33.

The tren i i i
% d and distribution of these rocks, as shown on Map No. 2
t i o
in cz e that the formations generally have an east-west stri i
o s E). St strike direction
omplex outcrop pattern produced by folding and
topo :
01; ?Taphy.(see Map 2). In local detail, the strike changes considerably
ar.x s entirely due to folding. This is espacially noticeable in the
hinge areac of the folds.
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The dip of the beds variec considerably and is usually directed
tc the south or north, dpending on which flank of the folds it happens i
to be. In the eastern and north eastern corner of the area, over- l”
folding is present to some extent (refer to Ssction B-B® (Map 7) in the
Bureka Section (Map 2) and Figures P, Q, T, and V on Map 5). In this area
the axial planes of the folds dip steeply to the south, with both limbs of the

folds dipping steeply south.

Although, locally, the bedding planes of the banded ‘ronstone
have variable dips and strikes, poles of the bedding planes plo.ted
on apye diagram, for each of the sub area, tends to lie on a great
circle (Refer to figures A-B, H, K, O and § on Map 5). Apart from
this there als» seem to be no noticeable change in the general

behavi our of the bedding from one sub area to the next.

The behaviour of the bedding planes over the entire area arc

depicted on two synoptic di . jrams covering the eastern- and western

section of the area (see Fig. 11). The eastern section includes

sub areas M, N' 0' Py Q. R. S. T' U' V and S and
C' D' E' F' G' H' I' Jg K and L indicated

the western sectica

includes sub areas A and B,
on Map 5.

The poles of the bedding planes in both synoptic diagrams clearly
this would indicate regular folding about

he axes can readily
o

defines a great circle,
The azimutn and amount of plunge of t

parallel axes. +
4 diagrams as being 255 and 8

be determined from the above mentione

respectively.

3. Major Folding

(a.) General

- — - ———

¢ two main trends; an

folding of the area follovw
The two fold

h and a later east-west trend.
4 to as a double system of folding (see

The major
earlier nor th- sout
systems can be referre
Map 1). 34/0....0
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From the map it is apparent that the folding took place mainly
in the incompetent formations, such as the banded ironstone and dolomite.

RRU-L I 78 DR

The more competent member:, such as the quartzite beds of the Black
Reef and Pretoria Series, have been little defermed. The overall
impression is that these competent layers seem to have acted as a
resi stant wedges, with folding of the less competent members in between
them. Figure 3 indicates folding of the Dolomite Series, with little
or no effect of folding (n the Pretoria or PBlack Reef Series.
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(b) Major North-South Folds

Major folds of this trend are not seen as recognisable folds, )
in the area of investigation, but they can be identified from indirect
structural evidence such as the M.lipe River Syncline. (Seec Map 1 and
section in Fig.12).0On the western side of the Malips River, the later
major and minor east-west trending folds and associated lineations
all have an average plunge of 12 degrees towards the east. On the
eastarn sid. nf the river, the later maior and minor east-west folds
again all huve an average plunge of 8 degrees towards the west, l
Present within the area however are micro corrugations and lineations
trending in a general north-south direction (1ater discussed on page
2©). The above indirect criteria, as well as the behaviowr of the

stratigraphy, are the main criteria for deducing the north-south
trending Malips River Syncline (see Figure 12).

In the Beatrice Valley further to the east, the Beatrice
4 in Figure 12 and on the regional geological plar
Everywhere on the eastern

syncline indicate

(Map 1), could furthermore be deduced.
t trending lineations plunge westward,

ley the plunge of the lineations
e valley it generally plunges
out the behaviour

side of the valley, the east-wes
vhile in the central pertions of the val
is variable, and in the western gide of th

No attempt was made to plot and map

to the cast.
mainly duc to the impossibility of

of the lineations in this area,
recording detailed measurements of this nature in an area where no

sui table base map is available 15 for method of recording
structural data in banded ironstone). The surveyed cast-west geological
however, prepared and clearly indicates

(see Page

section shown in Figure 12 Was,

this gentle synclinal structure. 36/cesnas
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A third conspicuous fold of this trend is the Wonderkop Anticline
shown on Map No. 1. This fold structure occurs outside of the area
of investigation. As indicated in Map 1, this broad structure, which
is very clearly ouilined by the quartzite members of the Pretoria Series,
plunges steeply at approximately 60° to the south,

The gently plunging, although variable, tightly folded east-west
folds, in conjunction with the mountainous terrain, complicates the
outcrop pattern to such an extent that apart from the Malips River -
and the Beatrice Syncline described above, it was impossible to
determine whether other major folds of this nature exist in the area
investigated.

