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Welcome 
On behalf of the organising committee, we welcome you to the 22nd biennial 

SASQUA 2019 Congress. We trust you will enjoy this meeting in the heart of the 

southern Cape, with its unique landscapes, environments and representing 

the possible ground-zero of human cognitive origins.   

 

Venue  

The Point Hotel is set on the rocks below the Cape St. Blaize Lighthouse in 

Mossel Bay, and overlooks the Indian Ocean. 

 

Presentations 

Oral papers: 12 minutes will be allocated per paper, followed by 3 minutes for 

discussion. 

Poster papers: Posters should be put up for display as soon as possible. These 

are A0 portrait orientation. A formal poster session will be held on Tuesday the 

29th of January. 

 

Lunches 

Lunches are included for registered delegates.  

 

Social Functions 

Monday 28 January 16h00: Registration and Ice breaker  
 

Thursday 31 January 19h00: Conference dinner (informal dress) 

(Please note: drinks are not included with the conference dinner) 

 

Field Excursion  
Professor Curtis Marean and Dr Hayley Cawthra will lead a day-

long field trip on Friday the 1st of February. This field trip commences with a 

visit to the palaeosols at Vleesbaai, where Toba volcanic tuff shards were 

recently described and where a slice of ancient Palaeo-Agulhas Plain 

landscape is preserved onshore. We spend most of the day traversing the 

cliffs at Pinnacle Point where the archaeological records, anthropological 

complexities, and geological evolution of the system will be explained and 

demonstrated. The third and final visit is to the Klein Brak River area, where 

modern coastal sedimentary depositional processes mirror ancient evidence 

for sea-level change, which is preserved in the form of carbonate-cemented 

aeolianite and beachrock dating back to Marine Isotope 11 and 5e.   
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PROGRAMME 
 

Monday 28 January 

16:00 - 19:00 Registration and Icebreaker 

 
 Tuesday 29 January 

8:00 - 8:30 Registration & Coffee 

8:45 - 9:00 Welcome by the SASQUA President 

Session 1 

9:00 - 9:15 
R. Pickering: U-Pb dated flowstones restrict South African early hominin 
record to dry climate phases 

9:15 - 9:30 

T.R. Edwards, R. Pickering, T.L. Mallet and A. I. R. Herries: U-Pb and 
palaeomagnetism provide a Pleistocene age and constrain the end of the 
Olduvai subchron at Waypoint 160 (Bolt’s Farm) Cradle of Humankind, South 
Africa 

9:30 - 9:45 
S. J. Armitage, K.L. van Niekerk and C.S. Henshilwood: A reassessment 
of the luminescence chronology for Blombos Cave, South Africa 

9:45 - 10:00 
J. von der Meden, R. Pickering, J. Wilkins, B. Schoville, K. S. Brown and 
S. Maklima: U-Th dating tufas at Ga-Mohana Hill, Northern Cape: 
palaeoenvironmental significance and relevance for MSA occupation 

10:00 - 10:15 
J. Luyt and J. Sealy: Carnivore stable isotopes as environmental integrators 
in southern African winter rainfall ecosystems 

10:15 - 10:30 
E. Loftus, J. A. Lee-Thorp and J. Sealy: Stable isotope investigations of 
Later Stone Age shellfishing and local climate shifts on the South African west 
coast 

10:30 - 11:00 Coffee break 

Session 2 

11:00 - 11:15 
M.E. Meadows: Wetlands in the highlands and the lowlands: reinterpreting 
African landscapes through Quaternary palaeoecology 

11:15 - 11:30 
L. J. Quick, B.M. Chase, M. E. Meadows, A.J. Potts and R.M. Cowling: 
Reconstructing palaeoenvironments in South Africa's Cape Floristic Region: A 
palynological approach 

11:30 - 11:45 
N. du Plessis, M.E. Meadows and T. Haberzettl: New evidence for the MCA 
and LIA along the South Coast of South Africa: a high resolution palynological 
record from Bo Langvlei, Wilderness 

11:45 - 12:00 
M. H. Simon, M. Ziegler, I.R. Hall and S. Barker: Agulhas Current variability 
across timescales and its impact (or not) on southeast African environments 
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12:00 - 12:15 

B.M. Chase, A. S. Carr, A. Boom, M. Chevalier, F. He, M. E. Meadows, S. 
E. Nicholson, T. M. Shanahan, N. Ogle, E. M. Niedermeyer and P. J. 
Reimer: Orbital and millennial-scale drivers of southwest African hydroclimate 
over the last 50,000 years 

12:15 - 12:30 
S.A. Browning and I. D. Goodwin: Using Data Assimilation to Reconstruct 
Southwest Pacific Atmospheric Circulation and Storm Activity Over the Late 
Holocene 

12:30 - 14:00 Lunch 

Poster session 

14:00 - 15:30 

G. Botha and R. Singh: Quaternary stratigraphy: Don’t lose sight of the 
regional picture 

B. M. Chase, A.S. Carr, E. M. Niedermeyer, A. Boom, M. Chevalier, F. 
Hee, M.E. Meadows, J. Medina-Sanchez, N. Ogle and P. J. Reimer: 
Refinement of stable isotope palaeoclimate proxies from southern African 
rock hyrax middens 

M. Chevalier, B. M. Chase and L.J. Quick: Unprecedented possibilities to 
quantify past climate from fossil pollen assemblages in Africa 

A. K. Eltzholtz and J. Wilkins: Lithic technology at Rooidam 2, a Fauresmith 
designated site in the Northern Cape, South Africa 

K. Eweto and M.K. Bamford: A Holocene pollen study of the Okavango 
Wetland, Angola 

V. J. Hare: Atmospheric CO2 effect on stable carbon isotopes and 
implications for proxy records of Quaternary African palaeoclimates 

S.J. Lennox: Woody taxa from charcoal in Border Cave, KwaZulu-Natal of 
the Middle Stone Age (~ 250 000 to ~ 35 000 years ago) 

E. Loftus, C. Ramsey and P. Mitchell: SARD: the Southern African 
Radiocarbon Database 

M.L. Maboya, M.E. Meadows, K.L. Kirsten and T. Haberzettl: Holocene 
palaeoenvironmental reconstruction using lake sediments from Swartvlei, 
South Africa 

R. Pickering, J. von der Meden, P. Khuzwayo, T. Edwards, V.J. Hare, J. 
Parkington: The micromorpholgy and U-series dating of calcretes: a new 
chronometer for open air hominin and archaeological sites 

A. Stone, M.D. Bateman, E. Garzanti, M. Limonta, G. Radeff, S.L. 
Burrough, M.W. Telfer, R. Cutts: Speed-up, scale-up: An approach for large 
spatial-scale analysis of Quaternary landscape change using rapid age 
assessment of geoproxies 

15:30 - 16:00 Coffee break 

16:00 - 17:30 SHAPE workshop/discussion 
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Wednesday 30 January 

8:30 - 9:00 Registration & Coffee 

Session 3 

9:00 - 10:00 
PLENARY: C.W. Marean, R.M. Cowling, J. Franklin: A General Model for 
the Ecology of the Palaeo-Agulhas Plain 

10:00 - 10:15 
H.C. Cawthra, R.M. Cowling, C.W. Marean and S. Andó: The geological 
and edaphic nature of the Palaeo-Agulhas Plain: evidence from the 
continental shelf 

10:15 - 10:30 
K. Braun, A.J. Potts, E.C. Fisher, F.A. Engelbrecht and C.W. Marean: 
Comparison of South African paleoclimate proxies and climate model output 
during the Last Glacial Maximum 

10:30 - 11:00 Coffee break 

Session 4 

11:00 - 11:15 
R.M. Cowling, A. Grobler, H.C. Cawthra and A.J. Potts: The ghosts of 
habitat past: why are Cape Holocene dunes so rich in species and endemics? 

11:15 - 11:30 
A. J. Potts, R. M. Cowling and J. Franklin: Glacial vegetation of the Cape 
coastal lowlands and Palaeo-Agulhas Plain 

11:30 - 11:45 
Z. Faltein, K.J. Esler, G.F. Midgely and B.S. Ripley: Glacial atmospheric 
CO2 concentrations restrict the growth of bulbs used by human inhabitants of 
the Palaeo-Agulhas Plain during the Middle Pleistocene 

11:45 - 12:00 N. E. Cleghorn and H. Keller: Archaeological evidence from Knysna Eastern 
Heads Cave 1 for major shifts in the Palaeo-Agulhas Plain resourcescape 

12:00 - 12:15 L. Richardson: Seals: a sought after resource for hunter-gatherers at Nelson 
Bay Cave, South Africa 

12:15 - 12:30 
J. Sealy, N. Naidoo, S. Brunton, J.T. Faith, D. Codron and D.D. Stynder: 
Palaeoclimate and palaeoecology of the Agulhas Plain from stable carbon 
and oxygen isotopes in bovid tooth enamel from Nelson Bay Cave 

12:30 - 14:00 Lunch 

Session 5 

14:00 - 14:15 

J. Hodgkins, C. W. Marean, J.A. Venter, P. Roberts, J. Zech, S.R. 
Copeland and J. A. Lee-Thorp: An isotopic test of the seasonal migration 
hypothesis for large grazing ungulates inhabiting the Palaeo-Agulhas Plain 
(south coast, South Africa) 

14:15 - 14:30 
C.F. Brooke, C. W. Marean, and J. A. Venter: Large mammals of the 
Palaeo-Agulhas Plain: predicting habitat use and population densities 

14:30 - 14:45 
T. Matthews: Review of the micromammal community from Pinnacle Point, 
MIS1 to MIS6 

14:40 - 15:00 
B. Zwane, M.K. Bamford, C. Sievers and S. Wurz: An analysis and 
environmental interpretations of charcoal from the Later Stone Age at Klasies 
River cave 1, Tsitsikamma Coast 
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15:00 - 15:15 
C. Dodd, C.R. Anderson, R. Perissinotto, S. J. du Plooy and G. M. 
Rishworth: Hydro- and geochemistry of South African peritidal stromatolites 
and associated freshwater inlets 

15:30 - 16:00 Coffee break 

16:00 - 17:00 Palaeo-Agulhas Plain discussion 

  
Thursday 31 January 

8:30 - 9:00 Registration & Coffee 

Session 6 

9:00 - 9:15 
A. Shirley and G. Taylor: The Coega SEZ, Palaeosciences and thematic 
interpretation 

9:15 - 9:30 
P. Morrissey, J. Knight and D.J. Stratford: Early Marine Isotope Stage 5 
coastal palaeoenvironments and human occupation at East London, Eastern 
Cape Province, South Africa 

9:30 - 9:45 

I. Esteban, M.K. Bamford, C. Miller, F.H. Neumann, E. Schefuß, M. Zabel, 
J. Pargeter, H.C. Cawthra, E.C. Fisher: A multi-proxy approach for coupling 
past climate and environments to plant-foraging hunter-gatherer behaviours 
from MIS 3 to the Early Holocene in coastal Pondoland (South Africa) 

9:45 - 10:00 

E.C. Fisher, H.C. Cawthra, I. Esteban, Z. Jacobs, A. Jerardino, C. Miller, 
F. Neumann, A. Oertle, J. Pargeter, R. Saktura, E. Schefuss and K. 
Szabo: Coastal occupation and foraging during the Late Pleistocene and 
early Holocene at Waterfall Bluff, eastern Pondoland, South Africa 

10:00 - 10:15 
C. Sievers, S. Lennox, L. Backwell, F. d’Errico and L. Wadley: Glimpses of 
Middle Stone Age palaeoenvironments from recent excavations at Border 
Cave, KwaZulu-Natal 

10:15 - 10:30 
A. House and M.K. Bamford: Analysis of archaeological charcoal from the 
Dung Area of an EIA site, Ndondondwane, KwaZulu Natal 

10:30 - 11:00 Coffee break 

Session 7 

11:00 - 11:15 
A. Mfikili, T. . Bornman and H.C. Cawthra: Paleo-tsunami deposits – how 
much do we know along the South African coast? 

11:15 - 11:30 
C. Sommer, M. Maerker and V. Hochschild: Mapping of the Masotcheni 
formation in the Drakensberg Mountains using multispectral Remote Sensing 
and GIS landscape analysis 

11:30 - 11:45 
A.C. van Aardt, L. Scott, E.J. Theron and L. Rossouw: Charred cuticles in 
Tswaing Crater lake deposits: A palaeoenvironmental indicator? 

