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STRUCTURAL GEOLOGY OF THE KLEIN AUB AREA

The Sinclair §
deformation. The

ases of

quence in the Klein Aub area has been affected by three different pl

first phase (D), pre-dated and
ns. This ea

ormations of the Sinc

Jccomparn

ed the deposition of the Nuckopi

Grauwater and Doorapoort Format

test phase produce

the underlying basement and the carly quence (Figs 3.1,
1

faulting also controlled sedimentary facies distribution in these early Sinclair forma

this deformational phase will be described tn Chapter 6.1, A second def irmational pha

deseribed in Chapter 6.2, was associated wi farge, dome-like, open folds
The third

avage

the developme
) 1 distinet
h

with wavelengths of several kilometres (F nal cleavage

phase of deformation {D1) produced enr ec
and a variety of fauits and thrusts
Where discrete structural elements could be refated 1o the different Jeformational phases, the

following terminology was applied

D formationat phase D3
Folds 1
Cleavage S3

The description of structural clements in d into chrec groups

ing to the scparate phases of deformation. Sec les criptive part

terpretation
the Klein Aub area with other fault zenes whe

f the data presented. Section 6.5 compares h sracteris, c structural

similar arrangements of ¢ ¢ cleme

have been described. Finally in section 6.6 of t empt is maue to determing

the timing of tectonic events, with an emphasize on the telatiorshig e Damaran Orogeny
First Phase of Deformation (D)

This first deformational pl
and to a lesser ext

base Iving the Sinclair Sequ

pf and Grauwater |

emations. Deformation during

this phase produced normal faults that bounded horst blocke, graben- and hall-graben struc

tures but was not assoc

ated with folding. These fault-bound »d troughs subsequentiy b

depaositional sites for the volcano-sediment

adepositional fauits control

led the distribution
Chapter 5)

fithufacies in the &

lair Sequence {

alts.

110% and 2087 A1 inte

The normal faalts, now striking at ang sct the basement and

e vicimty of Klein Aub Mine, im

the basalt part of the Doornpourt F son whioh,

mediately overlies a local baseme 1. Vertical displacement on these steep faults is in the
arder of hundreds of metres. The arent ateral sense ement on these | sug
gested in map s aresult of | nag urforn and the present eros
surface produced a section-hike exposure of £ basement-cowe act This contact 15 ey

cially well-docum

d from Farm Eindpaal coc to Kle Mine which

ewhere in f casin, vhere the Nickapl and

cussed in more detaihin Chapter S (Fig S
i 4

Grauwater Formations ace preserve rrabens and hail-arabens, the nor

L fault

hs, : £ even morce abu - .t and vertica

bounding these grabens and basement

ment locally exceeds 1660 m (Fig £2)

Second Phase of [xfarmation (D2

Large-scale folds and a regionaily devel o this s

deformation (Ds) B cao not be excluded faults within the area abw b

originated from this wmational phase

sifnce later reactvation of th mc clem

nt
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Folds

This deformational phase produced pronounced, large-scale open folds (F2) which do not

show any vergence. In this re- pect the .lein Aub area differs from other arcas of the Kalahari

Copperbeltin SWA/Namibia whare folds tend (o show a typical southerly directed vergence,

produced by the Damaran Orogeny. The Fa-folds with a kmescale wavelength pluage at 57107

to the west, The Klein Aub Mine, is situated on the sorern limb of one mujor fold
whichgenerally dips 43° to 607 south (Figs 3.1, 6.1}

Cleavage

The regional Sz-cleavage is more distinetly developed in fine-clastic racks, were w defines a
weak planas texture, due (o the alignment of chlorite and muscovite (Plate 6.1.A). A distinat
lineation (L), plunging 70° noith, is recognizable in lenses of recrvsiallized silicesus lime-
stone, where itis defined by the orientation of elongatad calcite crystals (Plate 6.1 83 This Sa-
cleavage strikes approximately parailei to bedding, but dips at some 70" to the nurth (Plote
6.1,C; Fig.6.2)
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Figs.2: Structural data from surface exposure of an area 4 km cast of Klem Aub (Figo 311
sty wiing the difference between regional $2-cleavaye and cxial planac S5 cleaviges

Third Phuse of Defermation ()

This Dy-deformational event produced a wide vanety of deformational featores, characrorized
by en evhelon folds, & cleavage, faults, thrusts and various types of veins

