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ABSTRACT ARTICLE HISTORY

The Letaba River is one of several east-flowing rivers in the semiarid Received 24 July 2023
region of northeast South Africa. There is strong seasonality of river Accepted 5 March 2024
discharge and patterns of geomorphic behaviour along bedrock- KEYWORDS

and sediment-dominated reaches in these rivers, and in response to Fluvial geomorphology; OSL
extreme seasonal flood events. This paper presents new lumines- dating; river floods; sediment
cence ages on sediment samples from five sites in upper (head- reworking; semiarid rivers
water) reaches of the Letaba River catchment outside of Kruger

National Park, South Africa, combined with evidence from reach-

scale geomorphology and sediment sample analysis. River reaches

are mainly mixed bedrock-alluvial with a patchwork of poorly

sorted coarse sand bars overlying an abraded extended bedrock

channel system. Luminescence ages from river sediment deposits

(n = 13) cluster around three time periods of the last 400 years, 500

1100 BP, and 1400 BP. This suggests different reworked populations

are present, which are a result of the partial bleaching of quartz

grains and, thus, a mixed luminescence signal as flood-transported

sediments are progressively moved from one depositional sink to

another. This pattern of luminescence ages is quite different to

lowland river systems in the same region where ages on the

whole are significantly younger. Flood processes and dynamics in

headwater reaches of semiarid rivers are often not considered but

can yield a better understanding of system sensitivity to climate

and event forcing.

1. Introduction

Seasonal rainfall and subsequent flooding are common drivers of geomorphic change on
the semiarid rivers of southeastern South Africa (Heritage et al., 2001a, 2014, 2019;
Rountree et al., 2000). High water velocities result in sediment erosion and depositional
patterns that are manifested through changes in the distributions of (1) bare bedrock versus
loose sand present across the flood-affected zone; (2) surface sediment types and properties
such as grain size; and (3) fluvial landforms (Knight & Evans, 2022). These flood-driven
geomorphic changes, related to the interplay between sediment deposition and the presence
of bare rock surfaces, are particularly well demonstrated in river headwaters where both
bedrock and a thin surficial cover of loose sediments are present, rather than in lower-reach
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areas where sediment thickness is greater and where bedrock is commonly covered up
(Baggs Sargood et al., 2015; Broadhurst & Heritage, 1998; Maswanganye et al., 2022; Wohl
& Beckman, 2014). This may mean that the sediment dynamics of steeper headwater areas
of rivers may be different to lower gradient reaches farther downstream (Thompson et al.,
2007; Wohl & Beckman, 2014). However, there are very few studies that have considered
headwater (mountainous) rivers in southern Africa, or their longitudinal sediment con-
nectivity to their downstream reaches (Grenfell et al., 2014; Knight & Grab, 2018; Walsh
et al., 2023).

Many studies globally have examined the dynamics of bedrock river systems, includ-
ing the relative roles of geologic control versus floodwater processes in bedrock channel
geomorphology (e.g. Johnson & Finnegan, 2015; Wohl & Beckman, 2014; Yanites, 2018).
The dynamics of mixed bedrock - alluvial channels are more complex than bedrock
systems alone because of the potential role of surficial sediments in protecting the
underlying bedrock surface from erosion and in providing abraders for bedrock erosion
(Toone et al., 2014; Baynes et al., 2020; Heitmuller et al., 2015). Several studies in
northeast South Africa have identified and discussed the importance of mixed bedrock -
alluvial reaches in terms of flood response (e.g. Heritage et al., 2001a, 2001b, 2003, 2015,
2019; Knight, 2022; Knight & Evans, 2017, 2018, 2022; Maswanganye et al., 2022; Milan,
2018a, 2018b, 2020). In mixed bedrock - alluvial reaches, flood events often cause
sediments to be transported from bedrock hollow to hollow (e.g. Jansen & Brierley,
2004), leading to a sediment transport system in which transport is episodic between
these sites of sediment deposition and storage (Heritage et al., 2014; Milan et al., 2018a,
2018b, 2020; Rowntree et al., 2000). However, flood-transport processes and dynamics
are not well known, in part because of their short-term occurrence and difficulties of
in situ measurement and monitoring, and because the sedimentary products are difficult
to interpret. However, the sedimentary stratigraphic and dating record of flood events
can provide insight into the nature of sediment transport in mixed bedrock - alluvial
rivers (Colarossi et al., 2015; Cunningham et al., 2015; Knight & Evans, 2017, 2018).
Further work on this type of evidence can inform on river system responses to flooding in
semiarid areas, especially in mixed bedrock - alluvial rivers where these responses may
vary between bedrock and sedimentary substrates. In addition, to evaluate the timing of
sediment deposition, luminescence dating can be applied in areas where sediments have
accumulated, and this may be geologically controlled according to sites of deposition
within bedrock hollows.

