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A B S T RAe T 

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 lying southeast of the farm Losberg 105 have, 

on the basis of lith~logy and copper mineralisation, been 

correlated with the Tsumis Formation. The Hasib Forma-

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 (Q,ccurrence 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 s~ries established in the literature. 

It has been'"'found possible t.o differentiate between 

Kamtsas and Damara quartzi tes' on petrological grounds" 

Further, it is concluded thttt the bulk of Hakos carbonate 

rocks originat,ed as dolomi tes 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 oonsidered that, if the Hosib Formation 

wa.s involved in a pre-Damara orogenic episode, later fold­

ing must have been co-axial with this. 

Sedimentation and metamorphism are treated in broad 

outline. There appears to have been a deepening 
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of the basin of deposition from Hasib to Damara times. '.:t 

Cyclicity in sedimentation is evidenced by lithological 

associations in the'Damara strata. The entire area 

falls into the greenschist facies of regional metamor-

phi sm. 

Superficial deposi ts include ri ver grayel and, 

silt, quartzite- and vein quartz-rubble, calcrete and 

Kal ahari san d. 

The economic geology is described with special re-

ference to the widespread copper mineralisation. 
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I. I N T ROD geT ION 

The country described in this account covers an area 

of some 900 square 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. 

~est of Witvlei, the area has the following approximate 

boundaries: 

ISO 02' and ISo 20' east longitude 

220 15' and 22' 32' south latitude. 

The gravelled main road from Windhoek to Gobabis 

·orosses the area in an east-west direction, and follows 

the left bank of the Nossob, as 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 is 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. 

~wing to the aridity of the pountry the White Nossob 

Rive~ with its then plentiful supply of underground water, 

attracted the attention of the early German settlers. 

Hence,it is from the period 1904-1914 that most of the 

"Nossob farms" may be said to date, having been acquired 

principally by former soldiers of the Schutztruppe. Land 

further removed from the river was developed somewhat later. 

Farming is the sole occupation of the popu18.tion, the 

emphasis being on cattle ranching. Crops such as maize 
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and beans are grown on a limited scale in good rainy 

seasons 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 essential 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 onG diamOnd 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 tho mapping which forms the subject 

of this report. 

Climatically, the Nossob valley shows extremes. Day 

tomperatures during the period Oc~ober-February are normally 

in excess of 35°C, while the winter average lies around 

During June-July the nights are generally well be-

low freezing, a temperature of -16oC 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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II. ~_H Y SIC A L F EAT U RES 

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 uinselberge" 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 plains that stretch across into South West 

Africa from the Kalahari Basin of Botswana. The highest 

point in the area is the peak of Kuduberg on Joachimstal 

107, at an altitude of 1748 metres, while the lowest 

point is 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 grasslands underlain by soft schists 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 traverses the centre 

of the mapped area in a NE-SW 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 Otjiwarumonduberg, which 

rises some 200 metres above the plain on Losberg 105. 
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Plate 1. View from the Vierkuppenberg across the 
valley of the White Nossob River to the Otjiw"aru­
menduberg . The We issbe r g is in the central back­
ground . 

J?late II. "Parkland" vege tation - Stipogrostis 
grass and Acacia giraffiae trees on Goldene Aue 106 . 
The Kudub er g- Omatewaberg mass if i s seRn i n the back­
ground . 
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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 3-4 kilometres north of the above range are 

two further bands of quartzite that manifest themselves 

in isolated hills. These peaks, such as the Okaheberg 

?n Losberg 105 and the Loskop on Dorka 206, lie at an 

average elevation of 1650 metres. The dominant feature 

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 reaches prominence 

in the Vierku})penberg 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. 

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 
.. 

east. 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 Grlinental 151, just 

west of Witvlei. 
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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 tho 

topographical and geological grain of the country. River 

erosion has kept pace with uplift, as evidenced by the 

yalley cut by the Nossob right through the flat-lying 

resistant quartzite 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 stage of maturity was attained. A subse-

quent 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 maturity of the river, led to the in-

cised meanders being filled wi th sediment to their present. 

level. 

The vegetation of the area is varied, and reflects 

to a large extent the underlyin~ rock types. 

In the southwest and extreme northeast of the region 

mapped, a fairly thick cover of Kalahari sand masks the 

geology, the surface consisting of gently rolling plains 

with a good grass cover. The genera StiQQg£ostis and 

EragrQ§ti§ predominate, the former being the chief source 

of cattle fodder. The "steekgras" (Aristida-2.Q..Ugestg) is 

developed locally. The uinselberge n dotted over the 

plains, usually conSisting of quertzites or dolomites 
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carry a dense growth of "hakiesbos", the AQQ.Qi~_!lill.lifQr.~. 

On the dolomite ridges aloes are commonly found. 

On appro2ching the Nossob valley, the sand cover 

decreases in thickness and outcrops become more frequent. 

The grasslands go OVGr into parkland featuring the shrub 

This latter is com~on 

in areas 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 fossil dunes developed on the northern slopes 

of the quartzite ridges, trees of the genera I~hQnQnthg§ 

and 1~Iillirr~!is are found. The Kamtsas qUArtzite ranges 

are clothed in &lbi~ia anthelmin!iQ~ on their slopes, 

the crests being covored by Combretum_8pi£gl~tum and 

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 nore plentiful ground water supply, such as 

fault zones and pans~ usually carry thickets of tthapk_fll 

stQek"~ the Ziziphus m.£QI.QQ~ta. ;. The shrub ,QatophmctQ'§' 

ale~~~~E~~' the "gabbabos tt 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 Rre chQrac-

terised by thick stands of the nsoetdoringH tree, Acg,ciQ 

k§LQQ. 
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There are no published naps or accounts of any geo-

logical investigations undertaken in the region under 

consideration. 

Korn and Martin paid reconnsissance visits to the 

area in 1939, and worked intermittently in it from 1943 

~nwards, oainly in order to locate new ground watGr sup-

plies for the far~ing sector. No napping was carried 

out by theD. 

According to K. Seeger (personal communication), 

geologists of BethleheB Exploration and Mining Conpany 

mapped the area between Witvlei and Omitara during the 
i' 

period 1952-53, with the object of locating economic 

deposits of iron are. A reconnaissance map on a scale 

of 1:100,000 was prepared. This was, however, not 

available to the present author. 

Systematic mapping of tho region between Rehoboth 

and Dordabis, covering the areas underlain by rocks of 

the Marienhof and Tsunis Formations, and the Dordabis 

and Damara Systems, was undertaken for the South West 

African Geological Survey by Schalk in the period 1959-

1964. His map, on a scale of 1:100,000, was followed 

by a detailed report written in~966/67; to date neither 

work has been published. 

This mapping was continued in a northeasterly direc­

tion froQ 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 publi~h~d, and there is as yet no 

report to accoopany it. 

. . 
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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 r.1ap was restricted to one r.1ining COITlp8ny 

working in the area, 

The only other map of the general area is one cOr.1pil-

ed by the above authors early in 1969, covering a narrow 

strip of country south of the White Nassob 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 
i' 

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 (Edrns) Bpk, was 

mapped on the same scale by geologists of that fir~ 

during the period 1968-70, 

~-~~----------------
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IV. FIE L D W 0 R K AND COM P I L A T ION 
-----~-----~-~~~~--~-~~--~~-~~~~----

RegionQI mapping of the area held undor concession 

by Anglovaal S.W.Ao (Pty) Linited, 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 su?h as 

soil sampling, trenching and w8gon-drilling, only three 

of these farms had been napped on a scale of 1:20,000 

by the end of the year. However, during this period, 

two areas showing copper oineralisation were geologically 

surveyed on a scale of 1:1,000. Map 3, covering one of 

these prospects, which is situated in tho extre~e 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 approciated that 

a fuller understanding of the geology and structure of 

the region would be obtained only if the napping 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 p~rt of Job 294, 

on a scale of approximately 1:36,000, were available for 
.. 

the concession area, and for the country extending north-

wards beyond Sandflats 123. For the farms Joachimstal 

107, Btischow 108 and Ooatewa 113, the farmer kindly 

supplied a wosaic 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 

approxiDately 1:12,000 becaEle available. These were not 

extensively used, since their size of approxinately 70 x 

70 CD. Dade them difficult to handle in the field, 

'.-,..: -. 

• i 
./ 

",' 



- 10 -
;.j 

especially on windy days. 

REGIONAL MAPPINg 

Generally, mepping was done by recording all data 

directly on the photographs by ~eans of pencil or Rapido-

graph pen. The inforoation was subsequently transferred 

to the working plan using proportional dividers and scale 

... rulers. Until a working plan on a scale of 1:20 J OOO 

for the whole area had been compiled, a copy of Seeger's 

1:100,000 Seeis-Witvlei map was used. The widespread 

cover of Kalahari sand hampered field mapping considerably 

and ouch use was Dade of a "Casella" pocket stereoscope 

in producing a photogeological compilation of such areas. 

As already oOntioned in Chapter II, the Hakos Dolomite 

bands could be traced easily by means of the darker 

tono produced on the photographs by the belts of canel-

thorn trees coomonly growing on these bands. Elsewhere, 

despite the poor quality of the photographs, stereoscopic 

examination often yielded inforoation thDt would have 

been unobtainable in the field, and provided many cluGS 

to the structure. In short, it was a valu~ble 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 Kalahpri sand 

severely limi ted the areas of outcrop, it was the author" 8 

intention to provide, where possible, an idea of the 

continuity of the strata. The techniques of photogeo-
.Ii 

logical interpretation allowed this to be done with a 

considerable measure of success, and in Dany cases helped 

to elucidate inportant aspects of the regional structure. 
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For the southeastern boundary of the Damera System, 

along the faulted contact with the Tsunis 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 Co~pany of Johannes­

burg for Fedswa Prospekteerders (Edms) Bpk, were found to 

be far superior to the black and white photographs in th8t 

tonal changes were much more marked. An added advantage 

was that, owing to the correspondence of scales, the geology 

as interpreted fron 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 scale of 

1:20,000 onto two sheets of transparent plastic film on 

which the regional cadastral grid for the area had been 

erected, Faro 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 froD photograph to map was by means of scale 

rulers, proportional dividers, or by straight tracing from 

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 final 

master plan Dade 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 Dust be made of the method employed in the 

production of the detailed map (Map 3) mentioned above. 

" .. 
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This is on a scale of 1:1000, representing an area in 

which copper nineralisation had been found. The region 

is imo.ediately adjacent to the Whitt; Nossob River and 

consists' of slightly dissected country with a total re-

lief of perhaps 15 ~etres~ 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 

The latter here seldom attains heights 

of more than 1 metre. 

The mapping procedure is one successfully used by the 

Messina (Transvaal) Development Co~pany in the rogion 

around Messina, modified but slightly to fi t local condt·~ 

tions. A bfrseline was cut parallel to the strike of the 

strata and staked at 50-netre intervals along its length. 

FroQ these stakes lines were led off at right angles, 

both to the north and south of the baseline, by Deans of 

a Brunton conpass mounted on a tripod. These lines were 

not cut open, but were also staked at 50-metre intervalp 

and extended as far as was necessary for mapping. This 

was done on centimetre graph paper, 1 cm 8 corresponding 

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

CooDencing from the baseline and working outwards 

along a particular staked line,~a tape was stretched 

along the ground between adjacent stakes. In practice 

a 1000 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 frOB the tape; an Ova~bo native was successfully 

used for this task. Distances to either side of the 

tape were estinated visually. In this way a strip of 

'I 
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country 500 wide, i.e. 250 either side of the tape, was 

~apped with a high degree of accuracy. At the end of 

the traverse, the napping was stepped over 50D 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 Duoh 

quicker once the stakes have been positioned. The latter 

step required half a day for the Goldene Aue 106 ~ap. 

Four-foot steel droppers, bearing Qetal tugs having the 

distance froD the baseline stanped on the~, were used to 

stake the lines; at Messina stone cairns were used. The 

area covered~y Map 3 and measuring approximately 700 x 

450 2etres was capped in detail in less than a week; 

around Messina in the N. Transvaal, where thicker bush 

and greater differences of relief hRmpered operations, 

an area censuring 400 x 1000 feet could be ~apped cODfort­

ably in aDorning. 

Each day's Gapping 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 napped. On prints ~ade from 

the master copy, the outcrops of any particular rock type 

were coloured boldly, whilst intervening areas thought 

to be underlain by the sa~e rocks were coloured in the 

same tint, only lighter. The end result was a highly 

factual and extremely accurate Houtcrop" map, the corner 

co-ordinates of which could easily be tied in to the 

regional grid. 

Geological specioens collected in the field were 

labelled on the spot; back at ca~p each saMple was 

;".j 
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numbered 1 and the nU8ber and saBpling locality were 