Folds

arface and undergroumd. A set

nall seales, both

The rocks display Fr-fold structur

paecheion folds is exposed $ km cast-northeast of Kigin A b adjacent to the man Gault(Fig 6 1)
Thin, discontinueus Tensen of detrital and lgal Tmes one, interbedded with quartzue and

R
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the Klein Aub area

Plate 6.1: Structural clemen

(A Interfaminatd mudstone and very finegrained sandstone from the bogms Buds of the Klein

Aub Formation. The mudstone laver displays o weakly developed 87 cleavage (¢:0)

1

(B) Ly haeation i reorvatathy estone from the Kagas Bed of the Klein Aub Forma

tion

(0) Photograph from a risey section, 4 km east of Klein Aub, showing the dip of the strata to the
south {here right) and the remonal §; cleavage which sinkes parallel (o bedding but dips steeply

to the north (lef), hamme

W en long

(1)) Photograph of weathered quartz arenite which displays the axial planar S y-cle
cavag: which is bedding parallel; hamper i 38 om long

Age supenm

posed over the regional $y-¢l

(E) Vertical quartz vein (172791 showing right lateral displacement Maria shalt ore body 9%
m lever, 60 west, south factiz wall of nain haulage way: bammer head is 18 cm long

vement. M- ria shaft

shears, indicating nght lateral m

(F) En echelon sct
ore body, 550 m level, 480 west, south {acing wall of main haulage wa
proximately 15 cm

quartz-filled Picd

Tength of arrows is sp

(G) Small-scale Fy fold in interlaminated siltstone and mudstone ia river section (discovery oul

crop, 200 m east of Van Zyl shaft) The fold axis piunges at a shallow angle 1o the southes

cap is 5.5 cm in diameter
(W Lensoid quarty-chlorite-feldspar vein, exposed in an underground pillar wall. Maria shaft ore
body, 450 m level, 600 west, east facing wall of highly fratured and mineralized pidar: bammer

head is 18 cm Jong
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siltstone, form open and tight folds with o wave length of some 100 m and an amplitude of ap
proxumately 120 mo The fold axes plunge 10740° on 2257 (Figs ¢ 5 0041

Fig6.3: in

cod ura’ map of an area adjucent 10 the man Kicin Aub faui

Hieated in Fig

Open and tight upright t ids, plunging at shallow angd
)

stth-horzontaily on 2

sveloped on a decimetre- 1

metre-scale on surface and i underground workings (Pla

6.1.6G) These folds are sim lar in orientation to the ones deseribed above and structiral data

describing their orientation as well as associated structures are shown i the stercographic
phots of Figure 6.4 Apother prominest deformational (e e in the Klein Aub areass the Kam

River Svacline, ctuated some % km soutbrast of Kloio Aub (Figo 1) 1t is 4 challow

foubidy
plunging syachne vith #s curved longer axiy striking approximately 73
metres south, the steata dip south again (dip 3670 Thus an anticlival deacture, the Kam River
Antichne i inferred (Fyeo 1) Da-folding of the sieaa adpscent 1o both, the Klan Aub fas
and the inferred faslt on Farm Nuwedam, i known from surface mapping and intorps

of aerial photographs (Fi 6 1) Whereas open synforms are de
faults, antiforms appear o the hangingwall strat

Onby several hundred

drathe fontwall of ol
The fold structures on both sidess Tec tghia

plunge at angles between 10° and 407 towards the southwest. This tvpe of Lareral deag - dding

1 shown n the simplified sketch of Prgure 66
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Cleavage:
A distinet axial planar cleavage (33), associated with the southwestploaging Fy-folds, s ex
posed onsurface and underground (Figs 6.2,6.3,6.4) Whereasthe regional, Sa-cleavage strikes
*) the axial planar cle
gular relationship t+ the strike of the beds (Plate 6.1,D: Figs 6.2, 6.4), Poles to the axial planes
of the Fy-folds plot immediately adjacent to the poles of the axial planar (83 jcleavage

sub-parailel to bedding (strike ge (S, strike: 050°) shows an an

Faults

A major structural feature is the Klein Aub faultwhich can be traced for at least 17 km (Fig 6.1
It strikes approximately 080° (sub-parallel to bedding) and dips 457 to the south (Fig. 6.6). T
Klein Aub fault separates dark grey siltstone and quartzite of the Kagas Beds in the footwall

from brownish-red arkose of the Dikdoorn Beds in the hangingwall
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Fig.6.6: Geological crosssecnion through the Maria shaft = body of Klewn Aub Mine dlastran

mg the refationship between unmineralived Cight stippled bandsy und mineralized (darker
stippled bands) siftstone/mudstone units and the main Klein Aub fault The position of the
ection s indicated in Fig 6.1
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Fig.6.7: Cross-section and plan view of a crosscut into the Maria shaft ore body (450 m level,
240 west), The plan view was mapped on the floor tevel of the eross cut

