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Les couches C-A de la grotte de Sibudu (KwaZulu-Natal, Afrique du Sud) a la lumiére
des technologies lithiques du MSA dans MIS 5

Résumé de la thése

Au cours des dernieres décennies, le Middle Stone Age (MSA) a été proclamé comme une
période clé de I'évolution de I'nomme moderne. Pourtant, la nature des premieres
innovations nécessite encore d’étre clarifiée. L'exploration des séquences régionales et la
poursuite des recherches sur les phases supposées anciennes — le Still Bay et I'Howiesons
Poort —, ainsi que sur I'’ensemble du MSA, est essentielle afin d’élargir nos connaissances.

La grotte de Sibudu en Afrique du Sud contient une longue séquence datée du MSA. Les
fouilles en cours, menées par I'Université de Tibingen, ont mis au jour des assemblages du
MIS 5 qui contribuent a la discussion sur I'apparition de nouveautés technologiques, leurs
mécanismes sous-jacents, ainsi que la variabilité culturelle du MSA a cette époque.

Grace a la méthode de la chaine opératoire, j'ai réalisé une analyse technologique des
artefacts des couches C-A a Sibudu. Le corpus d'outils se démarque par sa technologie
bifaciale. Sa plus grande partie se compose néanmoins d'une variété de formes pointues
unifaciales. Les tailleurs ont développé une chaine opératoire spécifique a I'obtention de
produits laminaires, notamment a partir de nucléus a créte latérale opposée a un méplat
formant un volume asymétrique triangulaire a exploiter.

Les couches C-A se distinguent en particulier par la présence de piéces crénelées et par le
systéeme de production laminaire. Des comparaisons avec d'autres sites du MIS 5 mettent en
avant des différences dans les types d'outils et dans la mise en place de la chaine opératoire.
Cependant, les populations de différentes régions visaient un objectif technologique similaire
: les lames. Ces données refletent une organisation de ces populations sur de longues
distances, avec des systemes complexes de réseaux. En conclusion, les strates C-A
appartiennent a une adaptation régionale propre au KwaZulu-Natal, attestant la hausse des
inventions technologiques et des développements culturels au sein du MSA dans le MIS 5.
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The C-A layers of Sibudu Cave (KwaZulu-Natal, South Africa) in the light of the MSA
lithic technologies in MIS 5

Abstract of the thesis

Over the last decades, the Middle Stone Age (MSA) has been heralded as a key period of the
evolution of modern humans. Yet the nature of early innovations requires further clarification.
The exploration of regional sequences and the extension of the research focus from
purportedly precocious phases, Still Bay and Howiesons Poort, to the whole of the MSA are
essential to expand our knowledge.

The site of Sibudu Cave, South Africa, comprises a long and well-dated MSA sequence.
Ongoing excavations by the University of Tubingen have yielded MIS 5 assemblages that
contribute to the discussion about the driving mechanisms as well as appearance of
technological novelties and the cultural variability in the MSA during this period.

Following the chaine opératoire approach, | carried out a technological analysis of the
artefacts from layers C-A at Sibudu. The tool corpus stands out because of bifacial technology,
but the largest part consists of a variety of unifacially pointed forms. The artisans developed
a particular reduction strategy to obtain laminar products, involving cores with a lateral crest
opposite the so-called lateral plane forming a triangular asymmetric volume for exploitation.

Diagnostic features, including serrated pieces and the laminar reduction system, distinguish
the C-A layers. Comparisons with other MIS 5 sites illustrate differences in tool types and
organisation of the reduction sequence. However, past populations across different regions
aimed at a similar technological goal: blades, thus organising themselves over distances with
complex systems of connectedness. In conclusion, the C-A strata belong to a regional
adaptation in KwaZulu-Natal attesting the rise of technological inventions and cultural
developments within the MSA in MIS 5.
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Die C-A-Schichten der Sibudu-Hoéhle (KwaZulu-Natal, Siidafrika) im Hinblick auf die
Steintechnologien des MSA im MIS 5

Kurzzusammenfassung der Doktorarbeit

In den letzten Jahrzehnten hat die Forschung mehr und mehr gezeigt, dass das Middle Stone
Age (MSA) eine Schliisselperiode der Entwicklung des modernen Menschen darstellt. Die Art
der friihen Innovationen bedarf jedoch noch weiterer Klarung. Die Erforschung regionaler
stratigraphischer Abfolgen und die Ausweitung des Forschungsschwerpunktes von als frih
entwickelt angesehenen Phasen, dem Still Bay und dem Howiesons Poort, auf das gesamte
MSA sind fur die Vertiefung unseres Wissens unerldsslich.

Die Fundstelle Sibudu-Hohle, Stidafrika, umfasst eine lange und gut datierte Sequenz des MSA.
Aktuelle Ausgrabungen der Universitat Tibingen lieferten Steinartefaktinventare aus MIS 5,
die zur Diskussion Uber die Auslosemechanismen sowie das Auftreten technologischer
Neuerungen und die kulturelle Variabilitat im MSA wahrend MIS 5 beitragen.

Basierend auf dem Chaine opératoire-Ansatz fiihrte ich eine technologische Analyse der
Artefakte aus den Schichten C-A von Sibudu durch. Der Werkzeugbestand zeichnet sich durch
bifazielle Technologie aus, aber bei dem groBten Teil handelt es sich um unifazielle
Spitzenformen. Die Bewohner von Sibudu entwickelten zu dieser Zeit eine spezielle
Abbaustrategie, um laminare Grundformen zu erhalten, bei welcher Kerne mit einer lateral
angelegten Kernkante gegeniiber der breiteren, planaren lateralen Flache, die zusammen ein
dreieckiges asymmetrisches Volumen fiir den Abbau lieferten, involviert waren.

Diagnostische Merkmale, welche sogenannte ,serrated pieces’ und das laminare Abbausystem
einschliefRen, charakterisieren die C-A-Schichten. Vergleiche mit anderen Fundstellen aus MIS
5 zeigen Unterschiede in Bezug auf die Werkzeugtypen und die Organisation der
Abbausequenz. Die regional abgegrenzten Populationen zielen jedoch auf ein ahnliches
technologisches Ziel, namlich Klingen, ab, womit ein starker Hinweis dafiir vorliegt, dass sich
die Menschen Uber Entfernungen mit komplexen Vernetzungssystemen organisierten.
Zusammenfassend lasst sich sagen, dass die C-A-Schichten zu einer regionalen Anpassung in
KwaZulu-Natal gehoren, die das Aufkommen technologischer Neuerungen und die kulturelle
Evolution innerhalb des MSA in MIS 5 belegt.
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Sudafrika, Middle Stone Age, MIS 5, lithische Technologie, technologische Innovation,
‘serrated pieces’




7l 2y,
e AR
e 44'75 s

| dedicate this work to my sadly deceased grandfathers Manfred Friedrich Schmid and Paul Friedrich
Schiiller, who always supported me in their very own and different ways, and to my brother Philipp
Ludwig Schmid, who stood by my side in my darkest hour.”




TABLE OF CONTENTS

LIST OF FIGURES
LIST OF TABLES
ACKNOWLEDGEMENTS

1. INTRODUCTION AND FOUNDATIONS OF THE STUDY

1.1. THE MSA IN AFRICA

1.1.1. RESEARCH HISTORY

1.1.2. HUMAN REMAINS AND GENETIC DATA
1.1.3. NOVELTIES IN LITHIC TECHNOLOGY

1.1.4. NON-LITHIC EVIDENCE FOR COGNITIVE COMPLEXITY

1.2. THE SOUTHERN AFRICAN MISA SEQUENCE AND MIS 5 EVOLUTIONARY DYNAMICS
1.2.1. THE HOWIESONS POORT AND STILL BAY RESEARCH IMBALANCE

1.2.2. STATUS QUO OF CHRONO-CULTURAL DEVELOPMENTS IN THE MSA DURING MIS 5

1.2.3. RESEARCH OBJECTIVES

2. BACKGROUND TO THE SITE

2.1. GEOLOGICAL SETTING

2.2.  RESEARCH HISTORY

2.3. STRATIGRAPHY AND CHRONOLOGY

2.4. ENVIRONMENTAL BACKGROUND

3. METHODS

3.1. METHODS OF EXCAVATION

3.2.  METHODS OF STUDY

3.2.1. PROTOCOL OF THE TECHNOLOGICAL STUDY
3.2.2. GENERAL ATTRIBUTES

3.2.2.1. CORTEX

3.2.2.2. FRAGMENTATION

3.2.3. MODALITIES OF MEASUREMENTS
3.2.4. DEBITAGE SPECIFIC ATTRIBUTES
3.2.4.1. TECHNOLOGICAL CLASSIFICATION
3.2.4.2. MORPHOLOGICAL ATTRIBUTES
3.2.4.3. DORSAL SCAR PATTERN

3.2.4.4. DISTAL TERMINATION

3.2.5. CORE CLASSIFICATION

3.2.6. DiAcRrITIC DIAGRAM OF CORES

3.2.7. ASSESSMENT OF KNAPPING TECHNIQUE
3.2.8. TYPOLOGICAL CLASSIFICATION

3.2.9. TECHNO-FUNCTIONAL CLASSIFICATION
3.2.10. MANUFACTURE PHASES OF BIFACIALS
3.2.11. TAPHONOMIC ATTRIBUTES

3.2.12. QUANTIFYING SMALL DEBITAGE
3.2.13. STATISTICAL TESTS

4. ARCHAEOLOGICAL SAMPLE

4.1. LAYER ADAM

4.2. LAYER ANNIE

4.3. LAYER BART

Vil
Xl
XX

0 U W R R KL

11
11
15
19
20
20
21
24
30
40
40
44
48
50
50
50
50
53
53
53
53
53
54
54
54
56
56
56
57
57
57
58
58
60
60



4.4. LAYER BEA

4.5. LAYER CASPER

4.6. LAYER CHANTAL

5. RESULTS

5.1. RAW MATERIALS

5.1.1. RAW MATERIAL AVAILABILITIES

5.1.2. RAW MATERIAL PROCUREMENT

5.2. DEBITAGE

5.3.  CoRes

5.4. KNAPPING TECHNIQUE

5.5.  THE LAMINAR REDUCTION STRATEGY

5.5.1. CoORE CONFIGURATION

5.5.2. EARLY PHASE OF REDUCTION

5.5.3. MIDDLE AND LATE PHASE OF REDUCTION

5.5.4. FINAL PHASE OF REDUCTION

5.6. FORMAL TooLS

5.6.1. UNIFACIAL POINTED FORMS

5.6.1.1. TSPs

5.6.1.2. ACTs

5.6.2. BIFACIAL PIECES

5.6.2.1. BIFACIAL POINTS

5.6.2.1.1. BIFACIAL POINTS MADE ON DOLERITE, QUARTZITE AND HORNFELS
5.6.2.1.2.  BIFACIAL POINTS MIADE ON QUARTZ

5.6.2.2. SERRATED PIECES

5.6.2.3. BIFACIALLY BACKED KNIVES

5.6.3. SCRAPER-LIKE FORMS

5.6.3.1. LATERAL SCRAPERS

5.6.3.2. NBTs

5.6.4. DENTICULATES/NOTCH

5.7.  TAPHONOMY

6. DiscussiON

6.1.  INSIGHTS INTO THE WAY OF LIFE

6.1.1. TECHNICAL SYSTEM OF THE C-A LAYERS

6.1.2. TECHNO-ECONOMIC SYSTEM OF THE C-A LAYERS (FIGURE 84)
6.2. THE CHRONO-CULTURAL CLASSIFICATION OF THE C-A LAYERS
6.2.1. THE MSA BIFACIAL PHENOMENON

6.2.1.1. THE C-A LAYERS WITHIN THE MIS 5 OCCUPATIONS AT SIBUDU
6.2.1.2. THE C-A LAYERS AND THE STILL BAY

6.2.1.3. THE C-A LAYERS WITHIN THE MIS 5 BIFACIAL EXPRESSIONS
6.2.2. CULTURAL DEVELOPMENTS IN THE MSA CONTEXT OF MIS 5
6.2.3. THE C-A LAYERS OF SIBUDU MATTER — SO WHAT LABEL?