11:45 -12:00 
M.L. Murungi and M.K. Bamford: Plant silica in modern and ancient plants 
as a tool for studying early human behavior and palaeoenvironments in South 
Africa 

12:00 - 12:15 
P. de la Peña, A. Val, D.J. Stratford, F. Colino, I. Esteban, J.M. Fitchett, T. 
Hodgkiss, J. Matembo and R. Moll: Revisiting Mwulu’s Cave: New Insights 
into the Middle Stone Age in the southern African Savannah Biome 
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12:15 - 12:30 
M.C.J. de Wit: The Kleinvlei Formation: a major Late Cainozoic sedimentary 
depository north of Vanwyksvlei, Northern Cape Province 

12:30 - 14:00 Lunch 

Session 8 

14:00 - 14:15 
D.J. Nash, J. Ciborowski, D.S.G. Thomas, S.L. Burrough, S. Staurset, S. 
Coulson, S. Mothulatshipi and J. Allinc: Mapping Stone Age mobility in the 
Middle Kalahari using geochemical fingerprinting of silcrete artefacts 

14:15 - 14:30 
H. Mocke, D. Mol, M. Pickford, B. Senut, L. Ségalen and E. Möllmann: 
Mammoths roamed the Etosha 

14:30 - 14:45 
M.K. Bamford: Macroplant taphonomy of wetlands: a case study from 
Olduvai Gorge, Tanzania 

14:45 - 15:00 
M. House and J. Sealy: Comparing stable carbon isotope ratios from tooth 
enamel and tooth dentin: a case study from Great Zimbabwe 

15:00 - 15:15 
A. Razafimanantsoa, L. Gillson and W. Bond: Vegetation dynamics in 
central highlands Madagascar during Holocene 

15:15 - 15:30 
F.H. Neumann, C. Miller, A. Hahn, E. Schefuß, M. Zabel, L. Dupont, J.M. 
Finch, H.C. Cawthra and A. Green: Late Quaternary vegetation dynamics 
observed in a marine core from Maputo Bay, Mozambique 

15:30 - 15:45 
F.A. Engelbrecht and R. Nkoana: Detailed projections of Last Glacial 
Maximum Climate over southern Africa 

15:45 - 16:00 Coffee break 

16:00 - 17:30 SASQUA BGM 

19:00 Conference Dinner, Venue: Route 57 

 

Friday 1 February 

8:00 - 18:00 Field excursion (meet at the Point Hotel parking lot at 8 am) 
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ABSTRACTS 
 

Oral Presentations 

 

 

 

Plenary ________________________________________________________ 
 
 
A General Model for the Ecology of the Palaeo-Agulhas Plain 
 
Curtis W. Marean (1, 2), Richard M. Cowling (2), Janet Franklin (3) 
 
(1) Institute of Human Origins, School of Human Evolution and Social Change, PO Box 872402, 
Arizona State University, Tempe, AZ 85287-2402, USA  
(2) African Centre for Coastal Palaeoscience, Nelson Mandela University, Port Elizabeth, Eastern 
Cape 6031, South Africa 
(3) Department of Botany and Plant Sciences, University of California – Riverside, 900 University Ave, 
Riverside CA 92521, USA 
 
curtis.marean@asu.edu  
 
At the height of its geographic extent, during strong glacial climates, the Palaeo-Agulhas Plain (PAP) 
occupied an area approximately the size of Ireland along the south coast of South Africa, sometimes 
representing a substantial portion of the extant Greater Cape Floristic Region (GCFR). During strong 
interglacial climates, the PAP was submerged and its component ecosystems either went extinct, or 
shrank to small and fragmented slivers along the steeply rising contemporary coastline. Scientists in 
the southern Africa sub-region, presumably because it is now submerged, have largely ignored the 
PAP in their considerations of the natural history of the region. We argue the PAP was crucial to the 
diversification of the mega-diverse GCFR biota and was the most productive foraging habitat for the 
early modern humans that inhabited the archaeological sites along the current coast. In this talk, we 
synthesize the growing array of palaeo-archive evidence and modeling results that enlighten us on 
the ecology of this now extinct ecosystem, and we propose a general model. This general model 
shows that the PAP comprised ecosystems very different from the modern coastal platform, including 
vast areas of nutritious grassland and savanna, numerous wetlands (especially back-barrier coastal 
wetlands), and a soft and highly dynamic coastline. The productivity of the terrestrial ecosystems 
enabled the development of a diverse and abundant plains fauna that included several 
megaherbivores not known from the region today. Like the contemporary coastal foreland, the PAP 
showed a strong, longitudinal gradient in rainfall seasonality and likely in soil fertility. Imposed on this 
spatial variability was a regularly changing regime of CO2, temperature, and rainfall amount and 
season that drove significant temporal variation in the character of the plain. 
 
 
_________________________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:curtis.marean@asu.edu


 

 

Session #1___________________ 

 
U-Pb dated flowstones restrict South 
African early hominin record to dry climate 
phases 
 
R. Pickering (1) 
 
(1) Department of Geological Sciences, 
Human Evolution Research Institute, 
University of Cape Town, Cape Town, South 
Africa 
 

robyn.pickering@uct.ac.za 
 
The Cradle of Humankind (CoH) in South 
Africa is home to a rich collection of early 
human (hominin) fossils, preserved in dolomite 
caves. Flowstones, horizontally bedded layers 
of calcium carbonate, are ubiquitous features 
at all the sites. The flowstone serve the dual 
purpose of providing ages for the fossilferous 
sediments sandwiched between them (via 
uranium-lead dating) and as indicators of past 
climate regimes by their presence alone, being 
associated with increased effective 
precipitation. Massive flowstones of several 
meters thick are not uncommon and hint at 
prolonged periods of significantly increased 
precipitation. Uranium-lead (U-Pb) dating of 
cave carbonates has reached a level of 
maturity where it can be applied with ease and 
precision. Flowstones from eight caves across 
the CoH has produced a total of twenty eight 
U-Pb ages. To solve the problem of 
necessarily large uncertainties on individual 
ages, a kernel density estimate is used to sum 
together the U-Pb age data into a single 
record of flowstone growth intervals (FGIs). 
This record spans from 3.2 – 1.3 Ma, with four 
major FGIs identified, with flowstone forming in 
at least two caves during the same time 
interval. These intervals are interpreted as 
major wet phases, during which caves were 
most likely sealed closed and not receiving 
sediments/bones from outside, allowing for 
massive flowstone development. The 
interceding times are interpreted as drier 
phases, during which the fossiliferous 
sediments accumulated in the caves. These 
new data suggest that these fossil bearing 
deposits carry an inherent ‘dry phase’ bias, 
implying that the South African hominin and 
faunal record is only sampling these drier 
intervals and that large periods of time (during 
wetter phases) are unrepresented in the fossil 
record. 
 
 
 
 

U-Pb and palaeomagnetism provide a 
Pleistocene age and constrain the end of 
the Olduvai subchron at Waypoint 160 
(Bolt’s Farm) Cradle of Humankind, South 
Africa. 
 
T.R. Edwards (1), R. Pickering (2,3), T.L. 
Mallet (1) and A.I.R. Herries (1,4) 
 
(1) The Australian Archaeomagnetism 
Laboratory, Department of Archaeology and 
History, La Trobe University, Bundoora, 
Australia 
(2) Department of Geological Sciences, 
3.Human Evolution Research Institute, 
University of Cape Town, South Africa 
(4) Centre for Anthropological Research, 
University of Johannesburg, Auckland Park, 
Johannesburg, South Africa 
 

tredwards@ltu.edu.au 
 
Bolt’s Farm is a series of fossil-bearing active 
caves and palaeokarst remnants in the Cradle 
of Humankind, Gauteng, which has been 
explored for palaeontological remains since 
the 1940s. An early Pliocene age of 5-4 Ma 
was suggested for one deposit at Bolt’s Farm, 
Waypoint 160, based on the discovery of a 
new species of rodent Eurotymys bolti 
(Senegas & Avery 1998). Given the rarity of 
early to mid-Pliocene deposits in the area, and 
the importance of this time period in marking 
the arrival of hominins in South Africa, 
Waypoint 160 is an ideal site for 
geochronological analyses. A new multi-
disciplinary study combining U-Pb dating, 
palaeomagnetism, petrographic analysis and 
SEM-EDS proposes a new age for the locality 
of Waypoint 160. U-Pb of the basal flowstone 
reveals a maximum depositional age of around 
2.6 Ma and a minimum capping age of ~1.7 
Ma. Palaeomagnetic analysis shows that 
samples from directly below the capping 
flowstone exhibiting a period of extended 
normal polarity which can now confidently be 
assigned to the Olduvai subchron. The 
capping flowstone exhibits a reversed polarity, 
thereby recording the transition period marking 
the end of the Olduvai subchron. With this 
information we can confidently say that the 
deposits and related fauna at Waypoint 160 
are early Pleistocene in age. This provides 
further evidence that the oldest cave sites we 
are seeing preserved in the Malmani dolomite 
continue to be terminal Pliocene (Taung 3.0-
2.6 Ma, Makapansgat 2.9-2.6 Ma; Hoogland, 
3.1-2.6 Ma) and calls into question the use of 
preliminary biochronological analysis in 
attributing an age to a deposit with no paired 
geochronological analyses. 
 
 

file:///C:/Users/Hayley.Cawthra/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/UMC9TNLK/tredwards@ltu.edu.au
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A reassessment of the luminescence 
chronology for Blombos Cave, South 
Africa 
 
S. J. Armitage (1,2), K.L. van Niekerk (2) 
and C.S. Henshilwood (2,3) 
 
(1) Centre for Quaternary Research, 
Department of Geography, Royal Holloway, 
University of London, Egham, Surrey, United 
Kingdom. 
(2) SFF Centre for Early Sapiens Behaviour 
(SapienCE), University of Bergen, Post Box 
7805, 5020, Bergen, Norway. 
(3) Evolutionary Studies Institute, University of 
the Witwatersrand, 1 Jan Smuts Avenue, 
Braamfontein 2000, Johannesburg, South 
Africa. 
 

simon.armitage@rhul.ac.uk 
 
Blombos Cave in the Western Cape of South 
Africa was a key site in establishing the 
antiquity of symbolic behaviour by ancient 
human populations (e.g. Henshilwood et al., 
2002). Critical to this was the extensive use of 
single-grain optically stimulated luminescence 
(OSL) dating of quartz from the Middle Stone 
Age (MSA) sediments. Single-grain OSL 
demonstrated the integrity of MSA levels, by 
showing that downwards movement of 
younger artefacts was unlikely, as well as 
providing the chronological framework in which 
those artefacts were understood. 
Subsequently single-grain OSL dating was 
applied to the majority of Southern African 
MSA sites, providing a regional chronology 
(Jacobs et al., 2008). However, more recent 
work has rendered this chronology 
contentious, with different laboratories 
producing mutually incompatible age models 
for the same site (e.g. Jacobs et al., 2008; 
Tribolo et al., 2013). It is therefore appropriate 
to revisit the luminescence chronology for 
Blombos Cave. In this study, we resample a 
number of key levels at Blombos, producing 
an entirely new luminescence chronology. By 
dating both quartz and feldspar, parallel semi-
independent age-depth models were 
established and compared. The implications of 
our new luminescence chronology for the 
ongoing debate concerning the age and 
duration of key MSA technological complexes 
will be discussed. 
 
 
 
 
 
 

U-Th dating tufas at Ga-Mohana Hill, 
Northern Cape: palaeoenvironmental 
significance and relevance for MSA 
occupation 
 
J. von der Meden (1,2), R. Pickering (1,2), J. 
Wilkins (2,3), B. Schoville (2,4), K.S. Brown 
(2,3) and S. Maklima (2,3) 
 
(1) Department of Geological Sciences, 
University of Cape Town, South Africa 
(2) Human Evolution Research Institute, 
University of Cape Town, South Africa  
(3) Department of Archaeology, University of 
Cape Town, South Africa 
(4) School of Social Science, University of 
Queensland, Australia 
 

vdrjes001@myuct.ac.za 
 
Quaternary carbonates are a ubiquitous 
feature on the landscape in South Africa and 
are often associated with archaeological sites. 
This study is focused on the new site of Ga-
Mohana Hill, near Kuruman in the semi-arid 
Northern Cape, where excavations at a 
stratified rock shelter are providing a detailed 
Middle Stone Age record. A variety of 
carbonate material has been sampled from 
around the Ga-Mohana shelter, ranging from 
tufa on the sides of the shelter to stalagmite-
like mounds along the drip lines, and 
brecciated calcretised slope terraces. These 
tufas, mounds and terraces form through 
precipitation of calcium carbonate-rich waters 
flowing in and around the shelter, hinting at 
past periods of increased moisture availability. 
Through geochemical and petrological 
investigations, these carbonates have been 
classified, and a landscape-scale picture of the 
past hydrological dynamics is emerging. 
Detailed micromorphological analysis of the 
fabrics of these various carbonates has 
revealed textures suggestive of microbial 
activity and seasonal precipitation. U-Th dating 
has yielded preliminary ages of ~40 ka for the 
terrace carbonates and ~10ka for the shelter 
tufas, and will be used to date as much of the 
carbonate as possible. This will provide a 
deeper understanding of the 
palaeohydrological conditions these 
carbonates represent, contributing to our 
understanding of Quaternary climate variation 
in the Northern Cape of South Africa, and will 
ultimately inform on the behavioural adaptation 
of hominins in this southern Kalahari Basin 
region during the Pleistocene. 
 
 

file:///C:/Users/Hayley.Cawthra/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/UMC9TNLK/simon.armitage@rhul.ac.uk
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Carnivore stable isotopes as environmental 
integrators in southern African winter 
rainfall ecosystems 
 
J. Luyt (1) and J. Sealy (1) 
 
(1) University of Cape Town 
 

julie.luyt@uct.ac.za 
 
The study explores the effects of 
environmental and climatic variables on the 
d

13
C, d

15
N and d

18
O values of carnivores from 

modern C3 dominated environments in 
Southern Africa. Investigating stable isotope 
ratios in consumers across environmental 
gradients has been of some interest due to its 
applicability to palaeostudies. Previous studies 
have found that carnivores best reflected 
large-scale environmental patterns in 

13
C/

12
C, 

including shifts in the d
13

C of atmospheric CO2 
through time, because they effectively 
integrated variation seen at lower trophic 
levels (e.g. Bump et al. 2007). To test this in 
southern African ecosystems, we have 
analysed d

13
C and d

15
N in bone collagen and 

d
13

C and d
18

O in tooth enamel of 12 species of 
carnivores obtained mostly from game parks 
and nature reserves in the winter and year-
round rainfall zones. The vegetation types 
covered are Savanna, Succulent Karoo, Nama 
Karoo, Fynbos, Afromontane forest, Albany 
thicket, each with varying rainfall, temperature, 
etc.  
 