The fault is mark~-, both on surface and in underground workings by 2 0.5-1 m thick, aematitic
fault breceia, which is stroagly silicified and locally mylonitised. Surface weathering cmphasizes
the matrix-supported nature of the breccia, with single rouaded brecaa clasts ina dar« maroon,
he fault dragged. displaced and terminated beds of the Klemn Aub For

mylonitised matrix.

mation and the contained ore bodies (Figs.6 6, 6.7} Bedding within the footwall bloch | north
of the fault, dips 47 to 70° south-southeast with only misor {z
southert  Langmgwall } block are gently folded and form the Kam River Syncline snd Kam

teral vanation. The stratz in the

River Anticline (Fig.6.1), deseribed in section 6.2

A subordinate fault, localiy termed "Vliegveld shear”, s only exposed i underground w.eh-
ings. itis developed paraliel to the Klen Aub fault and has displaced the stroia up to 40 m
with a normal sense of movement (Fig.6.6). Thus the units bounded by the normal Viegveld

shear zone and the reverse Klein Aub fuult have been rotated. A 0.5 m wide orecaia zone,
similar to the one assoriated with the previously deseribed Klein Aub [ault, i also developed
along the Vliegveld shear zone. The fault has not been identified above the 300 m level Here
the strata appears to be more brecciated and folded w a flexure-like fashion. Numerous sma'l-
scale, normal- and reverse faults (strike: 0707-088"), wath a vertical displacement less thas 1 m

commonly oceur in the vicimty of the two major fi. A set of sub-vertical fanlts istriking at
1107) defines the thomboid shape of many of the ore bodies together with the [aults & “scribed
ahove, truncating them both faterally and vertically (Fig 6.8)

Anather set of ren L Baults is also arranged en echedon, steiking 170° dipping 78 -85 west
Onsurface the Klein Aub faul is Manked by everal other faults and shear zones and has been
termed “ae Klein Aub Fault Zone (Borg et al, 1987) The subordioate faults are arranged
either parallel to the Kiemn Aub fanlt or “hranching +ff at angles of approximately 407 1o ithe
mar fault (Figeo 1, 6.4). Surface expression is generally limited to a dark maroon. silicified
fault breccia but the faults appear as distinet linear fe

tures on genal photographs. in an area

by a rectangle i Fig 6.1)

in Aub (indicat sntaily two

some 4 km cast-nordheast of K

separate fanlt directians are developed. striking approximately 060° and 1057 (Fig 631 Tae
faults that streike 0607 have displaced the other set (striking 105°), thus postdating this set The
orientation of the faults on surface 1 approximately the same as underground (0707085 and
I07). In surface exposure these faults define hlocks, several huadred motres across, which
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Fig.6.8: Reef plan (plan view, projected normal to the mineratized horizon) of ore band 2 at
Klein Aub Mine: Maria shaft ore body, £50 m leved, 240 west

have been displaced and rotated clockwise (Fig.6.3) The blocks appeur to have remained i
ternally unaffected by the rotation. Striking on a bearing of appioximaiely 050° {dip: 257
thrusts intersect the conglomerate of an alluvial fan lobe which wnderlies the s

aty sedimeis
some 4 km north-east of Klein Aub (Fig.6 3, compare Fig 5 4). The thrusts are arranged en
echvion between the Klein Aub fault and a subordinate, parailel jault which is developed ap
proximately 500 m north of the former, on Farm Eindpaal, 2 further. laterally extensive fault
is nferred from interpretation of asrial photographs, On Farm Nuwedam, some 7 km south-
west of Klein Aub, structural form lines, clearly identified on aerial photographs [defined by
the intersection of the sedimentaiy taverng with the present surface), are displaced along a
prominent linear feature. striking 77 (Fig.6.1). Slickensides, commonly developed on fault-
and subordinately on beddingpanes are ortentated e ther horizontal (strike: cast-wesi  outh.
plunging or pitching at an angle 0 45° (on south dipping faults and bedding plancs) (Fig 6 4,0)

