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Executive Summary - Background to the present study 

South Africa is highly dependent on coal to generate electricity (77% from coal, 23% 

from hydropower stations and Koeberg), as are many other countries. Thus, the 

output of the coal mining industry in South Africa is predominantly supplied to Eskom 

(108.7 million metric tonnes (Mt) in 2006) and exported as steam coal (68.8 Mt in 

2006), with 43.7 Mt used in the synthetic fuels sector (Prevost 2007). Although the 

first coal deposits in the country were discovered in the Eastern Cape, the coalfields 

mined at present are situated mainly in Mpumalanga Province. These comprise the 

Witbank, Highveld and Ermelo coalfields. Most of the collieries are dedicated to 

supplying feedstock to nearby power stations. Mining in the Witbank coalfield began 

in the 1890s, soon after the discovery of the Witwatersrand goldfields. The Witbank 

and Highveld coalfields account for 80% of current South African coal production. 

Although the remaining coal reserves in these three coalfields are sufficient for the 

next 95 years at current production levels (Prevost 2007), the vast resources 

identified in the Waterberg (formerly Ellisras) Coalfield ensure South Africa's energy 

security well into the future. 

In addition, there is capacity to generate coal export revenue as well, which would 

boost the local economy in impoverished Limpopo Province. Estimates of the total 

amount of resources in the Waterberg Coalfield are highly uncertain because it has 

been relatively under-explored compared to the Witbank and Highveld coalfields. 

Prevost (2007) gives an estimate of 11% out of a total reserve figure of 27 981 Mt for 

South Africa, which amounts to 3 078 Mt. However, some sources speculate that 

total resources in the Waterberg alone are sufficient to last for the next several 

hundred years at current production levels. There is at present only one mine in the 

Waterberg Coalfield, Grootegeluk, which is the sole supplier to the Matimba Power 

Station. Medupi, a new power station of similar capacity to Matimba is currently under 

construction nearby (www.eskom.co.za) and will also source its coal from 

Grootegeluk. 

This study was initiated by the Geology and Geophysics Sub-committee of the 

Coaltech Research Association (CRA). It was established in 1999 as the Coaltech 

2020 Research Programme (www.coaltech.co.za).  It is a collaborative initiative of 
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the CSIR to develop technology and apply research findings to ensure that the South 

African coal industry remains sustainable in the future. The estimated year when 

production from the traditional coalfields begins to decline is 2020. Partners and 

major funders in the project include the main South African coal mining companies, 

the Department of Minerals and Energy, the Chamber of Mines and the Universities 

of Pretoria and the Witwatersrand.  

Although the coal deposits in the Waterberg Coalfield were discovered in 1920 near 

the town of Lephalale (Ellisras), the Grootegeluk mine was only established in the 

late 1970s by the Iron and Steel Corporation (ISCOR) of South Africa. ISCOR was 

privatised in 1989, and in 2001 unbundled as Kumba Resources and ISCOR (which 

was bought by Mittal in 2005). Kumba Resources separated into Kumba Iron Ore and 

Exxaro Resources in 2006, with the coal assets now owned by the latter. 

The Waterberg Coalfield is highly faulted and all the structures and their effects have 

not been identified and studied to date. To this end, CRA funded a detailed airborne 

geophysical survey of the Waterberg Coalfield with a view to obtaining new data that 

will result in a better structural understanding of the area. The CSIR Applied 

Geoscience Research group was commissioned to manage the survey, which was 

conducted by the Geophysics Division of the Council for Geoscience of South Africa, 

and to interpret the results. The interpretation of the magnetic and radiometric data is 

currently in progress and results to date are reported below. Precise location of the 

faults will greatly impact on the delineation and estimation of both shallow, easily 

exploited and deep coal resources. This will contribute to removing some of the 

uncertainty concerning the coal resources in the area, and facilitate both 

governmental and mine planning for the future. 

In addition, the airborne geophysical survey can potentially detect geological 

structures that are deep-seated, below the coal-bearing Karoo basin, which, properly 

interpreted, can add to our understanding of the basement rocks to the Karoo, as 

explained in the geological setting to follow. 
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(A) The geology of the Lephalale (Ellisras) area 
 

1 Introduction 

 

The rocks in the area under consideration (Figure ) falls mainly under three major 

geological units: the Archaean Beit Bridge Complex in the north, the Proterozoic 

Waterberg Group in the south and the Phanerozoic Karoo Supergroup in the 

intervening area (Brandl, 1996). To the northeast and east, the Constantia Suite and 

Bushveld Complex are developed; the small Glenover Complex is intrusive in 

Waterberg Group rocks.  

 

The Karoo Supergroup rocks were deposited in the Ellisras Basin (as defined by 

Johnson et al. (2006) in the latest edition of the Geology of South Africa). The 

coalfield was originally named the Ellisras Coalfield, after the nearby town of the 

same name. However, after 1994, the town was renamed Lephalale, and the name 

of the coalfield changed to the Waterberg Coalfield. This renaming has resulted in 

unfortunate confusion when the geology of the area is discussed, because the 

Waterberg Group was deposited in the Waterberg Basin, and the coal in the Ellisras 

Basin (this name is retained in accordance with Johnson et al. (2006) and not 

updated to Lephalale Basin to avoid further confusion). The widespread usage of the 

term "Waterberg Coalfield" forces us to retain it in the current study, but it is 

necessary to separate it from the Waterberg Group rocks.  

 

The Beit Bridge Complex comprises three groups namely, the Mount Dowe, Mahala 

Drift and Gumbu Groups, into which the Alldays Gneiss and the Messina Suite are 

intrusive. All the rocks of this complex were subjected to granulite-grade 

metamorphism during the Limpopo orogeny at around 2.7 Ga. 

 

The Constantia Suite forms a 5km wide zone trending east-west and constitute a 

variety of different lithologies. The rocks of this suite probably developed in a deep-

seated shear zone, which is characterized by high heat flow and the introduction of 

potassium-rich fluids. The age of the suite is probably ca. 2.2 Ga.  
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Figure 1:  Geology of the Lephalale (Ellisras) area (CGS). 
 

The Bushveld Complex is divided into the Villa Nora gabbro at the base and the 

Nebo granite. The spatially associated Palala Granite is probably part of the Nebu 

granite.  

 

The Palala Shear Belt is a feature 10km in width which is bounded in the north by the 

Melinda Fault and in the south by the Beaufort Shear Zone. All the rocks within the 

belt are mylonitized. The belt is interpreted to represent an intracratonic 

transpression zone.  

 

The Waterberg Group comprises three formations in the area, namely the 

Aasvoëlkop, Mogalakwena and Cleremont Formations. They were deposited in a 

gently subsiding intracratonic basin. The transport direction of these sediments was 

generally from the northeast. 

 

The Glenover Complex, which is intrusive into the Aasvoëlkop Formation, is a circular 

structure with an alkaline core which 3.5km in diameter. The present-day level of 

outcrop is believed to represent the root zone of a large volcano. The age of the 

complex is about 1.0 Ga. 

 

The lower part of the Karoo Supergroup constitutes mostly dark grey mudstone and 

sandstone, with important coal development in the Grootegeluk Formation.  
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Tertiary deposits are represented by calcretized sand and gravel as well as 

consolidated silty sand.  

 

Coal occurrences in this area are of great economic importance to the area. These 

are presently mined. Apatite mineralization is also of economic importance and is 

associated with the Glenover Complex.  

 

Physiographically large parts of the area (particularly those underlain by Archaean 

and Karoo rocks), form a flat or slightly undulating landscape with elevations around 

800-900m. Only occasionally a few conspicuous ridges can be seen. An exception is 

the south-eastern pat of the area where resistant sandstones of the Waterberg Group 

give rise to a rugged mountainous terrain transected by narrow steep valleys, where 

peak elevations are around 1300m (Brandl, 1996). 

 

2 Beit Bridge Complex 

 

This complex embraces a succession of supracrustal gneisses into which mafic as 

well as ultramafic rocks (Messina Suite) and granitoids (Alldays Gneiss) were 

emplaced. The complex forms part of the Limpopo Metamorphic Province which is 

sandwiched between the Zimbabwe Craton in the north and the Kaapvaal Craton in 

the south (Brandl, 1996). 

 

The Limpopo Metamorphic Province is subdivided into the Northern and Southern 

Marginal Zones, separated by the Central Zone (Cox et al.,1965) to which the Beit 

Bridge Complex is restricted. The Central Zone is separated from adjacent marginal 

zones by prominent terrain boundaries, namely the Thuli-Sabi Shear Belt in the north 

(Mason, 1973) and the Palala Shear Belt in the south (Brandl and Reimold, 1990). 

 

The Beit Bridge supracrustals have been subjected to granulite-facies metamorphic 

conditions and are highly deformed, representing tectonostratigraphic sequences. 

They are broadly subdivided into the Mount Dowe, Mahala Drift and Gumbu Groups 

(Brandl, 1981; 1983).  Exposures of the complex in this area are generally poor, most 

of the ground being covered by a thin layer of sandy soil. 
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In this area the Mount Dowe Group comprises only two lithologies, i.e. metaquartzite 

and magnetite quartzite. The metaquartzite is the only rock type of the Beit Bridge 

Complex that in places forms positive topographical features, generally very narrow 

ridges which can rise up to 140m above the surrounding area, e.g. Witkop and 

Rustenburgskop. 

 

Metaquartzite is commonly interlayered with leucocratic gneiss and locally shows 

gradations into amphibolite. It is generally medium - to coarse-grained and whitish to 

off-white in colour. The rock is totally recrystallized, and it consists of a mosaic of 

interlocking quartz grains.  The generally massive metaquartzite exhibits a banded or 

weakly foliated character (Brandl, 1996). 

 

Field relationships such as the gradations into other rock-types and the common 

presence of tourmaline, magnetite or rutile suggest that most of the metaquartzite 

layers represent detrital sandstones rather than metamorphosed cherts. 

 

Magnetite quartzite forms only a few minor outcrops. As a result of its competent 

nature, rock outcrops often terminate sharply along strike due to boudinage. Tight 

fold structures with associated well-developed lineations are common.  The 

magnetite quartzite is a dark, fine- to medium-grained, well-laminated rock which 

consists of alternating quartz and magnetite laminae (Brandl, 1996). 

 

The Malala Drift Group consists of various quartz-feldspathic gneisses containing 

minor intercalations of metapelite, amphibolite as well as mafic granulite.  Quartz- 

feldspathic gneiss, which is the most wide-spread lithology of the Beit Bridge 

Complex, occurs as numerous small, scattered outcrops. The rock weathers easily 

and therefore it occupies general flat country covered by reddish sandy soil. The 

gneiss is medium - to - coarse grained, mainly leucocratic and shows considerable 

heterogeneity with regard to its constituent minerals.  There is not much information 

available about the precursor of the quartz-feldspathic gneiss; its intimate association 

with metapelite or amphibole suggests that it originated from sediments or felsic lava 

(Brandl, 1996). 
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The metapelite is a bluish - grey rock characterized by a large number of mineral 

phases; it often shows a well-developed mineral layering. The occasional presence 

of leucocratic veins containing more felsic minerals than the metapelite is indicative 

of the fact that partial melting occurred during peak metamorphism. The protolith of 

the metapelite is thought to be shale and /or greywacke.  

 

Amphibolite and mafic granulite are dark blue to black, fine-grained rocks and are 

well foliated. The close association of these rocks with and occasional gradation into 

metaquartzite and quartz - feldspathic gneisses suggest that they represent 

calcareous sediments rather than mafic extrusives.  

 

The Gumbu Group comprises marble and calc-silicate rocks which form only a few 

sporadic outcrops in the area.  Marble is a massive coarsely crystalline rock of mainly 

whitish colour composed dominantly of calcite and dolomite, and is often covered by 

calcrete. Where other constituent minerals are present, its colour can change to 

various shades of grey, pink or greenish-grey (Brandl, 1996). 

 

The calc- silicate rocks are well-banded, greyish or dark green in colour, and contain 

a number of mineral phases. The protoliths of the marble and calk-silicate rocks are 

believed to have been pure and impure limestone and marl, respectively. 

 

The Alldays Gneiss forms only a few minor occurrences in this area but is probably 

more widespread outside the study area. The gneiss is light to dark grey coloured, 

medium - grained and migmatitic, forming lenses and thin layers of leucocratic 

segregations. Not much is known about the field relationships between the Alldays 

Gneiss and the supracrustal gneisses in this area (Brandl, 1996), but elsewhere it 

can be demonstrated that the Alldays grey gneiss is intrusive into the supracrustal 

gneisses (Pretorius, 1986). 

 

The Messina suite consists of metagabbro, meta-anorthosite, serpentinite and 

hornblendite, all of which are intrusive into the supracrustal gneisses (Pretorius, 

1986). 
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During the Limpopo Orogeny (2.7 Ga), the rocks of the Beit Bridge Complex were 

buried to a depth of approximately 40 km and subjected to polymetamorphic granulite 

facies conditions, and underwent several phases of mainly ductile deformation.  Peak 

metamorphism was followed by nearly isothermal decompression due to rapid uplift. 

 

3 Constantia Suite 

 

This suite forms a 5km wide zone which trends in an easterly direction. Not much 

information is available about the nature and position of its contact with the Beit 

Bridge Gneisses further to the north. The suite consists of a variety of different 

lithologies which includes pyroxenite, pink leucocratic gneiss, syenite, augen gneiss, 

various granites, and pegmatite (Brandl, 1996). 

 

Pyroxenite is believed to be the earliest intrusive phase of the Constantia Suite. It 

occurs in distinct zones up to 20m wide, where it is present as large blocks, slivers or 

small blebs engulfed by leucocratic gneiss or, to a lesser extent, syenite. The large 

slivers are stretched out in places in a subvertical orientation. Foliation is only rarely 

developed and the rock appears to be generally massive. It is dark green and ranges 

in grain size from fine to very coarse.  

 

Leucocratic gneiss is the most wide-spread rock type of the Constantia suite. It is a 

pinkish grey, rarely reddish or whitish rock. The rock invariably exhibits a tectonic 

fabric, ranging from weakly to strongly foliated; in place it is mylonitic. It is medium 

grained and commonly folded. In some places a colour banding can be observed. It 

frequently contains aligned rafts, slivers or blocks of pyroxenite or various Beit Bridge 

gneisses. This gneiss is interpreted to be a late-tectonic intrusive (Brandl, 1996). 

 

Bright- to dark-red syenite forms veinlets and dykes (up to 10m across) or distinct 

zones up to several 100 metres in width. In places it also occurs as irregular masses. 

The syenite postdates the pink leucocratic gneiss, against which it is in sharp 

contact. Inclusions of Beit Bridge Complex gneisses occur commonly. In places it 

appears that several generations of syenites might be present. 
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The three above mentioned lithologies, i.e. pyroxenite, leucocratic gneiss and syenite 

are developed mainly in a two kilometre - wide distinct zone which occurs south of 

Stockpoort border post and trends eastwards. 

 

The augen gneiss is developed in a narrow zone which trends roughly east-west 

(and extends from DE Dam 8 LQ in the west to Constantia 122 LQ in the east). It is a 

grey, rarely pinkish grey, medium-to coarse grained rock, characterized by small to 

large augen and thin lenticular quartz-feldspar bands. The augen consist either of 

single crystals of feldspar, which measure up to several cm across, or aggregates of 

quartz and feldspar, measuring up to 5 by 10 cm. In most cases the augen are seen 

to be late syntectonic or post tectonic as they overgrow the fabric defined by mafic 

minerals.  

 

In some cases biotite gneiss devoid of augen and a porphyroblastic granitic rock are 

closely associated with the augen gneiss. Remnants of Beit Bridge Gneiss are also 

plentiful. The augen gneiss most likely developed from biotite gneiss by local 

anatexis.  

 

Various types of granites form small isolated exposures, mainly in the bed of the 

Limpopo River. The following types of granite have been recognised: 

 

• Coarse-to medium grained, pinkish pyroxene-bearing granite locally exhibiting 

a weak fabric. This granite can represent a quartz monzonite. It is commonly 

seen to occur within the augen gneiss. Aligned inclusions of felsic and mafic 

granulites are plentiful and trend N110°. This granite probably developed 

mainly in situ, in areas where either the temperature or the water content was 

relatively high.  

• Medium-grained, grey or pinkish grey, biotite-bearing granite which often 

displays angular or schlieric inclusions of ultramafics or Beit Bridge gneisses. 

Locally a weak foliation is present. 

• Medium- to very coarse-grained leucocratic granite with a characteristic 

prominent fracture cleavage (N005°) along which the rock is intensely 

metasomatized . 
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• Fine- to medium-grained pink leucocratic granite forming dykes 1 to 2m wide 

in the augen gneiss and granites. 

 

Pegmatites as well as aplites belonging to different generations form minor 

occurrences in the Constantia Suite. They are whitish, pink or dark red and generally 

massive or discordant, forming up to 2m wide bands.  

 

The Constantia Suite developed in a linear zone, probably a deep-seated shear 

zone, which is characterized by high heat flow, and associated with the emplacement 

of ultramafics and the introduction of fluids rich in potassium. High heat flow caused 

in situ partial melting and the development of the small granite stocks.  

 

The suite clearly postdates the Limpopo Orogeny (2.7 Ga), but predates the 

Bushveld Complex intrusion (2.06 Ga). The Constantia Suite extends westwards into 

Botswana as a 50km wide belt.  

 

4 Bushveld Complex 

 

In the study area and further east the Bushveld Complex is thought to form a 

separate intrusion, the Villa Nora Compartment, with no apparent connection to the 

main Bushveld outcrop. In the Lephalale area, it comprises the felsic Nebo Granites 

and the basic Vila Nora Gabbros. The layering developed in the Vila Nora Gabbro 

dips towards the south at moderate to steep angles (Brandl, 1996). 

 

The Villa Nora Gabbro has an estimated thickness of a few thousand metres, and 

comprises gabbro, anorthosite, norite and gabbronorite. The various lithologies are 

not persistent along strike, and can only be traced for short distances. Southwards 

and westwards they are unconformably overlain by the sediments of the Karoo 

Sequence.  The gabbro, norite and gabbronorite are coarse - to medium grained, 

bluish grey rocks. The anorthosite is whitish in colour to slightly mottled.  Outside of 

the Villa Nora Compartment, the basic Bushveld rocks are reported to have a 

radiometric age of 2061 +/- 27 Ma (Walraven et al., 1990). 
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The Nebo Granite forms a prominent sheet-like body of unknown thickness overlying 

the Villa Nora Gabbro. The granite is generally coarse-grained, homogenous and 

pinkish of colour. 

 

Evidence from chemical analyses indicate that the granite evolved by fractional 

crystallization of Bushveld magma. Outside of the Villa Nora Compartment a 

radiometric age of 2052 +/- 48 Ma for the Nebo Granite has been reported (Walraven 

et al., 1990). 

5 Palala Granite 
 

The Palala granite forms a narrow wedge between the Beaufort and Abbottspoort 

Shear Zones. It is a pinkish grey coarse-grained rock, which weathers readily to a 

coarse, sandy soil. Deformational features seen in the rock are represented only by 

narrow, discreet shear zones.   Based on spatial relationships, radiometric ages, 

zircon morphologies as well as geochemistry including rare earth elements (REE), it 

can convincingly be argued that the Palala Granite is not an isolated intrusion, but  is 

instead, part of the adjacent Nebo Granite of Bushveld age. 

6 Palala Shear Belt (PSB) 
 

This shear belt marks the southern boundary of the Central Zone of the Limpopo Belt 

and is a 10km wide feature situated between the Melinda Fault in the north and the 

Beaufort Shear Zone in the south (Brandl, 1996). 

 

The northern part of the belt, informally termed Domain I, is characterized by a 

mylonitized pink quartz-feldspar rock and hornblende granitoids. Small irregular flow 

folds with horizontal east-west trending axes are present. Lineations have variable 

attitudes. In the north, the Melinda Fault bounds Domain I, and displays brecciated 

vein quartz and pegmatoid.  

 

In the central part of the PSB (Domain II), various granulite-grade gneisses of the 

Beit Bridge Complex of the Limpopo Belt are present and are strongly mylonitized. 

These gneisses include garnetiferous quartzofeldspathic gneisses and metapelites. 

Locally, lenses of mylonitized Bushveld Gabbro are infolded and may represent sills 
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or dykes. Domain II is characterized by irregular flow folds and isoclinal to tight small-

scale folds with axial planes varying from horizontal to steeply inclined northwards. A 

prominent quartz elongation lineation is parallel to the fold hinges, which trend 

N070°. 

 

The southern part of the PSB (Domain III) extends up to the Beaufort Shear Zone 

and is underlain by basic and ultrabasic rocks of the Bushveld Complex. They display 

intense ductile deformation, although lenses of unstrained rocks can be observed as 

well. 

