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Fig 16 Schematic representation of interpreted regional structural

framework north of the southern zone
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\i80, Lhi cLangl AT mp lacement associated with the domes
che central zone t seen tu the north of the Omaruru lineament and
netamerphic grades are lower. Exposuras of Nosib rocks do, however, occur
o the vicinities of Wlotzka's Baken and, to a gr=ater extent, the Tsaun
crigonometric beacon (approximately 60 km due east of Cape Cross, Fig 2).
At the latter locality a succession of rocks, termed the Tsaun Formation
Botha et al.,, 1975) and correlated with the Khan Formation (Jacob and
Kroner, 1977) are exposed in and to the west of a prominent dome structure.
[he Omaruru lineament is also believed to be a fundamental line of crustal
veakness in the tectonic history of the area, although nct to the same ex-
tent as the Okahandja lineament. The Waterberg thrust fault, striking
roughly northeast of the town of Omaruru, which has forced Damara rocks
southwards over those of the younger Karco Sequence, is on the regioral excension
of the Omaruru lineament and suggests that this is a fundamental linear zone of
structural change. The Erongo Complex was also emplaced along this lineament.
153 The Uis lineament zone
"his lineament zone coincides with the northeast-trending Cape Cross-Uis belt of
tin-bgaring pegmatites and is demarcated by a linear regional magnetic low,
roughly 150 km in length and 20 km wide in the area studied (Fig 3 and overlay,
‘ig 16). It was shown in Section 4 that the negative (low) magnetic ano-
nalies constitute a magnetic signature of the Nosib Group rocks, particu=
larly of the Khan Formation, and hence that outcrops or shallow suboutcrops
f these rocks are to be expected in such anomalous zones. This 1is supported
fully by the exposures of Nosib Group rocks in the vicinity of the Tsaun
beacon which yield the highest amplitude negative anomalies a.ong this
lineament, Relatively shallow (less than 1 km) suboutcrops of these rocks

nay thus be expected elsewhere along the lineament.

1.4 The Wlotzka lineament zone
'his lineament zone trends northeastwards from Wlotzka's Baken on the
oast (Fig 3 and overlay, Tig 16) and is demarcated by a prominent low
nagnetic anomaly of limited strike (™ 60 kn). A similar origin to
that of the Uis lineament zone must be called upon to explain this

nagnetic low and although no extensive outcrops of Nosib (or any other)






















e Discussion

Before entering into a discussion of the results of the modelling, the

depth limitations of the magnetic method should be pointed out, i.e.

although the magnetic method has a greater depth of penetration than other
methods (e.g. radiometrics), potential field theory shows that it has a
decreasing resolution with depth., Thus the magnetic anomalies caused by
small-scale features in depth will be small when compared with near-surface
anomalies., Modelling of these deeper features is made even more difficulc

in areas such as the Damara belt where high—amplitude magnetic anomalies of re-
latively shallcw origin prevail. As an example, the Nosib Group has been termina-
ted laterally in depth between the Wlotzka and Uis lineament zones more for geo-
logical than for magnetic reasons since an introduction of a 2 km slab of

Nosib rocks at a depth of 5 km would only result in a small percentage change

to the calculated field at surface. If this slab were, however, cut by large=-

throw faults the effects thereof would have a greater manifestation at surface.

The following features became evident as a result of the modelling study:

i) Certain outcrops of the Salem Granite Suite require similar
directions and intensities of magnetisation as the red granites
and reactivated basement rocks in order to yield the observed
positive magnetic anomalies. This directiom, given in Table
VI, was derived from the NRM's of the red granite outcrops sampled
in the Trekkopje anticline, and is considered to be hybrid between
the 500 Ma direction and a later secondary direction. This later
direction is possibly related either to the period of late- to
post-Karoo intrusion or to the present-day direction, which in

