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Abstract: Burgersdorp and Katberg formations are both in the Tarkastad subgroup (upper Beaufort Group) of
the Karoo supergroup. These two formations are very important in geological history by virtue of their
abundance of terrestrial fossils which have enabled the present-day globally accepted eightfold biostratigraphic
subdivision of terrestrial fossils. Katberg formation underlies Burgersdorp formation, although, there have been
disputes by several researchers that these two formations are interbedded and this was investigated in the
research. The lithological outlay of rocks of both formations as well as their elemental compositions were
mvestigated, their compositions based on thin section and SEM analysis were compared and they revealed that
both formations have very similar elemental and mineral compositions. This investigation was carried out on
the rocks that outcrop in Whittlesea area, Eastern Cape Province of South Africa.
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INTRODUCTION

Rocks of the Beaufort Group (Karco supergroup)
covers a large part (approximately 300000 km?) of South
Africa’s land surface. The upper Beaufort group is known
as Tarkastard subgroup while the lower part 1s known as
Adelaide subgroup (Smith, 1990; Rubidge, 1995;
Neveling et al., 2005). Based on the lithostratigarphic
subdivision of the Karoo supergroup, Burgersdorp
formation is the younger and overlies Katberg formation
(Kent, 1980; Damiani, 2001; McCarthy and Rubridge, 2005;
Smith et al., 2012). Several researchers have had multiple
opinions about these two formations, some have
proposed a lateral equivalence of both formations laying
emphasis on the fact that they possess an auto cyclic
relationship (Stavralis, 1979, Keyser and Groenewald,
1995, Hancox and Rubidge, 2001 ). Most studies on these
formations have focused on their biostratigaphy and
petrography due to their wealth of terrestrial plant and
animal fossils which have resulted i the present-day
eight-fold biostratigraphic subdivision of the area (Smith,
1990; Groenewald and Kitching, 1995; Rubidge et al.,
1999, Damiani et «l., 2000, Neveling et al, 2005,
Cisneros, 2008). Katberg formation 1s recogmsed to be
predominantly an arenaceous deposit while Burgersdorp
formation 1s recognised to be predominantly argillaceous
(Tohnson, 1976; Stavrakis, 1979, Smith, 1990,
Neveling et al., 2005, Guess, 2012; Kent, 1980). By
De-Kock and Kirschvink (2004) classified the strata of
these formations as fluvial sediments which consist of
alternating  mudstone and sandstone umits, a

characteristic upward-fining 1s noted in the rock layers
with red and purple colours, abundant fossils, desiceation
cracks and palaeosol horizons which all suggest that
the sediments accumulated in a semiarid environment
(Stavrakis, 1980; Smith, 1990, Groenewald, 1996;
Hancox and Rubidge, 2001 ; Damiam, 2001).

Maps can generally be described as a visual
representation of an area which shows relationship
between spatial features, a geological map shows the
distribution of rock units and structures over a specific
area or region on a plane swface (e.g., paper)
{(Richard et al., 1999; Njue, 2010, McKay and Harris, 2016).
Geological mapping is of utmost importance as maps area
are detailed two-dimensional representation of a three
dimensional spatial location, they also display
relationship between lithologies and the
chronostratigraphy of rock units.

Geological setting and location of the study area: The
study area (Katberg and Burgersdorp formations) is
located in Whittlesea which is about 37 km South of
Queenstown, Eastern Cape Province, South Africa. The
strata are still near horizontal, although, they have been
intruded by dolerite dikes and sills which are mdicators of
groundwater potential of the area. Rocks that were in
contact with the basalt mtrusion have been slightly
metamorphosed into zeolites. In this area the dominant
lithology is sandstone which indicates a change in
sedimentation during the Triassic Period in South Africa,
these sandstone deposits are assumed to be as a result of
the eroded landscape due to the fact that plant species
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Fig. 1: Google Earth map showing the location of the study area which 1s located around latitudes: 31.37-32.07°

and longitudes: 26.51-28.09°
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Fig. 2: Distribution of rock sequences of the Karoo supergroup (Bordy et al., 2009; Hancox and Rubidge, 2001)

became extinct during the ending of the Permian mass
extinction. The mudstones and shales are as a result of
recovery of vegetation at a later stage. Fossils of
Lystrosaurus and Cynognathus as well as burrow pits
have been discovered m both the Katberg and
Burgersdorp formations which is an indication of a
similarity between the two formations (Fig. 1).
Deposition of the Karco Basm took place between
the Trassic and Carbomferous periods. Being the most

widely spread stratigraphic unit m Africa, the Karoo
supergroup covers about two thirds of Southern Africa’s
total land area and it extends into Lesotho, Zimbabwe,
Zambia, Malawi, Swaziland and Namibia (Fig. 2).