The aim of this study is to examine the sediment dynamics of bedrock-controlled river
reaches in headwater areas of the Letaba River in northeast South Africa. This is achieved
through combining field-based geomorphology, sedimentology, and dating. In particu-
lar, new luminescence ages are presented that can inform on the degree and nature of
sediment reworking between bedrock-controlled sediment storage areas.

2. Study area

The Letaba River is one of several parallel-aligned river systems flowing eastwards
from headwater areas along the Eastern Escarpment of South Africa, through the
Kruger National Park (KNP) and into the Limpopo River system, draining into the
Indian Ocean (Figure 1). The Letaba River itself has a drainage basin area of ~ 13
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Figure 1. Location of the Letaba River catchment in northeast South Africa, the location of the five
sites examined in this study (marked 1-5), and the river gauging station B8H008.

670 km* (State of the Rivers Report, 2001) and comprises two major tributaries: the
Klein Letaba to the north and Groot Letaba to the south. Mean annual precipitation
within the Letaba catchment is 622 mm but this varies substantially with 425-2000
mm yr ' in the highest western headwater areas (ecoregion 2.15) of the Letaba
basin, to 250-725 mm yr ' in eastern lowland reaches within KNP (ecoregion 5.02)
(State of the Rivers Report, 2001). In more detail, the Groot Letaba catchment’s
annual precipitation ranges from 1500 mm in headwater regions (<2121 m asl) in
the Eastern Escarpment, to 450 mm in eastern lowland areas (155m asl) (Graham
et al., 2022). Rainfall in the region is also strongly seasonal with summer cyclonic
precipitation between October and March often resulting in extreme flood events
that have the capacity to lead to significant and very rapid geomorphic change
(Heritage et al., 2001a, 2001b, 2014, 2019). Bedrock geology within the catchment is
dominated by gneiss and granite (Schutte, 1986) and macroscale fracture patterns in
these rocks influence the detailed geomorphology of pools, riffles, and rock out-
crops within the river system. Bedrock geology in turn also influences soils and
vegetation within the catchment (e.g. Venter, 1986). River discharge at monitoring
station B8HO08 at Letaba Ranch near the exit of the Groot Letaba tributary for the
period 2006-15 (including the sampling period of this study which was in
June 2013) is shown in Figure 2. The summer period (months DJF for 2011-12)
immediately before sampling took place for this study experienced exceptionally low
flow conditions, whereas the previous summers experienced total monthly flows of
up to 70 million m> s™' with concomitant potential for high river sediment
transport.
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Figure 2. Total monthly river discharge volumes along the Groot Letaba, recorded at Letaba Ranch
(gauge B8HO008, Figure 1). The arrow indicates the sampling period in this study.

3. Methods

This study is based on a combined methodology of field observations, subsequent
sediment sample analysis, and luminescence dating of sediment samples. Five sites
were examined in the field, along the main river channel of the Groot Letaba located
upstream of the Groot/Klein Letaba confluence and thus outside of Kruger National Park
(Figure 1). Therefore, these sites correspond to headwater areas of the river where
channel gradients are steeper than those found in downstream areas (Rowntree &
Wadeson, 1999). The five sites were chosen pragmatically, based on their accessibility
(the river flows through privately-owned property where access is restricted), fairly
equidistant, and sufficiently downstream of the Tzaneen dam (constructed 1976) to
reduce the impacts of artificial water release. The most upstream site, site 3, is 15 km
downstream of the dam outflow. The sites also capture a range of river reach types as
classified by Moon and Heritage (2001) for lower reaches of the Letaba, namely: alluvial
single-thread, alluvial braided, mixed anastomosing, and mixed pool-rapid. The defini-
tions of these reach types as described in the literature are given in Table 1. Although this
classification scheme has been updated based on the River Styles Framework (Brierley
et al., 2011; Fryirs & Brierley, 2018) and applied to other rivers in northeast South Africa
(Eze & Knight, 2018; Knight, 2022), this previous classification is applied here to facilitate
comparison between different reaches of the Letaba.