Veins

Quartz-carbonate-filled fractures strike at 170" (Plate ¢ LE} The fractures contan an un-
zoned, crudely intergrown mosaic of 3-5 mm large anhedral quartz and caleite orystals. and
are locally displaced by south dippivy faalts (085774575 ) with a right lateral sense of movement
{Plate 6.1E). Horizontal sets of en eciielon arenoged sgmoidal fractures with a right lateral
sense of shear are commonly found underground {(Mate 6.1, F) Generally, these fracty os are
filled with quart. and caloie. similar to the provious fissures. Where sets of these sigmoidal
fractures sccur within mineratized honzone the filling often consists of chalcoete. Ouartr
feldspar-chiorite veins oceur which are Tocaliv . Cented paraliel to the axial plane of Fi-folds
or arranged in a radial fashion within these Hlds  Trate 6.1, H}. The veins are of len . id shape
10-30 cra wade, =50 e high, 30100 cm long, and often show signs of deformation aud rora

tion, They display em-sive aggrega funhedral quarty and feldspar whick s intergrown with

coarse fibrons chlorite Lovally the chlonie forms massive, very fine grained, black-g

en ag
gregates of cmesize These vews are associated wich both mineralived and unmmerab
horizons and o ot contnn any are misgraly




Interpretarion of Structural Data

The carliest, the Dy-deformation, was a phase of extensional faulting. The area underwent
compression daring the regional Dz-deformation which was accompanied by the devilopment
of large-scale folds and « cegional S3-cleavage. The principal Dy-features which are found 1a
the Klein Aub Fault Zone, are en echelon folds, an axial-plamar cleavage, novmal- and reverse
faults, thrusts and extensional fissures. The dragging of footwall strata 1o the Klei. aub fault
can be explaied in two different ways and these are:

(a)  Although footwall beds have been forced upward in the vicinity of the Klein Aub
fa1lt, the overall movement of the hangingwall strata might have been upward rela-
tive to the foot 1L Thus the Klein Aub fault would have an apperent reverse sense
of movemcant, due to crustal shorteaing and local uphit of the southern block, as
indicated by the upward dragging of the footwall strata, Such a process 1 ilhestated
in Figure 6.9,A and B Ifthis process was operative, any stratigraphic markers across
the fauit should now be situated at a higher level in the hangingwall of the fault

(relative 1o the footwall). The vertical throw, if reverse faulting is assumed, might
exceed 700 m since neither on higher mine levels nor on surface any of the trun-
cated ore bands have peen found in the bangingwall of the fanlt

(h)  Another possible explanation is the develonment of a transpressional zonz due o
the oblique convergence of two rignd blocks (Harland 1971, Sanderson and Mar-
chini, 1984; Fig 6.9,A.C). Such a sonc would be charactenized by compressional
features, such ag folds and would also invalve the internal rotation of the rone,

Fig.6.9: Sketch diagram, illustrating two different ec planations {or the dragging features in the
footwall of the main Klein Aub fault

(A) An idealised block (square) with an inchined vearker hotizon Gaianlar o the org bands at
Klein Aubjis situated between two rigid blocks

(BY Reverse faulting oroduced the upward dragging of the footwall strata

(C) A simifar drag-like appearance of the footwall strata developed s a result of franspres-

sive deformatien and internal rotation of the detormed block Noto the contrasting hangingwall
position of the marker horizen ia both models (A and C modified after Sanderson ana Mar

chim, 1984}
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Here a stratigraphic marker would be found further down in the hangingwall of the
fault, with respect to the footwall, indicative for normal faulting.

However, the lack of stiuctural data from the hanging wall block of the Klein Aub
fault {especially underground) preveats a devision on thi. matter

Fig e Campilunion i on ol
(&) direwtions of sivke of wa poltelon struetyees 2

(By interpretation ol tae same feaiures, from the Kiem Aub aren in g deformation ellipsoid
() Charactericic orientation of vn echefon strugtures from wrikesslip Calt zones (adapted
sfter Farding, 19740 Jarthett or al, 1980 amd Hanuook, 1945

Uhe estecheion folds w tified both underground and onsorficu are atvpical feature of strike
ligs faubung, Dibligoe-<lip movement alone e Klein Aub folt has Dl been postulated by

Tregoniay (1977) Hanvoek (1989) has gives an oxplicitsummary of often echelon structuces

foumd i strikeslip fault oo (Fig 01007 Sinece Haneock s diagram displavs and emphasizes
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