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they are associated with rapid sedimentation. Rhythmites are a common
sedimentary structure in the study area (fig 10), comprising
alternating coarse and fine grained material with different

compositions and colours associated with each.

Nodules are found fairly frequently in the finer to medium grained
sediments. They are generally calcareous in nature, and may be
elongated parallel to bedding. Elsewhere fish fossils have been found
in nodules from the Waaipoort Formation (Gardiner,1969; Marais,1963;
Theron,1962-b), but no fish remains were found in nodules from the
study area. These nodules may be rimmed by pyrite, the precipitation
of which is favoured by the reducing conditions which might have

existed at the time causing the demise of the fish {Theron, 1962-b).

The dominant bedding forms in the arenites are parallel, horizontal
and gently inclined laminations, while small scale trough cross beds
are also present. The units with inclined laminations may be topped

by a scour surface, or, more commonly, by horizontal lamination.

Coarser grained lenses with well rounded pebbles up to two centimeters
in diameter occur very rarely. They are found in scour channels and
probably represent a gravel lag. These lenses are not very big,
always being less than 10cm thick, 10cm to 20cm wide, and cannot be

traced across the width of a road cutting.

The coarse grained arenites of this formation are characterised by a

nearly monomineralic compoﬁition, with 98% quartz and scattered heavy
~minerals. Rock fragments and feldspar grains are absent, while there

is only an occasional mica flake. Triple point and sutured grain
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boundaries are common and are possibly caused by the interlocking of

grain overgrowths.

The medium grained rocks have a more heterogeneous composition with an

important proportion of feldspar and matrix. In general grains have a

roundness between 0.3 and 0.5 (estimated visually from charts in
Griffiths, 1967) and are moderately sorted. However, locally, sorting
may be good, and fig.ll shows an arenite bedded on a microscale with

good sorting within each individual layer.

Quartz is the dominant mineral in these sediments and is generally
colourless with no alteration features. Many of the quartz grains
. ppjko'l-itica'l 1y enclose acicular crystals of rutile which indicates a
granitic source for these sediments (Folk, 1965; Blatt et al., 1980,
p292). |

Feldspar grains are-co_mmon in some of'the arenites, and are
characterised by polysynthetic twinning and varying degrees of
alteration which gives the grains a brown coating in plane polarised
1ight. This brown alteration helps in the identification of untwinned
feldspar grains. It is possible that much of the original feldspar
content has been completely altered to clay minerals and that the
matrix which we see today is secondary and not primary (Galloway,

1974; Wilson and Pittman, 1977; Brenchley, 1969).

Rock fragments representing a wide range of lithologies are common in
these sediments. Many fragments are difficult to identify and the
only ones identified with certainty were metamorphic qudartz grains,
cherts, quartzites and sha1e fragments. The shale fragments have now

been compacted so that they now have very irregular outlines,

b
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conformable with the edges of the surrounding grains.

Tourmaline, zircon and rutile are the most abundant heavy minerals,
being found in varying proportions in most units. Of the tourmaline
group both schorl and dravite are found, with schorl being the more
abundant. Schorl indicates either a metamorphic or igneous source,
while dravite is indicative of a metamorphic source area (Blatt et
al., 1980, p.314). These grains have very irregular to well rounded

outlines and are larger than any other member of the heavy mineral

suite.

Zircon grains are colourless and well rounded, although some grains
may show their original euhedral crystal form (fig.12). Euhedral
zircon grains suggest an igneous source as zircons from metamorphic
and sedimgnfary rocks are generally well rounded (Blatt et al., 1980
p.313). Rutile grains are very common, being well rounded and ranging
in size from a few microns to 0.6mm in diameter. The abundance of

rutile suggests a metamorphic source area (Force, 1976; 1980).

In addition to the above heavy minerals, garnef is found in the
Waaipoort Formation.The grains often appear platy, possibly as a
result of a parting parallel to the (110) crystal face, indicating
that the grains are almandine {(Heinrich, 1965, p.61). Apatite also
occurs as a trace component in most units although Loock (1967)
reported that there was no apatite in these sediments. Sphene is
found in most samples in trace amounts, and opaque oxide minéra'ls are

common.