In Scuth Africa, it covers almost the whole of free
state and large parts of the Eastern Cape, Northern Cape,
Mpumalanga and KwazuluNatal Provinces, respectively
(Bhatia, 1983; Hiller and Stavrakis, 1984; Botha and Smith,
2006, 2007, Diskin et af., 2010) the rock types that
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dominate the Karoo are mainly shale, mudstone and
sandstone, diamictites found in some area. Most of the
Karoo has been intruded by dolerites which have caused
minor and major changes m the characteristics of the
rocks, the dolerites also serve as a great trap for
groundwater. The depositional environments for the
Karoo supergroup include glacial, deep marine, shallow
marine, deltaic, fluvial, lacustrime and aeolian
environments (Hiller and Stavrakis, 1984; Smith et al.,
1993; Johnson et al, 1996, Catuneanu and Elango,
2001).

The Beaufort Group i1s subdivided into the upper
Adelaide and lower Tarkastad subgroups, respectively, it
covers approximately 300.000 km® in South Africa and is
known worldwide for its abundance of terrestrial fossils
(Smith, 1990, Rubidge et al., 1999; Hancox and Rubidge,
2001; Neveling et al., 2000, 2003) due to the reciprocal
flexural profile of the Karoo Basin, 1t can be said that the
Beaufort Group accumulated in a strongly partitioned
foreland basin.

The Katberg formation has an equivalent in the
Northem Cape Province which 1s known as Verkykerskop
formation (Hancox and Rubidge, 2001). Both formations
are composed of medium to coarse grained sandstone
which have been considered to have been uplifted
tectonically in the Cape Fold Belt (Cole, 1992; Groenewald,
1996, Smith, 1990).

Based on the King Williams Town geological map,
the horizontal beds of Katberg sandstone was seen to
overlay the younger Burgersdorp rocks with no evidence
that overturning of strata occurred (Stavrakis, 1979).
According to Almond, the mudrocks were deposited by
suspension that settled in the overbank areas after
flooding and inundation events while other fine-grained
sediments such as silt were deposited by lakes. Gess,
suggests that the beginming of the Triassic Period in
South Africa was marked by a change in sedimentation
which led to the distinct sandstone dominated lithology
of the Katberg formation (Du Plesis, 2008). In order to
clarify the arguments about the rock outlay of the
Katberg and Burgersdorp formations, this study has used
a critical analysis of aerial photographs and topographic
maps to identify and map lithologies towards confirming
if mterbedding occurs while petrographic and scammuing
electron microscope were used to determine and compare
the elemental and mineral composition of both rock
formations.

MATERIALS AND METHODS

Acerial photographs and topographic maps: Aenal photos
and topographic maps were critically analysed for desktop
mapping, several field visits were made in order to confirm

results of desktop mapping. Google Earth was also used
to confirm lithologies which were difficult to identify on
the desktop, the identified lithology were then digitized to
create the lithology map of the study area.

Photo Studio 5.5 Software was used to view analyse
and digitize aerial photos and the topographic map of
the study area. A total of 25 aerial photos and one
topographic map covering the study area (block 3226 BD)
were uploaded unto the PhotoStudio Software. Each aerial
photo was analysed separately, features such as dams,
road junctions and farms that could be identified on both
the topographic map and aerial were earmarked with a red
colour, to recognise specific locations when in the field
and also to appropriately position the aerial photos on the
topographic maps. Mudstones and shales were grouped
together as argillaceous deposits while sandstones were
grouped as arenaceous deposits. Most of the Karoo has
been intruded by dolerites, therefore, dolerite intrusions
{dykes and sills) were also mapped. The arenaceous and
argillaceous deposits, dykes and sills were 1dentified and
digitized and a specific colour was assigned to each of
these features. Arenaceous deposits were digitized in
green, argillaceous deposits n grey, dykes and sills in red,
while ponds, dams and rivers were digitized in different
shades of blue, respectively. The aerial photos and
topographic map were later superimposed and digitized
with geological and geographical features assigned to
separate layers with colour codes. All of these layers were
later merged to produce a final map of the study area.

Mapping and field observations: Geological mapping of
the study area was done by several field visits to identify
outcrop features and lithologies. Features such as colour,
sedimentary structures, lithology and other important
information of the area were noted and recorded. Samples
were also collected for geochemical analysis and pictures
of important features were taken. The topographic map
that was used in the desktop study was taken along to the
field each time to make it easier to identify features that
were marked on it and ensure that the correct study area
is being observed at any given time.

