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The Geology and Geomorphology of the 

Klip River Valley near Memel, Free State

S. Tooth1, T.S. McCarthy2, D. Brandt2 and P.J. Hancox2
1 Institute of Geography and Earth Sciences, University of Wales, Aberystwyth, SY23 3DB, UK

2 Department of Geology, University of the Witwatersrand, Johannesburg, Wits 2050, South Africa

The geology of the Klip River valley near Memel is dominated by sedimentary rocks (largely sandstones and minor mudstones or shales) that have been intruded by igneous rock (dolerite).  These represent part of a larger succession of rocks known as the Karoo Supergroup which was formed between ~300 and 180 million years ago in the Carboniferous to Jurassic periods (Fig. 1).  Karoo Supergroup rocks presently cover more than half of the South African land surface and the succession near Memel is similar to that exposed over large areas of the eastern Free State, Mpumalanga and western KwaZulu/Natal.
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Fig. 1  Simplified geological timescale and subdivision of the Karoo Supergroup rocks, indicating the main rock types found in the Memel area, and their approximate ages.

Formation of the Karoo Supergroup rocks occurred at a time when Africa was joined to South America, India, Australia and Antarctica as part of a supercontinent called Gondwana.  The sandstones and shales that outcrop in the Memel area are part of the Ecca and Lower Beaufort Groups and were deposited in the Permian period by large rivers in delta and floodplain settings.  Since the time of deposition, these sandstones and shales have been little disturbed by faulting, folding or tilting and retain their original horizontal layering.  Good outcrops which reveal this layering can be seen adjacent to the R34 to the west and east of Memel (Fig. 2).  However, in the late Jurassic period (~180 million years ago), prior to breakup of Gondwana, these sedimentary rocks were extensively intruded by molten rock.  Dolerite formed where this molten rock solidified beneath the land surface, and occurs both as sills (where it intruded horizontally between layers) and dykes (where it intruded by cutting across layers).  Good examples of dolerite outcrops can today be seen at numerous places throughout the Memel area, such as on the Pampoenspruit where it crosses the main road to the west of Memel, and at several locations on the dirt road on the eastern side of the Klip River valley (Fig. 3).
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	Fig. 2  Example of a sandstone outcrop in the Memel area, showing the typical pale colouration and poor jointing.


	Fig. 3  Example of a dolerite outcrop in the Memel area, showing the typical darker colouration and moderate to high level of jointing.
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Following the breakup of Gondwana in the late Jurassic to early Cretaceous periods, the present-day continents drifted apart, and landscapes started to develop their present forms.  In South Africa, landscape development since Gondwana breakup has been dominated by episodes of continent-wide uplift, the last of which ended possibly as recently as 2-3 million years ago.  In response to these uplifts, rivers eroded downwards, hillslopes retreated, and deep river valleys formed.  Over time, these processes have resulted in the removal of substantial thicknesses of Karoo Supergroup rocks from across large areas of South Africa, exposing many of the formerly buried dolerite sills and dykes.  In valleys such as that of the Klip, this process of erosion is continuing today, although at a rate imperceptible during a human lifetime.

Knowledge of this geological history helps us to understand the present-day landscape of the Klip River valley in the Memel area.  As rocks have been eroded, deep river valleys have formed, separated from neighbouring valleys by steep, flat-topped escarpments or hills rising up to ~350 m above the adjacent valley floors. The escarpments and hills are mainly formed in sandstone, with dolerites often capping these escarpments or forming prominent, boulder-strewn ridges.  Soil covers are typically thin (<1 m) but grassy ground covers are extensive.

Along its course, the Klip River is presently eroding into both sandstone and dolerite.  Pronounced and abrupt changes in the character of the river occur where it flows from one rock type onto another.  For instance, when developed on sandstone, valleys are characteristically wide, and the river meanders within broad floodplains marked by numerous oxbow lakes and abandoned channels.  Many of these floodplain features host substantial areas of wetland that are inundated by summer floods and retain water throughout the winter dry season.  In contrast, where dolerite outcrops, valleys are much narrower, the river follows a straighter course, and floodplain development is limited.

This contrast between river character in sandstone and dolerite valleys can be seen on many rivers throughout the Memel area, but is most spectacularly developed on the Klip north of Memel.  For instance, where the R34 crosses the Klip to the east of Memel, the river flows in a narrow dolerite valley with limited floodplain development.  To the north of the road, however, the valley is formed in sandstone and is much broader (up to 1500 m wide).  Here, the river meanders through an extensive floodplain marked with numerous oxbow lakes and abandoned channels (Fig. 4).  This floodplain hosts large areas (>30 km2) of wetland, a large proportion of which lie within the Ramsar-listed Seekoeivlei Nature Reserve.  The Klip meanders for ~26 km downstream, before crossing another small dolerite outcrop.  This outcrop occurs just to the north of the dirt road from the farms Oudewert to Fransina, linking the eastern and western banks, and forms a prominent east-west oriented ridge.  Here, the valley and floodplain narrow to less than 200 m wide, and the channel straightens over a short (~400 m) reach.  Downstream, the river again flows through sandstone, the valley broadens to ~1500 m wide and the channel meanders for ~13.5 km through another extensive floodplain which also hosts significant areas (>10 km2) of wetland (Fig. 5).  Beyond this point, however, the meanders abrubtly terminate and the channel becomes essentially straight (Fig. 5), although pronounced, angular bends occur at irregular intervals downstream (Fig. 6).
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	Fig. 4  Aerial view of the Seekoeivlei Nature Reserve during late summer, illustrating the numerous oxbow lakes and flooded backswamps (visible on far right).  The meandering Klip River is visible in the centre of the photograph, lined by willow trees.  Flow direction is away from the camera.


