these types may be
found at any level in the sedimentary succession, and
may laterally grade into one another along a particu-
lar horizon, The stratigraphic position of a

specimen of quartzite from this region can thus not

&»
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be determined from study of the hand specimen. As
will be seen below, even mineralogical investigations
undertaken by the present author have not revealecd sig-

nificant differences between the various units.

The carbonatc rocks associated with the quartzites
also show a considerable number of types; lateral
variations along strike from one variety toAanother
are not uncommon. The most widespread variety ié a
fine- to medium-grained blue-grey rock, ranging in
composition from a pure marble to a dolomitic marble,
Tremolite~bearing varieties have been noted, ag have
local occurrences of coarse-grained, pure-white dolomite.
The small amount of quartz usually present is concen-
trated along bedding planes, and causes these to stand

out on weathered surfaces.

Locally, as in the Vierkuppenberg on Eintracht 118,
a definite sequence in the dolomites could be establish-
ed., A basal mcmber of blue marble is followed by white,
coarsely crystalline dolomite, the succession being
capped by a reddish-brown limestone, This latter was

found at isolated localities only.

The marbles and dolomites in the area may form
prominent relief; the Vierkuppenbecrg is the best
example of this. Elsewhere, the horizons manifest
themselves as low ridges, or merely as gentle rises in
the flat country. The concentration of camelthorn

trecs (Acacia giraffiae) on these calcareous bands

has alrecady been mentioned. Even in areag of deep

sand, where the adjacent guartzite horizons would not
be found cropping out, the marbles often form low

pavements, In arcas devoid of outcrop the deceper-red
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colour of the sand over these rocks usually helps to

demarcate the horizon in the field.

(b) Distribution and Field Relationsghips

The Bagal Unit

In the area between Witvlei and Omitara the Hakos
Series begins with a qguartzite horizon, and thus emu-
lates conditions found in the vicinity of Dordabis
(Martin 1965, p. 37). This basal quartzite, together
with the overlying dolomite, can be traced intermit-
tently for over 20 km, in the area mapped by the
author, The contact with the underlying phyllites
of the Duruchaus Member is exposed at one locality
only on the farm Losberg 105 and, as mentioned above,

provides little significant information.

Owing to poor topographical expression, exposures
along this quartzite horizon are not good for most of

its western portion, and the mapping here isg, of
necessity, largely inferential. However, the over-
lying dolomite wasg found to be better exposed. Apart
from some folding on Costa 207, as deduced from a
study of aerial photographs coupled with an inspection
of the overlying strata, the quartzite-dolomite unit
runs remarkably straight. The trend is parallel to

and approximately 4 km. northwest of the Upper Kamtsas

Quartzite, Dips are usually steep to the northwest,

The quartzite horizon is exposed locally on Costa
207, and on the boundary of that farm with Dorka 206,
Here the rock is a jointed felspathic quartzite,

rather weathered, and almost devoid of bedding.

In the kraal immediately south of the homestead

on Dorka 206, isolated outcrops consist, under a thin

R
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skin of calcrete, of fine-grained, finely bedded blue
quartzite containing disseminated iron oxides. Bands
of reddish carbonate parallel to the bedding suggest
that the rock is rather calcareous; this was bornc out

by subsequent study of a thin section.

On the farm Losberg 105, some 6 km, further to the
northeast, float consisting of vein guartz and iron-
stained quartzite was found below outcrops of the over-
lying dolomite, From here northeastwards the guartzite
manifests itself as a low ridge, standing 2 ~ 3 metres
above the surrounding country. One kilometre north
of the windpump situated in the centre of the farm, the
quartzite is seen to be a pink, well-bedded, medium-
grained rock, dipping steeply to the northwest. Cross-
bedding shows locally overturned beds to be present.

The horizon is conformably overlain by the lowermost
band of Hakos dolomite, Exposures of both rock types
are excellent in a small westerly plunging fold in the
vicinity. Some brecciation has occurred along the

contact between dolomite and qguartzite.