7. SUMMARY

8. RESUME

9. ZUSAMMENFASSUNG

10. BIBLIOGRAPHY

11. SUPPLEMENTARY INFORMATION

\

61

61

62

63

63

63

67

75

98
108
115
115
122
122
124
125
126
133
143
146
149
161
164
164
171
172
173
174
176
177
181
181
185
191
201
201
202
203
213
218
220
224
244
267
291
326



List of Figures

Figure 1. Map of Africa with sites mentioned in the Text: 1 - Apollo 11 Rock Shelter; 2 - Benzu
Rock Shelter; 3 - Bestwood 1; 4 - Biesiesput 1; 5 - Blombos Cave; 6 - Border Cave; 7 - Canteen
Kopje; 8 - Cap Chatelier; 9 - Cave of Hearths; 10 - Dar es-Soltan 1 Cave; 11 - Diepkloof Rock
Shelter; 12 - El Mnasra Cave; 13 - Factory Site; 14 — Florisbad; 15 — Gademotta; 16 - Grotte
des Pigeons; 17 — Hackthorne; 18 — Herto; 19 - Jebel Irhoud; 20 - Kalambo Falls; 21 - Katanda;
22 - Kathu Pan; 23 - Keratic Koppie; 24 - Klasies River main site; 25 - Klein Kliphuis Rock
Shelter; 26 - Klipdrift Shelter; 27 - Koimilot; 28 - Kudu Koppie; 29 — Kulkuletti; 30 - Leakey
Handaxe Area; 31 - Littorines Cave; 32 - Ngaloba; 33 - Nooitegedacht 2; 34 - Olorgesailie; 35
- Omo Kibish; 36 - Ounjougou; 37 - Pinnacle Point Cave 13B; 38 - Pniel 1 & 6; 39 - Porc Epic
Cave; 40 - Rooidam 1 & 2; 41 - Rose Cottage Cave; 42 - Roseberry Plain 1; 43 - Sai Island 8-B-
11; 44 - Sibilo School Road Site; 45 - Sibudu Cave; 46 - Strathalan Cave B; 47 - Twin Rivers; 48
- Umhlatuzana Rock Shelter; 49 - Wonderwerk Cave.........oeuieieceeeeeeee et 2

Figure 2. Still Bay points: a) Still Bay point from Pringle Bay (modified after Goodwin and van
Riet Lowe, 1929: 128, Text-Figure 2); b-d) Still Bay points from Varsche Rivier 003 (Steele, et
al., 2016: Figure 14); e-f) Still Bay points from Mertenhof Rock Shelter (modified after Will,
et al., 2015: S2 Figure); g-j) Still Bay points from Hollow Rock Shelter (g-h) Evans, 1993:
Appendix 1, i-j) Hogberg and Larsson, 2011: Figure 7); k-n) Still Bay points from Diepkloof
Rock Shelter (Porraz, et al., 2013: Figure 6); o-q) Still Bay points from Peers Cave (modified
after Andreasson, 2010: Figure 25 — 27); r-v) Still Bay points from Dale Rose Parlour
(copyright by Pierre-Jean Texier; drawings by Michel Grenet); w-ab) Still Bay points from
Blombos Cave (w-y) Villa, et al., 2009: Figure 1, z-ab) Henshilwood, et al., 2001: Figure 7); ac-
ae) Still Bay points from Umhlatuzana Rock Shelter (ac-ad) Kaplan, 1990: Figure 11-12, ae)
Hogberg and Lombard, 2016: Figure 3); af-ai) Still Bay points from Sibudu Cave (Soriano, et
Al., 2005 ST FIZUIE A ettt ettt ettt et st e e e b et bt sbesbesaseasaeraebasennestesbssrsessaesbensaens 14

Figure 3. Location of Still Bay sites in southern Africa (Site Abbreviations: BBC - Blombos Cave,
DRS - Diepkloof Rock Shelter, DRP - Dale Rose Parlour, HRS - Hollow Rock Shelter, MRS -
Mertenhof Rock Shelter, PC - Peers Cave, UMH - Umhlatuzana Rock Shelter, VR3 - Varsche
RIVIEE D03 ). oottt ettt st b et eeb s sae sbesae st e et et bebbanse s e st sbssasssbanbesase st sbessnsssssesbensen 15

Figure 4. Location of MSA sites during MIS 5 (Site Abbreviations: AP11 - Apollo 11 Rock Shelter,
BBC - Blombos Cave, BC - Border Cave, BRS - Bushman Rock Shelter, CH - Cave of Hearths,
CSB - Cape St. Blaize, DRS — Diepkloof Rock Shelter, DRP - Dale Rose Parlour, FL - Florisbad,
HBC - Herolds Bay Cave, HDP1 - Hoedjiespunt 1, HRS - Hollow Rock Shelter, KB - Kalkbank,
KFR - Klipfonteinrand, KRM - Klasies River main site, MC - Mwulu’s Cave, MLK — Melikane
Rock Shelter, MRS - Mertenhof Rock Shelter, NBC - Nelsons Bay Cave, OBP - Olieboompoort,
PC - Peers Cave, PL - Plovers Lake, PL8 - Putslaagte 8, PP13B - Pinnacle Point 13B, RCC - Rose
Cottage Cave, SH - Sea Harvest, SKC - Swartkrans, UMH - Umhlatuzana Rock Shelter, VR3 -
Varsche Rivier 003, WTK - Witkrans, YFT - Ysterfontein 1)......coveueeeeveeese et e 16

Figure 5. Sibudu: a) Location of Sibudu in KwaZulu-Natal (left; after: Wadley, 2001a: Figure 1);
b) overview of the site in 2016 (photo by Nicholas J. Conard); c) view on the excavation areas

iN 2017 (Photo DY Ria LItZENDEIE)...uvieire ettt st eeabe e b st sanaanees 20
Figure 6. Geological context of South Africa (modified after Council for Geoscience)............ 22
Figure 7. Sibudu: Nicholas J. Conard and Lyn Wadley at Sibudu Cave 2011 (Photo by Sarah

20T Lo ) R RR 22

VI



Figure 8. Sibudu: Plan of the site with elevations in meters amsl, the excavation grid, the two
excavation areas, and the location of east profile (modified after Soriano, et al., 2015: Figure

Figure 9. Sibudu: Eastern profile of the Deep Sounding of Sibudu including ages of the
archaeological phases and indication of the presence of bifacial or serrated pieces (left)
(modified after Rots, et al., 2017). (*Final MSA Mohapi, 2012; **lower Sibudan Will and
Conard, 2018; ***Howiesons Poort de la Pefia, et al., 2013; ****Still Bay Soriano, et al.,
2015); Orthophotography of the east profile (copyright by M.M. Haaland) (right).................. 24

Figure 10. Biomes of southern Africa (modified after Meadows and Quick, 2016).................... 31

Figure 11. Climate diagram of KwaZulu-Natal Coastal Belt units. MAP: Mean Annual
Precipitation; APCV: Annual Precipitation Coefficient of Variation; MAT: Mean Annual
Temperature; MFD: Mean Frost Days (days when screen temperature was below 0°C);
MAPE: Mean Annual Potential Evaporation; MASMS: Mean Annual Soil Moisture Stress (%
of days when evaporative demand was more than double the soil moisture supply) (after
MUCING, BT AL, 2006)...c.ueiciiieeireceieeerteiireere e et et e seesbeeressessaesaesbesseessesbesbesesaesssaesbenssensensesteons 31

Figure 12. a) Map of southern Africa indicating the location of important MSA sites (EB, Elands
Bay Cave; Di, Diepkloof; DK, Die Kelders; Bl, Blombos; Bo, Boomplaas; KR, Klasies River; RC,
Rose Cottage; Si, Sibudu; BC, Border Cave; WC, Wolkberg Cave); dominant atmospheric
circulation patterns indicated by thin black arrows, major ocean currents indicated by thick
grey arrows (labelled as follows: BC, Benguela Current; STC, Subtropical Convergence; AC,
Agulhas Current) and Lake Sibayi, Mfabeni peatland as well as marine core MD79254
indicated by filled circles (left; modified after Chase, 2010: Figure 1); b) Indian Ocean faunal
SST estimates of marine core MD79254 for past 135 ka (after :van Campo, et al., 1990)....33

Figure 13. Sea-level fluctuations (bracketed by uncertainty) since 520 ka BP (after Waelbroeck,
et al., 2002 in blue, after Rohling, et al., 2009 in red and after Bintanja, et al., 2005 in brown)
compared with the sea-level curves for southern Africa above from Ramsay and Cooper,
2002 (filled boxes) and Carr, et al., 2010 (empty boxes) back to 145 ka BP, and from Compton
and Wiltshire, 2009 based on a sediment proxy for the timing but not the amplitude of sea-
level fluctuations on the western margin back to 440 ka BP (modified after Compton,

Figure 14. Sibudu: M. Zeidi in the DS in March 14, 2012 (Photo by Sarah Rudolf)....................40

Figure 15. Sibudu: a) Drawing of Abtrag 3 in layer Bart (GSS) with indication of serrated piece
B4-1170 by M. Zeidi (lithics in red; faunal remains in blue, ochre in orange); b) diary of square
B4 with diary entries of March 24" and 25% 2013 with drawing of serrated piece B4-1170
from layer Bart (GSS) by M. Zeidi; c) layer form of layer Bart (GSS) filled out by M. Zeidi......... 41

Figure 16. Permanent storage of all lithic specimen from layers Adam to Chantal at the
KwaZulu-Natal Museum in Pietermaritzburg (Photo by Viola C. Schmid).......ccccccuvvvverevcrerennn. 44

Figure 17. Theoretical framework of the technological approach, including the relationship
between project, conceptual scheme, and operational scheme (modified after Soressi and
Geneste, 2011: Figure 3; Porraz, et al., 2016: Figure 5); drawing by Heike Wirschem).......... 45

Figure 18. The three types of contact of a tool (modified after Nicoud, 2011: Figure 9; Lepot,

1993); drawing by Heike WUISChEM).......cvci ittt sttt s s v e s en e 47
Figure 19. Lithic assemblage of Adam laid out on the table to make a first general observation
(Photo bY Viola C. SChMIIA) ...ttt ettt sresresbeene et ses e e e saesbeensarnenes 48

Figure 20. a) Length, width, thickness, platform width, platform depth and EPA measuring
sections on blanks (Drawing by Heike Wiirschem and Achim Frey); b) Length, width,

VI



thickness, length of last removal (last removal grey shaded) and EPA measuring sections on
cores (Drawing by Heike Wiirschem); c) Length, width, and thickness of retouched point as
well as width and thickness of the base measuring sections on unifacial, bifacial and serrated
points (Drawing Guillaume Porraz); d) Width and depth measuring sections on notches of
serrated pieces and denticulates (Photo by Viola C. Schmid).......ccocevveevevenerceinicece e 52

Figure 21. Diacritic diagram of core A5-52 from layer Adam (BMO) (Drawing by Viola C.
SCRMIA) ettt ettt et et et e ee e b e e b sbesbesasaesaesbesseessense sbesbssebaesbennssnnesbestesnnens 55

Figure 22. Sibudu: Overview of the excavation grid (left) and horizontal find distribution of all
[QYEIS (FIBIT) et eeeeere ettt sttt st ettt s e ettt st es s e e et sessasseseaeaaeebesessessesereene seennnnas 59

Figure 23. Sibudu: Orthophotography of the east profile (copyright by M.M. Haaland) (left)
and vertical find distribution of all layers, including all objects < 20cm east of the east profile

Figure 24. Map of geological context and raw material source localities in the area of Sibudu.
indicating also Sibudu Cave and Umhlatuzana Shelter (modified after Bader, et al., 2015:
FIBUIE 1. TOP) e ttiterieeeierireeteste e eteeste st es et et sae st sesaes s st et saen et assase st sessasaesaneaae sbeensesereaseseenenseseneens 63

