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Fig. 10. The steep NW slopes of the Rooiberg. Closely-spaced sandstone packages extending 

down the hillslope are mapped as Katberg Formation while the grey-green mudrocks in the 

foreground are assigned to the upper Adelaide Subgroup. The base of the Katberg here is not 

well-defined and may be gradational.  

 

Fig. 11. West-facing Katberg escarpment to the southeast of Bovlei homestead, Elandskloof 135. 

The majority of the steep, sandstone-dominated slope seen here is mapped as Katberg 

Formation, with Adelaide Subgroup rocks only at the base. 
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2.1. Adelaide Subgroup 

The oldest rocks in the study area comprise Late Permian fluvial sediments of the Lower Beaufort 

Group (Adelaide Subgroup; Pa in geological map Figure 9).  Geological and palaeoenvironmental 

analyses of the Lower Beaufort Group sediments in the Great Karoo region have been conducted by a 

number of workers.  Key references within an extensive scientific literature include various papers by 

Roger Smith (e.g. Smith 1979, 1980, 1986, 1987, 1988, 1989, 1990, 1993a, 1993b) and Stear (1978, 

1980), as well as several informative field guides (e.g. Smith et al. 2002, Cole & Smith 2008).  In brief, 

these thick successions of clastic sediments were laid down by a series of large, meandering rivers 

within a subsiding basin over a period of some ten or more million years within the Late Permian Period 

(c. 265-251 Ma).  Sinuous sandstone bodies of lenticular cross-section represent ancient channel infills, 

while thin (<1.5 m), laterally-extensive sandstone beds were deposited by crevasse splays during 

occasional overbank floods.  The bulk of the Beaufort sediments are greyish-green to reddish-brown or 

purplish mudrocks (“mudstones” = fine-grained claystones and slightly coarser siltstones) that were 

deposited over the floodplains during major floods.  Thin-bedded, fine-grained playa lake deposits also 

accumulated locally where water ponded-up in floodplain depressions and are associated with 

distinctive fossil assemblages (e.g. fish, amphibians, coprolites or fossil droppings, arthropod, 

vertebrate and other trace fossils). 

Frequent development of fine-grained pedogenic (soil) limestone or calcrete as nodules and more 

continuous banks indicates that semi-arid, highly seasonal climates prevailed in the Late Permian 

Karoo.  This is also indicated by the frequent occurrence of sand-infilled mudcracks and silicified 

gypsum “desert roses”, especially in the western outcrop area (Smith 1980, 1990, 1993a, 1993b). Highly 

continental climates can be expected from the palaeogeographic setting of the Karoo Basin at the time 

– embedded deep within the interior of the Supercontinent Pangaea and in the rainshadow of the 

developing Gondwanide Mountain Belt.  Fluctuating water tables and redox processes in the alluvial 

plain soil and subsoil are indicated by interbedded mudrock horizons of contrasting colours.  Reddish-

brown to purplish mudrocks probably developed during drier, more oxidising conditions associated with 

lowered water tables, while greenish-grey mudrocks reflect reducing conditions in waterlogged soils 

during periods of raised water tables.  However, diagenetic (post-burial) processes also greatly 

influence predominant mudrock colour (Smith 1990). 

Due to the absence of unambiguous sandstone marker horizons, the Adelaide Subgroup is not 

subdivided into individual formations or members on the 3124 Middelburg sheet but these subdivisions 

are discussed in the accompanying sheet explanation by Cole et al. (2004). It is apparent from 

biostratigraphic (i.e. fossil-based) mapping, however, that only the upper, Late Permian to Early 

Triassic, portion of the Adelaide Subgroup is present within the present study area, corresponding to 

the Dicynodon and lowermost Lystrosaurus Assemblage Zones (Rubidge 2005, Van der Walt et al. 