places has pervaded across the stratigraphic column,

-
s
~

The negative magnetic anomalies are preferentially related

to the development of the Khan Formation rather than of the Etusis
Formation. Although the Etusis Formation in certain arcas un-
doubtedly yields high-amplitude negative magnetic anomalies
there are areas where this is not the case, e.g. in the vicinity
of the Vredelus and Rooikuiseb anticlines where the field is
either normal or positive (due to i. above). It would appear

that the percentage of magnetic minerals or the magnetic mine-
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is not that well-defined by the current palaeomagnetic work.
Whatever the changes, however, the amount of uplift along the
Okahandja lineament will still be extremely large, supporting
the conclusions of Miller (1979) who postulated an uplift of
possibly 24 km. Further palaeomagnetic surveys, aimed speci-
fically at sampling Khomas and Donkerhuk rocks south of the
Okahand ja lineament and reactivated basement rocks to the north,

would be necessary to better quantity the uplift,

Qualitative interpretation of the aeromagnetic data, as given

in the interpretative overlay, initially indicated the Okahandja
lineament to be a relatively narrow vertical feature (i,e. less
than * 10 km) feature when viewed on surface. The modelling
results indicate however that the Okahandja lineament is a much
broader non-vertical zone of structural change when viewed in geo-
magnetic section. This supports the findings of Sawyer (1978) that

the lineament extends southwards and is up to 40 km wide in places.

Iad Geodynamic Considerations

Since the Damara orogenic belt contains many features also found in Phanero-

zoic fold belts, which are gemerally attributed to continental margin deposition,
ocean closure and subsequent plate collision (Krdmer, 1977), it was a natural
consequence that plate-tectonic models were ervisaged to explain the evolution

of the belt (Burke and Dewey, 1972 and 1973; Burke et al., 1977; Barnes and
Sawyer, 1980). Martin and Porada (1977) and Kroner (1977) have, however, enu=-
merated many features of the belt which are incompatible with plate-collision
processes making it apparent that other tectonic models have to be called upon

to fully explain the formation of the belt.

Of particular relevance to this study is the proposal of Martin and Porada
(1977) that the intracontinental branch of the Damara belt comprised three
major graben systems which passed through an aulacogen stage and, with con-
tinued subsidence, led to the formation of a broad ensialic geosynclinal
basin. Damara tectonics are interpreted as having been controlled by gra-
vitational instability according to the proposals of Ramberg (1967). They
have made three observations on the Nosib sediments in the central zone which

have an important bearing on the early history of the fold belt and

e
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In section A = B (Fig 17) numerous vertical faults have been
postulated to conform to this conclusion. It is possible that
some of these are hypothetical (e.g. in the Wlotzka lineament
zone) although many were found to be necessary within the central
zone and Uis lineament zone in order to obtain the indicated best
fit. These may be obscured today by the overstepping sedimenta-

tion and deformation described by Martin and Porada.

ii) The magnetically quiet domain north of the Omaruru lineament
indicates that, apart from the Uis and Wlotzka lineament zones,
Nosib rocks are either not present or are buried at depth under
a thick pile of younger Damara rocks. The proposals of paragraph
(1) above indicate that Nosib sed mentation in the trans-

ition zone north of the Omaruru iineament is discontinuous and
where present occurs in fault bounded depositories. It is for
this reason that a block of Nosib sediments is proposed to
occur, in deptl, along the northeastern extension of the Wlotzka
lineament zone in Figl7 and this certainly is compatible with the

geomagnetic profile.

In the light of the above and in view of the good fit between thecoretical
and observed magnetic profiles in the model section, it is concluded that
the magnetic lineament zones represent initial fault bounded Nosib de-
positories which have subsequently been buoyed up, in varying degrees, as
a rasult of gravitational instability to form the geanticlinal ridges which

they represent today.

