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ABSTRACT 

The Modder River basin has been the focus of extensive surveys followed by targeted excavations of specific 

erosional gullies (known locally as dongas), where Middle and Later Stone Age artefacts and fossils are 

abundant. At Damvlei, a donga located on the left bank of the Modder, lithic artefacts and fossils were 

observed in the 1990s. Here we present the results of two seasons of fieldwork (2019/21) at this locality, as 

well as unpublished surface faunal remains collected in 1995/96. Damvlei formed as a result of overbank 

deposition of the Modder, as indicated by micromorphological analysis. The accumulation of the 

sedimentary sequence beneath the artefact-bearing levels started at 27±3 ka at the earliest, based on 

optically stimulated luminescence dating. Artefacts, faunal remains, and phytoliths show that the site is 

characterised by Holocene Later Stone Age technology in an open-grassland environment typical of the 

terminal Florisian Land Mammal Age. Damvlei expands our knowledge of the Later Stone Age in the 
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western Free State, and highlights the need for more extensive dating programmes aimed at framing human 

occupation in the central interior of South Africa. 

Keywords: Later Stone Age, palaeoenvironment, alluvial, Free State, Modder, Florisian. 

INTRODUCTION 

The occurrence of Pleistocene archaeological and palaeontological localities within exposed alluvial 

terraces in the Free State river drainages has been known for over 150 years (Cooke, 1955). In some 

instances, the archaeological finds and fauna are clearly visible in exposed sections in the overbank 

sediments of the alluvial terraces, or else the material is found dispersed in erosional gullies (‘dongas’). 

Published examples of such find locations include spots on the Schoonspruit in the north (Bousman et al., 

2023b; Brink, 2004; Brink et al., 2012; Brink and Rossouw, 2000; Clark, 1974; Toffolo et al., 2019), on the 

Riet River in the south (Berger and Brink, 1996), and in the centre of the province on the Doring River 

(Brink et al., 1999), and Sand and Vet Rivers (de Ruiter et al., 2011). The most researched catchment is that 

of the Modder River, which features alluvial sites at Kranskraal (van Hoepen, 1932), Erfkroon (Bousman et 

al., 2023a; Brink et al., 2016; Churchill et al., 2000), Mitasrust (Rossouw, 2006), Waterval (Trower, 2010), 

and Lovedale (Richard et al., 2022; Wroth et al., 2022) (Fig. 1). 

 A major advantage of dongas over surface sites is that archaeological and palaeontological localities 

are embedded within stratified alluvial sequences, and so can be dated. This has been undertaken by using 

absolute dating methods such as optically stimulated luminescence (OSL) of quartz grains (Bousman et al., 

2023a; Churchill et al., 2000; Lyons et al., 2014; Tooth et al., 2013; Wroth et al., 2022), while the presence 

of fauna has facilitated dating using electron spin resonance (ESR) of tooth enamel combined with uranium 

series dating (Brink et al., 2016; Richard et al., 2022). These methods have provided important chronological 

landmarks for Middle Stone Age (MSA) and Later Stone Age (LSA) human occupations in the open 

landscape of the Free State grasslands during the Late Pleistocene and early Holocene. In addition, some of 

the donga localities have produced palaeoenvironmental proxies such as phytoliths, which have facilitated 

the reconstruction of past vegetation. For instance, phytoliths indicated that a poorly known, pre-Howiesons 

Poort MSA industry recently dated to the late Marine Isotope Stage (MIS) 5 and early MIS 4 at Lovedale 

appeared during a dry period, thus raising the question of its relation to the coeval Still Bay technocomplex 

found at coastal sites (Lombard et al., 2022; Wroth et al., 2022). At Erfkroon, the early LSA contexts are 

among the latest in South Africa (Bousman and Brink, 2018), and the site has yielded the only known 

Robberg lithic assemblage in the central interior (Palmison, 2014). This is particularly important with regard 

to the human occupation of the Highveld grasslands during the Last Glacial Maximum (LGM), which has 

long been considered too dry to sustain permanent occupation due to insufficient plant diversity for human 

subsistence (e.g., Mitchell, 1990; Mitchell, 2017). 

 Despite the clear archaeological and palaeontological potential of alluvial terraces, little research has 

been undertaken to date in terms of open-air LSA occupations in the interior of South Africa (Hallinan, 
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2022). Besides Erfkroon, notable exceptions include small portions of the Doring River (Shaw et al., 2019), 

Tankwa Karoo (Hallinan, 2021), Namaqualand (Dewar and Stewart, 2017), Zeekoe Valley (Sampson, 1985; 

Sampson et al., 2015), Orange River (Sampson, 1970), Caledon River (Mitchell, 2000), Wolvespruit (de la 

Peña and Witelson, 2020), and Limpopo River (Le Baron et al., 2010). In order to better understand human 

occupation in the grasslands of the western Free State during the LSA, and possibly obtain a clearer picture 

of hunter-gatherer lifestyle and foraging strategies (e.g., specialised hunting) in an open-landscape where 

shelters and caves are not available, we excavated the find locality of Damvlei on the Modder River, located 

11 km upstream of Erfkroon (Fig. 1). Damvlei was discovered in 1995 by L. Rossouw and J. S. Brink, who 

collected surface fossils and observed the presence of stone artefacts. This work was briefly mentioned in 

Brink and Henderson (2001). In 2018, M. B. Toffolo resurveyed the find locality, and conducted limited 

archaeological excavations in 2019 and 2021 together with L. Rossouw. In this paper we describe the 

formation processes of the Damvlei site in relation to the lithic artefacts, and propose a palaeoenvironmental 

reconstruction based on faunal remains and phytoliths. In particular, we used a micro-geoarchaeological 

approach to the study of sediments and fossils including infrared spectroscopy and micromorphology of 

sediments, which helped extract additional embedded information (e.g., Toffolo et al., 2017). 