The Groot Letaba extending from the Tzaneen dam to the Groot/Klein Letaba
confluence (Figure 1) was classified for reach types using historic Google Earth imagery
of the same date as field data collection for this study (June 2013), in 1-km length
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Table 1. River reach types identified in this study, and their definitions (adapted after Moon &
Heritage, 2001).

Reach morphological
type Definition

Alluvial single thread  These are found in particular during low flow periods and correspond to situations where
water is confined to a single river channel, developed on a sandy floodplain or sand sheet
where no bedrock outcrops are present. Channel morphology (width, depth, sinuosity) is
controlled by variations in water velocity. Outside of the active channel there may be dry
and abandoned channels on the sand surface that may be activated with an increase in
river discharge and therefore widening of the active channel.

Alluvial braided Multiple distributary channels are present over a low-relief alluvial sand sheet surface. Channel
number and geometry change significantly in a downstream direction with channels
splitting and merging in response to changes in flow rather than being caused by any
change in substrate type or the presence of any obstructions. Water discharges are similar
between all channels. Outside of the active channel zone, fine grained flood deposits, small
terrace-like features, abandoned sand bars and dried up ponds may be present.

Mixed anastomosing  Both bedrock and sedimentary features are found within and adjacent to the active channel.
Alluvial deposits may form a thin veneer over the bedrock surface. Water may be directed
into several smaller channels that split and merge, commonly controlled by the position of
bedrock outcrops. Sediment may be present discontinuously as a thin sheet within the
active channels. Water height and velocity may vary between different channels.

Mixed pool-rapid Bedrock exposures dominate the active channel zone and water is confined within bedrock
channels. This means that channel width/depth and planform patterns are geologically
controlled, giving rise to pool-riffle structures. Pools may be floored by water-worn gravels
or sand patches. Sand may be present within bedrock hollows immediately outside of the
active channel zone but in all instances bedrock is the dominant control on channel
morphology.

increments through the river system, which is consistent with the methodology used in
previous studies (e.g. Eze & Knight, 2018; Heritage et al., 2001b; Knight, 2022; Moon &
Heritage, 2001). The number of 1-km-length increments of each of the four river reach
types was then calculated. It should be noted that this methodology, following that
undertaken in these previous studies, examines the morphological characteristics of
each 1-km long reach as a whole. At any one place along this reach, however, the precise
reach type observed may be different to or more complex than what is observed at the
larger scale. This is particularly important when comparing reach-scale classification
(km-scale) with what may be seen in the field (m-scale).

In the field, site geomorphology was examined through observation and measurement
of landforms in and around the active channel zone. Bulk surface sediment samples for
characterizing the sediment population were taken from different landforms and in
locations both within and away from the channel. The positions of landforms and
sediment samples were obtained using a handheld GPS (horizontal accuracy of £3 m)
and differential GPS (horizontal and vertical accuracy of +3 cm). Sediment samples from
each site were analysed in the lab for grain size distributions using 0.25 ¢ sieves between
63 and 2000 um. Calculation of derived parameters (median grain size, skewness, kur-
tosis) was then undertaken using the GRADISTAT program (Blott & Pye, 2001) and the
Folk & Ward (1957) sediment classification scheme.

Thirteen samples were collected from the five sites for optically stimulated luminescence
(OSL) dating. The locations chosen for sample collection in the field were based on the
availability of suitable sediment deposits and their accessibility. Near-surface sediment
(within ~10 cm of the surface) was collected preferentially as this was assumed to be the
most recently deposited. Where possible, multiple samples were collected at each site, either
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within the river channel or from deposits on the adjacent banks and floodplain, to constrain
the ages of the different features or landforms present. The samples were collected in light-
safe tubes by pushing or hammering the tubes into the sediment unit before sealing it to
ensure no exposure to sunlight. Where samples were collected below the water surface, the
tube was pushed into the sediment horizontally and sealed at either end before being
extracted and taped securely. The sampling methodology closely follows that of
Cunningham et al. (2015). In the laboratory, each sample was divided into two parts for
equivalent dose (D.) and dosimetry (D,) measurements under safe-light conditions. Quartz
grains were extracted from the D, portion following standard OSL sample preparation
protocols (see Aitken, 1997, 2014; Mahan et al., 2023). Organic matter and carbonates were
removed using H,0, and HCI, respectively, before the 180-212 um quartz fraction was
isolated by dry sieving and density separation using a solution of sodium polytungstate
(SPT) at 2.70 g cm > and 2.63 g cm . The alpha contribution to the dosimetry, along with
any remaining feldspars, was removed by etching the quartz grains in HF for 40 minutes,
following which an HCI wash was used to remove any acid-soluble fluorides.