These folds, where observed, are concentric in nature (De Sitter,
1956). In other words, the thickness of the bands stays the same :
regardless of position in the fold structure. Generally, folding
of this nature is seen as broad open folds, with small amplitudes
measured in tens of metres and very large wavelengths measured in

hundrede of metres (clearly revealed in the longitudinal section in

Figure 12).

(ce) Major East-West Folds

e area are the "Montana

As indicated on Map 1
these two folds could also be

The most striking major folds of th
Syncline" and the "Beatrice Anticline".
and in the cross-section in Figure 13,

defined as a Synclinorium and an Anticlinorium.

O s N -
These two £nlds trend in a 255 direction and as the cross-

section shows, they have large wavelengths and amplitudes measured

in the order of hundreds of metres, These two major structures can
ometres on either gide of the Beatrice

be traced for quite . few kil
¢ize and appear to die out on

Valley. They finally decrease in

both sides.
38‘/000000
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The areas north and south of these two structures appear to

have been folded in a similar fashion. It is, however, difficult to

follow and trace out any of these structures for any considerable

di stance, mainly as a result of scree cover,

Throughout the area a large proportion of the folds are of the

Cen ‘ 5 e { & . 117 N 3 m .
concentric type {sec Figure 13). The foldg normally plunge gently

to the east and west (see Map 1), Although the axial planes of these
ajor folds could not be accurately measured, they appear to be vertical.

This would indicate a near horizontal compressional direction,.

| |

4. Minor Feolding =
- Situated in the crests of major similar folds and on the flanks 3
of major concentric folds are minor folds, which vary in size from a -
few millimetres to tens of metres, Using the relevant data obtained oy ’
from these minor structures, an attempt is made to analyse of the g\ TR :
tectonic history of the area. Ao L
t T s ]
|
(a.) North-South Folding
! e i, 1 il e oot 3
' In the area investigated minor folds of thies nature are not common. ; ‘
These folds are usually seen in the form of micro corrugations, the - §
folds rarely exceeding a few centi metres in amplitude. o %
1
| i
i Thi minor north-south trending rn1ds shows a considerable j Y
' variation both in the amount nd direction of plunge. The two synoptic
! LA - ‘h . ) ' 1 4 . ' :{
[ di agrams for the castern and wvestern cecticn of the area in fig. V' | ¥
gults of the folds in the area under discussion. St

> » 3 AP D ON S »)
~ . . & R L A > an east-west fold it happens t
Generally, depending in whi ch part of an ¢

' Ad t n » nlunge is hori zontal,
be (crest, north or sout dipping 1imb), the | lung

north or south dippings

: \1 ina a considerable gcatter
Apart from these minor folds showing

4 4 l‘ > < -~ suge ..r~1 : :
1Y 4‘1 rp('O on 1¢1 Jnoun ’ } 1‘;”‘]4 1 llx L t 1§ 8 1\1 ) erv \t on sugde S ‘

4 Gl aLe |

t f (8} l” ‘ [' € » v - 1 as 1![(11(...\[(,d
!h ’lf(( } O ia - rin € L W t t lll““ uLl

in figure 17, This figure indicate miero folds folded about an east-
vest f‘ulli 1 X1 Ge From the above observations, Aas wvell (-‘"‘*.”“ 1:““{ ‘ ]
that no earliie: etructural features appear to be Pr‘lugunt 1!? Yht‘ (11“:}110 o 1
the author has concluded that thi e set of minor tﬂld%..ljﬂi;h‘:bilc :if'. ; :
v maio +ho south folds di scussed on page 35 to which € .- )C

| t1e major north u s o nur). are the e rliest 3 .
set appears to be related (“ -y : ; . RRlry f
Polded structures to have d(gvplr\pcd in this areae. e 1