 

FIG. 1. Location of Damvlei and other Middle and Late Pleistocene sites within the Modder River catchment (red line), 

Free State. Blue patches represent saltpans. The inset shows the location of Damvlei in South Africa (black dot). 
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SITE DESCRIPTION AND EXCAVATION STRATEGY 

The Modder is a meandering river flowing westwards through the Free State panfield, a region 

punctuated by seasonally dry lakes (saltpans) (Barker, 2011; Marshall and Harmse, 1992). The alluvial 

terraces of the Modder, formed at different stages during the Pleistocene, often include palaeontological and 

archaeological sites (Bousman et al., 2023a; Churchill et al., 2000; Rossouw, 2006; van Hoepen, 1932; 

Wroth et al., 2022). Drops in the base level of the river, together with surface erosion of sandy sediments 

during thunderstorms, have favoured the incision of alluvial terraces and the formation of dongas, which 

exposed the sites (Tooth et al., 2013). For a detailed overview of the sedimentary context and geology of the 

area, see the description of the Lovedale donga, located 1.5 km downstream (Wroth et al., 2022). 

Damvlei lies in a shallow donga located on the alluvial terrace that lies on the left bank of the 

Modder River (28°54'30.48"S; 25°41'52.90"E; 1215 m a.s.l.), between the riverbed and a low-lying marshy 

ground (‘vlei’) created by the Kaalspruit, a seasonal tributary of the Modder (Fig. 2). Surface waters flow 

into the river through the vlei. At most locales the bluff separating the topsoil from the donga floor is 

between 1 and 2 m in height, although a few pinnacles exceed 2 m. Artefacts and fossils are scattered in 

great numbers on the surface of the donga bottom, but they could also be identified in situ within bluffs (Fig. 

3). Considering that bones and artefacts were found eroding from the bluff within one meter from the topsoil, 

excavation trenches (1x1 m) were laid out at the top of the sequence, based on a surveyed grid system 

established for the excavation and anchored to a local beacon. All finds were piece-plotted using a total 

station, including the eroded material collected from the surface. Units 1 to 4 are located at the tip of a 

preserved portion of alluvial terrace projecting within the donga, whereas Unit 5 was placed closer to the 

current riverbed (Fig. 4). Deposits were excavated in arbitrary 10 cm spits called Levels, down to a depth of 

50 cm (70 cm in Unit 1), and all excavated sediment was dry-sieved through a 4 mm mesh. In addition, the 

bluff on the east side of Units 1-4 was cut back and straightened out to provide a profile showing the entire 

sequence down to the donga floor (Fig. 5). The stratigraphy includes two sedimentary units (SU). SU1 is a 

brown clayey sand about 2 m thick, with no visible sedimentary structures, which exhibits small (<1 cm 

across) pedogenic calcium carbonate nodules, concentrated in its lower portion. A red palaeosol about 30 cm 

thick, embedded within SU1, is visible at lower elevations in the bluff to the south of Units 1-4, and can be 

traced within the donga (Supplementary Fig. 1). The depth of the palaeosol was not reached in the 

stratigraphic profile. Above SU1, SU2 is a light-brown sandy sediment, about 20 cm thick, with cross 

bedding visible in places. The boundary between the two units is sharp (Fig. 6). 
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FIG. 2. Aerial view of the Damvlei donga, showing the location of the Modder River (tree line in the background) and 

its alluvial terrace, the Kaalspruit vlei, and the excavation area (box). 

 

FIG. 3. Eroded artefacts (foreground) lying on the donga floor at Damvlei. 
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FIG. 4. Aerial view of the Damvlei donga, showing the location of excavation areas and stratigraphic profile. 
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FIG. 5. Damvlei stratigraphic sequence exposed in the donga profile, showing the location of radiocarbon (14C) and 

OSL dating samples. All dating samples were collected in the excavation trench of Units 1-4 except for DMV1, which 

was collected from the stratigraphic profile. The red palaeosol, visible at other locales in the donga, was not reached in 

the stratigraphic profile. 
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FIG. 6. East section of Unit 1 at the end of the 2019 season. Orange flagging tape marks Levels every 10 cm. Note the 

sharp boundary between SU1 and SU2 at 20 cm depth (dotted line), and the appearance of small calcium carbonate 

nodules at 50 cm depth (trowel: 20 cm). 

MATERIALS AND METHODS 

FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR) 

Sediments (n=20) and bones (n=8) were analysed with FTIR to determine their composition and 

state of preservation. Samples were powdered in an agate mortar and pestle and about 5 mg of each were 

mixed with 40 mg of KBr and pressed into 7-mm pellets using a hand press. Infrared spectra were collected 

in transmission mode after 32 scans within the 4000-400 cm-1 spectral range using a Thermo Scientific 

Nicolet iS5. Spectra were analysed using OMNIC 9.13 and Macros Basic 10, and phases were identified 

using the infrared spectra library of the Kimmel Center for Archaeological Science, Weizmann Institute of 

Science (https://centers.weizmann.ac.il/kimmel-arch/infrared-spectra-library), and standard literature 

(Farmer, 1974; van der Marel and Beutelspacher, 1976). The degree of atomic order of carbonate 

hydroxyapatite in bones was determined following the method of Asscher et al. (2011). To identify heat-

altered clay minerals in the archaeological sediments, we used as a reference a termite mound burned during 

a controlled veld fire at Florisbad (40 km NE of Damvlei), which reached temperatures exceeding 600°C 

(Gowlett et al., 2017). Sediment colours ranged from black to brown and bright red, depending on exposure 

to different temperatures (Supplementary Fig. 2). In addition, we prepared a reference database of heated 

sediments collected from the topsoil at Florisbad to monitor changes in the infrared spectrum of clay 

https://centers.weizmann.ac.il/kimmel-arch/infrared-spectra-library
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minerals at different temperatures (Berna et al., 2007). Sediments were heated to 300, 400, 500, 600, 700, 

and 800ºC in an electric muffle oven in air atmosphere during 4 h, and analysed with FTIR following the 

procedure described above. 