We developed regression models for d

13
C, 

d
15

N and d
18

O in carnivores against nine 
meteorological variables: mean annual 
precipitation, mean annual temperature, mean 
annual soil moisture stress, mean annual 
potential evapotranspiration, relative humidity, 
summer aridity index, winter concentration of 
rainfall, moisture index and water deficit. There 
were significant correlations between 
d

13
Cenamel and d

13
Ccollagen and each of the 

meteorological factors tested; the strongest 
correlations were with MASMS (d

13
Cenamel r

2
 

= 0.67 and d
13

Ccollagen r
2
 = 0.66). Carnivore 

d
18

Oenamel showed significant correlations 
with MAP, MAPE, SAI, WD and MI but the r

2
 

values were low. Carnivore d
15

Ncollagen 
showed significant correlations for eight out of 
nine of the meteorological factors; only SAI 
was not significantly correlated. These 
correlations also showed high r

2
 values (up to 

0.63). In general, correlations were stronger in 
carnivores than in herbivores. Carnivores are 
therefore effective integrators of environmental 
influences on animal d

13
C and especially d

15
N. 
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el485@cam.ac.uk 
 
Coastal hunter-gatherer occupation of 
southern African shores spanning tens of 
thousands of years accumulated valuable 
repositories of seasonal climate and human 
behavioural data, in the form of archaeological 
shell-midden deposits. High-resolution stable 
isotope analyses of marine shells provide 
seasonally resolved records of sea surface 
temperatures and upwelling, and allow 
reconstruction of the annual scheduling of 
shellfishing activities and coastal occupation. 
A modern calibration study of the limpet 
Cymbula granatina demonstrates the utility of 
this species for palaeoclimate and seasonality 
studies. We then present a reconstruction of 
regional shifts in sea surface temperatures 
and upwelling across the Holocene, 
synchronous with shifts in the cultural record. 
Finally, we examine the scheduling of hunter-
gatherer shellfishing from several radiocarbon-
dated sites, including both rockshelter and 
open-air “megamidden” contexts. In particular, 
we demonstrate a persistent pattern of winter 
shellfish harvesting, similar to that observed 
along the ecologically very different southern 
coast during the Holocene, in spite of the 
oceanographic and ecological differences. 
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Town, Private Bag X3, Rondebosch 7701, 
South Africa 
(2) School of Geographic Sciences, East 
China Normal University, Shanghai, PR China 
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Reconstructing Quaternary environmental 
change in Africa presents many obstacles 
because appropriate sedimentary sequences 
are unevenly distributed, temporally 
discontinuous, difficult to access, testing to 
interpret and/or devoid of adequately 
informative proxies. In a research career 
spanning four decades, the author has 
grappled with these issues and, through a 
combination of dogged determination, good 
fortune and collaboration, has been able to 
reproduce credible environmental histories 
spanning the last glacial and interglacial cycle 
in hitherto understudied localities. The paper 
explores three case studies, results of which 
have led to significant reassessment of 
previously held views on the nature of African 
landscapes. Using examples from the Nyika 
Plateau of Malawi and from the Cederberg and 
Western Cape coastal lowlands of South 
Africa, I demonstrate how 
palaeoenvironmental reconstruction prompts a 
reevaluation of conventional wisdom regarding 
vegetation patterns in these – and other 
similar - localities. Recent developments in 
Quaternary science, especially in 
palaeoecology, have further improved our 
understanding of African palaeoenvironments, 
although many key challenges remain. 
 
 
Reconstructing palaeoenvironments in 
South Africa's Cape Floristic Region: A 
palynological approach 
 
L.J. Quick (1, 2), B.M. Chase (3), M.E. 
Meadows (2,4), A.J. Potts (1) and R.M. 
Cowling (1) 
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(4) School of Geographic Sciences, East 
China Normal University, Shanghai, PR China 
 

lynne.j.quick@gmail.com 
 

The Cape Floristic Region (CFR) is a key 
focus area within southern Africa due to its 
botanical importance in terms of high levels of 
biodiversity as well as its rich cultural and 
archaeological heritage. The area is highly 
sensitive to cycles of regional and global 
environmental change, and records obtained 
from the region may provide valuable 
information regarding past climate variability. 
Prior to the last decade, few high resolution 
palaeoenvironmental records were recovered 
from the region, and therefore its 
environmental history was previously poorly 
understood. This presentation summarises 
some of the most important findings that have 
emanated from several pollen records 
generated over the last few years and outlines 
current and future directions for palynological 
research in this region. 
 
The records presented are derived from 
unique natural archives found within the CFR 
and include pollen results from rock hyrax 
middens and coastal lowland wetland deposits 
that cover various portions of the Holocene, 
the last glacial and, in the case of one record, 
the last interglacial. These records document 
the nature and timing of past vegetation shifts 
and can be used to infer distinct changes in 
rainfall amounts and seasonality. They have 
improved our understanding of how different 
subregions (e.g. interior vs. coast) of the CFR 
have responded to past climate changes. 
Assessed in conjunction with other proxy 
evidence, the variability within the records 
suggest that the underlying drivers of climate 
change in this important region of southern 
Africa are associated with high latitude 
Southern Hemisphere climate dynamics (e.g. 
the position of the Subtropical Front and the 
westerlies storm track). However, more 
crucially, they also indicate that there is a 
larger degree of complexity than previously 
thought and highlight a series of avenues for 
future research. 
 
 
New evidence for the MCA and LIA along 
the South Coast of South Africa: a high 
resolution palynological record from Bo 
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The Medieval Climate Anomaly (MCA) and 
Little Ice Age (LIA) are regarded as having 
been global events, although their occurrence 
in South Africa has been less well-defined. 
Where evident, the MCA in South Africa has 
been identified as associated with higher but 
more variable temperatures between c. 1050 
and 650 cal yr BP. The LIA in this region, from 
c. 650 to 150 cal yr BP, was certainly cooler. 
The associated rainfall records for both events 
in South Africa are less clearly resolved. This 
study presents a 100cm high resolution pollen 
record from Bo Langlvei, spanning the last 
~1200 years, including both the MCA and LIA. 
The period c. 1000 to c. 600 cal yr BP is 
marked by significant climate variability, with 
alternating wetter and drier phases. This 
expression of the MCA along the South Coast 
concurs with an increasing body of evidence 
showing that the MCA was climatically more 
complex than originally thought. The LIA is 
very clearly evident in the Bo Langvlei record, 
extending from c. 600 to c. 150 cal yr BP, with 
the two cold phases of the LIA punctuated by 
a marked warm event. 
 
 
Agulhas Current variability across 
timescales and its impact (or not) on 
southeast African environments  
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The Agulhas Current constitutes the largest 
ocean western boundary jet current in the 
Southern Hemisphere and is key to the 
hydroclimate on the adjacent African 
continent. Rainfall intensity today in southeast 
Africa is correlated to Sea Surface 
Temperature (SST) variability in the southwest 

Indian Ocean and the Agulhas Current regime. 
How important is the role of the Agulhas 
Current heat transport in determining 
hydroclimate conditions in southeastern Africa 
across timescales? A well-resolved SST 
record over the last 270 ka from the Agulhas 
Current core region shows that temperature 
shifts during the Pleistocene were dominated 
by a glacial-interglacial pattern in line with 
variability recorded in Antarctic ice core 
records. Moreover, cold glacial periods were 
marked by high IRD occurrence at the Agulhas 
Plateau suggesting frequent subtropical front 
shifts and cooling in the wider Indian-Ocean 
gateway. The overall good agreement 
between Agulhas Current temperature 
variability and terrestrial records throughout 
millennial-scale events of the last glacial 
period and the last glacial termination suggest 
that on these timescales the current exhibits a 
dominant role on shaping African 
environments. During the late Pleistocene, 
changes in southeastern Africa´s hydroclimate 
were partly paced by periodic variations in 
insolation resulting from Earth’s orbital 
precession (23–19 ka). However, the Agulhas 
Current displays a different pattern suggesting 
that insolation was a dominant driver on these 
timescales rather than ocean SSTs. 
 
 
Orbital and millennial-scale drivers of 
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Despite being one of the world’s oldest 
deserts, and the subject of decades of 
research, evidence of past climate change in 
the Namib Desert remains extremely limited. 
As such, there is significant debate regarding 
the nature and drivers of climate change in the 
drylands of southwestern Africa. Here we 
present data from a series of rock hyrax 
middens along a 900 km north-south transect, 
providing the first continuous high-resolution 
records of past aridity in the Namib spanning 
the last 50,000 years. These data show a 
coherent pattern of variability that can be 
clearly linked to orbital cycles and the 
evolution and perturbation of global boundary 
conditions. Contrary to predictions however, 
orbital-scale phases of increased aridity are 
shown to coincide with high northern latitude 
summer insolation minima, rather than austral 
summer minima. Linked to variations in 
atmospheric pressure cells modulated by 
hemispheric and land-sea temperature 
gradients, these dynamics induce cycles of 
hydroclimatic variability driven by upwelling 
and sea-surface temperature variations, and 
are generally in phases of hydroclimatic 
variability observed in the northern tropics. In 
contrast, millennial-scale reductions in the 
strength of Atlantic meridional overturning 
circulation, such as those occurring during 
Heinrich stadials, trigger periods of 
interhemispheric asynchrony due to a 
progressive build-up of heat in the Southeast 
Atlantic, and are manifested in the Namib as 
phases of increased humidity. Supported by 
climate model simulations, these findings 
highlight new perspectives on the synoptic-

scale dynamics that determine both long-term 
and abrupt changes in low latitude climate. 
 
 
Using Data Assimilation to Reconstruct 
Southwest Pacific Atmospheric Circulation 
and Storm Activity Over the Late Holocene 
 
S.A. Browning (1) and I.D. Goodwin (1) 
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The Southwest Pacific region along Australia’s 
eastern seaboard is exposed to storms 
originating in the tropics, subtropics, and mid-
latitudes. Morphological and hydrological 
impacts are determined by storm frequency, 
intensity and origin; which in turn are 
influenced by hemispheric scale variability in 
both the mid-latitude westerlies and trade 
winds. 
In this study we reconstruct a 1000-year 
history of atmospheric circulation and storm 
activity in order to understand long-term 
climatic controls on coastal morphology 
(beach erosion and accretion), and evaluate 
current and future risk from extreme storm 
events. Our reconstruction approach uses the 
emerging technique of analogue based proxy-
model data assimilation. This method 
reconstructs snapshots of past climate states 
by using information from a multivariate proxy 
data array to identify analogous climate states 
from GCM simulations. Modelled dynamical 
relationships are preserved, allowing spatial 
reconstructions of all modelled variables, 
including those not directly represented by the 
proxy data array. The atmospheric circulation 
reconstruction is independently verified by 
stratigraphic analysis and OSL dating of 
coastal strandplains. The alignment of 
preserved strandplains and erosion cuts 
provides evidence of past storm wave 
direction, allowing differentiation of tropical 
verses extratropical storm origins. 
The most extreme storm period in the past 
millennium occurred during the 1600-1900 CE 
period. This period was characterised by a 
higher frequency of tropical origin storms, 
intensified trade winds and a southwest 
migration of the South Pacific convergence. 
Post 1830 we see an equatorward shift in the 
westerlies and increase in extratropical origin 
storms. The most suitable modern analogue 
for ‘ultimate’ storm risk appears to be the 
1950-1970 period, whereas risk may be 
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underestimated by studies using just the past 
~35 years of satellite data. 
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The South African Cape South Coast is 
bordered by one of the broadest continental 
shelves in Africa Quaternary sea levels have 
been significantly lower than at present for 
~90% of the last 900 ka, exposing a terrestrial 
ecosystem on what is now the submerged 
portion of the Palaeo-Agulhas Plain. We show, 
through the application of marine geoscientific 
techniques, that the submerged landscape 
differs vastly to the present coastal plain and 
was unique and that there is no exact modern-
day analogue in the region other than the edge 
of the Agulhas Plain near Cape Agulhas. We 
describe the substrate as geological deposits 
and projected soils for each geological unit, as 
well as maps for average glacial conditions. 
The expansion of this plain is likely coupled 
with enhanced soil fertility, exaggerated 
floodplains, meandering shallowly incised 
rivers and a mobile deposit of unconsolidated 
sediment available for dune construction. The 
Mesozoic geological substrate crops out near 
the surface on this current-swept shelf and 
fertile soils derived from weathered limestone, 
siltstone and shale bedrock are expected 
during sea-level lowstands. Sea level reached 
a maximum depth of 130 m BMSL during MIS 
6 and wetlands and floodplains were present. 
Broad, shallowly incised rivers carved the low-

relief coastal plain. As sea level rapidly 
transgressed towards MIS 5e, coastal barrier 
systems shifted in a landward direction and 
were rapidly cemented by a relative 
abundance of carbonate in the system. The 
geological record of shelf evolution for the time 
from MIS 4-2 suggests that laterally extensive 
floodplains were infilled and overspilled with 
sediment into the channels carved during MIS 
6. Extensive dunefields, extending up to 10 km 
inland from their associated palaeoshorelines, 
covered much of the emergent shelf. The data 
show a low-relief “plains” landscape, which 
contrasts strongly to the topographically 
complex and largely infertile contemporary 
coastal foreland. 
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the Last Glacial Maximum 
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South African climate is characterized by its 
location at the intersection between tropical, 
subtropical and temperate atmospheric 
pressure systems. The interactions between 
these systems and their seasonal latitudinal 
shifts create three distinct rainfall regions: the 
summer rainfall region covering most of the 
north, east and interior of southern Africa, the 
winter rainfall region in the southwest and 
west, and the aseasonal rainfall region along 
the south coast and at the intersection 
between the former two. Rainfall seasonality 
has a profound impact on the vegetation with 
grasslands and savannas dominating the 
summer rainfall region. The winter and 
aseasonal rainfall regions are home to the 
Greater Cape Floristic Region (GCFR), the 
most diverse extratropical flora on the planet. 
This region also has produced a rich and long 
archaeological record including much of the 

file:///C:/Users/Hayley.Cawthra/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/UMC9TNLK/cawthra.h@gmail.com
file:///C:/Users/Hayley.Cawthra/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/UMC9TNLK/kbraun2@asu.edu


 

 

 

 