From Costa 207 to the centre of Losberg 105, the
thickness of thig basal quartzite appears ro remain
fairly constant, and is estimated as 150 metres. The
overlying dolomite measures éOO metres at the Dorka |
homestecad, but thickens to reach double that figure
on Losberg 105, Immediately southwest of the Okahe-
berg it forms two hills, the more southwesterly being
700 metres long, and rising some 50 metres above the
plain, From this, its maximum development, the dolo-
mite thins rapidly and dies out along the northwestern

flank of the Okaheberg,

S
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From the abovementioned small fold north of the
windpump in the centre of Losberg 105, the basal
quartzite member of the Lower Hakos Stage broadens
out rapidly in a northeasterly direction. At the
same time dips become very steep, and ovérturning to
the southeast is evident. In contrast to the overlying
dolomite, which here forms the hills described above,
the quartzite does not give rise to any relief and is
poorly exposed for a distance of nearly 1.5 km, Shear-
ing is indicated by the presence of massive vein quartsz,
At the Okaheberg, which rises to a height of 150 metres
above the surrounding country, the quartzite approaches
500 metres in thickness over a strike distance of 2.5 km.
before thinning rapidly. In the exposure immediately
southwest of the White Nossob River, it is only 5 metres
thick, still overturned and rather brecciated. This
gection forms the western end of one of the numerous
shear zones between Nogib and Damara sediments, and the
thinning out of the quartzite horizon is no doubt par-

tially due to faulting along this zone.

Northeast of the river, only one further exposure
of this quartzite was observed, in a gravel pit along
the route of the new Windhoek-Gobabis road, Here the
band is almost vertical, onl§ 1 -2 metresrthick, and

lies between gquartz-sericite schists.

The Costa 207 - Goldene Aue 106 Unit

As mentioned earlier in this chapter, the western
portion of the region mapped is characterised by an
alternating sequence of guartzites and dolomiteg,

The lowermost quartzite-dolomite unit described above

is overlain by a similar lithological association which,
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on Costa 207, forms prominent relief, On the boundary
of that farm with Dorka 206, folding has given rise to
an anticlinal hill (grid reference -7080/47070, exhibit-
ing overturned bedding in its southern limb, In this
locality it is of interest to contrast the tight fold-
ing in the quartzite with the broad plications of the
overlying dolomite band, This incompetent horizon
appears to have reacted to the folding stress by means
of plastic flow, as evidenced by the great width of
outerop just east of the Dorka 206/Costa 207 boundary.
For the area as a whole, the thickness of this dolomite
horizon remains fairly constant at approximately 100

metres throughout its exposed strike.

On the farm boundary mentioned above, the guartzite
horizon is some 400 metres thick, but swells to over
600 metres in the Loskop, a hill lying 1.5 km, further
eagt, Between this prominence and the farm Goldene
Ave 106, the quartzite forms a very low ridge only,
but appears to reach itsg maximum thickness of 850 metres
gome little distance northeast of the Dorka homestead.
Outcrop between the Loskop and Goldene Aue 106 is
sporadic. Near the boundary between Goldene Aue 106
and Astra 205 a facies change occurs. Phyllites take

the place of the lower portion of the quartzite, whose

continuation in a northeasterly direction is abruptly
terminated by a small syncline in the southern corner
of Goldene Aue 106. The southeastern limb of this
syncline is exposed over a width of some 20 metres,
and then only over a strike length of approximately
100 metres. Outcrops are in the form of low pave-
ments, The northwestern limb, on the other hand,

forms e hill (grid reference -15%00/43900) 300 metres

BT



- 88 -

long, rising 10 - 12 metres above the plain. The

rock here closely resembles that found on Costa 207,
and on the Loskop. This northwestern limb, with its
very steep southeasterly dips, thins rapidly in the
direction of the boundary with Astra 205, forming a
low ridge with isolated guartzite blocks only. Some
shearing is evident here between the quartzite and the
overlying dolomite, The entire unit dies out on Astra

205 after a further short distance.

Occurring near the top of the quartzite, but
entirely separate from the main dolomite horizon, is a
further thin dolomite band, which was traced across

almost the entire width of the farm Dorka 206,

Lithologically, the quartzites vary somewhat along
strike. Specimen 8, collected on Costa 207, 1.5 km,
west of the boundary with Dorka 206, is a very fine-
grained gquartzite containing much finely disseminated
magnetite. It is a faintly bedded, grey rock, show-
ing occasional pink stains, and exhibits a conchoidal

fracture.