MICROMORPHOLOGY OF SEDIMENTS 

One block of intact sediment was collected at the transition between SU1 and SU2 to determine the 

formation and post-depositional processes of the site. The block was carved out of standing sections and 

jacketed in plaster for transport to the Institute for Archaeological Sciences at the University of Tübingen, 

where it was dried at 40ºC in an oven for one week, embedded in a mixture of polyester resin and styrene 

(70:30) catalysed with MEKP, and left to solidify under a fume hood. The solid block was sliced into a 2-3 

cm-thick slab with a large rock saw and then further cut down into ~6 x 8 cm chips with a tile saw. The chips 

were processed at the thin section laboratory of the CENIEH, where they were mounted on glass slides and 

polished to a thickness of 30 µm. Thin sections (n=2) were analysed using a petrographic microscope at 

different magnifications up to 400x. Descriptions and analyses are based on established literature (Macphail 

and Goldberg, 2017; Stoops, 2021; Stoops et al., 2018). 

PHYTOLITH ANALYSIS 

Phytoliths were extracted from bulk sediment samples collected from each level of Unit 1 (n=6) and 

from the red palaeosol (n=1), and counted following the method of Katz et al. (2010), to determine the 

proportions of C3 and C4 grass short-cells and thus shed light on local temperature and moisture availability. 

Morphotypes were identified at 200x and 400x magnifications using a petrographic microscope and 

described following the International Code for Phytolith Nomenclature 2.0 (Neumann et al., 2019) and 

standard literature (Mulholland and Rapp, 1992). 

FAUNAL ANALYSIS 

All animal remains were encrusted with a hard calcium carbonate matrix resulting from leaching of 

water and were cleaned with a dilute acetic acid solution to facilitate identification. The underlying bone was 

not well preserved with both enamel and bone showing cracking and exfoliation (weathering stage D 

according to Behrensmeyer, 1978). Identifications were undertaken using the comparative zoological 

collection of the Florisbad Quaternary Research Station. Measurements (in mm) follow von den Driesch 

(1976). Bovid size classes are based on Brain (1974). 

OSL DATING 

Two bulk sediment samples were collected for OSL dating at 40 cm (stratigraphic profile, DMV1, 

same depth as Level 4) and 65 cm (Unit 1 Level 7, DMV2) beneath the surface. While bioturbation was 

visible in the field, collection was restricted to locations that appeared less affected by faunal activity. 

Samples were collected at night under subdued orange light and placed in lightproof bags, after removing the 

surface previously exposed to sunlight. The gamma dose rate was measured with a field gamma-ray 
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spectrometer multichannel analyser connected to a NaI(Tl) detector (Inspector 1000, Canberra). The gamma 

dose rate was obtained for each sample following the “threshold” technique (Mercier and Falguères, 2007). 

Samples were processed following the protocol used for similar samples from Lovedale, located 1.5 

km to the NW of Damvlei (Wroth et al., 2022). Quartz grains in the 100-140 µm size fraction were extracted 

through wet sieving, chemical treatment with HCl (10%) and H2O2 (30%), and separation with LST 

(heteropolytungstate) at 2.72 and 2.62 g/cm3. Finally, HF etching (40% for 60 min) was followed by HCl 

(10%) treatment. The grains were mounted on single grain discs displaying 100 holes, 150 µm large and 150 

µm deep. An infrared stimulated luminescence (IRSL) test (Duller, 2003) suggested the prepared samples 

were free of contaminating feldspar grains. Equivalent dose measurements were performed with a Risø TL 

DA 20 device (excitation: 532 nm, 10 mW, Nd:YVO4 diode-pumped laser; detection: 7.5 mm Hoya U340 

filter in front of a PDM 9107Q-AP-TTL-02 photo-multiplier tube with 280-380 nm range; irradiation with a 

90Sr-90Y beta source delivering ca. 0.1 Gy/s) (Bøtter-Jensen et al., 2000). Analyses were run with Analyst 

v.4.57 (Duller, 2015). 

Linearly modulated OSL measurements were performed on DMV1. The signal was compared to the 

signal of the Risø calibration quartz (Hansen et al., 2015), and it was concluded that it was dominated by a 

fast component. Then, the Single Aliquot and Regenerative dose protocol (SAR; Murray and Wintle, 2000) 

was applied (Supplementary Fig. 3). Growth curves were fitted with an exponential such as 
𝐿𝑥

𝑇𝑥
= 𝑎(1 −

exp (−
𝐷+𝑐

𝐷0
)), where Lx/Tx is the normalised luminescence signal, a, c, and D0 are the fitting parameters, 

and D is the dose. Grains were selected based on their sensitivity (natural test dose signal >3 sigma above 

background level; maximum relative natural test dose error <10%), their recuperation signal (Lx/Tx after a 

zero Gy dose <5% of the Lx/Tx signal for the highest regenerative dose), and their saturation value (D0 

threshold, Thomsen et al., 2016). A dose recovery test (Supplementary Fig. 4) allowed to conclude that the 

protocol was efficient for recovering a laboratory given dose of 22-25 Gy (dose recovery ratio of 0.96 ± 0.02 

ad 1.00 ± 0.02 for DMV1 and DMV2, respectively) (Supplementary Fig. 4 and Supplementary Table 1). 

The dose rate is the sum of the contribution from the cosmic, gamma, and beta dose rate. The alpha 

dose rate was neglected because of the HF etching. The cosmic dose rate was calculated using the equation 

of Prescott and Hutton (1994), applying the current burial depth. The beta dose rate was calculated from the 

U, Th, and K contents of the samples. Those were determined with High Resolution Gamma Spectrometry. 

Conversion factors of Guérin et al. (2011) and attenuation factors of Guérin et al. (2012) were applied. Since 

the fluctuation in water content might have been important while the past mean water content is unknown, a 

mean water content of 50 ± 15% of the estimated saturation level (30%) was applied. 