5.4 The Erongo Anomaly

A highlight of the aeromagnetic colour composite (Fig 3) is the conspicuous
anomaly caused by the Erongo Complex. The shorter wavelength anomalies sit-
uated south of latitude 21°30'S, roughly between the 15°30'E and 16°E longi-
tudes, are due to basalts of Karoo age overlying the outcropping Erongo
granites and obscure, in part, the Erongo anomaly. Inspection of the deep~
seated large (positive) anomaly indicates, however, that the centre of the
complex occurs at depth roughly on the intersection of 15%45'E and 21°30'S
(see overlay to Fig 3 for locality), which is offset from the outcrops of

Erongo granite.
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vas initially thought that this offset could have resulted from over-
srusting of porticns of the top of the Complex southwards along the
:tension of the Waterberg thrust fault and thus causing Damara granites

co overly the centre of the Complex. Aldrich (personal communication),

wwever, of the Geological Survey (Windhoek Branch) who is currently in-

rostigating the Complex magnetically and gravimetrically, considers this
he unlikely. It is thus possible that the exposures of Erongo granite

9

lect emplacement away from the main complex, along zones of structural

vakness or tension.

irther interpretation was conducted on the Erongo anomaly in view of

nrasent studies of Aldrich.
adiometric Coverage and Magnetic Relationships

¢ radiometric data, recorded simultaneously with the magnetic data
uring the course of the five airborne surveys of the area, are presented

-

the form of a colour comnosite in Fig 4. As mentioned previously, only
iotal-count-gamma contour maps are available on Open File and it was
possible to convert these to more meaningful eguivalent-uranium con=-

o T -

iue to the lack of sdequate calibration facilities at the time the
flown. The varying sensitivities resulting from the differ-
ietector-crystal volumes and the different flight altitudes used for
‘arious surveys have resulted in the generally poor quality of the

tal=couny composite, This has made the colour (and hence amplitude)
ratching between the respective surveys impossible in a regional sense
s 1s obvious in Fig 4. The quality of the composite is also adversely

ted by the prevalent northwest/southeast herringbone effect which
0 resulted vrom poor flight-altitude corrections with the earlier surveys.
| also prevalent to a lesser extent with the more recent surveys, D

7y although they are of a much better quality in terms of sensitivity,

features are evident from the airborne radiometric colour com=
Lte when comparing it to the interpretative aeromagnetic overlay and
ological map of the area (Fig 2). These are discussed separately

]

fetailed discussisn of the radiometric data in relation to each
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zone, These outcrops, however, display marked magnetic
(positive) anomalies suggesting a different genesis from both
the magnetically and radiometrically inert Donkerhuk

granite and from the radiometrically active phases of the

Salem Granite Suite,

The Erongo granite north of Usakos also has a raised radiation

[
ot
-
~

level but is magnetically inert.

iv) High radiometric anomalies obviously also result from the
presence of uranium occurrences in the area. These may be
related to magnetic anomalies (e.g. the primary granitic
uranium occurrences as discussed in this thesis) or with
secondary calcareous/gypsiferous occurrences, which have
70 associated maguetic effects. Radiometric anomalies of the
latter occurrences appear as low order and uninteresting
features on the total-count map, e.g. at Mile 72 immediately
scutheast of Cape Cross, at the Tsaun beacon or, to a lesser
extent at Langer Heinrich, but are immediately evident spec=-

trometrically.

2.6 Data Processing

A study of the aeromnagnetic data would ideally have been complete with the

inclusion of sophisticated filtering techniques such as upward continuation,
downward continuation and selected bandpass filtering. This may have facili=-
tated the recognition of the lineament zones and perhaps brought to light

certain structural features which are not readily evident in the raw data.

Such an interpretation would have to cover the area in its entirety if it

were to be of value in interpreting the structural framework of the area,

This was unfortunately not possible in view of the fact that the area was
covered in a patchwork manner, with the earlier surveys being flown over key
areas such as the central zone and Welwitschia lineament zone. The data accu-
mulated during these surveys were recorded in analogue form often on poor
quality chart paper., Digitising the data into a form suitable for filtering
procedures would not only have been a task well beyond the scope of this

text but also virtually impossible in view of the poor quality of the two

initial key surve, .
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