Figure 25. a) Dolerite dyke within 200m of the site (Photo by Mohsen Zeidi); b) road cut close
to the shelter exposing cobbles of quartzite (size range is shown in the close-up in the upper
right corner) (Photo by Mohsen Zeidi); c) Occurrence of dolerite cobbles in Black Mhlasini
River close to Colt Shooting Range and next to Oakford Road (Photo by Jonathan A. Baines;
d) Verulam sill (close-up of the deposit in the upper right corner) (Photo by Mohsen Zeidi)..65

Figure 26. Sibudu. C-A layers from the Deep Sounding: Frequency distribution of length and
width of completely preserved blades made on dolerite (left) and of width of all in the width
completely preserved blades made on dolerite in mm (Fight)......ccoovvvivverecincene e 69

Figure 27. Sibudu. C-A layers from the Deep Sounding: Ratio of blank to core (the number of
complete and proximal flakes and tools divided by the number of cores defined by Dibble
and McPherron 2006) and tool to blank (the number of complete and proximal tools divided
by the number of complete and proximal flakes defined by Dibble and McPherron 2006)....71

Figure 28. Sibudu. C-A layers from the Deep Sounding: Initial core made on sandstone (Photo

DY VIOIa €. SCHMIA)..uiiiiiti ittt st e er bbb sresr s s e s enee st sbesnsansenssas 72
Figure 29. Sibudu. C-A layers from the Deep Sounding: Basal fragment of bifacial made on
sandstone (Photos by GUIlIAUME POITAZ) ... ittt ereer s aes e e ne e 72

Figure 30. Sibudu. C-A layers from the Deep Sounding: Serrated piece made on light purple
fine-grained quartzite variety (Photo by Viola C. Schmid)......cccooeeieinece e 73

Figure 31. Sibudu. C-A layers from the Deep Sounding: Scatter plot of width and length of all
COMPIETE COMBS vttt ettt et eb et e sresbeeae b eeb e s e r et sbesassassesbennesnsesbestesnnennesans 74

Figure 32. Sibudu. C-A layers from the Deep Sounding: Tall, laterally centralized blades with a
triangular cross-section. Blades made on dolerite (a-e, g-o) and made on sandstone (f)
(Drawing by Mojdeh Lajmiri and Heike Wiirschem; photos by Viola C. Schmid)....................... 82

Figure 33. Sibudu. C-A layers from the Deep Sounding: Tall, laterally centralized blades with a
triangular cross-section. Blades made on dolerite (a-d, f-q) and made on quartzite (e) (Photos
DY VIOIa €. SCHMIA) ettt ettt st et se bbb e e sbeebesevaesbensense st stesnsannens 83

Figure 34. Sibudu. C-A layers from the Deep Sounding: Tall, laterally centralized blades with a
triangular cross-section. Blades made on quartzite (a, b) and made on dolerite (c-m) (Photos
DY Viola C. SCRMI). ...ttt st s e s e b e sae v s st esereene seennnnas 84

Figure 35. Sibudu. C-A layers from the Deep Sounding: Flat, laterally diffuse blades with a
trapezoidal cross-section. Blades made on dolerite (a-e, g, h, j-0), made on sandstone (f) and

IX



made on quartzite (i) (Drawing (d) by Mojdeh Lajmiri and Heike Wiirschem; drawing (j) by
Achim Frey and Heike Wiirschem; photos by Viola C. Schmid)........ccoceecevieiiceivevereicecre e, 85

Figure 36. Sibudu. C-A layers from the Deep Sounding: Technologically diagnostic flakes. Flakes
made on dolerite (a-k, m-o, g, r, t-v), made on quartzite (I, s) and made on hornfels (p)
(Photos by Viola C. SChMIT)....ciiiiiieie ettt et sre st e e e b e e s e sre st sananneraes 93

Figure 37. Sibudu. C-A layers from the Deep Sounding: Technologically diagnostic flakes. Flakes
made on dolerite (a-j, I-n, p-s, u), made on hornfels (k), made on quartzite (o) and made on
quartz (t) (Drawings by Heike Wiirschem; photos by Viola C. Schmid)..........cccceevevveiiinecennnnae 94

Figure 38. Sibudu. C-A layers from the Deep Sounding: Technologically diagnostic flakes. Flakes
made on dolerite (a-f, h, i, k-r) and made on quartzite (g, j) (Photos by Viola C. Schmid)......... 95

Figure 39. Sibudu. C-A layers from the Deep Sounding: a) Unidirectional laminar platform core
made on quartz; b) Unidirectional laminar platform core made on quartz terminated as
bipolar core; c) bipolar core made on quartz (Photos by Viola C. Schmid).......c.ccccceevevernnen. 100

Figure 40. Sibudu. C-A layers from the Deep Sounding: a) Bidirectional laminar platform core
made on dolerite (Photo by Viola C. SChMIid)......cccoceeiiiirineiitieiiceece ettt ereerenan 102

Figure 41. Sibudu. C-A layers from the Deep Sounding: Scatter plot of length and width of
completely preserved blades and of blade scars presenting last operation on laminar

PIATFOITN COMES ...ttt ettt et et e ettt et sbesbesrseebeebses e s e s sbeensaesaesbensenne s one 105
Figure 42. Sibudu. C-A layers from the Deep Sounding: Quartzite bladelet core (Photo by Viola
e SR e et eee e eeeesees e e see e e e e sessee e eee e s s ees e see e ees e eeeeetesseessee e eetenesseeesee e 107
Figure 43. Sibudu. C-A layers from the Deep Sounding: Scatter plot of width and thickness of
all in width and thickness completely preserved core types......ueieee e ceevevervenseesenns 108
Figure 44. Sibudu. C-A layers from the Deep Sounding: Frequency distribution of EPA of
o F= Yo [T O OO TSRS PRRPRRt 109
Figure 45. Sibudu. C-A layers from the Deep Sounding: Frequency distribution of platform
AEPEN OF DIAAES. ...ttt et eer e et b sbesae s aeb e s nee st sbesnsanneerees 109

Figure 46. Sibudu. C-A layers from the Deep Sounding: Hammerstones. Hammerstones made
on sandstone (a, b), and hammerstone made on quartzite (c) (Photo (a) by Julia Becher;

photos (b, ¢) by Viola C. SChMId).......cuciiieeieeieeeeeeeee e e e r b e raerens 114
Figure 47. Sibudu. C-A layers from the Deep Sounding: Box plots of dimensions of blade
(o] =X o) g g T To ] /YOO OO OO 115
Figure 48. Sibudu. C-A layers from the Deep Sounding: Core configuration of laminar reduction
strategy (Drawing after Rots, et al., 2017; photo by Viola C. Schmid)......ccccceevvvieveeivvenriernenne. 117
Figure 49. Sibudu. C-A layers from the Deep Sounding: Laminar cores (a-c) (Drawings by Heike
Wiirschem; photos by Viola C. SChMid).......ccccevieinirice et e 118

Figure 50. Sibudu. Layer Bea of the Deep Sounding: Exhausted laminar core, where the lateral
crest was completely removed by removals from the exploitation (Drawing by Heike
Wirschem; photo by Viola C. SChMIid).....cccooieieiieeiirieiiee ettt et 120

Figure 51. Sibudu. Layer Bart of the Deep Sounding: Core configuration of laminar reduction
strategy with extraction of triangular element in last operational phase (Drawing by Heike
Wiirschem; photo by Viola C. SChMid).......cueiieriieiriece ettt s 121

Figure 52. Sibudu. Layer Bart of the Deep Sounding: Distribution of dorsal scar patterns by
cortex coverage proportions on the dorsal surface of all lateral crest preparation flakes
(VZ1,287) e eeeeeeeee e eee e et ees e eee et e e ee e et et e e e eee e ees e eeesreeee e eee et eeees 123




Figure 53. Sibudu. C-A layers from the Deep Sounding: Partial rejuvenation core tablets. Partial
rejuvenation core tablets made on dolerite (a, b) and made on sandstone (c) (Photos by Viola
e SCRIMI) et eeeeeeeee e ees e ees e eeeee e e see e see e ee e e ee e e eee e ees e e eessessesesesessrennn 124

Figure 54. Sibudu. C-A layers from the Deep Sounding: TSPs. TSPs made on dolerite (a, c-e, g-
i, k-0, g, s, t,v, z, ab), made on quartzite (b, j, p, r, u-x, aa), and made on quartz (f) (Drawings
by Mojdeh Lajmiri; photos by Viola C. SChmid).......ccoeeeviveiieiiiiiieiece e eeeervenaen 131

Figure 55. Sibudu. C-A layers from the Deep Sounding: ACTs (a-p) and Tongatis (q, r). ACTs
made on hornfels (a), made on dolerite (b-f, i, j, |, m, 0), made on quartzite (g, h, k, p), and
made on chert (n); Tongati made on quartzite (q) and Tongati made on hornfels (r) (Drawings

by Mojdeh Lajmiri; photos by Viola C. SChmid).......cccueivieieneiineiece et 132
Figure 56. Sibudu. C-A layers from the Deep Sounding: Boxplot showing morphometric
CharacteriStiCs Of the TSPS.......i ettt e re st ste e e e e e aeaaeneas 134
Figure 57. Sibudu. C-A layers from the Deep Sounding: TSP morphotype........ccccevervcuecrennnne 138
Figure 58. Sibudu. C-A layers from the Deep Sounding: Morphological and morphometric
features of the aCtiVe Part OF TSPS...... et eb e sresaene 139
Figure 59. Sibudu. C-A layers from the Deep Sounding: Techno-functional and functional
characterisation of the TSPs (modified after Tringham, et al., 1974: Figure 20). .................. 140
Figure 60. Sibudu. C-A layers from the Deep Sounding: Boxplot showing edge angles of both
EdEES OF the TSPS AN ACTS .. ettt ettt ee e ste st st ste st st see st se e s e e e s s aesaenaneans 141

Figure 61. Sibudu. C-A layers from the Deep Sounding: Schematic model of reduction for the
TSP cycle in comparison with reduction cycles of other unifacial pointed forms (modified

after Conard, et al., 2012: FIZUIE 8)....uucrieieeere ettt ettt et cre e eeraes e sre st sre s sesaessennes 142
Figure 62. Sibudu. C-A layers from the Deep Sounding: Boxplot showing length to length of
retouched point ratio of TSPS <40 MM and > 40 MM.......covieiieieieeiece e aeaees 143

Figure 63. Sibudu. C-A layers from the Deep Sounding: a) ACT morphotype; b) boxplot showing
morphometric characteristics of the ACTs; c) techno-functional and functional
Characterisation Of the ACTS... ..ot ettt et s sre e sreste et ste e sae st see e e e sennn 144

Figure 64. Sibudu. C-A layers from the Deep Sounding: Profile projection of the bifacial pieces
from the Deep Sounding. The numbers in parentheses reflect the number of bifacial pieces;
volume refers to the total volume of excavated sediment per [ayer.......cccocvvevinirinecerceennn, 147

Figure 65. Sibudu. C-A layers from the Deep Sounding: Bifacial points made on dolerite (a-m,
p) and hornfels (n, o) according to phase of manufacture (Drawings by Guillaume Porraz;
photos (b, ¢, f, h, k, ) by Julia Becher; photos (i, j, 0) by Lucia Cobo-Sanchez; photos (a, d, €,

g, M, N, P) by Viola C. SChMIId)....c.iiie et st et s 150
Figure 66. Sibudu. C-A layers from the Deep Sounding: Bifacial points made on quartzite
(Photos (c, h) by Julia Becher; photos (a, b, d-g, i-k) by Viola C. Schmid)........cccceeereireivivennnas 151

Figure 67. Sibudu. C-A layers from the Deep Sounding: Bifacial points made on quartz (Drawing
by Guillaume Porraz; photos (e-g) by Julia Becher; photo (d) by Lucia Cobo-Sanchez; photos

(@-C, h-0) by Viola C. SCRMIA)....cuiuiierierietiet ettt et et ettt st st s e s s 152
Figure 68. Sibudu. C-A layers from the Deep Sounding: Boxplot showing morphometric
characteristics of the bifacial POINTS.......oviveiecie e e e rbenas 153
Figure 69. Sibudu. C-A layers from the Deep Sounding: Bifacial point morphotype................155