7 Waterberg Group 
 

Rocks of the Waterberg Group are restricted to the southern part of the mapped 

area. Only three formations are present, namely the Aasvoëlkop, Mogalakwena and 

Cleremont Formations, which belong to the middle and upper part of this group.  

 

The formations are entirely clastic and deposition took place in a gently subsiding 

intracratonic basin (the Main Waterberg Basin) (Jansen, 1982). A comprehensive 

account of the Waterberg Group is provided in Appendix C.  

 

It is again important to note here that the Waterberg Coalfield is not developed in the 

Mesoproterozoic Waterberg Basin, but in the Palaeozoic Ellisras Basin.  

8 Glenhover Complex 
 

The Glenover Complex is situated in the south-western part of the map area. It forms 

a circular structure within the Aasvoëlkop Formation of the Waterberg Group.  With 

the exception of a breccia body, which forms a small prominent rise, the other 

lithologies of the Glenhover underlie flat country with only rare exposures (Brandl, 

1996). 

9 Diabase 
 

Diabase intrusions which occur as dykes and sills are numerous, especially in the 

Waterberg Group rocks. The sills seem to be restricted to the Aasvoelkop Formation. 
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The dykes are more prominent in the Mogalakwena Formation, where they form 

linear negative features. 

10 Karoo Supergroup 
 

The Karoo strata which occupy the central part of the map area constitute, from the 

bottom to the top, the following formations: the Waterkloof, Wellington, Swartrant, 

Goedgedacht, Grootegeluk, Eendragtpan, Greenwich, Lisbon, Clarens and Letaba 

Formations. All the formations are comprised of clastic sedimentary rocks (with the 

exception of the Letaba Formation), with coal seams developed near the base of the 

sequence (Brandl, 1996). The rocks were deposited in the Ellisras Basin (Johnson et 

al., 2006) and are Upper Carboniferous to Jurassic in age. 

 

The Waterkloof Formation represents the base of the Karoo Supergroup and 

comprises diamictite, mudstone and conglomerate.  It rests unconformably on 

Waterberg Group and pre-Waterberg rocks.  

 

According to borehole data, the Wellington Formation is developed only in the 

southern half of the Ellisras Basin main Karoo outcrop. It is generally 20 to 30m thick, 

but reaches a maximum thickness of 160m in the southwest and 180m in the 

southeast.  Where the formation is fully developed, the base comprises a unit with 

dark-grey, horizontally laminated mudstone and siltstone containing sandstone 

lenses and scattered grit-sized grains, possibly small dropstones. This unit becomes 

siltier and lighter coloured towards the top and exhibits upward - coarsening cycles. 

 

The Swartrant Formation underlies most of the Ellisras Basin with the exception of 

the north-western part. The thickness of this formation varies from 2 to 75m in the 

north, 7 to 50m in the east, and attains a maximum of about 130m in the central part.  

The formation has been divided in lower, middle and upper zones. At the base of the 

lower zone a succession of alternating sandstone and siltstone is overlain by flaser-

bedded and ripple cross-laminated sandstone. This is in turn overlain by medium- to 

coarse-grained cross-bedded sandstone. Locally this coarse-grained sandstone is 

overlain by a metre thick coal seam (“No. 1 coal seam”) (Brandl, 1996). 
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At the base of the middle zone, a thin, coarse - grained, light-coloured sandstone is 

present, overlain by grey, horizontally laminated mudstone.  This mudstone grades 

into a fine- to coarse-grained, light-coloured sandstone, which becomes greyish 

towards the top. The zone is capped by a 3.2 to 5.9m thick unit of alternating coal 

and mudstone (No. 2 coal seam). 

 

The upper zone has been divided into northern and southern facies. In the southern 

facies, the base of the upper zone consists of a thick greyish - white, coarse - to very 

coarse-grained, cross-bedded sandstone which has a sharp erosional contact with 

the underlying No. 2 coal seam. Near its top, the sandstone grades into a mudstone 

which locally contains a thin, impure coal seam. This unit is overlain by whitish, 

feldspathic, coarse-grained and cross-bedded sandstone which, grades up into a 

grey, carbonaceous fine-grained sandstone or siltstone.  

 

The northern facies is characterised by a basal unit consisting of alternating upward -

coarsening mudstone and siltstone beds which are interspersed with coal seams and 

upward-fining sandstone beds. An erosional contact separates it from a coarse-

grained, cross-bedded, feldspathic sandstone with a whitish colour. 

 

The Goedgedacht Formation occurs only in the northern and north-western part of 

the Ellisras Basin. In general the formation comprises a number of beds of mudstone 

characterized by graded bedding. In places the individual units are capped by a thin 

bed of impure coal.  

 

The Grootegeluk Formation is economically the most important unit of the Karoo 

Supergroup, as it contains a number of thick, mineable coal seams. The unit has a 

maximum thickness of 110m in the south, 40-60m in the northwest and north, 50m in 

the southeast and 10-20m in the northeast. It conformably overlies the Swartrant 

Formation in the east and extreme south of the Ellisras Basin. In the central and 

northern part, the lower half of the formation interfingers with the Goedgedacht 

Formation (Brandl, 1996). 
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The formation consists of mudstone, carbonaceous shale and coal which are 

repeated in a cyclical order. Individual cycles are developed on a micro- to a macro-

scale, and consist of a coal bed grading up into mudstone.  

 

The coal-bearing rocks can be correlated with the Ecca Group in the main Karoo 

Basin, with the Waterkloof and Wellington Formations belonging to the Dwyka Group. 

The economic importance of the coals has led to a detailed genetic study of these 

rocks by Siepker (1986) which is summarised in Appendix C.  

 

In the Eendragtpan Formation, there is a complete disappearance of coal material 

and an appearance of reddish - to purplish - coloured sediments in the succession. It 

conformably overlies the Grootegeluk Formation, except in the north - east where it 

transgresses onto Limpopo Belt gneisses.  The formation is comprised entirely of 

variegated mudstones. A maximum thickness of 110m is reached in the central part 

of the Ellisras Basin, decreasing gradually to 40m towards the north and east.  

 

The Greenwich Formation forms a narrow band in the northern, eastern and central 

part of the Ellisras Basin. It rests with a sharp, erosive contact on the underlying 

Eendragtpan Formation. The thickness of the Greenwich formation varies between 7 

and 33m.  The formation comprises mainly medium- to coarse-grained purplish - red, 

whitish or greenish sandstone and grit with local thin conglomerate lenses (Brandl, 

1996).  

 

The Lisbon Formation occurs throughout the Ellisras basin and has a constant 

thickness of 100 to 110m. Its contact with the underlying Greenwich Formation is 

either sharp or gradational. It comprises a succession of dominantly red, massive 

mudstone with siltstone, and minor silty sandstone and medium- to coarse-grained 

sandstone with pebble washes. This succession is characterized by cyclically -

repeated units (5 to 10m thick) consisting of thin sandstone at the base which grades 

up into siltstone or mudstone.  

 

The Clarens Formation constitutes the largest part of Karoo outcrop in the Ellisras 

Basin and attains a maximum thickness of 130m. Rocks of the Clarens Formation 

form prominent hills or ridges in parts of the Lephalale area.  They are composed 



16 
 

almost entirely of sandstone which is massive, well sorted and fine grained. The 

contact between this formation and the underlying Lisbon Formation is gradational 

(Dreyer, 2008). 

 

The Letaba Formation is made up almost entirely of basaltic lava and is preserved 

only in two localities, i.e., south of the Zoetfontein Fault and northeast of the 

Grootegeluk Coal Mine. Here a maximum preserved thickness of 125m has been 

reported.  

 

The formations developed above the Grootegeluk Formation can be correlated with 

the Beaufort Group and overlying rocks of the main Karoo Basin. The recognition of 

the distinctive Clarens Formation in both basins confirms the correlation. The Letaba 

Formation basalts belong to the Drakensberg Group.  

11 Dolerite 
 

Intrusions of dolerite seem to be rare in the study area and only a few narrow dykes 

are exposed, mainly in pans developed on Karoo Supergroup sediments. The dyke 

rock is fine-grained and black. In the pre - Karoo rocks, such as the Archaean 

gneisses and the Waterberg sandstones, dolerites appear to be rare or even entirely 

absent (Fourie, 2008). 

12 Tertiary deposits 
 

The Tertiary deposits mainly occur in close proximity to the present major drainages, 

including the Limpopo, Tamboti and Mokolo rivers. These deposits comprise mainly 

gravel and sand, which occasionally show a very loose consistency, but are more 

commonly calcified to various degrees, resulting in the formation of conglomerate 

and calcarenite.  Consolidated silty sand is less abundant.  All the Tertiary deposits 

are capped by a thick blanket of Quaternary red soil.  

13 Quaternary Deposits 
 

The Quaternary deposits include calcrete, ferricrete, terrace gravel, soil, 

unconsolidated red sand, alluvium and scree (Brandl, 1996). 
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14 Structural Geology  
 

14.1 Archaean 

 

The majority of the Beit Bridge lithologies display linear easterly trends, tight isoclinal 

folds or oval–shaped closed structures. They are part of the so-called straightening 

or linear zone which is developed along the southern margin of the Central Zone of 

the Limpopo Belt .Although the linear zone is interpreted to represent a ductile shear 

zone of considerable width, the surface rocks are not mylonitized, but completely 

annealed. This suggests that the shearing took place at deep crustal levels, probably 

during the isostatic uplifts (at ca. 2 650 Ma) of the Limpopo Belt. Only in the north-

eastern part of the study area open folds with northeast-trending axial traces are 

developed (Brandl, 1996). 

 

The Sunnyside Shear is exposed in the bed of the Limpopo River in the extreme 

north-eastern part of the study area. It is characterized by a strong planar mylonitic 

fabric parallel to the strike of the shearing. The planar fabric is defined by a 

penetrative schistosity which is axial planar to tight or isoclinal folds. These folds are 

associated with a pronounced mineral elongation lineation plunging gently east or 

west. The Sunnyside Shear is interpreted to have a left-lateral sense of movement. It 

was reactivated as a normal fault in pre-Karoo, and possibly also post-Karoo times.  

 

During a major phase of compression (or possibly transpression) the gneisses of the 

Constantia Suite were deformed into open to isoclinal, south–verging folds along 

generally east-west trending axes. These folds have axial planes that vary in strike 

from N080° to N110° and dip 30° to 80° to the north; the fold axes plunge gently in 

either direction. An associated foliation which is axial planar and related to these fold 

structures is represented by the alignment of the minerals biotite and hornblende.  

Accompanying the deformation is a locally developed lineation which plunges gently 

to moderately east or west. Narrow ductile shear zones are orientated N040°, N100°, 

and N150°. In places a strong fracture cleavage is developed which trends north-

south or N040° to N060°. Mylonites forming narrow, east-west trending zones have 

been observed in a few places (Pretorius, 1986). 
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The Palala Shear Belt is interpreted to represent an intracratonic transpression zone, 

probably an asymmetric flower structure, which was caused by the oblique 

convergence of the Central Zone of the Limpopo Belt with the Kaapvaal Craton 

/Southern Marginal Zone. This resulted in horizontal shortening across the PSB, 

accompanied by left-lateral transcurrent shear movement. The amount of lateral 

displacement is possibly in the order of 100km. All the shear movement seen in the 

PSB is believed to have taken place shortly before and during the emplacement of 

the Bushveld Complex, but ceased before 2 042 Ma. 

 

The Beaufort and Abbotspoort Shear Zones shave similar senses of movement and 

are believed to have been reactivated in pre- and post-Karoo times as brittle faults 

displaying a prominent vertical component. 

 

14.2 Proterozoic 

 

The Waterberg Group strata are tilted gently towards the south or southwest. They 

are transacted by a few minor northwest - trending brittle faults.  Along its northern 

margin, the Waterberg rocks are bounded by the Eenzaamheid Fault with a 

downthrow to the north.  

 

14.3 Phanerozoic 

 

The Karoo strata which outcrop in the middle of the study area dip at a very shallow 

angle towards the centre of the Ellisras Basin. The east-north-east-trending 

Zoetfontein and Melinda Faults are developed near the northern margin of the basin. 

Both of these faults have a moderate vertical displacement, the Zoetfontein Fault 

having a downthrow to the north, and the Melinda Fault having a downthrow to the 

south (Dreyer, 2008). 

 

To the north of the Ellisras Basin,  the Constantia Fault bounds a small Karoo outlier 

in the south. The maximum vertical throw of the fault is about 160m.  

 

The Daarby Fault connects the Eenzaamheid and Zoetfontein Faults and consists of 

a western north-northwest trending branch and an eastern east-northeast striking 
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branch. Maximum throw is around 300m near the Grootegeluk coal mine. Here the 

fault plane dips approximately 55° to the north - east (Dreyer 2008). A possible, fairly 

recent fault may be situated along the north-northwest trending Tamboti River   

(Brandl, 1996). 

15 Economic Geology 
 

The following materials occur in the Lephalale – Ellisras area that are ecomically 

important: 

Building sand:  Mainly weathered 

material from sandstones, and is mined 

in the riverbeds of the Makolo River 

near Lephalale. 

Coal:  Coal seams interbedded mainly 

with carbonaceous mudstone, are well 

developed in the lower part of the Karoo 

Supergroup (Grootegeluk and Swartrant 

Formations). Only a few prominent 

intercalated coal seems occur in the 

Swartrant Formation where the coal is 

mainly dull and reaches only about 25% . 

The best coal development is in the 

Grootegeluk Formation in which the 

percentage of coal, which is generally 

bright, reaches about 34%. 

Fluorite  Garnet 

Gypsum Kieselguhr  

Lead Niobium 

Phosphate  Rare Earths 

Salt Stone aggregate 

Vermiculite   

Table 1:  Economic materials in the study area (after Brandl, 1996).  
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(B)  Waterberg Coalfield Airborne Geophysics 

 

1 Introduction 

 

Historic geophysical data of the Waterberg Coalfield is not easily found.  The only 

geophysical data that is readily available is the government regional gravity and 

magnetic data.  A palaeomagnetic study of selected formations of the Waterberg 

Group was completed by Marè in 2006.  Palaeomagnetic pole positions from the 

lower two formations of the Waterberg Group (the Swaershoek and Wilgerivier 

Formations), and the Mogalakwena Formation which lies near the top of the group 

were obtained. The data is not always of good quality.  The undated poles obtained 

for the sedimentary rocks of the lower Waterberg Group cannot be distinguished at 

the 95% level of confidence from the results for post-Waterberg Group dolerites 

published by Hanson et al. (2004), suggested that the poles of this study for the 

lower Waterberg Group are not primary, but rather represent post depositional 

overprinting at ~1.88 Ga.  A palaeolatitude of 39° south was calculated for the 

combined overprint direction of the lower Waterberg Group sedimentary rocks (Marè, 

2006). 

 

As no primary direction of magnetization for the lower Waterberg Group was 

obtainable, it casts doubts on the success of obtaining a primary direction for any of 

the other Waterberg Group formations.  

 

A high resolution airborne geophysical survey was conducted across the Waterberg 

Coalfield (Figure 2) area, covering the Ellisras Basin completely and small parts of 

the adjacent area, as part of a Coaltech research project (Fourie, 2008).  The survey 

was completed by the end of January 2008.  Completion of the survey was delayed 

due to some difficulties that were experienced with some of the land owners in the 

Lephalale (Ellisras) area.  The differences between the airborne geophysical survey 

contactor and the farming communities were settled through a presentation that was 

given to the farming community through Agri Lephalale, one of the local farming 

unions. 
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The flying commenced early in January 2008 and was completed without any 

incidents by the end of January 2008.   The airborne geophysics was flown at 200 m 

line spacing at a flying height of 80 m.  Just over six 1:50 000 sheets were covered 

(Figure 2), and the fight direction was north - south (N-S).  The airborne geophysical 

data that were acquired included: 

 

• Magnetic Data. 

• Total Count Radiometric Data. 

• Uranium Count Data. 

• Thorium Count Data. 

• Potassium Count Data. 

• Digital Terrain Model Data (DTM) 

  

 
Figure 2:  Enlarged portion of the area that was surveyed by the airborne geophysical survey.   
 
 
2 Survey Specifications 

 

The Waterberg airborne survey was performed with a Cessna 208 Grand Caravan 

airplane.  The magnetometer system consisted of a Geometrics G823A Caesium 

Vapour magnetometer with a resolution of 0.001 nanoTeslas (nT). 
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The spectrometer is an Exploranium GR820 gamma ray spectrometer. The detector 

crystal is a 32 litre Bircon NaI (sodium - iodine) crystal that focuses downward.  A 4 

litre crystal is focussing upwards to measure the cosmic radiation contribution.   The 

system records 256 channels of data between 0 and 5.12 MeV.  Accurate positioning 

is achieved by using a Satloc differential GPS system and accurate elevations are 

achieved by using a Riegel laser altimeter.  

 

3 Magnetic Data 

 

The magnetic data of the area (Figure 3) shows very clearly the Ellisras Basin in the 

centre of the study area, the Waterberg Basin in the south, and the Limpopo Mobile 

Belt towards the north.  The magnetic data revealed more features than prior 

expectations, such as dykes and faults.  It is, however, not completely determined 

whether many of these features are in the coalfield or in the basement below it. 

 

 
Figure 3:  The magnetic data of the Waterberg Coalfield.  More magnetic features than were expected 
were detected. 
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The analytical signal (Figure 4) of the data was calculated.  This operator makes the 

data more sensitive to variations and was able to greatly enhance the more subtle 

features in the magnetic data  

 

 
Figure 4:  The analytical signal data of the Waterberg Coalfield.  More magnetic features than were 
expected are observed. 
 

The last operator that was used on the data for a preliminary processing run was the 

phase magnetic operator.  This operator calculates an analytical signal at 45° and 

highlights all the very small variations in the data (Figure 5).  However, only the 

magnetic and weakly magnetic structures show a response.  All the non-magnetic 

structures remain undetected and it is proposed that a Digem electromagnetic survey 

be flown to detect these geologically important structures that may have an economic 

impact on the Waterberg Coalfield. Non-magnetic intrusions and structures are 

known to occur in the Witbank and Highveld Coalfields where local Digem surveys 

have successfully detected them. 
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Figure 5:  The Phase magnetic data of the Waterberg Coalfield.  A network of magnetic and weakly 
magnetic features was detected; all non-magnetic features remain undetected.   
 

4 Radiometric Data 

 

The total count (TC) data of the area (Figure 6) shows very clearly the Ellisras Basin, 

the Waterberg Basin in the south, and the Limpopo Mobile Belt towards the north.  

The total count (TC) data shows the regional geology distribution and several more 

features such as large linear structures and block faulting.  More features were 

detected than that was originally expected.  The radiometric method samples radio-

active energies that originate from geology close to the surface.  This means that 

these features are in the Limpopo Belt, Waterberg Group and Karoo Supergroup 

rocks, because these rocks are at the surface.   The total count channel incorporates 

the counts of a large range of energies and is in effect a broad band (BB) radioactive 

channel. 
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Figure 6:  The Total Count (TC) radiometric data for the study area, The Ellisras Basin in the centre, 
the Waterberg Basin in the south and the Limpopo Belt to the north are clearly outlined.   Large 
structures that could indicate block faulting are also apparent.  The Makolo River is clearly visible 
because of apparent contamination by radioactive materials. 
 

Uranium counts can be used to map radioactive lithologies which are enriched in 

uranium.  Such geology can be granite plutons and sedimentary rocks from uranium-

enriched radioactive source rocks.  The uranium count (Figure 7) and thorium count 

(Figure 8) data show broad patterns that can be correlated with the local geology.  

The counts are higher on the Limpopo Mobile Belt, which is predominantly granitic 

terrain.  The counts are also higher towards the south, indicating that the source rock 

to the south of the Waterberg Group sandstones were uranium-enriched. The Makolo 

River close to Lephalale (Ellisras) is clearly delineated by apparent uranium and 

thorium contamination that is probably the result of weathered material from the 

Waterberg Group sandstones and the Bushveld - age Nebo Granites to the south.  

The thorium count distribution follows the same pattern as that for uranium because 

thorium is a decay product of uranium. 
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Figure 7:  The Uranium Count radiometric data of the study area.  The features apparent in Figure 6 
are again apparent, but more subdued.  
 

 
Figure 8:  The Thorium Count radiometric data of the study area. Again the features apparent in 
Figure 6 are delineated, but more enhanced as compared to the uranium image.  
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Potassium (K) counts map the distribution of the radio active isotope of potassium, 

K39.  It can be used to map radioactive feldspar geology, which is enriched in 

Potassium - 39.  Such geology can be granite plutons and sedimentary rocks from 

granitic and radioactive, potassium-enriched source rocks.  The potassium count  

data (Figure 9) show broad patterns that can be correlated with the local geology.  