RADIOCARBON DATING 

Sediment samples (n=3) were collected from Unit 1 to extract total organic carbon (TOC) for 

radiocarbon dating. Sediments were treated with 1M HCl to eliminate carbonates. The weight of the 
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sediment was recorded before and after the acid treatment to calculate the percentage of carbonates. After 

this step about 0.5 g (samples were precisely weighted) were introduced in a quartz ampule with CuO, 

evacuated and heated to 900°C for 4 hours to oxidise organic matter to CO2. The extracted CO2 was 

graphitised using an EA-AGE3 system, composed of an elemental analyser (EA, 'vario ISOTOPE SELECT' 

by Elementar), coupled to a third generation of the Automated Graphitization Equipment (AGE3, Ionplus). 

Carbon stable isotopes ratios (δ13C‰) were measured for each sample. The ratio between 14C and the stable 

isotopes 12C and 13C as graphite was measured using the accelerator mass spectrometer at the D-REAMS 

Radiocarbon Dating Laboratory, Weizmann Institute of Science (Regev et al., 2017). All radiocarbon ages 

were corrected for isotopic fractionation, calibrated using OxCal 4.4 and the SHCal20 atmospheric 

calibration curve for the southern hemisphere (Bronk Ramsey, 2009; Hogg et al., 2020). 

RESULTS 

FIELDWORK 

The 2019/21 seasons produced a total of 262 lithic artefacts and 2 bone fragments from Units 1-5 

(Table 1), with additional 37 lithic artefacts and 78 faunal remains collected from the surface of the donga. 

Most of the tools from the excavation are made on hornfels characterised by a light-grey patina, and show 

features and typologies consistent with LSA reduction strategies. Cryptocrystalline quartz (chalcedony, 

jasper) is the second most represented raw material for tools, followed by dolerite and petrified wood. Edge 

modified flakes, core-flakes/bladelets, and scrapers are the most represented tool categories (Table 2). Most 

artefacts were unearthed from Levels 3-5 (20 to 50 cm depth). Artefacts in Level 1 include microlithic flakes 

and tools that can be associated with the Wilton technocomplex, such as ‘thumbnail’ scrapers. Levels 2-6 

include much larger flakes and tools such as scrapers of the Lockshoek industry, the regional variant of the 

Oakhurst technocomplex (Lombard et al., 2022).  

Both Oakhurst and Wilton technocomplexes are represented in the surface collection. Most of the 

surface tools are made on hornfels characterised by a dark brown to silvery black patina, followed by 

cryptocrystalline quartz and quartz, with core-bladelets and scrapers the most represented tool categories 

(Table 3). It should be noted that unmodified dolerite cobbles, observed in large quantities on the surface but 

not collected, are ubiquitous and always associated with flakes and tools made of other rock types. A few 

surface microliths might belong to the earlier Robberg technocomplex, although no unequivocal evidence is 

currently available. Notable surface finds include points, fragments of ochre, and a few flakes and unworked 

slabs of banded ironstone (Fig. 7). None of the artefacts recovered at the site show signs of rolling or long-

distance transportation by water. The detailed analysis of the full lithic assemblage will be made available at 

a later stage. 
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FIG. 7. Representative lithic artefacts recovered at Damvlei: (A) end-scraper from surface, cryptocrystalline quartz; 

(B) core-bladelet from surface, cryptocrystalline quartz; (C) ‘thumbnail’ scraper from Level 1 in Unit 1, hornfels; (D) 

large point from surface, hornfels; (E) notched piece from surface, banded ironstone; (F) ‘steep’ scraper from Level 4 

in Unit 3, hornfels. 

TABLE 1. Number of lithic artefacts by Level in each Unit. Dash indicates unexcavated level. 

Levels Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Total 

1 11 6 0 0 3 20 

2 10 17 5 3 4 39 

3 28 27 10 6 3 74 

4 9 8 35 5 5 62 

5 13 18 8 0 24 63 

6 4 - - - - 4 

7 0 - - - - 0 

Total 75 76 58 14 39 262 

 

TABLE 2. List of raw materials divided by category of excavated tool (CC: cryptocrystalline quartz). 

Excavated tool CC Dolerite Hornfels Petrified wood Total 

Adze   2  2 
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Backed bladelet    1 1 

Backed bladelet-medial 

discard 

  1  
1 

Bipolar piece   2  2 

Core-bladelet 2  2 1 5 

Core-flake 1  4  5 

Core-fragment   1  1 

Edge modified flake   11  11 

Groundstone  1    1 

Hammerstone  1    1 

Scraper-end 2  3  5 

Scraper-fragment   1  1 

Scraper-side   1  1 

Total 5 2 28 2 37 

 

TABLE 3. List of raw materials divided by category of surface tool (CC: cryptocrystalline quartz). 

Excavated tool CC Hornfels Quartz Total 

Bipolar piece  1 1 2 

Core-bladelet 2 1 1 4 

Groundstone  1  1 

Point  1  1 

Reamer  1  1 

Scraper-circular  2  2 

Scraper-end 1   1 

Scraper-side  1  1 

Total 3 7 2 13 

 

FTIR 

The alluvium of SU2 is composed of a mixture of clay minerals of the kaolinite and smectite groups 

(3696, 3620, 1036), quartz (1163, 1086, 797, 779, 695, 515, 462 cm-1), and feldspars (646 cm-1). This 

composition is common in the sediments and soils of the region, as was shown at Lovedale and Florisbad 

(Toffolo et al., 2017; Wroth et al., 2022). The proportions of these components change in SU1, where quartz 

sand becomes dominant and clay minerals nearly disappear. 