Specimens 31 and 32, taken from the western end of
the Loskop, and from the anticlinal hill on the boundary
fence Dorka 206/Costa 207 recspectively, are very similar
in hand specimen, The Losko% quartzite shows a some-

what pockmarked weathered surface,

Immediately north and northeagt of the homestead

on Dorka 206 the rock is flaggy, and rather felspathic.

The overlying dolomite exhibits little lithological
variation along strike. It is a fine-grained, light-
blue to grey rock, usually bedded and occasionally,

as on Costa 207, exhibiting minor crenulations having

a steep easterly plunge.

«
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The Straussenkuppe-Vierkuppenberg Unit

The quartzite—~dolomite sequence described above
is, on Astra 205 and Dorka 206, overlain by an esti-
mated 1400 metres of essentially pelitic sediments.
These are followed by what is the best-developed and
most persistent quartzite horizon in the entire region.
Entering the mapped area from the southwest this quartz-
ite forms the Straussenkuppe, an inselberg nearly 1 km.
in length, It rises to 1641 metres above sea level
in the southwestern corner of Astra 205, where the
horizon is approximately 380 metres thick,. The rock
here is very similar to that of the band forming the

Loskop, 4.5 km. to the south.

Trending roughly eastnortheast from the Straus-
senkuppe, the quartzite forms a low, sandy ridge
carrying float with occasional outcrops. Approximate-
1y 1 km. west of the boundary fence with Goldene Aue
106 the horizon once more forms prominent relief,
Numerous dip measurements have shown this small hill
to be a synclinal feature, its axis plunging westwards

at a moderate angle.

The centre of the farm Goldene Aue 106 is almost
devoid of relief, and is cqvered by Kalahari sand.
Accordingly, the quartzite is exposed once more only
near the windpump (grid reference -16850/39120) in
the centre of the farm, Here, the unit has thickened
to approximately 1200 metres; this figure includes
a dolomite band, 100 metres thick, lying in the
centre of the quartzite horizon, This dolomite first
outcrops 1 km. southwegt of the windpump but could,

from aerial photographs, be traced for a further 3 km.

o S
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towards Astra 205, One kilometre north of the wind-
pump, & body of bagic rock was found to occupy the
centre of the dolomite horizon, and could be traced

for a considerable distance northwards along strike.

This basic rock weathers like a typical dolerite,
forming rounded boulders of a rusty-brown colour.
Fresh specimens are grey-green, and rather fine-grained.
A chilled margin is found along the northern coﬁtact
with the dolomite. The rock will be described in

detail in the section on the igneous rocks.

Northeast of the White Nossob River the gquartzite
horizon thickens further owing to the presence of
intercalated guartz-sericite phyllites, Outcrops on
the northeastern bank of the river, on the boundary
Diana 117/Eintracht 118, reveal a grey, fine-grained
quartzite which is thinly bedded and shows heavy-
mineral banding, dipping steeply northwestwards. The
rock is brecciated, and white vein quartz shows the -
exposure to be adjacent to one of the many shear zones
that cross Eintracht 118, The dolomite band in the
guartzite is only 20 metres thick where exposed on the
river bank; the colour here ranges from pink to blue-
greye. Immediately overlyiqg this horizon are quartzites

with interbedded graphitic schists.

Away from the river the dolomite band broadens and
gains in height, roughly following the boundary between
Diana 117 and Eintracht 118. After some folding accom-
panied by faulting, the band crosses the Windhoek-
Gobabis road, at which point it is some 180 metres
thick., The ridge, here 15 - 20 metres high, has died

out by the time the railway line, 1.7 km, away,is
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reached, Between this point and the southwestern end

of the Vierkuppenberg there are no outcrops.,

The quartzite overlying the dolomite is cut off
by a fault immediately east of the Hutberg on Diana 117.
The underlying quartzite continues to broaden on Ein-
tracht 118, especially in the area northeast of the
railway line. Southeast of the Vierkuppenberg, the
outcrop width is approximately 2 km, This is\probably
due to the presence of schists interbedded with the
quartzite, and to duplication of certain horizons by

faulting and folding.

Of interest in this vicinity is the presence of a
conglomefate band. This occurs near the base of the
quartzite, and becomes more prominent towards the
northeast of the area mapped. The characteristics
and significance of this unit will be discussed at some

length later in this chapter.