Figure 70. Sibudu. C-A layers from the Deep Sounding: Morphological features, including TPA
(a), tip profile (b) and base Profile (C)....cccvuveirecreeie ettt s b b e erees 156

Xl



Figure 71. Sibudu. C-A layers from the Deep Sounding: Shaping flakes made on dolerite.
Shaping flakes from initial shaping phase (a-c), shaping flakes from advanced shaping phase
(d-f) and shaping flakes from final shaping phase (g-i) (Drawings by by Mojdeh Lajmiri)......157

Figure 72. Sibudu. C-A layers from the Deep Sounding: Frequency distribution of
MaNUfacturing Phase attriDULES........ocvvvveiice ettt e s r e er e ae 159

Figure 73. Sibudu. C-A layers from the Deep Sounding: Boxplot showing thickness of the
phases of manufacture of the bifacial POINtS.......cccceviiive v 160

Figure 74. Sibudu. C-A layers from the Deep Sounding: a) Removal organisation during
manufacture of bifacial points; b) Schematic model showing re-sharpening of bifacial points
with two hierarchised surfaces and change of tip OUtliNe.........ccoeevveiicceiene i 163

Figure 75. Sibudu. C-A layers from the Deep Sounding: Serrated Pieces. Serrated pieces made
on dolerite (f, h, i, k, m, p-x), made on quartz (a-e, n, 0), made on hornfels (g, 1), and made
on quartzite (j) (modified after Rots, et al., 2017)......c.cceueueierieiereeee et 166

Figure 76. Sibudu. C-A layers from the Deep Sounding: Pressure flaking experiments. a)
Christian Lepers conducting the pressure flaking; b) pressure flaking of crystal quartz (Exp.
84/12 piece fractured in the production sequence); c) pressure flaking of dolerite (Exp. 82/22
piece finished used as projectile (see Rots, et al., 2017: FIGUIre 7)...cccceveveereeceeversereee e 168

Figure 77. Sibudu. C-A layers from the Deep Sounding: Bifacial tools. a & b) made on dolerite
(Photos by Viola C. Schmid); c¢) Schematic model showing re-sharpening of bifacial tools and
FEMOVAl OFZANISATION...uctitieieeecte ettt et e b st sreereebae s e e saesnsersesseesbenbennnesae one 172

Figure 78. Sibudu. C-A layers from the Deep Sounding: Lateral scrapers (a-e), NBTs (f-j) and
denticulates (k-m). All lateral scrapers made on dolerite; NBTs made on dolerite (f, i, j), made
on hornfels (g), and made on quartzite (h); denticulate made on dolerite (k), denticulate
made on quartzite (l), and denticulate made on quartz (m) (Drawings by Heike Wirschem

and Mojdeh Lajmiri; photos by Viola C. SChmid)......cccceveviviieeieseeeieeee e 175
Figure 79. Sibudu. C-A layers from the Deep Sounding: Frequency distribution of tool types
AN SNAPINE FIAKES....ve ettt e b e shesbe e e ebaeb e e e sbesbeenssneesaenten 182

Figure 80. Sibudu. Deep Sounding: Bifacial tools from BS member. Bifacial tools made on
hornfels (a, c, d, €), made on quartzite (b), and made on dolerite (f) (Drawings by Guillaume
Porraz; photos by Lucia CODO-SANCNEZ)......ccceceviiierireee ettt st 183

Figure 81. Sibudu. Deep Sounding: Laminar cores from layers Danny and Darya (a-c) (Drawings
by Heike Wiirschem; photos by Viola C. SChmid).........ccoueeevieinireie s 184

Figure 82. Sibudu. C-A layers from the Deep Sounding: Box Scheme of laminar reduction
system showing early, middle/late and final phase of reduction sequence with diagnostic

[T o Yo 1¥ o1 -3 TS 186
Figure 83. Sibudu. C-A layers from the Deep Sounding: Summarized comparison of TSPs and
A T Sttt ettt et st st st sttt e e e etk e b ettt bRt es et e e eRe e e e Rt eRe et eheeh ehe eae s en e e tentenbenbenten 188

Figure 84. Sibudu. C-A layers from the Deep Sounding: Dynamic model of the techno-
economic procedures concerning the different raw materials in the assemblage (modified

after Porraz, 2005: FIZUIE B0)......cuuivivreiieciieeere e e iereerteteeesreete e sesaessesssassesresessestesnsssssessensennes 192
Figure 85. Sibudu. C-A layers from the Deep Sounding: Scatter plot of width and length of all
complete DIfacial POINTS.......coviiir s et se e s s e e e aenees 195

Figure 86. Sibudu. C-A layers from the Deep Sounding: Scatter plot of lengths and widths of all
COMPIETE SEITALEA PIBCES.....icuveeeieecttctteeecte ettt et et eb bbb eaesbesarene s b eesbesbenne s sr ans 197

Xl



List of Tables

Table 1. Suggested nomenclature for MSA sub-stages (modified after Wurz, 2002, Wurz,

Table 2. SUMMAry 0f AGE (K@) £ 10ttt st et st st sae s s s 25

Table 3. Summary of proxy environmental evidence (modified after Hall, et al.,, 2014) —
Occupation (Wadley and Jacobs, 2006), botanical data (Wadley, 2004; Allott, 2006; Renaut
and Bamford, 2006; Sievers, 2006; Murungi, 2017), isotopic data (Hall, et al., 2008; Robinson
and Wadley, 2018), and faunal data (Plug, 2004, 2006; Cain, 2006; Glenny, 2006; Wells, 2006;
Clark and Plug, 2008; Clark 2011, 2017; Val, 2016), geology and mineralogy (Schiegl, et al.,
2004; Pickering, 2006; Schiegl and Conard, 2006) and magnetic susceptibility (Herries

Table 4. Sibudu. C-A layers from the Deep Sounding: Frequency of lithic single finds and small
debitage products, sediment volumes and find density.......cccoveceviverereeveeveciecrene e eeervennen 58

Table 5. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex types of blanks with

cortex Coverage Per rawW Material......uuiciiciie ettt ere e e e s e sresbesaeenneeraes 67
Table 6. Sibudu. C-A layers from the Deep Sounding: Frequency of raw materials.......c............ 67
Table 7. Sibudu. C-A layers from the Deep Sounding: Frequency of dolerite varieties............... 68

Table 8. Sibudu. C-A layers from the Deep Sounding: Frequency of dolerite varieties of

Table 9. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage proportions
on the dorsal surface of blanks per raw Material.........c.euvevecieene it 69

Table 10. Sibudu. C-A layers from the Deep Sounding: Frequency of raw materials per lithic
artefacts >30mm and small debitage (<30mMm) in SQUAre Ch.......coeeieveiveeerverieeeine e ereereeeeenees 70

Table 11. Sibudu. C-A layers from the Deep Sounding: Frequency of raw material per
1echnNOlOgiCal ClasSIfiICAtION.......c.ccviiriereieece ettt et sae s s aeb e e sbe et 70

Table 12. Sibudu. C-A layers from the Deep Sounding: Frequency of quartz types.........ccueuu.n... 73

Table 13. Sibudu. C-A layers from the Deep Sounding: Frequency of quartz types per
technological ClasSifiCatiON.......cici it sre e e s 73

Table 14. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of EL to blank mass-
ratio of all completely preserved blanks per raw material......cccccooovevenerevnineee e, 74

Table 15. Sibudu. C-A layers from the Deep Sounding: General technological classification....75
Table 16. Sibudu. C-A layers from the Deep Sounding: Frequency of blank categories............. 75

Table 17. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the debitage
laminarity of all completely preserved blanks per raw materials.......c.ccocoveeereieieieinininineene 76

Table 18. Sibudu. C-A layers from the Deep Sounding: Frequency of fragmentation per blank
(o= == o] o VTSP PORPPROPRPPN 76

Table 19. Sibudu. C-A layers from the Deep Sounding: Frequency of raw materials per blank
(o= =T = o] o YRS OPURR PO 77

Xl



Table 20. Sibudu. C-A layers from the Deep Sounding: Frequency of fragmentation of blades
PEI FAW MALEIIAL...iiecie ettt s sttt s e e estesbesasersees e seestestesnsessnsensensans 77

Table 21. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per blank
(o= =T =0 ] o VSO OPPPRTPRRRPIN 78

Table 22. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex position per blank
(o=} = =0 V7S SRSNS 78

Table 23. Sibudu. C-A layers from the Deep Sounding: Frequency of platform type of
completely and proximal preserved BIanks........iiiiiieiiicce e e 78

Table 24. Sibudu. C-A layers from the Deep Sounding: Frequency of dorsal scar pattern per
BIANK CAERZOIY ..ottt ettt e sbe b e bbb b e eesbe et srsaesbenseanse sennestesnsens 78

Table 25. Sibudu. C-A layers from the Deep Sounding: Frequency of morphology per blank
(o=} = =0 V7S TR 79
Table 26. Sibudu. C-A layers from the Deep Sounding: Frequency of profile per blank
(o= == o] o VAU PORPPRROPRPPIN 79

Table 27. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length of all
completely preserved blanks per blank CategOry.......ccuvieiiieininirr e 79

Table 28. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all
in the width completely preserved blanks per blank category.......c.ccocoeveiieinininninecee, 80

Table 29. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of
allin the thickness completely preserved blanks per blank category........cccoceveveverriricninenne 80

Table 30. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of EL to blank mass-
ratio of all completely preserved blanks per blank category........ceuveeeveeveiiicceiene s 80

Table 31. Sibudu. C-A layers from the Deep Sounding: Frequency of distal termination of all
completely and distal preserved blanks per blank category.........ooovvveevevicccene e 81

Table 32. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-section per blank
(o=} = =0 | V7S TR 81

Table 33. Sibudu. C-A layers from the Deep Sounding: Comparison of dorsal convexity
between blades with a triangular cross-section and blades with a trapezoidal cross-section

(F-EEST) rereire ettt ettt e bttt e b sbesbeene e b e et e b e sbesheeaesbeerbesbe Rt et eheehesanberbenne et sheeheennenneeraes 81
Table 34. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per blade
L 0] o =4 o TU T o OO OO PR OPRUPRRPRTSON 86

Table 35. Sibudu. C-A layers from the Deep Sounding: Frequency of platform type per blade
U] o =4 o TU T o OO OO PRSP SRSTSOPPRTR 86

Table 36. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-sections of in the
width completely preserved BIades...... et ere e sereens 86

Table 37. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all
in the width completely preserved BIades...........cieie et 86

Table 38. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of
all in the thickness completely preserved blades............coieieieciinene e e 87

XV



Table 39. Sibudu. C-A layers from the Deep Sounding: Comparison of elements with and
without cortex coverage between blades and elongated flakes (chi-squared test)................. 88

Table 40. Sibudu. C-A layers from the Deep Sounding: Comparison of elements with plain &
cortical platforms and with dihedral & faceted platforms between blades and elongated
flakes (Chi-SQUArEd tEST)....c.uiuiuierietiet ettt ettt st st e e e e e e es s e easaae s 88

Table 41. Sibudu. C-A layers from the Deep Sounding: Comparison of width of all in the width
completely preserved blanks between blades and elongated flakes (t-test)........ccccccuverueuennene 89
Table 42. Sibudu. C-A layers from the Deep Sounding: Comparison of thickness of all in the

thickness completely preserved blanks between blades and elongated flakes (t-test)........... 89

Table 43. Sibudu. C-A layers from the Deep Sounding: Comparison of completely preserved
and fragmented elements between blades and elongated flakes (chi-squared test).............. 89

Table 44. Sibudu. C-A layers from the Deep Sounding: Comparison of dorsal convexity
between elongated flakes with a triangular cross-section and elongated flakes with a
trapezoidal CrosS-SECTION (T-TEST).....ucirivriirire ettt et e e sr bbb sbesae enes 90

Table 45. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per
eloNgated flake SUDZIOUP......cicv ittt et e er s e sre st sar b e eraes b e e e e sne one 90