 Small aggregates of black and red clay recovered from SU2 (Unit 2, Level 5) exhibit signs of 

exposure to elevated temperatures, such as the disappearance of the Al--O-H absorption bands of clay 

minerals in the 4000-3500 cm-1 region, and the shift of the Si-O-Si band to higher wavenumbers (1043 cm-1 

in the black clay, 1051 cm-1 in the red clay) (Berna et al., 2007). These results are supported by comparison 
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with the burnt termite mound sampled at Florisbad, where the red colour corresponds to the largest shift of 

the Si-O-Si band (overlap with the quartz band at 1086 cm-1) and thus to the highest temperature reached 

during burning (Fig. 8). In addition, based on the reference database of heated sediments from Florisbad, the 

peak shift in the red clay can be associated with temperatures exceeding 600°C (Supplementary Fig. 5). This 

is further confirmed by the analysis of two fragments of bone found together with the heat-altered clay 

aggregates, which exhibit a high splitting factor of carbonate hydroxyapatite (6.1 and 6.5), a prominent peak 

at 2014 cm-1, and a small band at 630 cm-1, typical of exposure to temperatures above 500°C (Shaw, 2022; 

Weiner, 2010). Except for the two calcined fragments mentioned above, bones were not recovered in situ in 

the excavation trenches. One cluster was found eroding out of the donga section about 1 m south of Unit 1. 

The bones in this assemblage are diagenetically altered, as shown by the infrared splitting factor of carbonate 

hydroxyapatite ranging between 3 and 4, and by the absence of collagen (Asscher et al., 2011). 
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FIG. 8. FTIR spectra of sediments and bones from Damvlei, including the Florisbad clay reference from the burned 

termite mound (a.u.: arbitrary units). 
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MICROMORPHOLOGY 

 The analysis of micromorphology thin sections shows that SU1 is characterised by a channel 

microstructure, whereby pores in the form of channels occur ubiquitously throughout the sample, which is 

otherwise massive and does not exhibit sedimentary structures. The coarse fraction is dominated by very fine 

sand and silt that comprise sub-angular grains of quartz and feldspars. Sub-rounded grains of magnetite in 

the very fine sand size class are also present, as well as rare fragments of Ecca shale. The fine fraction 

includes brown clay, especially coating grains, and this layout produced a grano-striated birefringence fabric, 

in which clay domains appear oriented around sand and silt grains when observed in cross-polarised light 

(Fig. 9A). Pedofeatures include pore infillings of coarse grains caused by roots and microfauna, as shown by 

the occurrence of fragments of plant tissue (Fig. 9B), clay intercalations (Fig. 9C-D), and mite droppings 

(Fig. 9E). The boundary between SU1 and SU2 appears wavy and sharp (Supplementary Fig. 6). SU2 shares 

the same microstructure and composition as SU1, although the proportion of channels is lower, and the fine 

fraction is almost absent and concentrated around grains. The coarse fraction of SU2 includes sub-rounded, 

medium sand grains, and rounded pellets of clay in the very fine sand class (Fig. 9F). Pedofeatures are 

limited to coarse infillings. 
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FIG. 9. Photomicrographs of thin sections from Damvlei: (A) SU1, grano-striated birefringence fabric (cross-polarised 

light); (B) SU1, root channel partially infilled by sand, showing remains of plant tissue; (C) SU1, clay intercalation; 

(D) same as C, cross-polarised light; (E) SU1, mite droppings inside plant tissue in pore; (F) SU2, clay pellets 

(arrows). 
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PHYTOLITHS 

Phytoliths were observed in all of the samples collected from the excavation trench (DMV-PHYT1-

6), whereas the red palaeosol (DMV-PHYT7) was completely devoid of phytoliths. Level 1 produced the 

largest amount with more than 1 million phytoliths per gram of sediment; quantities decrease with increasing 

depth (Fig. 10). The overall preservation of phytoliths is poor, with evidence of extensive surface pitting and 

large amounts of weathered morphotypes. In fact, recognisable morphotypes include only those from motor 

cells (BLOCKY, BULLIFORM FLABELLATE), epidermal appendages (ACUTE BULBOSUS), and short cells of 

grasses (SADDLE, BILOBATE, RONDEL), which are more resistant to chemical dissolution (Cabanes et al., 

2011) (Fig. 11). No morphotypes of dicotyledonous plants were observed. The proportions of grass short 

cells indicate the predominance of C4 grasses (Chloridoideae-SADDLE, and Panicoideae-BILOBATE) in Levels 

1-3, which account for more than 60% of the short cell assemblage. On the contrary, C3 grasses (Pooideae-

RONDEL) are the main component of Levels 4-5 (Fig. 10). The phytolith yield of Level 6 was too low to 

produce meaningful numbers. 

 

FIG. 10. Phytolith concentrations (top) and proportions of grass short cells (bottom) in the Damvlei sediment samples, 

in stratigraphic order. Sample numbers correspond to excavation levels except for number 7, which is the red 

palaeosol. 
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FIG. 11. Phytolith morphotypes identified at Damvlei (marked by circles). Top left: BULLIFORM FLABELLATE showing 

evidence of pitting. Top right: ACUTE BULBOSUS showing evidence of pitting. Bottom left: BILOBATE (red circle) and 

RONDEL (black circles) short cells. Bottom right: SADDLE short cell. 

FAUNA 

The available fauna from the two Damvlei collections numbers 119 specimens; 41 were collected in 

1995/96 and a further 78 during the 2019/21 seasons. Only two bone fragments were recovered from the 

2019/21 excavations, and both represent very small, unidentified mammalian shaft fragments.  

The other remains described here were found eroding from sections, or lying in adjacent gullies, and 

they exhibit exfoliation of the cortical tissue probably resulting from their exposure to the elements on the 

donga surface. As illustrated in Fig. 12, there are marked differences in skeletal element representation 

between the 1995/96 and 2019/21 collections. The majority of pieces from the earlier 1995/96 collection 

represent isolated teeth or teeth in jaws, followed by post-cranial elements, all of which could be identified to 

skeletal part and/or body size if not genus. No unidentified bone fragments were present in this collection. 

The opposite was true for the 2019/21 collection, where unidentified bone fragments predominate, followed 

by isolated teeth. All faunal material that was visible at the time of the 2019/21 excavations was collected, 

suggesting that the earlier field collection may have been selective and only identifiable elements were taken. 