recorded in a book for later reference. 
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V. LAB 0 RAT 0 R Y MET HOD S 
~~~~-~~--------~-----------------

A total of 138 thin sections were studied under the 

nicroscope. Mineralogical COI.'lposi tions were intially 

estimated visually. Then, for rocks that warranted nore 

detailed study, Dodal analyses were obtained nicrometric-

ally by c..eans 0 f a II Swi ft tl Poin t Coun ter, l':J.anufactured 

.by Cooke, Troughton and SiD~s Liuited. The lengths of 

the traverses were at least 200 times greater than the 

oaxiDuD dimension of the largest crystal occurring in 

the slide. According to Walker and Poloervaart (1949, 

p. 629) the error inherent in this n8thod is probably 

not nore than 1-2%. 

~ 

Only speciDens 91 and 94 were considored suitable 

for detailed work on the felspars. By l~'].eans of a 

Leitz 4-axis universal stage, co~positions of the plegio-

clases were deter8ined according to the Rittoann zonal 

nethod (Chudoba and Kennedy 1933, p. 41). Sone amphi-

boles, as well as a pyroxene of the basic rocks occurring 

in the area, were investigated, Data obtained fron the 

universal stage were plotted and evaluated on stereogra~s, 

using the equal-angle Wulff net. The 2V angle thus ob-

tained, together with the refractive index, allowed the 

pyroxene cODposition to be estipated by reference to 

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

Data froQ several amphiboles are presented. In 

view of the statenents by Deer et al (1963, Vol. 2, 

p. 295) concerning the poor corrolation of optical prop-

erties with chemical composition, the interpretotion of 

these results is in broad terms only. For cost refrac-

tive index deter~inations, no attempt was nade to extract 

the Dineral fron the specimen. A crush of a snaIl 

; J 
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portion of the rock was nor~ally found to be pdequate. 

standcrd immersion cethods, using sodiuD light, were 

employed. The indices of the oils were checked after 

each deterDin~tion on a Leitz-Jelley cicrorefractooeter. 

The accuracy of the method is considered to be approxi-

matdy .002. 

In view of the difficulty of differentiating between 

calcite and dolomite under tho microscope, nost thin sec-

tions of the carbonate rocks investigated were subjected 

to a staining technique described by Toens (1966). In 

the present investigation a dye, originally described by 

rvli tchell in 1956, was used very successfully. Toens (p. 

6) states: 

"The solution lasts indefinitely and within reason­
able li1:.i ts can be used over and over again. It 
consists of a solution containing 0.1% of sodiuo 
alizarin sulphonate in N/l5 HCI. The procedure 
is as follows: An uncovored slice or hand­
specimen is immersed in the solution 8t a tenpera­
ture of 40 0 C for 30 seconds. After this tice 
those portions consisting of calcite are stained 
a deep red$ Innedistely on removal froD the 
solution the specioen, 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, obtained by 
using liquid paraffin to keep the cover-glass in 
place." 

One cineral in each of sp~cimens 4 and 117 could not 

be identified by thin-section ~ethods alone. Since the 

host rocks were limestone and dolomite respectively, 

fragments of these were dissolved in HCI; the insoluble 

residues contained, besides quartz and a few other iD-

purities, the unknown Dinerals. Refractive-index 

determinations were carried out on these and then, since 

there was still doubt about their identity, the cincrals 

were subjected to X-ray diffraction •. 

.,. 



- 17 -

For this, each Dineral was ground as finely as 

possible in a snaIl agate Dortar, then spread in a thin 

film over a glass slide that had been lightly soeared with 

grease. Tho slide was then Dounted on the diffractometer. 

The unit used was a G.E.C. XRD 3 diffractometer. A 

copper target was e~ployed, the applied voltage being 

.. 30 kvp at 20 r;~illiaI1peres. Scan speed was 20 per ~inute, 

resulting in an accuracy of approximately 0.1 0 on the 

diffractogran, As the instruDent has only recently been 

acquired by the Departnent of Geology, it was not possible 

to refine the data by applying appropriate corrections. 

The data obtained are quoted in the relevant parts of 

this text. 

-----------
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VI. G ENE R A L DIS C U S S ION 0 F~ S T R A T-
-------------------------~ ...... ~ ...... ~---

I G RAP H Y AND REG ION A 1 COR R E L-------------------------------

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. Scha.lk 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 subdivisions, 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 presence of this glacial horizon 
has been used as a basis 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~8f1pt has been made, where 

possible, to base the stratigraphic nomenclature on litho-

stratigraphic units since correlations between the expos­

urea in one part of the country and another are fraught 

with difficulties, while age determinations are almost 

entirely 18cking. The terr.1 "System" has of necessity 

been used in "'certain cases e. g. Damar:!i" SysteI.1, ""bu tit 

is not implied that this latter is one chronostratigraphic 

unit. It is appreciated that the ter~inology used is 

j i':, 

~ .. ' 

/1 
.r 

. , 



- 19 -

inconsistent with the recoDmendations of the Internation-

al SubcoI.!1nission on Stratigraphic Terminology. However, 

until s~ch tine as a systen of terminology is universally 

adopted, the present writer has, of necessity, had to 

oake use of terms firBly established in the literature. 

Throughout the following discussion reference should 

be nade to Map 1. 

Amongst the oldest known rocks of South West Africa, 

are those of the lVlarienhof Fornation, tentatively dated 

at 1700 million years (Martin 1965, p.l), forming a belt 

of extensively granitised metamorphic rocks fOIDe 50km. 

wide, trending eastnortheast through Rehoboth to the 

vicinity of ~ordabis. Here, the plunging nose of this 

geanticline, forDed during DaDara time, is capped by 

rocks of the Dordabis Series, so nawed 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 Dannra System, and to be separated from 

the Lower Dordabis Beds by a major unconformity • . 
Schalk divided the Lower Dordabis Beds, which he 

termed the Dordabis Systen, into the Opdam, Skuook and 

Doornpoort Formations, so named after the farms of the 

region where the various Ii thologi cal sequenc.es h[l''fe 

their type areas, Details of this subdivision ~r~ given 

in Table 1. 

In this connection Martin stated in 1965: 

"It is proposed to use tho name Dordobis System 

. ; 
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TA;BLE 1 

IHE~IRA1lGRAPtlY OF THE DOR~~§ SYST~M ACCOEDINQ 

TO SCHAL!.Lil.9.ill 

Forma tion 

(Modified afer Martin (1965, p.16)) 

Lithology Max. Thick­
ness 

----------------------------------------------~,--------

Doornpoort 

Skumok 

Opdam 

Thick clay pellet conglomer- 3,700 m 
ate. Quartzite with interbed~· 
ded calcareous quartzite and 
sandy limestone. 
Hard well-bedded quartzites 
with ripple marks, clay 
pellets and mud cracks, al­
ternating with layers of hard 
red slate. 
Coarse sedimentary breccia ot 
conglomerate, with local inter­
bedded rhyolite flows near 
base. 

Discordance 

Local granite intrusions~ 1,500 m 
Rhyolite, felsite, ignim-
brite and thick quartz-
porphyry sills. 
Quartzite with0rhyolite flows. 
Sedimentary breccia. 

Unconformity 

Quartzite with interbedded 1,300 m 
flows of mafic amygdaloidal 
lava. 
Amygdaloidal, epidotised basal­
tic lava, with ipterbedded 
sediments. -
Sericite quartzite with lenses 
of pebble conglomerate. 
Phyllite. 
Basal conglomerate with phyllit­
ic matrix. 

Major Unconformity 

"", 
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for the comlnined Opdam, Skumok and Doornpoort 
Formations, if age determinations show them to be 
fairly closely related in time. The name Dordabis 
System is therefore regarded as provisional." 

Later, more detailed mapping in the vicinity of 

Dordabis (Schalk, 1966) showed the Skumok rocks to repre­

sent a locally developed acid phase of the Opdam Formation; 

the term "Formationll is therefore no JLonger warranted for 

the Skumok rocks. The two members of the Dordabis System 

as defined at present by Schalk Cop. cit.), namely the 

O~dam and Doornpoort Formations, have a combined maximum 

thickness in excess of 5,OOOm and were, according to Martin 

(1965, p. 20), folded before deposition of the Nosib and 

Tsumis Formations~ 

The Late Precambrian Damara System, entering South 

West Africa in the northwest from Angola, dominates 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 OUt.jo Facies. 

These 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 Wosib Formation, a discontinuous succession of 

coarse clastic sediments, underlies the Outjo Facies of th_e 

Damara System in the Otavi Mountains of the Tsumeb,-Groot-

fon tein area. Comparable lithology and a similar mode of 
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deposition in more or less disconnected basins are found 

in Gevers l 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~ 

Opdam 284 and Hatsamas West 281 in the Dordabis district. 

Here, slaty and calcareous rocks overlie the K~mtsas 

quartzite conformably, forming the Witkoei Hill. To the 

west, between Dordabis and Rehoboth, a facies chBnge 

occurs, and these rocks interfinger with the phyllitic 

Duruchaus Series of De Kock (1934). For this whole se-

queuce overlying the Kamtsas quartzites the term Duruchaus 

Member has b~en proposed by ~2rtin (1965) and Schalk (1966). 

Schalk describes a further quartzitic sequence lying above 

the Duruchaus Member and includes this in the Kamtsas 

Member. 

The Lower Hakos . Stage directly overlies the Nosib 

ForniD. tion, 0 ften unconformably. Of extremely varied 

lithology, it consists of dolomites, quartzites, schists 9 

subordinate itabirites and amphibolites, and reflects the 

unstable and rapidly changing conditions of deposition 

usually associated 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 

Chuos Tillite by Gevers (1931), is of variable lithology 
: I 

and thickness, Qnd is overlain by marbl(s, quartzites 

and schists. 

The Khomas Series follows conformably on the Hakos 

Series, and is composed chiefly of biotite-garnet schists 
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and local marble bands. North of Windhoek an o\ho-

amphibolite horizon may be followed on strike for a 

oonsi derable di stance, while the Auas r10un tains south 

of this town represent a quartzitio horizon interoal-

ated with the schists. The exaot plaoing of the 

boundary between Hakos and Khonas Series is subject to 

~ispute; the matter is treated in some detail by Martin 

(op~ oit. pp 40, 42-43). 

The Tsumis Formation, initially napped as port of 

the Basal Beds of the Nama Syste~ by Rioann (1915) and 

De Kock (1934), covers a l8rge area to the south of 

Rehoboth. It fringes the southern rim of the anticlin-

oriuo of Marienhof and Dordabis System rooks, and overlies 

these with a pronounced unconformity. Locally, as on 

the farm Girib Ost 60 in the Rehoboth distriot, an angular 

difference of 90 0 is apparent between it and the under-

lying Doornpoort Formation. Northeast of Dordabis the 

Tsumis and Danara beds approaoh one another very closely, ~ 

but are always separated by a large fault which precludes 

any direct age comparison on stratigraphio considerations. 

However, the Tsumis Formation and the Kamtsas ~ember of 

the Nosib Formation are lithologically si~ilar, both 

being felspathic quartzites sho~ing proDinent cross­

bedding, heavy-mineral banding and, locally, conglomerate 

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

n •• " •••• the TsuLlis beds have been folded along 
axes parallel to those of the Nosib and the 
Da~ara sediments, and there is no indio9tion that 
the Danara rocks were involved in younger move­
ments after they were metamorphosed. The Tsumis 
Fortna t ion must there fore be older than 500 m. y. " 

In the Klein Aub area Handley (1965) showed th8.t the 

TSUDis Fornation attains a maxi~uD thickness of 5?700o, 

but thins out rapidly towards the sides of the basin of 

,.' ~ .. 
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deposition. This feature~ together with the occurrence 

of copper mineralisation in both fornations, is another 

point supporting correlation with the Nosib For~ation. 

Handley (op. cit. p.2l3) subdivided the rocks of the 

Klein Aub area into four stages; rer:apping by Schalk 

showed a major structural and sedimentological unconform-

jty 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 broed correlation 

~ay be extended to cover the Witvlei region. 

It is of interest that as early as 1950 Martin, 

~entioned 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 in€luded 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 (Edrns) Bpk with Sch81k's Klein Aub Formation, 

and possibly including a portion of the Doornpoort 

Formation, are present on the farm Christiadore 104. 

They occur on the southeastern siue of the thrust fault 

separating the HTsumis" rocks from the DarlarR Syster:l. 
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Klein Aub Area 

TABLE 2 

RS§lONAL CORRELATION OF THE T~1IS FORMATION 
(Modified after Toens, 1969( 

Dordabis District vIi tvlei Region 

1; 
.D 

vi. Botswana 

(Handley) (Schalk) (Schalk) (Anglovaal S.W.A.)· (Geological Survey) 

Nama System 

- Unconformity -

Upper Quarizite & 
Conglomerat6 stage 

Calcareou~ Quartz­
ite stage 

Calcareous Shale .'.­
stage 

Lower QuaTtzite & 
ConglomeTate stage 

- Unconformity -

Skumok For.matlon 

~ ,} 

Nama System 
Buscbmannsklippe 

Form. 

- Unconformity -

Kamtsas Formation 
(of the Tsumis) 

- Unconformity -

Klein Aub Form. 
(copper mineralisa-

tion) 

- Unconformity -

- ~ f' Doornpoort FO. rmation 
~ including Skumok Por-
B phyry) 

'~<l ~ - Unconformity -

~ Opdam Formation 
o 
A 

Damara System 

- Unconformity -

Kamtsas Member 
(of the Nosib Form.) 

- TJDconformi ty -

Not developed 

r' 

~IDoornpoort Forma­
..p tion with local 
ill 
~ porphyry 
tIJ 

ill :81- Unconformity -m 
~ Opdam Formation 
o (copper minerali-
~ sation) 

~ 

Buscbmannsklippe 
Formation 

- Unconformity -

Tsumis "Gn 
(Kamtsas of Fedswa) 

- Unconformity -
Tsumis "Blf 

(copper mineralisa­
tion) 

- Unconformity 

Tsumis U A It, 

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 

:ti{~~ 
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The Nosib Formation is well developed on the northwest 

side of this fault, where the sequence consists of 

phyllites interbeddod with subordinate limestones and con-

tains two prominent quartzite beds. Owing to the presence 

of the fault, a basal conglo~erate is absent here. The 

top of the sequence is narked by the lowermost band of 

pamara quartzite, which is in turn overlain conformably 

by the lowest Hakos dolowite horizon. 

The Buschnannsk1ippe Formation generally exhibits a 

near-conformable relationship with the underlying Tsur:lis 

rocks, with which it has been folded, and usually consists 

of shallow-water dolomitic limestones, shales, white 

ripple-warked~ quartzites and red sandstone. I t covers 

the extreme southeastern portion of the area under con-

sideration. 

On Orochevley 216, immediately south of the southern 

margin of the area mapped, rocks of the Tsu~is Formation 

are exposed in the anticlinal core of a large fold in 

Buschr:lannsklippe rocks. The fact that "Tsunis" rocks, 

more correctly assigned to the Klein Aub and Doornpoort 

Formations (see above) also apparently overlie the 

Buschmannsklippe Formation to the northwest on Christia-

dore 104, Day be explained by tbe presence of a strike 

faul t. This feature, trending roughly parallel to the 

previously mentioned fault which separates the ttTsumis" 

rocks from those of the Nosib ForDation, has upfaulted 

southeasterly dipping str2ta of the former group against 

Buschnannsklippe sediLlents having a northwesterly dip. 

Seeger recently mapped a tillite at the base of the 

BuschDannsklippe Fornntion south of Gobabis. In 1969 

drilling by Anglovaal S.W.A. (Pty) Li~ited in the 

• I 
. : 
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Uhlenhorst district of central South West Africa reveal-

ing s similar tillit€, apparently filling topographical 

lows in the Tsumis surface, and showing an angular un-

conformity of 10-150 with the Tsumis rocks. The tillite 

is overlain by poorly-bedded pink to purplf quartzites 

not easily distinguishable fro~ the Tsumis quartzite of 

the area. 

The discovery of this tillite horizon has important 

implications regarding the correlation between the Nar.J.a 

and Damara Systems of South West Africa. lVlartin (1965, 

pp. 229 114-116) discusses the relationship between the 

Hakos Series of the Danara System and the underlying 

Nosib Formation, and that of the Nama System and the 

underlying TsuDis Formation. The possible equivalence 

of Nosib and Tsunis Formations has already been alluded 

to and, if this interpretation is correct, the over-

lying sediL18nts of the Damara and Nama Systens should 

be comparable. The Lower Hakos .stage presents a 

contact wi th the Nosi b Forma tion tha tis not everywhere. 

conformable; in certain areas, 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 BuschDannsklippe tillite, the upper 

portion of the Damera System could well correspond to 

the Nama System, the latter possibly representing a 

southern shelf facies of the former. The Buschnanns-

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 wade between 
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the Buschmannsklippe ForJJ.ation and the Nunees Fornntion 

of southern South West Africa. The latter fornation 

could then, as has already been dono by Rogers in 1915, 

be included in the base of the Na~a SysteD. 
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VII. Q_ll T_~_I-ll_g_~_E_-I-li~Q E 0 ~_Q~_~r 

THE C 0 U N TRY BET WEE N WIT V LEI 
-~----------~-----~-~--------------------~-~-

J~ N D 

The area mapped comprises a slightly larger north­
western portion, underlain by rocks of the Nosia Forma­
tion and DaQara Systoo, and a southeastern part, containing 
the Tsurli sand BuschElannsklippe FOrl:la ti ons. ~he rela ti ve-

.ly narrow strip of Tsumis rocks is fault-bounded both to 
the northwest and southeast. An unconformity exiets 
between Nosib Formation and Damara System. Owing to the 
great thickness of sediments present, all members of the 
Damara SysteQ are considered 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 

comprises the Tsumis and BuschE'lannsklippe rocks., 

The TSUTIis Formation covers a strip of country SOTIe 

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 forns an area of low relief, best described 

as an undulating plain. Outcrops are fairly abundant, 

the beds generally dipping steeply, to the southeast. 

The more calcareous members are overlain by surface 

limestone. 

On the northwestern side, the TSUDis rocks are sep­

arated froD tho Nosib Formation by a thrust fault, which 

dips to the northwest at a relatively shallow angle. The 

Nosib Fornation consists of the phyllitic Duruchaus Member, 

, ..... 

, ) 
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forming a belt of low relief, and the Kamtsas Me~ber which 

here consists of two parallel bands of quartzite, gener­

ally forming prominent ranges. 

Rocks tentatively aSSigned to the Ka~tsas 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 anglos, forming hills which rapidly 

gain height towards the southwest. 

The Nosib Formation is separated from the overlying 

Hakos Series of the Damara System by an unconformity. 

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 froD some 9km. in 

the southwest to less than 2km. in the northeast of the 

area mapped. The Lower Hakos stage beg~ns with a 

quartzite, overlain by a dolomite band. The lithologi-

cal assemblage that follows above this consists of 

quartzites, dolomitic limestones, phyllites and schists 

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 common. The relief is varied, the phyllites 

and schists forming low ground while the quartzites and 

dolomites give rise to prominent ridges and hills. 

Although the presence of an horizon corresponding 

to the Tillite Substage of the Upper Hakos Stage could 

not be established with certainty, the large thickness 

i .. 
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of sediments overlying the Nosib ForDation suggosts that 

the great or portion, if not the whole of tho Hakos Series, 

is represented in the area. Accordingly, the possibility 

that certain horizons belonging to the Khomas Series 

occur in the extrenE west of the region, towards Onitara, 

cannot be ruled out. 

The Buschmannsklippe Formation occupies the re~ainder 

of the area mapped y and covers that portion of the country 

lying to the southeast of tho strip of Tsumis Fornation 

rocks. The contact between these two foroations is a 

faul t. The larger portion of the area is underlain by 

shales, which give rise to f18t or gently undulating 

ground sioilar to that of the Tsumis Formation. In the 

extreme south of the nap, on Orochevley 216, sheared 

quartzites forn the prominent anticlinal nose of the 

Weissberg, whioh plunges northeastwards. 

strike faults are charaoteristic of the whole region. 

Folding is isoclinal in the Tsumis rocks, but of a more 

open charaoter in the Busohmannsklippe, Nosib and DaDara 

sediDents. 

Anong the Dore reoent deposits to be found covering 

the area are thick aocumulations of silt and gravel in 

tho valley of the White Nossob~Rive~ as well as pedi-

Dents of scree froD the hills of the Kamtsas Meuber. 

The most widesproad of all is a cover of red to grey 

Kalahari sand which obliterates Dost outcrops in the 

areas underlain by phyllites and sohists. 

Throughout the remainder of this work, the 

positions of sanpling stations ano other places of 

interGst, whose precise location cannot be easily 

." .. '.:' 
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defined by purely descriptive terns, will be quoted by 

Deans of their grid references. For this purpose, a 

metric grid has been narked around the edges of Map 2. 

Thus, the grid reference for the ho~estead on Losberg 

105 would be given by the figures -23540/40860. The Y 

co-ordinate is quoted first, followed by the X co-ordinate. 

In the eXBnple above, these would be: 

Y 

X 

23540 

40860 

------------------------------
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VlIl. lL~I.2:_1_~~-1L-LLO 1 0 G Y O_E_--1_H E 

QJL1Lli_1 R Y BET WEE N W I_T V-LJ2_1 

L!1_JL~21_I_:LLE.Jh 

1. THL: TSUMIS FORMATION 

Techniques employed in the mapping of the Tsu~is 
rocks between Witvlei and Ooitara are discussed. With 
the exception of the striking purple colour, which is 
peculi8r to Tsunis and Doornpoort rocks, there are 
strong siDilarities, chiefly on lithological groundi, 
between these foroations and the Nosib Forvation. 
Howover, differences in the style of folding of Tsumis 
and Nosib rocks show up well on aerial photographs~ 
Broad sioilarities in lithology, together with the 
occurrence of strata-bound copper oineralisation, oake 
possible a correlation of the Tsuuis rocks of the Wit­
vlei region with those of Handley's Klein Aub type 
area. Current stratigraphical no~enclature is 
critically roviewed, 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 VI. 

In the region un~or consideration, rooks tentative-

ly assigned to the Tsur:lis Formation lie on the southeast-

ern side of the thrust fault that forms the southeastern 

boundary of the Nosib and DaQara rocks. This tract of 

country, falling under the prospecting grant held by 

Fedswa Prospekteorders (Edns) Bpk could not, for obvious 

reasons, be investigated as tho!oughly as the rest of 
.. 

the region. Mapping, coupled with a few short travers-

es across the area, was done largely on aerial photo-

graphs on a scale of 1:36,000 (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 TsuDis rocks was not considered 

justified for the purposes of the present investigation. 

----

.. _ .... 

•• < 

;:" 

,,"J: 



- 32 -

Generally, the rocks consist of fine- to nediuD-
{,-

, " 

grained felspathic quartzites, often cross-bedded and 

usually showing concentrations of heavy-~inerals along 

their beddine planes. Lithologically, they exhibit 
':1 

striking sioilarities with rocks of the Kamtsas 

Quartzite Menber of the Nosib Formation with regard to 

.. felspar content, cross-bedding and heavy-mineral banding. 

A point of difference is that these Tsumis rocks woather 

to a characteristic and conspicuous 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 feaiture only, the colour fading 

at a depth o~ approxinately 100m. Nevertheless, the 

colour is charactoristic of all areas of Tsu~is rocks 

visited by the present author. 

Conglonerate lenses are well developed locally, as 

are linestones, marls and shales, ranging fron Baroon to 

green in colour. Folding is isoclinal, the general dir-

direotion of dip being towards the southeast. strike 

faulting is CODmon. The linear pattern produced by these 

structures shows up distinctly on aerial photographs, and 

is in marked contrast to the bold open folding exhibited 

by the quartzitic members of th~ Nosib Formation. 

The presence of extensive conglomerate lenses may 

be used in a tentative correlation with tho rocks of the 

Klein Aub area, described by Handley in 1965. On the 

farm Christiadore 104 copper nineralisation occurs 

locally within these conglomorates, while on Okasewa NW 

120 it is found in tho shalos and lir:J.estones above the 

conglorrlerates. A broad correlation with the Klein Aub 

type area of the Tsumis Formption (seo Table 2) would 
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place the conglonerates and associated quartzites in 

Handley's Lower Quartzite & Conelonerate stage. This 

corresponds to Schalk's Doornpoort Formation, and to the 

Tsunis nAil of Anglovaal South West l-\.frica (J?ty) Linli ted. 

These rocks bear a stronG 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 correspon0 to 

Handley's Calcareous Shale: Stage which, together with 

the Calcareous Quartzite stage, makes up Schalk's Klein 

Aub Formation. The corresponding mineralised strata 

north of Wi tvlei have been ter!:1ed Tsumis "Bn by Anglo-

vail workers, Quartzites lying above th8se two 

foroations Day be correlated with Handley's Upper Quartz-

ite & ConBloDerate stage, and are termed Tsunis "C" in 

the Witvlei area. Fedswa geologists follow Schalk's 

nonenclature and assign these strata to the KaI!1tsas 

Formation. Tho present author feels that this leads 

to confusion in the Losberg area, where thE:' term Kamtsas 

should b@ retained f8r the quartzitic Gombers of the 

Nosib Formation until such tino as definite proof of the 

equivalence of Nosib and Tsu~is For~ations is at hand o 

For the Klein Aub area, H~ndley (1965, p. 213) 

mentions the presence of a sinuous northern contact of 

the Tsuuis rocks with thc underlying older forMations. 

This, together with tho restricted strike development 

of the lower Qernbers, sug8Gsts that deposition occurred 

on an uneven floor in isolated basins, beyond the limits 

of which only the higher Benbers were able to transgress. 

These observations way serve to explain the fact that 

copper nineralisation, apparently confined as it is to 

the lower r.1embers of the Tsumis Fornation, is founfl only 

... ~ 
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in isolated localities. FurthGr~ore, a reason would be 

provided for the lateral thinning out of strata and 

rapid facies chances that characterise these sediments 

on Okasewa NW 120. 

It is felt that the detailed work at present being 

carried out by the Dining cODpanies engaged in pros~ect-

-ing activities in the area between Dordabis and Witvlei 

will eventually enable a clrarer subdivision of the 

Tsumis Formation to be Dade. This, together with a 

more precisely defined interrelationship between Doorn-

poort, Klein Aub and Tsumis rocks ~ay result in the 

discovery of furth(r zones of cinGralisation. Further-
, 

more, correlation of these beds between Klein Aub and 

Witvlei would bo a significant step towards placing 

the present tentative correlation between the TsuDis 

Formation of South West Africa and the Ghanzi Beds of 

Botswana on a firner basis. 

The Tsunis ForDation may yet prove to be one of the 

nore inportant and widespread sediIJentary sequences of 

the subcontinent. 
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!ll2 S TRA.C .I 

Trends in nonenclaturo durin8 the p0riod when a 
detailed stratigraphic coluen for the Dacara Systen 
was being established, are discussed, as are events 
leading to the incorporation of the Otavi Systen with­
in the Danara Systec as the Lliogeosynclinal J)ortion of 
the latter. The basal arenaceous Denber of both the 
miogeosynclinal Outjo Facies, and of the eugeosynclinal 
Swakop Facies of the Damara Systen, is teroed the Nosib 
Formation. Pertinent literature on this is reviewed. 

·Owing to sioilarities in lithology between the Nos~b 
rocks of th8 Losberg area and those of the Dordabis 
region, Schalk's subdivision of the latter into an 
arenaceous Kantsas Monber and an argillaceous Duruchaus 
Mewber has been adopted by the present author. In the 
vicinity of Losberg 105, differences in the con~itions 
of deposition, when conpared with the Dordabis type 
area, have caused the Duruchaus Menber to be developed 
at the expense of the Kantsas quartzite, which i~ re-· 
presented by two narrow, lenticular horizons. A 
detailed treatnent is given, covering all aspects of 
the Nosib For,nation between Wi tvlei anll Orli tara. 
Finally, reference is cade to a breccia occurrinf on 
the farm Lacarno 211. This horizon shows certain 
siDilarities with the basal Revet's ConBlonerate of 
the Transvaal Systen. 

In 1928 Krenkel proposed the term "Danara System" 

for what was then considered to represent tho oldest 

group of sediDentary rocks in the central part of South 

West Africa, It is of note that he thought the Khonas 

Series to belong to a younger group of metasediments. 

Gevers and Frommurze (1929), workinB in Northwestern 

Darr,araland and broadly following the classifi ea tion of 
. .. 

Ri~ann (1915), divided this systeD into a basal nQuartz-

ite Series" overlain by the "Marble Series", the nMica-

schist Series" forminc3 the top of the succession. This 

subdivision was followed in the Western Rehoboth by 

De Kock (1934), who substituted the taro "Khomas Series" 

for the uPIJerno st L:Lewber of the Damara Systeo, 

The lin8stones and doloLites of the Otavi Mountains 

and the eastern Kaokoveld, teroed the Otavi System by 
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Hernann in 1908, were consider€d to forM a separate 

geoloGical entity by workers such as Stahl. However, 

later Dapping in the period 1950 to 1960 by Rabie in 

the Kaokoveld, Clifford in thG Fransfontein-Outjo area, 

and S<:5h;nge and SLd t in the 0 tavi IVloun tainlanc1, led to 

the correlation of the Otavi SystGD with tho Dacara 

.. Systen. AccordinG to Martin (1965~ the rocks of the 
, 

foroer Otavi SystOQ should now be tereed the (~iogeo-

synclinal) Outjo Facies of the DaLnra Systen, while the 

forccr Dar;8ra SystSL: Rer .§.Q cakes up the (eugeosynclinal) 

Swakop Facies (of tho DaGara Systec). 

The subdivision of the SystD~ Iud to some difficulty_ 

MappinG in both the northern and central parts of South 

West Africa had shown that in certain arens a discor-

dancc,locally passing into an angular unconfornity, 

separates tho predocinantly quartzitic basal fornation 

fron the hiGher uenbers of the DaDara Systerl, In the 

southeastern Windhoek district Gevers (1934) unwittingly 

spli t this basal ;-~enbGr into two; one portion he in-

eluded in the Dar:ara SysteL as the "Quartzite Series l1 , 

the othar, around Dordabis, he correlated with the Na~a 

SyateL:, ancl tentatively called it tho "Upper Dordabis 

Beds" " Both units have now been roco[nised as belong-

ing to the Nosib For~ation. 

In 1908 Hercann toreed the basal fornation of his 

"0 tavi Sys te~_~ n the "No sib Seri e s It in the 0 tavi Moun tains, 

while in 1926 Stahl labelled it the "Hundskopf Fornation" 

in the Kaokoveld. stahl subsequently (1940) recog-

nised the equivalence of the two beds in the northern 

part of the country, and dropped the tern "Hundskopf 

For;_~a t ion". In 1954, this latter naDe was unfortunately 
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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 

SIDi th (1965, p.8), the term "Nosib" has priori ty over 

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

The term "Marble Series" hras been dropped in favour 

of "Hakos Series", named after the Hakos Mountains 'of 

the Rehoboth District. 

and new names: 

Eormer Name 

Khomas Series) 
~) 

The table below gives the old 

~~_Nam.2 

Marble Series) Damara System 

Khomas Series) Swakop Facies 
) of the Damara 

Hakos Series ) System 
) 

Quartzite ) 
Series ) 

(after Smith, 1965, p.9) 

Nosib 
Formation 

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 
.. 

characteristically have arenaceous beds at their bases 

(Martin 1965, p.22). However, the formation exhibits 

considerable 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 reason that the Nosib 

Formation will be considered separately hpre~ 

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 geological survey of the 

Baster Gebiet for the Hanseatische Minen-Gesellscbaft. 

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

central portion of South West Africa, as well as a des­

cription and map of the Natas Mine and surroundings, 

while in 1929 Gevers 1 and Frommurze I. s account of the 

geology of Northwestern Damaraland appeared. These 

authors included the "Quartzite Series" in the Dam'ara 

System, since there was no intervening unconformity 

between it and the overlying beds. 

Concerning the lithology of the series these authors 

state (p. 34):: 

"~lell-b'edded phylli tic quartzi tes 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 consequence, . very 
easily mistaken for gneissose granites. Both 
quartzites and grits are usually highly felspathic 
and sericitic." 

Deposition of the upper quartzites appears to have 

occurred irregularly over an uneven floor; pinching out 

and lateral facies ohanges into mica schists and greywackes 

underlying the "Marble Series" were commonly noted .. To 
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the south these quartzi tes increase in thickness from some . :J .. 

350m at. the Great Rooiberg to many times this fie-ure in the 
-

ChUGS and Etusis Mountains between the Khan and Swakop Rivers" 

The most oomprehensive work of this early ~eriod was 

carried out by De Kook (1934) in the Western Rehoboth. 

Distinguishing two series of pre-Damara beds, namely the 

Marienhof and the Duruchaus Series, he divided the latter 

into: 

(a) Mica schists containing impure limestone bands? 

(. ',' 
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(b) Crystalline and talcose marbles; 

(c) 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 necessitated a 

partial revision of De Kock's interpretation. Martin 

(1965, p.ll) states: 

nMapping in progress has ••••••• 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 IVlarienhof Formation. A consider­
able portion of the terrain assigned by De Kock to 
the Duruchaus Series has thprefore 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 Series", today 

termed the Nosib Formation,ranges in thickness from 500 

metres to approximately 3,000 metres~ It locally begins 

with a basal conglomerate, up to 40m thick, of Marienhof 

and Duruchaus pebblesfollowed by conglomeratic arkoses 

and reddish felspathic quartzites containing isolated 

pebbly layers. These 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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n~ ••••••• the quartzite 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 

di stri ct. 

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." 

Schal~ (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 the overlying Lower Hakos 

Stage of the Damara System. 

Mapping by Schalk of the intervening area between 

Dordabis and Rehoboth has 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 

.~ 
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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 pebbles composed of underlying rock types found 

in the immediate vicinity, set in a granular to schistose 

matrix. This is followed by a thickness of 30 - 3,350 

metres of felspathic quartzite, generally massively 

bedded at the base and becoming more thinly bedded at 

the top. There are numerous intercalated conglomeratic 

horizons, 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-

spread. 

The Upper stage conformably overlies the Lower stage 

and was divided by Smith (p. 18) into an'~mphibolite 

Facies", of a variable thickness judged 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 felspathic sand-

stones respectively. 

A similar 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 
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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 ess,entially 

.. peli tic wi th but locally developed areni tes; the ,thick-

ness may exceed 1,500 metres. 

In this area, lying some 90 km northeast of Dorda-

bis, the present author found the Nosib Formation to be 

'" 
well represented. It consists of a pelitic assemblage, 

hero correlated with the Duruchaus Member, and contains 

two prominent quartzite 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 sequence is over-

lain unconformably by the Hakos Sariesof 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 corn-

pared with those 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 

".1°,-.' 
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TABLE 3 

CO~flPARATlVE STRATIGRAPHY OF THS l\rOSIB FOm~J~ATION ALONG THE SOUTHERN HARGIN 
OF THE DAHARA GEOSYNCtIl\TE 

~!e stern Rehoboth 
(De Kock 1934J 

Darnara Sy.stem 

- Unconformity -

Eicaceous Quartzi tes 
(500 rn) 

Crysta1lll~e & talcose 
marbles (approx. 90 m) 

Quartz-mica Schists 
(approx. 6500 m) 

Basal Conglomerate 
(locaJly developed) 

- UncQnIormity -

11arienhof Series 

Dordabis District 
(Schalk 1966) 

Damara System 

- Unconformity -

Kamtsas Quartzite Member 
(600-1100 m) 

Witkoei (Duruchaus) Member 
(150-200 m) 

Kamtsas Quartzite J.l::iember 
(4000-6200 m) 

Basal Conglomerate 
(locally developed) 

- Unconformity -

Basement and Dordabis System 

~ii tvlei/Omi tara llegion 
(Fey 1970) 

Darnara System 

- Unconformity -

Duruchaus Member (ap~)rox. 500m) 
Kamtsas Upper Member (250-980 m) 

DuruchaUB fJIem ber 
(approx. 400 m) 

Kamtsas Lower Nember (300-400 m) 
Duruchaus Nember (approx. lOOOm) 

Not exposed 

Faulted Contact 

Tsumis FormatiJn 
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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 between 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-

~ng, as reflected especially in the psammitic members, 

together with the unconformable relationship exhibited 

by the overlying Hakos Series make it advisable to con-

sider the Nosib Formation as a separate entity from the 

Damara System. The findings of the present author thus 

essentially confirm those of Schalk in the Dordabis 

region. 

(a) Litholog;y 

Two quartzite members, designated Kql and Kq2 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 ubi qui-

tous. In contrast to the other regions where the Nosib 

Formation is developed, conglomerate lenses are not 

present in the area being consid~red. Only on Owiniei-

kiro 213 were very isolated small pebbles of white vein 

quartz 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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Pl ate III. Kamtsas qU.8rtzite from the western 
portion of Losberg 10 5, 8howin~ overtu rned cross­
bedding (topse ts t, foresets f, bottomsets b) . 
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the alteration of which imparts the pink coloura-

tion to the rock. Bedding is occasionally 

rendered faintly visible 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 skin to a depthof approxi-

rnately 1 cm, this rock weathers into rounded 

boulders with a glassy appearance. The fracture 

is conchoidal. 

ii) A second 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 varies from approximately 10 em to over 

I 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 
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millimetres thick, which in turn frequently 

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) DisiLibutiQn~Q 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 continuation, 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 latter, the Lower Member swings sharply south-

wards at the northwestern corner of Owinieikiro 213. 
.J.< 

I t follows the western boundary of the farm bef-ore 

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 

Kamtsas Quartzite Member of the Nosib Formation. 

These latter rocks are felspathic quartzites, well 

bedded and exhibiting heavy-mineral concentrations along 

the bedding planes; their purple colour is similar to 

that of the Tsumis rocks. The form2tion manifests 

itself in a low rise, beginning just west of the Nina-

Omitara road on Owinieikiro 213 and incroasing 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 offArs no information 

regarding the relationship with the Nosib Formation. 

The base of the Lower Kamtsas Member was nowhere 

observed 1 but the unit is assumed to lie conformably on 

the Duruchaus phyllites, a thickness of some 400 metres 

of which also serve~to 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 reaches impressive proportions near 

the western boundary of Owinieikiro 213, forming hills 

riSing 75 - 100 metres above the plain. Here the 

quartzites are some 380 metres thick, and dip to the 

west at approxirlately 60 0 
.. East of the nose of the fold 

in the northwestern corner of the farm the dips steepen. 

At the point where the Nina-Omitara road crosses the 

Lower Member, 1.5 km south of the Owinieikiro 213- Dorka 

206 boundary, dips of over 80 0 towards the northwest 

were measured, and the bed has thinned to approximately 

240 metres. It can be followed eastwards for a further 

2.5 kill before dying out, presumably due to a facies 

chnnge, Duruchaus phyllites taking its place on the 

farm Gemsbockvley 214. 

The Lower Member reappears on the farm Losberg 105 

to form tho prominent Otjiwarumenduberg, which rises 
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over 200 matres above the plain. This hill must be 

regarded as a tight anticline, overfolded to the south­

east (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 betweon the quartzite and the over-

lying phyllites is difficult to place with accuracy_ 

This possibly leads to an exaggeration of the thibkness 

of the Lower Member, which is in this vicinity estimated 

to reach 300 - 350 metres. Thp 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, easill 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 Rssumed to swing 

sharply southwestwards on the boundary between Losberg 

105 and Christiadore 104, possibly being cut off by the 

large thrust fault. A facies change to a phyllitic 

sequonce separates it from its natural conti~tion on 

Gemsbockvley 214. 

Immediately northeast of the Otjiwarumenduberg the 

northern limb of the anticline has been displaced approx­

imately 100 metres by a sinistral 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 Member here 