The counts are higher on the Limpopo Mobile Belt, which is predominantly granitic 

terrain.  The counts are also higher towards the south, indicating that the source rock 

from the south of the Waterberg Group sandstones were potassium-enriched. Again, 

the Makolo River close to Lephalale (Ellisras) is clearly delineated because of 

apparent contamination by radioactive potassium from weathered material of the 

Waterberg Group sandstones and the Bushveld-age Nebo Granites to the south.   

 

 
Figure 9:  The Potassium Count radiometric data of the study area. The patterns are very similar to 
that in Figure 7 for uranium, and the features described in Figure 6 are apparent. 
 

The patterns from the uranium, thorium and potassium radiometric data are broadly 

similar, and are enhanced in the total count image. This suggests that the radioactive 
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sources for all three elements are to be found in the same rock types, namely granitic 

rocks (Limpopo Belt and Bushveld Nebo Granite) and weathering products of these 

(Waterberg Group).  

 

5 Digital Terrain Model (DTM) Data 

 

The digital terrain model of the survey area shows that the topographically lowest 

areas are adjacent to the Limpopo and Makolo Rivers, as expected.  Figure 10 

shows the Digital Terrain Model (DTM) of the area.  The north - flowing Mokolo River 

drainage channel is clearly visible as is its broad confluence with the Limpopo River.  

The position of the open pit Grootegeluk mine is also clearly visible.  The higher 

elevation areas in the extreme south and south-east are correlated with sandstone 

“koppies” of the Waterberg Group.  The moderate elevations in the centre of the area 

are Karoo rock outcrops. 

 

 
Figure 10:  The Digital Terrain Model data of the Waterberg Coalfield.  The drainage valley of the 
Mokolo River towards the Limpopo River in the north is clearly visible. 
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6 Landsat 7 Data 

 

The Landsat 7 image of the study is shown in Figure 11. Detailed interpretation of the 

image (discussed in Section C) shows major fabric directions which strike north-west 

and south-east. The east-west trending fabric in the upper part of the image reflects 

the dominant structural trend in the Limpopo Belt. The broad meanders of the 

Limpopo River and the north-flowing Mokolo River are very prominent, as is the open 

pit Grootegeluk mine and its adjacent infrastructure.   

 

 

Figure 11:  The Digital Terrain Model data of the Waterberg Coal field.  The drainage valley of the 
Mokolo River towards the Limpopo River in the North is clearly visible. 
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(C)  Waterberg Airborne Geophysics Data Interpretation 
 

1 Introduction 

 

The aim of the detailed interpretation of the airborne geophysical data of the 

Waterberg Coalfield is to contribute towards the understanding of the geology, the 

geological processes and the structure of the coalfield and the underlying basin.  The 

process towards achieving this goal consists of the following: 

 

• Making maps of the data in 1:50 000 scale. 

• Lineament interpretation of the magnetic data. 

• Preliminary surface geology interpretation of the radiometric data. 

• Lineament interpretation of the Landsat 7 data. 

• Physical property study of the survey area. 

• Modelling of magnetic data. 

 

2 Production of 1:50 000 maps 

 

The first step in the interpretation process was the production of the 1:50 000 maps.  

The reason for this is that this scale is ideally suited for the identification and 

interpretation of most of the detailed features detected by the airborne geophysical 

survey. In addition the smaller datasets are more easily digitally processed. The 

study area is covered by eight maps (Figure 12) and hence the large complete 

dataset was divided into six subsets which were processed, interpreted, and maps 

produced. The small amount of data on maps 2327AC and 2327CA, which cross the 

Botswana border, were included in the adjacent maps 2327AD and 2327CB 

respectively.  The six 1:50 000 maps are included in Appendix A.  
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Figure 12:  Index map of the Waterberg Coalfield.  The map shows the eight maps at a 1:50 000 scale 
that cover the entire study area. 
 

 
Figure 13: Outlinel map of the Waterberg Coalfield.  The map shows the area covered by the airborne 
geophysical suvery in relation to the 1:50 000 scale map sheets.  The small amount of data on the 
2327AC and 2327CA map sheets to the west is apparent, hence its inclusion in the adjacent maps. 
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3 Lineament interpretation of the magnetic data 
 

The first step in the interpretation of the 1:50 000 maps was the production of the 

interpreted magnetic lineament maps.  All the lineaments identified in this 

interpretation are weakly to strongly magnetic.  The lineaments are marked in lilac 

colour.  Due to the very low intensity of the data, it is very difficult to distinguish 

between a dyke and a fault structure in most cases.  Only the interpreted structures 

that could be identified as faults with a high level of confidence are shown in red.  

Some of the faults have been matched with those mapped on previous geological 

maps of the area and these are also indicated in red (Figure 14).  The interpretation 

was conducted for the six maps that  are presented in Appendix A.  

 

 
Figure 14:  An example of lineament interpretation (lilac) of one of the 1:50 000 scale maps that cover 
the area.  The lineaments that are interpreted with a high level of confidence as faults are indicated in 
red.Note that the above map is not at a true 1:50 000 scale but has been reduced for illustrative 
pruposes. This applies to the maps in Appendix C as well. 
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The lineament interpretation of all the 1:50 000 scale maps were combined to create 

the complete phase magnetic data lineament interpretation map for the study area 

(Figure 15).  

 

 
 
Figure 15:  Combined lineament interpretation (lilac) of the eight maps at a 1:50 000 scale that cover 
the area.  The lineaments interpreted with a high level of confidence as faults are indicated in red. 
 

The amount of structure in the centre of the study area, underlain by the Ellistas 

Basin, is much less than in the Limpopo Mobile Belt towards the north, the Bushveld 

Complex towards the east and the Waterberg Basin towards the south.  The 

character change between the Ellisras Basin and the Limpopo Mobile Belt towards 

the north is controlled by the Melinda Fault Zone.  Towards the south, it is controlled 

by the Eenzaamheid and Daarby Faults.  In the east the character change is a result 

of the contact between the Ellisras Basin and the Villa Nora limb of the Bushveld 

Complex.  The larger areas in the centre of the study area where very few lineaments 

have been identified, indicates that block faulting of the Karoo rocks is the major 
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structural feature developed in the Ellisras Basin. However, all non-magnetic 

structural features that are probably present in the study area have not been 

identified using this geophysical technique. As mentioned previously, a Digem 

airborne survey is recommended to detect these non-magnetic structural features 

which could have a potential significant economic impact on the Waterberg Coalfield.  

 

4 Surface geology interpretation of the radiometric data 

 

The second step in the interpretation of the geophysical data was the surface 

geology interpretation of the radiometric data.  Since the radiometric method is based 

on the radioactivity of the surface geology, this interpretation can only be valid for the 

shallow and outcrop geology.   

 

The radiometric method utilises four bands of energies.  The total count (TC – Figure 

6) is a broad band (BB) spectrum of data and records radioactive particle images 

from low to very high energies.  One band each is specifically calibrated for the 

uranium (U – Figure 7), thorium (Th – Figure 8) and potassium (K – Figure 9) 

isotopes.  These bands are sensitive to minerals and rocks that are rich in these 

elements, such as granites and feldspars, and can be used to map the surface 

distribution of these geological materials. 

 

Geology is usually complex, and rocks can commonly contain one or more of these 

radioactive isotopes.  This allows the interpreter to utilise more than one radiometric 

dataset for a surface geology interpretation.  This is done by producing a red-green-

blue (RGB) image by using a particular radioactive channel for a particular band.  

This image is called a ternary image (Figure 16).  

 

In this interpretation, it was decided to have the red channel as Potassium (K), the 

green channel as the total count (TC) and the blue channel as uranium (U).  It was 

decided to have the TC as the green channel because it represents a large spectrum 

of energies and overlaps with some of the lower and higher energies.  It was decided 

to use the U count instead of the Th count, because of the large similarities between 

the Th and K counts.  Potassium feldspars are abundant in the study area because 

the terrain is granitic in the north, and the sandstones and Tertiary sand cover carry 
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detrital feldspars as well.  Since the K count maps only the distribution of potassium 

feldspar, it has to be included.    

 

 
Figure 16:  Ternary image that cover the area.  Potassium count is red, total count is green and 
uranium count is blue. 
 

On the ternary image (Figure 16), all the major geology units can be broadly 

identified.  The dominant dark brown patch across the image is correlated with the 

Ellisras Basin in which the Waterberg Coalfield is situated.  The dark brown colour 

shows mainly Clarens Formation sandstones or their weathered material.  The green-

yellow area towards the north highlights the Limpopo Mobile Belt and the blue areas 

towards the south are correlated with Waterberg Group sandstones.  The Villa Nora 

limb of the Bushveld Complex is also recognisable towards the centre-right of the 

image in shades of orange.  The recent deposits of the Makolo River can also easily 

be recognised. Some of the major structural features, including block faults, can also 
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be identified.  A simplified surface geology interpretation was completed using the 

ternary image (Figure 17).   

 

 
Figure 17:  Simplified surface geology interpretation of the ternary image that covers the study area. 
 

The block faulting is mainly related to all the larger and more prominent faults in the 

study area.  The expression of these block faulted units can also be detected on the 

surface in some of the cases.  The total count (TC) image (Figure 18) shows the 

interpreted block faulting and the block units.  The lower counts across the major 

block units indicate that the Karoo rocks were not derived from the same source as 

the other geological units.  An enlarged part of Figure 18 is shown in Figure 19. 

 

 On Figure 19 several previously named and newly identified faults are shown. The 

Minnasvlake, Klimopfontein and Kalkvlakte Faults have been named after farms on 

the 1:50 000 scale 2327DA Ellisras topographic map.  
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Figure 18:  Interpreted Block faulting (lilac) in the study area, mainly developed in the Ellisras Basin..  
The interpreted faults are indicated in red. 
 

 
Figure 19:  Enlarged part of the interpreted block faulting in the Ellisras Basin.. The interpreted faults 
are indicated in red. 
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5 Lineament Interpretation of the Landsat7 data 
 

The third step in the interpretation of the available data was the lineament 

interpretation of the Landsat 7 data (Figure 20).  Since the Landsat method is also a 

reflective method, it can only detect differences in the surface geology, and 

structures that have a surface expression.  This data and interpretation is then only 

valid for the shallow and surface geology.  

 

 
 
Figure 20:  A RGB Landsat 7 image of the study area..  The rivers and some of the major geological 
structures can be seen. 
 

The Landsat 7 data consists of seven data bands.  The image (Figure 20) was 

created as a Red-Green-Blue (RGB) image, using band 3 as the red, band 2 as the 

green and band 1 as the blue, from the multi - spectral data.  The image used was 

number 17/10/76 and was taken on the 4th June 2001.  The original image covered a 

much larger area than that was needed for the study area. Thus a small sub-dataset 

was extracted for this study. 
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The lineament interpretation of the Landsat 7 data (Figure 21) was completed and all 

the lineaments that could be identified were marked.  As indicated above, Landsat 7 

is a surface reflective technique.  Only the lineaments or expressions of lineaments 

that are on the surface or which reach the surface can be detected.  As expected all 

the lineaments which have no surface expression have not been identified.  

    

 
Figure 21:  The lineament interpretation of the RGB Landsat 7 image of the study area. Some of the 
lineaments are very faint, and those with no surface expression remain hidden. 
 

Figure 21 shows that most of the identified lineaments in the southern three-quarters 

of the image strike in the two dominant directions, NE - SW and NW - SE.  The 

lineaments are developed on both Waterberg and Karoo geology, indicating that 

these preferred directions have been active for a very long time.  The Waterberg 

Group is about 2 000 to 1800 my old and the Karoo Supergroup is about 350 to 200 

my old. 
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6 Rock physical property study 

 

A preliminary physical property study of the rocks in the study area, including those 

of the Waterberg Group, Karoo Supergroup and intrusions, was undertaken to obtain 

values necessary for future modelling.  The main purpose was to obtain the magnetic 

properties of the dykes that traverse through the study area, if they could be found.  

Other physical properties measured include seismic velocity, density, resistivity and 

induced polarisation.  The sampling was done by using a small drill that is capable of 

drilling a 30cm long and 25mm diameter core (Figure 22). 

 

 
Figure 22:  The small core drill.  It can drill a core sample 25mm in diameter. 
 

An attempt was made to sample as many of the geological units as possible.  At 

each outcrop location a minimum of six core samples were obtained, with the length 

of each core sample maximised when possible. The following samples were 

obtained: 

 

• Clarens Formation sandstone (Figure 23 - in Grootegeluk Mine). 

• Letaba Formation basalt (Figure 24 - in Grootegeluk Mine). 

• Shale (Figure 25 - just north of Lephalale). 

• Holkrans Formation sandstone (Figure 26 – just south of Lephalale) 

• Mogolakwena Formation sandstone (Figure 27 - Radar Koppies). 

• Coal (Figure 28 - old coal mine just north of Lephalale). 
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• Hydrothermal dyke (Figure 29- between Lephalale and Vaalwater). 

 

 
Figure 23:  Clarens Formation sandstone in the Grootegeluk Mine. 
 

 

Figure 24:  Letaba Formation basalt in the Grootegeluk Mine. 
 



42 
 

 

 

Figure 25: Shale, just north of Lephalale. 
 

 

Figure 26: Holkrans Formation sandstone just south of Lephalale. 
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Figure 27: Mogolakwena Formation sandstone  at the Radar Koppies east of Lephalale. 
 

 

Figure 28: Coal at old coalmine just north of Lephalale. 
 

Table 2 shows the average physical property values for each sampled lithology.  The 

completed list is given in Appendix B. 
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LOCATION NRM REMANENCE

 
Table 2: Summary of physical properties of some of the rocks in the study area. 
 

 



45 
 

7 Discussion of fieldwork results 
 

The preliminary physical property study of the rocks in the Waterberg Coalfield and 

adjacent areas, highlighted a few interesting anomalies.  It was found that there is a 

large difference in the densities of the two shales that were sampled.  The Coaltech 

steering committee asked that the reason for the discrepancy should be investigated.  

Two thin sections were prepared for a microscopic study.  Microscopic examination 

shows that the shale with the lower density was an unaltered Karoo Shale (Figure 

29).   

 

 
Figure 29: Microscope thin section image of Karoo Shale.  Note that the matrix and the quartz grains 
in the sample are not altered. 
 

In contrast, the shaley rock with the higher density (sampled north of Lephalale) 

appears to be shale hand specimen, but it is in fact, altered and metamorphosed.  It 

is more schist - like, with elongated grains (Figure 30), with a much smaller grain 

size.  This accounts for the higher density.  The alteration can clearly be seen in the 

quartz grains. 
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Figure 30: Microscope thin section image of the more dense shaley rock.  Note that the matrix and the 
quartz grains of the sample appear to be recrystallized. The small, elongated quartz grains define a 
pronounced fabric. . 
 

Igneous rocks, especially dykes, rarely outcrop in the Ellisras Basin and are very 

hard to find.  The lavas sampled sub - outcrop beneath cover rock, and fresh material 

was obtained in the Grootegeluk mine. 

 

The dykes located in surface outcrops or in road cuttings,are totally weathered 

(Figure 31).  One example of a dyke occurs in a road cutting about 5 km south of 

Lephalale on the road to Vaalwater.  The weathered dyke is red-brown in colour and 

the dip is almost vertical.  The strike direction is NE - SW.  The dyke averages about 

15cm to 20cm in thickness in outcrop, with thin (2-5cm) brecciated zones of material 

along contacts with the sandstone host rock.   
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Figure 31: Example of a completely weathered dyke in a road cutting between Lephalale and 
Vaalwater.  Note that the dyke thins towards the top. 
 

 
Figure 32: RedbBrown felsitic dyke, with brecciated material on both sides.  
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The dyke material appeared to be glass-like and the first impression was that it was a 

glassy lava, or a felsitic or hydrothermal dyke (Figure 32).  This dyke was extremely 

hard to drill and it was surmised that it had a very high quartz content. 

 

The Coaltech steering committee also requested that a more detailed study of this 

dyke had to be done.  A few microscope thin sections were prepared and the results 

were totally unexpected.  The results showed that the dyke is not igneous, felsitic or 

hydrothermal.  It is a pisolite dyke (Figure 33) which is formed by the hygroscopic 

growth of quartz in water.  The quartz in solution crystallizes around a nucleus and 

the quartz growth rings can clearly be seen.  The brecciated material around at the 

sides of the dyke is ferricrete.  

 

 
Figure 33: Pisolite material form the dyke.  Note the concentric growth rings around a nucleus. 
 

8 Modelling of Magnetic profiles 
 

The main purpose of the magnetinc modelling was to obtain some insight into the 

basin properties and the magnetic properties of the dykes and faults that may 

traverse through the study area.  Two profiles across the study area (Figure 34) were 

chosen for the modelling exercise.  Profile 1 is orientated almost North – South 
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through the centre of the study area, and Profile 2 (NE-SW orientation) is across the 

western side of the Ellisras Basin. 

 

 

Figure 34:  Position of the magnetic profiles that were modelled to investigate the structure of the 

Ellisras Basin. 

 

The magnetic modelling of profile1 (Figure 35) shows the block faulting of the 

Melinda fault zone towards the north, which is progressively deeper into the basin 

towards the south.  The Waterberg rocks are more magnetic than the Karoo rocks, 

and shows that the Karoo is about 500 m thick towards the south, close to the 

Eenzaamheid fault.  The modelling indicates that the Karoo is about 1500 m thick 

towards the centre of the basin, and that the Eenzaamheid fault in the south is not 

that magnetic. 
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Figure 35: Magnetic modelling of profile 1.  The profile strike direction is approximately North-South. 
 

 
Figure 36: Magnetic modelling of profile 2.  The profile strike direction is approximately North-East 
towards the South - West. 
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Profile 2 strikes from North-East to South – West.  The magnetic modelling of profile2 

(Figure 36) also shows the block faulting of the Melinda fault zone towards the north, 

which is progressively deeper into the basin towards the south.  The Waterberg rocks 

are more magnetic than the Karoo rocks, and shows that the Karoo is about 250 m 

thick towards the south, close to Daarby fault.  The modelling indicates that the 

Karoo is about 750 m thick towards the centre of the basin, and that the Daarby fault 

in the south – west is more magnetic. 

 

9 Conclusions and recommendations 

 

The new high resolution airborne geophysical data has enabled a much increased 

level of understanding of the geological make-up of the Waterberg Coalfield.  It is 

evident that tectonic activity was involved in the development and evolution of the 

coal-bearing Ellisras Basin than previously known. Many of the structures also 

appear to have been active during post-Karoo times.  

 

The acquisition of this vital dataset and the current initial, preliminary interpretation 

are only the start of a process to enable the complete unravelling of the geological 

complexity of the Ellisras Basin.  More semi-regional geophysical data acquisitioning  

and a detailed gravity surveys are recommended as the next steps towards a more 

comprehensive, 3D understanding of the Ellisras Basin.   

 

Contrary to expectations based on previous geological work, many new structures 

and linear features were identified in the Ellisras Basin. These structures are 

interpreted to range in age from being active over 1 800 million years ago (soon after 

the Waterberg Group rocks were deposited) to post-Karoo times less than 180 million 

years ago.  The magnetic signatures of most of these structures are weak, probably 

due to very thick cover, or because they are completely weathered, thus losing their 

magnetic minerals.  

 

It is evident that all non-magnetic structures in the study area have remained 

undetected because of the constraints on the techniques utilised in the airborne 

geophysical survey flown (magnetic and radiometric instruments). It is known that 

geologically significant, non-magnetic structures occur in the Witbank and Highveld 
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Coalfields in the main Karoo Basin, and that these have been successfully detected, 

in local areas, from airborne electromagnetic surveys (specifically using Digem). 