2010, Smith et al. 2012). The succession here is therefore broadly equivalent to the uppermost part of 

the Balfour Formation that is recognised at the top of the Adelaide Subgroup succession within the 

Main Karoo Basin to the east of 24º East (Rubidge 2005) (Fig. 8).  

The fluvial Balfour Formation comprises recessive weathering, grey to greenish-grey overbank 

mudrocks with subordinate resistant-weathering, grey, fine-grained channel sandstones deposited by 

large meandering river systems in the Late Permian to Earliest Triassic Period (Hill 1993, Cole et al. 

2004).  The formation reaches a maximum thickness of over 2000 m in the Fort Beaufort area but is 

only 650 m near Graaff-Reinet (Johnson 1976, Visser & Dukas 1979).  Thin wave-rippled sandstones 

were laid down in transient playa lakes on the flood plain.  Reddish mudrocks are comparatively rare, 

but increase in abundance towards the top of the Adelaide Subgroup succession near the upper contact 

with the Katberg Formation. Key recent reviews of the Balfour Formation fluvial succession have been 

given by Visser and Dukas (1979), Catuneanu and Elango (2001), Katemaunzanga (2009) and 

Oghenekome (2012). Catuneanu and Elango (2001) identified six upward-fining depositional 

sequences within the Balfour succession that are separated by subaerial unconformities and lasted on 
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average about 0.7 Ma (million years). The sequences were generated by tectonic processes within the 

Cape Fold Belt. Fluvial deposition by sandy braided rivers in the early part of each sequence was 

followed by more mixed channel sandstones and overbank mudrocks laid down by meandering rivers 

higher in the sequence. Sedimentological data, such as the comparative rarity of palaeosols (fossil 

soils, desiccation cracks, red beds), suggest that palaeoclimates during this period were predominantly 

temperate to humid and water tables were generally high. 

The Balfour Formation of the Eastern Cape has been subdivided into five successive members (Kitching 

1995) (Fig. 8). These stratigraphic units are not separately mapped on the 1: 250 000 scale geological 

map (Fig. 9) but they are briefly discussed for the Middelburg sheet area by Cole et al. (2004) and by 

Oghenekome (2012) for the Bedford – Adelaide area to the south. Only the uppermost three members 

relevant to the present Klein-Renosterberg study area will be discussed here. The Barberskrans 

Member is a sandstone-dominated package within the upper Adelaide Subgroup that is situated c. 100-

150 m below the base of the Katberg Formation. In the western part of the Middelburg sheet area it 

reaches 150 m in thickness. At Klein Tafelberg, c. 30 km west of the present study area, it is 40 m thick 

but thins towards the northeast. This sandstone package is therefore probably not represented within 

the Umsobomvu WEF study area itself. The overlying Elandsberg Member consists predominantly of 

greenish-grey to grey mudrocks with subordinate sandstone units up to 5 m thick.  It reaches a thickness 

of c. 100 m on Klein Tafelberg and is inferred to underlie the vlaktes to the west of the Klein-

Renosterberg.  The uppermost subunit of the Balfour Formation, the Palingkloof Member, is 

characterised by a dominance of red mudrocks and directly underlies the Katberg Formation. It is 70 m 

thick to the NW of Nieu-Bethesda (c. 40 km SW of the present study area), where the massive siltstone-

dominated Palingkloof succession includes several thin sandstone units. The Palingkloof Member is 

over 20 m thick at Carlton Siding c. 20 km NE of the study area but is absent on Klein Tafelberg, c. 30 

km west of the Klein-Renosterberg (Cole et al. 2004). Although a red mudrock horizon was not observed 

beneath the Katberg Formation within the study area itself, this comparatively thin unit may be present 

but obscured by scree. A thick package of reddish mudrocks was noted, however, along a Katberg-

capped ridge just north of the N10 on Winterhoek 118, less than 10 km NE of the study area (31º 18’ 

S, 24º 54’ E). 