thins out considerably, so that in the bed of the White 

Nossob River it consists of a few ribs of quartzite only, 

each 3 - 4 Metres thick, in the phyllite. Northeast 

of the river it thickens again rapidly, to reach some 

400 metres in the long Heliographenberg range on 

. .,. 

I J 
,( 



- 48 -

Otjiwarumcndu 119. , " 

structurally, a shallow syncline exists north of 

this range, straddling the White Nossot ~iver and cover-

ing portions of the farms Losberg 105 and Otjiwarumendu ::j 

119. The low rise (grid reference~~500/41250) approx-

imntely 1 km east southeast of the Losberg homestead 

forcs the most proQinent outcrop of this northern limb 

of the syncline, further evidence for which was observed 

in a gravel pit along the route of the new Dain road on 

Otjiwarumendu 119. Here a thin band of quartzite 

correlated with the Lower Member was found. Further, 

aerial photographs show a fold closure to exist imnediate-

ly southeas~ of the Eintracht railway siding. 

On the slight rise Bast of tho Losberg hom0stead 

referred to above, the quartzite resembles that found in 

the Otjiwarumenduberg, with proMinent heavy-rnincrRl 

concentrations on the bedding planes. Cross-bedding, 

on a scale of several Dillimetres 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 thin band of phyllite is 

exposed near the crest of tho hill. The dips of the 

strata appear to be mainly to the south, but since 

several northerly dips were noted the presence of ~inor 

folds cannot be ruled out. As evidenced by overturned , I 
.1 

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 and the hill described 

above quartz veins at loast 1 Detre 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 

consists 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 forns an anticlinor-

ium, with folds plunging gently both to the northeast 

and southwesto 

The Upper Member of the Kar11tsas Quartzi te is more 

continuous than the Lower :fJlember, and forms a prominent 

ridge for most of its length. Its southwestern end 

being truncated by the thrust fault on Owinieikiro 2l3~ ~ 

it swings sharply northeastwards at the northwestern 

corner of tho farm, to run just east of northeast in 

the foro of a proDinent range averaging 1,650 metres in 

height, or son9 100 metres above the plains .. This 

forms the boundary between the farns Costa 207, Dorka 

206 and Losberg 105 in the northwest and Owinieikiro 

213, Ge~sbockvley 214 and Christiadore 104 in the south-

east. The highest point of the range is reached im-

nediately southwest of the southern corner beacon 

of Losberg 105; 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 Sball rise, which dies out 
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after a further kilometre. The thickness of the 

quartzitp also decreases northeastwards, fron some 

980 netres on Owinieikiro 213 to 250 metres on Losberg 

105. Dip neasurement gave values of approximately 

60 0 W on the eastern boundary of Locarno 211, steepen­

ing to 70 - 80 0 NW along the southeastern boundaries 

of Dorka 206 and Losberg 105. Four kiloBetres north-

east of the point where the Nina-Omitara road crosses 

the range, a dextral fault with a lateral displacement 

of 500 metres was noted. 

Immediately southeast of the Otjiwarumenduberg the 

sand cover masks the geology, but from aerial photo-

graphs th& Upper Me~ber is seen to form a tight synclin-

al closure, the beds now running back in a southwesterly 

direction. Tho quartzites im~ediately forn ~ore 

prominent relief once the Christiadore 104 - Losberg 

105 boundary is recrossed. Initially overfolded to 

the northwest, the northern limb of the syncline soon 

resumes a normal attitude, although dips remain very 

steep. The quartzite forms a low ridge running as 

far as the boundary Losberg 105 - Dorka 206, where 

anothor prominent closure occurs in the form of a small 

anticlinal hill, froD which the beds swing back to run 
. 

northeastwards for a short distance. Further tight 

folding occurs in the southwestern corner of the farm 

Losberg 105 before the Upper Me~ber, now manifesting 

itself in the otherwise flat, sandy terrain as a slipht 

swell carrying occasional float, dies out in the centre 

of the far~ just north of the Otjiwaruoenduberg. In 

this area outcrop over a strike length of soce 300 

metres shows the beds .to have thinned to les8 than 100 

metres. 

-~. 

i . 

.' ~ 

: I 

, ; 
. ( 



- 51 -

Most of the hills forDed by both the Upper and 

Lower MSDbers of the Kautsas Qunrtzite fall away steeply 

to the northwest and southeast. The slopes are gener-

ally rubble-strewn, the rock breaking up chiefly due to 

tho foroation of angular blocks resulting fro~ the 

intersection of bodding planes and joints. These blocks 

are often loosened by gaDe e.g. kudu, which are still 

plentiful in the area, and by cattle which graze 'on the 

hills. Mechanical weathering probably plays an iBport-

ant part in the denudation of the hills, especially in 

winter when night tempera.turos of between _5 0 e and -lOoe 

alternate with daytime averages of 27 - 33°C. SumEler 

rainfall, usually in the form of heavy thunderstorms, 

leads to gully formation with the consequent removal of 

debri s. On the southeastern flank of the Otjiwaruillen-

duberg an excellent example of a depositional terrace 

at the lower end of such a gully was found, situatod at 

an altitude of approximately 100 metres above the plain. 

The extent to which tho quartzite rubble derived 

fro~ the hills covers the adjacent areas is discussed 

in Chapter XI. 

Outcrop of the Ka~tsas Member is confined to rela-

tively isolated bands trending parallel to the long 

axes of the hills, and exposures are usually found only 

in the upper third of the ranges. Below this the scree 

masks 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 

-10300/50220) on the western side of the Nina-Omi tar¥;':~~~ 
/. \ ,'... :.: ~~".: \ 

road on Dorka 206, approximately 1.5 km north of tl1e':" . I 
'; , 
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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 regarded 

as forming a small quartzitic interbed in the.~hyllites. 

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 Member. 

(c) ~et[9-gra£hl 

Specimen 9 was collected from the hill in the Lower 

Quartzite Member immediately w8st of the Nina-Omitara 

road on Owinieikiro 213. It is a massive, glassy rock, 

pink in colour, rather felspatpic, and contains much 

disseminated iron oxide. The thin section shows the 

grain size to vary between 0.3 and 0,8mm~ the average 

being 0.5mm. Equidimensional quartz grains, somewhat 

recrystallised and showing undulose extinction1 make up 

the bulk of the rock. Potassic felspar occurs chiefly 

as orthoclase, with subordinate microcline. Some 

micropegmatite was noted, as were perthitic intergro~ths. 

The plagioclase was determined as albite. All the 



Plate IV. A s "D cinv:ln of the oppr f'. ember of' thp 
Kamtsas Ju~rtzitA fr0m Owinie i kiro 21 3 in thin 
section. i j ~, cr0ssed nico l s. 

Plate V. Also from Owinieikiro ?l , a specimen 
of the Kam tsas UPPGr IVler>' ber in thin section. rrhe 
diffe rence in grain st~e between the two members 
of thp Karn tsas i~ cl Aarly brought out in the two 
photographs on thi s p8~e. X 35, cro 2sed nicols . 
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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 amounts. A little zircon was also noted. 

A further specimen (No. 63) from the Lower Quartz-

ite Member was collected on the northern slope of the 
, 

Dtjiwarumenduberg 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 it was seen to be of finer and more uni-

form grain"the particle size varying between 0.1 and 

De3mm, with the average lying close to O.25mm. The 

quartz grains, slight~y elongated in the plane of the 

bedding, which is emphasized by the concentrations of 

magnetite particles, form a mosaic 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-

clase occurs as subhedral laths, as does microcline. 

Albite commonly shows anti-perthitic intergrowths with 

microcline. Of the micas, muscovite is the more pro-

minent, occurr,ing as laths D.3mm long; some bioti te 

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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Plate VI. Ni crogra;·)h of a s pecimen of quartzi te 
from the Kam teas Upper Meff, ber from ; t he 0 t j i waru­
menduberg , Lonberg l05~ The lobate sutures between 
certain of the q'uartz grain s are clearly vi si ble. 
X 100, cro~sed nicols . 

Plate VII. Duruchaus phyllite from Losberg 105, 
sho\\: ing a porphyrob1a.st of clinochlore in which the 
cleavage is at a hi ~h anele to the schistosity of 
the specimen . X 100, crossed nicols . 
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oxides which are occasionally concentrated along faintly 

visible bedding planes. Specimen 67 was collected from 

the SIDQll hill in the extreme southwest corner of Losberg 

105 (grid reference -15670/46000). It is a fine-grained, 

gre~ felspathic quartzite, in which the bedding is well 

defined by the heavy-minRral concentrations. The speci-

men is cut by a quartz-filled fault lmm wide 9 with 

magnetite concentrations along its edges. This displaces 

the bedGing on adjacent sides by arproximately 2-3mm. 

Texturally~ the two specimens are again very similar, 

although there is a differonco in grain size, as was also 

noted for the Lower Member specimens taken from broadly 

similar localities. Slide 10 shows the grain size to 

vary between 0.1 and 0.8mm, averaging 0.2 to 0.3mm, while 

in s,ecimen 67 the limits range between 0.05 and 0.3mm, 

the average being 0.2mm. The bulk of each rock is again 

made up of recrystallised quartz grains, followed in terms 

of volume by potash felspnr and plagioclase. It is note-

worthy thct 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 subordin2te in both 

rocks, while accessories are epidote? zircon and chlorite. 

Table 4 'shows the volumetric 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 Wortsl 54 in the Rohoboth 

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 
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IABLE 4 

YOLUllliETRIC ANALYSES Qi: KAJ.VITSA§ QUARTZITES 

Sample No. 9 63 10 67 X 

Quartz 80.3 77.8 79.8 84.5 77 

.. Orthoclase 13.2 13.0 12 .. 6 10.0 ) 
) 21 

IVli cro c1 ine 1.4 1.1 0.8 0.4 ' ) 

Albite 4.5 4.9 5.5 3.0 ~ 
JYli ca Tr .. 0.7 0.3 0.1 ) 

) 
Iron Oxides 0 .. 5 1.3 1.0 2.0 ) 2 

) 
CarboDf1te 1.0 -) 
Accessories 0.1 0.2 Tr. Tr. 

) 
) 

; 

.............. 1 ~,.. ........... ~ ............ - T7RQFZllt ' .. " 
,,' 

Total % 100.0 100.0 100.0 100.0 100 
! .~' 

Average grain 
sizQ (LlEl) 0,,5 0.25 0.25 0.2 0.13 

Specimen 9 OWlni eiki ro 213 ) ..,. 
) Kamtsas Quartzite, Lower Menber 

Specinen 63 Losberg 105 ) 

Specimen 10 Locarno 211 ) 
) Kamtsas Quartzite, Upper Member 

Sp8cimen 67 Losberg 105 ) 

Specimen X Worte1 54, 
Rehoboth District.Kamtsas Quartzi te (Schalk 1966) 
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Krumbein and Sloss (1963, p.168), citing data by 

Williams, Turner and Gilbert, the rocks would be classi-

fied as felspathic arenites. 

For the sake of completen8ss, brief mention must 

be made of the breccia from the gravel pit on Dorka 

206, already mentioned above. Specimen 33 is a very 

fine-grained, massive, f18Sh-coloured quartzite travers-

ed by a quartz vein 4mm in width. Uneer the microscope 

quartz, as grains 0.1-0.2mm across, is seen to be the 

dominant constituent; inoipient reorystallisation 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 

occurs as irregular blebs, but also as iso12ted cubes 

after pyrite, Muscovite, biotite, apatite and epidote 

are accessories, A visual estimpte gave the following 

figures: ~ 

Quartz •••••••• D •••• 75% 

Falspar •••• 0 •••••••• 11% 

Carbonate •• 0 ••••• !II' ••• 12% 
J.Vlagneti te ....... '.' • «- •• 1% 

Accessories , .......... 1% 

It will be seen that this rock, apart from the car-

bon2te content which must be attributed to tho period of 

brecciation, also qualifies for the term felspathic 

quartzite. 

The apparent uniformity of the Kamtsas quartzites, 

as demonstrated by the descriptions and figures quoted 

above, must lead to errors in mapping and interpretation. 

It is felt that a detailed sedimentological investigation 
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of tho area between Witvlei 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 sedimonts. The lithological and 

mineralogical simi18rities between the quartzites,as set 

out above, suggest that the only possible method of dis-

tinguishing between Upper and Lower Nembers, nnd 'possibly 

between these 12tter 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. 

~ 

(a) 1iihologx 

The do~inant rock is generally a grey phyllite with 

prominent schistosity, which leads it to split r 0 adily 

into sl~bs I - 1.5cm 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 thic~ness from 5 to approximnte-

ly 30cm, the rock bein~ fine-grained and finely bedded, 

often showing chlorite and quartz developed along the 

bedding l')lanes. In composition these interbeds range 

from inpure limestones to calcareous quartzites; colours 

vary from pink to buff 1 probably depending on the iron 

oxide content. Trenchine at ono locality exposed a 

band with a bright~yellow surface. 
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As distinct fron the Dordnbis area, where the 

phyllites of the Witkoei Hill form an interbed between 

the two quartzitic members of the Noeib Formation, the 

quartzites of the Losberg area must be regarded as 

lenticular, The bulk of the sediDents is Dade up of 

phyllites which underlie, overlie and interfinger with 

the quartzite. The phyllites usually form featureless, 

gently rolling plains on which outcrop is masked by the 

Kalahari sand cover. However, examination of the spoil 

froIJ. the numerous umeerkat" burrows in the area usually 

reveals the nature of the underlying strata. The pre-

sence of phyllites containing interbedded limestone bands, 

as well as zones of calcareous phyllite, is nor~ally 

indicated by the surface development of calcrete? to-

gether with a vegetation characterised by Qetophracte£ 

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 tho syncline, at the nouthcTn on~~of.tho farm 

Losberg 105, the Upper IVlember "of the Kar.1tsas Quartzite 

is some 250m thick and becomes very phyllitic at the 

top. This zone of quartz-sericite schist contains 

cubes, 2-3mm ~cross, of limonite after pyrite, as well 

as thin bands of brown liDestone. On the southern 

side of the track (not marked on the nap) that leads 

southe a stwards fran the windpump in the contre of the 

farm, this zone is seen to be overlain by a high~r band 

of cODpact, pink, poorly bedded quartzite of unknown 
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thickness. 

Trenching on the southern liGb of this syncline, 

inncdiately northwest of the boundary with Christiadoro 

104, showed the contact between quartzite and phyllite 

to be sharp, a further thin qur',rtzi tic intorbed -

occurring in th8 phyllites so~e 2QO~ higher up in the 

succession. A trench in tho central portion of Losberg 

105, situated approxi~ately 1 krn 8outhsouth~ast of the 

windpunp (grid roference -19250/44400), showed the 

presence of several thin quartzite bands with heavy-

Dineral concentrations along the bedding planes in the 

otherwise phyllitic asseublage. A fea turc of the 

phyllites b~ouBht out by capping and tr0nching is the 

presence of nUEH?roUS bands of whi te quartz often associ-

ated with chlorite, and occasionally with massive 

carbonate. These veins a) pear to represent zones of 

dislocation, fracture fillings and secretion phenonona, 

and usually trend parallel to the regional strike. 

Owing to the generally poor surface exposures, the 

thickness of the Duruchaus phyllites is difficult to 

Since trenching has revealed the occurrence 

of southeasterly as well as the Dare CODmon northwesterly 

dip directions,fairly tight folding must be assuned to 

be present. The figures given in Table 3 above are 

thus in the nature of an estimate only, and should be 

treated with reserve. 

(c) Petrograph;y 

Specimen 71, taken from Trench 005W( S) on Losberg 

105, approximately 800 metres southwest of the White 

Nossob River and adjacent to the boundary with Christia­

dare 104, is a fragnent of grey, fine-grain8d phyllite, 
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Approxioately 2 CD. thick, it is bounded by the schist-

osity planes, to which the ~ica in the rock iDpprts a 

silky lustre. 

In thin section, the rock is seen to consist of a 

catrix of very fine-grained soricite containing porphy-

roblasts of quartz 0.050J thick and 0.1-0.2D8 long in the 

plane of schistosity. Clinochlore forGS subordinate 

bright-green, pleochroic laths elongated in t he plane of 

schistosity, yet with a cleavage at a considerable angle 

to the latter. It appears to be an alteration product 

of biotite, occasional fragLents of which it was seen 

to be replacing. ~agnetite occurs as finely dissemin-

ated subhedral to nnhedral grains of average size 0.05 

to O.lDm. Accessories are carbonpte, fe1spar and tour-

Dalino, the latter probably of the schorlite variety. 

Specinen 76, froEl Trench 050W in the saDe locality 

as that above, closely rese~bles No. 71 in hand specinen. 

In thin section the very ouch finer grain size and the 

presence of appreciable anounts of ferruginous naterial 

precluded a detailed exanination. 

A grey quartz-sericite schist, Specimen 69, was 

collected froe Trench 21(i) on the right bank of the 

Whi te Nossob River approxiDa t~ly 400 :18tres downstream 
.. 

from the hooestead on Losberg 105. Tho schistosity 

planes of the rock, apparently COinciding with the 

bedding, show two L;utually perpendicular sets of crenu-

lations, the one al@ost vertical, the other with a very 

gentle southwesterly plunge. 

Under the microscope the rock is seen to consist 

of quartzitic layers, sonewhat folded, set in a quartz-

seri ci te T:la trix. The quartzitic bands are irregularly 

,J 
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spaced, and average 1.5mm in width. They contain 

granoblastic elongate quartz crystals of average size 

O.lmm~ often with develop~ent 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 cranulations of wave 

length O.25-0.3mm. Quartz porphyroblasts in the 

sericite are elongated in the plane of schistosity; an 

incipient cleavage axial planar to the minor crenula-

tions is visible. Biotite and chlorite are locally 

developed; apatite occurs as rounded grains, and as 

crystals elongated parallel to the schistosity. Iron 

oxide, pro9ably limonite, is present as yellow irregu-

lar masses. Prisms of brown, pleochroic schorlite 

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

across, is 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 sericitic matrix; 

subordinate laths of muscovite are present. Apatite 

and tourmaline occur in minor amounts. The slide is 
.. 

murky owing to the presence of amorphous aggre.gates of 

iron oxide, probably limonite. This mineral is con-

centrated in the slide especially in one band approxi-

mat ely I .. 25mm wide, as particles 0.05-·0.l5mm in diameter. 

Table 5 shows the approximate modal compositions 

of Specimens 69, 71, 73 and 74, estimated visually. 

From these figures no general conclusions concerning 

the average composition of the phyllites can be reached 

: I 



!~BLE 5 

APPROXllfiATE!:1llJERALOGICAL COIVlPOSITION Of. 

DURU.Q[IAUS PHYLLITES 

SP ECIlV1EN 69 71 74 76 
------

Quartz 30 22 45 73 

Sericite 64 74 50 16 

Plagioclase Tr. 

rJli ca ) Tr. Tr. 
) 3 

Chlorite ) 2 

Iron Oxi des" 1 2 5 10 

Accessories 2 Tr. Tr. 1 

------------------

100% 100% 100% 100% 

Specimen 69 Quartz-sericite schist Trench 21( i) ) 
) ..,. 

u 71 11 " phyllite " 005W(S)) 
) Losberg 

" 74 u " n " 33 ) 105 
) 

" 76 " It " " 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 carbon-

ate assumed to be siderite or anker-ito. 

The thin section shows layers of quartz alternat-

ing with layers of calcite, the latter mineral being 

slightly more abundant and occurring as subhedral crys-

tals approximately O.2mm in diameter. Quartz is present 

as recrystallised grains O.05-0.2mm across. Plagioclase 

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 O.5-1.0mm. 

Specimen 73 comes from Trench 33 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 presen~ on the bedding planes. 

Specimen 75, from the same locality, is a calcare-

ous quartzite. It is a fine-grained, grey-green rock 

consisting of bands 1-2mm thick of quartz-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 
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b.)2£B.Q.XIlVi~::rE IVlINEHALOGICAL COrJlPQSITION OF 

Q~RUCHA~§ LIMESTONES 

SPECI}lEN 72 73 

Calcite 55 74.9 

Quartz 40 22.0 

Albite 5 0.9 

Mica Tr. 0.8 

Iron Oxides Tr. 1.4 

100% 100.0% 

75 
---

20 

70 

5 

4 

1 

100% 

Specimen 72 Limestone Trench 005W(S)) 

It 73 " 
tt 75 Calcareous quartzite 

" 33 

" 33 

) 
) 
) 
) 

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 Imm wide of muscovite laths 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 size O.2mm, 

probably after pyrite. 

Table 6 gives the visually estimated compositions 

of Specimens 72 and 75, as well as the more reliable 

results of a micrometric analysis of Specimen 73. This 

latter was stained to determine the presence of dolomite, 

but with negative results. Specimens 72 and 73 are 

probably best described as quartzitic limestones, while 

Specimen 75 represents a calcareous quartzite. 

This 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 white 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 

o and dips at 34 to the northwest. On the other limb 
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of the syncline the dips are steep, e~g. 850 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 resembling that of the Kamtsas Member. This 

is not found everywhere, but if present 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: 

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 15cm across. 

These fragments, constituting at least 50% of the rock, 

are set in a ferruginous and calcareous matrix. They 

occasionally show a very fain~ 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 
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isotropic between crossed nicols. 

(b) A very finely crystalline aggregate (grain size 

less than O.05mm) of quartz and felspar in an 

essentially dolomitic matrix. 

Of the two types only (a) shows any stratification. 

Where both types are present in one fragment, the con-

tact betwe~n 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 O.05-lmm, set in a calcite-limonite 

matrix. The calcite locally shows flow-texture, denoting 

further br~cciation 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 inclusions; 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 as partial 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 quartz 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 th~ flow-

structures that are developed locally in the calcite. Re-

placement of dolomite by calcite is now taking place. 

This type of breccia forms isolated boulders con-

sisting of scattered, rounded fragments in the size range 

O.5-3cm, set in a gritty pink matrix of quartz and occa-

sional rhombohedra of carbonate. The rock is very 

calcareous, reacting strongly with dilute HCl. It is 

subject to xeplacement by surface limestone. 

In thin section s}ecimen 119 is seen to consist of 

quartz, dolomite and irregular fragments of brecciated 

quartz-felspar-calcite material in the size range 1.5-

5mm, 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-

maline, 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. 

Overlying the two types mentioned previously and 

occurring immediately below the marble, but of very 

limited distribution, is a slightly brecciated and 

folded quartzite. The rock is grey to buff in colour 

and finely bedded, with heavy-mineral concentrations 

; j 



- 66 -

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 

quartzite bands 1-2mm thick alternating with layers of 

pink, coarse-grained carbonate. A green flaky mineral 

occurs in patches 2-3mm 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 

quartzi te and coarser quartz-caroonate. 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 O.2-0.3mm 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 present 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 

prominent cleavage; cross-sections 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 
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a negative elongation. I t was further found to be 

optically negative, with a 2V angle of approximately x 

85°. From the foregoing it was identified as the soda 

pyroxene acmite. 

Biotite, as deep-brown, strongly pleochroic grains, 

is 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 forms smaller fragments scattered 

throughout the rock, inclusions in the pyroxene, and 

gives rise to later veins cutting the rock. 

A visual estimate of the mineralogical composition 

is given in Tabla 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 
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TABLE 7 

APPROXIIV1ATE MODES OF SPECIMENS FROM ~LOCARNO gIl 

SF ECIIVIEN NO. 

Dolomite 

Calcite 

Quartz 

Plagioclase 

l.Vli cro 01 ine 

l.Vlica 

Acmite 

Iron Oxides 

Specimen 116 

Specimen 117 

Spe aimen 120 

116 117 120 

94 83.8 3 

4 6 

2 Tr. 70 

Tr. 2 

3.9 Tr. 

Tr~ 11.9 2 

15 

Tr. 0.4 2 

--------..... -
100% 100.0% 

Pink marble overlying breccia. 

White dolomite underlying breccia. 

Breccia, type (iii). 

100% 

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 

serici tee It was found to be 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 Hel 

The residue contained quartz, carbonate 9 and the unknown 

mineral on which refractive index determinations were fuen 

carried out .. The following values for the optical con-

stants were obtained: 

1.529 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. A~proximately 20 peaks on the 

diffractogram could be matched with values for microcline 

given in the ASTM cards. Intensities were markedly 

lower than those quoted 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 quoted in 

Table 7. 
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Plate VIII. Thin section of dolomite from the 
breccia on Locarno 211, showin~ l aths of the 
mineral tentatively ide~tified as microcline. 
X 35, crossed nicola . 
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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 

Transvaal 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 plaoe. 

(i1) The presence of bedding in the breccia fragments. 

These may often be fitted together, so that the 

original 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 Dolomite. This, with 

its cherty upper portion, would have provided the bulk 

of the material for the conglomerate. Locally, quartz-

ite pebbles from the Blaok 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 

. r 
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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, anomalous con-

ditions led to the preservation of some of the original 

banded cherts, which may be observed to grade laterally 

into the br~cciated varieties. 

For conglomerates formed in this manner, Handley 

proposes the term Ilinfraformation conglomerate tt
• 

In the occurrence On Locarno 211, the breccia 

horizon is overlain by a dolomite. This rock type, a1-

though often a good aquif~er, 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 the~ very 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 

{ . 
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that the latter has also been formed in situ. The 

present author therefore concurs with Handley, and would 

like to see th6 term Hinfraformation conglomerate" 

applied to this occurrence. 
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In order to present the background for a discussion 
of the Damara System between Witvlei and Omitara, lit­
erature covering the eugeosynclinal portions of this 
System in other parts of central South West Africa is 
reviewed. Then follows a detailed treatment of simi­
lar rocks in the vicinity of the farm Losberg 105, where 
the main lithological types are quartzites 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 dedolomitisation. 
It is concluded that the Hakos dolomites are true dolo­
mites, possibly in part of organic origin. The pebble 
conglomerate found 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 
melanocrat~c 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 
Joachirnstal 107. 

Introductor~-E~~rk§ 

Following on the early, hroad classification of 

the rocks of South West Africa into a "1iUndamental 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 ro ck s 0 f th~ lVlari enho f and Duruchaus 

Series to be overlain by his "Primarformation", his 

geological subdivieion of which was modified and ex-

tended by Gevers and Frommurze (1929) to cover the rocks 

of Northwestern Damaraland, and by De Kock (lg34) in 

the Western Rehoboth. The changes ir nomenclature 

since this classification was set up have already 

been discussed. 

,'( 
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General stratigra£hy-an£_LitholQgx_2f the SW§~Q£ Facies 

Qf ehe Damara Syst~ll-£Quth~est-hfric§ 

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; a maxi-

mum development of 3,000 metres is attained in the 

Hakos J.'ilountains. 

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 
recrystallised, 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 Rrhoboth, 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 - 30cm. 

The thickness of the tillite horizon varies from 30 

to approximately 1000 metros. 

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 Formation. This 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. 

{ . 
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The "Marble Series" just described is conformably 

overlain by the great thickness of schistose rocks 

tha t consti tu tes the "IVli ca-Schi st Seri es", now termed 

the Khomas Series. These rocks, ranging from mica-

schists through arenaceous schists to micaceous quartz­

ites, contain (Gevers, p. 36): 

" •.•••••.• numerous narrow bands of altered, 
usually ferruginous limestone, as well as bands Qf 
"marble" - granulite, garnet-granulite and, less 
commonlY1 amphibolite. Ortho-amphibo1ites 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 (1934) found 

tha t (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 quartzose 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 "Hohev\TartB Series" and equated 

with the Duruchaus Series by Gevers, have been shown 

by Schalk (1961) to grade along strike into tho Lower 

Hakos 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 tho very attenuated 
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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 Khomas Series. 

In contrast, Martin (1965, p. 37) states that in 

the Dordabis area the Damara System overlies the Nosib 

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 stratigraphy and lithology of 

the Lower Hakos Stage is extremely varied, facies 

changes from "sugary" quartzites 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 

maximum thickness of 180 metres is quoted 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 
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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 he absent from the southern 

side of the Basement ridge that separates the Outjo 

Facies from the Swakop Facies. Accordingly, the 

Damara System rests directly on quartzitic and granitic 

gneiss, and begins with a basal conglomerate, or a 

tilloid which Frets interprets as corresponding to the 

ChUGS Tillite. This would indicate that tho 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 linestone followed by 

arenites and argillites correlated with the Khooas 

Series. 

In tho 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 begins 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 
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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 J2AJ.VIARA SY STEM BETWEEN WI TVLEI AN D OMI TARA 

Outline oLStratigra~hy and struoture 

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 essentially 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 

. .,-
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the Hakos Series, and possibly even the lower portion 

of the Khomas Series, is present in this region. If 

the Eintracht 118 congloDerate 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 

mapped. 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 do~inates the northern 

portion of the region. The railway line roughly bisects 

this feature between Diann 117 and ODatewa 113. To the 

south of the White Nossob River there occurs a large 

syncline, whose folds die out rapidly towards the west. 

The schists interbedded with the more competent quartz­

ites and dolonites are in part folded isoclinally. 

In the following sections it is proposed to discuss 

at some length the lithology, distribution, field re-

lationships and petrography of the various rocks that 

make up the Hakos Series, and the lower part of the 

Khomas Serios, between Witvlei~and Onitara. Details 

are given of attempts to detect variations in nineral-

ogical composition of the many quartzite horizons in 

the succession. These are usually not easily dis-

tinguishable froD one another, and often closely 

res8nble the Karntsas quartzites. Furthermore, 

I:.1ineralogical studies were undertaken on sor.'le of the 

many carbonate units in this area, as well as on the 

Bnphibolites and the Dachsberg gra.nite. 

" 
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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 zone. 

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 quartzite which, on Losberg 105, forms the 

Okaheberg. The essentially linear nature of this 

quartzite-dolomite unit is in marked contrast to the 

fairly tight folding found in the 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 Nosib Formation, since the 

latter was obviously involved in orogenic movements 

before the Damara sediments were deposited. However, 
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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 has here thinned to less than 

5 metres and is extren'ely breccia ted. 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 Nosib Formation, as suggested from Map 2, is in 

large mea~ure 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 ruining past the windpump 

(grid reference -16850/39120) in the centre of Goldene 

Aue 106 is approximately 5.6km. Only l3km. 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 
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quartzite-dolomite unit of the Damara System. A far 

moro plausible explanation is that faulting along the 

shear zones has resulted in the wedging out of certain 

stratigraphic units, leading to the anparently uncon­

formable relationship between Nosib and Damara sediments, 

especially on Eintracht 118. 

Th~Q§L!~i!~E_gng_A§§Q£i§lQQ~arQQll§1g-BQ£ks 

(a) Introd1lQtiQ]l 

It is proposed to describe those two rock types 

together Since, as a study of the geological map (Map 

2) will indicate, they are usually associated in the 

field with each other. The alternation of quartzites 

with limestones and dolomites appears to be character­

istic of the early period of Damara sedimentation. 

This feature is well represented in tho extre~e 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 of ton, but not necessarily every-

where, give rise to prominent rolief. This fact was 

extensively used in the photogeological interpretation 

of the regional stratigraphy. Generally, the quartz-

ites range from fine-grained,· buff to grey, bedded 

typos, showing heavy-mineral banding and conspicuous 

cross-bedding, through massive, reddish, felspathic 

varieties to sericitic, flaggy quartzites; calcareous 

quartzites are rare. Most of these types may bo 

found at any lovel 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 tho present author have not revealed sig-

nificant differences between tho various units. 

The carbonate rocks associated with the quartzites 

also show a considerable number of types; lateral 

variations along strike from one variety to another 

are not uncommon. The most widespread variety is 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? as have 

local occurrences of coarse-grained, pure-white dolomite. 

The small amount of quartz usually present is concen-

trated along bedding planes, and causes those 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 member of blue marble is followed by white, ~ 

coarsely crystalline dolomito, the succession being 

capped by a reddish-brown limestone. This latter was 

found at isolated localities only. 

The marbles and dolomites in tho area may form 

prominent rolief; tho VierkuRpenbcrg 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 camel thorn 

tress (Ac~cia giralli§&.) on these calcareous bands 
,j 

has already been mentioned. Even in areas of deep 

sand, where the adjacent quartzite horizons would not 

be found cropping out, the marbles often form low 

pavements. In aroas devoid of outcrop the doeper-red 
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colour of the sand over these rocks usually helps to 

demarcate the horizon in the field. 

(b) Di£iriQution~Q Field Relationshin~ 

lhe~~l_Unii 

In the area between Witvlei and Omitara the Hakos 

Series begins with a quartzite 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 toe farm Losberg 105 and, as mentioned above, 

provides little significant information. 

Owing to poor topographical exprossion, exposures 

along this quartzite horizon are not good for most of 

its western portion, and the mapping here is, of 

necessity, largely inferential. However, the over-

lying dolomite was 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 
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skin of calcrete, of fine-grained? finely bedded blue 

quartzite containing disseminated iron oxides. Bands 

of roddish carbonate parallel to the bedding suggest 

that the rock is rather calcareous; this was borne out 

by subsequent study of a thin section. 

On the farm Losberg 105, some 6 km. further to the 

northeast, float consisting of vein quartz and iron-

stained quartzite was found below outcrops of the over-

lying dolomite. From here northeastwards the quartzite 

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 

contaot between dolomite and quartzite. 

From Costa 207 to the centre of Losberg 105, the 

thickness of this basal quartzite appears ro remain 

fairly constant, and is estimated as 150 metres. The 
. 

overlying dolomite measures 200 metres at the Dorka 

homestead, 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 
. I 

plain. From this, its maximum development, the dolo-

mite thins rapidly and dies out along the northwestern 

flank of the Okaheberg. 
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From the abovementioned small fold north of the 

windpump in the oentre 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 overturning 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 distanoe of nearly 1.5 km. Shear-

ing is indicated by the presence of massive vein quartz, 

At the Okaheberg, which rises to a height of 150 metres 

above ths surrounding country, the quartzite approaches 

500 metres in thickness over a strike distance of 2.5 km~ 

before thinning rapidly. In the exposure immediately 

southWGst of the White Nossob River, it is only 5 metres 

thiok, still overturned and rather brecciated. This 

seotion forms the western end of one of the numerous 

shear zones between Nosib 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, onlj 1 - 2 metres thick, and 

lies between quartz-sericit~ 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 quartzites and dolomites. 

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 

outcrop 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 quartzite 

horizon is some 400 metres thick, but swells to over 

600 metres in the Loskop, a hill lying 1.5 km. further 

east. Between this prominence and the farm Goldene 

Aue 106, the quartzite forms a very low ridge only, 

but appears to reach its maximum thickness of 850 metres 

some little distance northeast of the Dorka homestead. 

Outorop 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-

The northwestern limb, on the other hand, 

forms a hill (grid reference -15300/43900) 300 metres 

.j 
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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 quartzite 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, colleoted on Costa 207, 1.5 km. 

west of the boundary with Dorka 206, is a very fine-

grained quartzite 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 antiolinal hill on the boundary 

fence Dorka 206/Costa 207 rospectively, are very similar 
.. 

in hand specimen. The Loskop quartzite shows a some-

what pockmarked weathered surface. 

Immediately north and northeast 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 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-

ly 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 covered 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. southwest of the windpump but could, 

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

~ . 
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towards Astra 205. One kilometre north of the wind-

pump, a body of basic 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 contact 

with the dolomite. The rock will be described in 

detail in the section on the igneous rocks. 

Northeast of the White Nossob River the quartzite 

horizon thickens further owing to the presence of 

intercalated quartz-sericite phyllites. Outcrops on 

the northeastern bank of the river, on the boundary 

Diana l17/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 

quartzite is only 20 metres thick where exposed on the 

river bank; the colour here ranges from pink to blue­

grey_ Immediately overlying this horizon are quartzites 

with interbedded graphitic schists. 

Away froID 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 ri4ge, 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 

rail way 1 ine. 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 presonce of a 

conglomerate 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 

Pink dolomitic limestone 

White dolomite 

Blue dolomite 

200 metres 

270 

280 

" 
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The horizon again forms a prominent ridge in the 

eastern cornor 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 Viorkuppenberg, 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 quartzites. 

Emplacement of the Dachsberg granite near the 

southwest~rn boundary of Sandflats 123 appears to have 

led to lateral compression, causing the coalescence 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. Remnants 

of the colour sequence described above 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 tho steeply dipping dolomite 

bands combine to form a ridge whose spine is formed by 

the fault zone. This latter broadens eventually to 

engulf completely all the dolomite bands, one of which 

reappears 2.5 kill. 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, togother with the conglonerate, 