Northeast of the railway line the dolomitic horizon
in the quartzite reaches its maximum development of
some 750 metres in the Vierkuppenberg. This ridge,
approximately 1.5 km. long, is named after its
characteristic profile of four peaks along the steep
southeastern scarp slope. At its northeastern end the

hill shows the three types of carbonate rock, referred

to at the beginning of this chapter, to be well developed.

Beginning with the basal blue dolomite, the sequence is:

Approx, thickness

Pink dolomitic limestone 200 metres
White dolomite 270 "
Blue dolomite 280 "

ROt



- 92 -

The horizon again forms a prominent ridge in the
eastern corner of Eintracht 118, continuing into Sand-
flats 123. In this area the fault that can be traced
northeastwards from Goldene Aue 106, past the Hutberg
and Vierkuppenberg, asserts itself as a zone of brec-
ciation. Beginning just west of the windpump (grid
reference -30240/32940) immediately southwest of the
boundary between Eintracht 118 and Sandflats 123, the
zone broadens out towards the northeast. Where it
leaves the mapped area it forms a low rise consisting
of massive vein quartz and highly brecciated guartzites.

Emplacement of the Dachsberg granite near the
southwestern boundary of Bandflats 123 appears to have
led to lateral compression, causing the coalegcence of
three dolomite bands in the vicinity of the windpump
on Eintracht 118, The dip of the strata here is nearly
vertical, and a considerable thickness of dolomite must
have been faulted out, since the Vierkuppenberg horizon
has here thinned to less than 100 metres. Remnantsg
of the colour sequence described sbove are still found
on the northern side of the shear zone, immediately
west of the windpump, in the dolomite horizon that
enters Eintracht 118 just west of the Vierkuppenberg.
Northeast of the windpump thé steeply dipping dolomite
bands combine to form a ridge whose spine is formed by
the fault zone. This latter broadens eventually to
engulf completely 2all the dolomite bands, one of which
reappears 2.5 kn, further to the northeast, where the

track to Airlie 124 crosses the fault zone.

Below the zone of brecciation, the lower portion
of the quartzite horizon, together with the conglomerate,

is well represented. It reachecs a thickness estimated

..
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to be well over 800 metres in the southeastern corner

of Sandflats 123,

The Joachimgtal 107 - Agstra 205 Unit

Since outcrops in the western portion of the area
are not abundant, the geology of the northern part of
Astra 205, together with that of Joachimstal 107 and
Blischow 108, has had to be compiled largely wiﬁh the
help of aerial photographs.‘ In the field, isolated
exposures of further quartzite-dolomite units similar
to the Straussenkuppe-Vierkuppenberg horizon, described
above, were found. These could not, however, be studied
in the same detail as the units occurring lower in the

succession,.

Tonal changes in the photographs reveal the exis-
tence of a large syncline, trending roughly westnorth-
west across Blischow 108, Joachimgtal 107 and the
northwestern portion of Goldene Aue 106, The initially
tight folds die out quickly towards the west, but the -
validity of the photogeological interprétation could,
fortunately, be checked in the extreme west of Joachim-
stal 107, In this locality, 1 km. southeast of the
boundary with Biischow 108, a small eminence, termed the
"Quartzite Hill"™ by the prgsent author, affords good
exposures of what appears to be the highest quartzite-

dolomite unit in the area mapped.

The exposure forms a ridge some 600 metres long,
folded into an "S" shape, and apparently lying in the
axial planc of the syncline already referred to. The
ridge rises to a height of some 10 metres above the
level of the surrounding country, which herc consists

of slightly undulating grassland on red sand. The



- 94 -

immediate vicinity is devoid of outcrop. Float on the
Joachimstal 107 - Blischow 108 boundary shows the quartz-
ite horizon to continue northwards, but no exposures

of quartzite or dolomite could be found in the bed of
the White Nossob River, west of the Kuduberg. The
gouthwesterly continuation of the dolomite overlying

the Quartzite Hill was mapped from aerial photographs.
This horizon widens considerably in the northern por-

tion of Astra 205,

The Quartzite Hill consists of two parallel quartz-
ite ridges, some 30 metres apart, dipping fairly steeply
to the west, The intervening, somewhat lower ground

is studded with Catophractes alexandrii, suggesting a

softer, more calcareous formation to be interbedded
with the quartzites. No exposure of this interbed
was found., Dolomite was observed to under- and over-

lie the quartzite horizon.