The lower portion of the Katberg Formation in the Klein Renosterberg consists of a series of prominent-

weathering, tabular sandstone packages with thin intervening mudrocks, giving a step-like appearance 

to the escarpment slopes (Figs. 10 & 11).  Since bedrock exposure of the lower escarpment slopes is 

generally very poor due to colluvial cover, the basal contact of the Katberg and Adelaide successions 

could not be precisely defined during the present field study, nor was it possible to identify with any 

confidence the subunits of the uppermost Balfour Formation represented here. For these reasons, the 

stratigraphic position of several fossil sites remains ambiguous at this stage; further fieldwork would be 

needed to resolve these uncertainties. In the interim, the published 1: 250 000 map (Fig. 9) is the 

primary resource used here. 

Interbedded grey-green mudrocks and thin channel sandstones of the upper Adelaide Subgroup are 

well seen on the slopes of Wonderheuwel, some 3.6 km NW of the study area (Fig. 12). If the capping 

sandstone seen here is indeed an outlier of the Katberg Formation, the underlying beds may belong to 

the Elandsberg Member, with intervening red mudrocks of the Palingkloof Member absent (as at Klein 

Tafelberg, c. 30 km to the southwest).  A few small natural and borrow pit exposures of grey-green and 

subordinate purple-brown, hackly-weathering mudrocks and thin sandstones of the upper Adelaide 

Subgroup on the vlaktes bordering the Klein-Renosterberg are seen at Locs. 125, 126, 142, 151, 152 

(Figs. 13 to 17). Rusty-brown ferruginous calcrete nodules and laterally-coalescent lenticles are a 

common occurrence within these beds, reflecting ancient soil horizons that are a target for fossil 

hunting. A fibrous ferruginous mineral encountered at Loc. 151 may be a secondary pseudomorph after 

gypsum, suggesting arid climatic intervals with high evaporation rates.  Sandstone palaeosurfaces 

locally display mudcracking, adhesion warts and algal mat textures and were probably associated with 

shallow playa lakes or ponds on the ancient floodplain  (cf Smith 1993). 
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Fig. 12. Grey-green overbank mudrocks and thin channel sandstones of the Adelaide Subgroup 

at Wonderheuwel, c. 3.6 km NE of the Umsobomvu study area.  The thick sandstone capping 

seen here might be an outlier of the Katberg Formation that occurs 5 km to the east. 

 

Fig. 13. Shallow stream exposure of grey-green Adelaide Subgroup mudrocks in front of the 

Katberg Escarpment (Holle Fontein 133, Loc. 127).  Note extensive mantle of poorly-sorted 

alluvium covering the bedrocks here. 
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Fig. 14. Large sphaeroidal ferruginous calcrete concretions marking an ancient palaeosol within 

the Adelaide Subgroup  (Holle Fontein 133) (Hammer = 30 cm). 

 

 

Fig. 15. Exposure of grey-green and purple-brown Adelaide Subgroup overbank mudrocks with 

calcrete nodules, borrow pit on Farm 121 (Loc. 126).  
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Fig. 16. Weathered, partially calcretised, massive mudrocks of the Adelaide Subgroup, borrow 

pit exposure on Leeukop 120 (Loc. 153). 

 

 

Fig. 17. Dense nodules and lenticles of ferruginous carbonate marking a pedocrete horizon, 

shallow erosion gulley exposure of Adelaide Subgroup bedrocks, Mooi Plaats 122 (Loc. 152) 

(Hammer = 30 cm). 
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2.2. Katberg Formation 

The thick succession of pale brown to buff fluvial sandstones of the Early Triassic Katberg Formation 

dominates the western escarpment as well as large portions of the high-lying plateau of the Klein-

Renosterberg range (Figs. 4, 5 & 7). Following the geological map (Fig. 9) as well as the observation 

of thick, closely-spaced sandstone packages down most of the western escarpment, where exposure 

permits, the bulk of the slope as well as the solid sandstone krans along the escarpment crest are 

considered to belong to the Katberg Formation, at least in the northern portion of the study area (Figs. 