The equivalent dose for each sample was measured using Rise TL/OSL DA-15 and
DA-20 readers, in which optical stimulation was provided by blue LEDs (478 nm) of ~40
mW cm ™ constrained by a long-pass filter (GG-420). The OSL signal was detected with
an EMI 9235QB photomultiplier tube via a single 7.5 mm Hoya U340 detection filter.
The D, values were derived by calibrating the optical signal acquired naturally during
burial to the regenerated optical signals obtained through controlled laboratory doses,
using the single aliquot regenerative (SAR) protocol of Murray and Wintle (2000). The
suitability of the SAR protocol for determining D, was evaluated using a combined
preheat and dose recovery test, and the recycling ratio. The temperature at which
a known dose was recovered within unity was selected for further measurements. The
preheat also assessed the consistency of D, as the temperature varied (Murray & Wintle,
2003). In addition, any aliquots where the recycling ratio was not within unity (between
0.9-1.1) were rejected. The D, distributions were plotted as abanico plots following the
method described by Dietze et al. (2016) and Burow et al. (2016). This approach has been
used for analysing luminescence dates from several fluvial environments (Guo et al,,
2023; Knight & Evans, 2018; Li et al.,, 2021).

For dosimetry calculations (D,), the radionuclide abundances of U and Th were
determined using ICP-MS, and K was determined using XRF. Adjustments were made
to account for water content, and cosmic dose contributions were determined following
the method outlined by Prescott and Hutton (1994). Dose rate conversion followed the
approach by Guérin et al. (2011), and the age was calculated by dividing D, by D,,
following procedures described in Aitken (1985) (see also Mahan et al., 2023). All error
terms provided are computed at one sigma level.

4. Results
4.1. Geomorphic and sedimentary characterization of river reaches

In total, 161 km of river length was measured and classified for reach type between the
Tzaneen dam and the Groot/Klein Letaba confluence. Of these 161 x 1 km-long segments,
mixed anastomosing is most common (59, 37%), followed by alluvial single thread channels
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Figure 3. (a) River reach classification at 1-km intervals (see definitions in Table 1), using the scheme of
Moon & Heritage (2001), for the groot letaba between Tzaneen dam and the Klein/Groot Letaba
confluence. Study sites and the position of major tributaries are marked. (b) River long profile along
the groot letaba showing the position of the study sites, based on contours (at 20 m intervals) shown
on 1:50 000-scale maps for this area.

(42, 26%), alluvial braided (41, 25%), and then mixed pool-rapid (19, 12%) (Figure 3(a)).
The presence of both bedrock and surface sediments in different proportions, therefore,
characterizes the Groot Letaba. Mixed pool-rapid reaches are found mainly in steeper
headwater areas whereas in a downstream direction surface sediment becomes more
common as the river’s long profile becomes less steep and river valleys wider (Figure 3
(b)). It is notable that the Groot/Klein Letaba confluence has an alluvial braided channel
which also continues 4 km downstream according to the reach classification mapping
undertaken by Heritage et al. (2001, their Figure 2(a)). The geomorphic context and relative
positions of the OSL dating samples to the active river channel(s) at each site are shown in
Figure 4. The detailed geomorphology and sediment properties at the five sample sites are
now described from Site 3, which is the most upstream site, in a downstream direction
towards the confluence of the Groot/Klein Letaba.

Site 3 (23°50’37.27S, 30°13°02.8”E) is located on a mixed anastomosing reach adjacent
to a bridge at Fleurbaai near Letaba River Lodge (Figure 5). The reach is dominated by
bedrock ridges and hollows that split the low-flow river into different anastomosing and
braided channels that are located at different elevations. These landforms are present
across the total width of the river valley (60 m), but the presence of trees and shrubs set
between abandoned channels shows that different parts of the river system were active at
different times, caused by changes in water height (and therefore discharge) during
floods (Figure 5(c)). Flood debris including tree branches is present up to 1.5 m above
the present water level. Near to the present active channel, the relative relief of the
bedrock ridges is some <1.6 m above water level. Bedrock fractures (aligned at 080-260°
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Site 3 LTC1: Floodplain deposit, 40 cm
from the water’s edge.
LTC2: Riverbank sediment, 25 cm

Tc1 from the edge of the river.