18 

earliest evidence of human behavioral 
modernity (e.g. microlithic technology, heat 
treatment of raw materials and symbolic 
behavior). Despite the importance of the 
region the understanding of climate change on 
orbital timescales is still limited due to the 
multitude of climate drivers and their temporal 
and geographic heterogeneity. The two main 
methods to gain insight into past climatic and 
environmental conditions are the use of proxy 
records to reconstruct changes of certain 
climate parameters and model runs using 
boundary conditions representative of the 
past. In this study we compare high resolution 
climate simulations for the last glacial 
maximum and proxy records from South 
Africa. The high spatial resolution of the 
climate models used allow for a good 
representation of spatial gradients within the 
past climate system as well as changes of 
overall atmospheric circulation patterns. 
Paleoclimate proxy records are used as point 
measurements to test the accuracy of the 
model. This combined approach will allow us 
to improve our understanding of glacial-
interglacial change in this important region. 
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Holocene dunes of the south coast of the 
Cape Floristic Region are, relative to these 
habitats in other warm, temperate regions, 
supersaturated with plant species and dune 
endemics. Cape dunes have regional 
diversities that are orders of magnitude larger 
than those found in the Mediterranean Basin, 
southern Australia and California. While the 
proportion of species endemic to Holocene 
dunes is broadly similar among dune floras 
globally, the total number of endemics on 
Cape dunes is exceptionally high. We argue 

that the hyperdiversity of Cape dunes is a 
legacy of the massive extent of calcareous 
dunes exposed on the Palaeo-Agulhas Plain 
throughout most of the Pleistocene. This 
enabled the diversification of a large, specialist 
flora derived mainly from relatively few Cape 
lineages. Most other warm-temperate regions 
lack an extensive offshore plain, meaning that 
historically, coastal dunes remained limited in 
area and therefore in species richness. The 
supersaturated nature of Cape coastal dunes 
makes their component floras vulnerable to 
extinction today, but would have provided a 
rich array of species for exploitation by hunter 
gatherers. 
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Reconstructed Using Climate and 
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Terrestrial vegetation communities provide 
direct and indirect resources for middle stone-
age hunter gatherers, providing plant food, 
wood for fuel and tools, and fiber, as well as 
providing habitat for animal prey. The spatial 
pattern of vegetation communities is a key 
constraint on hunter-gatherers foraging in the 
landscape. We used modern vegetation 
patterns to develop rule-based models of the 
expected vegetation for a given climate, 
geology, soils and landform in the south coast 
region of South Africa. We then combined 
these models with paleoclimate simulations 
and paleolandscape reconstruction to hindcast 
vegetation patterns to glacial conditions (LGM) 
with an emphasis on the PalaeoAgulhas Plain 
exposed at lower sea levels during glacials. 
We predicted large areas of C4 grassland, 
dune thicket-fynbos mosaic vegetation, and 
renosterveld on the Plain. 
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restrict the growth of bulbs used by human 
inhabitants of the Palaeo-Agulhas Plain 
during the Middle Pleistocene  
 
Z. Faltein (1), K.J. Esler (2), G.F. Midgely (3) 
and B.S. Ripley (1)  
 
(1) Department of Botany, Rhodes University 
(2) Conservation Ecology & Entomology 
Stellenbosch University  
(3) Department of Botany & Zoology, 
Stellenbosch University 
 

g12f2166@campus.ru.ac.za 
 
Humans that inhabited the glacial refugia in 
the Cape Floristic Region are assumed to 
have harvested and consumed plant 
underground storage organs (USOs) as an 
important carbohydrate source during the 
Middle Pleistocene. Several authors have 
demonstrated the rich resource that such 
plants might offer to early human gatherers. 
However, such studies do not correct for the 
reduction in plant productivity and USO yields 
related to much reduced glacial CO2 
concentrations typical of these earlier times. 
To quantify this correction, we grew Oxalis 
pes- caprae, a species harvested by the 
human gatherers, at a range of CO2 
concentrations from glacial to the present. 
Decreasing CO2 concentrations to glacial 
levels almost halved the mass of bulbs 
produced, and biomass was preferentially 
allocated to roots and shoots, which were not 
significantly decreased relative to plants grown 
at current CO2 concentrations. This would 
have major implications for estimating the 
potential calorific return to foraging effort, as 
modelled using anthropological data and 
assuming that USO yields would be similarly 
affected. The model suggests that an almost 
doubled foraging effort would have been 
required at glacial compared to current 
conditions. This study highlights the need to 
consider plant growth conditions and 
particularly atmospheric CO2 concentrations 
when extrapolating current anthropological 
studies to the past, which could be a major 
gap in understanding human dietary 
preferences in glacial conditions. 
 
 
Archaeological evidence from Knysna 
Eastern Heads Cave 1 for major shifts in 
the Palaeo-Agulhas Plain resourcescape 
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The Palaeo-Agulhas Plain (PAP) was, during 
low sea stands, an extensive and potentially 
rich foraging habitat for Late Pleistocene 
hunters. Reconstructed as a savanna 
grassland cut across by riparian woodland, 
this zone may have supported a high grazing 
ungulate biomass similar to that of East Africa. 
This large peri-coastal savanna was a unique 
regional system, the loss of which during high 
sea stands would have forced humans to 
focus on less rich inland resources, possibly 
affecting population density. Knysna Eastern 
Heads Cave 1 (KEH-1) is a unique 
archaeological deposit that would have 
overlooked the PAP adjacent to a river during 
low sea stands, and provided easy access to 
the coast and to an inland estuary during high 
sea levels. KEH-1 is the only documented 
locality along the modern coast that preserves 
a significant archaeological deposit spanning 
the latter part of Marine Isotope Stage 3 (MIS 
3) through the Last Glacial Maximum (LGM). 
Through this sequence, we record fluctuations 
in fauna suggesting a relatively brief period of 
significant coastal plain contraction in late MIS 
3 and then expansion through to its maximum 
size during the LGM, together with dense 
occupation of an archaeological site in which 
abundant human-hunted faunal remains are 
preserved. In this paper, we discuss the 
implications of this record for understanding 
major shifts in the human resourcescape on 
the PAP. 
 
 
Seals: a sought-after resource for hunter-
gatherers at Nelson Bay Cave, South Africa 
 
L. Richardson (1)  
 
(1) Department of Archaeology, University of 
Cape Town, South Africa 
 

richardsonleesha@gmail.com 
 
Seals were a major item of diet for coastal 
hunter-gatherers and herders in South Africa. 
At Nelson Bay Cave, more than half of the 
Holocene mammal bones are from Cape Fur 
seals (Arctocephalus pusillus). Based on 
stable isotope analyses, Sealy (2006) has 
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suggested that populations at Robberg 
specialised in high trophic level marine foods, 
including seals.  
Previous analyses of the seal assemblage 
from this site have studied only selected 
skeletal elements. Here, I present the first 
comprehensive analysis of seal remains from 
selected archaeological levels at Nelson Bay 
Cave and from the 2007/2008 excavations at 
Hoffmans/Robberg Cave. Body part 
representation, breakage patterns and cut and 
gnaw marks have been documented using the 
GIS based approach to faunal analysis refined 
by Marean et al. (2001), with observations 
digitally captured using the GIS based 
program ArcMap10.2. Preliminary results 
indicate that both adult and juvenile seals from 
one or more nearby seal colonies were 
exploited throughout the Holocene, in addition 
to probable scavenging of wash-ups. After 
3500 BP there appears to be a greater 
preference for juvenile seals. Skeletal 
representation suggests that juvenile seals 
were butchered at the cave site while bigger, 
older individuals were field butchered. Large 
numbers of carpals, tarsals and metapodials, 
some with cut marks and lithic fragments 
embedded, reflect the importance of the 
flippers in the subsistence economy of hunter-
gatherers. This pattern is consistent with 
ethnographic accounts of seal utilization 
elsewhere in the world, although there is no 
relevant ethnography from southern Africa. 
 
 
Palaeoclimate and palaeoecology of the 
Agulhas Plain from stable carbon and 
oxygen isotopes in bovid tooth enamel 
from Nelson Bay Cave  
 
J. Sealy (1), N. Naidoo (1), S. Brunton (1), 
J.T. Faith (2), D. Codron (3) and D.D. 
Stynder (1) 
 
(1) Department of Archaeology, University of 
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Utah, Salt Lake City, UT, USA 
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Africa 
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We have measured δ

13
Cenamel and 

δ
18

Oenamel in more than 200 archaeological 
bovid teeth excavated from Nelson Bay Cave 
and spanning the last 22 ky. This dataset 
enables us to reconstruct aspects of the 
climate and environment of the palaeo-
Agulhas Plain, and explore glacial/interglacial 

shifts in bovid palaeoecology. Our results 
indicate that at the time of the LGM, there was 
a significantly greater proportion of C3 (winter-
rainfall) grasses, although some C4 (summer 
rainfall) species were present. Terminal 
Pleistocene/early Holocene and mid-Holocene 
grazers show an increasingly strong C4 signal, 
indicating a decline in the proportion of winter 
rainfall as temperatures increased through 
time. Our findings confirm an eastwards 
extension of the influence of winter rainfall at 
the LGM, as proposed by some previous 
researchers. Beyond the broad distinction 
between browsers and grazers, δ

13
C values 

for different species of animals reflect species-
specific dietary preferences. Lack of isotopic 
niche differentiation among different species of 
sympatric grazers at the LGM is consistent 
with the hypothesis of rich, abundant grazing 
resources on the Agulhas Plain at this time. 
We see increasing niche differentiation in the 
terminal Pleistocene and early Holocene. δ

18
O 

is more positive in browsers than grazers, due 
to the fact that a significant proportion of their 
water intake is evaporatively enriched leaf 
water. Based on the sample analysed here, 
oxygen isotopes in faunal tooth enamel do not 
show significant changes through time. The 
location of Nelson Bay Cave on the present-
day interface between temperate and tropical 
weather systems means that this area is 
sensitive to past shifts in the relative 
importance of these systems. These findings 
therefore contribute to the reconstruction of 
past Southern Hemisphere climate dynamics 
on a glacial/interglacial time scale. 
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It has been argued that the now submerged 
South African continental shelf, exposed 
during periods of low sea level, formed its own 
ecosystem (the Palaeo-Agulhas Plain) that 
was crucial to the foraging of Late Pleistocene 
Homo sapiens inhabiting sites on the south 
coast. It has also been hypothesized that 
grazing animals living on the plain (hunted by 
humans and carnivores) migrated east and 
west in concert with the seasonally varying 
rains. A recent analysis of radiogenic strontium 
(
87

Sr/
86

Sr) in the teeth of herbivores excavated 
from the archaeological and paleontological 
sites at Pinnacle Point (PP13B) and (PP30) 
suggested that grazing ungulates remained on 
the Palaeo-Agulhas Plain and did not venture 
into the northern mountains. Here we test the 
proposition that these animals, instead, 
focused on east-west movements, following 
seasonal availability of plants in the summer 
rainfall zone to the east dominated by C4 
grasses and winter rainfall zone to the west 
with more C3 vegetation. In this paper, we 
analyze carbon (δ

13
C) and oxygen (δ

18
O) 

isotopes preserved in herbivore teeth from the 
site of PP30 (a hyena den dating to 151 ka) to 
track the movement patterns of species 
inhabiting the Greater Cape Floristic Region in 
the Pleistocene. The results demonstrate that 
some grazing individuals varied the proportion 
of C3 and C4 biomass in their diet in a way 
that might reflect migration, or perhaps 
changes in the local abundance and 
consumption of grasses. Other open habitat 
species show very little change and thus do 
not show a switching signal. These data are 
consistent with recent findings indicating that 
ancient river systems dissected the Palaeo-
Agulhas Plain, rendering it a resource-rich 
deltaic environment that may have negated 
the need for most individuals to migration. 
 
 

Large mammals of the Palaeo-Agulhas 
Plain: predicting habitat use and 
population densities 
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The Cape Floristic Region hosts numerous 
archaeological sites, many of which hold some 
of the richest records for the evolution of early 
modern humans. Most of these records were 
deposited during fluctuating sea levels where 
the coastline was further from the current 
coastline and the Palaeo-Agulhas Plain (PAP; 
a now submerged terrestrial landscape off the 
coast of South Africa) was exposed. 
Knowledge of the large mammals (mammals 
with a mass larger than two kilograms) that 
would have been preyed upon will help us to 
accurately piece together the PAP landscape 
during the glacial phases. One method of 
understanding the large mammals of the PAP 
is by using current knowledge of species to 
infer behaviour to historic environments, as 
species would have been regulated by similar 
bottom-up and top-down forces. Undertaking 
this task, we have set out several objectives to 
help piece together what large mammal 
population densities would have been and how 
they would have used their landscape. 
Objectives were to 1) create a conceptual 
model showing the potential drivers of spatial 
distribution in large mammals, 2) use current 
knowledge on extant species ecology and 
behaviour to reconstruct extinct species 
ecology and behaviour, 3) determine large 
mammal community structure on the PAP, 4) 
quantify the drivers that influence the 
distribution of large mammals on the PAP, and 
5) construct an agent based model depicting 
how large mammals used and distributed 
themselves on the PAP. In exploring the 
available data from archaeological sites 
around the South African coastline we are 
already able to determine that the presence of 
large mammals within a habitat type is 
influenced by the relative distance to the 
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coastline. Relating these patterns of species 
records to climatic and soil conditions will 
enable us to infer the population densities and 
distributions of large mammals on the PAP. 
 
 
Review of the micromammal community 
from Pinnacle Point, MIS1 to MIS6 
 
T. Matthews (1) 
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The majority of the micromammal-bearing 
Pinnacle Point sites are archaeological cave 
sites which cluster around the tip of Pinnacle 
Point (PP), Mossel Bay. These sites include 
PP13B, PP9C and PP5-6, which lie within 
100m of each other, adjacent to the coast. The 
fourth Pinnacle Point site (PP30) lies slightly 
inland, and is a fossil hyena lair from which 
both macro and microfauna was recovered. 
The micromammal material recovered from all 
the sites was accumulated by barn or eagle 
owls in the remains of regurgitated pellets. 
 