10 & 11).  Useful geological descriptions of the Katberg Formation are given by Johnson (1976), Hancox 

(2000), Johnson et al. (2006), Smith et al. (2002) and for the Middelburg sheet area in particular by 

Cole et al. (2004). The more detailed sedimentological accounts by Stavrakis (1980), Hiller and 

Stavrakis (1980, 1984), Haycock et al. (1994), Groenewald (1996) and Neveling (1998) are also 

relevant to the present study area.   

The Katberg Formation forms the regionally extensive, sandstone-rich lower portion of the Tarkastad 

Subgroup (Upper Beaufort Group) that can be traced throughout large areas of the Main Karoo Basin.   

A thickness of 400 m more of grey to greenish-grey sandstone beds with minor reddish- or greenish-

grey mudrock interbeds is reported by Cole et al. (2004) in the Middelburg sheet area, thinning to 260 

m at Carlton Heights. The predominant sediments are (a) prominent-weathering, pale buff to greyish, 

tabular or ribbon-shaped sandstones up to 30 m thick that are interbedded with (b) recessive-

weathering, reddish or occasionally green-grey mudrocks with subordinate thin sandstone beds. In 

some areas up to four discrete sandstone packages can be identified within the succession. Katberg 

channel sandstones are typically rich in feldspar and lithic grains (i.e. lithofeldspathic).  They build 

laterally extensive, multi-storey units with an erosional base that is often marked by intraformational 

conglomerates up to one meter thick consisting of mudrock pebbles, reworked calcrete nodules and 

occasional rolled fragments of bone.  The basal Katberg succession is often marked by a major cliff-

forming sandstone unit, but in the some areas, such as to the west of Noupoort, there is a transitional 

relationship with the underlying Adelaide Subgroup that is marked by an upward-thickening series of 

sandstone sheets (Figs. 10 & 11). Internally the moderately well-sorted sandstones are variously 

massive, horizontally-laminated or cross-bedded and heavy mineral laminae occur frequently.  

Sphaeroidal carbonate concretions up to 10 cm across are common. The predominantly reddish 

Katberg mudrocks are typically massive with horizons of pedocrete nodules (calcretes), and mudcracks.  

Natural mudrock exposure within the study area is very limited due to extensive mantling of these 

recessive-weathering rocks by superficial sediments. 

Katberg sandstone deposition was mainly due to intermittently flooding, low-sinuosity braided river 

systems flowing northwards from the rising Cape Fold Belt mountains in the south into the subsiding 

Main Karoo Basin (Fig. 18).  Mudrocks were largely laid down by suspension settling within overbank 

areas following episodic inundation events, while other fine-grained sediments are associated with 

lakes and temporary playas in lower-lying areas on the arid floodplain, especially in the northern Katberg 

outcrop area and its lateral correlatives in the Burgersdorp Formation.  Palaeoclimates inferred for the 

Early Triassic Period in the Main Karoo Basin were arid with highly seasonal rainfall and extensive 

periods of drought.  This is suggested by the abundant oxidised (“rusty red”) mudrocks, desiccation 

cracks, and palaeosols associated with well-developed calcretes. Arid settings are also supported by 

taphonomic and behavioural evidence such as pervasive carbonate encrustation of fossil bones, 

mummification of postcrania, bone-bed death assemblages associated with water holes and the 

frequency of burrowing habits among tetrapods, including large dicynodonts like Lystrosaurus 

(Groenewald 1991, Smith & Botha 2005, Viglietti 2010, Smith et al. 2012). 
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Fig. 18.  Reconstruction of the south-eastern part of the Main Karoo Basin in Early Triassic times 

showing the deposition of the sandy Katberg Formation near the mountainous source area in 

the south.  The mudrock-dominated Burgersdorp Formation was deposited on the distal 

floodplain where numerous playa lakes are also found (From Hiller & Stavrakis 1984). 