The lower quartzite unit is a compact grey rock,
showing a silky lustre on fresh surfaces. Higher up
the quartzite is buff coloured, fine -grained, well-
bedded, and rather micaceous, On the outer (i.e.
eastern) side of the southern portion of the "$" the
quartzite forms a small but steep scarp, which rises

some 4 -~ 5 metres above the ground sloping down to the

plain,

The upper quartzite is somewhat coarser in grain
than that of the lower unit, and is lighter in colour;
brown predominates on weathered surfaces, The rock
ig very friable and more flaggy than the lower quartz-
ite, splitting easily along the bedding planes,

Cubes, 1 -~ 2mm in size, of limonite after pyrite are
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developed, as are occasional needles, up to lem long,

of black amphibole.

Both quartzite units cxhibit one prominent linea-
tion; occasionally a second linear feature was observed.
With an average westerly dip of 60° these quartzites,
together with the softer interbed, attain a maximum

thickness of 130 metres in this locality.

The lower quartzite rests, with what appears to be
a slight angular unconformity, on dolomite, This latter
unit, dipping to the west at approximately 700, has an
outcrop width of 40 metres. A precise thickness could
not be obta}ned since the sand cover obscures all out-
crop with increasing distance from the hill, Float in
the sand suggests that this dolomite is underlain by a
further quartzite horizon, but this could not be proved.
In the most easterly exposure, some 30 -~ 40 metres below
the contact with the lower member of the Quartzite Hill,
the dolomite forms low pavements exhibiting the typical
"elephant's hide" surface. The rock is dark blue on

fresh surfaces, and is extremely fine grained,

Immediately below its upper contact this dolomite
shows a green tinge, and contains lenses of brecciated
ferruginous quartz, These poésibly represent relics
of former quartzitic interbeds. Weathered surfaces
are very wrinkled in appearance, being covered by a
network of protruding quartz-iron oxide veins. At
one locality cubes of limonite after pyrite were noted.
On the immediate upper contact a fresh surface shows
the finc-grained dolomite to be in process of replace-
ment by a coarse-grained pink carbonate, with conco-

mitant introduction of iron.
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Where the actual contact is exposed, the dolomite
ig seen to grade into the guartzite by means of a zone,
up to 3 metres thick, of intense brecciation. If one
includes the abovementioned remnants of quartz breccia
in the dolomite, the zone is at least 10 metres thick.
Outcrops here take the form of rounded boulders up to
1 metre high, of white quartz hcavily impregnated with
iron oxides, No trace of any original bedding‘can be
seen, but in places iron oxides, now largely altered
to limonite, give sections of the rock a pseudo-
gstratified appearance. Layers 2 - %mm thick of limon-
ite alternate with vein quartz in a fairly regular
manner, yet surfaces normal to this banding show that
the iron oxides form a complex system of veins cutting
through the rock. This ferruginous oement between
the vein quartz fragments locally attains a thickness
of 15cm, and in the wider bands leached cavities are
prominent on weathered surfaces. Examination of these
cavities shows the iron oxides to have altered to an
earthy or botryoidal form, possibly goethite. This
mineral often exhibits iridescence, the colours resem-

bling those of bornite.

The upper dolomite conformably overlies the
guartzite; owing to poor exéosures no estimate of
thickness can be given, The rock is lighter in colour
than the lower dolomite, and of coarser grain; Occagion-

al siliceous layers, several centimetres thick, are

presgent,

The Hutberg — Kuduberg - Omatewaberg Unit

The feature which dominates the central northern

portion of the area mapped is the Kuduberg-Omatewaberg

4

)



sy
ReE

- 97 -

magsif, an eroded anticline of Damara quartzite now
transected by the White Nosgsob River. Both linmbs of
the anticline give rise to prominent relief, the Kudu-
berg at 1748 metres being the highest point of the
country between Witvlei and Omitara. It forms a huge
whaleback trending towards the northwest, and neasuring
4,5 km. in length. Its counterpart on the northern
side of the river, the Omatewaberg, is sorewhat lower
and only 2 km. long. The phyllites and schists under-
1lying this quartzite horizon are exposed in the valley