is well represented. It reachGs a thickness estimated 

• j 
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to be well over 800 oetres in the southeastern corner 

of Sandflats 123. 

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 with the 

help of aerial photographs. In tho field, isolpted 

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 

successiDn. 

Tonal changes in the photographs reveal the exis-

tence of a large syncline, trending roughly westnorth-

west across Blischo\lT 108, Joachimstal 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 interpretation could, 

fortunately, be checked in the extreme west of Joachim-

stal 107. In this locality, 1 km. southeast of the 

boundary with Blischow 108, a small eminence, termed the 

"Quartzi te Hill" by the pre~sent au thor, 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 tiS" shape, and apparently lying in the 

axial plano of the syncline already referred to. The 

ridge rises to a height of some 10 metres above the 

level of the surrounding country, which hero consists 

of slightly undulating grassland on red sand. The 
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immediate vicinity is devoid of outcrop. Float on the 

Joachimstal 107 - BUschow 108 boundary shows the quartz-

ite horizon to continue northwards, but no exposures 

of quartzite or dolomite could be found in th8 bed of 

the White Nossob River, west of the Kuduberg. The 

southwesterly 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 

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, fino -grained, woll-

bedded, and rather micaceous. On the outer (i.e. 

eastern) side of the southern portion of the "s" 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 

is very friable and more flaggy than the lower quartz-

ite, splitting easily along the bsdding planes. 

Cubes, 1 - 2mm in size, of limonite after pyrite are 

.' 
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developed, as arc occasional needles, up to lcm long, 

of black amphibole. 

Both quartzite units oxhibit ono prominent linea­

tion; occasionally a second linear feature was observed. 

With an average westerly dip of 60 0 these quartzites, 

together with the softor 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 70 0
, has an 

outcrop width of 40 metres. A precise thickness could 

not be obtained 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 Hil11 

the dolomite forms low pavements exhibiting the typical 

"elephant's hidet! 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 possibly 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 fine-grainod dolomite to be in process of replace-

ment by a coarse-grainsd pink carbonate, with con co-

mitant introduction of iron. 

. ) 
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Where the actual oontaot is ~xposed, the dolomite 

is seen to grade into the quartzite by means of a zone, 

up to 3 metres thiok, of intense breooiation. If one 

inoludes the abovementioned remnants of quartz breooia 

in the dolomite, the zone is at least 10 metres thiok. 

Outorops here take the form of rounded boulders up to 

1 metre high, of white quartz heavily impregnated with 

iron oxides. No trace of any original bedding oan be 

seen, but in places iron oxides, now largely altered 

to limonite, give sections of the rock a pseudo-

stratified appearanoe. Layers 2 - 3mm 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 cement 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 alterod 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 

quartzite; owing to poor exposures no estimate of 

thickness can be given. The rook is lighter in colour 

than the lOWer dolomite, and of coarser grain. Ocoasion-

al siliceous layers, several centimetres thick, are 
, } 

present. { 

The feature which dominates the central northern 

portion of the area napped is the KUduberg-Omatewaberg 

.' 



- 97 -

massif, an eroded anticline of Damara quartzite now 

trans8cted by the White Nossob RivEr. Bo t h I i ~'1 b s 0 f 

thG anticline give rise to proninent r8lief, the Kudu-

berg at 1748 netres being the highest point of the 

country between Witvlei and Omitara. It forns a huge 

wha1eback trending towards the northwest, and oeasuring 

4.5 kG. in length. Its counterpart on the northern 

side of the river, tho Onatewaberg, is so;v.8whnt'lower 

and only 2 k~. long. The phyllites and schists under-

lying 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 an~icline is not well exposed. On the river 

bank on Diana 117 the qURrtzite is sediuD grained and 

rather r:1assive. Away from th8 river, the geology be-

co~es masked by gravel and calcrete; north of the 

Windhoek-Gobabis road Kalahari sand is found. I t is 

only in the extreDe east of the farm Diana 117, between 

the road and the railway, that good exposures of the 

quartzite arc found. Co~pression and faulting during 

the folding of tho DaD2ra rocks has resulted in the 

southern liDb of the KUduberg-Omatewaberg anticline 

Beeting the straussenkuppe-Vierkuppenberg unit nearly 

at right angles. The Kudub~rg quartzite swings 

sharply to the northeast, and the core of this fold is 

now occupied by the Hutberg, a aDall conical hill 

rising approximately 60 metres above the surrounding 

country, 

On the northern flank of the Hutberg 9 friable 

felspathic quartzites are exposed, dipping southwards. 

These are overlain by a thin band of fino-grained, 

grey quartzite, containing disse~inated iron oxides. 
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The suo.rr!i t of the hill is cOrlposed of massi ve pink 

quartzite showing occasional cubes, Imm in size, of 

The fracture of this very fine-grained rock 

is conchoidal. 

Northeast of the Hutberg the southern limb of the 

anticline does not outcrop again before being cut off 

against the southwestern end of the Vierkuppenb~rg by 

the fault described earlier. 

In contrast to 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 portion of the northern flank of this hill is 

well exposed by a neander in the river. The nose of 

the anticline, really an anticlinorium, plunges west­

o northwest at some 20 and straddles the boundary 

between Joachimstal 107 and BUschow 108. When viewed 

from a distance, 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 quartzite has 

a hard smooth surface. A fresh surface of the rock 

shows resilicification to have formed a skin approximate-

ly lcm thick. Beneath this, the rock is "floury" and 

resembles the grey quartzite composing the softer layers 

in the hill. These latter bands weather with peculiar 

knobbly surfaces. The Omatewaberg exhibits a similar 

banding, which is 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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Pl ate IX. View northwestwards from Diana 117 to 
the Omatewaberg, showing the laye r ing due to al ter­
natin~ bands of differin~ hardness in the quartzi te. 
The dry bed of the whitp Nossob Rive r i A in the 
fore lo; rol1nd. 
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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 breaks into large slabs. 

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 Tiver, the upper portion of this quartzite 

horizon presents an entirely different appearance. 

Here the rock is pink, felspathic, massive and very 

compact. The surface weathers irregularly, forming 

small cavities. Besides 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 th~ thickness of this unit 

very unreliable. The most accurately definable section 

across the strata is obtained adjacent to the White 

Nassob 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. This 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 camel thorn trees growing on it. ~ 

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, 

some 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, immedi~tely north of the ruin 

(grid reference -18050/34350) on Joachimstal 107, the 

dolerite intrusion already mentionod 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 variety, which here is 

yerl rich ill 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 

roference -16850/34300) forms an outcrop 50 - 60 metres 

wide. The dip is very shallow, southerly and in the 

range 10 - 300
• 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 em in length. A section of th0 rock shows it to 

be a marble, consisting of alternating blue and white 

bands corresponding to tho 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 the white bands are seen 

to be more resistant than tho blue layers. 

From the oxposure just described the dolomite 

horizon could, from aerial photographs, be traced 

westwards, curving round the nose of the Kuduberg. 

It was next seen to outcrop on the southern bank of 

the White Nossob River, in the sharp bond (grid 

reference -13600/29900) 2 kmo below the boundary 
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Osombaho 112 - Omatewa 113. Here the upper few 

metres of the Kudubcrg quartzite horizon are exposed, 

and are se6n to be interbedd8d with narrow bands of 

amphibolite and biotite-epidote schist. The quartzite 

is followed by 3 - 5 metres of talc-carbonate schist, 

very well exposed on the river bank. The uppermost 

bedding plane of this rock, immediately below the 

overlying dolomite, shows the development of two sets 

of minor folds, the ono running across the other at a 

high angle. This dolomite is the typical blue-grey 

variety, and is only 10 metros thick in this exposure. 

It is overlain by schists which may locally be graphitic. 

The Omfrtewa 113 section of the dolomite had, per­

force, to be interpreted from aerial photographs. 

Dolomite outcrop in the form of low pavoments was, 

however, onco more observed 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 metres 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 described; 

the most easterly outcrop of this band in the area 

mapped is on the eastern side of the track running 
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through Sandflats 123 to Airlic 124. 

Between Altonstoin 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 

eastern Gxtremitios by shear zones. Between these 

. two bands there occurs a curious circular outcrop 9f 

dolomite in the northwestern corner of Eintracht 118. 

This appears to represent 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-

spread occurrence of a zone of shearing betweon adjacent 

quartzite and dolomite-limestone units. Where dolomite 

overlies quartzite, this was noted as brecciation in 

the quartzite and as outcrops of vein quartz, on: 

1. Eintracht 118, below the Vierkuppenberg; also 

west of this hill, near the boundary with Diana 

117; 

2. Diana 117, on the southeastern flank of the 

Hutberg; 

3. LosbGrg 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 quartzite 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 • 

• Petrograph~ 

(a) The Quartzites 

It is proposed to deal, in some detail, with the 

petrography of one or two specimens 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. 

in Table 8, later in the chapter. 

These are given 

Specimen 35, collected from the kraal immediately 

south ~f the Dorka 206 homestead, is a fine-grained, 

finely bedded blue quartzite. A skin 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 

granoblastlc elongate quartz and carbonate crystals. 

zones composed solely 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 Imm wide, running parallel to the 

bedding,and represents a quartzite invaded and par­

tially replaced by later quartz-carbonate solutions. 

The dolomite overlying the quartzite provides a 
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source for this mineralogical component. Plagioclase 

is 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 

quartzites. 

As in the case above, specimen 62 comes from the 

lowermost band of Damara quartzite, from the southwest-

ern end of the Okaheberg on Losberg 105. In hand 

.specimen the rock is pink and massive. In thin section 

granoblastic quartz grains with lobate sutures and 

undulose extinction are seen to make up the bulk of the 

rock. Th& average grain size 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 

olay, now altered to seriCite, ocours interstitially to 

the quartz grains. Both potaSh and soda felspars are 

present, occasionally in micropegmatitic intergrowths 

with quartz .. Orthoclase is usually cloudy with in-

oipient 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 

farms Dorka 206 and Costa 207. In hand specimen all 

are massive and range from grey to pink in colour. 

Under the nicroscope a reduction in grain size to 

approximately 0.2mm is evident when compared with rocks 

from the lowormost Damara quartzite horizon. The clay 

matrix is also less abundant. The felspar content 
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Plate X. Microgra, h of quartzite from the 10s­
kop on Dorka 20 6 , shoVli n ~ a zoned crystal of 
t ou rmaline, formin~ part of the acce . sory miner­
als . X 500 , cr0 8sed nicols. 

Plate XI . A slide of Damara qucr tzi te showinp the 
now sericitized clay cemen t between the grains . 
X 100, cro ssed nicols. 
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rangos from 6.7% for specimen 8 from Costa 207, to 

16.1% for specimen 31 from the Loskop on Dorka 206; 

the quartz content varies in inverse proportion. As 

was the case for specimen 62, orthoclase is cloudy and 

beginning to alter, whereas microcline and plagioclase 

are still fresh. The iron oxide content averages 0.9%. 

Accessories include zoned tourmaline, apatite, zircon 

and epidote. 

In hand specimen as well as in thin section, 

specimen 7 from the Straussenkuppe on Astra 205 is 

rather similar to the rocks described immediately above. 

At 0.5mm, the average grain size is somewhat larger. 

A little sericite, representing a former clay cement, 

is still present between the quartz grains. These 

are granoblastic with undulose extinction, and occasion-

ally show overgrowths of later quartz, not in optical 

continuity with the original grains. Some micropeg-

matitic intergrowths with felspar were noted. Magnetite 

occurs as dust and as occasional anhedral grains. 

Accessories are apatite, tourmaline and zircon. 

Some 15 km. further to the northeast, along the 

same horizon, specimen 20 was collected from the kraal 

adjacent to the Diana 117 homestead. Of approximate-

ly si~ilar grain size as that of previously described 

specimens, the rock shows no bedding, and in outcrop 

has a weathered brown skin up to 1 em thick. In 

terms of composition, the only features of note are 

a somewhat higher magnetite content than that noted 

previously, and the presence of andesine instead of 

the more common plagioclase, albite. 

The Kuduberg-Omatewaberg unit and its easterly 

extension yielded several samplvs. Specimen 21, 
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Plate XII. Damara quartzite from the straussen­
ku~p e on Astra 205 under the microscope . Mortar 
texture is well developed. X 100, crossed nicols . 

Plate XIII . Thin section of quartzite from the 
Hutberg on Diana 117 . Glaucophane (g), here 
shown in basal section, forms one of the accessory 
minerals . It is partly enclosed by calcite (c). 
X lOG, crossed nicols . 
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from the summit of the Hutberg, is a fine-grained, 

compact, pink quartzite. In thin section it shows 

granoblastic-polygonal texture. Mortar texture is 

occasionally developed. Microcline and albite are 

again fresher than the orthoclase. Some antiperthite 

grains are present. Instead of the usual iron oxide, 

magnetite, pyrite predominates in this rock. Cubes 

up to Imm on edge are common, and are often seen'to be 

in process of replacement by magnetite; the latter is 

itself, on the grain edges, partially altered to haema-

tite and limonite. The specimen differs from the 

usual Damara quartzites in that it contains 1.4% of 

carbonate. Further, epidote amounts to 0.5%. Acces-

sery minerals are sphene, apatite, zircon, tourmaline, 

biotite and glaucophane. This latter mineral is 

present as very isolated grains, usually associated 

with calcite. It occasionally shows the typical 

amphibole cross-section, and displays the customary 

striking pleochroism. 

Specimen 23 was obtained from the same locality 

as that above. It is also a fine-grained, massive 

quartzite, grey in colour. In thin section the rock 

exhibits granoblastic texture. As in specimen 21, 

the average grain size is 0.3mm; mortar texture is 

again developed locally. In contrast to that above, 

the quartz grains have undulose extinction. The 

carbonate content was determined to be 1.8%. The 

calcite is idioblastic, rhombs up to O.7mm across 

being common. The mineral is often poikiloblastic 

and contains either wholly or partially enclosed 

grains of quartz, felspar, iron oxides, mica and 

chlorite. 
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TABLE <3 6 
...::.J 

MICROMETRIC ANALYSES OF 13 DAMARA QUARTZITES .t:i 

- - --_ .. - ~~-

SpeciL:l~n Noo 7 8 21 23 31 32 35 41 62 82 , 84 104 106 

Quartz 82.8 87.8 81) .. 3 77.7 79.5 84.4 72.4 85.0 82.4 87.6 89.9 77.9 82.0 

Orthoclase 8.6 4.4 8.3 12.7 10.6 9.4 Tr - 7.1 6.0 6.0 - 0.6 

.~ 
Microcline 1.L1 1.1 2.6 1.5 1.4 0.6 Tr - 0.4 1.1 - - -
Albite 3.4 1.2 5.2 3.1 4.1 3.6 1 .. 4 5.4 1.8 0.9 1.4 - 0.3 

Mica. T:r: 0.4 Tr Tr Tr 0.3 - 0.1 Tr 1.2 1.7 21.9 16.7 .. 
Sericite 2.5 4.0 Tr Tr 3.4 0.4 Tr Tr 5.5 2.2 - - -
Iron Oxides 

0.8 1.1 0.9 2.6 0.8 0.9 & Sulphides 4.4 1.9 2.7 1.0 0.6 0.1 0.2 

Carbonate - - 1.4 1.8 - - 21.8 1.9 - - - - -
Accessories 0.5 - 1.3 0.6 0.2 0.4 - 5.7 0.1 - 0.4 0.1 0.2 

TOTAL 100. O~~ 100.0% 100.0% 100.0% 100 .. 0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100 .. 0% 
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At certain localities on the Hutberg, smooth 

weathered surfaces of the pink quartzite show develop-

ment of curious apple-green spots. These are rounded 

to elongate, and may measure up to 4cm across. On 

breaking the rock across several of these spots, they 

were seen to be confined to the immediate outer~skin. 

One such discolouration showed development of a felted 

mass of tiny green needles, which were identified under 

the microscope as epidote. It appears that, even 

where such needles are not visible, the green coloura­

tion on weathered surfaces of the rock is caused by 

local, above-average concentrations of epidote group 

minerals. 

Specimens 82 and 84 were taken from the western 

and eastern end, respectively, of the Kuduberg. Of 

average grain size 0.3mm, they are very similar in 

mineral content. In contrast to the Hutberg quartz-

ites, their felspar content is much lower. Mica, 

especially sericite in specimen 82, is present in 

larger amounts than is the case further e.ast along 

this horizon. Some of this sericite is interstitial, 

and probably represents a former clay cement between 

the quartz grains. 

Specimens 104 and 106 were collected from the 

uppermost exposed quartzite horizon in the region i.e. 

the Quartzite Hill on Joachimstal 107. Both average 

O.2mm in grain size. Their light colour suggests a 

low heavy-mineral content and this is borne out by a 

study of thin sections. Both specimens are very 

"clean", the rocks being composed almost entirely 

of quartz and musoovite. The quartz shows undulose 

,.~ 

~ . 

.",' 

{ . 

;'1 



- 109 -

extinction and often encloses the mica poikiloblastic-

ally. Accessories are epidote, tourmaline, zircon, 

sphene and apatite. 

Mention lliUSt be made of two further varieties 

found in the region mapped. Both are of extremely 

local occurrence and are not typical of the Damara 

• quartzites as described above. 

Specimen 15 was collectod from the eastern side 

of the track leading from Otjiwarumondu 119 to Airlie 

124, approximately goo metres north of the southern 

boundary of Snndflats 123. In outcrop the rock forms 

one isolated boulder only, and is a fine-grained, 

massi ve qU8.r"tzi to wi th much intersti tial epidote. Thin-

section study shows the following minerals to be present 

in tho approximate amounts given below. 

Epidote 60% 

Quartz 37% 

Iron Oxides 2% 

Amphi"k-ole 1% 

The rock is undoubtedly related to the adjacent 

shear zone, and should, on the basis of its unusual 

composition, be termed an cpidosite. In this con-

nection, it is worth quoting Deer, Howie and Zussman 

(1962, Vol. I, p. 184): 

"Some rocks consist almost wholly of an epidote 
mineral and are named epidotites. These have been 
defined (}lawn, 1951) as compact massive rocks com­
posed mostly of epidote (or zoisite) with minor 
amounts of amphibole, pyroxene, felspar, chlorite, 
quartz, sphene, calcite, vesuvianite or garnet. 
The acceptance of the term epidotite is not universal 
and some authors (e.g. Francis, 1958) prefer the name 
epidosite." 

Finally, spocimen 41 was collect0d from the 

eastern contact of a l0rge basic dike on Goldene Aue 
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106, 800 metres north of tho homestead. Tho rock must 

be regardod as a former contact-metamorphic qunrtzite 

now regionally metamorphosed, and owes part of its 

mineral assomblage to invading solutions emanating from 

the dike during its period of emplacement. The rock 

is grey in colour and resembles the typical quartzites 

.of the region. On the im~ediate contact with tho dike 

it becomes very fine-grained and creamy-white in colour; 

the two varieties of quartzite are separated by a sharp 

contact parallel to the bedding planes. The fino-

grained white variety shows development of needles of 

black amphibole up to 2cm in length; these are randomly 

orientated in the plane of bedding. Amphibole also 

occurs as felted crystals in veins cutting across the 

rock. 

The thin section studied includes the contact 

between the white and grey rock types. The latter 

type shows 2 granoblastic rock of uniform texture and 

average grain size O.lmm. Quartz is the dominnnt 

mineral. Some plagioclase was noted, while chlorite 

and magnetite are present in only very small amounts. 

Across the sharp contact, in the white variety, a 

quartz-felsp2r matrix of averag~ grain size O.Olmm 

contains porphyroblasts of quartz and felspar up to 

0.05mm long. Also present, as laths 0.1 to 2mm long, 

is green pleochroic hornblende, poikiloblastically 

enclosing quartz. Carbonate and iron oxides occur in 

equal amounts in the rock. Apatite is fairly abundant; 

some biotite is present. 

The composition of thiS, and of the other quartz-

ites described above is, with the exception of number 
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15, given in Table 8. 

General Discussi~ 

In thin section each quartzite generally shows a 

considerable variation in grain size. Particles of 

0.05mm are very common, since most specimens show 

mortar texture • At the other end of the scale, grano-

• blasts of 0.6 to O.8mm are also frequently encountered. 

On the whole, grain sizes average between 0.2 and 0.5mm 

in all the Damara quartzites examined under the micro­

scope. As would be expected, the highest exposed unit 

is somewhat finer-grained than the lower horizons. No 

marked trend in grain-size variations along the strike 

of any single unit was noted. 

Mineralogically, the rocks investigated are composed 

prinCipally of quartz, felspar and mica, but do show con­

siderable variations in the relative proportions of these 

minerals. 

The quartz content varies between fairly narrow 

limits, viz. 77.7 - 85.0%. Only three of the specimens 

listed in Table 8 fall outside these limits, one being 

below and two being above; the total range is from 

72.4% to 89.9%. Total felspar content shows a groat 

variation between the limits of~O and 17.3%. Potash 

felspar predominates over plagioclase. In the west-

ern part of the area the quartzi tes become ncleaner'· 

in that the folspar content decreases. As mentioned 

~bove, samples from the highest exposed horizons in 

the area consist essentially of quartz and mica, 

Iron oxides are ubiquitous but again decrease in 

amount higher in the succession. Pyrite is rare, 

having presumably been replaced by magnetite and 
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limonite. 

Carbonates are not common. Accessory minerals 

show a wide variety and comprise zircon, apatite, tour-

maline (occasionally zoned), sphene, epidote and 

glaucophane. 

A point of interest is the occurrence, in t~e 

.. quartzi te uni ts of the Hakos Series, of a matrix of 

clay minerals, now altered to sericite, between the 

quartz and felspar grains. This matrix decreases and 

finally disappears as one proceeds upwards through the 

succession. 

When the volumetric compositions quoted in Table 8 
" 

are compared with those given by Pettijohn (1957, p.29l) 

it is seen that the Damara quartzites contain a suffi-

ciently high proportion of quartz to warrant the term 

"arkosic quartzites". Only specimen 35 contains less ,.j 

than 75% by volume of quartz. It has been shown to 

be extensively replaced by carbonate, and as such is 

not representative of Damara quartzites. The remaind-

er of the specimens investigated correspond to Pettijohn's 

definition of subarkoses, or felspathic quartzites. As 

already mentioned earlier in this chapter, the same 

holds good for the specimens of~Kamtsas quartzite in-

vestigated. Despite these conclusions, however, the 

term nquartzite" will, for the sake of consistency and 

convenience, be retained throughout the remainder of 

this text. . ; 
f 

In an attempt to establish a trend in the Damara 

quartzites, and to differentiate the latter from those 

of the Nosib Formation, specimens collected from various 

stratigraphical levels were assessed in terms of the 
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end-member classification proposed by Pettijohn (op. 

cit., pp. 4 - 7). Figure 1 shows a plot of the 13 

rocks quoted in Table 8. Tho figure is an adaptation 

of Pettijohn's classification of sandstones, cited by 

Krumbein & Sloss (1963, p. 157). For this the minor 

constituents of the rocks have been ignored, and the 

amounts of quartz, felspar and clay (the mica and 
, 

sericite) recalculated to 100%. In order to show the 

spread more clearly, only the "quartz" corner of the 

diagram, suitably enlarged, is depicted. No syste-

matic variations in the end-members with respect to 

stratigraphic position could be established from the 

diagram .. Of significance, however, are the pOSitions 

of specimens 9, 10, 63 and 67, from the Kamtsas Member 

of the Nosib Formation. These quartzites are seen to 

be almost entirely lacking in a mica (clay) fraction. 

This lack of matrix has already been noted during the 

descriptions of the thin sections. 

In Figure 2 these same rocks were plotted after 

their compositions had been recalculated so that K 

felspar plus plagioclase plus quartz equals 100%. 

Again, no definite trend in relation to the stratigra-. 

phic positions of the samples could be established. 

However, the Kamtsas quartzites are once more seen to 

occupy a special position on the diagram. 

Al though no ;defini te conclusions can be reached 

on the basis of the few quartzite samples investigated, 

espeCially in view of the "anomalous" plot of specimen 

67 from the Nosib Formation suite, it does appear that 

under the microscope rocks from the latter may easily 

be distinguished from those of the Damara System. 

The Kamtsas quartzites show very little mineralogical 
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Figure 1 

Quartz - Felspar - Cla~ Plot for 13 \\ q 

Damara S~stem and 4 Nosib Formation Quartzites 
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variation. They differ from the Damara quartzites in 

their generally higher felspar content, and in the 

almost total absence of a mica; no clay matrix is 

present. This suggests significant differences in the 

mode of deposition of the Kamtsas and Damara quartzites. 

As already stated, no regular trend could be es-

tablished between Damara quartzites from various 

stratigraphical levels, except that there appears to be 

a general decrease in grain size and felspar content as 

one proceeds westwards across the region. This does 

not necessarily mean that one is higher in the succession$ 

In view of these findings, it is suggested that the 

answer to differentiating between the various horizons 

could lie in a study of the heavy-mineral content of 

these quartzites. 

As was done in the case of the Damara quartzites, 

representative specimens from oach of the major lime-

stone units occurring within the area mapped will be 

described. Two slides wore cut from most specimens. 

In each case, in order to differentiate between calcite 

and dolomite, one of these sligos was subjected to the 

staining technique described in the chapter on labora-

tory methods. Micrometric analyses were carried out 

on 10 specimens of carbonate rocks; the results of 

these investigations are given in Table 9 below. 

SpeCimen 66 was collected from the lowermost band 

of Hakos dolomite, from the small hill immediately 

southwest of the Okaheberg on Losberg 105. The rock 

is blue-grey in colour, very fine-grained, and exhibits 
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typical "elephant's hide" weathering. Bedding is 

brought out by differential weathering. 

In thin section the specimen shows granoblastic-

polygonal texture. Dolomite is the chief constituent, 

with grain size varying from 0.05 to 0.3mm; the average 

lies close to O.lmm. The larger crystals no doubt re-

suIt from recrystallisation of the smaller grains~ 

Quartz, usually with minute inclusions, occurs as an­

hedral crystals between the carbonate grains, and may 

form discrete veinlets. Very subordinate plagioclase 

was noted. Muscovite is found as isolated laths up to 

0.6mm long, occurring in a sub-parallel arrangement. 

apparently corresponding to the bedding in the rock. 

Some iron oxides, as well as minor amounts of carbon, 

were noted. 

The large-scale colour banding occurring locally 

in the carbonate rocks of the Hakos Series has already 

been referred to elsewhere. Samples of oach variety 

were collectGd immediately west of the northernmost 

windpump (grid reference -30240/32940) on Eintracht 118, 

adjacent to the track leading past the Dachsberg to 

Sandfln ts 123. 

Specimen 2, from the basali member of the dolomite 

unit north of the breccia zone, is a fine- to medium-

grained, very finely bedded blue-grey rock. The thin 

section shows it to consist almost entirely of grano­

blastic elongate dolomite crystals of average size 0.4mm. 

Isolated grains of quartz are present; magnetite occurs 

as scattered anhedral to ouhedral grains. Plagioclase 

was noted in very minor a~ounts only. Traces of carbon 

are present, especially along later dolomite-filled 
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veins traversing the slide. A visual estimate of the 

composition of the rock gave: 

Dolomi te 97% 

Quartz ~, .. 

Magnetite 1% 
Plagioclase Tr. 

The rock must thus be regarded as an exceptionally 

pure dolomitic marble. 

This rock is overlain by a maSSive, fine-grained, 

white dolomite showing a brown weathered surface.· Iron 

oxides form discrete specks, O~5mm across. The thin 

section shows specimen 1 to consist essentially of 

granoblasti~-polygonal dolomite grains averaging 0.2 

O.3mm in size. Subordinate quartz crystals in the same 

size range were noted. Isolated porphyroblasts up to 

3mm long of dolomite and quartz occur in the slide. 

Muscovite is subordinate, forming laths whose arrange-

ment appears sub-parallel to the original bedding of 

the rock~ This direction is also indicated by a very 

weakly developed preferred elongation of the dolomite 

crystals. The white colour of the rock, together with 

the absence of any visible carbon, suggests that 'the 

latter constituent is largely responsible for the blue-
.. 

grey tones that are so characteristic of the Hakos dolo-

mites generally. 
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The uppermost layer of the Hakos dolomite horizon 

in the locality under consideration differs from the 

two varieties described above in that it reacts vigor-

ously with cold dilute HCI, thereby denoting a high 

CaC03 content. Underneath a brown outer skin the rock 

is seen to be a fine- to medium-grained pink limestone, 

in which the fine bedding is brought out by oolour 

differences between adjacent lamellae. Isolated quartz 

grains, 4 to IOmm across and elongated in the plane of 

bedding, are present. 

Slides of specimen 3 show a dolomite of granoblas-

tic texture. The grains, usually somewhat flattened and 

elongated in the plane of bedding, vary in size from 0.2 

to O.8mm, and show prominent twinning. They occasionally 

form layers of interlocking crystals, but are more common­

ly seen to be set in a matrix of anhedral calcite crys­

tals. This calcite matrix is of considerably lower 

relief than the dolomite and appears cloudy, possibly 

due to the presence of finely-divided carbon. Grain size 

variations are similar to those found in the dolomite 

grains. A later generation of calcite, stained a deeper 

red by Mitchell's dye, forms narrow veins running across 

the bedding, and often cuts through crystals of dolomite. 

Quartz is present interstitially to the carbonate, 

and shows undulose extinction. Polysynthetically 

twinned plagioclase occurs in minor amounts, as laths 

up to O.3mm long. 

Two iron oxides are found in the rock, Magnetite 

occurs as scattered subhedra, and as cubes up to O.5mm 

across. Limonite is conspicuous, being concentrated 

in zones 1 - 2mm wide, as irregular streaks parallel 

.: ' 



";~~)JS";/~''':' '" ' 
. ,,( ... "," -.. ~':. . 

- 118 -

to the bedding. Within those zones it forns a cement 

between the dolowite grains. Elsewhere, it nay forr.1 

a thin skin over the carbonate grains. Generally, 

this iron oxide is widely distributed through the 

rock, and accounts for the rusty colour so characteris-

tic of this horizon. 

A visual estimate gave the following cocposition 
./ 

for the rock: 

DoloL1ite 48% 

Calci te 30% 

Quartz 15% 

Linonite 6% 

Magnetite 1% 

Muscovite Tr. 

Plagioclase Tr. 

It is suggested that the rock is, in all probabil- ~ . 

'-' " 

ity, a detrital dolomite, derived by the partial erosion .' ~ 

of the underlying dolo~itic rocks. Deposition occurred 

together with a calcisiltite, which now forms the cal-

cite matrix. At intervals, iron oxides appear to have 

been precipitated as well; these were then redistribut- .~ 

ed through the rock during metamorphism. 

Specimen 4 was collected from the extreDe south-

western end of the Vierkuppenberg, on Eintracht 118. 

In hand specimen it is a fine-grained, blue-grey rock, 

in which the fine bedding is well brought out on 

weathered surfaces. It is atypical of Hakos dolonites 

in that, at this particular locality, weathered sur-

faces are seen to be coverod by nucerous small knobs, 

which stand out sonewhnt above the general surface of 

the rock4! Under the hand lens, these knobs, 2 - 3nm 
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llate XIV.. Red-brown dolomite from Eintracht 118 
under the microscope . Anhpdral calcite (c) occurs 
between euhedral grains of dolomite (d). Limonite 
is abundant, as streaks parallel to th e bed d i n~ . 
X 35 , crossed nicols. 

Pl a te XV. Thin section, stained with Kitchell's 
dye, of blue Hakos limes tone from th e Vierjuppen­
berg, Eintrach t 118. Dark grains of calcite (c), 
isol ~ ted crystals of dolomite (d), and one frag­
ment of quartz l q) in a matr ix of danburi te. 
~ 100, crossed nicols. 
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across and usually rounded to elongated, are seon to be 

finely bedded. The bedding in the inclusions does not 

necessarily coincide with that of the rock as a whole~ 

The rock reacts vigorously with cold dilute HCI. 

Tho thin section shows calcite to be the doninant 

oinE-ral, occurring as interlocking twinned crystals 

averaging 0.30D in size. Interstitial to the calcite 

are isolated subhedral grains of dolooite, 0.1 - 0.2QS 

across. Locally, the textur~ is poikilotopic, i.e. 

larger calcite grains enclose soaller, rounded frag~ents 

of dolo~ite in the size range 0.05 - 0.15en (Chilingar 

at. al. 1967, p. 303). Those uay probably be taken 

as evidence of dedoloDitisation of the rock. Sub­

rounded grains of quartz in the 0.1 - 0.3mo size range 

arc fairly connon. Isol~ted twinned laths of albite 

were noted. Sphene occurs in very minor amounts as 

anhedral grains. Iron oxides, chiefly nagnetite, are 

scattered through the rock. One cube of pyrite, 

ceasuring 0.7mB on edge, was noted in the slide. Furter­

DorE:, the rock is full of t:1inute black specks, which are 

probably carbonaceous reranants of organic material. 

Of considerablo inter8st are the bedded inclusions 

already mentioned. These, some 2 - 3mm long, are 

usually some'VI,hat elliptical, [!,nd are composed of grains, 

ranging in size from 0.05 to 0.25mm, of calCite, quartz, 

and a mineral identified as the calcium boro-silicate 

Carbonaceous material is 

abundant, occurring as parallel streaks which suggest 

the inclusions to reprOs0nt fragments derived from 

an originally bedded rock. The danburite in this 

specimen occurs; 

+ .:,;'.;<.' 



TaLE 9 

MICROl4ETRIC ANALYSES OF 10 DAMA.RA CARl30NATE ROCKS 

, 
Specimen No. 4 43 44 49 66 88 

JJolomitc 5.0 30.1 94.3 90.9 91.8 95.3 

Caloite 82.6 55.5 Tr - - -
Quartz 4.7 6.5 4.4 8.0 5.9 3 .. 5 

• Plagioclase 0.5 - 0.2 Tr. 0.2 Tr. 

Muscovite 0.1 •. 0.3 Tr. 0.3 1.6 1.0 

Tremolite - 1.0 - - - -

Iron Oxides 1.2 0.6 1.1 0.3 0.5 0.2 

Accessories 5.9* - - 0.5 - -

TOTAL 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
-----

L......... ______ ~ ____________ -- -

* Includes 5.7% of Danburite 
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4.9 1.3 0.1 

- - -
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1) With calcitu in the inclusions, of which it may 

form up to approximately 25%, layors of danburitc 

often alternating with laYGrs of calcito; 

2) As vcinlets cutting across tho inclusions; 

3) In the form of partial rims to the inclusions; 

4) As isolated larger crystals, and as clusters of 

such crystals in the matrix of the rock. 

Identification of this rather uncommon mineral was 

a somewhat protracted affair. The following micro-

scope data were derived from a cluster, measuring lmm 

by 3mm, of danburite crystals in the calcite matrix of 

the rock. Morphologically, there is a strong resem-

blance to orthoclase, the crystals being equant to 

slightly elongated. No cleavage was noted, but the 

mineral shows a very cracked surface. Birefringence 

is estimated at 0.005, the colour between crossed 

nicols being grey of the first order. An optic pic-

ture shows the mineral to be biaxial negative, with a 

2V angle estimated to be at least 85°. 

In order to carry out a refractive index determin-

ation on the mineral a small piece of specimen 4 was 

dissolved in dilute Hel. The large amount of carbon-

aceous material in the residu~, together with the 
.. 

finer grains of quartz, was removed by elutriation. 

The filtered and dried residue contained some carbon-

ate, quartz and the unknown mineral (danburite). 

A refractive index determination yielded the 

following optical constants: 

Determinative tables suggested the mineral to be 

either andalusite or danburite. In order to distinguish 

< r 
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I late XVI . Micrograph of blue l imestone from the 
Vierkuppenberg , ~intracht 118 , showing well - developed 
crystals of danburite (d) in cal cite ( c) . A 
little quartz (q) is al so present . X 100 , plane­
polarized light . 

Plate XVI I . As above . X 100 , crossed nicols . 
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between these two, the mineral was subjected to X-ray 

diffraction. From the data presented in Table 10, it 

will be seen that, for the 26 peaks featured on the 

diffractogram, there is a good correlation with the 

data given in the KWIC Guide and the ASTM cards. 

There is thus little doubt that the mineral is indeed 

danburite. 

The provenance of the boron required for the for-

mation of this mineral presents a problem, since map-

ping has shown the nearest exposed logical source, the 

Dachsberg granite on Sandflats 123, to be 6 km away_ 

Evidence obtained from a study of the thin sections of 

specimen 4 suggests that the bedded inclusions, of un-

known origin, are the source of the danburite in the 

limestone here being considered. With the advent of 

metamorphism subsequent to deposition the danburite was 

mobilised to a certain extent, migrating out of the 

inclusions and spreading throughout the rock. I t 'VIas 

then redeposited at favourable loci, such as possible 

pores, and at the interfaces between the rock matrix 

and the bedded inclusions. According to Dana (1958, 

p. 613) danburite occurs with microcline and oligoclase 

in dolomite at the type local~ty Danbury, in Connecti­

cut. Winchell & Winchell (1959, Part II, p. 259) cite 

further occurrences in granite at Russell, New York, 

and in pegmatites and metamorphic rocks at many other 

locali ties. 

The volumetric composition of specimen 4 is quoted 

in Tablo 9. 

Approximately 1.5 kill westnorthwest of the windpump 

(grid reference -16850/39120) in the centre of the farm 
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ASTJ.Vl CARD 
DATA 

TABLE 10 

KWIC GUIDE 
DATA 

DJ~Th. FROM 
SPECIMEN 

____________ , __ No • ..:.,.4 __ 

o 
dA 

4.33 
3.96 
3.59 

3.41 
3.24 
2.99 

2.73 
2.66 

2.46 
2.14 
2.02 
1.95 
1,,91 
1.83 
1.76 
1.72 
1.66 
1.57 
1.52 
1.50 
1.45 
1.40 
1 .. 37 
1.35 
1.33 
1.29 
1.26 
1.23 

Where: 

20 
60 

100 

60 
60 
9q 

90 
70 

50 
70 
50 
70 
20 
20 
20 
70 
60 
50 
20 
50 
70 
50 
50 
20 
20 
20 
20 
50 

0 

o 
dA 

3.57B 
3.56A 

2.96A 
2.96B 
2.74B 

2.65A 

100 
100 

70 
100 

80 

75 

dA equals interplanar spacing (in 
1/11 equals Intensity of line (as 

intensity of maximum peak). 

o 
dA ,1/11 

4.37 10 

3.56 100 

3.24 60 
2.98 90 

2.74 50 

2.66 40 

2.44 20 
2.14 30 
2.02 20 
1.95 30 
1.89 10 
1.82 20 
1.75 10 
1.71 40 
1.65 20 
1.57 10 
1.52 5 
1.49 10 
1.44 10 
1.40 5 
1.37 10 
1.35 5 
1.32 10 
1.29 10 
1.26 10 
1.23 10 

0 
angstrom units) 
percentage of 

Subscripts A & B in KWIC GUIDE DATA column refer 
to data from two different specimens. 
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Goldene Aue 106 are to be found two parallel dolond te 

bands, which here form a small eminence rising some 

15 metres above the level of the surrounding country. 

Collected from the southern end of the lower horizon 

(grid reference -16650/38750), specimen 49 is a fine­

grained, blue dolomite with a typical brown, weathered 

surface. Quartz veinlets 2 - 3mm thick trend parallel 

to the bedding~ which is distinguished only wit~ diffi-

culty. Bedding planes locally carry a white flaky 

material, soapy to the touch; this is probably sericite. 

The thin section of this rock shows dolomite to be 

the only carbonate present, occurring as granoblastic 

elongate grains 0.05 to Oplmm lon& together with inter­

stitial quartz and some muscovite. Also present are 

very isolated fibrous laths, up to Imm long and showing 

ons cleavage~ of a colourless mineral. Between crossed 

nicols, this mineral has first-order grey to white inter­

ference colours, parallel extinction, and is length-

fast. The interference figure, which lies almost normal 

to the cleavage direction, is biaxial negative with 2Vx 