 

Good exposures of thick packages of resistant-weathering, greyish to buff Katberg sandstones are seen 

both along the marginal escarpments of the Klein-Renosterberg as well as in the high-lying plateau 

areas where they have often been thermally metamorphosed by nearby dolerite intrusions (Figs. 7, 23).  

Mudrock intervals some 5 to 10 m in thickness occur between the lower Katberg sandstone packages, 

generating a stepped topography, but these recessive intervals are rarely well-exposed due to the 

pervasive sandstone colluvium (e.g. Locs. 133-134, 154-155, 162) (Figs. 24 to 28). The mudrocks are 

grey-green, blue-grey or purplish-brown, massive to thin-bedded with ferruginised calcrete 

concretionary nodules and lenses. They may contain locally common oblique invertebrate burrows of 

the distinctive ichnogenus Katbergia (Figs. 63 & 64). The mudrocks often pass up into thinly interbedded 

mudrock / sandstone packages that may display casts of mudcracks, fine mudflake breccias, algal mat 

textures, possible adhesion warts, transported plant debris and abundant small-scale (0.5 to 1 cm wide) 

vertical burrows (or perhaps reedy plant stem casts) (Fig. 65). This facies association may be 

associated with playa lakes on the semi-arid floodplain. Some greyish-hued zones between channel 

sandstone packages consist mainly of thin-bedded, tabular fine-grained sandstones rather than 

mudrock. 

The upper portion of the Katberg succession in the Klein-Renosterberg comprises amalgamated major 

channel sandstone packages that form a steep cliff or krans at the top of the surrounding escarpment 

(Figs. 4, 5 & 11). Internally the sandstones are massive, finely laminated horizontally, or structured by 

trough or tabular cross-sets (Figs. 29 & 30). Flaggy, thin-bedded packages display well-developed 
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primary current lineation on bedding planes.  Large scale (megaripple) current bedforms as well as 

small scale current rippled bedding planes are preserved locally in plateau areas (Locs. 157, 161 Figs. 

31 & 35).  Lenticular basal or internal breccias may reach thicknesses of a half to one meter or more 

and variously consist of angular mudstone intraclasts, rounded calcrete glaebules, or a mixture of the 

two (Locs. 155, 161) (Figs. 36 to 39). Extensive, prominent-weathering, pale grey beds of cross-bedded 

calcrete glaebule conglomerate on Uitzicht 3 (Loc. 156) point towards episodes of dramatic denudation 

of the arid floodplain with reworking of resistant clasts (including occasional vertebrate bones and teeth) 

from overbank muds into river channels. The calcrete conglomerates are locally secondarily 

ferruginised, probably as a consequence of dolerite intrusion. The Katberg exposures in higher-lying 

regions of the Klein-Renosterberg show several features of karst (i.e. solution) weathering, probably of 

late Tertiary age, including crusty, polygonally-cracked surfaces, solution hollows, widened joints, and 

secondary case-hardening by silica (Figs. 32 & 33). Rounded pebble- to cobble-sized siliceous bodies 

(often hollow) within the sandstones are probably a result of hot circulating silica-rich fluids following 

dolerite intrusion. Well-developed sets of linear joints within Katberg sandstones on Klip Krands 60 have 

been misinterpreted as historical “wagon tracks” (Fig. 34). 