I | nl“ 1 | ST JLHL. I JMLMMMMMQMJM_MMMM“LM.M
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In the following section it vill also Clearly be seen that the

prominant east-west folds have suffered
no detectable lat i =
deformation. ater superimposed |

(b.) Folds of the Bast West Trend |

In virtually every outcrop minor folds of this system can be
observed.  The bedding planes, influenced by the intensity of the folds,
range from micro folds to those of tens of metres in wavelength and

oM Ty

ampli tude. In Map 4 cross-sections drawn at regular intervals across
the area indicate the behaviour of the larger and conspicious folds.

Although the folds are so variable in size, the overall general
plunge is regular and gentle. For instance, the "Tet Syncline" indicated
(in plan on maps 2 and 3 and in six regularly spaced cross-sections)
on Map 4 shows this as a very regular and gently plunging syncline.

The folds on either side of this structure behave in a similar fashion
as can be observed on Map 4. As a result of these gently plunging
minor folds and with the topography having a high relief, the outcrop
patiern is extremely complicated (see Map 2).

The general tendency of these minor folds is to culminate at a
epeci fic point to a certain maximum, ir both the cross-sectional and
longi tudinal section and from there to gradually diminish in size and
eventu.lly to die out completely. In all cases it is characterietic
for these folds to steepen their plunge just before the final pinch
out, The net result is o series of elongated cigar shaped, basin

and domelike structures. In Map 3 these structures have schematically

been indicated, Map 4 however shows the exact behaviour of each fold

he "Tet Syncline" indicated on this map is a typical
(Refer also to Map 2).  Another very consgpicuous

jstic very clearly is the "Krans

s an anticline which pincnes out

along strike, .
example of this.
fo.d, which also shows thi s character

Anticline". In this case, the fold i
d detailed Cross-sections C-C and

tovards the east (see Map 2, Map 4 an
To the west and on the

DD  drawn across this structure in Map 7).

west side of the Malips River, this fold appears to die out., The

¢ sectione shown on Map 4 clearly

co Yol F 2 and 3 and the cros
b SwE clinal structures.

outline numerous other lenticular shaped synclinal and antd

The abovementioned characteristic of the folde to pinch and avell,

Jtion on a more regional scale (sce

used in conjunction with the inform
37), is scen as to be the result

previous Major Bast-West folding on page

42/cesnss
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Fig. 16, Synoptic diagram of Axial Planes for entire area; 88

poles contoured at 1%, 2%, 3%, 4%, 6%, 8%, 10% and 12% intervals,
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o SERELIRO 690 folding on an unequal north-south buckled surf
ace.

ertain amoun i y
Ac t of differential stress might possibly h
to this effect. y have contributed

Associated with and located within the Eureka Syncli
parasitic folds (generally a few centimetres in amplitud;n:ncslman
are occasionally encountered, which plunge much more steepl (wavelmgth)
degrees) than the larger structure in which they occur (Siey”aup6;° ’
the author this would indicate either differential conpre;simpwhi;h i
would reeult in a variation of movement in the "= directi m, or possibl
superimposed folding. These anamolous cicurrences however ;re ver; razi
and were found in one small area only along this fold.

Generally the folds of this trend plunge gently to the wes. and
east at angles scldom exceeding 10 degrees manifested in the cross-
sections indicated on Map 4. In figure15 the Pycdiagram plots for
the east and west section of the area indicate the folds to plunge

gently west and east in a 250" direction.

The plots of the axial planes related to the east-west folds
as summarized in the synoptic diagram in fig 16 fall on the Pye circle
of the bedding planes (for bedding plane plots refer to the synoptic
diagrams in fig. 11). The axial plancs as indicated in the synoptic
diagram are vertical or very stecp dipping indicating a near horizontal

stress field for these folds.

Most of the east-west folds in the area are of a symmetrical

pature aad are relatively tightly folded in a similar or concentric

fashion.