Thus as a third step towards a more complete geological understanding of the 

Ellisras Basin, it is recommended that a Digem-type survey be flown as soon as 

possible. This is because the technique is highly affected by man-made infrastructure 

(power grids, telephone wires, etc.)  
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POTASSIUM COUNT DATA MAPS 
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DTM DATA MAPS 
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LANDSAT 7 MAPS 
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SITE SAMPLE  LOCATION SAMPLE DENSITY 
P-

WAVE SUSCEPTIBILITY INTENSITY (mA/m) 

KöNIGSBERGER 
RATIO (H=28000 

nT) NRM REMANENCE 

# DESCRIPTION LAT LONG # g/cc m/s (X10-5) SI NRM 15mT 0mT 15mT DEC INC DEC INC α95 
ED12A 2.238 1852 3.380 0.163       271.10 -15.40       

ED12B 2.252 2022 2.300 0.389       9.60 34.60       

ED12C 2.270 2235 2.090 0.568 0.095 1.220 0.204 39.70 -23.20 346.80 -20.40 29.30 

  2.253 2037 2.590 0.373                 

ED13A 2.235 2289 4.640 0.367       311.90 -48.80       

ED13B 2.243 2338 2.290 0.269 0.119 0.527 0.233 342.30 -54.90 345.60 -22.00 24.80 

ED13C 2.251 2532 2.450 0.273       76.60 -49.90       

ED1 

H
O

LK
R

A
N

S
 S

A
N

D
S

T
O

N
E

 
F

O
R

M
A

T
IO

N
 

-23.6405 -23.6405 

  2.243 2386 3.127 0.303                 

          2.248 2211 2.858 0.338                 

ED21A 2.722 3571 340.000 1531.197 322.314 20.213 4.255 39.00 24.30 359.60 -32.10 25.50 

  2.722 3571 340.000 1531.197                 

ED23A 2.739 4118 335.000 1323.214 325.137 17.728 4.356 40.60 -36.00 143.80 -72.20 10.10 

  2.739 4118 335.000 1323.214                 

ED24A 2.729 3382 397.000 1724.793 350.279 19.500 3.960 6.40 21.00 240.00 6.40 23.40 

  2.729 3382 397.000 1724.793                 

ED27A 2.683 2143 433.000 1000.570       126.80 -65.80       

ED27B 2.679 2135 378.000 856.188 315.061 10.166 3.741 134.50 -69.10 302.10 -0.60 19.00 

ED27C 2.685 2135 341.000 734.518       266.00 20.50       

  2.682 2138 384.000 863.759                 

ED28A 2.716 2222 389.000 1058.260 368.477 12.210 4.252 247.60 51.40 205.50 27.90 25.90 

  2.716 2222 389.000 1058.260                 

ED210A 2.699 2603 391.000 887.111       323.20 -29.50       

ED210B 2.703 2623 316.000 772.326   10.970 0.000 309.00 -44.70       

ED2 

LE
T

A
B

A
 B

A
S

A
LT

 

-23.6407 -23.6407 

  2.706 2613 365.333 905.899                 

          2.716 3007 368.389 1234.520                 

ED32A 2.441 3636 0.168 4.895       264.90 52.10       

ED32B 2.456 3846 0.109 3.998       228.60 30.50       

ED32C 2.461 3725 0.538 4.681 0.233 39.052 1.944 276.50 59.70 222.50 -63.40 17.90 

ED3 

S
W

A
R

T
R

A
N

D
 

S
A

N
D

S
T

O
N

E
 

-23.6305 27.9531 

  2.453 3736 0.272 4.525                 
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ED35A 2.514 3922 5.130 6.961       192.60 -4.70       

ED35B 2.492 4082 3.450 3.747 2.539 4.875 3.303 308.10 -60.10 337.60 -17.00 36.00 

ED35C 2.474 3958 2.910 1.480       344.40 -54.60       

  2.493 3987 3.830 4.063                 

          2.473 3862 2.051 4.294                 

ED41A 3.289 5278 287.000 0.578       121.90 -51.90       

ED41B 3.313 5116 253.000 0.209 0.036 0.004 0.001 195.90 15.90 207.20 -22.80 14.90 

ED41C 3.306 4884 284.000 0.183       329.70 -30.70       

  3.303 5093 274.667 0.323                 

ED42A 3.185 4762 237.000 0.580 0.529 0.011 0.010 320.60 -11.60 203.70 -38.20 9.80 

ED42B 3.251 4792 302.000 0.166       143.00 -26.60       

  3.218 4777 269.500 0.373                 

ED43A 3.215 5000 267.000 0.119       166.60 -22.70       

ED43B 3.281 4681 309.000 1.092 1.196 0.016 0.017 143.40 4.90 56.80 49.90 0.90 

ED4 

S
H

A
LE

 

-23.6533 27.466 

  3.248 4840 288.000 0.606                 

          3.256 4903 277.389 0.434                 

ED51A 2.601 5278 1.770 0.176       264.10 50.50       

ED51B 2.577 5278 1.900 0.355       281.80 38.40       

ED51C 2.530 5000 2.730 10.192 9.156 16.756 15.053 68.50 48.30 53.00 19.60 5.60 

  2.569 5185 2.133 3.574                 

ED52A 2.640 5000 1.450 2.563       74.40 -16.50       

ED52B 2.599 5152 0.666 5.060       303.90 -10.20       

ED52C 2.614 5122 2.300 2.465 2.621 4.810 5.114 258.80 -56.20 69.20 -14.30 8.00 

  2.617 5091 1.472 3.363                 

ED54A 2.917 4468 63.500 9.313       291.80 -55.60       

ED54B 2.577 4524 26.300 8.303 9.804 1.417 1.673 285.70 -46.80 197.70 -58.20 33.20 

ED54C 2.448 4651 7.350 2.687       107.00 54.50       

  2.647 4548 32.383 6.768                 

ED55A 2.739 3529 39.900 4.333       271.50 54.50       

ED55B 2.746 3636 32.700 3.640       89.80 -54.30       

ED55C 2.568 4419 25.400 9.602 9.504 1.697 1.679 271.30 54.40 49.50 29.70 15.60 

ED5 

H
Y

D
R

O
T

H
E

R
M

A
LL

Y
 A

LT
E

R
E

D
 S

A
N

D
S

T
O

N
E

 / 
F

E
LS

IT
E

 
D

Y
K

E
 

-23.7622 27.797 

  2.684 3861 32.667 5.858                 
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ED57A 2.608 5278 1.870 0.360       310.60 -29.10       

ED57B 2.590 5263 1.650 4.311 3.607 11.727 9.811 332.10 -50.50 345.30 -3.60 15.80 

  2.599 5270 1.760 2.336                 

          2.623 4791 14.083 4.380                 

ED62A 2.718 4681 16.600 10.576       126.10 -55.70       

ED62B 2.664 4545 7.880 4.328 3.484 2.465 1.984 129.70 -54.10 270.40 -65.00 33.60 

ED62C 2.660 4634 6.780 0.461       128.70 -54.30       

  2.681 4620 10.420 5.122                 

ED64A 2.730 3387 13.300 0.973       267.20 4.00       

ED64B 2.618 3725 12.400 21.048 18.110 7.619 6.555 299.40 53.30 290.50 -79.80 4.60 

ED64C 2.681 4314 6.830 0.900       141.00 -49.60       

ED6 

M
O

G
A

LA
K

W
E

N
A

 
S

A
N

D
S

T
O

N
E

 F
O

R
M

A
T

IO
N

 

-23.8549 27.6602 

  2.676 3809 10.843 7.640                 

          2.679 4214 10.632 6.381                 

ED71A 2.673 4318 6.820 0.857       211.70 21.30       

ED71B 2.637 4419 4.970 11.188 7.147 10.104 6.454 248.80 54.70 297.70 5.80 43.40 

ED71C 2.628 4444 2.930 0.379       358.50 28.50       

  2.646 4394 4.907 4.141                 

ED72A 2.923 4318 22.000 0.403       109.50 -52.60       

ED72B 3.038 4419 30.100 2.810   0.419 0.000 101.50 -54.90       

ED72C 2.682 5581 7.610 1.257       101.70 -55.60       

ED7 

M
O

G
A

LA
K

W
E

N
A

 
S

A
N

D
S

T
O

N
E

 F
O

R
M

A
T

IO
N

 

-23.8152 27.8601 

  2.881 4773 19.903 1.490                 

          2.763 4583 12.405 2.816                 

EDH1A 2.493   9.410 0.288 0.070 0.137 0.033           

EDH1B 2.467 3509 5.770 0.180                 EDH1 

S
H

A
LE

 

    

EDH1C 2.503 3810 7.420 0.117                 

          2.488 3659 7.533 0.195                 

EDH2A 1.412 905 -0.496 0.038                 

EDH2B 1.378   -0.241 0.019                 EDH2 

C
O

A
L 

    

EDH2C 1.422 977 -0.101 0.032 0.037 -1.422 -1.644           

          1.404 941 -0.279 0.030                 
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APPENDIX C 

Detailed Geology of the Waterberg Supergroup    
 

1 Introduction 

 

The Waterberg Supergroup occupies more than 20000 squared km’s in the Limpopo, 

North-West and Gauteng Provinces and it extends as a thin platform into south-

eastern Botswana (Jansen, 1982).  The beds of the Waterberg group were deposited 

in several intra cratonic basins on the Transvaal craton about 1800 mya. The main 

basin is composed of two overlapping portions known as the early and late 

Waterberg basins respectively (Figure 1). The early Waterberg basin contains the 

Nylstroom protobasin and the Alma trough.  The late Waterberg Basin is represented 

as a single formation, namely the Wilgerivier Formation, in the Cullinan-Middelburg 

basin. 

 
Figure 37:  Regional setting of the Soutpansberg and Waterberg Groups and the Blouberg, Loskop, 
Rust de Winter and Glentig Formations (Barker et al., 2006). 
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The group in the main basin has been divided into the Nylstroom, Matlabas and 

Kransberg subgroups containing in aggregate twelve formations which are 

differentially developed and, in some cases are laterally gradational into one another. 

The Nylstroom subgroup is confined to the early Waterberg basin. The Matlabas 

subgroup forms the middle part of the succession in the main Waterberg basin as 

well as the lower part in the late-Waterberg basin. The Glentig formation occurs at 

the base of the succession and its status is obscure (Jansen, 1982). 

 

The structural pattern of the Waterberg basin developed over a number of phases. 

The formation of the Nylstroom syncline and complementary structures is attributed 

to the late-Bushveld magmatic activity which led to subsidence and updoming of the 

Rooiberg lavas. At the same time block faulting and erosion of the Bushveld granite 

initiated the deposition of coarse immature sediments of the Alma Formation. The 

faults are mainly trending towards the north–east. 

 

The late-Waterberg basin was only subjected to local tension faulting except near 

Blouberg where intense rock faulting occurred. This led to the deposition of the 

arkosic Blouberg beds. The block-fault zone was reactivated and enlarged in post-

Waterberg times with the formation of troughs such as the Lebu trough. Faulting 

continued into the post-Karoo times. 

 

Post-Waterberg deformation reached maximum intensity along the southern margin 

of the Alma trough and was largely superimposed on pre-existing trends, 

transforming the structures into their present outline. Between Thabazimbi and Bela-

Bela, beds of the Transvaal sequence and Bushveld complex granite overrode the 

Waterberg along the Gatkop and Droogekloof thrusts. The intensity of deformation 

decreased rapidly both east and west of the trough.  

 

After this compressional phase a tensional condition obtained during which the entire 

Waterberg basin and adjacent areas were faulted and intruded by diabase (Jansen, 

1982). 
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2 Location and extend of area 

 

The Main Waterberg basin occupies an area of +- 22 000squared Km’s.  The Ellisras 

Basin is situated in the north-west of South Africa (Figure 2), and covers about six (6) 

1:50 000 topographical sheets.  The towns Modimolle, Bela-Bela, Mabatlane, 

Lephalale (Ellisras) and Thabazimbi are situated within this area.  The study area is 

from Thabazimbi in the south towards the international border between South Africa 

and Botswana in the north. 

 

 
Figure 38:  The position of the Waterberg Coalfield and the Ellisras Basin in the north-west of South 
Africa. 
 

 

3 Topography of the Waterberg 

 

In the region occupied by the Waterberg strata the most prominent topographic 

features are the Waterberg plateau in the north, the broad flats and valleys around 

the plateau and the hilly country in the southern portion of the area. 
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The plateau is bounded by steep escarpments formed mainly of thick successions of 

arenaceous beds resistant to erosion such as the Sandriviersberg and Mogalakwena 

Formations of the Waterberg plateau.  The Waterberg plateau displays a regional 

slope to the north, but its central portion is a broad depression underlain by the less 

resistant, partly argillaceous beds of the Vaalwater Formation (Jansen, 1982).  

 

In the northern Waterberg area the isolated Makgabeng plateau is almost entirely 

formed by the Makgabeng formation. Its average height is 1200m above sea level. 

 

In the Waterberg coal field as well as other occurrences of the Karoo succession to 

the east, the strata have been faulted downwards and/ or down folded to less than 

900m above sea level.  

 

North of the Makgabeng plateau Blouberg forms the westward extension of the 

Soutpansberg with an erosional gap in between. Blouberg is an unusually high 

topographic feature, 2051 m above sea level compared to the Waterberg plateau 

towards the south and the Soutpansberg towards the east. 

 

4 Drainage 

 

The drainage of the Waterberg plateau is mainly towards the north and all streams in 

the area are tributaries of the Limpopo River. The major tributaries include the 

Matlabas, Mogol or Mokolo, Palala and Mogalakwena. 

 

5 Geological Formations 

 

The present subdivision of the Waterberg Group is lithostratigraphic and is currently 

shown as follows on the 2326 Ellisras 1:250 000 regional geology sheet, as 

published by the Council for Geoscience (CGS) (Figure 3): 
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Figure 39:  Regional Geology map of the 2326 Ellisras area (after CGS). 
  

5.1 Glentig Formation 

 

This formation comprises a succession of volcanic and sedimentary rocks in the 

northern Swaershoekberge. The succession has been upgraded to a distinct 

stratigraphic unit, because it is not continuous with subdivisions of the Waterberg 

group and is unconformably overlain by the upper portion of the Swaershoek 

formation (Jansen, 1982).  The formation consists of a succession of sedimentary 

rocks (120m-150m in thickness), overlain by quartz porphyry flows (up to 450 in 

thickness). The outcrop width is less than 1km because of a steep regional dip. 

 

The formation’s lower boundary is a disconformable contact with the Rooiberg lavas. 

The formation’s upper boundary is at a low-angle, but conspicuously between quartz 

porphyry and basal trachyte of the Swaershoek formation, or between sedimentary 

rocks and trachyte. The contact between the porphyry and the trachyte is sharp 

without signs of an intrusive or contact metamorphic relationship. 

 

This formation is intersected by numerous faults and the quartz porphyry and the 

underlying sedimentary rocks are moderately to intensely sheared. 
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The Siltstone, mudstone and shale vary in colour from dark red to purple argillaceous 

sediments, which are difficult to distinguish from the sheared, altered lavas. They 

display a layered or banded texture in thin section. 

 

The Sandstone is a fine to medium grained layer, and occurs in the basal beds on 

the farm Zuikerboschfontein.  It attains a thickness of 20m. It consists of rounded to 

very angular quartz grains iron oxides and some fragments in a matrix consisting of 

sericite, fine grained quartz and iron oxides.  

 

The Lava is very difficult to distinguish, due to a very high degree of shearing and 

alteration.  The Lava is also interbedded with the Siltstone. 

 

The conglomerate is a felsitic cobble conglomerate and contains pebbles of Chert, 

Sandstone or Quartzite (Coetzee, 1969).  

 

The Quartz porphyry is greyish in colour with visible quartz and feldspar phenocrysts. 

Sediments underlying the quartz porphyry do not show any evidence of contact 

metamorphism. 

 

5.2 Swaershoek Sandstone Formation 

 

This formation is a predominantly arenaceous succession consisting of sandstone, 

locally with interbedded shale, siltstone, pebble and boulder conglomerate as well as 

trachytic lavas. It is named after the Swaershoekberge which occurs on the southern 

and northern slopes (Jansen, 1982) .This formation is distinguished from underlying 

rocks by its siliclastic nature (Callaghan, 1993).  

 

In the formation basal shale is overlain by conglomerate followed by sandstone 

containing interbedded trachytic lava and shale, and conglomerate on the top. There 

is considerable variation in the succession from place to place. On the northern slope 

of the Swaershoekberge only the upper portion of the succession is developed.  The 

oldest Swaershoek beds are developed in the north-west portion of the Nylstroom 

syncline. The lowermost beds measure approximately 130m in thickness.  
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The complete Swaershoek succession in the Nylstroom syncline overlies the 

Rooiberg group with a disconformity. However, to the north only the upper portion is 

developed and it unconformibly overlies the Rooiberg lavas and locally also Bushveld 

Complex granite. In the Swaershoekberge the contact between the Swaershoek 

Formation and the underlying Glentig formation is also unconformable and of a low 

angle (Jansen, 1982). 

 

From south to north, the Swaershoek Formation transgresses on to the Rooiberg 

Group of the Swaershoekberge. This is well illustrated by a persistent trachyte flow, 

which occurs at the base of the upper portion of the Swaershoek formation on the 

northern slope.  

 

The upper boundary of the Swaershoek formation is as a rule conformable with the 

Alma Formation and is frequently defined by a pebble conglomerate about 5m thick, 

at the top of the Swaershoek formation (De Vries, 1969).  At the base of the Alma 

formation conglomeratic beds are locally also developed, but much less persistently.  

 

In the western portion of the Nylstroom syncline conglomeratic beds are not 

developed on the boundary of the Swaershoek and Alma Formations. Here the 

relationship is transitional. 

 

The Swaershoek and Wilgerivier formations represent the oldest Waterberg 

subdivisions.  The complete succession is only developed in the Nylstroom syncline, 

were it has a maximum thickness of 2500m (Jansen, 1982). 

 

The bedded Sandstone is massive.  It is medium to coarse grained. It is reddish to 

brown or purple due to the presence of iron oxides. Gritty layers and pebble washes 

are common particularly in the lower parts of the succession (Jansen, 1982). Ripple 

marks and small-scale through-type cross bedding are also common (De Vries, 

1969).  The Quartzitic Sandstone is locally distributed and occurs mainly in the basal 

portion of the succession. 
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The Conglomerate and Breccia vary from small-pebble to boulder conglomerates. In 

the Nylstroom syncline the Swaershoek succession is complete and conglomerates 

occur mainly in its lower portion.  

 

Along the northern slope of the Swaershoekberge, only the upper part of the 

Swaershoek formation is developed and, in contrast to the corresponding strata in 

the Nylstroom syncline is locally very rich in conglomerates. In the northern 

Swaershoekberge conglomeratic zones reach a maximum thickness of 250m, but to 

the east they decrease rapidly both in number and in thickness (Jansen, 1982).  In 

the Hoekberge, conglomerates are also well developed, in particular east of the 

Donkerpoort fault which was active during deposition (Meinster, 1974). Along this 

fault almost the entire succession consists of boulder conglomerates. 

 

The most common components of conglomerates in the Swaershoek formation are 

pebbles of Rooiberg lava, quartz and varying proportions of several types of 

sandstone and quartzite. 

 

 Breccias are more limited in distribution. Matrix and fragments of the lava breccias 

consists mainly of material derived from the Rooiberg lavas. The basal Swaershoek 

beds in the Swaershoekberge grade locally into Rooiberg lavas via reworked lava 

material, several metres thick. 

 

The Shale and Siltstone occur as argillaceous intercalations in Sandstone beds and 

are generally only a few cm’s thick, but may reach 250m. The  argillaceous beds are 

locally developed on the basal contact with Rooiberg lavas and frequently associated 

with basal trachytic lavas and conglomerates.  These rocks are commonly dark 

purple to grey and occasionally reddish or brown.  

 

The trachytic lavas (Volcanics) are easily overlooked in the field, because they 

weather more easily than the arenaceous rocks surrounding them.  The lavas have in 

general been subjected to intense hydrothermal alteration, with the result that their 

original composition cannot be determined. One persistent flow forms the boundary 

between the lower and the upper portions of the Swaershoek Formation. 
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These lavas are well developed in the upper portion on the northern slope of the 

Swaershoekberge but along the southern limb of the Nylstroom syncline the flows 

become lenticular to the east along the strike of continuously outcropping sandstone 

beds, and further to the east they are not developed at all.  The trachytic flows are on 

average between 10 and 30 m thick. The lavas grade locally into agglomeratic or 

pyroclastic rocks. 

 

The sediments of the Swaershoek formation is predominantly shallow water deposits 

and partly reworked fluvial and scree deposits.  The conglomerates are partly fluvial 

and reworked under littoral conditions. Their deposition was also controlled by 

irregular pre-Waterberg topography, rejuvenated by contemporaneous block faulting 

in the Swaershoekberge area and near Gatkop. Block faulting took place mainly 

during the deposition of the upper part of the formation.  However; the fault 

intersecting the Loubad anticline was already active during the deposition of the 

lower portion (Du Plessis, 1972). The deposition of sediments in the lowermost beds 

took place under chaotic conditions such as rapidly alternating erosion and 

deposition, slumping and drag (Jansen, 1982). 