Together, these two collections reflect the faunal richness of this find locality. As can be seen in Table 4, the 
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1995/96 collection yielded remains of 12 different species, while the 2019/21 sample comprises remains of 7 

species. The difference may be attributed to the number of skeletal elements that could be identified in each 

collection; all 41 finds from the earlier collection were diagnostic versus only 17 from the 2019/21 sample. 

In fact, the more recent collection appears to represent a sub-sample of the earlier one, with all the species 

represented occurring in the larger 1995/96 assemblage. 

 

FIG. 12. Breakdown of skeletal elements in the two samples from Damvlei. 

TABLE 4. Damvlei species list (NISP: number of identified specimens). Bovid size classes based on Brain (1974). 

Species Extinct  1995/96 

NISP 

2019/21 

NISP 

Alcelaphines    

Large Alcelaphine (Megalotragus priscus) yes 5 1 

Hartebeest (Alcelaphus buselaphus)  1  

Alcelaphus sp.   1 

Wildebeest cf. blue (Connochaetes cf. taurinus)  2 4 

Antelopes and bovids    

Duiker (Sylvicapra grimmia)  1 1 

Springbok sp. (Antidorcas sp.)  5  

Greater kudu (Tragelaphus strepsiceros)  1  

Steenbok (Raphicerus campestris)  1  

Giant African buffalo (Syncerus antiquus)  yes 2  

Bovid size class IV   1  

Bovid Size class III  2  
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Bovid size class II-III  1  

Bovid undetermined  5  

Suids    

Warthog cf. common warthog (Phacochoerus cf. aethiopicus)  1 1 

Equids    

Plains zebra (Equus quagga)  7 2 

Giant Cape zebra (Equus capensis) yes 5 5 

Equid sp.   2 

Carnivores    

Lion (Panthera leo)  1  

Total  41 17 

 

Notably, both assemblage lack remains of birds, reptiles, fish, and microfauna. With one exception, 

an ulna of a lion (Panthera leo), the assemblage consists entirely of remains of herbivores (Fig. 13), with 

remains of Equids the most common, represented by two species, the extinct Cape zebra, Equus capensis 

(Supplementary Fig. 7), and the locally extirpated plains zebra, Equus quagga (Groves and Bell, 2004). A 

range of other grazers are represented including a bovine ̶ the giant African buffalo, Syncerus [Pelorovis] 

antiquus; small-sized Antelopes such as duiker (Sylvicapra grimmia), steenbok (Raphicerus campestris), and 

the greater kudu (Tragelaphus strepsiceros) ̶ a browser (Supplementary Fig. 8). Alcelaphines present include 

both hartebeest (Alcelaphus buselaphus) (Supplementary Fig. 9) and the extinct Megalotragus priscus. The 

remains of the black wildebeest, Connochaetes gnou (also known as the white-tailed gnu) were distinguished 

from those of the blue wildebeest (Connochaetes taurinus, Supplementary Fig. 10) on the basis of size – the 

blue wildebeest being larger (Fig. 14). Damvlei lies at the very southern extent of the current 

biogeographical range of the blue wildebeest – the Orange River, and our finds may serve as corroboration 

that this was its range in the past. In terms of second molar tooth dimensions, the Damvlei wildebeest and 

hartebeest specimens overlap the size range of those from the MSA site of Florisbad, though Damvlei sample 

sizes are extremely small. 
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FIG. 13. Representation of faunal Families at Damvlei (%). 

 

FIG. 14. Measurements of Alcelaphine lower second molar teeth from Damvlei (red dots) compared to three modern 

Alcelaphines and Florisbad MSA specimens. Note that three hartebeest specimens from Damvlei fall in the black 

hartebeest range while another specimen, identified as hartebeest, falls within the range of this species. Measurements 
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of individual teeth were taken at the occlusal surface and are given in mm. All measurements (except for Damvlei) were 

taken from Brink (2005: Table 24). 

OSL DATING 

The distributions of natural equivalent doses are dispersed (overdispersions of 111 ± 11 and 86 ± 8% 

respectively for DMV1 and DMV2, Table 5). While issues with poor bleaching cannot completely be ruled 

out, the dispersion was mainly attributed to bioturbation (microfauna and plant roots) that were already 

observed in the field and could not be fully avoided during sampling. It is also unlikely, even though we did 

not measure it, that the dispersion be due to the microdosimetric effect, as it is not expected with this type of 

sediment. Graphical representation and application of the Finite Mixture Model (Roberts et al., 2000) with 

variable sigma_b values, suggests at least three to four populations, close to 0, 10, and 25 Gy, and between 

50-100 Gy for the two samples. However, determining an age from the Finite Mixture Model would be 

highly speculative, first because there is no clearly dominating population, and second because the 

significance of the mean dose rate in that case is problematic. Consequently, a maximum dose estimate was 

calculated for DMV2, for which more grains have been measured, from the highest component. This was 

estimated at 68 ± 4 Gy (Fig. 15). The estimated dose rate for DMV2 is 2.55 ± 0.18 Gy/ka (Table 6). As 

mentioned above, its significance for an age calculation is disputable, because of the suspicion of strong 

bioturbation. Nonetheless, it is in the (high) range of what has been obtained at the nearby site of Lovedale 

for less disturbed samples (Wroth et al., 2022), and for that reason it can be used to obtain the maximum age 

estimate of 27 ± 3 ka, which falls within MIS 2. 

TABLE 5. Data related to the natural equivalent dose measurements. N: number of measured grains; n1: number of 

grains that pass the sensitivity and recuperation criteria; n2: number of grains that pass the D0 threshold criteria. OD: 

overdispersion. 

Sample N n1 n2 D0 (Gy) OD (%) 

DMV1 800 89 62 40 111 ± 11 

DMV2 1500 187 90 40 86 ± 8 

 

TABLE 6. Dose rate data based on a past water content of 30 ± 8%, expressed in Gy/ka. 