32019

Lrc2

Letaba River

Site 1 LTA1: Riverbed deposit, 15 cm below the
water surface.
LTA3 LTA2: Riverbank sediment collected on the
14004320 slope near the water’s edge.
FTa% LTA3: Raised floodplain deposit.
770£190 LTA1

10004210

Letaba River

Site 2 LTB1: Riverbed deposit taken 10 cm
below the water surface.
LTB2: Slightly raised river beach
sediment, 20 cm from the water’s edge.
LTB1 LTB3: Riverbed deposit, 16 cm below
the water surface.

LTB2
610+160

Letaba River

Site 4 LTD1: Raised floodplain deposit with shells.
LTD2: Reworked river sediment on river
LTD1 LTD4 beach deposit.
170440 30070 LTD3: River beach deposit located at the
LTD2 LTD3 water’s edge.
210250 210440 LTD4: Upper surface of a sandbar deposit.

Letaba River

Site 5 LTE1: Shallow floodplain
deposit

LTE1

~———letbaRiver

Figure 4. Field sketches showing the locations of OSL dating samples relative to the Letaba River, for
each site (Figure 3). Note the field sketches are for illustrative purposes only and are not to a measured
scale. Information regarding each sample is provided and the details of the luminescence ages are
given in Table 3.
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Figure 5. Photos of site properties and landforms from site 3. (a) Mixed bedrock and alluvial main
channel, (b) potholes developed in bedrock above the observed water surface and suggestive of
turbulent flow during flood stages, (c) well-developed riparian vegetation stabilizing channel banks,
(d) bedrock pool and gravel accumulation within the channel, (e) meander bend, where bedrock
controls on channel morphology decreases, (f) sculpted bedrock channel forms typical of high-energy
floodwater.

and 100-280°) have influenced the geometry of bedrock ridges where these lines of
weakness have been exploited by hydraulic action and abrasion (Figure 5(b)). Plucking of
individual fracture-defined boulders leaves a socket (15-25cm diameter) into which
sediment can be deposited. Rounded, abraded potholes with boulders at their base are
also present. Individual bedrock channels and pools are 1.5-6 m wide and <1 m deep.
Throughout, bedrock surfaces are smoothed and polished; occasionally, isolated
detached boulders are present on elevated rock surfaces or within the channel. Located
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within bedrock hollows <1.5m above the water-filled channel are patches of poorly
sorted granules to boulders. A sediment sample from one of these patches (sample 3-2,
Table 2) yields moderately sorted coarse sand which is coarser than sediments within
a subaqueous bar in the largest and deepest channel (sample 3-1).

Site 1 (23°52’49.0”S, 30°21°02.9”E) is located in an alluvial single thread reach
near the informal settlement of Mariveni where the river was approximately 30 m
wide and 1 m deep at the time of sampling and where river sand is being mined by
hand by informal miners. Here, the single river channel is set in a floodplain
context with river banks 1.1-1.8 m high and composed of medium to coarse fluvial
sand layers (Figure 6(b)). Outside of the immediate channel banks is a terrace 4 m
above the present river level. A sand sample (sample 1-1, Table 2) from the terrace
surface shows poorly sorted medium sand. A sample from the base of the terrace,
50 cm above the active channel, is composed of poorly sorted coarse sand (sample
1-2).

Site 2 (23°47°21.8”S, 30°28°07.3”E) is located on a mixed anastomosing reach between
Nagude and Riverside. Bedrock outcrops and detached boulders are present throughout
and across the extensive floodplain (60 m wide, separated by a vegetated bedrock mid-
channel island). Boulders (<90 cm diameter) are commonly stacked and imbricated
within and around the main channel and may show chattermarks indicative of attrition
during transport. Outside of the present channel, bedrock surfaces are of low relief with
a scatter of pebbles either in bedrock hollows or as an armour across a coarse sand and
granule plain surface (Figure 7(a-c)). A sand sample from this outer channel plain
(sample 2-1, Table 2) shows moderately sorted coarse sand. Relict sand bars are also
observed in places across the floodplain, with a pebble armour and a sandy tail.
A sediment sample from this bar tail (sample 2-2) shows moderately sorted medium
sand. Flood debris caught in tree branches is located 2 m above the present water surface.