of the Nossob between the two hills,

Northeast of the White Nossob the southern limb
of the anticline is not well exposed. On the river
bank on Diana 117 the quartzite is medium grained and
rather nmassive, Away from the river, the geology be-
comes masked by gravel and calcrete; north of the
Windhock-Gobabis road Kalahari sand is found. It is
only in thc extrene east of the farm Diana 117, between
the road and the railway, that good exposures of the
quartzite are found, Compression and faulting during
the folding of the Damara rocks has resulted in the
southern linb of the Kuduberg-Omatewaberg anticline
meeting the Straussenkuppe-Vierkuppenberg unit nearly
at right angles. The Kudubérg quartzite swings
sharply to the northeast, and the core of this fold is
now occupied by the Hutberg, a small conical hill
rising approximately 60 metres above the surrounding

countrye.

On the northern flank of the Hutberg, friable
felspathic quartzites are exposed, dipping southwards.
These are overlain by a thin band of fine-grained,

grey quartzite, containing disseminated iron oxides.

R
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The sumnmit of the hill is composed of massive pink
guartzite showing occasional cubes, lmm in size, of
pyrite. The fracture of this very fine-grained rock

is conchoidal.

Northeast of the Hutberg the southern 1limb of the
anticline does not outcrop again before being cut off
against the southwestern end of the Vierkuppenberg by

the fault described earlier.

In contrast %o the above, exposures southwest of
the White Nossob River are very good, In its north-
eastern section, almost the entire width of the farm
Joachimstal 107 is occupied by the Kuduberg. The
central pdftion of the northern flank of this hill is
well exposed by a nmeander in the river, The nose of
the‘anticline, really an anticlinorium, plunges west-
northwest at some 20° and straddles the boundary
between Joachimstal 107 and Bﬁschoﬁ;lOB. When viewed
from a digstance, the hill is seen to exhibit a large-
scale layering parallel to the bedding; this sub-
horizontal feature appears to be due to differential
weathering. In the resistant bands the guartzite has
a hard smooth surface. A fresh surface of the rock
shows resilicification to have formed a skin approximate-
1y lcm thick. Beneath this, the rock is "floury" and
resembles the grey quartzite composing the softer layers

in the hill, Thege latter bands weather with peculiar

knobbly surfaces. The Omatewaberg exhibits a similar
banding, which ig well brought out on the aerial photo-
graphs. That portion of the anticlinal nose lying
on Omatewa 113 is not well exposed, except immediately
adjacent to the river. East of the Omatewaberg the

quartzite does not rise above the level of the
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surrounding country, and outcrops in the centre of

Diana 117 are sporadic.

In the extreme eastern corner of Joachimstal 107,
just northwest of the ruined farmhouse (grid reference
-18050/34350), the quartzite forming the eastern contin-
uation of the Kuduberg is well exposed. It is buff
in colour, well bedded and breakes into large slabg.
Regional metamorphism subsequent to the intrusion of a
large dolerite body in the vicinity has obliterated any
contact-metamorphic phenomena that might have been
anticipated there. Just a short distance eastwards
along strike, on the boundary with Goldene Aue 106 adja-
cent to the river, the upper portion of thig quartzite
horizon presents an entirely different appearance.

Here the rock is pink, felspathic, massive and very

compact, The surface weathers irregularly, forming

small cavities, Begides the usual heavy minerals, the

rock in hand specimen shows some epidote, as well as -

specks of a green mineral assumed to be malachite,

The limited exposure of both upper and lower con-
tacts of the quartzite, coupled with the presence of
folding, as found in the northwestern nose of the Kudu-
berg, make an assessment of thq thickness of this unit
very unreliable, The most accurately definable section
across the strata is obtained adjacent to the White
Nossob River on the farm Diana 117, where a thickness
of 850 metres is suggested. In the Kuduberg itself
the thickness could be greater; in the vicinity of the
homestead on Omatewa 113 a figure of 1150 metres seems

appropriate. This latter figure also fits the inter-

pretation of the structure of the northern limb on

Diana 117.
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The quartzite unit described above is, as appears
typical in this area, overlain by a dolomite band which
can be traced, albeit intermittently, for a strike dis-
tance of over 35 km. Thig horizon was first noted on
the southeastern flanks of the Hutberg, where a shear
zone of white vein quartz separates the quartzite from
the overlying blue carbonate rock. West of the Hutberg
the horizon could be traced from aerial photographs by
the stands of camelthorn trees growing on it. A
gravel pit adjacent to the main road on Diana 117 ex-
poses a portion of this unit, which was again found
outcropping on the left bank of the White Nossob River,

scme 2 km. further west.