approximating to 40o~ From these data the mineral was 

identified as wollastonite. A type of flow banding is 

visible in the section. Locally, thin veins of coarser-

grained quartz and carbonate were noted, trending paral­

lel to the bedding. 

The slide is traversed by a vein, lcm wide, cutting 

obliquely across the bedding and consisting of coarse-

grained quartz-carbona.te. The average grain size is 

O.5mm, although carbonate crystals exceeding l.3mm 

in size were occasionally observed. The texture of 

the vein minerals is granoblastic-polygonal; the quartz 

showing well developed triple points. Wollastonite 

is again present in the vein. Dolomite occasionally 

,," 
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Pl a te XVIII . Thin section, stained with Mitchell's 
dye, of fine-grained blue Hakos dolomite und~rgoing 
dedolomitisation . Coarse- grained calcite (0 ) i s 
seen repl acinf thp fi ne-~rained anhedral do16mite , 
which it also locally e ncloses poikiloblastically . 
One needle of tremolite (t) i s visibl e . X 35, 
plane-~olarized li p,ht. 
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encloses quartz poikiloblastically. 

Two further specimens of blue-grey dolomite were 

collected in the extreme eastern corner of Joachimstal 

107, adjacent to the boundary fence with Goldene Aue 

106 (grid reference -18400/34200). Specimen 43, from 

the horizon immediately overlying the Kuduberg quartz-

ite, is fine-grained, finely bedded, and contains abun-

dant needles of tremolite. 

In thin section the rock is seen to be hetero-

blastic i.e. composed of crystals with a range of sizes 

(Spry 1969, p. 159). It consists of occasionally elon-

gate calcite crystals in the size range 0.05 - 0.7mm, 

interbedded with layers of granoblastic-polygonal dolo-

mite of average grain size 0.05mm. The individual 

layers are approximately'lmm thick. The dolomite may 

occur as grains interstitial to the calcite; locally, 

calcite may poikiloblastically enclose dolomite. Quartz 

occurs as interstitial grains, or occasionally in poik- ~ 

iloblastic intergrowths with calcite. Veinlets up to 

0.3mm thick trend parallel to the bedding. Muscovite, 

as laths not usually exceeding 0.05mm in width and 

0.3mm in length, locally occursbetween the calcite 

grains. Tremolite is found as needles up to 4mm long 

with random orientation in the plane of bedding; 

perfectly euhedral basal sections, typical of amphi-

boles, wore also noted. Iron oxides are not abundant, 

occurring chiefly as dust. A considerable amour.t of 

carbonaceous material is present. 

The rock described above is overlain by a rather 

pure, white dolomite. Slide 89 shows a granoblastic 

polygonal texture and average grain size O.5mm. 

Quartz occurs in minor a~ounts as small interstitial 

; ; 
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grains betw8sn the dolomite. Occasional romnants 

of what appears to have been a calcite matrix were 

noted. 

As mentioned earlier, in this locality there is 

found a variation of the colour sequence blue-white-

red developed on the farm Eintracht 118. Accordingly, 

the top of the dolomite in the eastern corner of Joach­

imstal 107 consists, not of the red variety, but of a 

medium-grained, massive, blue dolomite. Slide 44 

reacted but faintly to Mitchell's dye, described in 

Chapter V. It is suggested that the rock consists 

of dolomite containing small amounts of CaC03 in solid 

solution in the lattice. This would account for the 

faint colouration produced by the dye. When compared 

with specimen 43, the rock is coarser and of a far more 

uniform grain size; the average lies close to Imm. 

Grains are interlocking, usually with scalloped bound-

aries. Quartz occurs as rounded grains up to 0.2mm 

across between the dolomite crystals, or as inclusions 

of the latter. 

minor amounts. 

Plagioclase and muscovite occur in 

Iron oxides are present as particles 

ranging in size from dust to grains O.lmm across. 

Some carbon is present, but no tremolite was noted. 

The colour sequence described above appears to be 

characteristic of this horizon, and was again found to 

be well developed some 2 km west of the boundary of 

Goldene Aue 106 and Joachimstal 107, along the camp 

fence running approximately southeast from the windpump 

on the White Nossob River. A feature of note at this 

locality (grid reference -16850/34300) is the abun-

dance of tremolite in the rock. The basal member is 

a medium-grained marble consisting of alternating blue 

: } 
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Pla te XI X. Stained t hin section of b l ue-white 
limes tone from Joa chims tal 107, showing calcite 
(c) surroundin :~ trer)101ite (t), a basal section of 
whi ch i s intergrown with muscovite (m). X 100 , 
cro s sed ni cola . 

}l a te XX. Micro~raph of white, massive limestone 
fro m Joa chi mR tal 107 showi nn cal cite (c), talc (ta), 
tr emolite (t) and. b ru c i te (b). X 100 , cro s sed 
nicols .. 
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and white bands parallel to and defining the bedding. 

Sections of specimen 109 show calcite to he the 

dominant carbonate~ dolomite being very rare. Tremo-

lite needles up to 3mm long are common, often inter-

grown with muscovite parallel to the cleavage. Basal 

sections of tremolite penetrated by muscovite laths 

were also noted. Some carbon and sphene are present. 

Quartz is rather rare. 

Slide 110, from a rock closely resembling No. 109 

in hand specimen, shows bands approximately 2mm wide 

of coarse-grained calcite alternating with very fine-

grained dolomite. Tremolite is developed chiefly in 

the calcitic" layers, and is again often intergrown with 

muscovite, Some talc is developed; quartz is a minor 

constituent. Carbon is found chiefly along the grain 

boundaries of ~he dolomite layers. 

The central portion of this dolomite horizon is 

represented by the typical white, massive variety. 

Slide III shows heteroblastic calcite to form the bulk 

of the rock, occasional~poikiloblastically enclosing 

dolomite. The latter may also occur interstitially 

to the calcite. Tremolite is abundant, sometimes inter-

grown with very subordinate mus~ovite. Some brucite, .. 

talc,and quartz are present. The composition of the 

rock is given in Table 9. 

The succession is capped, as was the case on the 

boundary with Goldene Aue 106, by a coarsely banded, 

blue-white marble, which here shows development of 

tremolite. 

SpeCimen 88, from a bed higher up in the succession, 

was collected on Joachimstal 107 at a locality 8~O 
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metres north of the point where tho new tar road crosses 

the boundary between that farm and Goldene Aue 106 (grid 

reference -14600/38450). In hand specimen tho rock is 

pale-blue and extremely fine-grained. Bedding is 

visible only on weathered surfaces. The thin section 

shows the texture to be somewhat heteroblastic, the 

dolomite grains ranging in size from 0.05 to O.15mm. 

Recrystallisation appears to be in process. The quartz 

content is very low; plagioclase and muscovite are 

present as accessories only. 

In conclusion, two specimens from the highest ex-

posed dolomite horizons in the area mapped will be des-

cribed. Both were collected from the vicinity of the 

Quartzite Hill, in the extreme west of the farm 

Joachimstal 107. staining shows both to be dolomites. 

Specimen 97, from the horizon below the Quartzite 

Hill, is a very fine-grained rock showing the charac-

teristic "wrinkled" weathered surface, and varying in 

colour from blue-grey to buff. In thin section the 

average grain size approximates to 0.05mm. Quartz~ 

muscovite, plagioclase and iron oxides are present in 

very small amounts only. One quartz-filled vug, 2mm 

across, occurs in the slide. 

Specimen 98, from the exposure above the Quartzite 

Hill, is a rock whose weathered surface varies in colour 

from blue to brown, and clearly shows the bedding. On 

fresh surfaces bedding may occasionally be detected by 

colour differences between adjacent lamellae, and by 

development of white mica on the bedding planes. 

Under the ~icroscope the rock is seen to be of larger 

grain size than specimen 97. The dolomite crystals 

are in process of recrystallisation, there being a 
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large variation in grain size_ Crystal boundaries are 

ragged and scalloped; clusters of large grains are 

separated from one another by areas of very small dolo-

mite particles_ Accessory minerals are as for 

specimen 97; ~uscovite and especially quartz are more 

abundant. 

Classification of C~rbonate Rocks 

Despite the fact that the present work is primarily 

intended as a descriptive treatment of the regional 

geology, the variety of carbonate rocks encountered in 

the area mapped warrants a more detailed treatment of 

this subject. E0th limestones and dolomites are present 

in the area, and it is felt that the occurrence of the 

latter needs to be discussed in some detail. 

The use of the comprehensive classification of 

carbonate rocks set out in Chilingar, Bissell and Fair-

bridge (1967, Vol. 9a, pp 113-120) is not considered 

justified in view of the more generalised nature of the 

present investigation. 

A scheme of classification based on chemical compo-

sition and formulated by Pettijohn (1957, p 418) is as 

follows: 

Limestone 
Magnesian limestone 
Dolomitic limestone 
Calcite Dolomite 
Dolomite 

% Cali.ci te 

95 
90-95 
50-90 
10-50 
10 

% Dolomi te 

5 
5-10 

10-50 
50-90 
90 

On this basis, for instance, specimen 4 would be 

termed a limestone, specimen 113 a magnesian limestone, 

while specimens 1, 2, 44 and 88, to cite but a few, 

would be classed as true dolomites. The present 

author feels that the above classification is not 
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strictly applicable in the case of rocks containing 

appreciable am.ounts of other minerals besides dolomite 

and cal ci te. Thus, all the Hakos dolomites investi-

gated carry quartz, whilst tremolite is often present 

in significant amounts. 

A further drawback of this classification, as 

pointed out by Toens (1966, p. 5, quoting Fairbridge 

1957, p. 129) is that it fails to take into account 

the amount of calcite held in solid solution by dolo-

mite, and vice versa. Recent X-ray diffraction studies 

have shown that a high Mg content in a carbonate does 

not necessarily indicate the presence of dolomite. The 

existence of high-magnesian calcite containing up to 

30% MgC03 was discovered by these means (Chilingar et 

al.,1967, p. 270). 

It is believed that some evidence for such solid 

solution of one carbonate within another was found 

during the present investigation. Application of 

Mitchell's dye in most cases gave either no stain at all, 

suggesting all the carbonate in the slide to be dolomite, 

or resulted in a deep red colouration being produced, 

signifying the presence of calcite. In the case 0 f 

slides I and 44, however, only a faint pink tinge was 

produced despite repeated applications of the dye. 

Under the microscope it was seen that all the carbonate 

crystals in the slide were affected to the snme degree. 

It is therefore suggested that, in these cases, the 

colouration is produced by a small amount of CaC03 held 

in solid solution by the dolomite. 

Taking into account the various points mentioned 

above, it is felt thnt the generalised limestone-dolo-

mite-quartz grouping devised by Pettijohn and cited by 
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Krumbein & Sloss (1963, p. 177) is the cl~ssificntion 

most suited to the varieties of carbonate rock here 

being considered. For thiS, ths snecim€ns whose 

volumetric compositions nrc givGn in TablE 9 have been 

plotted in Figure 30 As was done in tho caso of the 

Damara and Nosib quartzites, the minor constituents have 

here been ignored, and thG totals of quartz, dDlomite and 

calcite recalculated to 100%. 

Iht> I:,rQ.Q.§.ss of DolomitiQation and DedolQ.mi1isation 

The presence of both dolomite and calcite within the 

same rock, i.e. slides 3, 4, 43, 109, 110, III and 113 

warrants a brief discussion of the problems connectod 

with dolomite formation and dedolomitisation. These 

processes have been investigated by many authors; an 

oxcellent account summing up the present state of know-

ledge is given by Friedman and Sanders in Chilingar et 

al. (op. cit. pp. 267-348). 

According to these authors, dolomites are abundant 

in the stratigraphic column, and are usually associated 

with limestones. The fact that Palaeozoic dolomites 

by far, in terms of volume, outrank those found else-

where in the stratigraphic colum~has led to the wide-

spread belief that former times were more favourable for 
.. 

dolomite formation. According to Chilingar et.al. (p.4) 

Precambrian waters possibly had a higher Mg/Ca ratio and 

lower pH than is the case at the present time. These 

factors would have prevented the formation of hard pro-

tective and skoletal parts in organisms, suggesting 

that the Precambrian carbonate rocks owe their origin 

to biochemical control of pH in lagoons by algao, and 

to direct chemical precipitation out of sea water. 

A higher partial pressure of C02 in the atmosphere in 

/;·Y~r:?>· .::\~ .;:: .... : ... 
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Precambrian times is thought to h8ve favoured dolomite 

precipitetion. steidtmann, quoted by Toens (1966, p. 67) 

feels that there is evidence for a change in chemical com-

position of the sea, and especially for an increase in 

the ratio of Ca:Mg with the p2ssage of time. 

Teodorovich, mentioned in Chilingar et. ale (p. 274) 

.also suggests that Precambrian Qnd Early Paleozoic dolo­

mites were formed by direct precipitation from sea water. 

A systematic reduction of the partial pressure of C02 in 

the atmosphere in Late Paleozoic, Mesozoic and Cenozoic 

times is said to have resulted in a decrease in dolomite 

formation. All the post-Cambrian dolomites are con-

sidered by T~odorovich to have been formed by replacement 

of limestone, However, in the light of the discovery 

of dolomite in Recent sediments by workers such as 

Friedm!:l.n, Fairbridge, Chave, Goldsmi th and Graf, to name 

but a few, the above theories are no longer wholly 

tenable. 

Friedman and Sanders (in Chilingar et. al., pp.308-

338) drew up the following classification of dolomites, 

based on their origin: 

1. Syngenetic dolomite, defined as dolo~ite that has 

for~ed penecontenporaneously in its environment of 

deposition as a micrite (~.e. consolidated or un-

consolidated ooze or mud) or as fine-grained 

crystal s. 

2, Detrital dolo~ite, for~ed by the recycling of. 

existing dolomites. 

3. Diagenetic dolomite is defined as dolomite that 

has formed by replacement of calciun carbonate 

during or after consolidation of the sediment. 

It may also have formed penecontemporaneously by 

;,j 
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replacement of grains and ceoent of calcium carbon-

ate sediE'tents. Such replacerlent in all probabili ty 

takes place on a volume-for-volurc,e basis; the 

molecule-for-nolecule transformation from calcite 

to dolooites involves a 12.1% volume :shrinkage, 

which would be accoEpanied by an increase in . 

porosity and/or brecciation in the replaced rocks. 

4. Epigenetic dolomites are those that have been formed 

by replacement of limestone, the dolomite being 

localised by post-depositional structural elements. 

It is closely related to faults and fractures in 

carbon2te rocks, and is often connected with min-

eral deposi ts. 

According to Friedman and Sanders (in Chilingar et. 

al 41' P . 334): 

"The different classes of dolostone are mere 
variations on a theme: dolomite owes its origin 
to hypersaline brines. Dolowites, which are re­
lated to bacterial origin, are uncommon exceptions 
indicating that dolomite may form by other pro­
cesses; however, it see~s safe to conclude that 
all dolostone deposits found in the geologic 
record, other than those that are recycled, formed 
under evaporitic conditions. 

Hence all dolostones, whether syngenetic 1 

diagenetic, or epigenetic, are the result of , the 
action or reaction of hypersaline brines." 

Such brines are believed to forn by one of two 

processes: 

1. Capillary concentration. 

p. 335): 

Here (Chilingar et. al., 

" ••••••••• due to the excess of evaporation over 
rainfall, interstitial waters in the sediments 
transpire upward through the porous marginal sedi­
ments and evaporate at the sediment-air interface 
••• _ •••• Dolomite is formed, by evaporation, at the 
surface and the concentration of the unevaporated 
water is increased." 

\ 
According to Friedman and Sanders (Chilingar et. al., 

p. 267) capillary concentr8tion: 

.J< 
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" ••.••.• , leads to dolomite fornation in supra­
tidal and intertidal environments on broad 
shallow shelves with interfingering gypsun andl 
or anhydrite (landward) and m2rine carbonates· 
(seaward). Under conditions of hU2id climate, 
however, anhydri te and gypsum may not develop.!' 

Refluxion. In this process, brines form as out-

lined above, in areas where evaporation exceeds 

precipitation plus runoff. Friedoan and Sanders 

state (Chilingar et. al.,p. 335): 

"Water is lost by evaporation, which lowers the 
water level on the shelf and increases the concen­
tration and denSity of the water. The resulting 
heavy brine sinks and flows seaward down the 
sloping shelf. Surface currents tend to replenish 
the lost water by bringing low salinity water froD 
the ocean in respect to hydrostatic head, while 
at depth oppositely directed currents as n result 
of denSity distribution maintain tho seaward flow. 
If the· return flow (reflux) of this brine to the 
sea is prevented by natural barriers, such as 
reefs or sills, it Digrates to the lowest possible 
topographical depressions and seeps slowly through 
the underlying sediments, which are progressively 
dolof:1itized." 

In a lake at Salt Flat Graben, West Texas, both 

capillary concentration and refluxion are operative, the 

former along the margins of the basin, the latter at its 

centre. 

In refluxion~ the brine seeps slowly through the 

underlying sediments, which are thereby dolomitised. 

However, dolomite may be precipitated directly from the 

brine, with aragonite possibly~forming an internediate 

phase. A layered dolomite mud would result at the 

bottom of the basin. For direct precipitation of dolo-

mite, the following conditions must be met (Chilingar 

e t • al., p • 268): 

"The MgICa ratio of the brine must be increased 
from that of sea water to a ratio larger than 
that which should be in equilibrium with both 
calcite and dolomite for dolomite to form. This 
ratio can be raised by the removal of calcium 
from the brine to form aragonite or gypsum or 
both; however, gypsum is only deposited in 
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very shallow water where a supply of oxygen is 
ample, because it tends to be degraded to H2 S 
and iron sulfide by bacteria where the oxygen 
supply is less. Hence layered dolomite formed 
under these conditions is indicative of a deeper 
water environment, of unspecified depth, with 
gypsum deposited in correlative positions along 
shore. Precaution is advised, therefore, in 
interpreting all syngenetic dolomite of supra­
tidal origin." 

Friedman and Sanders continue (Chilingar et. al., 

p. 336): 

"At Salt Flat Graben it was shown that the degrada­
tion of gypsum is genetically related to dolomite 
formation. Dolomite and gypsum are an anti­
pathetiC pair_ Formation of dolomite requires: 
(1) brine concentration as indicated by enrichment 
of the heavy isotopes in dolomite; (2) the 
reduction of gypsum to H2S, iron sulfide, and 
native sulfur, with possible presence of calcite 
as a oy-product coincident with dolomite forma­
tion; and (3) enrichment of the Mg/Ca ratio of the 
brine as a result of gypsum or aragonite precipi­
tation. Native sulfur would be removed in 
solution. Where abundant dolomite is formed, 
gypsum is not an important phase but its degrada­
tion products are". 

A study of the Recent dolomites of South Australia 

by workers such as Alderman, Skinner and Von der Borch, 

(in Chilingar et. al., pp. 281-282) has shed much 

light on the processes connected with direct precipita-

tion of dolomite from solution, It was found that dolo-

'mi te is fo-rmed where t'he water is very saline, the pH 

high, and plants abundant. the plants extract C02 

from the water during photosynthesis; this raises the 

pH and promotes the precipitation of a mixture of high-

magnesian calcite and calcian dolomite. 

In this connection it is of interest to note that 

conditions actually found prevailing in S. Australia 

are identical with those postulated by Toens (1966, 

p. 64) as being most favourable for the formation of 

primary chemically precipitated dolomite. 

. .,. 
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Replacement of dolomite by calcite is known as de-

dolomitisation. From studies of rock fabrics under 

the microscope Friedman and Sanders (Chilingar et. al., 

p. 301) cite the following as evidence of dedolomitisa-

tion; 

(1) Remnants of incompletely replaced dolomite grains 

within calcite crystals (poikilotopic fabr~c). 

(2) Calcite pseudomorphs after dolomite. 

(3) Palimpsest remnants in which ghosts of former 

rhombic dolomite crystals remain in the form of 

zones of ferric oxides, or crystal boundaries 

within a new generation of calcite crystals. 

The authors continue (Chilingar et. al.,p. 301): 

tlDedolomitisation is aided by the presence of 
sulfate ions, which tend to combine with the 
magnesium from dolomite to form MgS04 and cal­
cite. The sulfate may come from evaporation of 
interstitial brine or oxidation of pyrite or 
other sulfide minerals. 

According to Tatarskiy (1949) a genetic 
relationship exists between the presence of inter­
stitial anhydrite and dedolomitisation, with 
MgS04 forming as a by-product, according to the 
reaction: 

Efflorescent MgS04 has been reported on 
outcrop surfaces of carbonate rock which have been 
dedolomitised. Gypsum interlayepod with the dolo­
stones apparently does nQt aid the dedolomitisation 
process." 

Dolomite Formation, Dedolomitisation and Metamorphism 
of the Hakos Dolomites 

The basal unit of the Hakos Series, from which 

specimen 66 was taken (grid reference -19100/42500) 

appears to have originated as a rather pure limestone 

which has subsequently been dolomitised. Originally 

pelitic portions of the sediment are now represented by 

muscovite. Metamorphism has had little effect on the 
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rock apart from initiating recrystallisation, leading 

to the formation of isolated larger porphyroblasts. 

Emplacement of the Dachsberg granite has not 

materially affected the dolomites in the vicinity of 

the windpump on the northern boundary of Eintracht 118. 

In specimens 1 and 2, the complete absence of tremolite 

and talc rules out any reaction between quartz and dolo-

mite to have taken place. Winkler (1967, pp. 24-25) 

states that the reaction between dolomite and quartz 

cannot be used as an accurate indicator of temperatures 

reached during metamorphism. Even if the depth of 

burial, and hence the pressure of the gas phase were 

known, the·equilibrium temperature in the reaction: 

3 CaIVlg( C03) 2 + 4 3i0 2 + H20 :¢ 

Mg3 [(OH)2.Si4010] +3CaC03+3 C02 

is profoundly influenced by the molar fractions of C02 

and H20 respectively present in the gas. 

graphically by Turner (1968, p. 136). 

This is shown 

The blue, and the white members of the Hakos 

dolomite unit in this vicinity are regarded as repre-

senting dolomitised limestones. A possibly detrital 

origin for the red variety represented by specimen 3 

has already been reforred to. ~ 

The thin sections of specimen 4, from the south-

western end of the Vierkuppenberg, show rounded 

inclusions of dolomite enclosed in the calcite crystals 

that constitute the bulk of the rock. According to 

Friedman and Sanders (in Chilingar et. al., 1967, p. 301) 

such poikilotopic textures are one of the criteria for 

dedolomitisation. 

Slide 4 contains much carbon. . The insoluble 
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residue obtained during the acid leaching of the rock 

in connection with the extraction of the danburite 

showed appreciable amounts of originally organic matter 

to be present. This leads to speculation regarding 

the origin of the rock. Toens (1966 1 pp. 66-67) dis-

cusses the evidence for organically precipitated dolo-

... mite. Although the existence of pure dolomite 

originating in this manner has never been proved, work-

ers such as Fairbridge, Skeats and Twenhofel have 

demonstrated the presence of considerable amounts of 

MgC03 held in solid solution by organical~y secreted 

calci to. Figuros obtained by these authors, and quoted 

by Toens (p; 66), range from 7 to 43% Mgeo3. Toens 

suggests that, with the passage of time, and the addi-

tion of CaCD3 from an outside sourc8, this matorial 

could undergo mol8cular reorientation to form dolomite. 

The presence of carbonaceous matter in Specimen 4, 

and the evidence for dedolomitisation obtained from 

slides of this specimen, lead the present author to 

suggest that at least locally, the Hakos dolomites may 

in part be of organic origin. 

Specimen 49, collected from the southern end of the 

dolomite hill in the centre of~Goldene Aua I06~ is of 

interest in that besides dolomite and quartz, it con-

tains some wollastonite. This l~st-named mineral, 

according to Winkler (op. cit., p. 35) is not charac-

teristic of low-temperature metamorphic facies, nor is 

it found in low-pressure (i.e. shallow-depth) contact-

metamorphic zones. Winkler suggests that, for 

wollastonite to form according to the r8~ction: 

·' 
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the molar fraction of C02 in the gas phase must have 

been very high, probably approaching 1. Thus, the 

assumption of a reaction temperature some 20-50 oC lower 

than the experimentally established equilibrium temp-

erature for a given molar fraction of C02 does not result 

in any great errors. 

In this particular instance, geological mapptng has 

revealed the existence of a basic dike (grid reference 

-16900/39000) in close proximity to the dolomite horizon 

in question. It is not unlikely that the wGstern end 

of this dike dOGS, in fact, approach the dolomite more 

closely than is indicated on the map. This could 

not be established in the field owing to the poorly ex­

posed nature of the dike, but it seems likely that 

development of the wollastonite is connected with the 

emplacement of this small intrusion. Assuming a depth 

of burial of 4-8 km, curves given by Winkler (p. 34) 

indicate that temperatures of 650-700oC and pressures 

of approximately 2000 bars would have prevailed at the 

time of emplacement. The low (0.5%) wollastonite 

content, coupled with the complete absence of CaC03 in 

specimen 49, suggests that the rock was originally a 

rather pure dolomite. The Cap03 necessary for 

wollastonite formation could possibly have represented 

a-small calcite fraction as yet not dolomitised, or it 

could have resulted from incipient dedolomitisation of 

the rock. 

In view of the quartz still present interstitially 

in the rock it is surprising that, with the drop in 

temperatures that must have followed emplacement of the 

dike, no tremolite or talc were formed in the dolomite • 
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One possible explanation is the outward migration from 

the area of pore fluid during omplacement of the dike. 

The "dry" nature of the rock would have hampered any 

subsequent reaction between quartz and dolomite. 

It is· noteworthy that the only development of 

tremolite in the area mapped is in the dolomite horizon 

flanking the southeastern portion of the Kuduberg, from 

the boundary Goldene Aue 106 - Joachimstal 107 to a 

point some 2 km west of this. The quartzitic nature 

of the rock, together with its situation near the core 

of the syncline that trends westsouthwestwards across 

Joachimstal 107, were probably decisive factors con-

trolling the formation of tremolite. As already 

montioned, the presence of this mineral can be used 

only as a very rough indication of the degree of meta-

morphism. Winkler (op. cit., p. 25) equates it with 

the "greenschist" facies of regional metamorphism, 

corresponding to temperatures lying above 400°C." 

On the boundary between Goldene Aue 106 and 

Joachimstal 107 immediately south of the White Nossob 

River, the base of the Hakos dolomite band under con-

sideration shows, in thin sections of spooimen 43, layers 

of very fine-grained dolomite alternating with layers 

of much coarser-grained oalcite. The locally developed 

poikilotopic texture suggests dedolomitisation and re-

crystallisation to bo taking place. Dedolomitisation 

would havo been aided by metamorphism, which has re-

sulted in the development of some 7% by volume of 

tremolite in the rock, according to the following 

equation (Winkler, p. 25). 

Ca2Ng5 [(OH)2/Si802~ 
+3 CaCO ? *" 7C0 2 

.. ~ 

.j 



- 139 -

Carbonaceous material is abundant in the slide. 

The central portion of the horizon consists of 

white dolomite. The uppermost band of the whole dolo-

mite unit is a rather pure, blue dolomite possibly con-

taining CaC03 in solid solution, as suggested by the 

faint stain produced by Mitchell's dye in slide 44. 

Traces of carbon were noted. 

So~e 2 km further west, the same colour sequence 

blue-white-blue, from the base of the dolooite horizon 

upwards, was once more observed. Carbon is again 

absent from the white variety, but features prominently 

in the blue-grey types. Trenolite is well developed 

in all horizons. Expressed in terms of Pettijohn's 

classification, the horizon consists of a basal and 

central portion ranging in composition from a dolomitic 

limestone to a calcitic dolomite. The uppermost unit 

is a magnesian limestone. Locally developed poikilo-

topic textures between calcite and dolomite, together 

with the variations in grain size already noted else-

where between these minerals, are suggestive of de-

dolomitisation. The development of tre~olite during 

l~etamorphism would, of course, have materially assisted 

in this process. 

In view of the variations in composition and 

carbon content, it is very likely that this particular 

dolomite horizon is of co~posite origin. Reviewing 

the distribution of Paleozoic dolomites, Chilingar 

et. ale (1967, p. 7) , citing Fairbridge (1957) point, 

out that. 

" . • • • • • • In the offshore direction in a non-
evaporite facies as one proceeds seaward the 
dolomitized sediments are generally replaced 
by non-dolomitized limestones of colder and 
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deeper water character. Where the two alternate, 
one visualises a eustatic cyclicity. The near­
shore dolomitized carbonate is richer in terrigen­
ous insolubles and initially Mg-rich algal nuclei, 
whereas the non-dolomitized layers lack such 
nuclei. The correlation between doloLitization 
and clastics showing nearness to the shore was 
demonstrated by many authors •••••••• In certain 
deep-water limestones, one may also note a rise 
in the insoluble fraction, but these rocks do not 
become so readily dolomitized." 

These postulates may probably be applied to the case 

under consideration. 

Specimens 97 and 98, from the highest exposed dolo-

mite unit in the area, are very pure dolomites showing 

evidence of recrystallisation only. No tremolite or 

carbon was ~oted. For dolomitisation to have taken 

place, deposition in relatively shallow water must be 

postulated for these rocks if the interpretation of 

Chilingar is accepted. The fine grain size in the 

quartzite horizon (i.e. the Quartzite Hill on Joachimstal 

107) intervening between the two dolomite bands shows 

deposition to have occurred at some distance from the 

shore. 
I 

That the water was sufficiently shallow for 

some erosion to have taken place on this quartzite hori-

zon is demonstrated by the higher quartz content of the 

upper dolomite when compared with the lower unit (see 

Table 9). 

The absence of tremolite may be explained chiefly 

by the very low quartz content of the rock. Further, 

in contrast to the tight plications of the strata in 

the northern portion of Goldene Aue 106, the folds in 

the west of Joachimstal 107 are broad and open. The 

lower stress field would be expected to result in a 

somewhat lower grade of metamorphism than is the case 

further east. 

. ... 
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In summing up the forogoing discussion, it may be 

concluded that: 

(1) The characteristic blue-grey colour found in car­

bon8te rocks of the Hakos Series is due to the 

presence of finely disseminated carbonaceous 

matter. Where this is absent the rock is of a 

pure white colour. 

(2) Deeper, colder water favours deposition of lime-

stones rather than dolomites. It follows that 

dolomite formation is restricted to shallow-water 

environments. Since most of the carbonate rocks 

investigated show evidence of dedolomitisation, 

such as dolomite grains poikilitically enclosed 

by calcite, it must be inferred that conditions during 

Hakos times favoured tho formation of dolomite. 

(3) Dolomite is formed by the following processes: 

(a) Direct precipitation from water saturated in 

respect GO MgC03 and CaC03; 

(b) Precipitation of high-magnesian calcite by 

algae; 

(c) Replacement of limestone by hypersaline brines. 

All the above processes require stagnant shallow-

water environments with a restricted circulation; 

evaporitic conditions are the logical extension 

of the above set of conditions. Although no 

gypsum was observed in the area under considera­

tion, it is known that CaS04 is reduced by 

bacterial action with the liberation of H2S; 

evaporitic conditions can thus not be ruled out. 

The almost ubiquitous presence of carbonaceous 

matter in the Hakos dolomites strongly suggests 

an organic origin for these rocks. Although 

organically precipitated dolomite has never been 

definitely identified, it has been postulated to 
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have been deposited in Paleozoic times. Alterna-

tively, the presence of carbon in the Hakos 

dolomites could be explained by the almost con­

temporaneous dolomitisation of organically 

secreted high-magnesian CaC03_ 

(5) Very localised deposits, such as the red limonite-

bearing dolomite found on Eintracht 118, may be 

of detrital origin • 

.T.h,L.QQ.llglQ1!@.ffi1 eon Ei n t r a c h t 118 

As mentioned elsewhere in this work, a quartzite 

unit trends eastnortheastwards from the straussenkuppe 

on Astra 205, broadening out considerably on Goldene Aue 

106 and Eintracht 118. It is on this last-named farm, 

near the base of the quartzite, that a conglomerate 

occurs .. First discovered in a gravel pit (grid 

reference -24660/36920) on the northern side of the 

Windhoek-Gobabis road, the horizon could be traced for 

only a short distance southwestwards from this point 

before lensing out. Towards the northeast, however, 

the conglomerate becomes a more prominent feature. 

In the gravel pit on Eintracht 118 it consists of 

pebbles of a white, sugary quartzite, set in a schistose 

qu~rtz-sericite matrix. The pebbles are somewhat 

flattened in the plane of schistosity, and are all 

rather elongated. Lengths vary from 10cm to at least 

20cm. Of interest is the fact that all the long axes 

of the pebbles pitch steeply in the plane of schistosity 

of the rock. This westerly direction of pitch approxi-

mates to the general trend and plunge of the regional 

fold axes. 

Thin section No.5, of a pebble from this exposure, 

.' 
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shows the rock to consist of: 

Quartz 95% 

Orthoclase 3% 
Microcline 2% 

Plagioclase ) 
) Tr. 

Iron Oxides ) 

The texture is heteroblastic, owing to partial re-

crystallisation having taken place. Quartz grains 

vary in size from 0.1 to O.7mm. The felspar is 

generally rather cloudy. Microcline is porphyroblastic, 

and shows sieve texture, containing rounded inclusions 

of quartz. Micropegmatite is prominently developed. 

In terms of composition, the matrix of the con­

glomerate does not differ greatly from the pebblesr 

A slide of specjnen 6 has the following visually esti-

mated volumetric composition: 

Quartz 88% 

Orthoclase 5% 

Microcline 1% 
Muscovite/Sericite 6% 
Iron Oxides Tr. 

The slide shows the rock to consist of alternating 

bands of finer (O.05mm) and coarser (0.5 to 1.Omm) 
.. 

grained quartz. The felspar, again somewhat altered 

and cloudy, occurs as laths up to 2mm long. Much miccro-

pegmatite is developed. Bedding planes, approximately 

lmm apart, are characterised by wisps of colourless to 

pale-green mica, usually crinkled into small folds of 

wave-length lmm. 

The conglomerate is only a few metres thick in the 

exposure on Eintracht 118. From here the ~nit could 

be traced intermittently northeastwards; both the width 
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of the unit and its pebble size increase in this direc-

tion. East of the Dachsberge on Sandflats 123, 

adjacent to the track leading from Otjiwarumendu 119 to 

Airlie 124, the conglomerate was again encountered 

(grid reference -32880/33100). Although no outcrop as 

such could be located, the surface at this point is 

liberally scattered with the characteristically shaped 

pebbles. These could be traced for some distance along 

strike. When compared with those from Eintracht 118, 

the pebbles on Sandflats 123 are larger, averaging some 

30cm in length, and are rather more flattened, 

In the most northeasterly exposure visited by the 

author, on the farm Spandau 149, some 6 km northnorth-
~ 

east of the northeastern corner of the area mapped, the 

conglomerate is at least 20 metres thick, and forms a 

low rise. The pebbles here are even larger than those 

on Sandflats 123. 

A short distance from the southern boundary of 

Spandau 149, just south of the road leading westwards 

to the homestead on Airlie 124, the conglomerate horizon 

has been thrown into tight folds with a southwesterly 

plunge. These folds lie in the continuation of the 

major zone of brecciation described from Sandflats 123 

and the northern part of Eint~acht 118. Accordingly, 

much faulting and shearing has taken place, with the 

result that some of the pebbles have been intensely 

deformed, resembling corkscrews in certain instances. 

The position of this conglomerate horizon has 

important stratigraphical implications. On the 1963 

edition of the 1:1000000 Geological Map of ~uth West 

Africa, it is correlated with the Opdam Formation of 

the Dordabis System. As far as can be ascertained by 
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the present author, the only basis for this correlation 

is: 

(i) The sheared nature of this conglomerate on 

ottawa 150; 

(ii) The occurrence, in this vicinity, of a thin 

amphibolite band, possibly representing a 

former lava flow immediately beneath the conglom-

erate. 

According to Martin (1965, p. 16) the Opdam Forma-

tion is characterised by several quartz-pebble conglom-

erates with phyllitic matrices; mafic amygdaloidal 

lavas are also common. It thus appears that the 

Spandau-Eintracht conglomerate horizon has been correlated 

with the Opdam Formation solely on the evidence of the 

lithological combination lava-conglomerate. 

The Opdam normally underlies the Doornpoort Forma-

tion. Rocks with a southeasterly dip and ~entatively 

correlated with the latter are known from the farm ~ 

Christiadore 104, a short distance to the south. Accord-

ingly, if the conglomerate were part of the Opdam 

Formation, one would expect dips to be towards the east. 

Since this is not the case, overfolding or faulting must 

be postulated. In this connection, it is known that 

the thrust fault between Nosib and "Tsumis" rocks does 

extend northeastward at least as far as Spandau 149. 

Exposures east of the conglomerate are poor, so that 

stratigraphic evidence is unobtainable from this area. 

However, if the conglomerate is traced southwest-

wards, it is seen, especially on Eintracht 118, to lie 

well inside the Damara belt. Dips everywhere ar€ 

steeply westerly, and since no unconformity was ob­

served either above or below the conglomerate, the 
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horizon must be regarded as an intraformational feature 

of the Damara System, rather than a portion of the Opdam 

Forma tion. The stratigraphical evidence is felt by 

the author to be conclusive in this respect. 

The possibility of subdividing the Damara System in 

the area here being considered must be mention~d briefly. 

Martin (op. cit., p. 24) quotes the following-

maximum thicknesses for the various members of the Damara 

System in the Windhoek diztrict: 

Khomas Series 10,000 metres? 

Upper Hakos Stage 700 " 
Chuos Tillite 600 n 

Lower Hakos stage 1,600 " 

In view of the fact that an estimated thickness of 

at least 8,000 metres of sediments overlies the Nosib 

Formation in the area covered by Map 2, it is evident 

that not only the entire Hakos, but also a considerable 

portion of the Khomas Series must be present here. 

Discussing problems of nomenclature of the Damara 

System, with special reference to the boundary between 

Hakos and Khomas Series, Martin (pp. 42 - 43) states: 

"This lithologically important boundary between 
marbles and schists is, i~larger areas are 
considered, composed of laterally interfingering 
units, in which large-scale facies substitutions 
occur. It is quite certain that this lithological 
boundary does not even approximately conform to a 
time boundary. This beingfuecase, it is question­
able whether the Khomas sequence should retain the 
status of a series. It would certainly be more 
realistic to call this unit, in spite of its 
great thickness, a member instead of a series. 
If the designation 'series' is to be retained, 
then the highest marble band should form the 
boundary •••.•••.•.••. n 

K. Seeger of the South West Africa Geological Survey 

(personal communication) is of the opinion that the 
, 

sediments overlying the dolomite horizon (grid reference 

.' 
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-13500/38600) in the eastern portion of Joachimstal 

107 may possibly be correlated with the Khomas Series. 

However, in view of Martin's statements above, the 

present author feels that the base of the Khomas Series 

should more correctly be placed at the top of the upper 

dolomite unit in the Quartzite Hill area in the extreme 

. west of Joachimstal 107. This would, of course, make 

the Upper Hakos stage oonsiderably thicker than any-

where else in South West Africa. 

A further point of interest is the possible equiva­

lence of the Eintraoht-Spandau conglomerate with the 

Chuos Tillite, which elsewhere in South West Africa 

serves to separate the Lower from the Upper Hakos 

stage. Locally a typical glacial deposit, the hori-

zon is very variable lithologically. It may be present 

as a phyllite, quartzite, itabirite, oonglomerate or 

pebbly schist. 

Accordingly if, as already mentioned, the lower 

contact of the Khomas Series is placed in the vicinity 

of the Quartzite Hill, and the conglomerate is taken to 

represent the Chuos Tillite, a broad subdivision of the 

Damara System between Witvlei and Omitara becomes possible. 