Site 4 (23°41°02.2”S, 30°36’34.4”E) is located on a mixed anastomosing reach adjacent to
a bridge at Letaba Drift. A single river channel is present alongside an extensive floodplain
(20 m width) comprised of bedrock outcrops and sandbanks. Bedrock is laterally extensive
adjacent to the main river channel, with broken and abraded bedrock surfaces, detached
bedrock boulders and isolated pockets of transported gravel (Figure 8(a,b)). The large sand
banks (<2m high), located outside of activity in the main channel and adjacent to the
floodplain margin, comprise poorly sorted very coarse sand with freshwater mollusc shells
forming a horizontal ‘watermark’ across the bank surface typical of a descending water
surface (Figure 8(c)). The elongated sandbanks coarsen in a downflow direction and have
scour channels around their margins (Figure 8(d)). Internally, the sand banks also
show cm-scale normally-graded planar bedding. Dune bedforms are also superimposed
upon each other; sediment samples from one such situation show moderately well-sorted
coarse sand (sample 4-2) superimposed upon an earlier moderately sorted medium sand
dune (sample 4-3). Sand bodies associated with flooding from the main channel form
relatively flat terraces 12 m wide and <1 m above the present water surface. A sediment
sample from this elevated surface (sample 4-1, Table 2) comprises very well-sorted medium
sand, typical of active sediment transport. Flood debris is found within tree branches at 5 m
elevation above the ground surface and 6.5 m above the present water surface.

Site 5 (23°40°16.4”S, 30°59°24.9”E) is located on an alluvial braided reach within Hans
Merensky Nature Reserve at La Cotte. Here, the river channel has incised into the
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Figure 6. Photos of site properties and landforms from site 1. (a) View downstream, where the river
banks are stabilized by vegetation, (b) sediments shown within the river channel (the brown water
colour) and within the river banks.

adjacent floodplain where planar bedded sands and silts with lenses of granules are
exposed (Figure 9). A sediment sample from the present channel (sample 5-1, Table 2),
presumably reworked from the eroded channel bank, shows poorly sorted medium sand.

4.2. Dating evidence

The luminescence ages obtained in this study are presented in Table 3. The ages range from
the youngest sample of 150 + 30 years at LTB1 (site 2) to the oldest of 1400 + 320 years at
LTA3 (site 1) and LTE1 (site 5). All the samples have an overdispersion greater than 20%,
suggesting scatter within the dataset that cannot be ascribed to instrumental error alone. The
scatter in the D, distribution is also displayed in abanico plots (Figure 10). The scatter can be
attributed to the reworking of the sediment during flood events resulting in incomplete
bleaching of the luminescence signal in the flood-transported grains (Cunningham et al.,
2015; Mahan et al., 2023). Even the sample with the lowest overdispersion (LTD3), taken at the



436 (&) J.KNIGHT AND M. EVANS

Figure 7. Photos of site properties and landforms from site 2. (a) Gravel dominated river channel with
outsized boulders within the channel itself, (b) scatter of flood-deposited imbricated boulders located
outside of the main channel, (c) variations in water velocity within the main channel as a result of
differences in channel depth caused by the distribution of boulders, (d) boulder scatters paving the
bed of a broad and shallow channel.

water’s edge, has not been fully exposed to sunlight to reset the previous signal. Where the
overdispersion is greater than 20%, the minimum age model (MAM) is reported (Galbraith
et al,, 1999). However, negative D, values were recorded (although not included in the age
calculation), suggesting that some grains were exposed to sunlight just prior to sampling,
indicating a present-day age. Therefore, the MAM would not be meaningful in this instance
and so dates were calculated and reported using the central age model (CAM) (Galbraith et al.,
1999). The ages are given as years before the date of sampling (2013). The spread of ages
obtained are presented graphically in Figure 11.