In the eastern corner of Joachimstal 107 the con~-
tact between quartzite and this overlying dolomite is
never exposed, although it can usually be placed
within a few metres. In this locality the dolomite
horizon shows a variation of the colour sequence des-
cribed for the Vierkuppenberg. It begins with a fine-
grained, blue limestone (marble) showing abundant
tremolite needles. This is overlain by a narrow bed
of fairly coarse-grained, white dolomite, which in turn
is followed by a medium-grained, blue dolomite, Some
400 metres to the west, immediidtely north of the ruin
(grid reference -18050/34350) on Joachimstal 107, the
dolerite intrusion already mentioned has displaced the
lowermost limestone horizon, so that the white variety
is the first to be exposed. It is overlain by and
grades laterally into the blue variefy, which here is
very rich in tremolite. The thickness of the dolomite-

limestone unit in this vicinity reaches 100 metres.

Approximately 1.2 km. west of the ruined house,

»
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the dolomite horizon is again found outcropping along
the camp fence that trends southeastwards from the
windpump on the White Nossob River. The unit, whose
upper and lower contacts are not exposed, here (grid
reference -16850/34300) forms an outcrop 50 - 60 metres
wide, The dip is very shallow, southerly and in the
range 10 - 30°. Occasional minor folds with southerly-

plunging axes were also noted.

Commencing at the most northerly exposure and
working up the succession, the unit starts with a zone
10 metres in width presenting a deep blue-black
surface, on which stand out tremolite needles up to
1.5 cm in length, A séction of the rock shows it to
be a marble, consisting of alternating blue and white
bands corresponding to the bedding. This type is
overlain by lenses of coarse-grained, white tremolite-
marble, showing a rusty brown outer skin, and having
a sub-parallel arrangement of tremolite needles on the
bedding planes. Locally in this horizon a green rock,
consisting of calcite and tremolite in roughly equal
proportions, is developed. The succession is capped
by a medium-grained tremolite-bearing marble, again
composed of alternating blue and white bands 2 - 5 mm
wide. On weathered surfaces ;ho white bands are seen

to be more resistant than the blue layers.

From the exposure just described the dolomite
horizon could, from aerial photographs, be traced
westwards, curving round the nose of the Kuduberg.
It was ncxt seen to outcrop on the southern bank of
the White Nossob River, in the sharp bend (grid

reference -13600/29900) 2 km. below the boundary

P

S
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Osombahe 112 - Omatewa 113. Here the upper few
metres of the Kudubcrg quartzite horizon are exposed,
and are geen to be interbedded with narrow bands of
amphibolite and biotite-epidote schist, The quartzite
is followed by 3 - 5 metres of talc-carbonate schist,
very well exposcd on the river bank. The uppermost
bedding plane of this rock, immediately below the
overlying dolomite, shows the development of two éets
of minor felds, the one running across the other at g
high angle. This dolomite is the typical blue-grey
variety, and is only 10 metres thick in this exposure.

It is overlain by schists which may locally be graphitic.

The Omatewa 113 section of the dolomite had, per-
force, to be interpreted from aerial photographs,
Dolomite outcrop in the form of low pavements was,
however, once more obgerved on the boundary with Alten-
stein 115. On the eastern boundary of the latter farm
a quartz-filled shear zone nearly 300 metres wide cuts
through the dolomite, forming a hill (grid reference
~21800/28450) some 20 metres high. The dolomite
horizon is once more well exposed in the vicinity of
the windpump in the northern portion of Diana 117. From
here the unit gains in height towards the southeast,
forming a ridge standing 6 - 8 ;etres above the surround-
ing country. On the boundary between Diana 117 and