Thicknesses of the various memo€rs would then approxi-

mate to: 

Khomas Series 

Upper Hakos Stage 

Conglomerate (Chuos?) 

Lower Hakos .'stage 

> 2,500 ill 

3,500 m 

o -20 m 

2,000 m 

The presence of isoclinal folding in certain of the 

schists between the more competent horizons makes a more 

accurate assessment of thicknesses impossible. 

( . 
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Between tho more resistent and hence botter ex-

posed mombers of thG Damnra System, namoly the 

quartzites and dolomites, there occur considerable 

thicknesses of less competent, schistose rocks. These 

generally have little topographical expression and are 

usually poorly exposed. Most of the examp1es describ-

ad below were collected from the immediate vici~ity of 

thE) White Nossob River, where outcrops are more abundant. 

The schists are usually steeply dipping and may in 

places be isoclinally folded. They comprise quartz-

chlorite, quartz-mica and quartz-epidote schists, as 

well as quartz-sericite and grauhitic phyllites. 
~ ~ 

Narrow interbeds of quartzite and dolomitic limestone 

occur. Quartz veins parallel to th8 strike are 

ubiquitous, and form part of the regional shear pattern. 

The minor amphibolit8s associated with the schistose 

rocks will be described in the following section. 

Specimen 68, from an exposure (grid reference 

-22900/39650) in a gully on the southern bank of the 

White Nossob River, is a fine-grained quartz-chlorite 

rock containing lenses of pink limestone 2-3mm thick. 

These lenses show up the folding in the rock. In 

thin section, the specimen shows a quartz-calcite-

chlorite groundmass containing crystals of granoblastic-

polygonal dolonito. These may exhibit inclusions of 

quartz, and range from 0.5 to lm~ in size. Flow 

toxture is occasionally evident in the dolomite, in , J 
f 

which folding has lod to local distortion of the 

cleavage pIanos. The quartz in the groundmass is 

somewhat elongated in the plana of bedding; grains 

'.\',',., 
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range from 0.05 to O.3~m in length. Albite is 

present in Dinor aJounts. Green pleochroic chlorite, 

as scaly aggregates and wisps parallel to the bedding, 

is associated with subordinate biotite. Sphene, as 

grains O.lnn long is abundant; tourmaline is an 

accessory only. A visual estimate of the composition 

is given in Table 11. 

In connection with the prospecting activities in 

the eastern corner (grid reference -20900/38850) of the 

Goldene Aue 106, some detailed geological mapping was 

carried out by the author. Map 3, included in the 

pocket at the back of this volum~ shows the variety of 

rock types~that have had, of necessity, to be included 

under the general symbol Ds on Map 2. 

Within the area covered by Map 3, specimen 54 

was collected from a prospecting trench some 75 metres 

southwest of the White Nossob River. It is a dark-

green to black, finely laminated quartz-chlorite-

biotite schist, breaking easily into fragments approxi-

mately lcm thick. A faint cranulation, giving rise to 

a lineation on the schistosity planes, was observed. 

Isolated specks of malachite occur in this rock, 

Under the microscope a t~in section of speciQen 

54 shows thin laths of chlorite, muscovite and green 

biotite, elongated parallel to the schistosity. 

Granoblastic elongate quartz up to 0.2nD long occurs 

between the micaceous minerals, as does porphyroblast-

io apatite. The latter is often bent where it has 

been involved in the irregularly spaced crenulations 

that cross the slide at an angle to the schistosity 

Tourmaline occurs as stout laths of ditrigonal 

i . 
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prismatic cross-section. It may be zoned, with a green 

rim surrounding a blue core. The slide is traversed 

by a band, approximately 3mm wide and running parallel 

to the schistosity, of granoblastic quartz-plagioclase 

in the size range 0.05 to 0.15mm. Green pleochroic 

chlorite is associated with a little brown biotite. 

Later veine, still parallel to the schistosity, consist 

of elongate quartz crystals up to O.5mm long, as well 

as subordinate x~noblastic carbonate. Malachite 

occurs as Itporphyroblastsl1 in the micaceous layers. 

Iron oxides are present in small amounts. 

Specimen 55, also from Goldene Aue 106, comes 

from a pros~ecting trench immediately adjacent to the 

White Nossob River. It is a quartz-sericite schist 

carrying abundant malachite. In the thin section, 

tight folding is apparent, with much recrystal1isation 

of the constituent minerals to form larger grains, 

especially in the fold closures. The slide shows two 

outer zones of very fine-grained quartz-muscovite-sericite 

schist, enclosing a central band, 2.5mm wide and parallel 

to the bedding, of coarser biotite and chlorite in a 

quartz-felsyar matrix. Tourmaline is found throughout 

the slide. Apatite was noted in the central zone only. 

Malachite occurs as blebs and ~s veinlets parallel to 

the bedding, especially in the central zone. 

Of interest is the presence of two varieties of 

biotite. An olive-green type is found throughout the 

rock. It occurs as thin laths 0.3 to 0.4mm long in the 

outer zones of the slide, and as stouter laths up to 

O.6mm long in the central section, where they are not 

strictly parallel to the bedding. The sides of the 

central zone are rimmed by long laths of brown biotite; 

.' 
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a broad zone of this mineral also runs up the middle of 

the central zone in the slide. This brown variety may 

be intergrown, parallel to the cleavage, with the green 

variety, and is associated with chlorite and malachite. 

Concerning the colour variations found in biotites 

Deer, Howie and Zussman (1962, Vol. 3, p. 71) state: 

" .... ~ .• the principal factors which influence 
colour are Ti02 content and the ratio Fe203! 
(FS203 plus FeO). High Ti02 gives a reddish 
brown colour while high ferric iron gives 
green. It is the balance of these two factors, 
however, rather than their absolute values which 
determines the colour. Thus a biotite with low 
Ti0 2 will yet be brown provided that Fe203 is low, 
and one with low Fe203 can be green if there is 
very littl~ Ti02. Intermediate proportions of 
~i and Fe+3 result in yellowish or greenish 
brown colourations." 

A visual estimate of the mineralogical composition 

of specimen 55 is given in Table 11. 

Interbedded with the schists described above, and 

well developed in the area covered by Map 3, are thin 

bands and lenses of pink dolomitic limestone. These 

are usually slightly better exposed than the surrounding 

schists, and are useful markers in helping to determine 

the style of folding. 

In hand specimen, these dolomitic limestones close-

ly resemble those found interpedded with the Duruchaus 

phyllites. Specimens 52 and 53, from the eastern 

corner of Goldene Aue 106, are medium-grained, finely-

bedded pink rocks. Bedding planes are accentuated 

by concentrations of quartz and, locally, iron oxides. 

Crystals of limonite after pyrite are common. A 

lineation running obliquely across the bedding planes 

is very prominent. Tight folding is exhibited in 

specimen 53. 
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TABLE II 

APPROXIMATE MINERALOGICAL CO}m?OSITION OF SOME DAMARA SCHISTS. 

SPECIMEN NO. 18 27 28 48 532 54 552 

Quartz 64 51 50 ' 35 26,.1 30 25 
Plagioclase ... 1 1 Tr. 2.0 5 1 
Biotite - 14 15 45 - 18 35 i 

i I Muscovite 35 8 7 20 ! 0.3 30 23 

I 
I 

I I 
Chlorite ... 12 8 ... ... 14 5 
Carbonate - Tr. 8 -. 70.3 Tr. ... 
Epidote - 10 10 - - -

f 

-
Iron Oxides '-I 2 1 Tr. 1.3 2 1 

I It. ! 
Tourmaline ... ) ... Tr .. - Tr. 1 1 

APatite - ) 2 - - - 1 Tr. 

Sphene - ) ... -- - - Tr. 

Cu Minerals - ... -. ... ..... Tr. 3 

TOTAL 100% 100% 10crfo 100% 100.<=% 100% 100% ! 
1 

~.----

I. Grain Count.. Carbonate content made up of : Dolomite 28 .. 5%, Calcite 41.,8.% 
2. Biotite oontent made up of (approx.) : Green variety 20%, brown variety 15% 
3. Carbonate content made up OI (approx.) : Dolomite 3C%, Calcite 11% 
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A slide of this rock shows a very fine-grained 

groundmass of dolomite, quartz and felspar, in the 

size range 0,01 to O.lmm. In this are developed bands 

2-3mm thick and parallcl to the bedding, composed of 

xenoblastic calcite with an average grain size of 0.5mm. 

This calcite appears to be a product of dedolomitisation, 

since it is poikiloblastic, enclosing rounded grains of 

dolomite, and sometimes also of quartz. Elsewhere the 

latter shows evidence of recrystallisation to grains 

0.5mm across. Muscovite and iron oxides are prosent 

in minor amounts. Results of a grain count carried 

out on this slide are given in Table ll. 

Specimen 48 comes from higher up in the strati-

graphic succession, and was collected on the small hill 

(grid reference -16900/38500) in the centro of the 

farm Goldene Aue 106. It is a well cleaved, fine-

grained grey phyllite, in which the cleavage appears to 

be parallel to the bedding. Foliation pIanos show a 

crenulation measuring 4-5mm in wavelength, resulting 

in a lineation with a shallow southwesterly plunge. 

Tho thin section shows the rock to consist of laths 

of mica, forming bands parallel to the foliation and 

enclosing, betwe8n adjacent layers, grains of grano-
-

blastic elongate quartz. Layers rich in muscovite/ 

sericite alternate with those where biotite predomin-

ates, Iron oxides, plagioclase and tourmalino are 

accessories. A crenulation, of average wavelength 

O.5mm, traverses the slide obliquely to the foliation; 

an incipient cleavage, axial-planar to these small 

folds, is doveloping. 

A few examples of graphitic schists arG known from 
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the area under consideration. Spocimen 13, from tho 

southern bank (grid reference -11980/29470) of the Whito 

Nossob River on BUschow 108, is a bodded, grey, somewhat 

graphitic rock, exhibiting one lineation. Under the 

microscope it is seen to consist of granoblastic 

elongate quartz with subordinate plagioclase, usually 

. untwinned, in the size range 0.05 to 0.4mm. Occasion-

al bands of sericite are present, parallel to the 

bedding. Finely disseminated carbon is prominent in 

the slide. Xenoblasts of sphene, often including quartz, 

are conspicuous and are usually associated with later 

veins of coarse-grained quartz. 

Specimens 99 and 100 were collected from a gully on 

the southern bank of the White Nossob River, close to 

the boundary Goldene Aue l06/Joachimstal 107 ""(grid 

reference -18000/34750). Both are well bedded and 

very fine-grained grey rocks, exhibiting two lineations 

on the bedding planes. In thin section both rocks 

appear "dirty", owing to the abundance of finely dissem-

inated carbon. Quartz, plagioclase and pale biotite 

are the chief constituents; slide 99 contains short 

laths of epidote, as well as some muscovite. 

The large amount of carbon present in specimensl3, 

99 and 100 suggests deposition to have taken place in 

stagnant water, where reducing conditions prevailed. 

Of interest is the occurrence of a talc schist on 

BUschow 108 .. This rock, of a lustrous grey-white 

colour, highly schistose and soapy to the touch, occurs 

as a narrow band below the Hakos dolomite in the bend 

of the White Nossob River (grid reference -13570/29900). 

A bedding plane, exposed by and sloping westwards to 

; j 
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the river, shows two sets of folds, the one crossing 

the other at a considerable angle. 

Slide 13, from a specimen of this rock, shows a 

carbonate occurring as idioblasts up to Imm across, but 

more usually as ragged xenoblasts set in a matrix of 

talc. Owing to tho fact that the section was cut 

parallel to the bedding, the talc is seen chiefly in 

the shape of basal sections with low interference 

colours~ Isolated laths show moderate birefringence, 

have parallel extinction, and are length-slow. The 

mineral is biaxial negative, with a very small 2V 

a angle of some 10 • The composition of the rock 

approximates to: 

Carbonate 30% Talc 70% 

Specimen 18 comes from an exposure on the side of 

the track leading through Diana 117 to Diana North 116, 

near the northorn boundary of the area mapped (grid 

reference -23060/27620). It is a medium-grained 

schistose rock, rusty to green in colour, consisting 

of quartz "blows" from Imm to lcm thick, between layers 

of pale mica. Folding on a small scale can be observed. 

A thin section of this rock shows bands of coarse 

quartz, of grain size up to 2:5mm and exhibiting lobate 

sutures, alternating with layers of finer-grained 

(approximately 0.5mm) quartz and muscovite. The 

latter, slightly pleochroic from pale-green to pink, 

forms laths and shreds up to 2mm long, and may give 

rise to monomineralic layers. The bedding, or 

schistosity, is presumed to be parallel to the mica 

laths, which show a slight crenulation. The approxi-

mate composition of this quartz-muscovite schist is 

.' 
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Plate XXI . Folds in quartz-ser icite 
schist on Diana 117, showing boudin­
agin~ o f a gU2.rtz vein . 
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given in Table 11. 

Mention must be made of the quartz-mica schists 

exposed on the northern bank of the White Nossob River, 

in the core of the KUduberg-Omatewaberg anticline (grid 

reference -17340/31280). Samples 27 - 30 differ some-

what in hand specimen, but all are essentially soft, 

grey schistose rocks containing randomly orientated 

biotite. Cubes of pyrite up to 4mm across, often 

altered to haematite and limonite, are apparent, as 

are octahedra of magnetite. A slight crenulation, 

giving rise to a lineation of very shallow dip, is vis-

ible in the outcrop. 

In thin section, specimen 27 is seen to consist of 

granoblastic-polygonal quartz of average grain size 

O.2mm, associated with randomly orientated muscovite laths 

of length 0.1 to 0.5mm. Minor plagioclase, as andesine, 

is present. Olive-green biotite exhibiting pleochroic 

haloes was noted, locally altered to chlorite, Colour-

less epidote, optically biaxial negativo with a 2V 

angle of some 85°, is abundant as laths and granular 

aggregates of high relief. Subordinate carbonate, 

sphene, tourmaline and apatite were noted, as were cubes 

of pyrite up to 2mm across, altering to haematite. 

Slide 28 is similar but shows the rock to be of 

average grain size O.lmm. Carbonate is more abundant 

than in Slide 27, occurring as ragged xenoblasts often 

enclosing quartz, biotite and magnetite. A crenu-

lation of wavelength O.5mm is -evident. 

A little further east, close to the boundary with 

Altenstein 115, more quartzitic members of the schists 

give rise to "whale-backs". These ridges, approximately 
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I 1ate iCXII. Nicror~ra _)h of quartz-biotite schist 
from Omate~va 113 , showing calcite lC) poikilo­
blastical ly e ~ clo s ing green biotite (b), quartz 
( q ), e:idcte (e) an d plagioclase (p) . X 100 , 
crossed nicols. 

Pl ate XXIII. 1" 1ica [;'lchist from Orna.tewa 113 in 
t hin section . Laths of both muscovite and biotite 
are prese rt , with i nterstitial qua rtz. Fol d in~ 
has led to t~ n formation o ~ a crenul ? tion ~lna (a~e . 

:~ 35, crossed nicolA. 
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20 ~etres longy rise so~e 5 metres above the valley 

floor to approach the height of the calcrete-covered 

surface between the Kudubcrg and the Onatewaberg. 1so-

lated interbeds show re~nnnt cross-bedding, dipping very 

steeply either side of the vertical; the northerly COID-

ponent predominates. Since the overlying quartzites 

-have a very shallow dip, it ~ust be assu~ed that the 

schists ure isoclinully folded in this axial zone. 

Exposed surfaces are almost horizontal with a shallow 

westerly dip. These flnt surfaces correspond to a type 

of regional foliation. They are finely crenulated, with 

a lineation running due west down the dip. 

Ihe Amphibolite~ 

Under this heading are included melanocratic rocks 

of doubtful origin, occurring as thin interbeds in the 

Damara schists. They can, in certain instances, be 

traced for considerable distances along strike, and have ~ 

been found to be entirely conformable with the surround-

ing sedi~entary asseublage. This is borne out by e. 

study of IVlap 3. 

Cannon (1963) discusses briefly a classification of 

aDphibolites based on the propo~tions of plagioclase and 
.. 

quartz in the rocks. 

Much hns boen written on the problems connected with 

distinguishing between orthr and para-amphibolites. The 

latter usually result from the netamorphism of calcareous 

or dolo~itic shales, since only these sedi~ents have an 
! I 

original composition corresponding to that of amphibo-

Ii tes, Para-amphibolites nay thus be regarded as 

decarbonnted mixtures of calcite or dolomite with pelite, 
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whereas ortho-a~phibolites are completely recrystallis-

ed metn-dolerites, meta-basalts, or meta-basic tuffs. 

Leake (1964, p. 238) points out: 

"Attempts to find ohemical differenoes between 
ortho- and para-amphibolites have been prejudiced 
because banding has been taken as complete proof 
of a sedimentary origin whilst metamorphic segre­
gation, shearing together of rocks, and tectonic 
thinning of interbedded sequences of meta-sediment 
and meta-basic sills have been completely discount­
ed. Consequently, many published conclusions 
that there are no chemical differences between 
ortho- and para-amphibolites cannot be accepted 
uncritically. In fact, if banding were a re­
liable indication of a sedimentary origin then 
there would often be no need to search for 
chemical differences between the two groups of 
amphibolites. " 

The author continues (p. 239) 

" •••• pelites and basic igneous rocks both have a 
fairly wide range of trace element concentrations 
and so no completely diagnostic abundance criteria 
have been discovered, though the frequent high 
contents of Cr and Ni in basic igneous rocks have 
received much comment. Such rocks usually have, 
also, higher Ti and lower Niggli K values than 
mixtures of pelite or semi-pelite with dolomite or 
limestone. Nevertheless, because of common 
alkali metasomatism, including sericitization, and 
because there are very great ranges in the compo­
sition of igneous rocks and, to a lesser extent 
of pelites, none of these features is always use­
ful'. In summary, i t can be said that amphi bo­
lites rich in Cr, Ni, and Ti, and having low k 
values are almost certainly igneous in origin, 
but amphibolites having low Cr, Ni, and Ti values 
and high k values can be either igneous or sedi­
mentary in origin. • •••••• The most valuable 
distinction between ortho- and para-amphibolites 
is likely to be based not~so much on the absolute 
concentrations of certain elements as on the 
nature of the trends of variation in the amounts 
of these elements, and' their relationship to 
known igneous and sedimentary trends. The ex­
tent to which metasomatic changes, other than 
decarbonation, have been important in the genesis 
of amphibolites should become clear through the 
deviation of the plots from both igneous and 
sedimentary trends." 

By these means, Leake (1963) working on the amphibo­

lites of the N. W. Adirondacks, N.Y., was able to 

establish a characteristic igneous trend of variation, 

corresponding to the trend established from Karroo 
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dolerites by Walker & Poldervaart (1949, p. 647). These 

trends differ markedly from those for pelite-limestone 

and polite-dolomite mixtures. 

From Somalia, Skiba and Butler (1963) used Sr-An 

relationships in plagioclases to differontiate botween 

metagabros and country-rock (para)amphibolites. 

Using the methods pioneored by Leake, Van de Kamp 

(1969) made valuable contributions regarding the origin 

of amphibolites from the Beartooth Mountains in Wyoming 

and Montana. On the basis of major element chemical 

variations, and of trace element abundances and ratios, 

Van de Kamp (op. cit., p. 1135) considers that: 

" these amphibolites ••••••• are formed from 
basic and intermediate igneous materials. This 
fact, combined with the demonstrated problems of 
producing hornblende-plagioclase rocks from shale­
carbonate mixtures, suggests that nearly all 
amphibolites are derived from basic igneous rocks, 
even if they appear as meta-sediments. A few 
amphibolites may repr8sent metasomatized sediments." 

Van de Kamp (1970) came to similar conclusions from 

studies of the Dalradian Green Beds in Scotland. There, 

amphibolites intimately and finely interbedded with 

psammites and pelites were, at the turn of the century, 

regarded by workers such as Gunn, Hill and Barrow as 

being of sedimentary origin. -Later, Phillips studied 

tho chemistry of these beds and demonstrated their 

resemblance to rocks of igneous origin. From major 

and trace element chemical data Van de Kamp was able 

to prove an origin by metamorphism of igneous matorial. 

He found that (p. 300): 

" •••... the so para-a~phibolites and greenschists 
represent metanorphosed basic tuffs, originally 
deposited in a region of pelite sedimentation. 
Para-amphibolites occurring in marble in south­
eastern Ontario have also been shown to be 
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metamorphosed tuffs (Van de Kamp, 1968). There 
are probably few amphibolites formed by nonmeta­
somatic metamorphism of pelite-carbonate rocks." 

From a review of pertinent literoture Van de Kamp 

finds that extensive desposits of basaltic tuff are 

frequently found in unmetamorphosed sequences of various 

ages. Such rocks may thus be regarded as the progeni-

tors of amphibolites. 

From the brief discussion above, it must be evident 

that valid conclusions regarding the origin of a certain 

suite of amphibolites can be reached only once a con-

siderable number of chemical and trace element analyses 

have been carried out. From the area between Witvlei 

and Omitara, spectrographic determinations for Ni and 

Cr were carried out on a 'specimens, representing both 

melanocratic rocks of definite igneous, and of doubtful 

origin. In all cases values obtained for these two 

elements were 200ppm or less. In view of Leake's 

remarks cited above, the rocks of doubtful origin in 

this assemblage could be either or tho- or para-

amphibolites. 

It is now proposed to describe a few of the Damara 

amphibolites and greenschists in greater detail. 

Samples 50 and 51 were collected from the eastern 

corner of Goldene Aue 106. Specimen 50, from an out-

crop just north of the zone of copper mineralisation 

shown on Map 3 some 75 metres southwest of the White 

Nossob River, is a massive, dark rock composed of dark-

green amphibole and bright green epidote. The latter 

often occurs as radiating fibrous crystals. Under 

the microscope, the opidote, of averago grain size 
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·0.5mm, is colourless to slightly yellow. The 2V angle 

is close to 90°, the mineral being biaxial negative. 

Large portions of the rock arc ~onomineralic, being 

COGPosed solely of epidote. Arr~phi bol Gis found as 

rogged laths, someti~GS up to 1.5mm long and enclosing 

quartz and sphene. Twinning is not uncommon. Tho 

following data wore obtained for this amphibole: 

Pleochroism y,jllow-gresn Green Blue-green 

Refractive indicos 1.647 ND 1.663 

2Vx is approximately 80 0
, and the extinction angle is 

190
• 

From ~its optical properties the mineral would appear 

to belong to the hornblende group. However, consider-

ation of the mineral assewblage in adjacent rocks 

suggests that it is more likely to be an actinolite. 

This latter is, according to Turner & Verhoogen (1960, 

p. 534), together with tremolite the characteristic am-

phibole of the lower two zones of the greenschist fncies. 

Magnetite, altered to hnematite, is present, as is 

abundant ilmenite, partially altered to leucoxene. Cal-

cite occurs as xenoblasts up to Imm across, often enclos-

ing ilmenite, epidote, amphibole and quartz. The latter 

-is also present as very subordinate interstitial crystals, 

or it may be enclosed in the amphibole. Chlorite, 

apatite, zircon, and sphene were observed in minor 

amounts. A modal analysis of the rock is given in Table 

12. 

From the massive nature of the rock, together with 

the abundance of ilmenite and the paucity of quartz, 

it is felt that the horizon could well represent an 

igneous interbed within an otherwise pelitic assemblage. 

'1 
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Plate XXIV. Prominent outcron of 
chlorite schist on Goldene Aue - I0 6, 
adjacent to the Wh ite Nossob River . 
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A further horizon, mapped as amphibolite, occurs 

some 50 metres south of the zonA of mineralisation 

marked on Map 3~ It was traced for a considerable 

distance along strike, and near the White Nossob River 

forms a prominent outcrop, 1 - 1.5 metres high and 

2 - 3 metres wide. The rock is olive-green, fine-

grained and somewhat schistose; epidote and biotite 

can be recognised with tho hand lens. 

Thin section 51, from a specimen of this rock, 

shows chlorite to be the dominant mafic mineral, occur-

ring as bent laths and as sheaf-like bundles of laths, 

0.5 to Imm long. Local alteration to biotite is 

evident. ~Muscovite is very common in the rock, as is 

colourless epidote. Magnetite, as ragged crystals and 

and as occasional euhedra, makes up a fairly large pro-

portion of the mineral assemblage. Quartz, usually 

strained and showing undulose extinction, occurs inter-

stitially. Porphyroblastic plagioclase, of maximum 

symmetrical extinction angle 150 and hence probably 

andesine, is full of small epidote crystals. Some 

poikiloblastic calcite is present. Apatite is"an 

accessory. 

The composition of speci~en 51 is given in Table 12. 

In view of the mineral assemblage quoted above, it is 

likely that this rock represents an original sediment 

rich in iron, potash and aluminium. 

Two specimens are available froID tho southeastern 
,; 

side of the zone of brecciation in the southern port~on 
( 

of Sandflats 123 (grid reference -31910/33425). Both 

are considered to have COIDe from the horizon of basic 

rock normally to be found below the Eintracht pebble 

.' 
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TABLE 12 

NICRONETRIC ANALYSES OF DAi"1ARA ~1\tlPHIBOLITES 

T 
16* Specimen ND. 12 26 50 51 87 90* 

Amphibole I 51.4 75 - 33.7 - 76.5 37 
Plagioclase 33.7 2 - - 6.0 Tr. 37 

Quartz 4.8 10 17.2 5.1 23.1 0.8 3 
i Biotite 0.1 - 42.4 - ) - -) 13.4 ; 

, IVluscovi te - 3 8.7 - 5- - - ...,-' a-
Chlorite Tr. 5 2.8 0.4 26.4 - - ...--., 
Garnet 0.3 - - - - - - p 

Iron Oxjdes 3.0 3 1.5 3.4 8.8 0.4 3 

ffipidote 1.9 2 20.8 51.8 19.8 - 10 

Sphene 3.6 Tr. 4.1 2.9 - 20.9 10 

Carbon8~te Tr. - 1.5 2.4 1.2 - -
Apatite 1.2 Tr. 1.0 0.3 1.3 1;4 -

1 
TOTAL 100.0% 100% 100.0% 100.0% 100.0% 100. 07~ 100% 

-- -~--.-~ 

'\ 

'X- Visual estimate only • 
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conglomerat0. This latter bed is not exposed at this 

particular locality. 

Specimen 16 is a very fine-grained, massive grey-

green rock; in which none of the constituents can be dis-

tinguished in hand specimen. In thin section it consists 

chiefly of blue-green, pleochroic amphibole, ~s fragments 

. approximately Imm long in a sub-parallel arrangem~nt. 

Quartz and very subordinate plagioclase occur intersti-

tially to the amphibole. Chlorite and muscovite are 

found as ragged porphyroblastic laths. Epidote is 

locally well developed, Iron oxides, as sub-parallel 

blebs and streaks, are conspicuous. A little apatite is 

present. 

Specimen 17, from the same locality, was found out-

cropping as a band only 2 - 30m thick. It differs from 

specimen 16 only in that it shows a foliation. Under 

the microscope, amphibole is seen to alternate with 

layers of quartz-plagioclase. Chlorite and plagioclase 

are conspicuously porphyroblastic, forming crystals up 

to Imm long that stand out against the average grain 

size of 0.05 to O.lmm for the rock. The low quartz 

content is possibly suggestive of an igneous origin for 

these two specimens. 

Similar, if somewhat coarser-grained rocks, occur 

on the banks of the White Nossob River west of the home-

stead on Omatewa 113. Specimens 12 and 90, both from 

very narrow basic interbeds in the schists and quartz-

ites of the vicinity, were collected from opposite 

sides of the river on Omatewa 113 and BUschow 108 (grid 

references -13210/29760 and -13760/29650 respectively). 

In both, amphibole, epidote and felspar can be made out 

~ ... 
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Plate XV. Am~,hiboli te from Goldene Aue 106 under 
the microscope. " Apatite (ap), s phene (s) and blue­
green amphibole (a), surrounded by epidote (e). 
X 100 , cro ssed nicols. 

IJl ate XXVI . Microgra ph of amphiholite fro m Oma.te\~Ta 
11 3 , showing limpid plagio cl ase Loikiloblasti cally 
enclo sing garnet (g) an d amphibole. X 35 , pl ane­
polarized liGht . 
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with the hand lens. In the thin sections, the amount 

of quartz is seen to be minimal, blue-green amphibole 

and albite making up the bulk of the rock. Sphene and 

epidote are found in both specimens, but occur in 

appreciable quantities only in specimen gO. Of interest 

is the presence of isolated 8ubidioblasts, up to 0.5mm 

across, of colourless garnet in slide 12. The composi-

tion of both rocks is given in Table 12. 

Specimen 26 comes from the same locality as the two 

amphibolites described above. It is a faintly foliated, 

dark-green biotite-epidote schist, occurring as an inter-

bed 5 - 10cm thick in Damara quartzites. It was collect-

ed from the, left bank of the White Nossob River (grid 

reference -14420/28915) on Omatewa 113. 

The thin section shows a rock of very "clean" 

appearance, in which most minerals are sub- to idioblas-

tic, with sharp crystal outlines. Olive-green biotite 

is the principal constituent, having been derived from 

chlorite, which is still present in small quantities, 

Muscovite is less prominent than biotite and may form 

broad, poikiloblastic laths, enclosing quartz and epidote. 

The latter minerals usually occur interstitially to the 

mi cas. Idioblastic magnetite, probably after pyrite, 

forms cubes of sides up to 0.8mm. Iron oxide grains 

of much smaller dimensions occur associated with abun-

dant sphene. Carbonate, always poikiloblastic, is 

present as isolated crystals up to 2mm across. No 

plagioclase was noted in the slide. 

The complete absence of plagioclase and amphibole 

appears to make an igneous origin unlikely for this rock. 

Rather, it is suggested that the schist represents a 

: i 
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Plate XXVII . Thin section of mica schist from 
Ornatewa 11 3, showing a bro ad lath of muscovite 
enc1osin~ green biotite (b), sphene (s), epidote 
(e) and quartz ( q ). Part of a l arge euhedral 
graln of magnetite is vi sibl e along th e upper 
edge 6f the photograph . X 100, cro s sed nicols . 

Plate XXVIII. The same slide as 
inter~rowths of green biotite (b) 
Also visible are grain s of sphene 
(m), quartz (q) and e pi dote (e). 
po18rized li f ht . 

above, shovJing 
and chl orite (c). 
(s), mUf~ covi te 
X 100 , plane-
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metamorphosed calcareous pelite, interbedded with the 

Damara quartzites. The preponderance of biotite and 

muscovite must be attributed to a period of potash meta-

somatism associated with the regional metamorphism. 

Finally, mention must be made of another basic rock 

of unusual composition, found outcropping along the crest 

of the dolomite ridge (grid reference -14560/3830?) in the 

eastern part of Joachimstal 107. The exposure trends 

roughly parallel to the regional strike. A similar rock, 

possibly connected with this occurrence, was found along 

a camp fence some distance to the southwest (grid refer-

ence -12590/38890), where it occurs as loose fragments 

strewn over~the surface of the sand. 

In specimen 87, from the dolomite ridge, a fresh 

surface shows a mass of white needles set in a green 

amphibolitic matrix. study of a thin section of this 

rock shows the needles to be sphene, set amongst dark 

blue-green, strongly pleochroic amphibole. A little 

quartz, plagioclase and iron oxides, as, well as fairly 

abundant apatite are also present. No layering or 

schistosity could be observed in the slide. 

The high content of amphibole and sphene suggests 

that the rock represents a metamorphosed lava of amphibo-

litic composition. 

The ubiquitous occurrence, within the rocks mentioned 

above, of a blue-green amphibole which may be actinolite 

poor in A1203 (Turner & Verhoogen 1960, p. 534) possibly 

allows a comparison to be drawn between these Damara 

schists and the basic metamorphic rocks of the central 

Abukuma Plateau in Japan. There, Schido and Miyashiro 

(mentioned in Deer eta a1.(1963) Vol. 2, p. 304), using 

.' .~. 
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hornblende as a zonal index mineral, distinguished three 

zones in order of increasing metamorphic grade. The 

lowest zone is characterised by actinolite, whereas rocks 

of the intermediate zone contain blue-green hornblende. 

Only in the highest zone is hornblende with Nz green to 

brown to be found. Furthermore, work by Schido in the 

Nakoso district of Japan has shown that, althbugh actino-

Ii te and hornblende can coo-exist in low-grade metamorphic 

rocks, an abrupt change takes place with increasing grade 

of metamorphi sm. Actinolite disappears, hornblende be-

coming the sole amphibole presont in the rock. Compton 

(quoted in Deer et. al., p. 304), working in the meta-

volcanic rocks of the northwestern Sierra Nevada in 

California, has corroborated these findings. 

In this connection, it must be mentioned that no 

amphibole identified with certainty as actinolite has been 

observed by the present anthor in any of the Damara rocks 

investigated. Accordingly, in view of the remarks above, 

it mUBt be concluded that the area under consideration 

no longer falls within the lowest zone of regional meta-

morphism. 

The Igneous Rocks 

.. 
In this section it is pro~osed to describe at 

some length those rocks, occurring in the area between 

Witvlei and Omitara, that are thought to be of igneous 

origin. In part they are considered to predate the 

metamorphism of the Damara sediments, since thin sections 

of certain specimens clearly show metamorphic textures. 

Since neither intrusive nor volcanic rocks have been 

found by the present author in the Nosib sediments of 

the region under consideration, it appears that the 
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igneous activity post-dated the deposition of these 

sediment s. This is in contrast to the findings of Guj 

(1970) referred to earlier in this chapter1 from the Nosib 

Formation elsewhere in South West Africa. 

This rock forms the twin cupolas known as the Grosser 

and Kleiner Dachsherg in the southern portion of Sand-

flats 123 (grid reference -31100/32150). Because of the 

relatively flat, sandy nature of the country north of 

Eintracht 118, the larger of the two hills, the Grosser 

Dachsherg, forms a conspicuous landmark. 

Owing to the absence of exposures around the base 

of the Dachsberge, field relationships between the 

granite and the sediments are not easy to assess. There 

is an abrupt change in the strike of the dolomite bands 

in the northern part of Eintracht 118. The sediment's 

trend roughly eastsoutheast on Altenstein 115, Diana 117 

and Eintracht 118, only to swing sharply around the 

southern side of the Dachsberge, finally striking nearer 

northeast on Sandflats 123. This change of strike, to-

gether with the slight elongation of the Dachsberg 

"massif H in the direction of the fold axial plane in 

this vicinity, suggests the granite to be of probably 

late syntectonic origin. The temperature of emplacement 

appears to have been low, since there has been no visible 

interaction between quartz and dolomite in the adjacent 

Hakos dolomite bands. 

In hand specimen the rock is massive, although a 

faint foliation could be discerned in the outcrop. Pink 

felspar, usually very fine-grained but forming occasion-

al phenocrysts 3-4mm in length, is the dominant 
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constituent. Quartz is present as rounded inclusions 

approximately lmm in size. Mafic minerals are very 

subordinate. Without reference to a thin section, the 

rock would be termed a syenite. 

Slide 14, from a specim~n of this rock, shows 

plagioclase and microcline, with much development of 

myrmekite. Quartz is present in far greater amounts 

than could be deduced in hand specimen. The groundmass 

varies in grain size from less than O.lmm to at least 

O.6mm, an average lying close to O.3mm. The principal 

constituents are quartz and plagioclase, the latter 

ranging in composition from oligoclase to andesine. 

The felspars are generally cloudy; plagioclase twinning 

is not universally developed. Orthoclase, assumed to 

be present in small amounts, could not be positively 

identified. For this reason the results of a micro-

metric analysis of this rock, quoted in Table 13, should 

be treated with some reserve. 

Green biotite, a little apatite, sphene and iron 

oxides were noted. One grain, O.8mm long, of a colour-

less isotropiC mineral rimmed by calcite, occurs in the 

slide and was identified as fluorite. 

-Of interest are the phenocrysts, which make up 

approximately 17% by volume of the rock. Generally 

sub-angular, they consist of plagioclase or microcline. 

Rounded inclusions of quartz are common. Some 

microcline phenocrysts contain irregular patches of 

twinned oligoclase, thus presenting a perthitic appearance. 

Myrmekite, consisting of irregular patches of 

plagioclase riddled with vermicular quartz, is prominent-

ly developed in the slide. It usually forms a partial 
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TABLE 13 

APPROXIMATE I\10DES OF 12 SPECINENS OF IGNEOUS ROCKS 
FRO~ THE DAMARA SYSTEM 

Specimen No. 

I 
14* 36 38 

~Ii croclille . 12.1 

Pl2gioclase 55.6 40 1 

Quartz 29.3 1 

Biotite 1.2 

Augite 

Bro1'm hornblende 

!Blue-green am.phibole 55 55 

Chlorite &. U.ralite Tr. 

Bpidote!cljnozoisite 40 
Sphene 5 3 

Apati te 0.4 Tr. 

[ron Oxides 1.0 Tr. Tr. 

Carbonate 0.4 Tr. 

TOTAL 100.0% 100% 100% 

.~ Figures from micrometric ana.lyses 
~ 

39 40 46 57 

6 

41 70 5 6 

1 

50 20 75 45 

5 1 15 40 

3 2 3 4 

Tr. 1 

1 Tr. 2 

4 

100% 100% 100% 100% 

--tr' 
--.I 
P 

59 60 61 92 ·:f 94 *I~"" 

73 75 16 22.5 47.5 

I 1.0 1.4 

Tr. Tr. 0.2 

21.5 

Tr. 12.4 

20 20 75 57.6 2.1 

3.6 

2 2 Tr. 8.2 0.1 

4 2 8 5.2 

1 1 Tr. 0.2 0.4 
Tr. Tr. Tr. 5.3 10.8 

100% 100% 100% 100.0% 100.0%J 
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rim around the phenocrysts, although isolated patches 

have also been noted in the groundmass. Becke, cited 

in Hatch et. ale (1961, p. 174) states that the amount 

of quartz in the intergrowth increases as the host 

plagioclase becomes more basic. Myrmekitic intergrowths 

are usually found along plagioclase-potash felspar bound-

aries, and the juxtaposition of these two contrasted fels­

pars is regarded by Sederholm (in Hatch et. al., p. 174) 

as essential for the formation of these "synantectic" 

reaction products. 

Wiles (1961, p. 49), quoting Cheng, repeats the 

generally accepted view that myrmekite is produced by 

the replacement of potash felspar by oligoclase. From 

a study of gneisses in the Urungwe district of Rhodesia, 

Wiles found that whenever both oligoclase and ~icro-

cline are present, the former appears to have replaced 

the latter. Both have been corroded and replaced by 

quartz. It appears that soda and lime, released by the 

initial replacement of oligoclase by potash-felspar, 

furnish most of the material necessary to form myrmekite. 

This in turn replaces the potash felspar. Wiles (p. 49) 

continues: 

"From the careful 8xamil1ation of the myrmekite 
and microcline relationships in a number of the 
Urungwe slides there would at first appear to be 
much evidence that does not support Cheng's view. 
In many occurrences where microcline and myrme­
kite are in contact, it is not clear which is 
replacing which and several instances were seen 
where the microcline was clearly replacing the 
myrmekite. This apparently anomalous state of 
affairs can be explained quite simply if it is 
appreciated that both types of replacement must 
have been going on simultaneously. For vermicu­
lar quartz to develop by the replacement of 
microcline:by plagioclase the latter should, 
according to the theory advanced, have a smaller 
percentage of silica in its composition than the 
former. A determination of the felspar in these 
gneisses by universal stage methods revealed a 
plagioclase of average composition Ab80 which 
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contains about one per cent. less silica than the 
microcline, thus allowing free silica to be formed 
on replacement of the latter by the former. The 
quartz enclosed in the secondary plagioclase is not 
always vermicular in form but is, on occasion, of 
micrographic appearance." 

The cloudy, altered nature of the felspars in slide 

14 has already received mention, and precluded a detailed 

study of the myrmekite. However, it would appear that 

the Dachsberg granit~ initially probably approaching a 

quartz-diorite in composition, suffered some potash 

metasomatism. This led to the partial replacement of 

the p18gioclase phenocrysts by microcline - hence the 

Itperthi ti c H texture. Any hornblende present would at 

the same time have been converted to biotite. Subse-

quent reaction between microc1ine and plagioclaso led to 

the formation of myrmekite i.e. untwinned plagioclase, 

probably of composition close to AbSO containing vermicu-

lar quartz. Metasomatism must have been accompaniod by 

considerable recrystallisation, and would account for the 

range in grain size, and for the local development of 

triple pOints between adjacent quartz crystals. In 

composition, tho rock now represents a granodiorite. 

(b) The Mafic Intrusions 
--.... ~ ...... ftqZ' -~ 

(i) Ioachimstal 107 

In the extrene eastGrn corner of the farQ, between 

the ruined farmhouse and the White Nossob River, there 

occurs a body of dolerite (grid reference -18150/34100) 

measuring approxiMately 275 x 375 metres. This dolerite 

does not give rise to proninent outcrops. Rather, the 

area underlain by this rock type forms a depression 

sloping down fro~ the ruined far~house (grid reference 

-18050/34350) to the White Nossob River. This depression 

is traversed by a deep gully, which runs parallel to the 
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boundary between Goldene Aue 106 and Joachimstal 107. 

Outcrops of dolerite do occur within the depression, 

but are more abundant ond prominent along the north-

western and southeastern contacts of the intrusion with 

the Damara quartzites. Spheroidal boulders, exhibiting 

a brown outer skin and "onion-peeling" weathering, are 

. typical. The rock is very dark in the fresh specimen, 

and ranges froD medium- to coarse-grained. Felspar 

crystals up to 6em long may occasionally be seen, with 

interstitial pyroxene and a~phibole. Iron oxides are 

conspicuous in specimen 94, from the centre of the 

intrusion, whilst specks of bright yellow sulphide were 