 

The lower part of the Swaershoek Formation is confined to the Nylstroom protobasin 

(Jansen, 1982).  The upper part transgresses beyond the Nylstroom syncline onto 

the Rooiberg group, the Glentig formation and locally also the Bushveld complex 

granite. Thus, the Swaershoek Formation is partly of late Bushveld age and partly of 

post-Bushveld age. (Marè, 2006) 

 

5.3 The Alma Greywacke Formation 

 

This formation is a succession of predominantly arenaceous feldspathic rocks which 

are partly gritty or conglomeratic. In the middle portion argillaceous rocks can be 

found.   In the stratotype the lower part is composed of greenish feldspathic 

greywacke, which is overlain by alternating feldspathic and micaceous sandstones. 

The middle portion consists of dark purple coloured partly argillaceous beds and can 

be up to 250m thick. The upper portion starts with alternating feldspathic 

conglomerate, grit and sandstone, followed by dark brown to purple, partly 
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feldspathic grit to the top (Jansen, 1982).  In the Nylstroom syncline the formation 

consists of fine grained yellowish, pinkish purplish or greyish feldspathic sandstone. 

 

The lower boundary of the Alma Formation is in general a conformable contact with 

the Swaershoek formation. Around Gatkop this contact is locally an unconformity, the 

Swaershoek beds having been faulted and eroded prior to deposition of the basal 

Alma beds which consequently transgress on to Bushveld granite on the eastern 

slope of Gatkop. 

 

The upper boundary of the Alma formation is a conformable contact with the 

Skilpadkop formation along the Waterberg plateau and locally also transitional where 

the uppermost Alma beds are poor in Feldspar. 

 

The Alma formation is confined to the early Waterberg basin and has no known 

correlates in other areas.  Maximum thickness of 3000m is reached around Alma and 

decreases from there in all directions. The thickness also decreases to the north 

along the western boundary of the through north of Thabazimbi and along the 

eastern boundary of the through of the Sterkrivier Formation.  The centre of 

subsidence of the early Waterberg basin shifted from Modimolle, during deposition of 

the Swaershoek beds, to Alma when the Alma beds were deposited (Jansen, 1982). 

 

The Sandstone, grit and feldspathic Sandstone are generally poorly exposed and 

consist of Coarse grained and light purple Sandstone with numerous sub angular 

fragments of jasper and white Chert. Gritty layers and pebble washes of sub angular 

fragments mainly of brown Rooiberg lavas occur at several levels. The approximate 

thickness is 100m. 

 

Fine grained and light brownish sandstone with pebble washes and a few dark 

reddish brown silty layers with approximate thickness of 200m are also present. 

Fragments in pebble washes consist largely of lava and jasper.  Further occurrences 

include light greenish grey, fine grained, feldspathic sandstone with detrital mica and 

small angular fragments of dark greenish siltstone and an approximate thickness of 

375m.  
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Associated with the purple beds of the middle portion of the succession are distinct 

types of sandstone. The purple beds consist of alternating siltstone, mudstone, 

sandstone and grit. They are very resistant to weathering. 

 

The Siltstone and Mudstone argillaceous beds in the Alma formation are confined to 

the purple beds in the middle of this succession.  The feldspathic Sandstone grades 

into the feldspathic greywacke which is greenish to greyish in colour. The bedding 

varies in thickness between 30cm and 100cm. 

 

In the basal beds of the Alma formation, conglomerates with little or no feldspar 

occur. These conglomerates are less common than the feldspathic Conglomerates 

(Jansen, 1982).  The main occurrences of these rocks are around Gatkop with 

maximum thickness in this area estimated between 1000 and 1500m, decreasing to 

the east.  

 

Away from Gatkop, the conglomeratic feldspathic grit is well bedded with beds 

varying in thickness between 20 and 250cm.  The feldspar content of the grit and the 

matrix of the conglomerate vary to a large extent. 

The upper part of the Alma formation north of Gatkop consists of reddish grit and 

arcose. The bedding is not pronounced, with individual beds varying between 1 and 

5m in thickness. Cross bedding is well developed and the arcose locally displays 

pronounced exfoliation (Jansen, 1982). 

 

The feldspars in the sediments were derived from Bushveld Complex Granite 

immediately south of the of the Alma trough. In the eastern part of the trough, the 

feldspar content decreases and Chert fragments increase in number. Therefore, the 

main source of the sediments of the Alma and Sterkrivier Formations in the eastern 

portion was most likely the Transvaal Sequence and Rooiberg lavas. 

 

One of the most important sediment logical features of the Alma Formation is the 

gradation of all subdivisions north and east of Gatkop into conglomeratic feldspathic 

grit (Meister, 1974). Boulder beds are particularly well developed near a large thrust 

of granite on to Waterberg beds, known as the Buffelshoek thrust. This type of 

deposit indicates that vigorous erosion of an irregular topography in Alma times 
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composed predominantly of granite hills.  If this granitic source area had not existed, 

the Alma beds would have been lithologically very similar to the Swaershoek and 

Skilpadkop beds. 

 

 5.4 The Sterkrivier Sandstone Formation 

 

This formation is generally monotonous, consisting of medium- to coarse-grained, 

often gritty, and brown to dark purple sandstone with chert fragments.  The upper 

part of the formation is in general poorly exposed and the stratotype is composite. 

 

The basal portion of the Sterkrivier Formation consists of different types of 

Sandstone, grit, Conglomerate, brecciated Rooiberg lava, argillaceous rocks and 

trachytic lava.  In the area around the Sterkrivier Dam and to the east the lowermost 

beds are irregular in distribution and are similar to those of the Swaershoek 

Formation to the west. 

 

The Sterkrivier formation overlies Rooiberg Lavas and Bushveld Granite and 

Granophyre unconformably. The poorly exposed upper boundary is a conformable 

contact with the conglomerate beds of the Skilpadkop Formation, but in the northern 

direction the contact grades into an unconformable one. Around Swartkop the 

Sterkrivier formation is immediately overlain by the Makgabeng Formation, which 

consists essentially of medium-grained sandstone. Further northwards the Sterkrivier 

Formation wedges out and the Makgabeng Formation transgresses on to Rooiberg 

lavas, and finally on to Bushveld granite. The unconformity is one of the largest in the 

entire Waterberg succession, and it also determines the northern boundary of the 

Alma trough in this area. 

 

The formation is confined to the eastern portion of the Alma trough. Westwards it 

grades laterally into the Swaershoek and Alma Formations. The thickness of the 

formation in the vicinity of the rather arbitrary division is approximately 1500m , but it 

decreases suddenly , to approximately 500m to the north east near Sterkrivier Dam. 

Near the dividing line, the lower 200 to 300m of the succession corresponds to the 

Swaershoek Formation. The Remaining 1200m correspond to the Alma formation. 
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The major component of the succession is Sandstone (Jansen, 1982). Individual 

beds measure between 30 and 100cm in thickness and display cross bedding that 

possibly has been deformed (Meister, 1970). In the basal portion conglomeratic and 

pebble beds are well developed. Concentrations of heavy minerals in the sandstone 

are not uncommon.  

  

The Conglomerates are compositionally similar to those of the Swaershoek 

Formation. Generally the pebbles towards the base are mainly composed of 

Rooiberg Lavas, higher up in the succession they consist of white Quartz, Quartzite 

Rooiberg Lava, banded Ironstone and Chert (Jansen, 1982). 

 

Shale mudstone and siltstone sediments are confined to a comparatively small area 

where the Sterkrivier Formation unconformably overlies the Bushveld Complex 

Granite. In this area, the basal beds are devoid of conglomerates and the granite is 

overlain by sandstone or siltstone and shale. 

 

Along the South-Western slope of the Makapansberg scattered outcrops of altered 

lava occur. The lavas and associated argillaceous sediments form a thin but 

persistent zone at the base of the Sterkrivier Formation. 

 

The Sterkrivier formation was laid down in the eastern part of the Alma trough. 

Superimposing of current directions would seem to indicate deposition by tidal 

currents near beaches.  The source areas of the eastern part of the Alma trough, in 

which the Sterkrivier formation was laid down, were mainly occupied by the Rooiberg 

group and the Transvaal sequence (Jansen, 1982). 

 

5.5  The Skilpadkop Formation 

 

This is predominantly a coarse arenaceous succession which forms the basal portion 

of the Matlabas subgroup. It consists of alternating gritty sandstone, grit as well as 

conglomerate. In the lower escarpment of the south-western Waterberg plateau it 

attains a height of 1792 m above sea level on Skilpadkop. Around Skilpadkop the 

middle portion is mainly conglomeratic and the lower and upper portions are 

predominantly gritty.  
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To the west and the north the rocks are predominantly sandstone and grit with one 

persistent conglomerate band at the top. This band can be followed intermittently to 

the north as far as Matlabas. Along the south-western escarpment a fine-grained 

whitish to yellowish sandstone forms at the top with a persistent pebble conglomerate 

at the base.  

 

The main distinguishing feature between the Alma and Skilpadkop Formations is the 

presence of feldspar in the Alma formation or the absence thereof in the Skilpadkop 

formation. This no longer applies to the north-west. However fine-grained feldspathic 

sediments do not occur in the Skilpadkop Formation except close to the base. The 

lower contact of the Skilpadkop Formation is conformable with and locally transitional 

into the Alma formation along the southern escarpment of the plateau.  The contact 

with the pre-Waterberg formations west of Matlabas however, is unconformable 

(Jansen, 1982). 

 

The upper contact is predominantly a conformable contact with the Aasvoelkop or 

Makgabeng Formations, but both of these transgress on to older rocks where the 

Skilpadkop Formation wedges out. 

 

The Skilpadkop formation mainly developed along the southern and western 

escarpments of the Waterberg plateau and in the flat country in a westerly direction.  

The thickness usually varies between 450 and 600m but to the east and west it 

decreases.  

 

The sandstone is coarse-grained and thick bedded to massive and reddish purple to 

purplish brown coloured. A small scale cross bedding is rendered conspicuous by 

dark-coloured laminae. The Sandstone is also poorly sorted and strongly fine 

skewed.  

 

The fine-grained whitish to yellowish Sandstone along the south-western escarpment 

reaches a maximum thickness of 180m. The Sandstone is thick bedded to massive 

with a locally well developed large scale planar type of cross bedding.  
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The pebble Conglomerate at the base is similar to the basal Conglomerates in the 

Swaershoek Formation. The pebbles consist mainly of Rooiberg lava, chert, jasper 

and banded ironstone. Higher up in the succession they attain boulder size and 

quartz and sandstone become prominent constituents. 

 

The granite breccia immediately overlies the Achaean granite and is probably 

irregular in distribution. The granite breccia grades into dark red to brick red arcose. 

 

The beds of the Skilpadkop Formation were deposited in a broad, shallow basin with 

a relatively low rate of subsidence which affected much larger areas than previous 

subsidence confined to the Alma trough.  The mature whitish to yellowish sandstone 

at the top of the formation may represent dune deposits similar to the beds of the 

Makgabeng Formation. 

 

5.6  The Setlaole Formation 

 

This formation is an essentially gritty arenaceous succession which is lithologically 

similar to the Skilpadkop Formation but it contains additional rock types.  There is a 

main occurrence along the eastern escarpment of the Makgabeng plateau and 

another main occurrence to the west and around the Bushveld Complex at Villa 

Nora.  

 

The basal beds are only sporadically developed. They consist of black tuff and 

tuffaceous mudstone, locally overlain by a dark bluish pellet conglomerate. The bulk 

of the succession is composed of dark brown or purple gritty sandstone, grit and 

conglomeratic grit with intercalations of feldspathic grit, arcose, horizontally 

laminated, fine- to medium grained sandstone, tuff and tuffaceous mudstone. The 

uppermost beds are transitional into the Makgabeng Formation sandstone and are 

comparatively fine grained. 

 

In the western occurrence tuffaceous rocks are absent and the only intercalations are 

composed of laminated sandstone, conglomerate and mudstone.  The lower 

boundary of this formation is unconformable with the rocks of the Limpopo belt and 

the Bushveld Complex.  
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The upper boundary is a transitional conformable contact with the Makgabeng 

Formation. The transition beds are slightly feldspathic. 

 

The Setlaole Formation occurs at the base of the Waterberg succession in the north 

eastern portion of the late-Waterberg basin.   The thickness in the eastern 

occurrence is approximately 450m and in the western occurrence probably a little 

less. 

 

The Sandstone, grit and conglomeratic grit are coarse grained, slightly feldspathic 

and locally micaceous. They are also well bedded; the beds 20 to 100cm thick and 

displaying medium-scale trough-type cross bedding. The dark matrix may be partly 

tuffaceous. Generally all these rocks weather easily (Jansen, 1982). 

 

Feldspathic sandstone, feldspathic conglomeratic grit and arcose, frequently contain 

deformed orthoclase. The finer grained varieties display horizontal laminae and are 

composed predominantly of quartz grains and thin bands of haematite. 

 

The Mudstone, siltstone, tuff and ignimbrite, in the eastern occurrence of the Setlaole 

Formation, are very fine black rocks form the base (Ngwepe Tuff Member). They can 

be followed a distance of less than 3km and reach a maximum thickness between 5 

and 7 m. 

 

The depositional conditions of the Setlaole formation were very similar to those of the 

Skilpadkop Formation, both being transgressive and having been laid down during 

the initiation of the late Waterberg succession (Jansen, 1982). 

 

5.7 The Aasvoëlkop Formation 

 

The Aasvoëlkop Formation represents the upper part of the Matlabas Subgroup. The 

lower beds are mainly argillaceous and the upper ones arenaceous. The upper 

arenaceous portion starts with a thin conglomerate layer at the base, about 1,5m in 

thickness. The overlying beds are different types of sandstone and siltstone. Towards 

the top of the succession it becomes more arenaceous and consists of fine-grained 
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whitish or yellowish sandstone with intercalations of siltstone which decrease in 

number and thickness. 

 

The Sandstone finally becomes coarser grained and grades into the sandstone of the 

Sandriviersberg Formation. 

 

The lower contact may be sharp or transitional but is conformable with the 

Skilpadkop Formation. Where the Skilpadkop Formation wedges out, the Aasvoëlkop 

Formation directly overlies Achaean granite. A conformable transitional contact with 

the Sandrivier formation forms the upper boundary of the Aasvoëlkop Formation. In 

the easterly direction, along the southern escarpment the beds become more 

arenaceous and the formation grades laterally into the Makgabeng Formation. 

 

The distribution of the Aasvoëlkop Formation is similar to that of the Skilpadkop 

Formation except west of Matlabas where the Skilpadkop Formation is absent.  

 

This formation extent into Botswana where it occupies a large area around the 

Notwaki River (Jansen, 1982).  Here it is subdivided into a “Lower” and an “Upper” 

series (Jones, 1968). The “Lower” series can be correlated with the Skilpadkop 

Formation and the “Upper” series with the Aasvoëlkop Formation.  The Aasvoëlkop 

Formation in the western portion of the late-Waterberg basin is between 500 and 

600m thick. 

 

Shale, mudstone and siltstone are in general well bedded or layered, except for one 

type of siltstone or mudstone in the lower portion which is poorly bedded, jointed, 

spotted and locally riddled with cavities.  Ripple marks, mud cracks and imprints of 

rain drops are commonly found in these rocks (De Vries, 1969). 

 

In the upper potion of the succession the sandstone is partly feldspathic, micaceous 

or ferruginous with gritty and conglomeratic layers and layers with siltstone pellets. 

(Jansen,1982).  Linguoid or cuspate ripple marks are common and locally small ones 

are superimposed on larger ripples (De Vries, 1973). 
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The feldspathic sandstone along the Limpopo River consists of poorly sorted and 

poorly rounded quartz grains, feldspars jasper, chert, mica and iron oxides. At the top 

light coloured sandstone consist of well-sorted well-rounded quartz grains plus 

colourless feldspar and chert but red feldspar, red jasper and detrital micas are 

absent (Jansen, 1982). 

  

The mainly fine-grained sediments of the Aasvoëlkop Formation were laid down in a 

large inland basin on a stable platform under shallow-water conditions. An 

intermittent supply of coarser detritus led to deposition of   unsorted, partly 

feldspathic sediments.  The cavity bearing argillaceous rocks are probably of volcanic 

origin. 

 

5.8 The Makgebeng Sandstone Formation 

 

The Makgebeng Formation is represented by a succession of largely fine- to 

medium- grained sandstones. It occupies the north eastern portion of the late-

Waterberg basin.  The stratotype section of the formation across the escarpment 

consists of a monotonous succession of fine-to medium-grained, light coloured 

sandstone. In areas where the Makgabeng Formation transgresses on to Bushveld 

granite, conglomerate and breccia is developed. Argillaceous rocks appear in the 

succession were the succession grades into the Aasvoelkop Formation. 

 

The lower contact is conformable and transitional into the Setlaole Formation. Where 

the Setlaole Formation does not crop out the Makgabeng Formation probably 

transgresses on to the Limpopo belt, the Bushveld Complex and the sedimentary 

rocks of the Koedoesrand (Jansen, 1982). 

 

The upper boundary is transitional and conformable with the Mogalakwena 

Formation, but north of the Makgabeng plateau the Makgabeng formation wedges 

out due to a low-angle unconformity or disconformity with the Mogalakwena 

Formation. 
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This formation is confined to the north-eastern part of the late-Waterberg basin.  The 

thickness of the formation varies considerably and reaches a maximum of 1200m 

south-east if Steilloopbrug. 

 

The typical sandstone is fine to medium grained and light yellowish, pinkish or whitish 

in colour. Thin laminations varying fro less than 1mm to 2cm in thickness gives the 

rock a flagstone appearance. A characteristic feature is large-scale planar cross 

bedding. Ripple marks occur on a minor scale. 

 

Thin mudstone lenses measuring from a few centimetres to a few metres in width 

rarely occur in the succession. The frequency and thickness of these intercalations 

increase in the areas where the Makgabeng formation grades into the Aasvoëlkop 

Formation. 

 

Where the Makgabeng Formation transgresses on to pre Waterberg formations south 

of the Makgabeng area, lenticular beds of conglomerate and breccia are locally 

developed.   

 

The Makgabeng sandstones were concluded to be most likely sand in the shape of 

transverse dunes and possibly barchan dunes and of aeolian origin.  In the transition 

zone with the Aasvoelkop Formation the sandstone beds are more likely shallow 

water deposits. 

 

5.9 The Sandriviersberg Sandstone Formation 

 

The Sandriviersberg Formation is the lower portion of the Kransberg Subgroup. It 

consists almost entirely of coarse grained sandstone. The Sandrivier Formation 

occupies the Sandriviersberg and the Kransberg areas of the Waterberg plateau and 

underlies younger formations in the centre of the plateau. 

 

The Sandriviersberg Formation is transitional into the Aasvoëlkop Formation at its 

base. The upper boundary is a conformable contact with the Cleremont Formation. 

To the north and east the Sandriviersberg formation grades laterally into the 

Mogalakwena Formation.  
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This formation is confined to the southern and western portions of the late-Waterberg 

basin.  The thickness is almost constant throughout at about 1250m. 

 

The dominant sandstones are coarse grained or gritty and light yellowish coloured. 

The sandstone forms cross-bedded units of up to a metre across and about 20cm 

thick. The cross bedding is well developed. It is rendered by thin, dark brown or 

purple to black laminae. The rocks are strongly jointed and broken. 

 

The sedimentary origin of this formation is strongly linked with that of the sandstone 

and conglomerate of the Mogalakwena Formation.  The Sandriviersberg Formation is 

most likely of fluvial origin (Tickell, 1975). Continuous subsidence must have taken 

place, because there was an accumulation of 1250 to 1500m of lithologically uniform 

sediments in both the Mogalakwena and the Sandriviersberg Formations (Jansen, 

1982). 

 

5.10 The Mogalakwena Conglomerate Formation 

 

This formation is represented by beds of coarse-grained sandstone, grit, 

conglomerate and shale. The shale, however, does not crop out and is only revealed 

in borehole cores.  The Stratotype, which includes three conglomerate members, is a 

composite or generalized stratotype (Jansen, 1982). 

 

The conglomerates are subordinate in volume to the sandstone, but their 

development is on a larger scale than in most other Waterberg formations and at 

least comparable with that of conglomerates in the Swaershoek and Skilpadkop 

Formations. These conglomerates occur at various successions and vary in 

persistency and in coarseness from small pebble conglomerate to boulder 

conglomerate. They are grouped in to three main zones or members all of which are 

100 to 150 m in thickness.  

 

The lower boundary of the Mogalakwena Formation is a conformable contact with the 

Makgabeng Formation which is transitional over a 20-m zone. Towards Blouberg 

however the lower contact is a disconformity or low-angle unconformity and, where 
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the underlying Makgabeng Formation wedges out, the Mogalakwena Formation 

unconformibly overlies the metamorphic rocks of the Limpopo Belt. The upper 

boundary is a transitional conformable contact with the Cleremont Formation. The 

transitional again measures 20m in thickness. To the south and south-west, the 

Mogalakwena Formation grades into the Sandriviersberg formation which is devoid of 

conglomerate beds.  