Sample Cosmic dose rate Gamma dose rate Beta dose rate Total 

DMV1 0.24 ± 0.02 0.84 ± 0.07 1.18 ± 0.14 2.26 ± 0.16 

DMV2 0.24 ± 0.02 0.86 ± 0.07 1.46 ± 0.16 2.55 ± 0.18 
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FIG. 15. Plots of data for the equivalent dose (De) measurements; (A) De as a function of D0 for DMV1; (B) radial plot 

for the De values of DMV1, for D0>40 Gy. The grey bars show the components that are suggested by the Finite Mixture 

Model for sigma_b=0.3; (C) and (D) same as A and B, respectively, for DMV2. 
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RADIOCARBON DATING 

Sediments for radiocarbon were tested for mineral composition, showing mainly quartz and clay 

minerals (Fig. 8). The carbonate content ranged between 5.5 and 8.4%. The radiocarbon age determinations 

obtained from the TOC of Unit 1 sediments span the past ~3400 years, with the topmost sample (5 cm below 

surface) dated to the 1950s based on the ‘bomb peak’ in the calibration curve, and the portion of stratigraphy 

between 25 and 55 cm below surface ranging from ~1400 BC to ~1450 AD (Table 7). 

TABLE 7. Radiocarbon dating results (pMC: percentage of Modern Carbon). The C% refers to the measured carbon 

extracted calculated on the mass of sediment after 1 M HCl, therefore after removal of the carbonate fraction. 

Sample # Context Carbonate % C% pMC Age BP Age BC-AD (1σ) 

RTD 11805 Unit 1 Level 1 5.6 0.39 102.722 ± 0.257 -215 ± 20 1953-1957 AD 

RTD 11806 Unit 1 Level 3 5.5 0.09 93.601 ± 0.254 531 ± 21 1420-1442 AD 

RTD 11807 Unit 1 Level 6 8.4 0.13 67.892 ± 0.162 3110 ± 19 1396-1367 BC (20.3%) 

1358-1290 BC (48%) 

 

DISCUSSION 

The micro-geoarchaeological approach deployed in this research permitted a robust reconstruction of 

the site formation processes. Micromorphology and FTIR have already been used to provide greater insights 

into sediments and fossils of Early and Middle Pleistocene sites in the Free State (Scott et al., 2019; Toffolo 

et al., 2015, 2019; Toffolo et al., 2017), and recently have been applied to LSA contexts in the Northern 

Cape (Rhodes et al., 2022). In particular, the reference FTIR spectra for heat-altered sediments can be used 

for other sites in the region to estimate the temperature of burning of clay minerals. 

The massive microstructure interrupted by channels observed in the micromorphology thin sections 

indicates that SU1 formed as a result of low-energy, overbank sedimentation of the Modder, a process 

unlikely to displace artefacts lying on the surface and rather favourable to the preservation of primary 

depositional contexts. This process took place several times, since the occurrence of artefacts at different 

depths can be interpreted as a series of exposed land surfaces. Given the current position of the Modder 

riverbed, it would appear that human occupation took place close to the water, at least with regard to the 

Lockshoek artefacts from Levels 2-6. Level 5, which produced one of the highest lithic counts, yielded 

aggregates of burned sediment and two fragments of calcined bone, as shown with FTIR. While these 

components may be the result of human activities related to food processing, the absence of a combustion 

structure and the open-air nature of the site do not allow the exclusion of a wildfire or controlled veld fire as 

the cause for their presence (Gowlett et al., 2017). No other faunal remains were found in situ. Nevertheless, 

animal remains must have been a common occurrence at the site based on the abundance of bones on the 

donga floor and the fact that clusters were found eroding from bluffs, notably at ~60 cm depth right to the 

south of Unit 1. The depositional environment changed in SU2, which is an aeolian sand rich in windblown 
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clay pellets (Goldberg et al., 2015; Toffolo et al., 2017). Here, too, it is considered that artefacts are in a 

primary depositional context, given that wind alone cannot displace lithics. Both SU1 and SU2 have been 

affected by post-depositional processes, especially the disruptive effect of plant roots and microfauna, which 

produced large channels that favoured coarse illuviation and subsequent displacement of quartz grains. In 

turn, this process hampered dating of DMV1 by OSL due to extensive mixing, and allowed only a maximum 

age for DMV2. Similarly, post-depositional circulation of water, represented by clay intercalations and 

coarse infillings, promoted the diffusion of modern organic carbon, which produced younger radiocarbon age 

determinations for all dated levels, which are not consistent with the occurrence of Wilton and Lockshoek 

artefacts. In fact, the Damvlei radiocarbon dates, covering the last ~3400 years (Table 7), are significantly 

younger compared to the age range of the Oakhurst technocomplex in other parts of the Free State and South 

Africa, which is ~12-8 ka (Mitchell, 2016; Mitchell, 2000; Wadley, 1993). 

Faunal remains and phytoliths provided more detailed information for the reconstruction of past 

environments at Damvlei. Given the predominance of grazers, especially equids, the site was likely located 

in an open grassland habitat. The range of species represented is typical of the Florisian Land Mammal Age, 

currently also known as the late Naivashan (Van Couvering and Delson, 2020), and common in other 

Florisian assemblages found in the southern African interior including the Riet and Modder Rivers (Brink, 

1987, 1988, 2005; Brink et al., 1999). The upper limit of the Florisian falls around 600,000 years ago, while 

the lower limit is the end of the Pleistocene/early Holocene (Brink, 2016; Klein, 1984). The Florisian fossil 

assemblages typically include five extinct grazers: Bond’s springbok, Antidorcas bondi; a species of 

tsessebe, Damaliscus niro; M. priscus; E. capensis; and S. antiquus (Brink, 1987, 2005; Brink and Lee-

Thorp, 1992; Hendey, 1974; Klein, 1984). Also present are modern forms such as the black wildebeest. The 

absence of small-sized faunal taxa is also considered typical of Florisian fossil assemblages (Brink, 2005). 