Palaeoenvironmental interpretation of fossil 
micromammal assemblages is frequently 
based on information pertaining to modern 
habitat requirements and distributions. Such 
analyses are generally restricted to one site 
within a region, and provide information on a 
fairly limited time period. As a result of lack of 
information and insufficient sites we currently 
have a poor understanding of how the make-
up of Pleistocene micromammal communities 
differed to those of the present, or reacted to 
global climate change. The Pinnacle Point 
sites present a unique opportunity to look at 
how the micromammal population has 
changed in the region, over assorted glacial 
and interglacial periods from Marine Isotope 
Stage (MIS) 1 to MIS 6. This study is unique in 
incorporating several geographically close 
sites, and long (well dated) temporal 
sequences, some of which overlap in time, 
and environmental information from other 
proxies. This provides the opportunity to 
investigate changes in local micromammal 
community evolution over several glacial and 
interglacial cycles from another perspective. 
Rather than using the assemblages to 
elucidate climate change, the Pinnacle Point 
micromammal assemblages enable an 
investigation into the adaptability and plasticity 
of micromammals to climatic and 
environmental change over the last ~300 000 
years in the Mossel Bay region. The results 

are discussed in terms of the implications for 
both back and forward casting climatic 
modelling. 
 
 
An analysis and environmental 
interpretations of charcoal from the Later 
Stone Age at Klasies River cave 1, 
Tsitsikamma Coast 
 
B. Zwane (1), M.K. Bamford (2), C. Sievers 
(1) and S. Wurz (1) 
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Environmental Studies, University of the 
Witwatersrand 
(2) Evolutionary Studies Institute, University of 
the Witwatersrand  
 

bongi1.zwane@gmail.com 
 
Klasies River main site, Tsitsikamma Coast, 
has yielded valuable information about hunter-
gatherer societies who visited the site during 
the late Holocene. The relationship of these 
societies with their surroundings and with 
other Later Stone Age population groups in the 
region is often poorly understood due to a lack 
of environmental context. In this study, the 
taxa of archaeological charcoal from Klasies 
River cave 1 was used to describe the 
environmental conditions that occurred in the 
Tsitsikamma Coast ~2300 cal BP. Xylem 
vessel characteristics of archaeological 
charcoal were also compared with those of 
contemporary woody species to understand 
moisture availability around the site. Charcoal 
remains were analysed using high-resolution 
stereomicroscopy techniques.  
Preliminary interpretation indicated that the 
archaeological Klasies River landscape 
supported woody vegetation species that are 
adapted mostly to year-round and summer 
rainfall environmental conditions and fewer 
winter rainfall. This vegetation includes two 
summer rainfall- adapted species; Protorhus 
longifolia and Hibiscus cf. tiliaceus that no 
longer grow in the Tsitsikamma Coast today 
and suggest that environmental conditions are 
no longer suited for their growth today. The 
results for an analysis of the xylem vascular 
structure of the archaeological and 
contemporary woody species are, here, added 
to the argument to further describe the late 
Holocene Klasies River landscape. Several 
contemporary woody species (96%) growing 
on the landscape are adapted to withstand 
water-scarce conditions such as drought while 
only 4% are barely not. The archaeological 
woody species, however, indicate that 69% of 
the species that grew in the past could 
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withstand conditions of water stress while 31% 
were vulnerable to these conditions. This 
means that approximately 2300 cal BP there 
was a higher proportion of woody vegetation 
that did not tolerate arid conditions which, 
potentially, indicate that the archaeological 
Klasies River landscape received relatively 
higher rainfall levels than the present one. 
 
 
Hydro- and geochemistry of South African 
peritidal stromatolites and associated 
freshwater inlets. 
 
C. Dodd (1, 2), C.R. Anderson (1), R. 
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Stromatolites are considered the first 
occurrence of macroscopic life and may be 
useful in the interpretation and understanding 
of Earth’s biological and geological history. 
The abundance of stromatolites has declined 
since the Proterozoic and modern 
stromatolites are restricted in their occurrence, 
although the conditions promoting their 
formation are not always well understood. 
Several locations along the South African 
coast host well-developed peritidal stromatolite 
pools which are suggested to have started 
forming around 6000 years ago. A 
comparative analysis of the hydrochemistry of 
a well-developed stromatolite pool fed by a 
freshwater inlet, versus a site with no 
stromatolite growth, along the Eastern Cape 
coast of South Africa was performed. The well-
developed stromatolite pool always favoured 
carbonate mineral precipitation as opposed to 
the site without stromatolite growth. The 
calcite precipitated within the pools was 
biomediated as indicated by the chemical 
potential of the systems. Furthermore, the 
stromatolite-bearing site was saturated with 
calcite precursor mineral phases, whereas this 
was not the case for the site without growth. It 
was found that nutrients, flow rates, and other 
physicochemical parameters also influence 
stromatolite development. The carbonate 
chemistry of additional freshwater inlets 
feeding stromatolite-bearing pools and the 
substrate the inlets emanate from was also 

examined. The carbonate content of 
freshwater inlets along the coast is likely 
derived from a calcareous source inland from 
where seeps occur. This study importantly 
showed that a combination of parameters, viz. 
physicochemical, hydrochemical, 
thermodynamical and nutritional, influences 
the precipitation of carbonate minerals in these 
modern stromatolite-systems. Further 
investigation into the hydrochemistry of 
additional South African stromatolite sites are 
underway in conjunction with geochemical 
analysis of stromatolite material and coastal 
speleothem material of comparable age (0.4-2 
ka). A separate study is dedicated to the 
possibility of the occurrence of stromatolites 
on a Quaternary paleo-coastline by searching 
for remnant structures on the seafloor. 
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The Coega SEZ, Palaeosciences and 
thematic interpretation 
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The presentation provides an overview of the 
Coega Special Economic Zone (SEZ) in 
Nelson Mandela Bay. A focus is placed on a 
Coega Development Corporation (CDC) 
initiative to support the South African Strategy 
for the Palaeosciences. The CDC manages 
9000ha of land with 6000ha earmarked for 
development and 3000 ha for conservation 
through its Open Space Management Plan 
(OSMP).  
The CDC is exploring options for a Themed 
Interpretive Centre which will develop the 
theme of the Coega SEZ as being at the 
“Origins of Manufacturing”.  
The rationale for the proposed Coega theme is 
found within the South African Strategy for the 
Palaeosciences (Department of Science and 
Technology, 2018). The Strategy makes 
provision for the development of interpretive 
centres for empowerment to understand the 
true significance of African origins and Africa’s 
heritage. The Palaeoscience story of the 
Coega SEZ is compelling and underpins the 
founding objectives of the SEZ.  
The Coega area has a rich history of 
archaeological and palaeontological sites. The 
OSMP and research conducted in the area will 
be reviewed to postulate Coega as being a 
prominent manufacturing site.  
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The CDC is undertaking work in five focus 
areas, namely: 
1. Palaeoscience to develop the concept of 
Coega being at the Origins of Manufacturing  
2. Redevelopment of a Heritage Site as a 
Themed Interpretive Centre 
3. Coastal Conservation, Recreation & SEZ 
Enforcement 
4. SEZ Educational Visits on a History of 
Manufacturing 
5. The Coega Botanical Centre 
 
The CDC is in the process of securing support 
for the project through the formation of 
partnerships between key institutions. The 
presentation will focus on the presentation of a 
sustainable operational model for a Coega 
Thematic Interpretive Centre utilizing 
Palaeoscience as the departure point for 
leveraging broadly based societal benefits. 
 
 
Early Marine Isotope Stage 5 coastal 
palaeoenvironments and human 
occupation at East London, Eastern Cape 
Province, South Africa  
 
P. Morrissey (1), J. Knight (1) and D.J. 
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Several published sites – the Nahoon Point 
footprint site, Blind River and Bats Cave – and 
a number of previously unreported artefactual 
deposits indicate human occupation around 
East London during Early Marine Isotope 
Stage 5 (130–105 ka). These finds are within 
aeolianite deposits of the Nahoon Formation 
and shallow marine deposits of the Salnova 
Formation. Past research has mainly focussed 
on dating the deposits and on analysing the 
anatomical details preserved in the human 
footprints and the Blind River femur. Published 
work on the stratigraphy and sedimentology of 
these deposits has been limited in both 
geographic scale and detail. The goal of this 
study was to reconstruct the 
palaeoenvironmental conditions associated 
with human occupation during this time period. 
To this end logging and sampling of 20 profiles 
was conducted along several kilometres of 
coastline around the published sites. The 
stratigraphic sequence in the study area 
records the interplay between, and changes in 
the relative dominance of, aeolian and marine 
depositional processes and their respective 

environments of deposition. Two distinct 
phases of aeolian deposition are preserved in 
the aeolianites. High-angle cross-bedding and 
convex-upwards lamination are the dominant 
depositional structures. Winds from between 
the south and the northwest were primarily 
responsible for dune formation in both phases. 
Depositional and erosional features in the 
study area indicate the occurrence of a sea 
level transgression between the two phases of 
aeolian deposition. This highstand reached a 
peak of up to 7.82±0.82 m above current 
mean sea level. The presence of lithic 
artefacts in coastal marine deposits in several 
locations indicates human activity within the 
intertidal and supratidal zones. The distribution 
of archaeological deposits within the 
stratigraphic sequence suggests fairly 
continuous human occupation of the 
landscape despite the obvious environmental 
variation during Early MIS 5. 
 
 
A multi-proxy approach for coupling past 
climate and environments to plant-foraging 
hunter-gatherer behaviours from MIS 3 to 
the Early Holocene in coastal Pondoland 
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Waterfall Bluff, located on South Africa’s 
Pondoland coastline, is a recently excavated 
archaeological site with deposits dating from 
~50 thousand years ago (ka BP), during 
Marine Isotope Stage (MIS) 3, to the Early 
Holocene, ~11 ka BP. This site provides the 
first primary evidence of coastal foraging 
during the Last Glacial Maximum (LGM) in 
South Africa, a unique opportunity to study 
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interactions between hunter-gatherer plant 
foragers, climate and environmental changes 
across the last glacial/interglacial cycle. This 
contribution is the first multi proxy study in 
Southern Africa combining isotopes from leaf 
waxes, macro botanical remains, charcoal, 
pollen and phytoliths derived from the same 
archaeological deposits. The leaf wax and 
pollen results show increased C3 plants during 
the LGM, which is interpreted to represent 
abundant trees (i.e. Podocarpus sp.), and 
higher hydrogen isotope values, indicative of 
less rainfall and probably drier conditions. 
Conversely, the phytolith study shows a 
dominance of grasses (mix of C3 and C4) and 
the presence of algal material indicative of 
damp conditions and high moisture availability. 
During the Early Holocene, the leaf wax and 
pollen records suggest more open 
environments (i.e. increased C4 and grass 
pollen) but persistently local wet conditions 
(Typha pollen), with general increased in 
seasonality as reflected in low hydrogen 
isotope compositions of waxes. Grass 
phytoliths (i.e. C4), however, are mostly 
absent in the Holocene deposits. The charcoal 
identifications show taxa that occur today in 
Pondoland in coastal forests, forest margins 
and valley bushveld biomes. None of these 
were identified in the pollen spectra. They are 
known for making good fire-fuel and some 
have medicinal properties. Our results show 
different plant foraging preferences over time 
that did not correlate with the dominant 
vegetation around the site. This study shows 
how different environmental proxies offer 
complementary information and add value to 
the study of plant uses and past-environments. 
 