Plant specimens are found, but are too fragmentary to identify

postively. Previously the following genera of plants have been
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reported from the Witteberg Group : Dutoitia, Protolepidodendron,

Haplostigma, Archaeosigillaria, Leptophloem and Platyphytum

(Haughton, 1969; Plumstead, 1967). No invertebrate fossils have been
found, nor were any fish fossils discovered although they have been
reported from elsewhere in the Waaipoort Formation {Marais, 1963;
Theron, 1962-b). Some evidence for biological activity is found,

mainly in the form of crawling trails (fig:13), but is not common.

During the course of routine SEM examination of these rocks a number
of unusual features were observed which have been interpreted as being
microfossils. The first type resembles the fossil fungae described by
Hallbauer (1975) from the Precambrian Witwaterstrand Supergroup (see
: fig.l4) and the second, possibly related feature shown in fig.15, has

been interpreted as fossil fungal spores.

A third problematical feature is shown in fig.16. These features have
been allocated to the group Acritarchs, an informal group to which
organic walled unicelluar creatures are assigned until their true
affinities are known. These forms were very common in the Devonian

(see fig.17).

2.2.4 Miller Diamictite Formation:

The Miller Diamictite outcrops discontinuously along strike, being at
its thickest of 4m in a c¢1iff face adjacent fo a stream north of
Saltaire station (fig.18). A sedimentary log of this formation is
shown in fig.20. Johnson {1976) reported that the diamictite had a
maximum thickness of 6m in the same general area. At Bergplaas the
diamictite can be fo]]oﬁed along strike and can be seen to be pinching

out. It thins from being 0.5m thick to nothing over a distance.of 5m
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A glacial origin for the Dwyka Formation is now widely accepted (Du
Toit, 1921; Stratten, 1968; Theron and Blignault, 1975; Johnson,1976)
but differences of opinion do exist as to whether the glacier was
terrestrial or marine. Stratten(1968) has interpreted both the
northern and southern facies of this formation as being terrestrial,
but other workers have suggested that the southern facies is marine
(Du Toit,1921; Theron and Blignault,1975; Dunlevey and Hiller,1979).

An attempt will be made to resolve this problem.

2.3.2 This Study :

The Timited outcrop of the Kweekvliei Shale Formation in the study area
means that any interpretation regarding its origin must be largely
speculative, and is in this case based on the descriptions of Johnson
(1976). According to Johnson this shale is generally massive (p.190),
a feature found in pro-delta or off-shore muds with dominantly
suspension sedimentation (Wright, 1978). The overlying quartz arenites
of the Floriskraal Formation are massively bedded with occasional low
angled, off-shore directed cross-stratification, and thin shales. This
type of deposit can form in a number of environments, notably the
distributary mouth bar of a delta (Wright, 1978), or the lower
shoreface of a beach/barrier island system (Davis, 1978§ Elliott,
1978). The Tow angled cross-stratification suggests that the
Floriskraal Formation represents the lower shoreface zone of a
prograding coast liné, whereas the Kweekvlei Shale represents off-

shore muds deposited in quieter conditions.

The lack of body fossils in the Lake Mentz and Kommadagga Subgroups is
problematical and places constraints on the reliability of the

interpretations made. A possible explanation for their absence is that
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3.3.3 Lineations :

In areas where the axial planar cleavage is well developed there is a
corresponding lineation, called L-1 here, which is defined by the
intersection of S-1 (bedding) and S-2 {cleavage). The plunge of this
lineation is generally about 9" towards 286°. Fig.42 shows some
stereographic plots of the plunge of L-1. Since S-2 is axial planar

this lineation gives the plunge of the major fold structures.