Table 46. Sibudu. C-A layers from the Deep Sounding: Frequency of platform type per
eloNgated flake SUDZIOUP......cicv ittt et e er e et sar b eraes e e e sbe e e 90

Table 47. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-sections of in the
width completely preserved elongated flakes..........ceuviiiceie e e e 90

Table 48. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length of all
completely preserved elongated flakes..........ouvivirinineinieciece e 91

Table 49. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all
in the width completely preserved elongated flakes.........ccooevvere s 91

Table 50. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of
allin the thickness completely preserved elongated flakes........cccooeeveveieeiveneninevnceee 91
Table 51. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per flakes
with unidirectional dorsal scars compared to such with an orthogonal scar pattern............... 95
Table 52. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-sections of in the

width completely preserved flakes...... et e eer e eaes 96

Table 53. Sibudu. C-A layers from the Deep Sounding: Frequency of dorsal scar patterns of in
the width completely preserved flakes....... i e 96

Table 54. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length of all
COMPlEtely PresServed flaKeS...... ettt e sae st ear s eer s beanes 96

Table 55. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all
in the width completely preserved flakes...... et 97

Table 56. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of
all in the thickness completely preserved flakes...........ovvveiiieieie e 97

XV



Table 57. Sibudu. C-A layers from the Deep Sounding: Comparison of length of all completely
preserved blanks between elongated flakes and triangular flakes (t-test)......ccccccoeeeevererrenneee. 98

Table 58. Sibudu. C-A layers from the Deep Sounding: Comparison of width of all in the width
completely preserved blanks between elongated flakes and triangular flakes (t-test)............ 98

Table 59. Sibudu. C-A layers from the Deep Sounding: Frequency of core type per raw
L0 a T 1T - | OO RO 99

Table 60. Sibudu. C-A layers from the Deep Sounding: Frequency of core types........ccccoveevrenene 99

Table 61. Sibudu. C-A layers from the Deep Sounding: Frequency of original core blanks per
(oo ] (=T Y/ o1 PSP PT RPN 101

Table 62. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per core

Table 64. Sibudu. C-A layers from the Deep Sounding: Frequency of striking platform types per
(oo ] (=T A/ o1 PSP P RPN 102

Table 65. Sibudu. C-A layers from the Deep Sounding: Frequency of exploitation surface
SN AP S POI COM LY Pttt sttt et sae st stese e e st e e e e e e e bessensenaesan 102

Table 66. Sibudu. C-A layers from the Deep Sounding: Frequency of back types per core

Table 68. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length of all
COMPIETEIY PrESEIVEI COMES.....vvitritieeicte ettt et e se e e b aes et e st stesasanssesbesseesaesbesssenseens 103

Table 69. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all
in the width completely Preserved COMES..... et sre e s seeneees 104

Table 70. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of
all in the thickness completely preserved COres...... i 104

Table 71. Sibudu. C-A layers from the Deep Sounding: Frequency of last operations per core

Table 72. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length to
width ratio of all completely preserved COres... .. e 106

Table 73. Sibudu. C-A layers from the Deep Sounding: Comparison of EPA between blades with
a triangular cross-section and blades with a trapezoidal cross-section (t-test).........ccceuenuees 110

Table 74. Sibudu. C-A layers from the Deep Sounding: Comparison of platform depth between
blades with a triangular cross-section and blades with a trapezoidal cross-section (t-test).110

Table 75. Sibudu. C-A layers from the Deep Sounding: Frequency of dorsal reduction type of
completely and proximal preserved Blanks..........covoviviieieiiiie e e 110

Table 76. Sibudu. C-A layers from the Deep Sounding: Frequency of platform morphology of
completely and proximal preserved bBlanks.........cov i 111

XVI



Table 77. Sibudu. C-A layers from the Deep Sounding: Frequency of blanks with and without
lip among completely and proximal preserved blanks..........cococvverereneieieeeeeeieseeneens 111

Table 78. Sibudu. C-A layers from the Deep Sounding: Frequency of bulb type of completely
and proximal preserved BIaNKS.......... e e s s 111

Table 79. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of EPA of all
completely and proximal preserved blanks per blank category........cceveevevevenre e cceeveeervennen 113

Table 80. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of platform depth
of all completely and proximal preserved blanks per blank category........ccccooeevveevvvrereervennnne 113

Table 81. Sibudu. C-A layers from the Deep Sounding: Frequencies of striking platform, base,
back and last operation of lamMiNGr COTES.......iuiiiiiiriece e et e 119

Table 82. Sibudu. C-A layers from the Deep Sounding: Typological classification. (* Including
TSPs, ACTs, and Tongatis; ** including bifacial points, serrated pieces, and bifacially backed
knives; *** including lateral scrapers, end-scrapers, and NBTS)......ccccocvvveveevenecrecrerceeervennnns 125

Table 83. Sibudu. C-A layers from the Deep Sounding: Frequency of tool classes.................. 125

Table 84. Sibudu. C-A layers from the Deep Sounding: Frequency of raw material per tool

Table 85. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of length of all
completely Preserved tOO0IS. ... e e st st e st e s s 127

Table 86. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of width of all in
the width completely preserved tOOIS... ... 127

Table 87. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of thickness of all
in the thickness completely preserved tOOIS. ...t se s 127

Table 88. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of EPA of all
completely and proximal preserved tOOIS.........cviviveeiicine et et eer et e 128

Table 89. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of platform depth
of all completely and proximal preserved t00Is..........uuviiiie et 128

Table 90. Sibudu. C-A layers from the Deep Sounding: Frequency of blank type per tool

Table 92. Sibudu. C-A layers from the Deep Sounding: Frequency of platform type of all
completely and proximal preserved L00ISs........cuiiriririnirecece e e 129

Table 93. Sibudu. C-A layers from the Deep Sounding: Frequency of profile per tool types....129

Table 94. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-section per tool

Table 96. Sibudu. C-A layers from the Deep Sounding: Frequency of raw material per tool
(ol I Ty Y- RSP U USRS 133

XV



Table 97. Sibudu. C-A layers from the Deep Sounding: Frequency of blank type per tool
(ol = 113U SRR EUT 135
Table 98. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of EPA of all
completely and proximal preserved unifacial pointed forms by tool class.........ccccoevevverennn.e. 135
Table 99. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of platform depth
of all completely and proximal preserved unifacial pointed forms by tool class..................... 136
Table 100. Sibudu. C-A layers from the Deep Sounding: Frequency of platform type per tool
(ol I Ty RO PU USRS 136
Table 101. Sibudu. C-A layers from the Deep Sounding: Frequency of fragmentation per tool
(ol I Ty RO P USRS 137
Table 102. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of edge angle of
ACTs with unretouched and re-sharpened working edge.........cuecvveveeeceeneeevereceeeenee e, 145
Table 103. Sibudu. C-A layers from the Deep Sounding: Frequency of shaping and retouch
flakes by raw material in SQUAre CA.........ov i ettt e e e es s e 148
Table 104. Sibudu. C-A layers from the Deep Sounding: Frequency of raw material in shaping
flakes and in bifacial Pieces iN SQUArE Ch.......ooviviriie it e e eraesane 148
Table 105. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-section per bifacial
tool class (drawings from Boéda and Richter, 1995: 77).....coeoeeeeeeieeceeeeeeeerevereeraereerens 154

Table 106. Sibudu. C-A layers from the Deep Sounding: Frequency of raw material per phase
of manufacture of bifacial points (following Villa, et al., 2009).......c.ccccoeeerereeeceeceeeeeeeaas 158

Table 107. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of TCSA in

Table 108. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of length, width
and thickness Of the SEIrated PIECES.....uuvvvve ittt e e er bbb ae s 165

Table 109. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of TPA of all
measurable serrated pieces measured with the goniometer and calculated with the formula:
arctan(width/10 mm (known distance from tip))/Pi*180.......ccccceeveveivecveceeeeececececeeceeeeenn 167

Table 110. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of length, width
and thickness Of the |ateral SCraPEIS......uivciie ettt e e er b e e s bennes 173
Table 111. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of length, width
aNd thickNess Of the NBTS......cviciieriieiire sttt sttt e et st e es e 176
Table 112. Sibudu. C-A layers from the Deep Sounding: Frequency of edge damage on all
BIANKS DY raW MAterial...c.cccveeeiciieieecte ettt et b e er b e sbesbesaesneebsennan 178
Table 113. Sibudu. C-A layers from the Deep Sounding: Frequency of thermal alteration by

FAW TNIATETTIAL o ettt ettt et ee ettt eesette e eesatateeeaeataeseesaseaes sasaaesaaaseaan sasseesenenesesaenreaensann 179

Table 114. Sibudu. C-A layers from the Deep Sounding: Frequency of heavy sintering by raw
(0 a1 =T AT | OO OO PO R OO 180

XVl



Table 115. Sibudu. C-A layers from the Deep Sounding: Comparison of finished bifacial points
& points from other phases of manufacture between quartz and dolerite (chi-squared

Table 116. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of width of all in
the width completely preserved serrated pieces made on quartz compared to the other raw
A g T LT AT | KOTSRS RPN 198

Table 117. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of thickness of all
in the thickness completely preserved serrated pieces made on quartz compared to the
OthEr FAW MAtEIIAIS...ciieee ettt e e e be saeebe st st st seeseenens 198

Table 118. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of thickness of all
in the thickness completely preserved bifacial points of phase 3 and finished serrated pieces
(9 F=Te TSI o o T [V T o 28U 199

Table 119. Comparison of the laminar reduction strategy of the C-A layers to other laminar
reduction systems in southern Africa (+ = <10%; ++ = >10% and <50%; +++ = >50%) (scheme
of pyramidal or flat core modified after Wurz, 2002; scheme of unidirectional recurrent
Levallois core modified after Boéda, 1994) (modified after Schmid, et al., 2019).................. 221

XIX



Acknowledgements

My PhD was a wonderful journey, as | experienced and learned so much. Moreover, | got to
visit some of the most beautiful sites there are. On top of it all and most importantly, |
collected so many incredible memories with amazing people. | could not imagine a better
place to write about and acknowledge all these great personalities, without whom this
dissertation could have never been completed, than being back to South Africa for excavations
right now.

First, | want to thank my supervisors Nicholas J. Conard and Eric Boéda. Nicholas gave me the
unique opportunity to work on material from one of the key sites in southern Africa, Sibudu,
and trusted in my scientific capabilities and developments. Eric let me be part of his équipe in
Paris and provided me with valuable insights about lithic technology in theoretical as well as
practical aspects.

Thanks to Michael Bolus and Sylvain Soriano for fruitful discussions and help in bureaucratic
matters. | will never forget the proud moment, when | had a meeting with Sylvain and | showed
him my diacritic schemes and explained (in my bumpy French) to him the technological details
of the laminar reduction strategy of Sibudu, and he commented: “You understood technology
now!”.

| express my gratitude to Pierre-Jean Texier, who kindly provided me with information about
the site of Dale Rose Parlour and to Michel Grenet, who gave me permission to use his
drawings of the bifacial points from Dale Rose Parlour.

| thank the colleagues from the KwaZulu-Natal Museum in Pietermaritzburg, Carolyn Thorp,
who kindly provided me with lab space, Gavin Whitelaw, from whom | learned a lot about
South African history, Ghilraen Laue, who after the ASAPA conference in Pretoria 2017 told
me that she never thought that she could enjoy a talk about lithics, Mudzunga Munzhedzi and
Dimakatso Tlhoaele, who always helped concerning logistics.