 
Coastal occupation and foraging during the 
Late Pleistocene and early Holocene at 
Waterfall Bluff, eastern Pondoland, South 
Africa 
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The P5 Project is an international and 
interdisciplinary team of researchers studying 
hunter-gatherer adaptations in persistent 
coastal contexts in the Eastern Cape Province 
of South Africa. Since 2015, excavations at the 
site of Waterfall Bluff (A2SE-1) have revealed 
stratified and well-preserved remains of 
coastal hunter-gatherer occupations dating 
from the end of the Pleistocene and the start 
of the Holocene. These results have provided 
new insights into the coastal adaptations of 
hunter-gatherers during the Last Glacial 
Maximum and the onset of the Holocene. Our 
research has shown that Pondoland is an 
extremely important location for studying 
coastal occupation and resource use during 
glacial maxima. Here, we describe recent 
archaeological, sedimentological, 
paleoenvironmental, and geochronological 
research at the site and summarize upcoming 
research activities. 
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Border Cave, situated in the Lebombo 
Mountains of northern KwaZulu-Natal, has 
been the subject of research since 1934. The 
most recent excavations were begun in 2015 
under the leadership of Lucinda Backwell, 
Francesco d’Errico and Lyn Wadley, who have 
brought together a multidisciplinary team to 
address various aspects of the remarkably 
long cultural sequence, including 
palaeoenvironmental investigations. While 
analysis of faunal and microbotanical remains 
still need to be undertaken, macrobotanical 
remains have been analysed. Fruit and seed 
remains, grasses and sedges from bedding, 
and charcoal from hearths provide a range of 
woody and herbaceous taxa identifications to 
complement previous palaeoenvironmental 
interpretations at the site. The macrobotanical 
remains indicate a mosaic of vegetation 
communities, which is not surprising 
considering the differences in aspect, 
elevation, soils and moisture availability 
around the site. Border Cave is situated in 
bushveld at 600 amsl on a west-facing cliff 
which descends precipitously 400m down into 
Swaziland lowveld; 2 km to the south the 
lowveld plains are cut by the Ngawuma River 
which supports riverine vegetation. The 
summit about the cave is heavily grazed by 
livestock and utilised for firewood and other 
resources, but generally sour grassland occurs 
on the Lebombo Summit. Forest remnants, 
such as Gwaliweni Forest less than 50 km 
distant, suggest a possibly wider forest 
distribution before the recent intensive 
settlement of people in the area. Currently, the 
vegetation falls within the biodiversity hotspot, 
the Maputoland Centre of Endemism, and 
surveys in 2016 and 2017 have added to the 
lists of recorded plant taxa from the area. 
However, some of the plant taxa that have 
been identified from archaeological charcoal, 
such Protea sp. and Erica sp., are not found 
near the site at present. Apart from these few 
taxa, the macrobotanical remains from the site 
suggest vegetation not dissimilar to the 
present. 
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Ndondondwane is arguably the most unique 
and important Early Iron Age site in KwaZulu 
Natal as it represents a single, short period of 
occupation reportedly spanning no more than 
150 years, within the time period AD 750 to 
AD 950 and was never re-settled. This made it 
an ideal site for study as the possibility of 
contamination from later occupations was 
excluded. Areas within the site associated with 
different activities have been excavated and 
analysed, yielding various scenarios for the 
cultural and social organisation of the 
settlement, however, an analysis of the 
recovered charcoal remnants has not yet been 
presented. This charcoal assemblage was 
collected from the three horizons of the 
livestock byre (Dung Area). Specimens were 
examined using reflective light microscopy to 
identify their characteristic anatomical features 
in order to determine the taxonomic group they 
represent. The majority of the charcoal, 
particularly from the deepest horizon of the 
Dung Area, was identified as representing the 
genus previously known as Acacia, specifically 
A. karroo. This suggested that the thorny wood 
was preferentially selected for constructing the 
livestock byre. The species composition of the 
charcoal assemblage changed in younger 
(higher) layers, and a wider variety of species 
was identified, perhaps as a result of bush 
clearing for agricultural purposes. When the 
entire suite of species identified was compared 
with the range of available species occurring 
naturally at the time, the inhabitants’ selection 
of preferred species and perhaps avoidance of 
others was evident. Since the charcoal was 
retrieved from a livestock enclosure, where 
woods suitable for fencing would be expected, 
the abundance of Acacia could support the 
theory that the inhabitants were specifically 
selecting species that were 'fit for purpose'. 
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Tsunamis, ocean waves generated by 
underwater disturbances of the seafloor or by 
surface impacts, triggered mostly by 
earthquakes and less commonly, by 
landslides, volcanic eruptions, and meteorite 
impacts are increasingly pose devastating 
effects to infrastructure and human lives of the 
world’s coastal areas. High intensity tsunamis, 
that is those that leave geological records 
such as boulders and sand sheets derived 
from the ocean floor are rare, but historical 
records reveal to have been known to 
humankind since BC period (e.g. the 2000 BC 
Syria tsunami event). Although most parts of 
the world’s coastlines including South Africa 
are not known to have been inundated by 
these tsunamis since written records as such 
is not demarcated as a global site of high 
tsunami risk zone, but the 2004 Indian Ocean 
and 2011 highlighted the vulnerability of the 
coastline to mega-tsunamis generated in the 
far-field. Furthermore, paleo-tsunami 
hypothesis suggest that prehistoric tsunami 
events could have been larger than historic 
ones and may have affected coasts normally 
not associated with major tsunamis as seen 
during 2004 Indian Ocean event. As such 
scientists around the world have been 
searching for geological evidence of past 
tsunamis to answer questions about when and 
where future tsunamis can take place, how 
often and big they could be especially in the 
face of global climate change. Although the 
effects of 2004 Indian Ocean tsunami were not 
seriously felt but the anomalous waves 
recorded along the Port of Port Elizabeth and 
Struisbaai Harbours as well as modelling 
studies have revealed that the South African 
coastline is susceptible to tsunami events 
generated in the subduction zones. However, 
to date, these models have not yet been 
validated by geological sampling for historical 
tsunami deposits. This study present 
anomalous sediment deposits collected on the 
intertidal areas of selected estuaries along the 
south-east coast and west coast of South 
Africa, to answer the questions 1) whether or 
not these deposits represent paleo-tsunami 
events along the South African coast, 2) their 
time and maximum horizontal distance inland. 
 
 

Mapping of the Masotcheni formation in the 
Drakensberg Mountains using 
multispectral Remote Sensing and GIS 
landscape analysis  
 
C. Sommer (1,2), M. Maerker (3) and V. 
Hochschild (2)  
 
(1) Heidelberg Academy of Sciences & 
Humanities 
(2) University of Tuebingen 
(3) University of Pavia 
 

christian.sommer@uni-tuebingen.de 
 
Colluvial sediments, called the Masotcheni 
formation, cover hillslopes in western and 
central parts of KwaZulu-Natal, South Africa. 
The accretions were formed in response to 
several cycles of deposition, pedogenesis and 
incomplete erosion over the last 100 ka (Botha 
1996), a timespan which overlaps with the 
Middle Stone Age (MSA). Hence, the 
sediments have been found to be rich in lithic 
artifacts of this archaeologic period. 
Furthermore, the colluvia are highly vulnerable 
to recent gully erosion, forming badlands and 
resulting in a loss of agricultural land. 
We combined Remote Sensing and GIS 
analyses to map the spatial distribution of the 
Masotcheni formation in the Upper Umkomazi 
catchment. We applied Shortwave Infrared 
(SWIR) reflectance and Thermal Infrared (TIR) 
emission bands from the Advanced 
Spacebourne Thermal Emission and 
Reflection Radiometer (ASTER) for the 
discrimination of surface rock types based on 
their specific spectral properties. Furthermore, 
we performed a digital terrain analysis on a 
high resolution radar Digital Elevation Model 
(TanDEM-X) to derive tectonic and 
morphometric landscape features. These 
datasets were implemented as training data 
for a machine learning algorithm, alongside a 
target sample of the Masotcheni formation 
distribution, which we mapped in a field 
campaign in Jan/Feb 2018. The model results 
predict the occurrence of the colluvial 
sediments in the study area and will be used 
for further investigations in the area in early 
2019. 
 
Botha, G.A., 1996. The Geology and 
Paleopedology of Late Quaternary Colluvial 
Sediments in Northern Kwazulu/Natal. Memoir 
of the Geological Survey of South Africa, vol. 
83. Council for Geoscience, Pretoria. 165 pp. 
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In order to study origin of the Tswaing Crater 
(the Pretoria Saltpan) and environmental 
change in the interior grassland and savanna 
regions of southern Africa, 90 meters of lake 
deposit were retrieved from a 200 m core into 
granitic bedrock during the late 1980’s. 
Different proxies such as pollen, spores, 
phytoliths, and geochemistry were used to 
reconstruct the cyclic changes of 
environmental conditions over the past ~200 
ka years. Well preserved charred cuticle 
remains were observed in the pollen 
preparations but have up to now not been 
studied. Research in East Africa suggested 
modern and fossil grass cuticle fragments 
could be useful to identify grasses on the basis 
of microanatomical features. In this study, we 
explore the possible use of the remnant cuticle 
fragments present in previously prepared 
pollen slides from the Tswaing Crater deposits 
to investigate past vegetation changes. Most 
cuticles that we examined had stomata aligned 
in the epidermis and the guard cells were 
dumbbell shaped suggesting that they are 
from grasses and not dicots, which usually 
have kidney shaped guard cells and randomly 
distributed stomata. Differences in subsidiary 
cell shapes, protrusions and other epidermal 
features could be used as criteria to 
distinguish between different sub-families and 
tribi of grasses. Phytoliths embedded in some 
cuticles may assist with identification of 
stomata. In conjunction with phytolith research 
we therefore intend to make more 
substantiated inferences about the 
environmental conditions that prevailed during 
the late Quaternary. 
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The use of plant silica (phytoliths) to 
understand early hunter-gatherer plant use, 
their way of life and their environment in terms 
of vegetation and climate, is taking shape in 
South Africa. Phytoliths are hard and resistant 
to mechanical and chemical stress and can 
survive in soils for thousands of years making 
them an important tool for 
palaeoenvironmental reconstructions. We 
discuss phytoliths in various South African 
modern plants and their application to studying 
the fossil phytolith record for archaeological, 
palaeobotanical and palaeoecological studies. 
We use fossil phytoliths from sediment 
deposits in two archaeological sites at the east 
coast and interior of South Africa within the 
summer rainfall region i.e. Sibudu and 
Bushman Rock Shelter, respectively. Few 
studies have so far contributed to the past 
environment of this region and we show how 
phytolith data provides complimentary and 
supplementary data to existing proxies at 
these sites. Charcoal studies represent the 
woody component of the vegetation but 
phytoliths are particularly useful in 
representing the non-woody grasses and 
sedges. 
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We present a revised stratigraphy and results 
of preliminary analyses of the archaeological 
material from Mwulu’s Cave. This arises from 
two excavation campaigns conducted in 2017, 
71 years after the site was initially investigated 
by P.V. Tobias. This cave, located in Limpopo 
Province (South Africa), preserves one of the 
few known Middle Stone Age sequences in the 
northeastern part of the country. Here, we 
revisit the stratigraphic sequence of the site 
and provide new analyses of sediments, 
palynomorphs, phytoliths, ochre and lithics. 
The renewed excavations and reappraisal of 
the archaeological material from Mwulu’s Cave 
form part of a larger research project exploring 
Middle Stone Age variability in the 
northeastern part of South Africa, with a 
specific focus on the so-called ‘Pietersburg’ 
industries. 
 
  
The Kleinvlei Formation: a major Late 
Cainozoic sedimentary depository north of 
Vanwyksvlei, Northern Cape Province. 
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A major WNW-ESE orientated linear palaeo-
valley, also referred to as the Carnarvon 
Leegte, occurs just north of Vanwyksvlei in the 
Northern Cape Province. It can be traced over 
almost 70 km and has a mean width of some 5 
km. It is filled with a sequence of Late 
Cainozoic sediments that was mapped in 
detail using boreholes, vertical shafts with 
horizontal tunnel development. This 
sedimentary succession named Kleinvlei 
Formation, is up to 18 m thick, and consists 
mainly of gravel, sand and silt. Mapping these 
sediments resulted in the recognition of four 
lithofacies associations. The basal two are 
lateral compatible and are between 2 and 3.5 
m thick. These have been interpreted as 
proximal braid bars associated with coarse-
grained meandering channels, and formed by 
lateral accretion during active channel 
switching and downstream migration of 
longitudinal bars in a ‘wandering gravel-bed’ 
river to the NE. These are overlain by 
horizontally stratified gravel and sand that 
represent small bars associated with 
ephemeral streams subject to flash floods. The 

presence of immature nodular calcrete 
indicate a more arid environment. The three 
fluvial dominated facies are covered by 3 to 5 
m thick upper fine sands, and are part of the 
fossil seif dunes in the Carnarvon Leegte. The 
lithofacies of the Kleinvlei Formation therefore 
record a change during Plio-Pleistocene to 
Holocene epochs from perennial fluvial 
sedimentation at the base through a period of 
flash floods with calcrete development, and 
ending up with an arid phase dominated by 
seif dunes. Mammalian teeth and bones 
recovered from the basal gravels support a 
grassland environment at between 2 and 3 
Ma. Fresh to brackish water bivalves of a more 
recent past are present in the upper 
lithofacies. Although the sequence records a 
climatic deterioration, the death of this paleo-
drainage system was most likely due to the 
capture of its upper part by the Brak River.  
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This paper arises from the interdisciplinary 
project “Landscape archaeology of the 
Kalahari”, funded by the Leverhulme Trust. 
The project aims to explore how our human 
ancestors utilised the landscapes of the Middle 
Kalahari during the late Quaternary. Central to 
this aim is geochemical provenancing work 
attempting to identify sites where early 
peoples procured lithic raw materials for stone 
tool manufacture. The ability to identify specific 
sources of stone can yield information on both 
how far and where our ancestors travelled to 
obtain raw materials – and hence their 
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mobility. When combined with chronological 
and palaeoenvironmental data, insights into 
temporal variations in landscape use and 
resource acquisition patterns can also be 
obtained. To date, a range of stone types have 
been used successfully in provenancing 
studies, including obsidian, chert, flint, dolorite, 
quartzite and, most recently, silcrete. 
The paper introduces the “Landscape 
archaeology of the Kalahari” project, before 
presenting results of the most extensive 
analysis of Stone Age mobility patterns in 
southern Africa to date. Our approach utilises 
geochemical fingerprinting of silcrete artefacts 
excavated from six open-air Middle Stone Age 
(MSA) sites within Ntwetwe Pan, part of the 
Makgadikgadi basin, central Botswana. These 
sites were utilised between high lake phases 
within the wider basin, with the MSA at one 
site (MAK14) OSL dated to within 90-84±10 
and 62±7 ka. Our dataset comprises combined 
ICP-MS and ICP-AES analyses of 325 silcrete 
samples from potential raw material sources 
within the basin. These are compared against 
equivalent analyses of 51 representative 
silcrete waste flakes, selected following a 
chaîne operatoire analysis of the assemblage 
at each archaeological site. Results suggest 
complex patterns of silcrete procurement 
across the six archaeological sites, with 
silcrete obtained and transported over 
distances of several tens of kilometres from 
multiple regions of the basin. These include 
western areas of the present-day pan floor, 
northern palaeoshorelines and sites to the 
north of the current pan margin. 
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In August 2014 an international team 
consisting of scientists from the Netherlands, 
Germany and France in collaboration with the 
Geological Survey of Namibia visited the 

Etosha National Park. The aim of the trip was 
to excavate bones of a mammoth, which had 
been discovered in 2008. The mammoth was 
identified as Mammuthus subplanifrons 
(Osborn, 1928), which lived in Southern Africa 
during the Pliocene, about five million years 
ago. A partial skeleton of the mammoth was 
successfully excavated next to the Ekuma 
riverbank revealing a scapula, femur, tibia and 
fibula, thoracic, lumbar and sacral vertebrae, 
pelvis, several ribs and a polished tusk 
fragment. It is considered to be the most 
complete skeleton of this species ever 
excavated. It is a unique specimen and 
measurements of the partial skeleton indicate 
that this may have been a male individual. The 
remains of a second adult individual and a 
baby, represented by a lower molar tooth were 
found as well. These skeletal remains of 
Mammuthus subplanifrons provide scientists 
and the world at large with new information on 
the evolution of the earliest mammoths. 
 