 

The Mogalakwena Formation occupies the northern, central, eastern and north 

western portions of the late Waterberg basin. Its thickness is between 1250 and 1500 

m, but north of Steilloopbrug it is reduced by erosion to approximately 120 m. 

(Jansen, 1982) 

 

Sandstone and grit are purplish brown with light pinkish brown patches and, therefore 

differ in appearance from the light yellowish sandstone of the Sandriviersberg 

Formation. Slightly irregular dark laminae consisting of concentrations of iron oxides 

make cross bedding more conspicuous.   

 

Through-type cross bedding is very prominent whereas other types of cross bedding 

and ripple marks are absent. The troughs vary in dimensions. The cross-bedded sets 

form larger units 1m to 3m in thickness.  

 

Conglomerate beds form zones within the sandstone succession. Individual beds 

vary in thickness from a single pebble layer up to 5m, but on average they are 3m 

thick. In general they are persistent for large distances and they have a sheet-like 

form. The conglomerate is devoid of internal sedimentary structures such as cross-

bedding, ripple marks and channel structures .However, coarse conglomerates grade 

laterally and vertically into finer types and may, therefore, represent fillings of stream 

gullies.  The pebbles in the conglomerate ate rounded to well rounded and has a high 

sphericity (Jansen, 1982). 

 

The shale is strongly recrystallized with irregular quartz grains scattered in a matrix of 

fine greenish sericite and coarser muscovite, which display a wavy foliation around 

the grains. 
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The sedimentary rocks of the Mogalakwena Formation are composed mainly of 

coarse clastic material of which the Limpopo belt was the main source area (Jansen, 

1982).  

 

A type of cyclic sedimentation throughout the formation is illustrated by the repetition 

of deposition of a unit of cross-bedded sandstone, a hiatus in which clay was 

occasionally laid down followed by deposition of another sandstone unit (Jansen, 

1982). The sediments may have been accumulated as a result of periodic influxes of 

detritus or by periodic uplifts in the source areas (Tickell, 1975). The origin of the 

sediments is mainly fluvial. The continuously subsiding basin was most likely fed by 

systems of braided streams which were responsible for the drainage of strongly 

uplifted portions of the Limpopo belt (Jansen, 1982). 

 

5.11 The Cleremont sandstone Formation 

 

The Cleremont Formation constitutes the middle portion of the Kransberg subgroup. 

Although its thickness is considerably less than that of the Sandriviersberg, 

Mogalakwena and Vaalwater Formations, it represents a very distinct lithological unit 

comprised of very coarse-grained white sandstone and grit.  The Cleremont 

Formation overlies the Sandriviersberg and Mogalakwena Formations and does not 

change in lithology in the transitional zone between them. 

 

The lower boundary is in general a conformable contact with the Sandriviersberg and 

Mogalakwena Formations, transitional over a zone approximately 20m.  The upper 

boundary is a conformable contact with the Vaalwater Formation (Jansen, 1982). 

 

The Cleremont Formation occupies the central portion of the Waterberg plateau. The 

thickness of this formation is almost constant at approximately 125m.  

 

The sandstone is mainly composed of quartz grains with some sericitic matrix. A few 

black laminae can be found which chiefly consists of grains of black iron oxide. The 

sandstone displays large-scale, planar-type cross bedding, which is locally deformed 

and is not confined to a particular horizon.  The quartz grains are well rounded. 
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The coarse sand of from which the sandstone was formed, formed by diagenesis and 

cementation. It represents strongly reworked material consisting almost entirely of 

white quartz grains. The main source rocks were probably coarse metaquartzite, vein 

quartz and granitic rocks in the Limpopo belt. The Cleremont Formation may 

represent a transitional phase between the development of large alluvial plains with 

predominantly coarse-grained fluvial deposits and an inland basin with predominantly 

fine-grained shallow water deposits.  

 

5.12 The Vaalwater Formation 

 

The Vaalwater formation represents the uppermost portion of the Kransberg 

Subgroup, and therefore also of the entire Waterberg succession. The Formation 

consist mainly of predominantly fine-grained argillaceous, arenaceous and 

feldspathic sediments. The basal beds consists of whitish, light reddish or light 

yellowish fine-to medium grained indurated sandstone containing fragments of 

Rooiberg lavas and feldspars. The overlaying strata consist of alternating shaly and 

sandy rocks, with siltstone predominating at or near the top of the succession 

(Jansen, 1982).  The argillaceous intercalations comprise greenish grey, yellow-

brown, light grey, pink and light yellow coloured types. 

 

The Vaalwater Formation displays a wide variety of sedimentary structures. These 

include very large-scale, through-type cross bedding which is common in the 

sandstone. The beds are composite and consist of cross-bedded units which are 

generally only partly preserved.  

 

The lower boundary of the Vaalwater Formation is a conformable contact with the 

Cleremont Formation. The formation is not overlain by younger formations apart from 

an outlier, probably of Karoo age, near Sanddrif east of Mabatlane.  

 

This formation occupies the central portion of the Waterberg plateau and the late-

Waterberg basin. The maximum thickness is 475m near Visgat and Dorset, north of 

Mabatlane. 
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The sandstone is fine–grained and feldspathic.  The siltstone is composed of sub 

angular and poorly rounded grains of quartz, sericite, feldspars and zircon (Jansen, 

1982). 

 

The sedimentary structures of the Vaalwater beds and the joint occurrence of 

argillaceous and fine-grained immature sediments can possibly be attributed to 

deposition under shallow-water conditions in a slowly subsiding inland basin with 

intermittent influx of detritus from nearby source areas. Rocks of the Bushveld 

Complex and probably older Waterberg Formations were eroded in the source areas. 

The late-Waterberg basin was most likely a small inland basin during its final stage of 

evolution and entirely isolated from the developing Soutpansberg through (Jansen, 

1982). 

 

5.13 The Blouberg Formation 

 

The Blouberg area is cut by numerous faults which were reactivated during a long 

interval of time. The members of the Blouberg Formation were laid down in this 

block-fault zone, mainly on negative fault blocks and partly in isolated basins. 

Therefore, the formation varies considerably in its lithology. In contrast to other 

Waterberg successions and the Soutpansberg succession it does not represent a 

continuous succession.  

 

The only direct stratigraphic relationships in the Blouberg area are as follows: 

 

1) The Wyllies Poort Formation (which is the middle portion of the Soutpansberg 

succession) unconformably overlies some members of the Blouberg Formation and 

also the basement. 

 

2) The Sesalong Conglomerate Member, which forms the base of the Mogalakwena 

Formation of late-Waterberg age, unconformibly overlies some members of the 

Blouberg formation and locally the basement. 

 

3) Members of the Blouberg Formation unconformibly overlie the basement. 
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The Soutpansberg succession is not developed between the basement and the 

Waterberg succession, or on top of the latter. The Waterberg and Soutpansberg in 

the Blouberg area do not represent complete successions. Subdivisions of early 

Waterberg age and of very late Waterberg age are not developed. Of the 

Soutpansberg succession only the middle portion is represented. 

 

The members of the Blouberg Formation form scattered occurrences on the lower 

slopes and foothills of the Blouberg Mountain. On the southern slopes of Blouberg, 

the members are predominantly feldspathic, on the northern slopes predominantly 

non-feldspathic and partly volcanic (Jansen, 1982). 

 

5.14 Members of the Blouberg Formation 

 

5.14.1 The Basehla Arcose Breccia Member 

 

This member represents the most immature type of sedimentary rock in the Blouberg 

Formation. The beds are made up of coarse arkosic grit and conglomerate or breccia 

with large scale through cross bedding. The basal beds are composed of variegated 

mudstone and are siltstone rich in detrital micas (Jansen, 1982). 

 

The Basehla beds unconformibly overlie the basement and are, in turn, 

unconformibly overlain by the Sesalong Conglomerate. The thickness of the beds 

varies considerably, from up to 800m west of Manaka to 1200m on Kranskop. 

 

The characteristic features of the arcosic rocks indicate that the coarse immature 

detritus of which they are made was of local provenance and accumulated in deeply 

subsiding depressions or troughs on negative fault blocks. The occurrences of the 

Basehla beds as well as the other feldspathic members are aligned along a portion of 

the Limpopo belt, which was uplifted during and subsequent to their deposition. 

Locally the beds are steeply tilted or overturned with prevailing southward dips and 

unconformibly overlain by the Sesalong boulder conglomerate with low dips. 
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5.14.2 The Manaka Arcose Member 

 

This member consists of a hard, pinkish, evenly and well bedded, slightly 

conglomeratic arcose with intercalations of black or variegated graphitic mudstone or 

siltstone all of which grade into phyllite. The feldspathic beds are 20 to 60 cm thick 

and display medium-scale trough-type cross bedding and characteristically pitted 

weathered surfaces. The minimum thickness of this succession is approximately 150 

m near Manaka (Jansen, 1982). 

 

5.14.3 The Thalalane Feldspathic Sandstone Member 

 

This member consists of greenish grey and purplish, slightly conglomeratic arcose or 

feldspathic sandstone with only one lenticular intercalation of black mudstone or 

siltstone. The arcosic rocks grade into coarse conglomeratic grit, poor in feldspar, 

which is lithologically similar to the grit of the Mmallebogos member (Jansen, 1982). 

 

5.14.4 The Mmallebogos Grit Member 

 

This member forms a ridge of steeply southward-dipping beds and consists of hard, 

dark purple conglomeratic grit poor in feldspar and with two lenticular intercalations of 

variegated mudstone or siltstone. The beds measure between 60 and 250cm in 

thickness and display large-scale through-type cross bedding. The succession 

directly overlies the basement along the northern slope of the ridge. It has a minimum 

of thickness of 400m (Jansen, 1982). 

 

5.14.5 The Mositone Conglomerate Member 

 

The Mositone Conglomerate member crops out directly south of Mositone, where a 

hard conglomeratic grit or conglomerate is unconformably overlain by quartzite of the 

Wyllies Poort Formation (Soutpansberg Group). The beds of the Mositone member 

are strongly faulted and folded. 

 

The conglomerate at Mositone is characterized by white quartz pebbles measuring 

less than 5cm in diameter set in a dark magnetite-bearing matrix. Another 
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conglomeratic type is lighter in colour and contains less magnetite and more sericitic 

matrix. The total thickness of the succession is not known, but is estimated to be 

between 100 and 150m (Jansen, 1982). 

 

5.15.6 The Varedig Sandstone Member 

 

The Varedig Member consists mainly of a dark coloured sandstone or subgraywacke. 

It is overlain by quartzite of the Wyllies Poort Formation along an angular 

unconformity. It is most likely underlain by the Mositone Member. 

 

The sandstone is rich in magnetite-bearing matrix, similar to that of the Mositone 

conglomerate. Medium scale cross bedding is well developed and the thickness of 

the succession is estimated to be between 350 and 450m (Jansen, 1982). 

 

5.14.7 The Semaoko Grit Member 

 

This member consists of a succession of light coloured grits of which the upper 

portion is feldspathic, and the lower portion consists of grit with intercalations of 

medium-grained quartzite. These grits display medium-scale trough-type cross 

bedding which is not pronounced. The thickness of the beds is between 30 and 

200cm.  

 

The Semaoko and My Darling members are closely associated in distribution and are 

probably time equivalents (Jansen, 1982). 

 

5.14.8  The “My Darling” Trachyandesite Member 

 

The My-Darling Member underlies the Soutpansberg succession in graben-like 

structures. It consists predominantly of lavas. These lavas are altered and locally 

contain thin intercalations of mudstone, siltstone and fine-to medium grained 

quartzite. In the Lebu trough the lavas are vary between 500 and 800m in thickness. 
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The altered lava contains red feldspars in voids, fractures and amygdales which 

distinguish it from the lavas in the Soutpansberg succession while small portions not 

subjected to alteration frequently display trachytic and slightly porphyritic textures. 

 

The lavas are probably time equivalents of the Semaoko Grit and slightly younger 

than the Mositone and Varedig Members (Jansen, 1982). 

 

All the members of the Blouberg Formation have one major feature in common, 

namely they are confined to a block-fault zone. However they differ in distribution and 

in time of deposition.   

 

The age of the predominantly feldspathic members on the southern slopes of 

Blouberg which includes the Basehla, Manaka, Thalalane and Mmallebogos 

Members, is most likely middle-Waterberg.  The predominantly non-feldspathic and 

volcanic Mositone Varedig, Semaoko and My Darling Members, are most likely of 

late-Waterberg age. 

 

The deposition of the feldspathic members of the Blouberg formation was controlled 

by contemporaneous block faulting. Relatively small basins or grabens were formed 

on negative blocks directly south of a strongly uplifted positive area which is referred 

to as the “Limpopo rise”  

 

During or after the deposition of the sandstone and grit of the Mogalakwena 

Formation in the main basin, the Limpopo belt west of Blouberg was subjected to 

downwarping and downfaulting. It was in this area that the predominantly non-

feldspathic members were laid down (Jansen, 1982). 

 

6 Intrusive rocks in the Waterberg Basins 

 

The majority of the intrusions in the Waterberg area are of post-Waterberg to pre-

Karoo age and are represented by dykes and sills of diabasic rocks. Exceptions 

include small aplite veins in basal beds of the Sterkrivier Formation, the Glenhover 

intrusion ad the dolerite dykes of post-Karoo age. The last are confined mainly to the 

Blouberg block-fault zone. (Jansen, 1982) 
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6.1  Late Bushveld or early Waterberg Intrusives 

 

Extrusive acid rocks of early Waterberg age are represented by quartz-porphyry 

flows in the lower part of the Swaershoek Formation. Intrusive acid rocks have only 

been found as two small occurrences of aplite at the base of the Sterkrivier 

Formation (Mare, 2006) 

 

6.2  Late to post-Waterberg intrusives 

 

Diabase dykes of post-Waterberg age intersect all subdivisions of the Waterberg 

group, but all were not necessarily emplaced simultaneously (Strauss, 1955). 

 

In the Waterberg most of the intrusions are dykes, but sills predominate in the 

Sterkrivier and Matlabas areas.  Around Matlabas and between Matlabas and the 

Limpopo river diabase sills are of widespread occurrence although very poorly 

exposed. In the Sterkrivier area large cross-cutting sills are intruded on different 

stratigraphic horizons of the Waterberg succession. They are locally irregular in 

shape. The intrusions consist of a quartz poor greyish diabase, a slightly reddish 

granophyric diabase, and dark greyish to reddish granophyre. 

 

Diabase dykes are also of widespread occurrence in the Waterberg area, often 

occupying topographic depressions or rifts in the sandstone of the Mogalakwena, 

Sandriviersberg and Cleremont Formations. 

(Jansen, 1982) 

 

7 Structural Geology of the Waterberg Basins 

 

7.1 Prominent structures in the Waterberg Basins 

 

The Waterberg basins represent large areas of crustal subsidence, which were 

subjected to deformation during different time periods. The late-Waterberg basin 

developed on a relatively stable portion of the crust. There was little or no 

deformation within it and along its rims, except for the Blouberg and Villa Nora areas 

and the area north of the Swaershoekberge. The most unstable parts of the crust 
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underlying or bounding the Waterberg basins were along the Alma trough and in the 

Blouberg area (Jansen, 1982). 

 

Intense deformation locally along the Alma trough produced folding, faulting and 

thrusting in the Waterberg and the underlying successions. The folds are anticlinal, 

synclinal and monoclinal, but in general their axes display a lack of parallelism.  

Overturning of the Waterberg beds along the basin rims occurred mainly in the area 

between Thabazimbi and Gatkop, the Swaershoekberge and the Blouberg area. 

Faulting attained its maximum intensity along and south of the Alma trough. In the 

areas south of Thabazimbi, Gatkop and west of Bela-Bela there was thrusting. Block 

faulting during the deposition of the Waterberg beds mainly affected the Gatkop and 

Blouberg areas as well as the Swaershoekberge. A common feature in all the 

Waterberg basins is tensional, post depositional faulting followed by the intrusion of 

diabase sills and dykes. It represents the only type of deformation in the central 

portion of the late-Waterberg basin of which the Vaalwater fault zone is the most 

prominent structure. 

(Jansen, 1982) 

 

7.2 Structures in the Nylstroom Protobasin 

 

In the Loubad Bela-Bela area, the Loubad anticline consists of a core of Bushveld 

Complex Granite as well as surrounding Rooiberg lavas and Waterberg beds.  The 

lavas are overlain by Waterberg beds with approximately the same strike and dip as 

the agglomeratic and tuffaceous intercalations in the lavas. The southern limb of the 

Loubad anticline is partly faulted out by a large fault which strikes east (Jansen, 

1982). 

 

The Zwartkloof anticline (Kynaston, 1910) displays approximately similar 

relationships between the various formations as the Loubad anticline. The 

Boschpoort fault cuts off the southern limb of the anticline.  In the two anticlines and 

in the area between them there is a conspicuous parallelism between the Bushveld 

Complex granite-Rooiberg contact, the Kwaggasnek-Schrikkloof contact as well as 

the Rooiberg-Waterberg contact.  
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The beds of the Swaershoek Formation dip gently to the east but the dip increases to 

the base of the formation and in the western nose of the Nylstroom syncline.  

 

A prominent structure along the north-western limb of the Nylstroom syncline (along 

the southern limb of the Loubad anticline) is a fault which bounds the Rooiberg lavas 

and the Swaershoek beds. To the west it extends into the Bushveld Complex   

granite whereas to the east it extends into a flexure in the Waterberg beds (Jansen, 

1982). It is a normal fault and it is subvertical with a downthrow to the south (Du 

Plessis, 1972). The fault is also syndepositional (Jansen, 1982). 

  

To the west this fault may be traced as quartz veins and shear zones in the Bushveld 

Granite. In the core of the Loubad anticline, branch faults are represented by two 

north-east-striking faults with downthrows on the north-west. 

 

Other conspicuous faults are developed along the southern limb of the Zwartkloof 

anticline which results in a complex structural pattern (Kynaston, 1909; Du Plessis, 

1972). The southern limb is partly intercepted by the Boschpoort fault, a normal fault 

steeply dipping to the south. The Waterberg beds (Swaershoek formation) however, 

which form a narrow belt on the downthrow side, are overturned. The entire block 

south of the Boschpoort fault is inverted. It consists of Waterberg beds, Rooiberg 

lavas, as well as Bushveld granite and has been overridden by the Droogekloof 

overthrust to the south. To the east the overthrust mass of the Droogekloof overthrust 

consisting of dolomite, banded ironstone, quartzite and schist, has also overridden 

the Boschpoort fault and Rooiberg lavas on the southern limb of the Zwartkloof 

anticline. 

 

The irregular course of the fault line of the Droogekloof overthrust indicates that the 

fault plane dips to the south t a relatively low angle (between 15 and 5 degrees 

according to field evidence). Thrusting was accompanied by extensive folding and 

dyno metamorphic effects in the overthrust mass and also by local deformation I the 

Zwartkloof anticline.   The Zwartkloof anticline and the overthrust mass of the 

Droogekloof overthrust are bounded by a post-Karoo fault zone on the south 

(Jansen, 1982). 
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 In the Modimolle area, between Modimolle and Bela-Bela the core of the Nylstroom 

syncline is occupied by sub horizontal Swaershoek beds. These beds have been 

subjected to very gentle folding (Jansen, 1982). The resulting undulations and the 

largely obscured contact between the Swaershoek and the Alma beds trend at an 

oblique angle towards the south-eastern limb of the Nylstroom syncline, where the 

dip of the Swaershoek beds is subvertical (Jansen, 1969). Where the two trends 

converge, the undulations have been subjected to cross folding and/or tilting. The 

maximum dip of the east-striking undulations is 12 degrees. The dips of the North-

east striking cross folds decrease from vertical to zero away from the southern limb of 

the Nylstroom syncline. The undulations flatten out to the west and consequently no 

cross folding have developed on the western limb. The undulations are 

approximately parallel to the axis of the Nylstroom syncline (Jansen, 1982). 

 

Some transverse faults in the core of the Nylstroom syncline are intruded by diabase; 

faults not intruded by diabase are defined by vein-quartz rubble and quartz-veined 

feldspathic sandstone.  

 

Along the southern limb of the Nylstroom syncline the Swaershoek beds are tilted up 

to the subvertical. The same applies to the Swaershoek beds on the northern limb in 

the eastern potion of the syncline. The northern limb has been subjected to flexuring 

especially where abnormally thick intercalations of argillaceous beds developed. In 

these beds dips are up to vertical in contrast to the arenaceous beds, which average 

35 degrees.  