	Fig. 5  Oblique aerial view showing how the Klip River markedly straightens as it flows from a wide sandstone valley into a narrow dolerite valley.  Note the tributary (visible on middle right) which is diverted by the resistant dolerite, and joins the Klip just upstream of the dolerite valley.  Flow direction is from lower right to upper left.
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	Fig. 6  View of the Klip River in a dolerite valley downstream of the study reach, showing the typically narrow valley with limited floodplain development, and the abrupt, angular bends separating essentially straight reaches.  Flow direction is from left to right.


These pronounced and abrupt changes in the character of the Klip River result from the different resistances of the two rock types to erosion by running water.  Dolerite is a hard rock which is highly resistant to erosion but the sandstone in the Memel area is relatively soft and is much more erodible.  In the resistant dolerite, erosion occurs principally along near-vertical joints or fractures in the rock.  Erosion therefore occurs mainly downwards rather than sideways, resulting in narrow, confined valleys and essentially straight rocky channels.  The pronounced and angular bends that occur at irregular intervals downstream and separate the straight reaches (Fig. 6) correspond with changes in the dominant orientation of the joints and fractures, along which the rock tends to be slightly softer.  By contrast, in the erodible sandstone, erosion can occur both downwards and sideways.  However, downwards erosion cannot proceed faster than occurs at the next dolerite outcrop downstream (Fig. 7).  As downwards erosion of these dolerites is slow, erosion in the upstream sandstone valleys is restricted to sideways erosion.  This sideways erosion essentially ‘marks time’ and is accomplished by the formation of meanders, which wander back-and-forth across the valley and simultaneously erode the river bed, deposit floodplain sediments and further widen the valley.
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Fig. 7  Diagram showing why meandering occurs in the sandstone valleys.

These meanders are naturally dynamic, with changes in the river course over time resulting in the formation of oxbow lakes and abandoned channels (Fig. 8).  Seasonal floods result in overbank deposition of sediment, which builds low levees along the banks of the main channel.  Areas on the floodplain away from the channel are therefore topographically lower than the channel banks, and may remain flooded long after summer rains have ceased.  Meandering and levee building create an assemblage of habitats of different age and contribute to the high ecological diversity typical of the wetlands in eastern South Africa such as Seekoeivlei, Wakkerstroom and Blood River.
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Fig. 8  Diagram showing the main changes in river course characteristic of meandering rivers: a) neck cutoff; b) abandonment and formation of a new channel.
The formation of meanders in the sandstone valleys upstream of dolerite outcrops is analogous to the effect that would be achieved by pinning a snake to the ground near its head.  Behind the immobile head (the river in the dolerite valley), the sideways wriggling of the snake’s body would approximate the back-and-forth wandering of meanders in the sandstone valley.  The formation of meanders is not due to the dolerite slowing down or damming back the flow of the river, as is shown by the fact that the river beds in the sandstone valleys are on bedrock and there are no deep sediment accumulations.

The dominance of sideways erosion over downwards erosion in the sandstone valleys over time also results in the slope of the river bed becoming flatter than in the dolerite valleys (Fig. 9).  This effect can clearly be seen on the Klip River downstream of Memel where the river bed slope is much flatter in the sandstone valley than in the dolerite valley downstream (Fig. 9).
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Fig. 9  Long profile of the Klip River, showing how the slope of the river bed changes downstream from the headwaters in the Drakensberg Mountains towards the junction with the Vaal River.  Note how the slope steepens markedly in the middle reaches as the river crosses a major dolerite sill downstream of the floodplain wetlands near Memel.  Many smaller dolerite sills and dykes not indicated on the profile also result in local steepening over short reaches.

Similar downstream differences in river bed slopes are typical of many rivers in the Memel area which also cross sandstone/shale and dolerite at intervals along their courses.  As on the Klip River near to Memel, wide valleys with meandering rivers and floodplain wetlands typically occur where slopes are flatter.  These meanders and floodplain wetlands will survive for as long as the downstream dolerites restrict downward erosion of the river bed but, over long periods of time (tens of thousands of years), ongoing processes of river erosion mean that the resistant dolerites are eventually lowered by erosion or completely eroded away.  When this happens, a wave of downward erosion migrates upstream into the sandstone valleys, and ultimately dominates over sideways erosion by meanders.  This downward erosion lowers the river bed and results in abandonment of the former floodplains which are no longer regularly flooded.  As a consequence, the wetlands desiccate and become susceptible to erosion by dongas (gullies).  This process is part of a natural cycle of wetland formation and destruction which has happened many times in the past, and which also is happening today along the lower reaches of the Klip and many other rivers in parts of the eastern Free State, Mpumalanga and KwaZulu/Natal.  On these reaches, dolerites have been eroded away, downward erosion has migrated upstream, floodplains and wetlands have desiccated, and numerous dongas now scar the landscape (Fig. 10).  In some areas, human activities such as poor land management and artificial drainage also may have contributed to wetland desiccation and donga erosion.  At Seekoeivlei and further upstream on the Klip River, however, wetland destruction is unlikely to happen in the near future.  This is because the dolerite outcrops are very thick and will not readily be breached, and also there is now much greater awareness of the adverse impact of different land-use practices on these protected habitats.  The survival of the spectacular wetlands in the Memel area is thus assured for some time to come.
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	Fig. 10  Aerial view of a gullied floodplain on the Schoonspruit, a small tributary of the Vaal River located west of the Klip River catchment.  The formerly meandering river has eroded downwards, lowering the river bed and largely abandoning the former floodplain.  The floodplain and associated wetlands are now only rarely flooded, and are susceptible to erosion by dongas.