Petrographic analysis: Samples of sandstones and
mudstones were collected from both the Katberg and
Burgersdorp formations, respectively. Thin sections of
the samples were prepared as described by Hill and
Ratkevich The rock samples were broken down to a size
small enough to cut on the tile saw. Then, the sample was
cut into a rectangular block with dimensions smaller than
a slide, a little coarse grit and water was put on the lap to
make a slurry in the middle of the plate. The sample side
was ground on the slurry to make it very flat and smooth.
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When the rock surface looked as smooth as possible, the
lap was cleaned and a medium grit was used to grind, after
which it was cleaned again and grinding was done with
the fine grit, to make a very smooth and flat rock sample
surface. The sample was rinsed clean, placed on the
hotplate for a while to dry perfectly. Once, the sample was
completely dry, a slide was warmed on the hotplate
(100°C). A large drop of mixed epoxy was put on the
centre of the slide, the smooth side of the rock sample was
carefully set on it and gently pressed for the epoxy to
spread evenly. The sample was then set aside in order to
cure the epoxy. The thin sections from both formations
were then observed and compared for mineral
composition using an Olympus CX 31 petrographic
microscope.

Scanning electron microscope and energy dispersive
X-ray analyses: The samples were further prepared for
SEM-EDX analysis as described by Pachauri et al. (2013).
The samples were cut mto small pieces and glued to glass
slides, after the glue had completely dried, they were then
coated with carbon and later taken for viewing under the
scanning electron microscope. A SEM machine of model
JEOL ISM-6390 LV, equipped with energy dispersive
spectrometer was used to determine the elements present
1n the rock samples and in what amount each was present.
This was also used to determine the grain external
morphology and rock texture, the images were taken at
different magmfications.

RESULTS AND DISCUSSION

From the final lithology map that was produced in
this study, it is evident that Katberg and Burgersdorp

formations are interbedded (Fig. 3 and 4). Deposition of
sands probably occurred along river chamnels while
flooding occurred from intermittently, frequent periodic
flooding must have resulted in the deposition of
mudstones and shales including dead plants along the
flood plains. These repetitive processes are assumed to
have formed the interbedded sandstones, mudstones and
shales (Fig. 5) which are well exposed n the study area.
The two formations were observed to contain concretions
ranging between 0.5-3.0 cm in diameter in some parts. The
area with the concretions mn Katberg formation exhibited
a yellowish-brown colour, this is attributed to an oxidizing
enviromment. In an oxidizing enviromment, the Iron (Fe)
metals present in rocks react with water and oxygen to
produce iron oxide which gives rocks a yellowish to
red-brownish colouration (Stavrakis, 1979; Oghenekome,
2012).

Depending on the concentration of iron oxide in the
rocks, they can be a source of pollution to surface and
groundwater around (Du Plessis, 2018). The area with
concretions in the Burgersdorp formation (Fig. 6) was
similar in colour but was a bit more whitish, the
concretions are between 0.2-5.0 cm they were formed as a
result of groundwater flow and chemical reactions
(Earle et al., 2003, Chan et al., 2004). The general colour of
Katberg sandstone is khaki-green with obvious thick,
black laminations which are possibly indicative of the
presence of heavy metals (Rubidge et al, 1999
Neveling ef al., 1999). The rocks are generally more
weathered at the top because of the rain and snow in
Winter, this and the relatively humid c¢limate of the area
encourage a lot of vegetation on top of the rocks. The
primary structures observed in the rocks include tabular
and through cross bedding, ripple marks, lamination and

Fig. 3: Aerial photo and topographic maps used in constructing the lithographic map of the study area: a) Aerial photo

and b) Topographic map
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Fig. 4: Final lithological map of argillaceous mudstones, shales and arenaceous sandstones of Katberg and Burgersdorp
formations, Whittlesea, South Africa

Fig. 5: The evidence of argillaceous rocks mterbedded with arenaceous rocks: a, b) Shale between sandstones (white
arrow) and ¢, d) Mudstones between sandstones (black arrow)
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Fig. 7. a, b) Thin sections of sandstone samples from Katberg formation and ¢ , d) Thin sections of sandstone samples
from Burgersdorp formation observed under plane and cross polarized light (Qtz-Quartz, Plg-Plagioclase Feldspar,

Musc-Muscovites)

lineation, there are lots of lineation structures exposed on
the rocks which helped to have an idea of the direction of
flow during deposition at different times (McBride ef al.,
2003). Faults, jomts fractures, veins, dykes and sills are
the observed secondary structures. Extensive sandy
deposits resulted from multi channelled braided river
systems that replaced the meandering nivers of the
underlying Adelaide subgroup (Neveling ef al., 2006;

Groenewald and Kitching, 1995; JTohnson, 1976) this
changed most likely as a result of increased erosion of
the landscape due to widespread extinction of plant
groups during the end-Permian mass extinction.