(i -) Cleavage Folds

T —— - -

Almost 60% of the folds are of the cleavage or similar type,

{.c. the distance between the bedding plancs parallel to the axial

the distances measured at right

plane remains constant, vhile
ariable (Pigo 18)0

angles to the same 1i thological unit are Vv

ormally developed parallel to the axial

y found in the softer, shaly sections of
of these folds can be

main blue workings

The cleavage, n
plancs of these folds is onl
the banded ironstonc. A typical mani festation
seen in the "White Cappy
throughout the property (sec Fig. 18).

v plue fibre hori zon in the

44/ssesns
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i (ii.) Concentric Folds u
Throuahouvt the ar -
anout ea a larg i ‘
e R s ! ge proportion of the folds the v:avelenght * k
co"':),“_.,..uC‘ Q0 the F"‘,:"llﬁuk’.c. Ioth features i ) i - the i
: in question can be me :
in tens of matres, e =
The thickness of any ¢ i -
y concentrically folded bed remains unchanged. -
smon sWhrian 3 :
sement of these folds is confined along the bedding planes. As a !
Se r
.. Of this, their radius of curvature decreases towards the core of the -
"51ld {ece Cross-section E-E i i f
3 on Map 7). In the figure, the “Knee-bend"
anticline shows the distance between the marker shale bed and individual B
fibre horizons to remain constant when traced arsund the hinge of the ?
fold (see Map 2), while the radius of cwrvature decreases towards the —
core of this fold. i
(iii.) Trends '
- | 9
- : o Mo 3 i
The felds trend mainly in a 250 direction. Occassionally
a second minor fold trend making an angle of 10-15o with the above
main trend is develcoped. This minor set trends almost due cast-west
for its specific fold axes and axial planes.

. From the Fvediagram it is impossible to separate the two
sets because of the small angular difference between the two. However,
they are easily recogni sable and separable in the field, especially
where minor folds of both sets occur in the same outCrop. This second
minor east-west tr ading fold set is only occassionally developed.
Tn general this sect is founu in the Magazine - Bureka Syncline areca
omly (refer Map 6). This map was prepared to show the detailed
(ructural trends in the Magazine Section, where both fold trends occur
1ide each other. It is, furthermore, noticeable that in this
geccion, the minor cast-west trending fold~ and associated lincations
aprcas the main fold set trending ENE-WSW plunges gently
ally vhere micro-folds

Pll;“'.g‘-‘ rast, wh
toward; tno west, On the miner scale, especi
bedding plane. an apparent en

af botl: trends are found on the came
This is, however, not true en

ecinelon fold pattern is produ~ed.

echzlon folding as two di stinct axial nlane trends are observed. The
pattern is thus an interference pattern, unless it is acceyted that en

-1 0 be produced by the intersection of twou separate

echelon ¢ 1d= may
fold trer”: (De Sitter, 1964) .

Most of the cast-west trending folds have amplitudes oOf
1V . | (= ) -

est fold of this trend is a mnor

The other

The larg

cnly a few centimetres.
. tha Magazine Section.

. AT 14 tvde iy

fold with oan ma2trC

a*pucture . actociated with this set
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are only ripplings and lineations (micro folds)

The general characteristics of these minor concentric and
similar folds under discussion, such as axial planes and nlunge direction
and amount, correspond intimately with the larger structures. i+.. above
is clearly borne out on the detailed structural map (Map 2). wheve tche
close relationship is very clearly seen. By also plotting the structural

data of the major structures in the area on a Pyediagram (see Fig. 20),

the intimate relationship with the minor structures is observed. (See

¥
E 3
%
)

Pyeplots of minor structures on Map 5 and the synoptic hye diaqrane provicuely

o

discussed). Furthermore, it has also been found that where the larger

structwres start "fading"”, these minor drag folds under discussion increase
in amplitude and sometimes even take the place of the larger fold