I would also like to express my deepest gratitude to the members of the Sibudu research team.
From 2013 until 2017, this excavation meant so much to me from a scientific, but also a
personal point of view. | have to thank some people in particular: First and foremost Mohsen
Zeidi, who excavated my entire sample and with whom | really enjoyed working in the field
together. Furthermore, | thank Gregor D. Bader, with whom | spent probably the most time in
South Africa together and, though our personalities are an explosive combination, | really had
some amazing and memorable moments, especially celebrations that | would not want to miss
for the world. | am so grateful to Heike Wiirschem, who helped so much with the illustrations
and never complained about my sometimes annoying requests! Heike belongs to the by me
named Heinzelmdnnchen, including also Svenja Arlt, Ria Litzenberg and Annika Rebentisch. |
can honestly say that the name should express my deep appreciation for these great women,
who, and of that | am sure of, will make great archaeologists! Furthermore, | want to thank
Manuel Will for also being a good teaching team, Chantal Tribolo for providing me with
preliminary information about the luminescence dates, Britt M. ‘Bananas’ Starkovich, Feng Li,

XX



Christopher E. Miller (still sorry for the credit card) and Susan M. Mentzer (we will always
share our Lady Gaga-moment), Jonathan Baines, Elena Robakiewicz (my buddy), Lennard
Schnoor and Sabrina Stempfle. | would like to thank Janet, the good soul of our excavation
house in Ballito, who tried so hard to teach me some Zulu. | thank the caretaker of Sibudu,
Miriam Dasa, and her husband John as well as her family for taking such good care of the site.
Finally, | thank the knappers of the iLembian for producing such amazing technological
innovations that | could study.

| am also grateful to the former excavator of Sibudu, Lyn Wadley. Unfortunately, | did not have
the chance to spend a lot of time with her, but in the few occasions, this fascinating South
African researcher was always very interested and supportive.

As if this was not enough, | am so privileged to be also part of the excavation team of Bushman
Rock Shelter and Heuningneskrans. My thanks go firstly to Aurore Val, one of the directors,
who now also happens to be my dearest flat mate in Tlibingen and without whom | could not
imagine a life, especially a party life, in the city, where everything is possible, anymore. | thank
Katja Douze (la meilleure Douze du monde), with whom | had the most awesome visit to the
Victoria Falls. Furthermore, | would like to thank Paloma de la Pena (meiner kleinen
Zuckerschnecke), May L. Murungi, Léa Feyfant (la Chefe) and Sofia Solana, who let me be part
of the greatest day in their lives together, Chrissie Sievers, Christine Verna, Elysandre Puech,
Magnus M. Haaland, Liliane Meignen (Sensei), next to whom | had the honour to excavate and
who always had an advice for every life situation, the Zimbabwean corner, who includes first
and foremost Joseph Matembo, Precious Chiwara and Miniyenkosi ‘Minnie’ Majoli, and
Camille Bourdier for being there with a cup of coffee in the really last moments of the writing.
| want to thank the sorting ladies, Emily, Lebo, Immaculate and Bridget, as they accepted me
as their Mkhozi and provided me with an original African dress that | finally got to wear at my
defence.

| am grateful to Veerle Rots and the Traceolab team, including my dearest best friend from
Finland Noora Taipale, furthermore Carol Lentfer, Christian Lepers, Dries Cnuts, Sonja
Tommasso, Justin Coppe and Antonin Tomasso.

| want to highlight, how thankful | am to my colleagues and friends from the lab in Paris
Nanterre. | do not know what | would have done without the help and effort of Amélie da
Costa, ma héroine. Same is true for mon poulet Iris Guillmard, with whom my stays in Paris
were always awesome. Furthermore, | want to thank Mana Jami Alahmadi, Giulia Ricci
(Capretta), Roxane Rocca, Daniele Aureli, Marine Massoulié, Lucie Germond, Amir Beshkani
and Louis De Weyer (King of the world).

| would like to thank my department in Tlbingen, as my colleagues are really great fun — just
thinking of our last Karneval — and never let me down, when | needed a coffee or Schnaps.
Thus, thanks to Claudio Tennie (chain operator), Yvonne ‘Yvi’ Tafelmaier, Recha S. ‘Rechali’
Seitz, Berrin Cep, Elizabeth ‘Bethany’ Velliky, Ewa Dutkiewicz, Patrick Schmidt (/e docteur),

XXI



Sibylle as well as Sebbi Wolf, Andreas Taller, Guido Bataille, Keiko Kitagawa, Jens Frick,
Armando Falcucci, Alexander ‘AJ’ Janas und Mima F. Batalovic.

| am so glad to have such great friends that enrich my life and made to whole journey worth
it. First and foremost, my deepest appreciation for their support and knightliness, especially
in the last, most difficult phase of my PhD, goes to my very dear friends, the king of all parties
Domenico Giusti and Elisa Bandini. Thank you so much ragazzi! You made it all count in the
end! | am so grateful to have Regine E. Stolarczyk (meine Konstante), in my life, who with her
great personality always found the right words to push me! Stefanie B. Stelzer and | have been
through so much together and we always were sure: “Am Ende wird alles gut!”. Here we are.
Thanks so much for never giving up on me! | would like to thank Mareike C. Stahlschmidt, my
first flat mate and my dear conference buddy, for believing in me! | hope that we will make
our dream come true and one day work side by side on our very own research project and
site. Thank you, Dominik Koscielny und Birgit Brandeysky, who made me the proud godmother
of their two wonderful daughters Sophie and Marlena, for their warm and loving support!
Moreover, | want to thank Anna S. Sonnberger, Andrea ‘Platzhirsch’ Stadlmayr, Philip R. Nigst,
Marjolein D. Bosch, Katja Seidl, Andrea Orendi, my dear lady Sara Rhodes, Tommaso Mori,
Lumila ‘Lumi’ Menéndez, Judith Beier, Hannes Rathmann, Sarah Goll, Madita Kairies, Matthias
B. Goden (Herr Goden), Darya ‘Dashenka’ Anatolyevna Presnyakova and Will Archer, André
‘Andrito’ Straul, Gerlinde D. Bigga and llona Gold for their friendship and the good memories
we are sharing.

| am very grateful to David Witelson and, in particular, Emily Hallinan, for the English editing
and constructive feedback. My further thanks go to Nicole LoBianco, who knows me since high
school and takes me as | am with all my flaws, for managing the layout.

Concerning the financial support, | luckily earned a Doctoral Dissertation Grant in the research
project “The Evolution of Cultural Modernity” under the state of Baden-Wiirttemberg law for
the promotion of graduates (LGFG). My research in South Africa was made possible by the
Heidelberger = Akademie der Wissenschaften (ROCEEH) and the Deutsche
Forschungsgemeinschaft (DFG), who funded most of the excavations and analytical studies in
South Africa. Travel grants from Universitatsbund Tlbingen e. V. and Deutscher Akademischer
Austausch Dienst (DAAD) helped me to present the results of my research to the scientific
community at international congresses.

| am so grateful to my family, as all of them, in their own, very different and very particular
styles, always had my back and supported me. | especially would like to thank my parents for
giving me the opportunity and, above all, the freedom to take this path without any ifs or buts.
| furthermore want to thank you for being there for me despite all my peculiarities with your
kindness as well as your calming nature and for pushing me to finally accomplish this mission
so that we can start a new chapter of our lives together.

Last, but not least, actually the opposite, | want to thank Guillaume Porraz (meinem lieben Dr.
Porraz), whom | met in 2009 and who since then, if from close or far, was always there for me,

XXII



for his eternal trust, for his everlasting encouragement and for always making me keep the
force! | probably would not be the person | am today, if it was not for him! Au bonheur de la
chance!

XXII



1. Introduction and foundations of the study

,Giving substance to shadows.”
— Sixto Diaz Rodriguez

Song ‘Crucify Your Mind’
Album “Cold Fact’
1970

1.1. The MSA in Africa

In this chapter, | will provide an overview of the African Middle Stone Age (MSA). | start with a
summary on the research history and definition of the term. | then discuss the fossil record and
the genetic evidence in the MSA highlighting the complex scenario of the emergence of Homo
sapiens. Finally, | focus on the material culture; | introduce the innovations in lithic technology
first and then elaborate on other cultural material objects indicating the appearance of new
behaviours linked to the MSA. Figure 1 shows all of the sites mentioned in the text.

1.1.1. Research history

The MSA represents a key period in the biological and cultural evolution of modern humans in
Africa. While a clear-cut chronological or technological break that announces the advent of the
MSA is difficult to identify, many researchers have reached the consensus that the MSA began
roughly 300 ka ago (Deacon and Deacon, 1999; McBrearty and Brooks, 2000; Klein, 2009;
Herries, 2011; Conard, 2012; Wadley, 2015; Wurz, 2016; Scerri, 2017). In East Africa long
sequences (e.g. Wendorf and Schild, 1974; McBrearty, 2005; Brooks, et al., 2018) point to a
transition from the Earlier Stone Age (ESA) to the MSA between 300 ka and 250 ka (McBrearty
and Brooks, 2000; McBrearty and Tryon, 2005; Tryon, et al., 2005; Herries, 2011), but little data
on the onset of the MSA is available from southern Africa (Herries, 2011; Lombard, et al., 2012;
Wurz, 2014; Wadley, 2015). The emergence of and/or, depending on the region, the shift to
predominantly microlithic technology signals the end of the MSA between approximately 40
and 20 ka (Deacon and Deacon, 1999; Lombard, et al., 2012; Mackay, et al., 2014; Wadley,
2015). At some sites, such as Strathalan Cave B, Eastern Cape, diagnostic MSA artefacts persist
until around 24 ka (Opperman, 1996), whereas Border Cave (BC), KwaZulu-Natal, has yielded
assemblages dated to approximately 40 ka bearing Later Stone Age (LSA) technologies
(Beaumont, 1978; d’Errico, et al., 2012a; Villa, et al., 2012). As with the ESA to MSA transition,
a neat delimitation of the subsequent LSA is hampered by the lack of high resolution regional
data and a valid definition of the LSA (Mitchell, 2008; Ossendorf, 2013).

The term MSA was originally defined in the pioneering monograph ‘The Stone Age cultures of
South Africa’ by Astley John Hillary Goodwin and Clarence (‘Peter’) van Riet Lowe (1929) based
on their research in South Africa. Goodwin, born in 1900 in Pietermaritzburg, was the first South
African trained in archaeology graduating with an honours degree at Cambridge University in
1922. After his return to South Africa in 1923, he was based at the University of Cape Town and




Figure 1. Map of Africa with sites mentioned in the Text: 1 - Apollo 11 Rock Shelter; 2 - Benzi Rock Shelter; 3 -
Bestwood 1; 4 - Biesiesput 1; 5 - Blombos Cave; 6 - Border Cave; 7 - Canteen Kopje; 8 - Cap Chatelier; 9 - Cave of
Hearths; 10 - Dar es-Soltan 1 Cave; 11 - Diepkloof Rock Shelter; 12 - El Mnasra Cave; 13 - Factory Site; 14 —
Florisbad; 15 — Gademotta; 16 - Grotte des Pigeons; 17 — Hackthorne; 18 — Herto; 19 - Jebel Irhoud; 20 - Kalambo
Falls; 21 - Katanda; 22 - Kathu Pan; 23 - Keratic Koppie; 24 - Klasies River main site; 25 - Klein Kliphuis Rock Shelter;
26 - Klipdrift Shelter; 27 - Koimilot; 28 - Kudu Koppie; 29 — Kulkuletti; 30 - Leakey Handaxe Area; 31 - Littorines
Cave; 32 - Ngaloba; 33 - Nooitegedacht 2; 34 - Olorgesailie; 35 - Omo Kibish; 36 - Ounjougou; 37 - Pinnacle Point
Cave 13B; 38 - Pniel 1 & 6; 39 - Porc Epic Cave; 40 - Rooidam 1 & 2; 41 - Rose Cottage Cave; 42 - Roseberry Plain
1; 43 - Sai Island 8-B-11; 44 - Sibilo School Road Site; 45 - Sibudu Cave; 46 - Strathalan Cave B; 47 - Twin Rivers;
48 - Umhlatuzana Rock Shelter; 49 - Wonderwerk Cave.