3.3.4 Slickensides :

These are common structures on the fracture surfaces and bedding
planes of both competent and incompetent units. On some surfaces more
than one generation of slickensides were observed, probably caused by
changes in the direction of tectonic pressure. On somersurfaces steps
were encountered which faced in opposing directions, which suggests
that at least two phases of movement occurred on that surface.
However, in general only one set was developed and this was taken to
face the overall direction of transport, despite the fact that
experimental work {Paterson,1958; Gay,1970) and natural examples

(Tija,1964) suggest that this may not be the case.

3.3.5 Boudins :

These structures are formed only in the carbonate units of the
Soutkloof shale, where the carbonate has acted as the competent layer
and the surrounding shale has flowed into the zones of necking (see
fig.43). These boudins are exposed in a rail cutting north of the
Kommadagga siding, but measurements of the plunge of the hinge of

these structures was considered to be unreliable because of the

effects of soil creep. However the plunge of these linear structures
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The presence of opal in rocks which are Devonian in age is
problematical as opal is an unstable mineral, and is not known from
‘ rocks older than 60Ma. It is 1ikely that formation of this cement
occurs very late in the history of the rock. Fyfe and others (1974 ;
quoted in Stanley and Benson, 1979) have shown that opal can form by
the alteration of montmorillonite. Although this type of replacement
has not been seen using the SEM, it has been seen under the
petrographic microscope. It is probable that the opal in these rocks
is only an intermediate product in a long sequence of post-
deposifional changes, and given time will itself be replaced. Post-
depositional modification of a sediment can therefore occur over very

long periods of time, even after lithification.

Ridge 1ike forms observed on quartz grain surfaces {fig.51) have
previously been interpreted as 1ndic§ting glacial action (Rao, 1981,
fig.4; Krinsley and Margolis, 1976, plate 1). However as the sediments
in which the marks shown in fig.51 have apparently never been
subjected to glacial action then the formation of these structures
must be unrelated to these processes. Further evidence for a non-
glacial origin of these structures is the fact that these marks have
been observed on undoubted quartz overgrowths (see fig.48-a and fig.52
which is an enlargement of part of fig.48-a). Similar features have
also been observed on large quartz crystals (fig.53) extracted from a
geode. Although the exact mechanism of formation of these structures
is still uncertain, it is probably related to crystal growth; either
being the pattern which results from‘the interpenetration of growing
crystals or as.a result of growth'defects. Similar growth related
steps have been observed in Nal crystals{Buckley, 1951). The
interpretation of glacial activity based on the presénce of this type

of feature should therefore be approached with caution. Grains in
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was based mainly on the morphology of these grains. They have been
observed in the tuff bands of the Collingham Formation in the lower
Ecca Group (fi.g.66) and in the Waaipoort Formation (fig.67). It is
probable that they are more common than previously realised as their
small size prevents jdentification while using the normal petrographic
microscope. Gottardi and Obradovec (1978) in a study of sedimentary
zeolites in Eurdpe report that the only two zeolites found in
sediments with no volcanic component were analcite and clinoptolite.
As the zeolites shown in fig.67 come from rocks with no apparent
vo]cam’t contribution, it is l]ike]y then that they are either analcite
or clinoptolite. The latter has a prismatic habit (Scholle,1979,p140)
and thus the stellate mineral found during the present study is more
1ikely to be analcite. This identification may be confirmed by

further work.

4.5 Pressure and temperature of burial :

Estimation of the pressure and tehperature of burial is difficult
because of the fine grain size of the rocks and also because of the
incompleteness of the reactions which have occurred. Further, no
suitable indicator minerals are found, and deductions which are made
rely heavily on the presence of minerals such as prehnite and

stilpnomelane.

The stability relationships of prehnite have been summarised by Liou
(1971) who found that the high temperature stability 1imit of prehnite
is 400°C at a P of 2-5kbar. Boles and Coombs {1977) have
shown that prelilznoite can form at temperatures.as low as 90 -120
C.Prehnite therefore appears to be stable over a wide range of

temperature and cannot be used to give a reliable indication of
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Fig.7: Explanation of the symbols
- after Boersma in Ginsburg, 1975
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