5. Discussion

Floods are a well-known geomorphic agent in the semiarid rivers of northeast South
Africa (Rountree et al., 2000; Heritage et al., 2001a, 2001b, 2003). As such, it should be
anticipated that a range of geomorphic and sedimentary evidence for past recent floods
would be found in these systems. The wide and dominantly mixed bedrock - alluvial
floodplains found in headwater regions of the Letaba River are most commonly of mixed
anastomosing type where both bedrock and sediment surfaces are present (Figure 3).
These different substrate types are affected by floodwaters in different ways according to



SOUTH AFRICAN GEOGRAPHICAL JOURNAL 437

Figure 8. Photos of site properties and landforms from site 4. (a) Bedrock dominated single channel
with boulder scatters on the areas outside of the active channel, (b) eroded bedrock with hollows
containing flood-transported cobbles and other debris, (c) poorly sorted sediment bank alongside the
active channel indicative of sediment transport and deposition during higher flow stages, (d) cobble-
filled relict channel, landward of a sediment bank or flood bar, that would have been active during
higher flow stages.

Figure 9. Photo of sediment stratigraphy within the river bank at site 5.
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Figure 10. Examples of abanico plots showing the D, distribution of samples. The distribution is
centred around the central age model (CAM) (shaded area). LTD3 shows the distribution with the
lowest overdispersion (greatest clustering).
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Figure 11. Plot of CAM ages with errors for the luminescence samples in this study (Table 3). Samples
from the same sites are colour-coded to aid comparison. LTA = site 1, LTB = site 2, LTC = site 3,
LTD = site 4, LTE = site 5.

bed roughness, variations in water height and velocity (which vary across the floodplain
due to its surface elevation and landforms) (Heritage et al., 2003), and through feedback
associated with patterns of sediment erosion versus deposition during the flood cycle
(Knight & Evans, 2022). The coarse and poorly sorted sediments found throughout the
system (Table 2) reflect high water velocities and rapid deposition, forced when water
ponds across the wide floodplain after the initial flood wave (Knight & Evans, 2017). The
sediment and loose boulder accumulations are mainly found within bedrock hollows but,
as shown at site 4, elongate mobile dune forms are also found, located outside of the low-
flow channel, and thus formed by saltation during maximal flood conditions (Figure 8(c,
d)). If sediments are mobilized by water at different flood stages (i.e. water heights), then
it is likely that sediments and bedforms at higher elevations are active for shorter periods
of time, being quickly stabilized as water level and water velocity decline, whereas
sediments in the low-flow channel remain active for longer periods.

The luminescence dates obtained in this study (Table 3) broadly cluster around three time
periods: the last 400 years (eight dates, sites 2-4), 500-1100 BP (three dates, site 1, 2), and
around 1400 BP (two dates, sites 1, 5) (Figure 11). The sites where these date ranges are found
may broadly reflect their large-scale geomorphology. The youngest ages are found at mixed
anastomosing sites that have a relatively broad floodplain with low elevation bedrock hollows
where sediments can accumulate, and from which sediments can be rapidly reworked when
the water surface rises during floods (Heritage et al., 2003). This is also confirmed by their
relatively narrow age errors, indicative of signal zeroing during transport (Cunningham et al.,
2015). Samples of intermediate age (LTA2, LTB2) are found at slightly higher elevations and
outside of the main active channel zone. The oldest ages are associated with alluvial environ-
ments where the dated sediments have likely been reworked from terrace stratigraphies
formed by overbank deposition during floods, as evidenced by the thick alluvial sequences
seen at these sites (Figures 6, 9). It is notable that under such conditions, sediments are
commonly poorly bleached within the water column, resulting in higher age error ranges
(Knight & Evans, 2018). Overall, the relatively young ages in this study, within the last
millennjum, are consistent with luminescence ages from other South African rivers
(Figure 12), also interpreted as flood-influenced.
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Figure 12. Comparison of the distribution of late holocene luminescence ages (last 5000 years)
obtained from river deposits in South Africa. Dates from (a) rivers in the the South African interior
(Keen-Zebert et al., 2013; Larkin et al., 2017; Tooth et al., 2007), (b) the Sabie River in semiarid
northeast South Africa (Heritage et al., 2014; Knight & Evans, 2018), and (c) the upper Letaba River in
this study (Table 3).

It is notable that luminescence ages from sandy rivers in the South African interior such as
the Tshwane, Klip and Mooi are significantly older, mainly because these dates are from low-
gradient reaches where avulsion and meander abandonment are common. Pre-Holocene ages
are also recorded from these rivers. By contrast, dates from the semiarid Sabie River (Figure 12
(b)) are on the order of decades to hundreds of years, but significantly younger than those
recorded for the Letaba in this study. However, the Sabie dates are all from lowland alluvial
reaches of the river within KNP, where river discharge is higher and where floods may be
considered as more likely and sediments more commonly reworked, whereas the Letaba dates
are from headwater reaches farther inland that may have different rainfall event and sediment
reworking histories (Saraiva Okello et al., 2015). It is these headwater reaches that have not
been considered in detail previously.