The Damvlei assemblage contains several typical Florisian species – M. priscus, E. capensis, E. quagga, and 

S. antiquus. Notably absent in the Damvlei assemblage are remains of species that are associated with 

marshy and aquatic conditions, such as lechwe (Kobus leche), waterbuck (Kobus ellipsiprymnus), and 

hippopotamus (Hippopotamus amphibius), and which occur in other Florisian sites, such as at Florisbad 

(Brink, 1987, 1988) and the Riet River gravels (Berger and Brink, 1996). Also missing at Damvlei are 

remains of Bond’s springbok, a keystone species of the Florisian that went extinct in the early Holocene 

(~10-8 ka) (Ecker and Lee-Thorp, 2018). In contrast to the common springbok (Antidorcas marsupialis), 

which is a flexible mixed feeder that can tolerate arid habitats, A. bondi was a small-bodied specialised 

grazer that consumed C4 grasses, and whose presence reflects the high quality of the grasslands at this time. 

However, a dental microwear study (Sewell et al., 2019), suggests that A. bondi may have had a mixed diet 

that was more similar to that of A. marsupialis. The latter species is present at Damvlei. Rossouw (2006) 

noted that the absence of typical Florisian taxa does not necessarily reflect their past availability in the 

region. He suggested that selective taphonomic factors may be responsible for their absence. However, it is 

unlikely that selective diagenesis is responsible for the species range found at Damvlei given the similar size 

of the herbivores that are represented and those that are missing. Thus, it is more feasible that other factors 
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are at play, for example sample size, with remains of species that are somewhat rare in the landscape, 

underrepresented in small fossil assemblages (Grayson, 1984; Lyman, 2012). However, it is more likely that 

the fossil spectrum reflects the palaeoenvironmental conditions of the late Florisian. Indeed, the late 

Pleistocene/early Holocene in the interior of southern Africa was characterised by comparatively more arid 

conditions than in the preceding Middle Pleistocene, for instance at Erfkroon (Lyons et al., 2014), although 

more C3 plants were available in the local vegetation up to ~7 ka in comparison to the subsequent mid- and 

late Holocene environments (Ecker et al., 2018; Lukich and Ecker, 2022). This scenario is in agreement with 

the evidence from phytoliths, which clearly shows a predominance of C3 grasses in the Lockshoek levels 

(dated to ~12-8 ka in South Africa), whereas drier conditions, represented by the Chloridoideae morphotypes 

produced by C4 grasses, were established in the levels featuring Wilton assemblages, the latter dated to the 

middle and late Holocene in South Africa (Mitchell, 2016; Mitchell, 2000). Although Brink (2005) noted 

that in some parts of the interior a wetland component endured until the end of the Florisian, increasing 

aridity would be the most parsimonious explanation for the lack of water-adapted taxa at Damvlei, despite 

the proximity of the site to the Modder River. If the chronological explanation is correct, then Damvlei is 

indeed a representative of the late Florisian and may represent one of the last appearances of E. capensis, M. 

priscus, and S. antiquus (Ecker and Lee-Thorp, 2018; Faith, 2014), since this Land Mammal Age was 

associated with the extinction of a wide spectrum of herbivores. 

Evidence from sediments, fauna, and phytoliths showed that Damvlei was an open grassland 

environment characterised by relatively wetter conditions in the early Holocene and drier conditions in the 

middle and late Holocene. In this context, human occupation took place close to the river bank, most likely 

as a series of short-lived visits taking advantage of exposed surfaces near the water. The occurrence of 

artefacts made of banded ironstone, which is an allochtonous rock whose closest source is located in the 

Kuruman Hills, ~230 km to the northwest, lends support to the interpretation that these groups had extensive 

social networks, consistent with the widespread occurrence of Oakhurst and Wilton assemblages across the 

subcontinent (Sealy, 2016). The tempo of these occupations can only be framed at its older end using OSL, 

and the chronological sequence of the archaeological levels relies mostly on the age range of the Oakhurst 

and Wilton technocomplexes. The lowermost excavated level in SU1 produced a maximum age of 27 ± 3 ka, 

which predates the overlying Lockshoek and Wilton artefacts, dated to the Holocene in other parts of South 

Africa (Mitchell, 2016; Mitchell, 2000; Wadley, 1993), and all of the lithics and fauna from the donga floor 

and bluffs, which were collected in places located at a higher elevation compared to DMV2 and the red 

palaeosol. The latter, based on the DMV2 date, could be contemporary with an extensive red palaeosol 

described 11 km downstream at Erfkroon, and dated to ~33 ka (Bousman et al., 2023a; Lyons et al., 2014). 

Taking into account the possibility that part of the surface assemblage might belong to the earlier Robberg 

technocomplex, which needs to remain open until a detailed examination of the full lithic assemblage is 

available, it appears that the Damvlei data do not support a scenario of permanent human presence in the 

interior grasslands during the terminal Pleistocene, and especially during the LGM, and that occupation 

before the Holocene might have been only ephemeral and limited to some of the Florisian wetlands along 
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rivers, such as the Modder (Bousman et al., 2023a; Brink, 2016; Mitchell, 2017), whereas permanent 

presence was confined to the better-watered highlands towards the east (Stewart and Mitchell, 2018; Stewart 

et al., 2016). 

CONCLUSIONS 

Excavations at the Damvlei donga unearthed a series of LSA occupations on the bank of the Modder 

River, which collectively span the Holocene, although sediments and faunal remains go back at least to the 

terminal Pleistocene. The study of sediments and fossils highlighted the importance of analyses at the 

microscale in assessing the integrity of materials for absolute dating, especially with regard to bioturbation 

and the post-depositional displacement of carbon and sand grains, and in determining the primary 

depositional context of the artefacts. In addition, it was possible to detect heat-altered components related to 

fire despite the absence of a combustion structure. For these reasons, we advocate the application of a micro-

geoarchaeological approach to better understand formation processes at open-air sites. Results emphasise the 

need for a more extensive investigation of LSA occurrences in the grasslands of the Highveld, including 

geochronology, in order to frame the timing of human presence in the central interior, especially in relation 

to the Robberg technocomplex, which is currently represented only in undated contexts at Erfkroon. 
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