(see Cross-sections C-C and D-D on Map 7). Note the pinching out of the
Krans Anticline teo the east and that the synclines on either cide increase
in size towards the west (Map 1). This phenomena can be described as

en echelon folding as descrihed by Campbell (1958, P.448-453) so that the

intimate relationship between minor and major structures are clearly

LS R N A At S R . R

establi shed,

Se Lineations

The most prominent set af lineations found in almost every

outcrop of rcck {see Maps 2 and 4 for di stribution, are those produced

by minor folding of individual layers. Another type of lincation reweals

itself as very faint lines on the bedding (lineatiuns prodaed by bedding

cleavage intersections and are generally found in the softer, more

The lineations produced generally plung
e Map 2 and Pyeplots on Map 5).

shaly horizons). e to the west,

o
at angles seldom greater than 12 (se

s summarize the results

In the figure 15 two gynoptic diagram
From both diagrams it

¢ trending lineations.

is seen that for each area, the major portion of the lineation poles are

clustered in a distinct and concentrated maxima.
normal to the great cirele containing bedding plane

the fold axis (refer to Fig's. 11 and 16 as
¢ individual sub areas presented on Map 5)s

of the generally east-we

The maxima for both

areag coincide, are
poles and coincide with

wvell as to the pyeplots of th
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From the above diagrams it is observed that a small percentage

(generally less than 10%) of these east-west trending lineations

chows some scatter. This could be due to the fact that during

th: end stages of this main east-west folding, a subsequent very mild
minor fold sct developed as the result of a slight change in the stress
field causing a second set of ripplings and interference on the main
set of lineations, (Reference should be made to page 45 where this
very mild second trend is discussed),

Apart from the two sets described above, a third set of lineations,

with a general north-south trend, were recordeds The considerable
scatter in amount and direction of these lineations (refer to Figure
14 and figures on Map 5), as well as the fact that these lineations
have been folded abcut the main cast-west fold axis indicates effects
ef superimposed folding (refer to previous discussion on page 39 where

the N-§ folds are discussed).

The conclusion drawn from the above di scussion is that the plots
of the lincations and general display of folds in the field seem to
indicate two main periods of deformation, viz. an earlier N-§ trend,
and the main ENE-WSW trend with which is associated a third possible

very mild set trending Bast West.

6. Faulting

faults, of which the major one are present
a and Black Reef Series, It will
e area have the tendency

There are only a few
in the brittle members of the Pretori

be noted that the major faults present in th

to curve into the strike of the farmations when intersecting the less

competent dolomite (see Map 1, wonderkop T>cr Fault).

ciy

=




Western Sectio!_z Synoptic Pye diagram of joints; 162 measurements

- -

contoured at 1%, 2%, 3%, 4% , 5% and €% intervals,

Synoptiec Fyediagram of joints; 130 measur-ment s

- ——— - - - — -

contoured at 1%, 2%, 3%, 4%, 6%, 8% and 10% intervals.
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In the Banded Ironstone and Dolomite, the faults are inconspicuous

and small., The few faults encountered in the ironstone formation have
a few common fzaatures which are listed below :-

(i.) They are normal faults, with small di splacement s
seldom exceeding 5 metres.

(ii.) They are vertical and generally strike NNE-SSV.
(iii.) They are of short strike length,
(ive) They are clear-cut, but with fault filling.

(v.) They appear to conform with the main shear joint direction

which, although not distinctly developed, trends NNE-SSW.

(vi.) They displace the asbestos horizons and all the folds

present in the area and can, therefore, not be contemporaneous

with the folding.

Te Jointing

Within the area two sets of distinct joints are present. One
direction and the joints are at
B, N. E. fold system. This set

set trends in a general N, N, V.

right angles to the fold axes of the
portion of the area (see

is prominently developed in the restern
H, N and § on Map 5). As the

synoptic diagram in Fia. 21 and also Figs.

stereo graphic plots judicated, these joints are perpendicular or sub=

perpendicular to the lineations associated with the cast-west folding.

s \
This may correspond to the A-C joints of Cloos (1947 ).

ent sct of joints has a trend parallel

e the synoptic diagrams in Fig. 21 and
These joints also dip very

The other very promin
to the B. N. B+ foid axis (se
Pigs. A~-B, H, X, S and T on Map 5)e
steeply and appear to Jie OB the circle

planes.,

(8-} lane) defined by the bedding

1
=
-
'3
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