River flood events are associated with a low capacity for sediment luminescence bleaching
and age-zeroing during transport, due to the short time over which sediments are in transport,
and the high density of particles in the water column (Gray & Mahan, 2015; Jain et al., 2004).
This means that dated samples are only partially bleached, as shown by the distribution of D,
values on the abanico plots (Figure 10) and the high overdispersion (Table 3), and thus retain
the residual signals indicative of their previous depositional and transport histories
(Cunningham et al,, 2015). This results in both a greater age error (Table 3) and a larger
scatter of equivalent dose (D,) values (Figure 11). Although these ages from single sediment
layers themselves cannot be used to identify the timing of past flood events, they indicate the
sensitivity of river systems to be affected by flood events brought about through climate/
weather forcing, in which sediments are progressively and episodically reworked through the
river system.

The geomorphological sensitivity of river systems reflects both the nature of climate forcing
through high rainfall events, and catchment properties such as slope, vegetation, substrate
type and human activity that can modify river system geomorphic and sedimentary responses
(Brunsden & Thornes, 1979; Buraas et al., 2014; Downs & Gregory, 1995). Episodic flood
events are associated with periods of rapid geomorphic change (Milan et al., 2018a; Rountree
etal.,, 2000) where critical thresholds of sediment transport are exceeded. This is often followed
by periods of more subdued sediment transport activity and where sediments may be
reworked around the active channel rather than on more distal parts of the floodplain
(Fryirs et al,, 2012; Knight & Evans, 2017, 2022; Rountree et al., 2000). Previous work on



SOUTH AFRICAN GEOGRAPHICAL JOURNAL 441

sediment systems within rivers tends to consider a single river reach as a uniform sediment
storage site (e.g. Fryirs et al., 2007) but, in reality, the dynamics of river sediment transport also
vary laterally across the floodplain (with distance from the low-flow channel as well as in
response to variations in bedrock versus sediment substrates) (Fryirs, 2013; Knight & Evans,
2018). This means that the geomorphological sensitivity of river systems will vary spatially
(from one reach to another, with distance from the active channel) and temporally where
bedrock surfaces are revealed/covered by sediment erosion and deposition, respectively. This
property of changing geomorphological sensitivity, along with site-specific controls such as
grain size and elevation above the low-flow channel, may help explain the range of ages
obtained from the headwater system (Table 3). Here, this may suggest that the mixed
anastomosing channels and the presence of bedrock depositional hollows at different eleva-
tions (e.g. Figures 5-8) allow for preferential preservation of sand bodies, favouring older
dates. Floods of different elevations or magnitudes may be able to rework or remove certain
sand bodies but leave others intact. Therefore, floods are not able to uniformly ‘reset’ the river
system as argued in previous studies (e.g. Heritage et al., 2003, 2014), but rather their impacts
are conditioned by, and in turn, can influence, the sensitivity of the river system within which
they operate. This is a more nuanced framework for understanding the role of floods on
semiarid rivers.

6. Conclusions

This study shows that the headwater areas of the semiarid Groot Letaba River, northeast South
Africa, have a varied but mixed geomorphology that exhibits different sensitivities to forcing
by flood events. Evidence for this comes from spatial patterns and properties of sediments and
landforms within individual reaches, and variations in reach geomorphology through the
river system. New luminescence ages confirm the episodic nature of sediment reworking by
floods; however, the nature of sediment transport fluxes between successive bedrock depo-
centres is not well understood, which means that the timescales over which sediment is
captured within depocentres or is reworked between them is also not well known. The new
dates presented here highlight that some sediments are rapidly reworked (ages of a few
hundred years) whereas others have greater longevity within the river system (ages over
1000 years). This is likely related to their depositional setting across the floodplain and
elevation above the low-flow channel (Figure 4). It also highlights that patterns of sediment
reworking and geomorphic dynamics of headwater reaches may be different to those found on
lowland alluvial reaches, even along the same river. Future work may involve more detailed
sampling and measurement of sediment luminescence signals along floodplain transects to
identify its spatial variability. It may also include examining the geomorphology and lumines-
cence ages of the adjacent Klein Letaba tributary, to see if there are similar sediment reworking
patterns across the entire Letaba catchment.
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