 
Macroplant taphonomy of wetlands: a case 
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Olduvai Gorge lies on the eastern side of the 
Serengeti, in the shadow of the Ngorongoro 
Crater Highlands and is well known for the 
discovery of Paranthropus (Zinjanthropus) 
boisei, Homo habilis and the Oldowan lithic 
technology. Since 1987 the research team 
Olduvai Landscape Archaeology and 
Palaeoanthropolgy Project (OLAPP), has been 
using many proxies to place this famous 
hominid site into an ecological context. A large 
palaeolake has expanded and contracted from 
a diameter of approximately 20km to 5km over 
time having been influenced by climate, local 
tectonism and faulting. Research has been 
focused on the eastern palaeolake margin 
during Bed I and II times (ca 2-1.5 Ma). Lake 
levels and local topography have determined 
the vegetation distribution and dependent 
fauna, all of which have been mapped at a 
high resolution. Fossil macroplants and 
phytoliths are an integral part of the 
environmental reconstruction but the 
conditions required for the preservation of 
these two forms of plant fossils differs. In order 
to understand the relationship between the 
plants and preservation potential, research 
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has been done in modern wetlands in South 
Africa. Observations show that burial and 
preservation of plants is the exception rather 
than the rule, the implication being that what is 
preserved and collected represents a fraction 
of the original vegetation. Microfossils such as 
pollen are seldom preserved but phytoliths are 
abundant in certain lithologies. Since different 
plant groups produce different quantities of 
pollen or phytoliths plant, this has to be taken 
into account when interpreting the fossil 
record. In general palm phytoliths, woody dicot 
phytoliths, silicified sedge culms and 
herbaceous roots are very well represented in 
the fossil record but grasses and tree plant 
macrofossils are not common. 
 
 
Comparing stable carbon isotope ratios 
from tooth enamel and tooth dentin: a case 
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In recent years a number of researchers have 
carried out serial isotopic measurements of 
tooth enamel and dentin to reconstruct dietary 
and environmental changes over the period of 
tooth formation. The metabolic pathways 
involved in the formation of enamel and dentin 
are very different, and draw to different extents 
on dietary proteins, carbohydrates and fats.  
This paper compares the δ13C values from 
serial sampling tooth enamel and dentin from 
22 cattle teeth from the Iron Age site of Great 
Zimbabwe. The goal was to investigate issues 
of cattle management and procurement at the 
site. Ranges of δ13C values in enamel and 
dentine are significantly different depending on 
the seasonal incorporation of browse and 
graze. It is unclear to what extent this 
difference results from metabolic processes 
involved in enamel and dentin formation, 
compared with time-averaging resulting from 
the sampling methodology employed. 
Researchers are currently working on 
improving chronological resolution by 
developing more anatomically informed 
sampling approaches. The implication is that 
serial sample profiles are directly comparable 
only if derived from the same tissue. 
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Madagascar has experienced environmental 
change during the Holocene which affected its 
megafauna and vegetation. The vegetation 
change was associated with the relative 
increase of grassland ecosystem compared to 
the forest area. The current land cover of the 
central highlands consists of 80 percent 
grassland and was subject to numerous 
debates whether this landscape was natural or 
anthropogenic. This research investigates the 
vegetation dynamics in the central highlands 
of Madagascar during the Holocene from a 
sediment core dated ca. 11 000 years. Pollen 
and carbon isotope analysis was performed 
every 4cm depth to infer the vegetation 
change over time. Preliminary results showed 
the presence of vegetation mosaics including 
forest, ericoid bush and grassland, changing in 
abundance during four time intervals. The 
early Holocene (11 000-9329 cal yr B.P) was 
characterized with ericoid bushland and forest. 
The pollen assemblage showed a dominance 
of Ericaceae and middle altitude arboreal taxa 
such as Schefflera. The delta 13C value 
(mean=-21.62 per mil VDPB) indicated as well 
the abundance of C3 plants in the region. 
Then, from 7349 to 1189 cal yr B.P, the 
vegetation was characterized as mountain 
forest with an abundance of Podocarpus. 
Despite the decrease of ericoid bush during 
this period, the vegetation remained C3 
dominated (-20.53 per mil VDPB). After this 
period, there has been an increasing in grass 
pollen and a more positive delta 13C marking 
the dominance of C4 plants. The period 
between 962 and 299 cal yr B.P was 
characterized as an open wooded grassland, 
with slight reduction of woody taxa compared 
to the previous period. From ca 230 years up 
to present time, grassland ecosystem 
dominates the region. This research helped to 
understand the vegetation changes in 
Madagascar during the Holocene. However, 
further investigation is needed to understand 
the driver of these changes whether climate or 
anthropogenic fire. 
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Late Quaternary vegetation dynamics 
observed in a marine core from Maputo 
Bay, Mozambique 
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A marine core (GeoB 20615) from Maputo 
Bay, offshore of Mozambique, reveals 
vegetation fluctuations during the last c. 
16,000 years. The chronology is based on 12 
radiocarbon dates from planktonic 
foraminifera, terrestrial organic remains, e.g., 
seeds, and gastropod shells. Until c. 15 ka 
Before Present (BP) high percentages of 
fynbos elements, especially Ericaceae, 
prevailed and show low temperatures whereas 
forest or woodland taxa were low or absent. 
From c. 13 ka BP onwards savanna taxa, e.g., 
Spirostachys and Burkea, gradually increased 
indicating climatic warming. The period 
between the beginning of the Holocene c. 11.5 
ka BP and 8.5 ka BP is characterised by 
elevated levels of pollen of Spirostachys, a 
woodland tree growing in dry, warm regions on 
poorly-drained soils along water courses. 
Parallel to a decrease in Spirostachys pollen, 
Podocarpus pollen increases. Podocarpus is 
characteristic for moist (coastal) forests, so 
available moisture might have increased since 
8.5 ka BP. From c. 7 until 4 ka BP sea surface 
temperatures in the Mozambique channel 
increase which might have triggered a rise in 
precipitation (Bard et al. 1997, Neumann et al. 
2010). From c. 3.5 ka BP the Podocarpus 
values decline, probably due to slightly more 

arid conditions as shown by the increase of 
Chenopodiaceae, Asteraceae and 
Spirostachys. The last section of the profile 
shows the impact of the European colonialists; 
when pollen from pines, a typical neophyte, 
appeared and indigenous Alchornea, a 
disturbance indicator, increased. 
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We report on the first dynamic downscalings of 
southern African palaeo climate, which have 
recently been obtained at the Council for 
Scientific and Industrial Research (CSIR) in 
South Africa. A variable resolution dynamic 
atmospheric model was used to downscale the 
simulations of Last Glacial Maximum (LGM) 
climate generated by eight different coupled 
global climate models (CGCMs) to 8 km in the 
horizontal over southern Africa. This involved 
a double-downscaling approach – the 
atmospheric model was first integrated at 
quasi-uniform resolution globally, forced at its 
lower boundary by the CGCM sea-surface 
temperatures and sea-ice, and subsequently 
in stretched-grid mode over southern Africa to 
obtain the high resolution downscalings. The 
simulations were performed using the 
computer clusters of the Centre for High 
Performance Computing (CHPC) in South 
Africa and the Extreme Science and 
Engineering Discovery Environment (XSEDE) 
Stampede system at the Texas Advanced 
Computing Center (TACC). In the global 
quasi-uniform atmospheric simulations, the 
Southern Hemisphere westerlies respond to 
an enhanced meridional temperature gradient 
through a significant northward displacement. 
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This seems to be the dominant circulation 
change to which southern African climate 
responds: frontal rainfall reaches latitudes as 
far north as central Namibia and Botswana in 
winter, and central and eastern South Africa in 
summer. As a consequence, much of the 
western, central and eastern interior regions of 
South Africa exhibited bi-modal rainfall 
seasonality. 
 
 
_____________________________________ 
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Quaternary stratigraphy: Don’t lose sight of 
the regional picture 
 
G. Botha (1) and R. Singh (1) 
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The compilation of Quaternary 
palaeoenvironmental change records focuses 
on sites with long-term, high resolution records 
and precise geochronological control. Derived 
mainly from cave, lacustrine or biological 
deposits, this high level of local detail is 
essential for the modelling of palaeoclimate 
change and for projecting the potential impacts 
of global change into the future. 
 
In the process little attention has been paid to 
regional geological or geomorphic mapping of 
deposits that hold the potential for 
extrapolation of palaeoenvironmental records 
across the diverse landscape of southern 
Africa. A framework of lithostratigraphic units 
has been used to map the most extensive 
aeolian, colluvial and alluvial deposits depicted 
on geological maps. However, the 
discontinuous and fragmented sedimentary 
records that are characteristic of southern 
Africa, hinder inter-regional correlation. The 
significance of widespread calcrete, ferricrete 
and silcrete duricrusts within the national 
lithostratigraphic framework continues to be a 
moot point. Biostratigraphy based on well-
dated sites serves as a relative dating tool for 
correlating deposits although fossils are 
uncommon in most Quaternary cover deposits. 
 
This interactive poster presentation is an 
opportunity for delegates to contribute new 
information regarding Quaternary type sites 
that have been studied in detail and can be 
positioned in the context of Geomorphic 

Provinces, thereby enhancing the 
lithostratigraphic framework and inter-regional 
correlation. 
 
 
Migration of Pleistocene shorelines across 
the Palaeo-Agulhas Plain and the influence 
of intertidal resources on human 
subsistence  
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Intertidal zones on shorelines are geologically 
complex features of the coastal plain, shaped 
by heterogeneous substrate lithologies and 
they are heavily modified by natural factors 
such as ocean currents, wind, migration of 
estuaries, waves and swell. Rocks and 
sediments along intertidal zones create rich 
substrates for biogenic forms, which are highly 
sensitive to subtle variations in underlying 
lithology. Here we assess shoreline migrations 
in relation to fluctuating sea-levels, shifting 
sands and underlying lithologies to better 
understand the changes to the intertidal zone 
along the palaeocoastline from the Breede 
River mouth to Wilderness and how this may 
have affected marine resources available to 
early humans. We used seismic and 
hydrographic profiles offshore of Pinnacle 
Point as a base to trace and project 
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submerged Pleistocene and Holocene 
palaeoshorelines on the Palaeo-Agulhas Plain 
to generate a coastline model with the ability 
to remove the modern sediment wedge with 
seismic profiles. We interpret marine 
geological records at select time slices to 
project the character of specific shorelines. 
These times are determined from two sources: 
(1) empirical evidence from high-resolution 
records of shellfish assemblages at the 
Pinnacle Point archaeological sites (PP13B, 
PP5/6), and (2) significant events in 
Pleistocene glacio-eustatic and depositional 
records, such as widespread deposition of 
coastal sand dunes at 70 and 90 ka. Finally, 
we present an intertidal zone resourcescape 
for the Palaeo-Agulhas Plain which considers 
sea-level change, shoreline topography and 
geology to estimate shellfish and human 
foraging potential. 
 
 
Refinement of stable isotope palaeoclimate 
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Rock hyrax middens – the latrines of the 
gregarious herbivore Procavia capensis – are 
important palaeoenenvironmental archives. 
Recent work has emphasized the application 
of stable isotope proxies, particularly stable 
isotopes of carbon (13C) and nitrogen (15N). 
Here we report work to refine interpretations of 
these proxies and to develop the use the leaf 
wax n-alkane (dD) proxies, with an overall goal 
of maximizing the paleoecological-
palaeoclimatic insights gleaned from middens.  
The stable carbon isotope compositions of 
hyrax faecal pellets and their food sources 
support interpretations of mixed feeding 
behaviour and the preference for grazing when 
palatable grasses are available (primarily 
relevant in the early wet season in savanna 
and grassland biomes). This is consistent with 
interpretations of midden d13C data in mixed 
C3/C4 ecosystems. In terms of the d15N 
proxy, systematic sampling along modern 
climatic gradients demonstrates consistent 
negative correlations between aridity/mean 
annual precipitation and foliar d15N / soil 
d15N. While the specific mechanism(s) within 
the soil N cycle driving these trends remain(s) 
to be fully elucidated, the findings support 
previous climatic interpretations of midden 
d15N records. We also show strong positive 
correlations between modern foliar, modern 
faecal and modern hyraceum (i.e. midden) 
d15N, demonstrating that the dietary (foliar) 
d15N signal is retained within hyraceum.  
Finally, we present new data pertaining to leaf 
wax dD records. This approach represents a 
key opportunity to establish a high-resolution 
palaeohydrological proxy. Analysis of modern 
leaf waxes demonstrates a significant 
correlation between rainfall amount and leaf 
wax dD within the summer rainfall zone, 
confirming the importance of the “amount 
effect” in controlling the dD of the plant’s 
source water. Application of this approach at 
two middens (Spitzkoppe, Namibia and a new 
site in the Free State) allows direct 
comparison with the d15N aridity proxy and 
the combined interpretation of these two 
(hydrologically/aridity controlled) proxies will 
be discussed. 
 
 
Unprecedented possibilities to quantify 
past climate from fossil pollen 
assemblages in Africa 
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The field of quantitative palaeoclimatology has 
made significant progress in the past decades. 
However, this progress has been spatially 
heterogeneous and strong discrepancies – 
both in terms of quality and density – exist 
between Europe and North America and the 
rest of the world, particularly Africa. The need 
to balance this distribution of quantified 
records has never been stronger, and 
improving our understanding of past global 
climate is urgent in order to better evaluate 
and employ the predictions of climate models. 
In this paper, it is proposed that this gap can 
be reduced in Africa by applying the Bayesian 
climate reconstruction method CREST 
(Climate REconstruction SofTware) calibrated 
using the open-access GBIF (Global 
Biodiversity Information Facility) database, 
which contains hundreds of thousands modern 
distributions of numerous bio-indicator proxies 
from the terrestrial and marine realms (e.g. 
pollen, chironomids, foraminifers, etc.). Using 
the taxonomical diversity of the GBIF 
database, CREST can be used to reconstruct 
various climate and/or environmental 
parameters from assemblage variety of 
different records. The diverse reconstructions 
that could be obtained from this framework 
have the potential to improve our 
understanding of past environmental and 
climatic spatio-temporal variability, and shed 
new light on some of the long-term standing 
questions about the African Quaternary 
history. 
 