 

North of Modimolle the northern limb of the Nylstroom syncline is intersected by strike 

faults, step faults and also branch and en echelon faults. This faulting has led to 

duplication of the lower Swaershoek beds with unilateral dip to the south. The 

Swaershoek beds are locally faulted into the Rooiberg lavas. The abnormal thickness 

of the sandstone beds to the south has most likely been caused by strike-fault 

duplication, the approximate position of which is indicated by large quartz-veined 

zones.  

 

To the east, a small syncline in Rooiberg lavas converges into the Nylstroom 

syncline. The core of the small syncline is occupied by Swaershoek beds. Where the 
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small syncline merges with the eastern portion of the Nylstroom syncline, the 

northern limb of the syncline is formed by low-dipping beds with minor folds near 

Rooiberg lavas and by steep-dipping beds with minor folds near the Rooiberg lavas 

and by steep-dipping beds nearer to the core. On the southern limb dips are uniform.  

 

In the eastern nose of the Nylstroom syncline the Swaershoek beds are either 

horizontal or flatly dipping to the west. This indicates a low axial plunge to the west.  

 

On the south, the Nylstroom syncline is bounded by post-Karoo faults. The narrow 

belt of Rooiberg lavas on the south-eastern limb is faulted against Karoo beds and 

lavas along a fault zone which is filled by large quartz veins. A parallel fault strikes 

between Buyskop and Swaershoek beds to the north. A large north-north-east 

striking fault of post Karoo age west of Mookgopong extends into a small syncline on 

Naauwpoort 518KR where it displaces Rooiberg lavas and Swaershoek beds.  

(Jansen, 1982) 

 

7.3 Structures in the Alma trough 

 

Deformation of the Waterberg sequence reached its maximum intensity along the 

southern margin of the Alma trough. The deformation is characterized by block 

faulting, thrusting and steep tilting of the Waterberg beds and the Rooiberg lavas. On 

the northern limb of the Swaershoekberge anticlinorium a succession of Rooiberg 

lavas and Waterberg beds measuring at least 6 km in thickness was subjected to 

steep tilting and local overturning (Jansen, 1982). 

 

The belt of deformation extends 160km from Thabazimbi to Mokopane. In the 

Sterkrivier area the intensity of deformation decreases to the east. Being mainly 

confined to the Alma trough the origin of the belt of deformation must be attributed to 

the same type of crustal movements which caused the through to subside. 

 

The Rousseaupoort Range bounds the Alma trough on the west. In the 

Rousseaupoort Range the Transvaal sequence has been subjected to folding and 

thrusting. The contact between the Alma beds with the Transvaal beds is displaced 

by faults. Displacements in the basal Alma beds most likely decrease to the east the 
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reason for this is that along the escarpment south of Kransberg the upper Alma beds 

are not faulted. The contact with the overlying beds of the Skilpadkop Formation is 

conformable. Therefore, available data indicate that the faults in the Rousseaupoort 

Range do not extend into the formations of the late-Waterberg basin (Jansen, 1982). 

 

In the area east of Thabazimbi, along the southern rim of the Alma trough south and 

east of Thabazimbi the beds of the Transvaal sequence are thrown in to steep folds 

accompanied by upthrusts. This has led to the formation of an imbricate pattern. 

Along the northern slopes of the ridges east of Thabazimbi a narrow belt of Bushveld 

Complex Granite bounds overturned Alma beds along an upthrust. This represents 

the western extension of the Buffelshoek thrust in the Gatkop area. Along the 

western extension of the Gatkop overthrust the granite, in turn, is overridden by 

dolomite. Along the narrow band of Bushveld Complex Granite the Waterberg beds 

have an average dip of 60 degrees to the south, but their inverted position is proved 

by overturned cross bedding To the west, on the same farm as the Bushveld granite, 

the Alma beds and the upthrust bounding these formations are overridden by the 

western extension of the Gatkop overthrust which results in the disappearance of the 

narrow belt of granite under the dolomite. 

 

In the Gatkop Area, the dominant structural feature in the Gatkop area is the Gatkop 

overthrust (Jansen, 1982).  Other faults are the Buffelshoek thrust and the 

Donkerpoort fault (Meinster, 1974). 

 

Along the Gatkop overthrust , strongly faulted and folded dolomite as well as banded 

ironstone are thrusted over Bushveld granite and Waterberg beds, most of which 

belong to the Alma Formation. Along the front of the overthrust and on the eastern 

slope of Gatkop a probably continuous layer of recrystallized and sheared quartzite 

and /or chert is developed. This zone is underlain by highly sheared, cataclastic, 

altered rocks.  Overthrusts occur between these wedged-in zones and the overthrust 

mass and the overridden formations.  

 

The contact between the granite and dolomite where not observed as being intrusive. 

The contact between the sandstone and banded ironstone is a heavily sheared 

crushed zone. 
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On the western slope of Gatkop a hard, dark green, fine grained mylonite is exposed. 

It has been subjected to faulting and it crops out over a distance of 1km. mylonitic 

zones similar to this also strike through the granite between Buffelshoek thrust and 

the main overthrust. Mylonitizition as well as shearing in granite are attributed to the 

main phase of overthrusting. These features are mainly confined to the granite below 

the main overthrust. Mylonites are locally also developed on the Buffelshoek thrust. 

 

The Gatkop overthrust plane dips at a low angle in the south. In the west, the dip 

increases. The overthrust grades into an upthrust or reverse fault towards 

Thabazimbi the extension of the Gatkop overthrust towards the south and east may 

be located along the ill-defined boundary between granite and dolomite, however it 

remains a problem (Jansen, 1982). 

 

On Gatkop, the Gatkop overthrust is accompanied by a number of minor overthrusts.  

The Gatkop overthrust has been displaced by several minor faults. On the north-

eastern slope of Gatkop the main overthrust and the banded ironstone have been 

displaced approximately 100m by a fault with the downthrow to the north. On the 

extension of the fault to the east into the Alma beds, the greenish grit is dissected by 

numerous minor faults. On the extension to the west two faults are traceable as 

crush zones in the banded ironstone, the throw of the southern fault much greater. 

Further to the south-west the two faults converge and become one. 

 

The Buffelshoek thrust, on the western slope of Gatkop, bounds with Granite on the 

north and Alma Beds on the south. The strike is north-north east, but westwards the 

strike follows an easterly course. The plane dips at 30 to 35 degrees to the south. On 

the plane, vein quartz with slickensides and greenish mylonite rich in chlorite and 

sericite are developed in a zone approximately 3m thick. The granite occurring 

between the thrust and the main overthrust is intensely sheared and altered. To the 

east the Mylonitic zone is 2 to 5 cm wide. The slickensides dip at 20 to 25 degrees to 

the south-west and are therefore not parallel to the dip of the fault plane. This 

indicates a horizontal component of dislocation during its final phase, thus tear-

faulting in addition to thrust faulting occurred (Jansen, 1982).  The fault plane is 
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intersected by minor faults. Some of these minor faults also displace the main 

overthrust.  

 

The eastern extension of the Buffelshoek thrust is covered by the dolomite of the 

Gatkop overthrust mass which overrides it. The extension to the west is largely 

covered by younger deposits. Farther westwards a thrust bounds a narrow belt of 

Bushveld Complex granite and Alma beds. This thrust either represents the direct or 

an offset continuation of the Buffelshoek thrust to the west. It is approximately 

parallel to the westward extension of the Gatkop overthrust, and its dip is estimated 

between 25 and 45 degrees. The relationship between the main overthrust and the 

Buffelshoek thrust indicate that the Buffelshoek thrust is the older structure. The 

Buffelshoek thrust is probably a reactivated fault active during the deposition of the 

Alma beds.  

 

East of Gatkop, the Donkerpoort fault strikes east-north-east. It is bounded to the 

north-east by a thick succession of Rooiberg lavas and boulder conglomerate which 

belongs to the upper portion of the Swaershoek Formation.  To the east the 

conglomerate interfingers with sandstone indicating a fault scarp during its deposition 

(Jansen, 1982). West of the fault the lavas and conglomerates are reduced in 

thickness (Meinster, 1974). 

 

The Donkerpoort fault is a syndepositional fault in origin, which was reactivated from 

time to time .As indicated by the dip of the fault breccia, it is probably vertical. The 

present disposition of the formations on both sides of the fault however, is more 

suggestive of a tear fault or wrench fault than of a normal fault. Most likely the fault 

was transformed into a tear fault because strikes and dips of the beds differ on both 

sides. Although this fault is not a thrust fault in contrast to the Buffelshoek thrust, both 

display similar features. They were both originally syndepositional and both were 

reactivated partly by tear faulting.  

 

The structural pattern of the Gatkop area is dominated by thrusting, but tensional 

faulting also took place, subsequent to the compressional phase of deformation. 

North of Gatkop and to the east a large discordant diabase sill dips at 30 degrees to 

the northwest and probably links with an offshoot of the Bakkers-Pass intrusion to the 
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north-west. This magma most likely gained access along a tensional fault with a 

downthrow on the south (Jansen, 1982). 

 

Major noticeable joints in the Alma beds around Gatkop strike east, west-north-west 

and north-north-east and are locally intruded by daibase. In general there are no 

signs of faulting. North-east of Gatkop, however, the purple beds have been faulted 

along a conspicuous east-striking rift in the topography.  

 

 Again the downthrow is on the south in contrast to the faults in the greenish grit 

further to the south, which are upthrusts. The constant downthrow on the south, 

which is displayed by tensional faults, indicates that the area around Gatkop 

subsided relatively to the area on the north. 

 

In addition to thrusting and faulting another structural feature that deserves attention 

is the tilting and overturning of the Waterberg beds and underlying formations in the 

Gatkop and other areas. The Alma beds between Thabazimbi and Gatkop are 

frequently steeply tilted or overturned. The belt of steep-dipping to overturned beds 

continues under the main overthrust mass and the granite along the Buffelshoek 

thrust. 

 

The regional strike of the tilting beds is east, but near Gatkop deviations are 

common. The belt of tilted to overturned beds is also displaced by the thrust which is 

responsible for the displacement of the main overthrust on the eastern slope.  

 

On the eastern slope of Gatkop the basal contact of the Alma beds with the Bushveld 

Complex is also overturned. The contact is unconformable and not faulted therefore; 

the granite along the contact is also inverted (Jansen, 1982). 

 

The abovementioned data may be interpreted as follows: the original syndepositonal 

Buffelshoek and Donkerpoort faults represent fault blocks which have been 

overridden by the Gatkop overthrust mass (Jansen, 1982). 

 



148 
 

Tilting of the Waterberg beds and Thrusting and tear along the Buffelshoek thrust are 

interpreted as horizontal compressional stresses on pre-existing fault-blocks before 

the development of the main overthrust.  

 

In the Hoekberge and Loubad area, the structural pattern of the Hoekberge east of 

the Donkerpoort fault include a large monoclinal fold in which the Waterberg beds are 

moderately to steeply tilted and locally faulted and folded. South of Rankin’s Pass 

village an anticline is intersected by a branch fault of the crocodile Bridge fault zone. 

The fault has a downthrow on the north and is quartz-veined. It probably extends for 

a considerable distance to the east into the Alma Formation. The eastern part of the 

Hoekberge coincides with the northern limb of the Loubad anticline which is locally 

intersected by faults. A number of minor faults in the Rooiberg lavas do not extend 

into the Waterberg beds, but two north-east-striking branch faults of the large fault on 

the southern limb intersect the Swaershoek beds on the northern limb. North of the 

Loubad anticline, the Loubad syncline narrows to the east with an accompanying 

increase in dip on the northern limb. Westwards, north of the monocline of the 

Hoekberge, the syncline flattens (Jansen, 1982). 

 

The core of the Loubad syncline is occupied by the Alma Formation and west of 

Loubad also by the outlier of the Skilpadkop Formation which unconformibly overlies 

the Alma Formation. The Skilpadkop beds form the core of a very shallow syncline, 

the axis of which does not entirely coincide with that of the syncline in the 

Swaershoek and the Alma beds. Evidently, gentle folding occurred prior to deposition 

of the Skilpadkop beds. Gentle folds are also present in the Swaershoek beds north 

of the Loubad syncline. The broad belt occupied by poorly exposed Alma beds 

around Alma is probably thrown into gentle folds as well, one of which forms the 

eastern extension of the Swaershoekberge anticlinorium.  

 

The Swaershoekberge coincides largely with the Swaershoek anticlinorium. The 

anticlinorium is an asymmetrical structure with a steep-dipping to overturned northern 

limb and a moderately dipping southern limb. The core consists of Rooiberg Lavas 

and to the east also of Bushveld granite. Locally the Swaershoek beds are faulted or 

folded into the core. The anticlinorium widens to the east with an average decrease 

in dip on the limbs. To the west it narrows and grades into a narrow steep anticline 
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towards the western extremity of the Swaershoekberge where it terminates due to 

axial plunge to the west and a decrease in the degree of folding. In the poorly 

exposed Alma beds further to the west dips indicate the existence of a gentle 

anticlinal fold on the western extension of the anticlinorium (Jansen, 1982). 

 

The southern limb of the Anticlinorium forms the northern limbs of the Nylstroom and 

Loubad synclines. No folds are developed on the north of the northern limb of the 

anticlinorium, but north of the western portion, tilting has also involved several 

formations in the late-Waterberg basin , so that the Skilpadkop beds become vertical 

and the Sandriviersberg beds dip at up to 30 degrees. Except for in the Blouberg and 

Villa Nora areas these formations are nearly horizontal. 

 

The northern limb is intersected by numerous partly syndepositional faults. The faults 

are as a rule not parallel to the northern limb. All the formations and intersecting 

faults have been tilted 60 degrees on average.  Some faults only intersect the 

Rooiberg Group others extent into the Swaershoek beds and even a few into the 

basal Alma beds. Where the fault planes are tilted back to their original position the 

strikes are mainly northerly (Jansen, 1982). 

 

Small grabens are developed on the northern limb of the anticlinorium in the eastern 

Swaershoekberge and south of the Sterkrivier Dam. They are occupied by basal 

beds of the Swaershoek Formation and bounded by small faults. (Jansen, 1982) 

 

In the Sterkrivier area, in the eastern Swaershoekberge towards the Sterkrivier Dam 

the Swaershoekberge anticlinorium grades into a monoclinal structure. It has 

moderate to steep dips to the north, which on average decrease to the east. In the 

area around Sterkrivier Dam an anticlinal structure or upwarp with a core of Rooiberg 

lavas and granite porphyry, is bounded on the north by beds of Swaershoek and 

Sterkrivier Formations, which are also folded in to the core (Jansen, 1982). 

 

A large synclinal structure with low to moderate dips on the limbs is developed east 

of the Sterkrivier Dam and south of the Makapansberg.  South of the Sterkrivier dam 

small horsts and grabens are developed in irregular basal Swaershoek beds.  
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The Mookgopong area is mainly occupied by Bushveld Complex granite, Rooiberg 

Group and Karoo Sequence but the dominant Welgevonden fault locally strikes very 

close to the Rooiberg-Waterberg contact. This fault and its branches extend to the 

west into the core of the Swaershoekberge anticlinorium and displace granite, 

Rooiberg lavas and Karoo beds. To the east it probably links with large sinuous post-

Karoo faults like the Zebediela fault.  

 

The Welgevonden fault is locally a steep reverse fault dipping north, but north of 

Rondalia it is a normal fault in which the Breccia zone dips at 80 degrees south 

(Temperley, 1970). 

 

The overturning and thrusting of Waterberg beds between Thabazimbi and 

Mookgopong as a rule seems to be from the south.  

 

7.4 Structures in the late-Waterberg basin 

 

With the exception of the areas near Blouberg, Villa Nora and the Swaershoekberge 

the beds of all the formations occupying the late-Waterberg basin are almost 

horizontal, averaging an average of 5 degrees towards the central portion of the 

basin. The outliers of the Skilpadkop Formation west of Loubad and on Kranskop 

also display low dips. However, north of the Swaershoekberge anticlinorium the 

Skilpadkop beds are tilted up to the vertical and the Sandriviersberg beds up to 30 

degrees, evidently subjected to the same type of deformation as the older beds in the 

Alma trough. 

 

The formations in the southern portion of the late Waterberg basin have been eroded 

away and the position of its southern rim is unknown. It was most likely faulted and 

tilted together with the underlying beds of the Alma through and Nylstroom 

protobasin.  There is no evidence of faulting and tilting along the western and eastern 

basin rims. The central portion was subjected to tensional faulting along the 

Vaalwater fault zone. The zone strikes east-south east from west of Bulge River 

towards Vaalwater from where it dies out. It has been intruded by a number of 

parallel diabase dykes. Near Bulge River a small escarpment is developed consisting 

of Sandriviersberg sandstone, which has been faulted against the Vaalwater beds.  
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Along the northern basin rim around the Bushveld complex occurrence of the Villa 

Nora, the Setlaole and Makgabeng Formations are locally faulted and moderately to 

steeply tilted, partly by drag along the Uitkomst fault, a normal fault with a north-east 

strike and a downthrow on the south. The formations in the subsidiary basin in the 

Steilloop area display very low dips. However in the Ga Mathula hills, near the 

Melinda fault the Makgabeng formation has been tilted up to the subvertical (Jansen, 

1982). 

 

On the north, the late-Waterberg basin is also bounded by post-Karoo faults. Its 

extension under Karoo beds of the Waterberg coal field is unknown. Post-Karoo 

faults in the Waterberg coal field display a dominant easterly strike. The sinuous 

Ellisras fault also with a predominantly easterly strike, bounds the Karoo beds on the 

south and the Waterberg beds on the north. Towards the Limpopo River the fault 

zone locally strikes through the Karoo beds which form a thin cover on Waterberg 

beds to the south in the area between Steenbokpan and Soutvlei. The main parallel 

fault on the north is the Zoetfontein fault, which is possibly continuous with the 

Melinda fault to the east.  

 

7.5 Structures in the Blouberg area 

 

In this area a fundamental zone of crustal weakness strikes through the north-

eastern rim of the late-Waterberg basin.  The Soutpansberg trough came into being 

in this zone. Block faulting and tilting were active at different times resulting in a very 

complex structural pattern (Jansen, 1982).  The faults are frequently intruded by 

diabase dykes. 

 

Block faulting had its greatest effect on the beds of the Blouberg Formation. The 

beds of the Waterberg and Soutpansberg successions are in general less disturbed. 

To the south the Waterberg beds are subhorizontal and the same applies to the 

Soutpansberg beds on Blouberg except for the comparatively narrow drag-folded 

zones along post-Soutpansberg and post-Karoo faults (Jansen, 1982). 

 

The mainly feldspathic members of the Blouberg Formation on the southern slopes of 

Blouberg were subjected to intense block faulting, tilting and local overturning.  They 
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are overlain by the Sesalong Conglomerate, which was similarly disrupted, though to 

a lesser extent. The branching and linking faults bounding the elongated fault blocks 

with a predominantly east-north-east strike display a braided pattern. However, faults 

are also developed which strikes in a northerly direction. Some faults are intruded by 

diabase, such as the faults north of Thalalane. In the block formed by basement and 

grit, dips up to 80 degrees prevail. The grit forms a ridge among the foothills of 

Blouberg. North-east of Thalalane , the Thalalane beds are overturned to the south 

and unconformibly overlain by beds correlated with  the  Setlaole Formation which 

are unconformably overlain by the Sesalong conglomerate. The maximum dip that 

was measured in the boulder conglomerate is 45 degrees, north-west of Thalalane. 

The conglomerate beds are flexured on the southern boundary of the block fault zone 

on the northern slope of Lehwibidung hill.  

 

Dips in the Blouberg Formation and the Sesalong Conglomerate are as a rule to the 

south except for the northward dips in the Basehla Member east of the Basehla 

stream. Major uplifting took place to the north in the Limpopo belt along the north-

eastern rim of the late-Waterberg basin.  

 

To the west, near the Mogalakwena River, a thick succession of Basehla beds has 

been tilted up to the vertical. This succession is bounded to the north-west by the 

Melinda fault zone and uplifted basement and on the east by a fault along a block 

that is also occupied by basement. The latter is bounded on the north-east by a fault, 

which in turn forms the southern boundary of the Lebu through. The fault bounding 

the Basehla beds on the east is convex to the west and strikes north-north-west. The 

strike of the Basehla beds curves around from east-north-east along the Melinda fault 

to north-north-west along the convex fault. The overlying beds of the Mogalakwena 

Formation dip flatly, but in the immediate vicinity of the Melinda fault they have been 

dragged to the vertical.  

 

Faulting and uplift of the basement rocks started during the deposition of the coarse 

unsorted arcosic beds, which were subsequently dragged along the upthrown blocks. 