Petrographic analysis: Figure 7 shows the mineral
content of sandstone samples from the two formations.
Both samples revealed the presence of quartz, plagioclase

2804



J. Eng. Applied Sci., 14 (9):2799-2807, 2019

&7

¥
UFH-SEM

ﬁv X2,000

Fig. 8 SEM micrographs showing morphology: a) Katberg; ¢) Burgersdorp formation sandstones and energy dispersive
spectrum; b) Kateberg and d) Burgersdorp formation
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Table 1: The Lithostratigraphy of Karoo supergroup with emphasis on Beaufort Group (Nyambe and Utting, 1997, Catuneanu et ., 20035a, b; Mcatrthy and

Rubridge, 2005)

Karoo supergroup

Group/subgroup Formation Lithology Thickness (M) Aggemnblage zone

Stormberg Molten Sandstone, Shale 450

Beaufort

Tarkastad Burgersdorp Mudstone, Sandstone, Shale 1000 Cynagnathus
Katberg Sandstone 900 Lystrosaurus

Adelaide Balfour Mudstoae, Shale, Sandstone 2150 Dicynodon
Middleton Shale, Sandstone, Mudstone 1500 Tropidostoma

ECCA

Abraharnsicraal Koonap Sandstone, Shale 1300 Tapinocephalus

feldspar and muscovite minerals. The thin sections were
viewed under plane and crossed polarised light. The same
muinerals are observed in the sandstone samples from both
formations (Table 1).

Scanning Electron Microscope (SEM) analysis: Results
of the SEM analyses of sandstone samples from both
formations 1s shown in Fig. 8. The presence of pore
spaces and clay minerals were observed m both
formations. Energy dispersive-ray (Fig. 8) revealed the
presence of C, O, Mg, Ca, Fe in the Katberg formation
However, the Burgersdorp formation revealed the
presence of the same elements with addition of Sulphur
(3) which was absent in Katberg formation.

Table 2: Percentage composition of elements in Katberg sandstones

Elements Concentration (%0) Error (%)
C 16.84 072
O 3980 0.63
Mg 0.56 0.07
Al 5.03 0lé
Si 2895 0.28
K 1.79 018
Ca 0.63 0.09
Fe 640 0.63

The EDX analysis (Table 2 and 3) revealed that the
sandstones from both Katberg and Burgersdorp
formations both have the same elemental composition
except that the Burgersdorp sandstones contain sulphur
of about 0.20%. The iron content of Katberg sandstone is
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Table 3: Percentage composition of elements in Burgerdrop sandstones

Elements Composition (%) Error (%)
C 16.84 0.83
0] 37.06 0.72
Mg 0.99 0.09
Al 13.86 0.20
Si 21.77 0.33
S 0.20 0.07
K 2.51 0.13
Ca 093 012
Fe 5.83 0.48

slightly higher than that of Burgersdorp. The aluminium
content in Katberg 15 5.06% which 13 much lower than
in Burgersdorp which contains 13.86%. This may be
responsible for the prominent red colowr of Burgersdorp

sandstones in  some parts (Catuneanu, 2006;
MecCarthy and Rubridge, 2005).
CONCLUSION

Based on the results of this study, it 1s evident that
the Katberg and Burgersdorp formations are indeed
mterbedded, more research 1s still recommended 1n order
to know the extent of inter-bedding. Tt is proposed that all
prominent sandstone wnits n the upper Beaufort Group
should be classified as Katberg formation and all
prominent shale and mudstone units should be classified
as Burgersdorp formation. The areas with dolerite
mtrusions also indicate a possibility of groundwater
which can be explored. These formations are important
geologic markers and the give lots of nformation
concerning the processes that have occurred such as
evidence of the mass extinction which took place several
million years ago and also the animals which existed
before the mass extinction (Damiam et al., 2000). The
conclusions by many researchers based on
biostratigraphy (Veveling et al., 1999, Rubidge et al,
199%; Hancox and Rubidge, 2001; Nevelling et al., 2005,
Cisneros, 2008) that the base of the Burgersdorp
formation displays thin, wealk and lenticularly channelled
sandstones which are dommated by horizontal
stratification, indicating strong genetic links with the
arenaceous Katberg formation should be reviewed and
considered for the lithology of these formations as well.
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