 
Lithic technology at Rooidam 2, a 
Fauresmith designated site in the Northern 
Cape, South Africa 
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The origins of Middle Stone Age technology in 
the mid-Pleistocene represented a shift from 

handheld core-tools to hafted flake-based 
tools, with implications for the evolution of 
human cognition and social learning. Lithic 
assemblages where both core and flake tools 
are found together are considered ‘transitional’ 
between the Earlier and Middle Stone Age, 
and in southern Africa are often assigned to 
the Fauresmith Industry. The concept of the 
Fauresmith Industry has been challenged 
based on raw material characteristics, as well 
as chronological and site-formation issues at 
some sites. Despite their contested 
designation, and their potential for 
understanding the origins of early humans, few 
Fauresmith-designated lithic assemblages 
have been analyzed in detail. We analyzed 
lithic material from Rooidam 2, a pan site lying 
on the outskirts of Kimberley, Northern Cape. 
The site was previously excavated by 
Beaumont in the 1970’s and Richardt in the 
early 2000’s and the collection is curated at 
the McGregor Museum in Kimberley. Rooidam 
2 is a suitable choice in site for a study of the 
Fauresmith industry as its sequence spans a 
several strata, which may shed light on 
temporal change within the industry, and it can 
be compared to published assemblages at 
nearby sites in the Northern Cape (i.e., Kathu 
Pan 1, Wonderwerk Cave, and Canteen 
Koppie). We quantitatively describe the 
assemblage at Rooidam 2, examining the 
concept of the Fauresmith through critical 
analysis of technological variability, function, 
and inter-site diversity. 
 
 
A Holocene pollen study of the Okavango 
Wetland, Angola   
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Many of the studies conducted in most 
Quaternary environments are aimed at 
tracking climate change in order to understand 
the accelerating pace of the changing 
environment. This has led to robust datasets 
archived from various proxies (e.g. phytolith, 
pollen, tree rings among others) that have 
aided effectively in the reconstruction of past 
environments across southern Africa. 
However, some parts of southern Africa still 
have little or no records available for tracking 
environmental change. This project provided 
one of such data for the Angolan highlands 
where a palynological study was conducted. A 
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short core housed at the Evolutionary Studies 
Institute retrieved from the highlands of Angola 
covering the Late Holocene was used for this 
study. To enable us to provide these data, 
fossil pollen was retrieved from the samples 
labelled CC1. These pollens where identified 
using reference collections from published 
literature across southern Africa. More than 
250 pollen grains counted were visually 
analyzed for identification of dominant taxa. 
Selected pollen taxa were then subjected to 
Principle Component Analysis using R 3.2.1 to 
evaluate the co-varying taxa. Stratigraphic 
diagrams showing the important pollen taxa 
were plotted using C2 program version 1.7.7 
for analyzing the change in pollen 
composition. From our results, the selected 
pollen taxa reveal slight changes in vegetation 
that alternated between wet and dry periods of 
deposition. There was a strong presence of 
some characteristic taxa (Asteraceae, 
Cyperaceae, and Typhaceae) that were 
associated with these environments. The 
results from this study provide an ample basis 
for further studies on the environment to 
validate if these changes resulted from climate 
change or if they were influenced by local 
disturbance. 
 
 
Atmospheric CO2 effect on stable carbon 
isotopes and implications for proxy 
records of Quaternary African 
palaeoclimates. 
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Atmospheric CO2 concentrations affect stable 
carbon isotope composition (d

13
C) of terrestrial 

plants and faunal biominerals. Recent plant 
chamber experiments and paleo-studies have 
shown that CO2 concentrations have a clear 
effect on d

13
C values of C3 plants, 

independent of changes in environmental 
variables such as precipitation, temperature, 
and vapour pressure deficit. The CO2 effect is 
responsible for relatively rapid shifts in the 
d13C baseline at millennial-scale periods 
during the Quaternary, in particular during 
glacial periods when pCO2 repeatedly dropped 
below 200 ppm. Other new research shows 
the effect varies by C3 plant group 
(angiosperm/gymnosperm), which is related to 
evolutionary differences in plant physiology 

and photosynthetic fractionation. These 
studies present a growing body of evidence 
that simple, widely-used models of 
photosynthesis do not accurately represent all 
fractionation processes, particularly over the 
Quaternary. The uncertainty affects how we 
interpret d

13
C values from Quaternary 

palaeorecords that are ultimately derived from 
terrestrial plant matter (sediments, herbivore 
fossil bones and teeth) as a precipitation and 
vegetation proxies. Here I provide an overview 
of the topic, and discuss the implications for 
proxy records of African palaeoclimates, and 
C3/C4 cover. Methods of correction which 
utilise up-to-date Antarctic ice core records, 
together with coupled general circulation 
models, are suggested. These improve the 
accuracy of palaeoclimatic reconstruction 
using d

13
C values from fossil African fauna, as 

well as C3/C4 cover inferred from marine 
cores off the Limpopo catchment. 
 
 
Woody taxa from charcoal in Border Cave, 
KwaZulu-Natal of the Middle Stone Age (~ 
250 000 to ~ 35 000 years ago) 
S.J. Lennox (1) 
 
(1) Evolutionary Studies Institute, Private Bag 
3, University of the Witwatersrand, 
Johannesburg, 2050 
 

sandralennoxj@gmail.com 
 
The location of this study is the Border Cave 
environment near the centre of endemism in 
northern KwaZulu-Natal. The topic is to 
investigate vegetation succession, 250ka-
35ka, and the possibility that Miombo 
Woodland existed before ~150 ka when 
micromammals from the palaeofaunal record 
included taxa that prefer a drier environment 
than today. Relicts of Miombo woodland still 
exist in northern South Africa. This 
anthracological analysis identified 
archaeological charcoal by means of reflected 
light microscopy, digital photography, the 
IAWA code, modern wood charcoal reference 
collections and the InsideWood database. The 
specimens were recently excavated through 
the long sequence of Brown Sand (BS) and 
white ash (WA) Members numbered 6BS, 
5WA, 5BS, 4WA, 1RGBS, 3WA, 3BS, 2BS, 
2WA and 1WA. In these Members lithic 
technology changed from early to late Middle 
Stone Age. The charcoal identifications show 
that the woody taxa represent a vegetation 
profile within the modern day range, without 
evidence of Miombo Woodland. However, 
each Member has some woody taxa no longer 
found nearby, perhaps because the modern 
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environment is anthropogenically altered by 
subsistence farmers. There are some 
differences in the presence of taxa between 
Members but the vegetation profile over a long 
time does not suggest much change through 
time, that is, Lebombo Bushveld and Summit 
Sourveld probably persisted throughout the 
sequence. A balance of evergreen forest and 
deciduous bushveld prevails. A comparison 
may be made with Sibudu, KwaZulu-Natal 
where a mosaic of vegetation communities 
included evergreen forest and patches of open 
savanna. 
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The Southern African Radiocarbon Database 
(SARD) is an online open-access database of 
previously published radiocarbon dates from 
archaeological contexts across southern 
Africa. The database is hosted on the website 
of the Oxford Radiocarbon Accelerator Unit, 
and is integrated with the calibration, Bayesian 
modelling and mapping functionality of the 
widely-used OxCal software. Individual ages 
are minimally categorised by site name, 
geographic coordinates, laboratory identifier 
and publication, while further details such as 
stratigraphic context, technological designation 
and dated material can also be included. The 
database can be continuously maintained, with 
an interface for accepting ongoing 
submissions. We present several case studies 
that demonstrate the utility of such a database 
for investigating archaeological research 
questions, including geographical variations in 
archaeological visibility across the Last Glacial 
Maximum and deglaciation, and the timing of 
Later Stone Age technological turnovers 
across the region. 
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Quaternary palaeoenvironmental conditions in 
southern Africa remain relatively unknown due 
to the spatially and temporally fragmented 
nature of available evidence. Despite this, 
some records to reconstruct southern cape 
paleoenvironments have been derived from 
well-preserved archaeological caves that have 
helped to shed light into past human-climate-
environment interactions at the coast during 
the Quaternary. Holocene records showing 
associated environmental changes from the 
same region are, however, largely missing or 
underexplored despite it being regarded as an 
era of rapid climatic changes worldwide. 
Coastal lakes in the Wilderness Embayment 
have been found to contain sediments with 
good records of palaeoenvironmental 
changes. There are questions about dominant 
precipitation regimes as well as the onset, 
duration and cessation of marine 
transgressions in the area. In this study, 
Holocene sediments from Swartvlei were 
extracted and investigated using multiple 
methods including organic (CNS) and 
inorganic geochemical proxies (XRF, ICP-
OES), particle size analysis and high-
resolution chronology through radiocarbon and 
OSL dating. A composite profile was made 
using marker layers with lithostratigraphic 
distinctions combining three cores into one 
continuous, synthetic core spanning 8600 cal 
BP. Preliminary data showed a phase of 
marine transgression in the period between 
4500 and 3500 cal BP. The high-resolution 
particle size sub-sampling enabled an 
investigation into the periods of significant 
change in terrestrial deposition and revealed 
increased riverine input to the core sire after 
the Holocene Altithermal delivered through a 
prolific fluvial system. 
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Pedogenic carbonate, loosely termed calcrete, 
is a ubiquitous feature of open air hominin and 
archaeological sites in South Africa. These 
deposits are an incredible resource, both as 
chronometers and as palaeohydrological 
indicators but are, as yet, virtually untapped. 
We present new micromorphological and age 
data from calcretes examined in two 
archaeological sites in South Africa: the Early 
stone age site of Elandsfontein and the Middle 
stone age site Sea Harvest, both in the 
Western Cape. At Elandsfontein these 
calcretes outcrop as laterally discontinuous 
‘pedestals’ scattered across the dune field and 
consist of concentric layers of hard, resistant 
micrite, and less-resistant layers of quartz-rich 
sand. Flow marks, desiccation cracks and 
fossilised spring eyes suggest areas of 
standing water, a major feature in an 
otherwise arid landscape. At Sea Harvest, four 
laterally extensive, very well preserved 
calcrete horizons are vertically stacked and 
exposed in the cliff face. Unlike at 
Elandsfontein, there is a rich archaeological 
assemblage preserved between the calcrete 
layers, although the nature of the sequence is 
yet to be fully determined. Micromorphological 
investigations of calcrete from both sites 
reveal filamentous and anastomosing 
structures, evidence for microbially-induced 
precipitation of carbonate. Wrinkled 
microcracks filled with sparite are evidence of 
wet and dry periods. U-series dating of the 
calcretes provides a suit of ages from ~250 to 
~1Ma, with an apparent clustering of ages 
during glacials. Understanding the formation 
history of these calcretes, together with more 
U-series dating, will make a huge contribution 
to understanding the archaeological record 
from both these sites. 
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landscape change using rapid age 
assessment of geoproxies  
 
A. Stone (1), M.D. Bateman (2), E. Garzanti 
(3), M. Limonta (3), G. Radeff (3), S.L. 
Burrough (4), M.W. Telfer (5), R. Cutts (1)  
 
(1) Department of Geography, The University 
of Manchester, M13 9PL, United Kingdom 
(2) Department of Geography, University of 
Sheffield, Winter St., Sheffield, S10 2TN, 
United Kingdom  
(3) Laboratory for Provenance Studies, 
Department of Earth and Environmental 
Sciences, Università Milano-Bicocca, 20126 
Milano, Italy 
(4) School of Geography and the Environment, 
University of Oxford, South Parks Road, 
Oxford, OX1 3QY, United Kingdom  
(5) School of Geography, Earth and 
Environmental Sciences, Plymouth University, 
A513 Portland Square, Drake Circus, 
Plymouth, Devon, PL4 8AA, United Kingdom 
 

abi.stone@manchester.ac.uk 
 
Understanding the Late Quaternary landscape 
evolution of dunefields and former lake 
shorelines in southern Africa allows us to 
constrain the mechanisms behind long-term 
changes in key climate variables such as 
moisture balance and the wind. In turn this 
provides a basis to understand how predicted 
changes to moisture balance and windiness 
may influence dunefield activity under future 
climate change. These reconstructions require 
datasets with wide spatial coverage and a 
density of dating to capture the sedimentary 
dynamics of these systems. However, 
applying a laboratory-based protocol is both 
extremely time-consuming and resource 
intensive. Therefore, there is great potential in 
using a portable lumines-cence reader (POSL) 
to make rapid assessments of sediment burial 
age.  
We present research from dunes in the Namib 
Sand Sea, southern Kalahari and surface of 
Makgadigadi, and from lake shorelines in 
former mega-lake Makgadigagi to demonstrate 
a simple, elegant and practical calibration of 
POSL signals into sample age estimates. This 
involved measuring the POSL signals from > 
200 samples with established published ages 
and a regression analysis (Stone et al., 2015; 
Stone et al., 2018; and unpublished data). The 
data show that a regional-specific approach to 
calibration is needed, with regional patterns in 
POSL signals. Sample composition data, such 
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as quartz to feldspar ratios appears to account 
for the largest contrasts within the dataset, 
whilst inherent POSL signal brightness and 
grain coloured-coatings may also influence 
signals.  
 
Stone, A.E.C., Bateman M.D., Thomas D.S.G. 
(2015) Rapid age assessment in the Namib 
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reader Quaternary Geochronology 30(B): 134-
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assessment of aeolian sediments for 
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