the South African Museum in Cape Town (Deacon, 1990; Schlanger, 2003; Underhill, 2011a;
Conard, 2012). Van Riet Lowe, born in 1894 in Aliwal North, found several archaeological sites
in the Free State province by training as a civil engineer based in Bloemfontein. He was
appointed as Director of the Bureau of Archaeology in 1934 (Conard, 2012; Schlanger, 2003;
Deacon, 1990, Malan, 1962). The two authors aimed to create a new indigenous taxonomic
system for African prehistory that was clearly independent of European terminology (Goodwin,
1958; Deacon, 1990; Schlanger, 2003; Underhill, 2011a; Conard, 2012). Goodwin (Goodwin,
1928, 1958) had in fact already introduced the MSA with a first basic description in 1928, but
the publication of Goodwin and van Riet Lowe (1929) fully clarified the tripartite division of the
African Stone Age into ESA, MSA and LSA (Deacon, 1990; Schlanger, 2003; Underhill, 20113;
Conard, 2012). Despite subsequent re-assessments and modifications, the classificatory
scheme describing the major technological Stone Age periods in sub-Saharan Africa and their
geographical distribution has maintained its overall validity (e.g. Clark, 1959; Clark, et al., 1966;
Sampson, 1974; Singer and Wymer, 1982; Deacon, 1990; Underhill, 2011a; Lombard, et al.,
2012). In 1965, the Burg-Wartenstein Symposium, an inter-congress meeting between the 5t
and the 6™ Pan-African Congress, was held in Austria. The outcome of this meeting
recommended the abandonment of the chronological scheme in Africa mainly due to an
absence of supporting field evidence (Clark, et al., 1966; Bishop and Clark, 1967); however, this
was not completely implemented and only the ‘First and Second Intermediate’ periods
identified between the ESA/MSA and MSA/LSA were abandoned (McBrearty, 1988). Today,
prehistorians are still confronted with problems related to the chrono-cultural sequence owing
to a scarcity of well-dated and well-documented type assemblages during certain time periods
(Underhill, 2011a). Until recently, the terms ESA, LSA and, in particular, the MSA have been
almost exclusively used in sub-Saharan Africa and the Eurasian terminology, namely Lower,
Middle and Upper Palaeolithic, was applied in North and West Africa due to historical reasons
(McBrearty and Brooks, 2000; Conard, 2012; Dibble, et al., 2013). However, lately researchers
are increasingly using the terminological system of ESA, MSA and LSA across the whole of Africa
(see e.g. Conard, 2012; Dibble, et al., 2013; Tribolo, et al., 2015). Stimuli for having a uniform
terminology for the major classification of the African Stone Age are the similarities between
assemblages across Africa and the developments and events in the pan-African archaeological
and fossil record distinctive from that in Eurasia from MIS 5 onwards.

1.1.2. Human remains and genetic data

The fossil record for the beginnings of Homo sapiens reveals variations that, as for the
archaeological record, present a complex emergence. The fossil evidence indicates an African
origin of Homo sapiens that has recently been shown to coincide with the MSA (Wurz, 2014;
Wadley, 2015; Stringer, 2016; Hublin, et al., 2017; Scerri, et al., 2018). While the accumulating
fossil record endorses Africa as the cradle of anatomically modern humans (AMH), the extreme
‘Out-of-Africa’ model which posits a complete replacement of archaic hominin populations by
AMH (for definition see Brauer, 1984, 1992; Stringer and Andrews, 1988; Stringer, 1992) is not
supported. The diversity of the morphological features by early representatives of our
species, together with the genetic data, rejects a human ancestry deriving from a single African




region and rather suggest a ‘African multi-regionalism’ scenario with subdivided populations
connected by sporadic gene flow, maybe also interbreeding with other contemporaneous
hominin species (Lahr and Foley, 1998; Gunz, et al., 2009; Stringer, 2016; Scerri, et al., 2018).

The oldest currently identified members of the Homo sapiens clade come from Jebel Irhoud,
Morocco, dated by thermoluminescence to 315 * 34 ka (Richter, et al., 2017). These biologically
modern humans are associated with one of the oldest MSA assemblages (Hublin, et al., 2017).
The facial morphology and endocranial volumes fall within the range of extant modern humans,
while the braincase shapes are elongated rather than globular suggesting that this diagnostic
feature evolved over time within the Homo sapiens lineage (Gunz, et al., 2009; Hublin, et al.,
2017). The rich East African fossil record has provided important data for the origins of Homo
sapiens as well. The human material from Omo Kibish, Ethiopia, includes inter alia the partial
skeleton Omo 1 and the calvaria Omo 2 (Day, 1969; Stringer, 2016). These two individuals have
an age of ca. 195 ka (McDougall, et al., 2005; Aubert, et al., 2012; Brown, et al., 2012). While
the preserved elements of Omo 1 can be attributed to early Homo sapiens, Omo 2 can only
tentatively be ascribed to this clade (Stringer, 2016). Several cranial and dental human fossils,
including an almost complete adult skull, an immature calvaria and parts of another probably
adult cranial vault, were recovered from the site of Herto, Ethiopia, and date to between 167
and 154 ka (Clark, et al., 2003; White, et al., 2003). The Herto specimens show features that fall
outside the variation of recent modern humans, which has led some researchers to classify
them as the subspecies Homo sapiens idaltu (White, et al., 2003). However, cranial metrical
studies and the relatively globular shape of the braincase support their assignment to early
Homo sapiens (Lubsen and Corruccini, 2011; McCarthy and Lucas; 2014, Stringer, 2016; Scerri,
et al., 2018). The Ngaloba Laetoli Hominid 18, Tanzania, represents a partial cranium dating to
the late Middle or early Late Pleistocene and was discovered alongside MSA lithic artefacts (Day,
et al., 1980; Magori and Day, 1983; Grove, et al., 2015). The specimen belongs to the Homo
sapiens clade, but shows both archaic traits (the retention of particular traits typically
associated with archaic hominins (for definition see Scerri, et al., 2018), and modern features
(Stringer, 2016). South Africa has also yielded early Homo sapiens fossils. A partial cranium was
found at Florisbad, Free State, dated by ESR to 259 + 35 ka and associated with MSA artefacts
(Dreyer, 1935; Griin, et al., 1996; Kuman, et al., 1999; Dusseldorp, et al., 2013; Lombard, et al.,
2013). Due to the combination of modern and archaic morphological characteristics, some
researchers have proposed ascribing this specimen to a more primitive species, Homo helmei
(Stringer, 1996). Bed 3 of Cave of Hearths (CH), Limpopo, yielded a mandible and a radius of
early Homo sapiens, formerly described as Homo rhodesiensis with an age estimate of around
500-200 ka (Tobias, 1971; Dusseldorp, et al., 2013; Lombard, et al., 2013; Wadley, 2015). The
fossil material from Klasies River main site (KRM), Eastern Cape, comprises more than 50 human
remains, including cranial and post-cranial elements (Singer and Wymer, 1982; Rightmire and
Deacon, 1991; Grine, et al., 1998, 2017; Deacon, 2008; Grine, 2012). Some of the fossils
originate from the ‘MSA I (or ‘Klasies River’) layers dating to approximately 110 ka, and a large
number comes from the ‘MSA II’ (or ‘Mossel Bay’) layers with age estimates between 100 and
80 ka (for a summary of the dates see Grine, et al., 2017). The human remains display primarily




AMH morphological traits, but some specimens retain archaic characteristics (Dusseldorp, et
al., 2013; Wurz, 2016; Grine, et al., 2017).

Since the 1980s, several independent genetic studies examining patterns of genetic variation
from living people and using ancient DNA (aDNA) preserved in human fossils have shown that
Africa is the original homeland of Homo sapiens (e.g. Cann, et al., 1987; Vigilant, et al., 1991;
Templeton, et al., 1992; Ingman, et al., 2000). With regard to the temporal depth of present-
day diversity between and within African populations, most studies have used demographic
models and model assumptions simplifying population structure and favouring a single origin
model of modern humans (Scerri, et al., 2018). The results of these analyses demonstrate a
variety of split-time estimates at 300 to 150 ka and identify the deepest genetic divergence to
be associated with Khoe-San groups, (i.e. ‘non-Bantu’ indigenous people) from southern Africa
(Tishkoff, et al., 2009; Veeramah, et al., 2011; Lachance, et al., 2012; Scally and Durbin, 2012;
Schlebusch, et al., 2012, 2013; Mallick, et al., 2016). Schlebusch et al. (2017) recently published
a new genetic study from southern Africa using both traditional and novel approaches. This
study points towards a divergence time of the first modern humans between 350 and 260 ka
ago, located in various regions including southern Africa, concurring closely with the anatomical
developments of early Homo sapiens and the onset of the MSA. However, other models
incorporating more complex population structures (e.g. Skoglund, et al., 2017) are needed to
allow a more generalised and flexible view of past demographic trends. The increased
availability of genomic data from contemporary and ancient humans and the constant progress
of analytical methodologies pave the way to more complex and realistic models (Chimusa, et
al., 2018; Scerri, et al., 2018).

1.1.3. Novelties in lithic technology

The material culture of the African MSA heralds a period of unique technological and
behavioural innovations and accomplishments happening at diverse tempi in different
regions. The major technological changes in the MSA are characterised by the disappearance
of large cutting tools (LCTs), i.e. blanks shaped into large tools for cutting functions such as
handaxes and cleavers, the development of prepared core technologies that guarantee the
production of pre-determined blanks such as flakes, blades and triangular flakes (points), and
the manufacture of new tool types more suitable for hafting (Goodwin and van Riet Lowe,
1929; Clark, 1988; McBrearty and Brooks, 2000; Wurz, 2014; Wadley, 2015; Scerri, et al., 2018).
The appearance of the MSA can thus be considered as a shift in the ways that people were
producing and using their tools, and consequently in the ways that they were organising their
subsistence (Schmid, et al., 2016). Several researchers associate the dawn of the MSA with a
diversification in lithic technology that is related to cultural regionalisation of past populations
resulting in different spatial trajectories of change (Goodwin and van Riet Lowe, 1929; Clark,
1988; McBrearty and Brooks, 2000; Tryon, et al., 2005; McBrearty and Tryon, 2006; Wurz, 2012;
Douze and Delagnes, 2016).

The East and southern African archaeological records indicate that the transition from the ESA
to the MSA was an asynchronous adaptive process rather than an abrupt event (Tryon, et al.,
2005; McBrearty and Tryon, 2006; Tryon and Faith, 2013; Wadley, 2015). East African Late




Acheulean sites, such as the Leakey Handaxe Area and the Factory Site (Kapthurin Formation,
Kenya), both dated to between approximately 509 and 284 ka, demonstrate that the Levallois
concept — the most distinctive prepared core technology — has an Acheulean origin and occurs
alongside handaxe and cleaver production (Tryon, et al., 2005; McBrearty and Tryon, 2006;
Tryon and Faith, 2013). The oldest MSA occupations that lack LCTs, include prepared core
technologies and production of triangular flakes, and show long-distance raw material transport
(225 km — 50 km) are documented at Localities B and G from Olorgesailie, Kenya, dated to ca.
320 to > 295 ka (Brooks, et al., 2018; Deino, et al., 2018). Loci 1 and 2 from Koimilot (Kapthurin
Formation, Kenya), dating to 250-200 ka, also demonstrate an absence of LCTs and the early
employment of prepared core technologies to produce pre-determined blanks (McBrearty and
Tryon, 2006; Tryon, 2006). Sibilo School Road Site (GnJh-79), Kenya, with a minimum age of 200
ka, includes Levallois points and reduction methods as well as early evidence of long-distance
obsidian import from up to 166 km away (Blegen, 2017). Further early MSA sites from the East
African record are ETH-72-8B (Gademotta area, Ethiopia), dated to between 281 ka and 269 ka
(Morgan and Renne, 2008; Sahle, et al., 2014), and ETH-72-1 (Kulkuletti area, Ethiopia), dated
to between 280 + 8 ka and 183 * 10 ka (Morgan and Renne, 2008). These sites demonstrate a
strong focus on the manufacture of convergent tools (Wendorf and Schild, 1974; Wendorf, et
al., 1994; Douze, 2012; Douze and Delagnes, 2016). In the Acheulean at Canteen Kopje, South
Africa, early ‘Victoria West’ prepared core technology appears between 1.1 Ma and 800 ka
(McNabb and Beaumont, 2012; Li, et al., 2017). The Victoria West cores produce large pre-
determined flakes which are subsequently shaped into LCTs. At the site of Kudu Koppie, South
Africa, both late ESA and MSA occupations show the application of Levallois methods (Wilkins,
et al., 2010). The earliest MSA assemblages of southern Africa (for summary see Schmid, et al.,
2016) come from Stratum 3 at Kathu Pan 1, South Africa, dated to 291 +* 45 ka (Porat, et al.,
2010; Wilkins, 2013) and the basal deposits P, O and N of Florisbad, associated with the hominid
cranium mentioned above (Kuman, et al., 1989, 1999).