noted in specimen 92 from the northwestern margin of the 

dolerite. 

Only on this margin was any evidence of chilling 

observed in the rock. Thin-section data for spoci~en 

92 yielded an average grain size of O~5m~, compared with 

a wean of roughly 2-3mm for specimens collected from the 

centre and southwestern margin of the dolerite. Micro-

metric data for specimens 92 and 94 are quoted in Table 

13. Slides 91, 93 and 94 are rather similar, but since 

No. 94 was the least altered, it alone was selected for 

detailed studylO 

Plagioclase is the dominant mineral in the rock, 

and occurs as broad, prominently twinned laths. Al-

though twinning on the albite law preponderates, some 

pericline twins were noted. Many laths show evidence 

of zoning. Such crystals, when investigated by means 

of the universal stage, were seen to consist of a core 

of average composition An58' with a rim ranging from 

The felspar laths are full of tiny, 
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colourless needle-like inclusions of random orientation; 

these are probably zircons. Some apatite, as well as 

a little micropegmatite, is prosent in the slide. A 

peculiar clouding of the felspars will be discussed in 

detail below. 

Occurring as stout prisms, or as typical basal sec-

tions, and occasionally partially enclosing Inths of 
'" 

felspar, is a colourless clinopyroxene, sometimes exhib-

iting zoning. The following optical constants for this 

mineral were obtained, using a crush of the whole rock: 

Nz 1.717 

Owing to the diffioulty of obtaining a section suit-

able for the direct determination of Ny, a value of 

1.704 for this constant was arrived at by calculation~ 

using data for nine specimens of augite given by Hess 

(1949) and 11 specimens of augite quoted by Deer et. a1. 

(1963, Vol. 2). The approximate composition of the 

pyroxene was then determined by reference to curves 

drawn up by Hess (1949). 

Zone 2Vx Extinction Angle Approx. Camp. 
on (010) 

Inner 45 0 45 0 
Ca 34Mg35Fe3l 

Outer 49 0 410 
Ca39J:vlg32Fe29 

The clinopyroxene thus lies on the compositional 

boundary between augite and ferroaugite. The zoning 

appears to be the reverse of that normally found, in that 

the 2V angle increases towards the margin of the crystals. 

Similar findings were made by Walker and Poldervaart 

(1949, p. 643) in samples of Kokstad type dolerite from 

Mount Arthur in East Griqualand. 

The augite in the Glide is seen to often be rimmed 

. ; 
( 

i; 



- 172 -

bY1 or intergrown with, a strongly ooloured amphibole, 

for whioh the data below were determined 9 again using 

universal stage and immersion methods. 

Nz 
Pleochroism: Deep purple-brown 

Ny 
Brown 

Nx 
Pale-brown 

Refractive Index: 1.688 ND 1.672 

Maximum extinotion angle: 170 

The mineral is a brown hornblende, and owes its 

purple tint to a high content of Ti02- According to the 

order of crystallisation established from Karroo dolerites 

by.Walker and Poldervaart (p. 625), brown amphibole and 

biotite ar~ precipitated later than the pyroxenes. This 

would acoount for the hornblende rim around the augite. 

However, the intergrowths of augite and hornblende, 

ocoasionally noted in slide 94, suggest a oertain over-

lap in the periods of crystallisation of the two minerals. 

Magnetite, probably also titaniferous and sometimes en-

closing pyrite, may itself be enclosed by brown hornblende. 

Replacement of hornblende by the iron oxide has been 

noted. 

The brown hornblende may grade marginally into an 

apple-green variety, whioh al~o ocours as disorete laths. 

Both these types grade into a strongly pleoohroic blue-

green variety, probably rich in soda. A little uralite, 

presumably of actinolitic composition according to 

Deer et. ale (1963, Vol. 2, p. 260) was noted. Brown 

biotite, ocoasionally found intergrown with green horn~ 

blende, appears to be formed by the alteration of 

magnetite. Apatite, epidote and quartz occur in minor 

amounts only. No olivine is present. 

Mention must be made of the prominently developed 
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Pla te XXIX . Micrograr h of dolerite from Jo a chim­
stal 107, showing a basal section of augite ( au) 
rimmed by pr i mar y , purpl e-brown titaniferous 
hornblende. X 100 , cro ssed nicola. 

:Plate XXX. The same sli de as above showing 
prominently develo ped reaction rims between magne­
tite and pl ag ioclase. In t he two central grains , 
the iron oxide i s seen replacing aUBit e . Also 
present i s hornblende ( hb ). X 35 , crossed nicols . 

, : 

i 

',1 

I .. ' ~. ~ 



- 173 -

reaction rims, always found around magnetite where the 

latter abuts on plagioclase. The rims, 0.1 - 0.2mm 

broad, are composed of bluu-green fibrous chlorite, to-

gether with some uralite. The augite appear to alter 

to a colourless chlorite; crystals so altered may also 

exhibit narrow rims of uralite. 

The faint clouding of the felspar in the slide p al-

ready reforred to above, is visible as a flesh-coloured 

tint in plano-polarised light, and produces a yellow 

discolouration between crossed nicola. The clouding 

doos not appear to be ralated to the presence of zircon 

and apatite in th8 felspnr, since it occurs even in laths 

that are free of such inclusions. The rims of tho 

plagioclase laths, demonstrated by universal stage methods 

to be more sodic in composition than tho centros, arB 

generally clear, the clouding being strongly developed 

only in the interiors of the crystals. This clouding is 

seldom of equal intensity throughout any ons grain. 

Normally, the tint is uniform along the length of an in-

dividual felspar twin, but may vary considerably from 

lamella to lamella. In a polysynthetic twin, the immedi-

ate vicinity of a twin plane may be complctoly cloar, 

clouding being developed only towards the centres of 
.. 

adjacent twins. For this reason, individual twins may 

occasionally be recognised in plane-polarised light. 

This fact has already been noted by other authors. 

MacGregor, cited by Thomson (1969, p. 77), and 

Polderva~rt and Gilkey (1954, p. 75) have given a summary 

of the various causes of clouding in folspars. These 

authors conclude that the phenomenon is due to the 

presence of microscopic or sub-microscopic inclusions 

within the folspar crystal. The typical brown colouration 
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Plate XXXI . Dolerite from Joachimstal 107 in 
thin section, showing reaction rim around magne­
tite, and bent laths of plag iocl ase (p) and 
aueite (au). X 35 , crossed nicols . 

Plate XXXI I. From the same slide as aboTe , a 
grain of maRne tite altering to biotite (b) around 
its edges. X 100, crossed nicols. 
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of the clouding is thought to be duo to absorption, or 

to scattering, of light by the inclusions or by ~inute 

cavities within the crystal. Eales (1959, p. 94) con-

siders the clouding of felspar from the Khale dolerite 

sheet in Botswana to be due to the scattering of light 

by numerous microscopic granules of a pale-green or 

colourless transparent mineral forming inclusions in the 

plagio clase. Opaque grains occurring within felspar 

laths have been identified by MacGregor, and by Polder­

vaart and Gilkey (1954, p. 78) as iron oxides and ferro-

magnesian minerals. Inclusions of this nature ~ay mean 

that the brown clouding is an absorption phenomenon. 

Plagioclase in the amphibolite at Chibulurna, Zanbia 

(Thomson, 1969) exhibits clouding; the material causing 

this could not be identified, even under magnification of 

800 (Thomson, p.76). However, from a comparative study 

of these amphibolites and th0 Khale dolerite, Thomson 

concludes that scattering of light by minute inclusions, 

rather than by minute cavities, is responsible for the 

clouding. 

Discussing the origin of clouding MacGregor, cited 

by Thomson (p. 79) suggests that exsolution of iron 

oxides from the felspar during~thermal metamorphism is 

responsible. Poldervaart and Gilkey (1954, p~ 87) feel 

that this could be responsible for mild discolourations, 

but that intense clouding is due to inclusions of extran-

eous material, chiefly iron OXides, that has diffused 

into the felspar after crystallisation of the latter. 

Sustained high temperatures, an aqueous pore fluid, as 

well as the presence of iron-bearing minerals in the 

original rock are, in the opinion of those authors, pre-

requiSites for clouding to occur. On cooling, crystal-
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lisation of iron minerals inside and outside the felspar' 

will lead to a reversal of the concentration gradient 

within the felspar. The consequent o?tward migration of 

iron results in the, seldom complete, clearing of the in-

clusions from the felspar. 

Poldervaart and Gilkey (p. 88) state that clouding 

. is not necessarily always attributable to thermal meta­

morpl~, but may be found in rocks subj ected to a high 

grade of regional metamorphism. Furthermore they state 

( p • 88 ) t hat a: 

Ii •••••• prolonged iron-rich deuteric phase in the 
basic intrusives, as might result from magmatic 
incorporation of water and pelitic material upon 
emplacement, may also produce clouding of pre­
existing or newly-formed plagioclase which cannot 
then be attributed to later thermal or regional 
me tamo rphi sm " • 

Such a process could well have been responsible for 

the clouding of the felspar in the intrusion on Joachimstal 

107. The absence of clouded felspars in the other basic 

intrusions of the area suggests, as has already been de-

duced by the present author from petrographic studies of 

oth6r rocks in the area, that the regional metamorphism 

was not of sufficiently high grade to be rEsponsible for 

this particular phenomenon. 

Specimen 92, referred to above, resembles numbers 

91, 93 and 94 in hand specimen, but is very much finer 

grained. Under the microscope, the rock is seen to be 

highly altered. No metamorphic foliation is developed, 

but all traces of the original sub-ophitic texture have 

been obliterated. The felspar is extensively altered to 

zOisite, while augite, hornblende and biotite have boen 

replaced by a blue-green amphibole. Magnetite, no 

longer suhedral, occurs as scattered remnants and is 

.' 
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associated with sphene. Traces of quartz and apatite 

are present. The volumetric composition of this speci-

men is also quoted in Table 13. 

The author originally believed this, and adjacent 

intrusions, to be of Karroo agc, but evidence obtained 

from the petrographic study of specimens collected 

suggests a diffGront, probably considerably greater age 

for these rocks. Some points of note are: 

1. Walker and PoldervB2rt (1949, p. 640) state that 

normal Karroo dolcritcs contain two or morc pyrox-

enes, generally strongly zonGd. Only one pyroxene, 

showing slight zoning, occurs on Joachimstnl 107. 

2. The presonce of : 

farm. 

(a) bent pyroxene and felspar laths in slide 94; 

(b) roaction rims in specimens 91, 93 and 94, ~nd 

th~ highly altered neture of specimen 92; 

suggest that the intrusion has suffered considerably 

more alteration than i~ normal for dolerites of 

Karroo age. Since the area under consideration is 

not believod to have beon involved in any orogenic 

movements younger than the Late Precambrian Damara 

episode, the intrusion must predate this period of 

metamorphism. 

(1i) QQlden~Aue lQ2 

There are several occurrences of basic rocks on this 

Some 600 metres south (grid reference -18250/34760) 

of the J02chimstal intrusion described above is a small 

dike that can be followed for a short distance southwards 

before disappearing below the overburden. This dike 

has little surface expression and wns noticed only because 

i . 
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amphibolitic debris, found in the gully that debouches 

into the White NosDob River near the Joachimstal 107 

farmhouse, was traced back to its origin. 

The dike trends roughly parallel to the regional 

strike, and contains a varioty of rock types. Specimen 

57 is a massive, medium-grained dark rock in, which epi-

dote and amphibole can be made out with the han~lens. 

Under the microscope it bears a strong resemblance to 

specimen 50 from the eastern corner of Goldeno Aue 106, 

described in the section on amphibolites. Colourless 

epidote, biaxial negative with a 2V angle approaching 

o 90 , and a blue-green, pleochroic amphibole with similar 

optical properties, make up the bulk of the slide. Iron 

oxides are present in trace amounts only, but sphene is 

abundant, occurring as largo ragged, occasionally sub-

idioblastic crystals up to Imm across. Albite and quartz 

were noted in small amounts. Carbonate appears to have 

been introduced later; crystals reaching Imm in size 

may encloso ~Jphibole and sphene. 

Number 61 is similar in hand specimen, but shows 

a faint metanorphic foliation. The amphibole forms 

occasional porphyroblasts up to 2mm in length. In thih 

section, only trace amounts of epidote were noted, amphi-

bole, plagioclase and sphene being the domin~nt constit-

uents. The visually estiD~ted volumetric conpositions 

of both specimens are quoted in Table 13. 

Also fron this dike arG speci~ens 59 and 60. Both 

are coarse-grained, and ~ay be terned basic pegnatites. 

In hand specimon No. 59 is seen to consist of finc-

grained felspar and coarser amphibole. Specim~n 60 is 

sODGwhat lighter in colour. A groundmass of roughly 

equal proportions of felspar and a~lphibolo contains 
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isolated, larger laths of aophibols, at tines exceeding 

20m in length. 

In thin section these specinens are considerably 

fresher in appearance than numbers 57 and 61. Felspar, ;j 

determined as albite, forms laths up to 1.5mm wide and 

shows broad tWinning. In slide 61 the crystals are 

mostly equant, of side Imm, but isolated grains reach 

lengths of 5mm. A little clouding is apparent, and 

some of the longer laths are slightly bent. Otherwise, 

the rock shows no development of the limpid, usually 

untwinned plagioclase so typical of metamorphosed Damara 

amphibolites and greenschists. The felspar encloses 

shredded blue-green amphibole. In slide 60 sphene is 

almost idiomorphic; in slide 59 it forms elongated 

crystals 2.5mm in size, enclosing epidote. Apatite and 

biotite are present as accessories. 

Specimen 58, from the northern side of tho dike, is 

a fine-grained, green oalcareous pelite that has suffered ~ 

some metamorphism as a result of the dike emplacement. 

Grain size lies between 0.05 and 0.3mm, and carbonate is 

the ohief constituent, followed by reorystallised albite 

and green amphibole in roughly equal proportions. 

Finally, mention must be~made of a narrow vein 

found between the northern side of the dike and the 

adjacent sediments. The vein, only 10-150m wide, con-

sists solely of very coarse carbonat8 and black, fibrous 

tourmaline. It is probably of deuterio origin. It 

should be noted that no tourmaline was found in any of 

the sections of the dike rocks investigated. 

Another basic dike was found in the northGBstern 

part of Goldene Aue 106, whero it intrudes thG dolomitic 
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portion of tho horizon described as the Straussenkuppe-

Vierkuppenberg unit earlier in this chapter. This dike 

(grid reference -18980/38050), of average width 35 metres, 

was traced for some distance b8tween the windpump in the 

centre of the farm and the White Nossob Rivor. 

There can be little doubt about the intrusive origin 

of this rock, since evidence of chilling was found ng&inst 

the dolomite along the margins of the feature. The dike 

weathers into rounded boulders wi th a brown, oxidisE)d 

outer skin. Fresh surfaces show n very fine-grained 

matrix, containing numerous rounded, fnintly green patches 

measuring 1 - 6mm across. The chilled portion is not ex-

posed everywhere, and is highly weathered, making the 

collection of a fresh s~mple difficult. Unlike the 

central part of the dike, it forms angular, joint-bounded 

blocks. 

Under the microscope spocimen 46, from the centre of 

the intrusion, is seen to consist essentially of pale~ 

green pleochroic amphibole, forming ragged laths up to 

0.6mm long. Occasional brown tints were observed in this 

mineral. Interference colours 2re low in the first order. 

Plagioclase occurs interstitinlly with the amphibole as 

short" occasionally twinned la~hs, usually extensively 

replaced by epidote. The rounded patches noted in hand 

specimen possibly represent former felspar phenocrysts, 

and are now entirely altered to a mass of granular, faintly 

coloured epidote. Sphene is .well developed, having formed 

by the alteration of ilmenite, remnants of which it en-

closes. 

Specimen 47 from the chilled margin is similar to the 

above, but is of average grain size O.2mm. It contains 
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a more strongly coloured amphibole, pleochroic from blue-

green to yellow. The formation of sphene is more COill-

plete than in specimen 46. 

Dstritus scattered over a consid&rable area in the 

vicinity of the kraal (grid rGference -18960/36670) just 

south of the homestead on Goldene Aue 106 suggesmthat 

another dike is present here, although no outcrops were 

found. A thin section of the weathered specimen 45 is 

similar mineralogically to specimen 46. A metamorphic 

foliation is developed. A matrix of sub-parallel crys-

tals of pale amphibole and plagioclase, 0.1 to 0.2mm in 

length,contains isolated porphyroblasts, up to 2mm long, 

of both these minerals. The slide shows one elongated 

zone of length 6mm, consisting of a cluster of highly 

epidotised felspar laths. 

A similar rock, of which unfortunately no specimen 

was collected, forms a dike (grid reference -16900/39000) 

some 3km southsouthwest of the homestead. The effects 

of the emplacement of this dike on the adjacent dolomite 

horizon have been discussed elsewhere in this chapter. 

Perhaps the most interesting feature amongst the 

basic rocks of the region, and one which unfortunately 

could not be studied in sufficient deta~l, lies some 

800 metres northnorthwGst of the homestoad on Goldene AUG 

106. As appears usual in this region of Damara rocks, 

the dike (grid reference -18740/35660) does not have 

any great surface expression, despi te its consldc,rfl,ble 

width of some 200 metres. Owing to the presence of silt, 

sand and calcrete overburden, the full lateral 8xtGnt 

could not be determined. To the north, the dike 

possibly connects with the smnll intrusive feature 

situated along the boundary with Jonchimstnl 107 and 
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already referred to above~ To the south, after a hia-

tus of several hundred metres, surface rubble of n bnsic 

nature denotes the presence of similar rock (grid refer-

ence -18025/36920), This could well represent an 

extension of the main body. 

In plan, the dike exhibits a curvature which, al-

though not as pronounced, corresponds to that imposed 

on the surrounding sediments during the period of tec-

toni sm. In view of this difference in the degree of 

folding, it is suggested that emplacement of the dike 

occurred after the sediments had already suffered exten-

si ve folding. The dike cuts across the regional strike 

in this lo~ality at a high angle, and appears to have 

boen only slightly deformed during the closing stages of 

the Damara orogenic episode. Of interest in this con-

nection is the occurrence , within the body of the dike 

near its eastern margin (grid reference -18740/35340), of 

a small antiformal structure with a southwesterly plunge, 

similar to those found in the pelitic sediments of the 

area covered by Map 3. 

Features observed in the quartzites immediately 

to the east of the contact with this body, and attribut-

ed to a certain measure of contact metamorphism, have 

already been discussed. 

The dike appears to be of composite origin, Gen-

erally mediurn- to coarse-grained, it shows local devel-

opment of basic pegmatite, and has very fine-grained, 

obviously chilled portions suggestive of multiple 

intrusions near its centre. Detailed mapping of the 

dike, coupled with further petrological work, would no 

doubt be rewarding. 
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Specimens 38 and 39 from this basic body are both 

massive, medium-grained, grey-green rocks in which 

crystals of amphibole, 6-8mm long can be seGn. In 

spocimen 39 felspar laths can be recognised, while 

specimen 38 shows development of pale yellow epidote. 

When studied in thin section it appears that both repre-

sent basically similar rocks, except that specimen 38 

is in a more advanced stage of alteration than No. 39. 

The latter, for which the approximate composition is 

quoted in Table 13, is a rock of initially doleritic 

composition. Amphibole and plagioclase are present in 

approximately equal amounts, and are the dominant con-

stituonts. The amphibole occurs as broad, green 

pleochroiC laths, up to 5mrn long, or as clusters of 

short, radiating fibres. The colour masks the inter-

ference colour, which is upper first order. The follow-

ing data were obtained for this mineral by universal 

stage and immersion methods: 
Nz Nx 

.. .. '. - . 

Pleochroism~ Dark green Light green Colourless 

Refractive index~ 1.679 ND 1.667 

Extinction angle ISO 

The amphibole is probably' a green hornb18nde, de-

rived from original pyroxene. Besides enclosing rounded 

crystals of sphene in the 0.05 to 0.2mm Size, it shows 

well developed ophitic and poikilophytic texture. 

Plagioclase laths up to Imm in length either penetrato 

the hornblende, or are entirely enclosod by it. SOIDe 

of the felspar laths show signs of recrystallisation, 

with highly irregular boundaries towards the hornblende. 

Elsewhero in the slide the plagioclase, identified 
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as andesine, forms twinnod crystals from 0.2 to 5mm in 

size. A colourless to pale-yollow, optically negative 

epidote occurs as isolated grains and clusters within 

the felspar laths, but may also form occasional larger 

crystals up to lmm in length. Sphene, seen to be 

derived from ilmenite or titaniferous magnetite, is the 

only other conspicuous mineral noted. Apatite is 

present in trace amounts. 

When compared with the foregoing, slide 38 has a 

similar amount of hornblende. The mineral now has a 

more ragged appearance, and contains numerous small 

inclusions of quartz, plagioclase and epidote. The 

original plagioclase has been almost entirely altered 

to an epidote-group member which, on account of its 

lack of colour and anomalous interference colour, 

should be termed clinozoisite, but which is optically 

negative. It forms granular, occasionally twinned 

crystals of high relief, 0.1 to 0.3mm across; these 

crystals are usually aggregated into large clusters. 

Isolated interstitial quartz, as well as a little car-

bonate, is present in the slide. 

In thin section the rock shows considerable resem-

blance, both in texture and c@mposition, to specimen 50. 

This fact supports the previously stated view that the 

horizon from which specimen 50 was collected represents 

a metamorphosed ortho-amphibolite, intercalated with 

the pelitic and psammitic sediments of the Damnra System. 

Specimen 36 comes from the fine-grained portion 

in the centre of the dike, and is considered to repre-

sent a later, rapidly chilled intrusion. In hand 

specimen the rock is maSSive, very fine-grained and dark-
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green in colour. With the hand lens isolated larger 

crystals of amphibole and iron oxides, as well ns oecn;--

sionnl felspnr laths, cnn be made out. 

The thin section shows green amphibole and felspar 

to predominate. The former, as fragments of average 

size O.lmm, exhibits a sub-parallel arrangement, giving 

• rise to a faint metamorphic foliation. Isolated flakes 

of chlorite, O.6mm in length, are present. Two types 

of plagioclase were noted. Andesine occurs as stumpy, 

well-formed prisms, 0.15 to O.25mm long and usually 

twinned. Albite is porphyroblastic, of liDpid appear-

ance and irregular shape, .and may enclose amphibole. 

Both types orf plagioclase, as well as tho al:JphibolE=-), 

form very isolated larger crystals up to 1.5mo long. 

Of interost is the occurrence of one rounded porphyro­

blast, 2mm across, with an albite core and a rin of 

microcline. It contains a cluster of amphibole crystals 

0.1 to O.5mm in size. This is the only evidence of pot- ~ 

ash felspar found in this rock. Sphene occurs through-

out the slide as tiny rounded grains, while apatite and 

iron oxides are present as accessories. 

Finally, specimen 40, collected fron tho western 

side of the dike, is possibly tpe most interesting of all 

the rocks as regards co~position. It is sufficiently 

coarse-grained to warrant thd tero basic pogmatite, 

sinco it consists of felspar laths 5 to lOmD long, with 

interstitial amphibole and smaller, more equant felspar 

crystals. Iron oxides may also be seen with the naked 

eye. 

The thin section shows broad felspar laths~ 4 to 5mm 

in length and of random orientation, with interstitial 
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quartz, amphibole and microcline. The plagioclase only 

very occasionally shows twinning on the Albite Law, al-

though Carlsbad and peri cline twins are common. From 

a suitable albite twin a maximum symmetrical extinction 

o angle of 18 was measured. This, together with a 

refractive index below that of balsam, and the optically 

biaxial positive character of the mineral, served to 

identify it as albite. It contains isolated needles 

of ziroon. Some alteration is evident in the centres 

of the laths, where minute needles of clinozoisite occur 

in a sub-parallel arrangement. 

The amphibole is the usual green variety of horn­

blende, and occurs as laths 0.1 to 2mm long, often 

containing inclusions of quartz. The latter also 

forms veinlets crossing the slide. Apatite is present 

as stout prisms, and as slender needles in excess of 

lmm in length. Sphene forms granular aggregates, again 

occasionally larger than Imm, and is obviously derived 

from the ilmenite still locally present as included 

relics. 

The presence of microcline in the slide is rather 

unexpected. This mineral, visually estimated to make 

up some 6% by volume of the rock9 forms equant grains 

in the size range 0.5 to 1.5mm, and exhibits the usual 

grid-iron twinning. The writer confesses to some 

doubt concerning the true nature of some of the un-

twinned felspar grains in this size range, tentatively 

/ identified as albite. These suspect grains show a 

peculiar mottling, locally resembling incipient 

perthite structure. Besides forming the discrete 

crystals mentioned above, the mineral positively 
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identified as microcline occasionally forms partial rims 

to the albite laths, and may even locally begin to re-

place these_ No myrmekite is present in the slide. 

The source of the microcline poses a problem. 

Since the dike under consideration is almost certainly 

of composite origin, local contamination by sediments 

collected by the magma from depth during the period of 

emplacement, could be suggested as a source of potash. 

However, the adjacent Damara quartzites and schists 

are poor in microcline and biotite. Any later period 

of potash metasomatism would be assumed to have effected 

the entire dike, and not just selected portions. Further-

more such metasomatism would, according to J.Wo Wiles 

(personal communication) ci\ert any hornblende present 

to biotite before leading to the formation of micro-

cline. Since no biotite is present in any of the 

specimens investigated, potash metasomatism must be 

ruled out. 

It is suggested that the horizon from which speci-

men 40 was collected represents a potash-rich differen-

tiate of the dike magma, According to Bowen's reaction 

series, plagioclase would be expected to crystallise 

before potash felspar~ The rims of microcline on 

the albite may thus be explained. The presence of 

irregular, sutured crystal boundaries suggests that the 

rock has undergone a measure of recrystallisation, 

Partial resorption, as well as the replacement of al-

bite by microcline, are the natural extensions of this 

process, 
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Rocks of this formation, whose probable equivalence 

to the lower portions of the Nama System has already 

been discussed? occur in the southeast of the area mapped. 

Corresponding in strike with the Nosib and Tsumis 

Formation sediments, the Buschmannsklippe rocks have, on 

Orochevley 216 and the farms to the south and southeast, 

been thrown into a series of anticlines with a gentle 

northeasterly plunge. Strike faulting has resulted in 

the shearing out of the southeastern limbs of these 

anticlines, together with the intervening synclinal 

portions of ~he folds (Dr. P. Richter, personal communi-

cation). Cross-bedded purple quartzites of the Tsumis 

Formation, overturned and steeply dipping, are exposed 

in the anticlinal core traversing Orochevley 216. 

On this farm, shallow-water dolomitic limestones 

at the base of the Buschmannsklippe Formation overlie 

these Tsumis quartzites with a large angular unconform-

ity. The range of hills running parallel to the south-

eastern boundary of Owinieikiro 213, and ending in the 

anticlinal nose of the Weissberg at the southern corner 

of Gem~bockvley 214, is composed of sheared white 

quartzites. Strike faulting in this vicinity has led 

to a portion of the Buschmannsklippe sediments being 

repeated several times in the northwestern limb of the 

anticline along the boundary between Owinieikiro 213 

and Orochevley 216. 

The quartzite of the Weissberg is overlain by a 

considerable thickness of pelitic and psammitic sedi-

ments, giving rise to the flat featureless terrain 

extending north and northeast as far as the White 
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Nossob River. Exposures are very poor over this 

stretch of country. On the northern side of the river, 

south of the fault with the Tsumis rocks on Okasewa NW 

120 and Okasewa N 121, green shales may occasionally 

crop out. 

Apart from reconnaissance mapping, no detailed 

work was carried out on the Buschmannsklippe rocks be-

tween Witvlei and ami tara. 
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1. Introduction 

During the early mapping of the area between Witvlei 

and Omitara, the present author followed the usage of the 

Geological Survey of South West Africa and tentatively 

placed the base of the Damara System at the hase of the 

lowest recognisable Hakos dolomite unit. Subseq.uent 

work by the author has revealed the existence, if not of 

an angular unconformity between Nosib Formation and Dam­

ara System, then of an apparent overlap of the latter on-

to the former. This is especially noticeable north of 

the White Nossob River, and is thought to be due to one, 
.,. 

or a combination of, the following factors:-

i) The existence of a slight discordance between 

Nosib Formation and Damara System; 

ii) The effects of disharmonic folding in the Wrsib 

Formation; 

iii) The effects of strike faulting, resulting in 

the wedging-aut of a certain thickness of strata 

north of the White Nossob River. 

The pronounced folding of the Kamtsas quartzites 

on the farm Losberg 105 contrasts strongly with the es­

sentially linear features of the overlying strata; a 

glance at Map 2 will confirm this. Accordingly, on 

evidence obtain€d from geological mapping, it became 

necessary to include the quartzite unit that forms the 

Okaheberg on Losberg 105 in the Damara System. Since 

this quartzite is a well defined horizon, it has been 

arbitrarily chosen to represent the lowermost member of 

the Damara System. 

The possibly adverse influence of folding on the 

• J 
! 



- 190 -

continuity and regularity of copper-bearing strata dis-

covered in the area prompted the author to conduct a 

preliminary investigation into the regional structure. 

It is realised that the data collected is incomplete, 

and the interpretation of the results must be regarded 

as tentative. The scope of the investigation was 

severely limited by the poor exposures in the region. 

Accordingly, data were collected chiefly from the resis-

tant, outcropping formations such as the quartzites, and 

represent, therefore, only a restricted sample of the 

whole structure. It follows from the nature of the 

rocks sampled that the ensuing treatment is largely re­

stricted to~bedding surfaces, and to linear features on 

these. Macrofolds outlined by the regional mapping 

were measured, and where possible the results obtained 

were compared with those from mesoscopic folds in the 

same locality. The sporadic nature of outcrops, such 

as the inselberge of quartzite in the Damara schists, 

made it virtually impossible to attempt a systematic 

subdivision of the area into structual domains. In 

many cases, the stereograms accompanying this chapter 

depict the structure in somewhat arbitrary domains whose 

boundaries are outcrop boundaries rather than structural 

boundaries. 

The linear trends of the southeastern portion of the 

area contrast with the l~rge dome structure of the Kudu­

berg-Omatewaberg, which must accordingly be due to a 

different type, or period, of folding. That the region 

suffered at least two phases of deformation is suggested 

by the distinct grouping of fold axes measured into two 

sets, one having a southwesterly, the other a westerly 

to westnorthwesterly axial trend. The discovery, by 
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the author, of folds of both groups developed together 

on a single bedding plane is regarded as strong evidence 

for cross-folding. Finally~ a few mostly small folds, 

exhibit axes having a northeasterly trend. The origin 

of these features is problematical, but it is thought 

that they could be the local manifestations of an even 

later phase of deformation. The reasons for po~tulating 

several periods of folding are given more fully on pp202-4~ 

All the structural data were plotted on the lower 

hemisphere of the equal-area (Schmidt) net, and contoured 

in the conventional manner (Whitten, 1966, pp. 21-24). 

2. General: Elements of Structure 

In the quartzites of the Nosib Formation and the 

Damara System bedding, So, is usually defined by the con-

centration of heavy-minerals on the planes of deposition. 

In the case of certain micaceous quartzites, recrystal-

lisation of the platy minerals with metamorphism and 

folding has led to the original bedding surfaces becoming 

planes of fissility, the rock easily splitting along them 

to form flagstones. In the Hakos dolomites this original 

sedimentary layering is denot~d by a regularly alternat-

ing colour sequence from white to blue-grey. 

In some of the less competent phyllitic horizons 

in terbedded wi th the ,quartzi tes and dolomi tes, compression 

has led to the formation, not of the bold, open concentric 

folds characteristic of the quartzites, but of similar 

folds which approach the isoclinal (Turner & Weiss, 1963, 

p. 114). Such folds, exhibited by very thin quartzitic 

or calcareous interbeds in these schists and phyllites, 
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have been observed in trenches dug during the course of 

prospecting activities in the area. The original bed-

ding surfaces So of the schists have been transported 

into close parallelism with the axial planes of the iso-

clinal folds, which in turn correspond to the schistosity 

Sl of the phyllites. These two contrasting fold styles 

are, according to C.w. stowe (personal communication), 

usual in interbedded sediments of differing competence. 

Minor crenulations, of wave length measuring a 

few millimetres, are developed on certain S planes,in 

some locali ties. In the eastern corner of the farm 

Joachimstal 107, a gully has exposed mesoscopic folds 

of So in ~ sequence of graphitic schists and thin inter-

bedded limest ones. These folds have a very gentle 

southwesterly plunge, and the So surfaces usually show 

one lineation. Occasionally, a second ~inear feature 

is present, cutting the first at an angle of some 50 0 
.. 

Both lineations take the form of minute folds; shear 

along the axial plane surfaces of these has, in the more 

prominent of the two sets of crenulations, resulted in 

the development of a crenulation cleavage Sl, axial 

planar to the fold in So. This cleavage is almost ver-

tical, cuts the bedding at a ~igh angle, and is easily 
.. 

discernible with the naked eye. 

Elsewhere, as in the D~ruchaus rocks underlying the 

Lower Member of the Kamtsas Quartzite on Losberg 105, 

immediately northeast of the Otjiwarumenduberg, the 

schistosity Sl in the phyllites~ dipping steeply to 

the northwest and, as already stated above, approximating 

to the transposed original bedding So, carries a crenu-

lation with a steep northeasterly plunge. This 

crenulation can be seen, under the microscope, to give 
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rise to an incipient cleavage 83' cutting the schistosity 

These comprise minor fold axes, as well as the axes 

of crenulations on S surfaces. These crenulations may 

be responsible for the development of a orenulation 

cleavage •. This intersects the S surface on which the 

crenulations are developed, the trace on this S plane of 

the intersection of these two surfaces being a line corres-

ponding to the axial planes of the crenulations. The 

preferred orientation of pebbles in the conglomerate on 

Eintracht 118 also presents an example of a linear feature. 

The above features will now be treated in somewhat 

greater detail: 

(i) Minor fold closures have been observed at several 

localities in the area under consideration; many 

axes were measured during the detailed mapping of 

the eastern corner of Goldene Aue 106, and have been 

plotted on Map 3. Two dominant directions of plunge, 

one to the southwest and the other to the northeast, 

are apparent. 

(ii) Crenulations, the parallel axes of which give rise to 

a lineation on S planes, have not been observed in 

the quartzites of the Nosib Formation. They are, 

however, in evidence in the Duruchaus phyllites, where 

they give rise to the microscopically discernible 

cleavage 33 already mentioned above. 

Nearly all the Damara rocks of the region are 

line a ted. In the area covered by Map 31 the linea-

tion in the quartzites and limestones has a westerly 

plunge roughly corresponding to tha t of the maj or 
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and minor fold axes.of the region, In the 

graphitic schists found in the eastern corner 

of Joachimstal 107 two lineations, 11 and 12' 

trending to the southwest and west respectively, 

are present .. They are due to the intersection 

with So of axial plane cleavages 81 and S2 res­

pectively; only the former is visibly penetrative. 

Two similar lineations are found in the 

quartzites of the Quartzite Hill, near the north-

western boundary of Joachimstal 107. The domin-

ant lineation 11' in the form of a crenulation 

resembling mullion structure, ranges in wave 

length from several mil1imetres to 2-3cm. It 

appears to be penetrative, though not visibly so, 

in that the rock splits easily into slabs bounded 

by the bedding So and an incipient cleavage Sl, 

normal to the bedding and apparently axial planar 

to the dominant crenulations. The second linear 

feature is not well developed at this locality. 

Cu tting across the dominant crenu1a tion, it takes 

the form of minute striae 1-2mm in wave length, 

resembling slickensiding and visible only when 

viwed obliquely along the bedding planes. 

(iii) The pebble conglomerate extending northeastwards 

from Eintracht 118 to Spandau 149 shows the pebbles 

to pitch steeply in the plane of foliation. 

Measurements indicate that the average direction 

of plunge of the long axes of these pebbles ap­

proximates to that of the anticlinal nose of the 

Kuduberg-Omatewaberg massif. 

( c) fQ.I d.§. 

(i) Major Fol d.§. 

The central portion of the region, considered as a 

· ".:' ~~. 
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Plate .xXXIII. Folded graphitic schists in the 
eastern corner of Jo ach i mstal 107, showing develop­
ment of two sets of lineations on the bedding pl anes . 

:Flate XXXIV . Locali ty as above. 
Folding in an interbedded sequence of 
schist and lim8stone , exposed in a 
small gully. 
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broad strip trending northeastwards from the south-

western corner of the area mapped, is dominated by 

by the competent quartzites of the Nosib Formation 

and the lower part of the Damara System. These 

rocks form prominent relief, and are conspicuously 

folded. Although these concentric folds may 

appear large and open when considered in a purely 

local context, they are still relatively tight when 
{ . 

viewed in a regional setting. Accordingly, this 

strip of country, with its wBstsouthwesterly fold 

direction, presents a linear aspect that contrasts 
;j 

strongly with the westerly trend of the Kuduberg-

Omatew~berg unit in the northern part of the region. 

In that area, the dome-and-basin structure suggests 

a different style, and probably period, of folding 

from that found elsewhere in the area mapped. 

Although fold axes throughout the region gener-

ally have a moderate southwesterly to westerly plunge y 

at two localities, namely on the farms Dorka 206 and 

otjiwarumendu 119, large folds with axes plunging to 

the northeast were noted. 

(ii) Minor Folds 

Folds on a scale ranging from several centimetres to 

several metres have been observed at isolated localit-

ies, especially in the better exposed terrain along 

the White Nossob River. On Goldene Aue 106 two 

types were noted in narrow limestone and quartzite 

interbeds in the schists: 

(a) Almost isoolinal folds, with axes plunging 

southwestwards at moderate angles. A non-

penetrative lineation 11, roughly parallel to 

the fold axis, is present. It appears as the 



Pl a te XXX V. Minor northeasterly-plunRing fo l ds in 
Hakos lime stone, Vi e rkuypenberg , Eintracrt 118. 

Pl a te XXXVI. Fold structures in a thin quartzite 
band in Da. t11ara. schi sts exposed in a gully on Gold ene 
Aue 106. 
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axes of minute crenulations on the bedding 

surfaces 80 -

(b) More open, inclined folds, with axes plunging 

northeastwards at shallow to moderate angles. 

The northwestern limb of these folds is usually 

steep to vertical, whilst the southeastern ~imb 

has a very gentle dip. 

In the graphitic schists found in the easter.n 

corner of Joachimstal 107 similar inclined folds as 

described in (b) above, but with southwasterly.plung-

ing axes, were observed in So. 

On Costa 207 folds in the bedding planes of 

dolomLte, on a scale of 5-l0cm, display a moderate 

northeasterly plunge; the axial plane here is almost 

vertical. 

Finally, trenching operations in the Duruchaus 

phyllites on Losberg 105, close to the boundary with 

Christiadore 104, have exposed almost isoclinal folds 

of the bedding planes So in quartzitic interbeds in 

the phyllites. The axial planes dip at approximately 

60° to the northwest, while the fold axes plunge 

o westwards at some 30 • In the same locality, small 

folds in 31 were observed, plunging almost due north 