The most informative exposures of lower Katberg Formation sediments are found in several extensive 

road cuttings along the N10 tar road to the northeast of the Umsobomvu WEF study area (Locs. 166 to 

168 on Naauw Poort 1, Koppies Kraal 6) (Figs. 19 to 21).  Good vertical sections through grey-green, 

grey and purple-brown overbank mudrocks, packages of thin-bedded sandstones, heterolithic facies 

(interbedded sandstone and siltstone) as well as packages of pale grey to buff channel sandstones are 

seen here. Bedding geometries are predominantly tabular. Channel sandstone packages are multi-

storey with relict mudrock interbeds or composed of amalgamated massive, horizontally-laminated to 

cross-bedded sandstone beds. Sandstone bases are often markedly erosive and gullied with 

associated with lenticles of mudflake intraclasts. Occasionally the last comprise cross-bedded mudflake 

breccias. Concentrations of sizeable angular blocks of overbank mudrock suspended within channel 

sandstones reflect local bank collapse (Fig. 21). Overbank mudrocks may show sand-infilled 

mudcracks, isolated lenticles of sandstone, rusty brown calcrete pedocrete horizons and locally 

abundant oblique invertebrate burrows (Katbergia).  Equally good sections through similar tabular-

bedded lower Katberg rocks are seen in steep river banks on Klip Krands 60 (Locs. 162 to 164) (Fig. 

22). Here extensively mud-cracked surfaces associated with thin-bedded sandstones are associated 

with algal mat textures and dense assemblages of vertical, cylindrical sand-infilled structures that might 

be either invertebrate burrows (Skolithos) or perhaps casts of plant stems. 
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Fig. 19. N10 road cutting through the lower part of the Katberg Formation on Naauw Poort 1 

(Loc. 168). Shown here are tabular channel sandstones (see erosional, channeled base towards 

bottom of photo) as well as grey-green, thinly-bedded siltstone or fine sandstone facies. 

 

Fig. 20. Erosive-based channel sandstone overlying grey-green and purple-brown overbank 

mudrocks with rusty ferruginous carbonate lenticles, lower Katberg Formation N10 road cutting 

on Naauw Poort 1 (Loc. 166). 
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Fig. 21. Interbedded pale brown channel sandstones and grey-green mudrocks within the lower 

Katberg Formation, N10 road cutting on Koppies Kraal 6 (Loc. 167). Note coarse channel 

collapse breccia of dark mudrock blocks indicated by yellow arrow. 

 

 

Fig. 22. Tabular-bedded, mudrock-rich interval within the lower Katberg Formation, riverbank    

cliffs on Uitzicht 3 (Loc. 161) 
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Fig. 23. Steep valley wall exposure of Katberg Formation channel sandstones in Kamferkloof 

(Uitzicht 3). Most sandstone bodies are tabular, but erosive-based lenticular channel infills are 

also seen here (yellow arrow). 

 

 

Fig. 24. Roadside exposure of weathered grey-green Katberg mudrocks and thin sandstone 

interbeds on Uitzicht 3 (Loc. 154). 
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Fig. 25. Package of grey-green and purple-brown mudrocks passing up into thin-bedded 

heterolithic zone incised by channel sandstone, Katberg escarpment, Holle Fountain 133 (Loc. 

133). 

 

 

Fig. 26. Detail of upper portion of succession seen in previous figure showing mudcracked 

heterolithic beds beneath cross-bedded channel sandstone, Katberg Formation (Loc. 133). 
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Fig. 27. Grey-green sandstones with brown ferruginous carbonate lenticle, probably within 

lowermost Katberg Formation (but possibly uppermost Adelaide Subgroup), Holle Fountain 133 

(Loc. 136) (Hammer = 30 cm). Yellow arrow indicates stratigraphic level of grey-green siltstone 

containing the Lystrosaurus skeleton shown in Figs. 69-71. 

 

Fig. 28. Boulder-sized ferruginous carbonate nodules at same stratigraphic level as that arrowed 

in the previous figure, Holle Fountain133 (Loc. 136) (Hammer = 30 cm). 
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Fig. 29. Typical package of pale brown, amalgamated, cross-bedded channel sandstones of the 

Katberg Formation, Holle Fountain (near Loc. 137). 

 

 

Fig. 30. Large scale, low-angle trough cross-bedding within the Katberg Formation, Leeuw Hoek 

61 (Loc. 139) (Hammer = 30 cm). 