Both basement and Basehla beds are unconformably overlain by the Mogalakwena 

Formation.  
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The mainly non-feldspathic and volcanic members of the Blouberg Formation are in 

general less affected by block faulting and tilting as is illustrated by the predominantly 

low-dipping Varedig and Semaoko beds. The Varedig and Mositone members were 

subjected to tilting prior to deposition of the Soutpansberg beds, on Varedig up to 25 

degrees. Near Mositone steep tilting and folding may also have been caused by drag 

along post-Soutpansberg and post-Karoo faults. 

  

After deposition of the Blouberg Formation took place, the Soutpansberg through 

advanced into the Blouberg area by regional downwarping and downfaulting. The 

mainly subhorizontal Soutpansberg beds were also subjected to faulting and locally 

to tilting or drag folding, in particular on the southern slopes of Blouberg. In these 

areas some of the faults may be reactivated original boundary faults of the 

Soutpansberg trough and even the Lebu trough. Dips in the Soutpansberg beds are 

to the north with a maximum of 80 degrees as opposed to those in the feldspathic 

members of the Blouberg Formation which are on average to the south or vertical or 

overturned.  

 

Along the northern slope of Blouberg a prominent fault zone occurs. This fault zone 

has a downthrow on the north and bounds the Soutpansberg beds on the north and 

Karoo lavas on the south. It forms the western extension of a system of post-Karoo 

faults in the Soutpansberg. Intense brecciation and drag along the faults has been 

observed in the Blouberg area. 

 

West of Blouberg along the Melinda fault, members of the Blouberg Formation and 

locally the Mogalakwena beds steeply tilted or overturned. Further westwards on the 

Ga Mathula hills beds of the Makgabeng Formation are tilted up to 80 degrees. The 

downthrow is on the south but the Karoo occurrences north of the fault from near the 

Ga Mathula hills westwards, indicate that the downthrow was reversed to the north 

during post-Karoo displacements (Jansen, 1982). To the west the fault 

displacements were predominantly post-Karoo in origin (Visser, 1953). East of the 

Mogalakwena River displacements are mainly of pre-Karoo age. Faulting in the 

Blouberg area and to the west took place during several periods and some faults 

were repeatedly reactivated (Jansen, 1982). 
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7.6 Structures of pre-Waterberg age 

 

Data on pre-Waterberg deformation in the Waterberg area is relatively scarce. One of 

the pre-Waterberg structural patterns consists of ancient and persistent zones of 

weakness in the underlying crust (Jansen, 1975a). Another pre-Waterberg pattern is 

magmatic in origin and is represented by structures caused by the intrusion of the 

Bushveld complex (warping and faulting of the roof of the granite) and continued into 

very early Waterberg times (Jansen, 1982). 

 

Faulting before the deposition of the Waterberg beds is illustrated by small faults in 

the Loubad and Zwartkloof anticlines. Faulting took place in post-Rooiberg, pre-

Waterberg times thus most likely contemporaneously with the emplacement of the 

Bushveld Granite. The large fault intersecting the southern limb of the Loubad 

anticline was active in late-Bushveld, early-Waterberg times. Post-Rooiberg faults 

which do not intercept the upper portion of the Swaershoek Formation along the 

southern margin of the Alma through may also have been active during deposition of 

the lower portion of the Swaershoek Formation.  The Donkerpoort fault was probably 

active during the erosion of the Rooiberg lavas before the deposition of the 

Swaershoek beds. The fault was reactivated during deposition of the Swaershoek 

beds and again subsequent the deposition of the Alma beds. Thus a post-Waterberg 

structure was already active in very early or pre-Waterberg times.  

 

Another case of reactivation of pre-Waterberg structures is the post-Waterberg 

compressional pattern in the area between Thabazimbi and Loubad which was most 

likely superimposed on a pre-Waterberg tensional pattern (Jansen, 1982). 

 

7.7 Structures of early Waterberg age 

 

In the Nylstroom protobasin and the Alma trough, evidence of early Waterberg 

deformation is based mainly on syndepositional faulting and block faulting, 

contemporaneous warping and subsidence and gentle folding (Jansen, 1982). 
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Very early Waterberg deformation, during deposition of the lower portion of the 

Swaershoek Formation, is illustrated by the fault intersecting the southern limb of the 

Loubad anticline. The fault may have been active in late-Bushveld times. 

 

7.8 Structures of middle and late-Waterberg age 

 

In the Alma trough and the southern and central portions of the late-Waterberg basin 

there is not a lot of evidence of deformation in middle- to late-Waterberg times. South 

of Hangklip and north of Sterkrivier dam the poorly exposed beds of the Sterkrivier 

and Skilpadkop Formations are thrown into a broad, flat anticline the core of which 

has been intruded by diabase. This anticlinal structure may be of middle – or post-

Waterberg age.  

 

The feldspathic members of the Blouberg Formation were subjected to block faulting, 

steep tilting and overturning prior to deposition of the Sesalong Conglomerate of the 

Mogalakwena Formation. This deformation took place in middle-Waterberg times. 

During this phase compressional stresses acted on the north-eastern rim of the basin 

as evidence by overturning of relatively thick successions in the Blouberg block-fault 

zone. In the vicinity of the depositories the coarse immature deposits indicate strong 

uplifts in the Limpopo belt. 

 

The non-feldspathic members of the Blouberg Formation were subjected to less 

intense deformation. However, along comparatively narrow fault zones they are also 

steeply tilted and overturned. Deformation of these members occurred in late- or 

post-Waterberg times. Faulting and tilting along fault zones continued during and 

after deposition of the middle-Soutpansberg succession, which is considered to be of 

late- or post-Waterberg age. During post-Karoo times, faulting and tilting also 

occurred. Thus the fault zones were repeatedly reactivated in middle-Waterberg to 

post-Karoo times (Jansen, 1982). 
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7.9 Structures of post-Waterberg age 

 

The present structural pattern came into being mainly during the post-Waterberg 

phase of deformation. It was superimposed on older patterns of pre- and early- 

Waterberg times. 

 

Intense deformation took place in a belt along the Alma trough as evidenced by steep 

tilting and overturning of thick Waterberg and Rooiberg successions and the 

development of local overthrusts. North of the Swaershoekberge anticlinorium the 

beds of the Skilpadkop, Aasvoelkop and Sandriviersberg formations are tilted to the 

north and they form part of the northern limb of the anticlinorium. The anticlinorium 

and the other anticlinal and synclinal structure are probably of post-Waterberg age.  

 

During the post-Waterberg phase the embryonic anticlinal and synclinal structures of 

early Waterberg age evolved into their current shape. Some structures, such as the 

Loubad anticline and syncline were only moderately affected by the post-Waterberg 

phase, in others such as the Swaershoek anticlinorium and the Nylstroom syncline; 

the limbs were tilted up to the vertical or overturned. The Rooiberg, Glentig, and 

Waterberg successions developed on the northern limb of the Swaershoekberge 

anticlinorium, were steeply tilted. 

 

 Most of the infolds may also have been formed during this post-Waterberg phase. 

 

The block-fault pattern of early Waterberg times in the Blouberg area was reactivated 

during the post-Waterberg compressional phase and finally overridden by the Gatkop 

overthrust. In the Bela-Bela area the southern limb of the Zwartkloof anticline was 

subjected to compressional stresses. The beds on the southern limb were overturned 

along the Boschpoort fault and were finally overridden by the Droogekloof overthrust. 

 

Faulting as well as thrusting may also have played a role in the formation of the 

anticlinal structures, mainly in their rigid cores of Bushveld Complex granite. Folds 

and flexures in the Waterberg beds probably grade at depth into folds or thrusts in 

the Bushveld granite. The core of the Swaershoekberge anticlinorium is intersected 

by the Welgevonden fault and its branch faults. These faults were partly reactivated 
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during post-Karoo times. The Rooiberg lavas in the core were titled and faulted. 

Therefore, the anticlinal structures with well developed limbs in Waterberg may grade 

at depth into block folds and, finally into fault blocks in the Bushveld granite.  

 

The Nylstroom protobasin was transformed into a Brach syncline in its western 

portion and into a huge box fold in its eastern portion. At depth the limbs and flexures 

on the limbs most likely grade into faults in the granite.  

(Jansen, 1982) 

 

In the Thabazimbi area the beds of the Transvaal succession were subjected to 

folding and thrusting. The structural pattern in the Transvaal succession is at least 

partly of Waterberg or post-Waterberg age. 

 

 

The post-Waterberg phase of deformation was terminated by tensional faulting as 

well as the emplacement of diabase intrusions as in the Vaalwater fault zone 

(Jansen, 1982). 

 

7.10 Structures of post-Karoo age  

 

In the north the late-Waterberg basin is partly bounded by post-Karoo faults. In 

Botswana and probably also in the Blouberg area post-Karoo faulting took place only 

marginally within the Waterberg basin. Post-Karoo faulting occurred on a large scale 

near the southern rims of the Nylstroom protobasin and the Alma through but did not 

affect the Waterberg succession to a large extent.  

 

The Melinda and Welgevonden faults are of post-Karoo age, they are reactivated 

Waterberg or post-Waterberg faults. The reactivation of pre-Karoo faults in post-

Karoo times is a dominant feature in the Soutpansberg trough. In this trough these 

faults and diabase intrusions are displaced by post-Karoo faults. Therefore, as 

opposed to the Soutpansberg trough, the Waterberg basins represented a relatively 

stable area during the post-Karoo phase of deformation. 
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8 Volcanicity in the Waterberg Basins and the Soutpansberg trough 

 

Evidence of volcanic activity during deposition of the Swaershoek, Sterkrivier, 

Setlaole, Aasvoëlkop and Blouberg Formations has been presented. Apart from a 

crypto volcanic structure, there is no evidence of volcanism in the Cullinan-

Middelburg basin. Volcanic rocks in this area occur within the Loskop Formation 

which is considered to be of pre-Waterberg age. The age of the volcanic quartz 

porphyry at the top of the Glentig Formation is still not certain (Jansen, 1982). 

 

The oldest volcanic rocks in the Waterberg succession are represented by the 

quartz-porphyry flows in the lowermost Swaershoek beds. The quartz porphyry is 

possibly derived from the acid Bushveld magma or acid rest magmas. Slightly higher 

up in the succession trachyitic lavas appear in the Swaershoek formation. Thus, late-

Bushveld magmatic activity was followed almost immediately by magmatic activity 

with an alkaline trend.  

 

In origin, the trachyitic rocks of the early Waterberg basin are most likely similar to 

those occurring in the Soutpansberg and Lebu troughs. They are associated with 

andesitic and basaltic rocks. It seems possible that the basalts, andesites and 

trachytes form one large magmatic province, which may be distinguished from the 

Bushveld Complex and the younger Pilanesberg alkaline province. A number of 

alkaline intrusions and extrusions occurring in the Bushveld Complex, for instance 

the Roodeplaat and Kruidfontein volcanoes may also belong to the Waterberg-

Soutpansberg province. 

 

Tuff, ignimbrite and laharite are developed on a small scale in the Waterberg and 

Soutpansberg successions. The occurrences of ignimbrites and presumed laharites 

in the Waterberg are usually not associated with lavas in outcrop. However, the 

association of ignimbrite and cavity-bearing sediments with basalts and trachyitic 

lavas has been proved at two places in the Soutpansberg.  A lahar origin of the 

cavity-bearing sediments in the Aasvoelkop Formation is favoured. 

 

Ignimbrites are developed on a very small scale at the base of the Setlaole 

Formation, where they are associated with tuffaceous and argillaceous rocks. In the 
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Nylstroom Protobasin ignimbrites locally form a sheet between Rooiberg Lavas and 

the lower-most Swaershoek beds which contain interbedded quartz-porphyry flows 

and display chaotic sedimentary structures most likely from cold lahar origin. The 

quartz porphyry and ignimbrite are considered to represent an extrusive phase of the 

Bushveld granite whereas all other occurrences of trachytic lavas and pyroclastics 

are not correlated to the Bushveld Complex. 

 

The structural control of volcanic activity is intimately related to the structures of the 

basins and troughs. Volcanic activity in the Soutpansberg, Lebu and Alma troughs 

seems to be controlled dominantly by deep faulting or rifting which spread from east 

to west in the Soutpansberg through.  

 

The major zones of crustal weakness may be identified as a north-north east abyssal 

fracture zone, which coincides with the Bushveld line of intrusions and an east-north-

east striking zone along the centre of the Limpopo belt on which the Soutpansberg 

trough was formed.  The Lebu trough lies on the intersection of these two zones and 

the strike of the boundary faults in this trough is north or more commonly east.  

 

The late-Waterberg basin developed on a relatively stable crustal segment .Volcanic 

activity was of a very low degree and there is not evidence of deep contemporaneous 

faulting.  

 

To the south, in the Alma trough, which lies on the intersection of the north-north-

east-striking abyssal fracture zone and the east-north-east-striking  greenstone belt 

near Polokwane (Murchison direction), the strike of contemporaneous faults is 

predominantly north-east to east-north-east (in the Gatkop area) or in all northerly 

directions (the Swaershoekberge ). The distribution of lavas in the Nylstroom 

protobasin and the Alma trough suggest the presence of feeders or fissures with a 

dominant northerly trend. This would explain the relatively rapid decrease in 

thickness and frequency of the flows to the west and east and the only slight 

decrease to the north and south of the focal area near Loubad.  

 

In volume the Waterberg volcanics are insignificant compared with that of the 

Soutpansberg trough.  In the graben type of basins (Soutpansberg, Lemu and Alma 
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troughs) the presence of basalt, andesite and trachyte and the absence of acidic 

lavas indicate that most of the faults and fissures by which the lavas gained access 

to the surface, extended downward into the lower portion of the crust or the upper 

mantle.  

 

9 Economic Geology 

 

The area has very few known deposits of economic value. The Thabazimbi iron ores 

occur immediately south of the south-western boundary of the basin. The now 

abandoned lead mine on Nooitgedacht  92 KR north-east of Vaalwater was operated 

for a short period prior to 1949 (De Villiers 1959). The deposit is a mineralized vein 

near a diabase dyke which can be traced on aerial photographs for approximately 

2km.  The deposit contains iron oxides and galena together with copper minerals and 

is epithermal in origin.  On Baviaansdraai 587 LR galena found in a diabase sheet 

and is associated with quartz and epidote. 

 

Minor occurrences of clay have been prospected in shale bands in the Swaershoek 

Formation (Jansen, 1982). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



161 
 

APPENDIX D 

The stratigraphy and sedimentology of the Dwyka and the 

Ecca Groups (Karoo Supergroup) in the Waterberg 

Coalfield 

1 Introduction 
 

The Waterberg Coalfield forms part of the Kalahari basin which stretches from the 

Northern Cape in the north-eastern part of South Africa, through Botswana into the 

eastern part of Zimbabwe (Siepker, 1986).  The area is indicated in the coalfield 

distribution map of the Council for Geoscience (CGS) (Figure 1). 

 

 
Figure 1:  Distribution of Coalfields in South Africa.  Note position of Waterberg Coalfield in the north-
western part (after Vorster, CGS-2003). 
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2 Lithostratigraphy 

 

The Karoo Supergroup in the Waterberg Coalfield is divided into a number of 

lithostratigraphic units (Figure 2). They are the following:  

• Drakensberg Group, 

• Clarens Formation 

• Elliot Formation 

• Molteno Formation 

• Beaufort Group 

• Ecca Group 

• Dwyka Group 

 

 
Figure 2:  Stratigraphic sequence of the Lephalale (Ellisras) area.(CHANGE THE NAMES IN THE 
COLUMN TO MATCH THOSE IN THE TEXT) 
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The Ecca Group was lithostratigraphically subdivided into the Pietermaritzburg, 

Vryheid, Goedgedagt and Grootegeluk Formation by Siepker in 1986. However, the 

local equivalents of the Pietermaritzburg and Vryheid Formations are termed the 

Wellington and Swartrant Formations, the names of which have been used by 

Johnson et al. (2006) and thus retained in the current report. The Grootegeluk 

Formation is equivalent to the Volksrust Formation (Siepker, 1986) in the main Karoo 

Basin. 

 

3 Genetic Stratigraphy 

 

The Dwyka and Ecca groups have been divided into six genetically related units, 

termed Genetic Units of Sedimentation (GUS) by Siepker (1986). The respective 

Units of Sedimentation consist of the following lithofacies starting from the base 

upwards (Figure 2): 

 

• GUS 0: Conglomeratic diamictite with rounded and subrounded extra basinal 

clasts with coarse-grained sandstone and claystone as matrix, sandstone 

units and claystone units are also present; rhythmite mudstone. 

• GUS 1: Horizontally laminated mudstone and siltstone with scattered grits and 

grit lenses; interlayered mudstone/siltstone and sandstone, soft sediment 

deformation structures are associated with this unit; upward coarsening cross-

bedded sandstone sequences and upward fining sequences sporadically 

capped by a coal seam ( No. 1 Seam). 

• GUS 2: A thin, laterally extensive, coarse-grained sandstone unit; horizontally 

laminated mudstone/siltstone with scattered grits and grit lenses; an upward 

coarsening sandstone sequence with a coal-mudstone layer (No. 2 Seam) 

overlying the unit. 

• GUS 3: Upward fining, cross-bedded coarse-grained sandstone sequences 

with sharp erosive basal contacts, lenticular coal and laminated mudstone 

units are also present. 

• GUS 4: Interlayered coal (dull lustrous to bright) and carbonaceous mudstone. 

Individual layers varies from a few mm’s to several m’s in thickness. 
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• GUS 5: A seemingly haphazard sequence of grey gritty mudstone or diamictite 

as well as mudstone with lesser amounts of sandstone and coal (Siepker, 

1986). 

4 Lateral distribution of the genetic units of sedimentation and associated 
lithofacies. 
 

• GUS 0: the conglomeratic diamictite is developed towards the north of the 

coalfield whereas the rhythmictite mudstone occurs in the south of this area. 

• GUS 1: The horizontally laminated mudstone/siltstone lithofacies occurs in the 

southern part of the coalfield and is in excess of 160m thick. The above 

mentioned lithofacies is not developed in the most northerly portion of the 

coalfield. The sandstone unit is present in most of the coalfield. The No. 1 coal 

seam at the top of the unit is only sporadically developed due to erosion or 

non deposition. 

• GUS 2: This Unit of Sedimentation is developed over most of the coalfield. 

• GUS 3: This unit is developed over most of the area, except for the most 

northerly part of the coalfield. 

• GUS 4: This unit is only fully developed in the southern part of the coalfield 

and is approximately 100m thick in this area. Towards the north of the 

coalfield the unit is thinner (approximately 30m thick). 

• GUS 5: This unit is present in the northern, central and eastern part of the 

coalfield (Siepker, 1986). 

 

5 Depositional Environments 

 

• GUS 0: The rounded extrabasinal clasts with a sandstone matrix indicate 

tractional transport whereas the claystone is interpreted as glacial flour. The 

northern lithofacies assemblage (conglomeratic diamictite, sandstone and 

claystone) is interpreted as formed in a proglacial environment with some 

reworking by subaqueous streams and/or deposited on outwash plains. The 

rhythmite mudstone towards the south is interpreted as a suspension deposit 

in a low energy environment. The banded appearance is attributed to periodic 
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variations in the discharge of suspended sediment. The lateral lithofacies 

distribution suggests that sediment influx was from a northern direction. 

• GUS 1: This unit represents a prograding delta sequence. The horizontally 

laminated mudstone with dropstones towards the south was deposited in a 

glacio-lacustrine environment in a distal iceberg zone, succeeded by a delta 

front environment. Upward coarsening sandstone sequences indicate 

distributary mouth bar deposits. Distributary channel and swamp deposits on a 

fluvial delta plain formed during the final stages of this unit. 

• GUS 2: The prograding delta sequence was succeeded by a major 

transgression which is represented by a thin laterally extensive sandstone. 

This transgression resulted in the submergence of the basin. This was 

succeeded by suspension deposition, slumping as well as ice rafting in a 

glacio-lacustrine environment. Distributary mouthbar deposits (upward 

coarsening sandstone) were formed in a delta front environment. The final 

stage of this unit is represented by delta abandonment type deposits on a 

delta plain. 

• GUS 3: This unit represents a fluvial system migrating on a delta plain with 

minor inter channel areas. 

• GUS 4: The coal-mudstone succession was formed in mud saturated poorly 

drained swamp environments on a flood basin (Beukes 1985). Tectonic events 

such as slight subsidences influenced the basin as a whole resulting in the 

repetition of peat forming conditions and mud influxes. 

• GUS 5: The sediments of this unit were most likely deposited as mud flows, 

crevasse splays and minor channels flowing out from the north. This could be 

interpreted as an alluvial fan environment. The water supply varied, but must 

have been mostly meagre (Siepker, 1986). 
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