Eintracht 118 the colour sequence blue-white-red, from

the base of the horizon upwards, is developed again,

South of the Dachsberg on Sandflats 123, the dolo-
mite disappears in the shear zone already describeds
the most ecasterly outcrop of this band in the area

mapped is on the eastern side of the track running

»
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through Sandflats 12% to Airlie 124,

Between Altenstein 115 and Sandflats 123, the
horizon described above is overlain, some 600 metres

higher in the succession, by a further narrow dolomite

band, which is terminated at both its western and T

eagstern cxtremities by shear zones, Between these

two bands there occurs a curious circular outcrop of
dolomite in the northwestern corncr of Eintracht 118,
This appears to represgsent duplication of the lower
horizon by folding. An unexposed granite cupola simi-
lar to that of the Dachsberg could have led to local
updoming in this vicinity, resulting in the unusual

shape of the-outcrop.

A feature brought out by the mapping is the wide-

gpread occurrence of a zone of shearing betwecn adjacent

quartzite and dolomite-limestone units. Where dolomite
overlies quartzite, this was noted as brecciation in

the guartzite and as outcrops of vein quartz, on: -

1. Eintracht 118, below the Vierkuppenberg; also
west of this hill, near the boundary with Diana
1173

2. Diana 117, on the southeastern flank of the
Hutbergs .

B Losberg 105, southwest of the Okaheberg.
Where quartzite overlirs dolomite, brecciation was

observed on Joachimstal 107, along the southeastern

flank of the Quartzite Hill,

An explanation for this feature must take into
consideration the varying degrees of competence of the
rocks involved, as well as the difference in their re-

action to folding stresses. The qguartzite horizons
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are normally folded concentrically, whereas dolomite
often yields by means of plastic flow,. This leads to
differential movement along the contact between the two
types, and results in the observed zones of dislocation

and local brecciation.

Petrography

(a) The Quartzites

It is proposed to deal, in some detail, with the
petrography of one or two specimeng from each of the
major Damara quartzite units in the area mapped. This
description will be followed by a discussion covering
the stratigraphical and regional variations in the pe-
trography and mineralogy of this important rock type.
Mineral proportions quoted are volumetric percentages,
obtained from micrometric analyses. These are given

in Table 8, later in the chapter,

Specimen 35, collected from the kraal immediately
south of the Dorka 206 homestead, is a fine-grained,
finely bedded blue quartzite. A gkin of calcrete, to-
gether with layers of reddish carbonate parallel to the
bedding planes, suggests a high carbonate content.
Under the microscope, the rock is seen to consist of
granoblastic elongate quartz and carbonate crystals.
7ones composed sclely of quartz grains in the 0.02 -

0.05mm size range alternate with those in which both

quartz and carbonate are present in equal amounts.,

The rock is traversed by bands of coarse-grained quartz-

carbonate, up to lmm wide, running parallel to the
bedding,and Tepresents a quartzite invaded and par-
tially replaced by later guartz-carbonate solutions,

The dolomite overlying the gquartzite provides a
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source for this mineralogical component., Plagioclase
ig present in minor amounts, but iron oxide is rather
abundant, being uniformly disseminated throughout the
rock. Owing to its high modal carbonate content of
21.8% this specimen is not typical of the Damara

guartzites.

As in the case above, specimen 62 comes from the
lowermost band of Damara quartzite, from the souéhwest—
ern end of the Okaheberg on Losberg 105. In hand
.specimen the rock is pink and magsive. In thin section
granoblastic quartz grains with lobate sutures and
undulose extinction are seen to make up the bulk of the
rock. The. average grain sizc is between 0.3 and 0.4mm,
but occasionally mortar structure with grains averaging

0.05mm in size is developed, In places a cement of

clay, now altered to sericite, occurs interstitially to
the quartz grains. Both potash and soda felspars are
present, occasionally in micropegmatitic intergrowths
with quartz,. Orthoclage is usually cloudy with in-
cipient sericitisation,:whereas microcline and plagio-
clase are still fresh. | Mica is found chiefly as
isolated laths of muscovite, Iron oxides include mag-
netite and its alteration product, limonite. Accessories

are biotite, sphene and zoned ‘tourmalines.

Specimens 8, 31 and 32 were taken from the next
quartzite horizon higher up in the succession, on the
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