at 50° to 75°, and corres~onding on a larger scale 

to the crenulations already mentioned (p. 193) 

3. stereographic Analysi~ 

(a) Symbols Employed 

In this account, bedding planes have been given the 

symbol So-;' axial plane cleavages of the first and sub­

sequent deformationshave been labelled 81, 32' etc., 

Lineations, due to the intersection of two 8 surfaces, are 

designated 11, 12 etc., where 11 is an So/SI intersection. 
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The terminology is summarised below: 

Folded Axial Plane Fold Axis Chronological Phase 
Surface of Fold of Folding 

So Sl BSI 
So Fl i.e. Quartzite Hill 

So S2 BS2 
So F2 i.e. Kuduberg 

So 83 BS3 
So F3 i.e. Rotberg 

81 S3 BS3 
F3 i.e. Duruchaus 81 Phyllites 

(b) Southwesterly- and Westerly-plunging Folds 

As already mentioned, these are the dominant folds in 

the greater part of the region. Figure 4 gives tectonic 

data for the Kamtsas Member in three localities, covering 

the entire exposed strike of some 30 km. in the area mapped. 

As deduced from a study of Map 2, the axial plane traces 

of the three folds depicted vary in trend from approximate­

ly westsouthwest for figures 4(a) and 4(b) to westnorth-

west for Figure 4(c). The axial planes are,in all cases 

very close to the vertical, and the folds are thus of the ~ 

normal, or upright type. Proceeding southwestwards 

across the region it is evident from Figure 4 that, not 

only do the axial planes trend more westerly, but the 

axial plunges steepen somewhat. 

As already stated (p.196)~ minor folds in quartzitic 

and calcareous interbeds in the Duruchaus phyllites below 

the Ka~tsas Member were investigated; measurements of 

these features revealed hinges with trends of 233 - 2520 

and westerly plunges of 33 - 340
• Axial planes of these 

folds dip to the northwest at some 60°. These figures 

show fair correspondence with those obtained from the 

macrofolds of the vicinity, as plotted in figures 4(a) 

and 4( b). 
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Tectonic Data from the Kamtsas Member 
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Mention must be made of the cross-girdle depicted in 

Figure4(b). This cross-girdle is very vague, and its 

orientation is by no means certain. However, it is 

noteworthy that the beta axis defined by this girdle, of 

trend and plunge 030°/44°, approximates to the axes of 

small folds in 81 with a northerly plunge, noted locally 

in the Duruchaus phyllites on Losberg 105 (p.196). This 

probably represents evidence for F3 folding, the hinge 

83 . being a BSI aX1S. 

Figures 5, 6,and 7 give further structural data, 

this time from certain of the better exposed members of 

the Damara System. Again, almost vertical axial planes 

are apparent; plunges here show no systematic steepen-

ing towards the west of the region. 

In Figure 5(a) the limited spread of pi poles would 

have made the construction of an accurate girdle very 

difficul t. However, also plotted are several lineations 

and the axes of some minor folds; the lineations are 

So/Sl intersection lineations 11, whose maxima must close­

ly approximate to the mean strike and plunge for beta, 

which here has a value of 259°/48°. 

The significance of the cross-girdle in figure 5(a) 

will be discussed further belo~ (P.204). 

The uneven grouping of pOints in Figure 5Cb) clearly 

shows the asymmetry of the outcrop in a small syncltDB 

occurring in a quartzite horizon in the extreme south of 

the farm Go1dene Aue 106. The northwestern flank of the 

syncline forms a hill with good outcrops, whereas the 

southeastern flank is but poorly exposed. BeSides the 

principle pi girdle, it has been possible to define a 

further two girdles on the stereogram; their signifi-

cance will now be discussed. 
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Structural Geometry of some Damara Folds 
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Three ill-defined minor folds were observed on the 

limbs of the syncline. 

0/ ° plunge of 225 30. 

One such fold has a trend and 

These figures oorrespond closely 

to the values of 227°/10 0 obtained from the stereogram 

for the synclinal axis, and suggest this fold to be 

truly intrafolial. 

The other two folds, for which poor exposures pre-

cluded the taking of sufficient readings for a structural 

analysis, are situated on opposite limbs of the syncline_ 

They have axial trends and plunges approximating to1380/ 

70° and 310°/60°. The axial planes could not be defined 

with any accuracy, but seem to be nearly vertical~ In 

figure 5(b) the two cross-girdles are interpreted as 

having beta axes with trends and plunges of 109°/68° 

and 331°/55° respectively. The fairly close correspon-

dence of these values with the figures quoted above for 

these two minor folds suggests that these features are 

present on the flanks of the syncline in greater numbers 

than was recognised in the field. The structural data 

plotted in figure 5(b) probably includes measurements on 

several of these folds whose genetic origin is doubtful. 

However, if they are assumed to be slump structures, it is 

improbable that readings resulting in such clearly defined 

girdles would have been obtained. 

For the small synclinal hill in the straussenkuppe­

Vierkuppenberg unit on Astra 205, situated 1$5 km. south­

west of the corner Joachimstal I07/Goldene Aue l06/Astra 

205, figure 5(c) gives a value of 283°/37° for the beta 

axis. On the flanks of this hill five smaller fold 

structures, similar to those found on Goldene Aue 106, 

were noted. For three of these, axial trends and plunges 

.' 
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Tectonic Data from t.he Damara Quartzites on 
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obtained stereographically were: 270°/52°, 271/46° and 

258° /31 ° • These folds are probably of the intrafolial 

variety but the other two, with corresponding values of 

074°/46° and 343°/62° respectively, do not fall into 

this category, and the author feels unable to offer an 

explanation for their origin. 

Figure 6 depicts structural data from Damara quartz-

ite horizons in the west and northwest of the r~gion 

mapped. The 12 lineations ,lotted in Figure 6(a), in 

which is represented data from the vicinity of the ruined 

farmhouse on Joachimstal 107, are 3
0
/8 2 intersection 

lineations, thought to be due to a later phase of defor-

mation. In Figure 6 (b) the mean beta axis is seen to 

lie close to the maximum of the 11 lineations which are 

thus, as already mentioned (p.194 ), probably due to the 

intersection of So with a (non-penetrative) 81 or axial 

plane cleavage. The 12 lineations probably represent 

the traces on So of 82, a cleavage axial planar to folds 

of a later deformation with more westerly trending axes. 

Figure 6 (c) is in teresting in tha tit contains two 

well defined pi girdles. Data were collected from the 

nose of the Kuduberg-Omatewaberg anticline on Btischow 

108 and Joachimstal 107, and from the northern flank of 

this massif on the boundary of omatewa 113 with Alten-

stein 115. What are considered to be the earlier folds, 

corresponding to those measured elsewhere in the region, 

have an axial trend and plunge of 224°/29°. 

girdle gives a value for beta of 294°/17°; 

The second 

these last 

figures approximate to those obtained from figures 4(c) 

and 5(c). The maxima of 12 (80 /S2 intersection) linea-

tions in Figures 6(a) and 6(b) also approximate to these 
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values. 

Small folds in a quartzite horizon some 2km north­

west of the homestead on Diana 117 have hinges which 

also exhibit a westerly rather than southwesterly trend 

(Figure 7(a)). In this locality the 12 lineations are 

due to a visibly penetrative axial plane cleavage S2 

intersecting the bedding So-

(0) Northeasterly-Plunging structures 

Although mesoscopic folds with northeasterly-plunging 

axes were occasionally observed in the area here being 

considered, only two macrofolds having a similar attitude 

were noted. These latter include the Rotberg on Otji-
~ 

warumendu 119 and the small synclinal hill on the boundary 

between Dorka 206 and Costa 207; Figures 8(a) and 8(c) 

respectively refer. In the field, the southeastern limb 

of the fold depicted in Figure 8(0) was found to be over-

turned. Accordingly, the axial plane must have a very 

steep northwesterly dip. 

Figure B(b) depicts data from some of the mesoscopic 

northeasterly-plunging folds on Goldene Aue 106; measure-

ments were made in the area covered by Map 3. It is of 

interest that the mean axial trend and plunge of 057°/40° 

obtained from this figure agrBes exactly with the value for 

the pole of the cross-girdle shown in Figure 5(a). The 

implications of this are discussed below. 

Finally, in Figure 7(c) are qpoted data from the nor-

thern bank of the White Nossob River on Diana 117 where, 

some 2 km northwest of the homestead, an ill-defined 

anticline with a shallow easterly plunge was discovered 

in quartzites. Only a very few measurements could be 

taken; fortunately, these included four lineations and 
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Structural Geometry of some North- Easterly­
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and the axial plane. A plot of the readings obtained 

gives a beta value of 073°/13°, with an axial plane of 

strike 081 0
, dipping 56oN. 

4. structural HistorY 

As already stated, this structural analysis is in-

tended as a general, preliminary treatment of the subject 

in this region. The poor exposures serve to limit the 

data that may be collected and hence also the evidence 

that may be obtained from such data. Postulation of 

several phases must rest largely on other eVidence, 

which is given below: 

(i) The failure to locate, in sediments of the Nosib 

Formation, any evidence for a phase of folding pre-

dating that of the Damara System, such as would have 

been expected from a study of the structures on Map 

2, leads the author to suggest that, if such an 

earlier (Nosib) deformation eXisted, the early phase 

of the later (Damara) folding must have been 00-

axial wi th it. 

(ii) The distinct grouping of the dominant folds of the 

region into two sets, having axial trends lying 

between: 

(a) 224 0 and 2600 (Figures 4(a), 4(b), 5(a), 

5(b), 6.) .. 

(b) 2830 and 2940 (Figures 4(0), 5(0) and 6). 

is worthy of comment. In this connection, men-

tion must be made of the following evidence for 

oro s s- f old i ng • On the southern bank of the White 

Nossob River, in the sharp bend (grid reference 

-13600/29900) 2 km below the boundary between 
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Osorobahe 112 and Omatewa 113, a bedding plane in 

talc schist exposed by the river shows two sots 

of folds to be developed. One set, of wave length 

10-15cm, has an axial trend and plunge of 226°/25°; 

the other, smaller folds, of wave length 5cm, cross 

the above set and have axes trending 2750 and plung-

ing westwards at 48 0
• It will be seen that, on 

the basis of their attitude, the larger fo-Ids fall 

into group (a) above while the smaller ones corres-

pond to those cited in group (0). 

It is felt that the existence of two sets of 

folds on a single S surface is strongly suggestive 

of polyphase deformation. The present author 

suggests that the folds of group (a) represent 

examples of the early, major period of Damara 

deformation, P-t, which 'is probably co-axial with 

a possible earlier Nosib deformation. A late-

orogenic pulse, F2, is thought to be responsible 

for the attitude of the folds cited in group (b). 

Plotting of all beta axes from both the above 

groups on to one diagram indicates that these axes 

lie approximately on a small Circle, centred on the 

W point of the stereogram. This would suggest 

that an original, unifdrmly orientated set of B~l 
o 

axes has probably been dispersed by flexural-slip 

about an almost horizontal E-W trending axis during 

a later period of folding. However, no such suo-

horizontal axes have been observed in the field, so 

that the dispersal of the beta axes is probably not 

due to this process. Accordingly, the above state-

ments should be treated with reserve. 
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(iii) The origin of the folds having northeasterly-

plunging axes is problematical. Apart from the 

two macroscopic folds mentioned above, these fea-

tures are usually small, and of relatively 

localised occurrence. Hence, it was initially 

thought that they could have originated in response 

to local stresses set up during the main deforma-

tion. 

In the area covered by Map 3, folds with both 

southwesterly- and northeasterly-plunging axes occur 

in the same folded surface. Unfortunately, the 

attitude of the axial planes of these two sets of 

folds was not determined, but their close associa-

tion in a single S surface appears to be consistent 

with two, rather than one, episodes of deformation. 

As evidence for this may be cited the cross-

girdle defined by the 1% and 3% contours in Figure 

4(b), suggesting a fold axis of trend and plunge 

A similar girdle in Figure 5(a), de-

fined by the 12% and 18% contour lines, gives a 

beta axis of trend and plunge 057°/40 0
• This last 

value coincides exactly with that obtained from a 

plot of bedding planes and fold axes of minor 

northeasterly-trending~folds on Goldene Aue 106, 

depicted in Figure 8(b). Both these cross-

girdles, although not very accurately defined, 

must be assumed to be due to the deformation of 

the earlier southwesterly-plunging features by one 

or more later phases of deformation, tentatively 

designated F3• 

Working in the Nama sediments of the Vanrhyns­

dorp region in the Cape Province, Kroner (1969, 
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pp 138-149) found similar cross-girdles in his 

structural diagrams. In the field, he was able 

to relate these cross-girdles to folds which differ-

ed in orientation from the major features of the 

region and which, incidentally, were also of 

different ages. 

5. ConclusiQUQ 

(i) Field mapping has shown an angular unconformity, or 

perhaps an overlap, to exist between the Nosib For-

mation and the Damara System between Witvlei and 

Omitara. This suggests the possibility that the 

Nosib sediments were involved in orogenic movements 

before the Damara System was deposited. 

(ii) No evidence for a post-Nosib-pre-Damara period of 

deformation could be found; it may be that the early 

Damara deformation produced folds co-axial ,.,i th those 

of a pre-Damara deformative phase. 

~ii) Evidence is given to show the existence of two periods 

of Damara deformation. The earlier Fl phase resulted 

in relatively tight folds whose axes trend between 

southwest and westsouthwest. Later cross-folding F2 

gave rise to more open structures such as the Kudu-

berg-Omatewaberg massif, and has axes of more shallow 

plunge, trending from west to westnorthwest. 

(iv) Although it could not be proved conclusively, there 

is evidence for at least one further period of cross-

warping, F3- Small folds on Goldene Aue 106 have 

northeasterly axial trends, whilst the Duruchaus 

phyllites on Losberg 105 show evidence of BS3 folding 
S1 

with northerly-plunging axes. 
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ABSTRACT 

The Nosib Formation of central South West Africa 
appears to have been deposited in the hinge zone between 
the developing Damara trough and the stable craton to 
the south. It is composed essentially of shallow-water 
deposits, in which the proportion of pelites increases 
with increasing distance from Dordabis. The Damara 
System was deposited in deeper water under less stable 
conditions, and shows a certain cyclicity, fine pelites 
alternating with quartzite-dolomite units. The entire 
area investigated falls within EBkolats "greenschist" 
facies of regional metamorphism, and shows a steady rise 
in grade towards the northwest. Basic igneous rocks 
of the region show signs of retrograde metamorphism, 

In keeping with the remainder of this work, which 

sets out to be a first general account of the geology of 

a relatively small tract of oountry, the author feels 

that a detailed treatment of deposition and metamorphism 

is not warranted under the circumstances. Rather, this 

chapter is intended to summarise, and in certain instanc-

es to amplify, points mentioned in various places of the 

text. In order to reach valid conclusions regarding 

mode and conditions of deposition of any sedimentary 

assemblage, an area considerably greater than the 900 sq. 

kilometres here being considered would need to be investi-

gated. A further prerequisite would be systematic samp-

ling of considerable densi ty.. Nevertheless, the comments 

below should serve as pointers for further work on this 

subj eet. 

(a) Deposition, 

From his studies of the region around Rehoboth and 

Dordabis, Schalk (1966) came to the conclusion that the 

Nosib Formation is of terrestrial origin, and was de-

posited in a basin representing a hinge zone between 

trough and shelf. At its approximate centre, around 

: " 
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Dordabis, this narrow linear zone appears to have con-

sisted essentially of landlocked, isolated basins which 

locally received sediment from all sides (Schalk), al-

though the regional palaeoslope was towards the north. 

The arenaceous Kamtsas Member, which at Dordabis makes 

up the greater part of the Nosib Formation, usually 

begins with a talus breccia of all pre-Kamtsas rocks. 

Deposition must have taken place on an uneven flpor, 

possibly representing an inselberg landscape. Features 

such as clay pellets, local conglomerate lenses and 

heavy-mineral banding suggests that littoral conditions 

prevailed. Slumping is common, and for this Pettijohn 

(1957, p. 598) postulates sea floor slopes of 1.5 - 30 

.-

as being essential. Cross-bedding is virtually ubi-

quitous and its large scale is, according to Bailey(in 

Pettijohn, p. 593) due to deposition above wave base 

level. Finally, the presence of ripple marks also 

suggests a very shallow-water environment. 

The features listed above, with the exception of the 

clay pellets and conglomerate lenses, have also been ob­

served by the present author in the Kamtsas Member be-

tween Witvlei and Omitara. A parallel may therefore be 

drawn with the Dordabis region. 

To the southwest and noitheast of Dordabis, the 

Nosib basin appears to have come under progressively 

greater marine influence. Whereas in the area of the 

Kamtsas Mountains only one marine transgression occur-

red, resulting in deposition of the Witkoei Beds, the 

pelites make up the bulk of the Nosib Formation to the 

southwest at Duruchaus, and to the northeast at Losberg 

105. In the area between Witvlei and Omitara, the 
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geological record is incomplete owing to the faulting-

out of the basal portion of the Nosib Formation. How-

ever, the lenticular nature of the Kamtsas Member and 

the great development of the (Duruchaus) phyllites 

indicate that here marine conditions prevailed, and 

that the area was far from the source of the arenaceous 

sediments. 

structurally, the author envisages a similar his-

tory for the Nosib Formation in the area under consider-

ation as has been postulated for the Dordabis region by 

Schalk. Folding and dislocation occurred before onset 

of the Damara sedimentation, possibly at the beginning 

of subsidepce of the main Damara trough. A glance at 

the accompanying Map 2 confirms this. 

According to Martin (1965, p. 38) the early period 

of geosynclinal subsidence is characterised by very un-

stable conditions. The extremely varied lithology of 

the lower portion of the Damara System, with its rapid 

alternation of quartzites, phyllites and dolomites, bears 

out this observation. That the water must have been 

deeper than in Nosib times is suggested by the absence of 

ripple marks, by the small-scale cross-bedding occasionally 

present in the quartzitic interbeds, and by the preponder-
-

ance of pelites over psammites. However, the environment 

must still be classified as sublittoral i.e. extending 

from the low-tide mark to a depth of 600 feet (Krumbein 

& Sloss 1963, p. 260), According to Twenhofel, cited in 

Krumbein & Sloss (p, 261) 80% of all sediments in the 

geologic column were deposited in this zone. 

Petrological studies carried out by the author on 

Nosib and Damara quartzites, normally indistinguishable 
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in hand specimen, indicate certain differences between 

the two. The Nosib quartzites have a felspar content 

ranging from 13-21%, an average lying close to 19%. 

Relatively coarse material, possibly derived from a 

granitic source, must have been rapidly buried in a 

subsiding basin. The Damara quartzites investigated, 

on the other hand, contain at most only 17% of felspar, 

an average being close to 10%. They also contain up 

to 16.7% of mica. This probably represents an original 

clay fraction, and suggests a different origin from that 

of the Nosib arenites. However, deposition and burial 

must have been as rapid as in the case of the Nosib sedi-

ments, since any winnowing by currents would have result-

ed in the removal of the fine clay fraction. 

The common Damara lithological association. quartzite-

dolomite, with its shallow-water, possibly evaporitic 

connotations, has been discussed in detail in Chapter 

VIII. From this one must conclude that periods of slow 

deposition, resulting in fine pelitic material being 

deposited in relatively deep water, alternated with 

periods during which co~rse clastics, possibly derived 

from nearby geanticlinal ridges, were being rapidly poured 

into the trough. The transition between these two cycles 
. 

would have been characterised by quiescent, restricted-

circulation lagoonal environments, possibly accompanied 

by local evaporitic conditions. The Damara dolomites 

would have originated during these periods. It follows 

that the Nosib and Damara periods of deposition are cha-

racterised by significant differences in tectonic and 

environmental parameters, 

The mineralogical assemblage encountered in the 
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various lithological groups of the region under con-

sideration has already been treated in some detail. 

Petrological studies by the author reveal that the 

area falls wholly within Eskola's "greenschist" facies 

of regional metamorphism. According to Turner and 

Verhoogen (1960, p. 533) the association quartz-albite-

epidote is diagnostic of this facies which has, on the 

basis of mineralogical changes observed in pelites at 

the biotite and almandine isograds, been further sub-

divided. Three sub-facies, defined by the following 

assemblages, are recognised. 

1. Quartz-al bi te-muscovi te-chlori te.; 

2. Quartz-albite-epidote-biotite; 

3. Quartz-albite-epidote-almandine. 

For the greenschist facies the temperatures have 

been estimated at 300-500 oC, and pressures of 3-8kb are 

thought to have prevailed (Turner & Verhoogen, p. 534). 

The quartz-albite-muscovite-chlorite subfacies is 

usually characterised by .aluminous chlori tes, such as 

prochlorite, while muscovite is the principal white 

mica. Increasing grade of metamorphism leads, in rocks 

of suitable composition, to the formation of biotite, 

i.e. 

Muscovite + chlorite bioti te + chlori te 

It is of note that both muscovite and Mg-rich 

chlorite can coexist with biotite until the temperatures 

given for the greenschist facies are surpassed. The 

distinction between the greenschist and the higher 

almandine-amphibolite facies lies in the composition 

of the plagioclase, and is easily determined under the 
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microscope. The greenschist facies is characterised 

by a plagioclase containing 0-7% of the An component. 

In the almandine-amphibolite facies, on the other hand, 

the plagioclase is usually oligoclase or andesine; 

Winkler (1967, p. 103) gives a minimum value of 15% 

for the An component. 

The whole of the Nosib Formation, together with 

the lowermost portion of the Hakos Series, may be con­

sidered to fall into the quartz-albite-muscovite-chlorite 

subfacies. The pelitic rocks, such as the phyllites of 

the Duruchaus Member and the Damara schists, are charac-

terised by the assemblage quartz-muscovite/sericite-

chlorite; ~albite, epidote, and tourmaline are nccessor-

ies. The quartzo-felspathic rocks, such as the Kamtsas 

Member artd the thin quartzitic interbeds in the Damara 

System, contain chiefly quartz with smaller proportions 

of albite and white mica. The K felspar content of 

these rocks, varying between 0 and 14.6%, is unusual, 

accorm_ng to the criteria of Turner and Verhoogen (p.536). 

Specimen 68, from an exposure (grid reference 

-22900/39650) in a gully on the southern bank of the 

White Nossob River, is the first to show development 

of biotite from chlorite, and~hence ushers in the quartz-

albite-epidote-biotite subfacies. A little higher in 

the succession, pelites collected from the area covered 

by Map 3 contain abundant biotite. The composition of 

specimens 54 and 55 from this area is quoted in Table 

11, while Table 12 gives the mode of specimen 50, thought 

to be of igneous derivation. The dolomite horizons 

found on Joachimstal 107 usually carry tremolite, which 

is characteristic of caloareous rocks throughout the 
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greenschist facies. 

The highest zone of the greenschist facies, namel¥ 

the quartz-albite-epidote-almandine subfacies, is re-

presented by specimens of amphibolite from the north-

eastern corner of Blischow 108 and the southwestern 

portion of Omatewa 113. The presence of garnet in 

specimen 12 initially suggested that the almandine-

amphibolite facies might locally be developed, How-

ever, petrological examination of the slide showed the 

plagioclase to be albite. Furthermore, chlorite occurs 

in the rock together with quartz. ThiS, according to 

Winkler (p. 103) is no longer possible above the green-

schist facies. 

The petrology and metamorphism of the basic ig­

neous rocks of Joachimstal 107 and Goldene Aue 106 have 

been discussed fully in Chapter VIII. These rocks have 

undergone partial retrograde metamorphi sm ,. bringing 

their mineralogical composition into equilibrium with 

the surrounding Damara tectonites. 
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Gonera1ly, the solid geology of the area is masked 

by one or mdre types of Tertiary to Recent material, 

which may be classified as below: 

( a) Riv~ gravels and sil t; 

(b, Quartzi t~ rubble'; 

( c) Vein quartz rubble; 

( d) Cal crete; 

(e) Kalahari sand. 

These will now be examined in some detail. 

,. 

As already mentioned, the White Nossob River in the 

area mapped has formed numerous incised meanders, and 

it is in the inside bends of promontories thus formed, 

that considerable deposits of gravel occur. Pebbles 

are poorly sorted, varying in size from 2 - 150m, and 

are usually somewhat flattened ellipsoids. The chief 

rock type represented is a white sugary quartzite, often 

limonite-stained, and possibly derived from the higher 

DamBra beds traversed by the river in its upper reaches. 

Pebbles of vein quartz have also been noted. From 

gravel pits along the route of ~the new tar road link-

ing Windhoek with Gobabis, these deposits are known to 

reach thicknesses in excess of 2 metres. 

On the outside bends of the meanders, below the 

base of the gravels on the opposite bank, are to be 

found deposits of grey micaceous silt, again reaching 

thicknesses of 2 to 3 metres, lying directly on an 

eroded surface of Damara schists. It appears that 

these fine-grained sediments initially formed an older 

valley floor into which the river cut during a later 
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Plate XXXVII. Erosion gully in the White Nossob 
valley on Goldene Aue 106 , showin~ Damara schists 
overlain by sever al metres of micaceous silt . 
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period of uplift. Excavations for the foundations of 

the new road bridge across the White Nossob River be-

tween Eintracht 118 and Losberg 105 have shown the 

bedrock iti the river to lie beneath some 10 metres of 

sand and silt. 

(b) ~artzite rubble 

Because of the arid nature of the country there are 

f8w well developed water courses, most drainage features 

from higher ground either becoming dissipated in the 

plains, or ending in small pans which contain deposits 

of silt and clay. Between the plains and the hills, 

where these latter are composed of quartzite, are to be 

found extensive areas underlain by rubble. The general-

ly well-bedded and jointed quartzite breaks into 

angular blocks by mechanical weathering; these blocks 

then move down the slope by gravity, aided by game and 

cattle. This movement was obviously more pronounced 

in earlier wetter periods, since the extent of these 

deposits, as evidenced by trenching in connection with 

the recent'prospecting activities in the ar~a, can only 

be attributed to sheet wash. Thicknesses of 0.5 metres 

are common, the rubble showing a poor degree of sorting 

and little rounding, with fragments ranging in size 

from 2 - 20cm. Locally, former stream channels, also 

boulder-filled, are incised well below the general 

base of the rubble sheet, sometimes reaching depths in 

excess of 3 metres below the present surface. The 

rubble usually rests directly on the steeply dipping 

phyllites and schists adjacent to the quartzite ridgea. 

On Losberg 105, fairly extensive pediments composed 

of quartzite talus are developed on the lower slopes of 
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the ridges. 

It is noteworthy that no similar deposits have been 

observed in the vicinity of the dolomite ridges in the 

area mapped. However, the two granite domes of the 

Dachsberge on Sandflats 123 show some pediment develop-

ment • 

• (c) Vein auartz rubble 

In areas where the phyllites and schists of the 

Damara System are exposed, such as along the White Nossob 

River, the usually thin residual micaceous soil is cov-

ered by and mixed with rubble consisting almost entirely 

of sub-rounded to rounded fragments of white vein quartz 

in the 1 - 5cm size range. This material is derived 

from the weathering of the ubiquitous quartz veins which 

characterise the area under consideration, and which 

appear to represent both fault fillings in the numerous 

zones of dislocation as well as later secretion veins. 

Away from the river the red Kalahari sand, mentioned 

below, blankets this type of deposit. 

The development of calcrete, or surface limestone, 

has not been studied, but appears to be a function of 

the carbonate content of the underlying rock, coupled 

with its mode of weathering in the predominantly arid 

climate. Development of this type of deposit is es-

pecially noticeable over the more calcareous members of 

the Damara schists, as well as over the thin limestone 

bands interbedded with these. 

It will be seen from the large-scale plan (Map 3) 

of a portion of the farm Goldene Aue 106 that, on the 

eroded slopes immediately adjacent to the White Nossob 
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River, rock is exposed at surface, or is covered by thin 

soil only. Away frmm the river the outcrop disappears 

beneath a capping of calcrete 1 - 2 metres thick. This 

forms a plateau with a well defined edge, and gives rise 

to a low scarp overlooking the river valley. Small 

tributaries of the White Nossob River are actively 

cutting into this calcrete capping, which in consequence 

presents a complex outline on the side facing the river. 

With increasing distance from the river this calcrete 

"plateau" becomes overlain by Kalahari sand. 

(e) Kalahari sand 

Away from the major drainage feature of the region, 

the White Nossob River, the only outcrops to be found 

are along the ranges of hills composed of quartzite and 

dolomite, and in the "inselberge" dotted over the plains., 

The remainder of the surface is covered by a blanket of 

red to grey Kalahari sand. When compated with the 

area southeast of Rehoboth, readily recognisable dune 

features are absent, although on Joachimstal 107 a con­

centric series of low mounds has been noted, trending 

from northwest through west to southwest and thus follow­

ing approximately the outline of the Kuduberg. Generally, 

the cover probably averages oniy 2 - 3 metres in thick­

ness; in areas of topographic lows existing prior to 

deposition of the sand, greater thicknesses undoubtedly 

occur, but no data are available. Poldervaart (men­

tioned in Boocock & Van straten, 1962), working in the 

Central Kalahari Basin of Botswana, has distinguished 

sands of several ages and provenances, and it is there­

fore likely that variations in age and source would 

also be found on further investigation in the area 

under review. 
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Of interest are the large accumulations of sand 

piled against the northwestern flanks of the hills in 

the area. This sand must have been brought in by 

wind whose prevailing direction was other than those 

of the present time; a northerly to northwesterly 

palaeowind direction is indicated. 
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Economic interest in the area is centred on numer-

ous small occurrences of copper mineralisation. Pros-

pecting activities by two mining companies, Fedswa 

Prospekteerders (Edms) Bpk and Anglova81 South West 

Africa (pty) Limited, commenced late in 1967, and are 

still in progress at the time of writing (1971) •. 

Owing to the poor exposures, the cheapest and quick-

est prospecting technique used is geochemical soil 

sampling. Screening of the samples, in certain cases to 

-270 mesh, has been shown to make the method more sensi-

tive by removing the coarser quartz particles; the 

copper minerals are usually associated with the clay 

fraction of the soil. A relatively new prospecting tool 

extensively used by Anglovaal is Geobotany. Mapping of 

plant distributions has shown the presence of vegetation 

"anomalies" - these often coincide wi.th zones of high 

mineral concentration. From these zones certain botani-

cal indicator species have been recognised. Furthermore~ 

once it has been established which species, in a certain 

area, show a preferential uptake of the element being 

prospected for, selective sampling of these species will 

give results which show close c~rrelation with those ob-

tained by soil sampling. Also, since certain plants 

have long, deep-reaching tap roots, recognition and 

sampling of these species should obviate the need for 

auger sampling in areas of deep, wind-blown overburden. 

Any abnormal concentration of elements occurring below 

the overburden will be shown by analysis of stems and 

leaves of the plants, which will have taken up these 

elements in solution. Results obtained to date in this 

connection have been encouraging. 
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Any metal Hanomalies" defined by the above methods 

are usually investigated by trenching, and then by 

wagon-drilling. Diamond drilling is used in the final 

assessment of any deposit that has been found to show 

sufficient promise by the other prospecting techniques 

mentioned. 

Despite the fact that enoouraging surface indica-

tions were found at several localities between Witvlei 

and Omitara, intensive exploration has revealed that the 

deposits are small and very localised. Sedimentologi-

cal and structural control of the mineralisation is 

very evident; lensing and faulting out of ore horizons 

are common. ~ No detailed investigation into the origin 

of the copper mineralisation was carried out~ However, 

from observations of drill core, and of mineralised 

strata exposed in trenches, the present writer feels 

th8t differences exist between the deposits in the 

"Tsumis" rocks and those of the Nosib Formation and the 

Damara System. 

In the strata lying southeast of the thrust fault 

on Christiadore 104 and Otjiwarumendu 119, the mineral-

isation is essentially strata-bound, and resembles the 

syngenetic ores of the Zambian ~opperbelt with which the 

author has had several years of experience. In the 

schists of the Damara System, on the other hand, minerali-

sation appears to be associated with the many shear 

zones and faults that trend parallel to the regional 

strike. It appears that the copper, possibly of 

syngenetio origin and originally uniformly distributed 

throughout the sediments, was remobilised during meta-

morphism to become redeposited and concentrated along 

certain favourable horizons. A certain ~ffinity of 
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the copper minoralisation for the narrow limestone units 

interbedded with the chlorite-mica schists was noted. 

In these limestones, oxide copper occurs as blebs, and in 

vugs. In the adjacent schists partings of oxide minerali-

sation are found on the cleavage planes. Blebs of oxide 

copper also occur in the quartz veins traversing the 

region; these localised occurrences, of no economic im-

portance, often give rise to considerable geochemical 

soil anomalies. 

The more important zones of mineralisation known 

from the area under consideration will now be discussed 

briefly: 

Christtadore 104. Malachite was discovered in the 

conglomerate lenses of the HTsumis" rocks, especial-

ly in the vicinity of the farmhouse (grid refer-

ence -27970/43660). Grade and strike length of 

the deposit are deemed insufficient to warrant 

further work, 

(ii) Okasewa NW 120. Fedswa has been actively drilling 

a sizeable deposit, m8rked both by outcrop and by 

vegetation anomalies, located in the extreme south­

western corner of the farm, astride the main road 

between Witvlei and Omitar~. A fault truncates 

the northeastern end of the mineralised zone, which 

extends for over one kilometre. The mineralisation, 

in the form of copper oxides and sulphides, appears 

to be of syngenetic origin, being concentrated 

along the bedding planes of the more shaly meDbers 

of the HTsumis" rocks. The area is tightly 

folded, with steep dips. Lateral correlation of 

strata from drillhole to drillhole is fraught 

i .• ,. 

.~ , 

.\ 

."'\" 



- 221 -

with difficulties, and is often impossible owing 

to facies changes. Lensing-out of the deposit 

at relatively shallow depths is indicated. 

Assay values are fairly good, but widths are 

erratic. 

(iii) Eintracht 118. On the promontory on the northern 

side of the White Nossob River, immediately south 

of the new road bridge over the river, rocks 

showing copper mineralisation crop out (grid 

reference -24300/39450) for a strike distance of 

over one kilometre. The deposit is probably 

connected with the large shear zone shown on Map 

2. Extensions to the strike of the deposit, as 

well as parallel minor zones of mineralisation, 

were revealed by soil-sampling traverses carried 

out across the river on the farm Losberg 105. 

Geochemical anomalies could be traces as far 

southwestwards as the Okaheberg. 

The Eintracht section of the deposit appears 

the most promising, but has not been investigat~d 

in any detail. On Losberg 105, adjacent to the 

White Nossob River, trenching on surface showings 

of malachite revealed the rock below the surface 

to have become almost comple~ely replaced by 

calcrete 1 with concomit~ant leaching of the copper. 

Wagon-drilling results were extremely poor, and 

could in most cases not be correlated with surface 

findings. 

(iv) Goldene Aue 106. Copper mineralisation in quartz-

chlorite-biotite schists and associated limestone 

bands occurs in the extreme eastern corner (grid 

reference -20900/38800) of the farm. Details of 
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the geology are given in the large-scale Map 3. 

As in the case on Eintracht 118, this deposit 

appears to be connected with the adjacent shear 

zone (see Map 2). Values and widths are disap-

pointing, although wagon-drilling showed some 

continuity of the ore horizon at depth. 

The strike of the deposit is considerable, 

and was traced northeastwards along the northern 

bank (grid reference -21950/38000) of the White 

Nossob on Eintracht 118. To the southw~st, 

approximately 500 metres from the river, the out-

crop disappears beneath the cover of Kalahari 

sand. 

Losberg 105. The Duruchaus phyllites below the 

Lower Kamtsas Member, approximately 1 km south­

east ~f the White Nossob River (grid reference 

-25000/42500) contain a zone of relatively high-

grade copper mineralisation. The horizon con-

stitutes a tightly isoclinally folded band, 2 -

3 metres thick, of quartzites and limestones with 

thin phyllitic interbeds. The whole forms an 

anticlinorium lying along the axis of the Otjiwaru-

menduberg anticline, a short distance to the south-

west. The copper ,appears· to have been introduced 

subsequent to the folding of the rock, and is 

concentrated in the more phyllitic portions. 

Insufficient wagon-drilling was carried out for 

this description to be expanded further. The 

deposit, with a strike length of some 1200 metres, 

is of interest in that it forms a relatively 

narrow, compact, outcropping horizon, set in 

soft phyllites which are seldom exposed and 
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which are far less metamorphosed than the ore 

horizon. The economic importance of this 

deposit has yet to be ascertained. 

Reference has been made elsewhere to the unsuccess-

ful search for gold on Astra 205. 

Were it not for the poor communications and great 

distances from the larger centres of the territory, the 

deposits of high-grade marble occurring in the area and 

described more fully above, could no doubt be exploited. 

The same may be said for the platy quartzites of the 

Quartzite Hill on Joachimstal 107; closer proximity to 

Windhoek would make this a valuable source of flagstones 

,j 
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The tract of country described in this work is of 

extremely varied geology, and it is hoped that the above 

account has brought out, and has emphasized the need, for 

further investigation of the many aspects which still 

await clarification. The points that immediately come 

to .. mind are: 

i) The relationship between the Hosib Formation and 

the undifferentiated quartzites occurring in the 

central portion of Owinieikiro 213; 

ii) The possible equivalence of Nosib and Tsumis 

Fa rma ti ons; 

iii) The detailed structural history of the area, in-

cluding the relationship and boundary between 

Nosib and Damara beds; 

iV) The exact nature of the pebble conglomerate on 

Eintracht 118, leading perhaps to an acceptable 

subdivision of the Damara System in this area. 

It is felt that, probably on account of its relative-

ly poor exposures, this particular portion of South West 

Africa has up to now been neglected geologically. How-

ever, the present work has brought~out the considerable 

differences in lithology and stratigraphy that exist be-

tween rocks of this area and Nosib and Damara strata 

elsewhere in South West Africa. Accordingly, further 

studies in this region would serve to amplify and make 

more complete the present understanding of this widespread 

sedimentary assemblage. 

-----
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