The emergence of MSA traditions in North Africa has broadly similar timing to East and sub-
Saharan African MSA lithic assemblages, all containing retouched points and using the Levallois
concept (Scerri, 2017). A long sequence from Casablanca in Morocco comprises late Acheulean
occupations, such as Littorines Cave and Cap Chatelier at Sidi Abderrahmane, dating to the late
Middle Pleistocene. These sites provide assemblages with Levallois reduction methods
alongside handaxes and cleavers, again pointing to the development of prepared core
technologies in the late Acheulean (Biberson, 1956; Debenath, et al., 1984; Raynal, et al., 2001,
2009). The earliest MSA assemblages in North Africa are known from Jebel Irhoud at 315 + 34
ka BP (Richter, et al., 2017) and Benzu Rock Shelter at ca. 250 ka (Ramos, et al., 2008). The West
African MSA has yielded younger dates for the onset of the MSA; however, it must be
acknowledged that research in this region is hindered by political conditions and the lack of
well-dated long chronostratigraphic sequences (Chevrier, et al., 2018). The site of Ounjougou,
Mali, yielded MSA layers tentatively dated to 160-150 ka representing the oldest known
evidence of Levallois technology in this region (Rasse, et al., 2004; Soriano, et al., 2010; Chevrier,
et al,, 2018).




The study of the transition from the ESA to the MSA has a long history and is historically
associated with three entities: the Fauresmith, Sangoan and Lupemban (e.g. Goodwin and van
Riet Lowe, 1929; Clark, 1959, 1970; Sampson, 1974; Barham and Mitchell, 2008; Underhill,
2011b). All three phases are in need of more well-dated undisturbed sites with clear and
detailed descriptions.

The Fauresmith occurs in the interior of southern Africa (Goodwin and van Riet Lowe,
1929; Underhill, 2011b; Lombard, et al., 2012; Chazan, 2015) and available chronometric dates
strongly suggest a Middle Pleistocene age between approximately 550 and 300 ka BP (Porat, et
al., 2010; Wilkins and Chazan, 2012; Chazan, 2015; but see Herries, 2011). Several sites exist in
the Northern Cape of South Africa, such as Kathu Pan 1 (KP1) (Wilkins and Chazan, 2012;
Wilkins, 2013), Excavation 6 at Wonderwerk Cave (Chazan and Horwitz, 2009, 2015; Chazan,
2015), Bestwood 1 (Chazan, et al., 2012; Chazan, 2015), Canteen Kopje (Beaumont and
McNabb, 2000; McNabb and Beaumont, 2011; Shadrach, 2018), Pniel 1 and 6 (Beaumont,
1990a, 1990b; Ecker and Morris, 2017), Rooidam 1 and 2 (Beaumont, 1990c), Biesiesput 1
(Beaumont, 1990c), Nooitegedacht 2 (Beaumont, 1990d) and Roseberry Plain 1 (Beaumont,
1990d). Chazan (2015) proposed that diagnostic features of the Fauresmith are the production
of blades from prepared cores and typical tools are small ovate bifacial tools and bifaces.

The Sangoan entity is named after surface collections discovered in the surroundings of
Sango Bay, Uganda (Wayland and Smith, 1923). The Sangoan is mainly a central African
phenomenon (McBrearty, 1988; Clark, 1970, 1982), but its geographic distribution extends to
southern Africa, including sites from the Mapungubwe National Park (Keratic Koppie,
Hackthorne, and Kudu Koppie), South Africa (Kuman, et al., 2005), as well as to northern Africa
at site 8-B-11, Sai Island, Sudan (Van Peer, et al., 2003, 2004; Rots and Van Peer, 2006). The
maximum age estimates for this technocomplex come from the Sangoan deposits at site 8-B-
11, Sai Island, which have an OSL are range between 242-204 ka (Van Peer, et al., 2003). The
typical features of Sangoan lithic assemblages are heavy-duty tools, such as bifacially shaped
picks and core-axes, denticulates, and denticulated scrapers, together with Levallois blanks and
cores (Clark, 1982; McBrearty, 1988).

The Lupemban was named after lithic assemblages exposed by mining activities along the
Lupemba stream, Democratic Republic of the Congo, by (Breuil, 1944). The majority of sites
assigned to the Lupemban is located in Central Africa, clustering in the Congo Basin and
neighbouring areas (Clark, 1982, 1988; Barham, 2000; Taylor, 2016), but the technocomplex is
documented as far south as Peperkorrel in Namibia (MacCalman and Viereck, 1967) and as far
north as 8-B-11, Sai Island (Van Peer, et al., 2003, 2004). Lupemban assemblages are
characterised by distinctive elongated bifacial (lanceolate) points, as well as core-axes and
picks, prepared core technology, blades and backed blades (Clark, 2001; Clark and Brown, 2001;
Barham, 2002; Taylor, 2016). At stratified sites where both Lupemban and Sangoan entities are
present, the Lupemban layers always occur above the Sangoan, as at Sai Island, Twin Rivers and
Kalambo Falls (Zambia) (Barham, 2000, 2012; Clark, 2001; Clark and Brown, 2001; Van Peer, et
al., 2003, 2004; Barham, et al., 2015; Duller, et al., 2015). These three sites have also yielded




dates for the Lupemban. U-series dates from the collapsed cave site Twin Rivers and
luminescence dates from Kalambo Falls indicate a solid pre-200 ka age (Barham, 2000, 2012;
Barham, et al., 2015; Duller, et al., 2015; Taylor, 2016), while the OSL dates from Sai Island range
between 182 + 20 ka and 152 + 10 ka (Van Peer, et al., 2004).

1.1.4. Non-lithic evidence for cognitive complexity

In addition to advances in lithic technology, a variety of other material cultural items make
an appearance as novelties in the MSA, signalling the emergence of more complex social
behaviours, such as technological diversification, new hunting practices, personal adornment,
symbolism, hafting and manufacture of composite tools (McBrearty and Brooks, 2000; Conard,
2004; Henshilwood and Lombard, 2014; Wurz, 2014; Wadley, 2015).

An array of MSA bone tools attests to a diversity of organic technologies, challenging the notion
that bone working, such as grinding, polishing, knapping, and retouching of bones, is a hallmark
of the European Upper Palaeolithic and African LSA (McBrearty and Brooks, 2000; Conard, 2004;
Henshilwood and Lombard, 2014). Bone tools, including knives and a spear point, come from
deposits at El Mnasra Cave, Morocco, dated by OSL to ca. 111 ka and 106 ka and by ESR-U/Th
to approximately 89-67 ka (El Hajraoui, 1994; El Hajraoui and Debenath, 2012; Jacobs, et al.,
2012; Backwell and d'Errico, 2016; Campmas, et al., 2016). Another bone knife was found at
Dar es-Soltan 1 Cave, Morocco, from a layer with an age of ca. 90 ka (Bouzouggar, et al., 2018).
Three MSA occurrences, Kt-2, Kt-9 and Kt-16 at Katanda, Democratic Republic of the Congo,
have yielded finely manufactured barbed and unbarbed bone harpoons discovered within
secure stratigraphic context dated to ca. 90 ka (Brooks, et al., 1995; Yellen, et al., 1995; Yellen,
1998; McBrearty and Brooks, 2000). The M1 and M2 Upper layers at Blombos Cave (BBC),
Western Cape Province, South Africa, dated to ca. 77-72 ka, include bone points, awls and
engraved bone (Henshilwood, et al., 2001a, 2001b; d'Errico and Henshilwood, 2007;
Henshilwood and Lombard, 2014). The awls were produced on long bone diaphysis fragments
by scraping and were used to pierce materials, while the points were finished by polishing and
probably represent hafted spear points (Henshilwood, et al., 2001a; d'Errico and Henshilwood,
2007). Sibudu Cave also contains a bone assemblage including bone points, wedges, awls, pins,
scaled pieces (pieces esquillées), smoothers, compressors and percussors, and notched pieces
(d'Errico, et al., 2012b; Rots, et al., 2017). Several of the bone points are associated with layers
dating to approximately 62-56 ka (d’Errico, et al., 2012b; Jacobs and Roberts, 2017). One of
these points from layer GR at Sibudu shows features suggestive of use as arrowhead. This
finding suggests that organic projectile weaponry, including bow-and-arrow technology, was a
part of the hunting toolkit of MSA people (Wadley, 2006; Backwell, et al., 2008, 2018a). Three
undoubted bone objects are known from KRM (Singer and Wymer, 1982; Wurz, 2000; d'Errico
and Henshilwood, 2007). Two of these are notched bone elements dated to ca. 100-80 ka. They
were most likely used on soft materials. The third piece, originating from the Howiesons Poort
(HP) deposits, shows engravings (d'Errico and Henshilwood, 2007). Apollo 11 Rock Shelter
(AP11) (Karas region, Namibia) contains two notched rib fragments from a context dated to
around 70 ka (Vogelsang, 1998; Vogelsang, et al., 2010). The presence of markings on bone




implements from BBC, KRM, AP11, and Sibudu potentially represent symbolic cultural items
(d'Errico and Henshilwood, 2007).

Personal ornaments are considered explicit expressions of symbolism and their emergence in
the MSA highlights that past social groups must have had a system of symbolic communication
to mediate information and had a well-developed aesthetic sensitivity (Wadley, 2001b;
Henshilwood and Marean, 2003; Conard, 2004; Henshilwood and Lombard, 2014). Early marine
shell beads occur at several North African sites (Vanhaeren, et al., 2006; Bouzouggar, et al.,
2007; d'Errico, et al., 2009). The site of Grotte des Pigeons, Taforalt, Morocco, yielded
perforated Nassarius gibbosulus shell beads from layers dating back to around 82 ka ago
(Bouzouggar, et al., 2007). Wear patterns on some of the specimens indicate stringing of the
beads and residues of pigment show that they were covered with red ochre. The East African
site of Porc-Epic Cave, Ethiopia, contains a large number of opercula of the terrestrial gastropod
Revoilia guillainopsis with central perforations that might have been used as beads, occurring
in MSA layers dated by AMS to between 43 ka and 33 ka (Assefa, et al., 2008). From the South
African record, Nassarius kraussianus shell beads were recovered from deposits of an age
around 72 ka at BBC, also with use-wear traces and some covered in red pigment (Henshilwood,
et al., 2004; d'Errico, et al., 2005). Further possible examples are six Afrolittorina africana shells
coming from layers dated to 70 ka at Sibudu Cave (d'Errico, et al., 2008). At BC, an infant
individual was discovered with a perforated Conus shell in a pit excavated in a layer dated to 74
+ 4 ka BP (d'Errico and Backwell, 2016). This discovery represents the oldest modern human
burial from Africa and the earliest evidence of a decedent equipped with a personal ornament.
Other objects related to symbolically mediated behaviour occur in the sub-Saharan MSA
contexts, such as engraved ochre pieces and ostrich eggshell. Several ochre pieces exhibiting
engravings of geometric patterns come from strata dating to between ca. 100 ka and 72 ka at
BBC (Henshilwood, et al., 2002, 2009). Additionally, an abstract drawing on a silcrete flake made
by an ochre crayon was recovered from layers with an age of approximately 73 ka at BBC
(Henshilwood, et al., 2018). The site of Pinnacle Point Cave 13B (PP13B), Western Cape
Province, South Africa, yielded engraved ochre nodules dated to ca. 100 ka (Watts, 2010). A
fragmented ochre pebble with incised markings was discovered in deposits dating between 100
ka and 85 ka at KRM (d'Errico, et al., 2012b). Klein Kliphuis Rock Shelter, South Africa, also
provided an engraved ochre piece from a layer with an age most probably between 80 ka and
50 ka (Mackay and Welz, 2008; Mackay, 2010). The site of Diepkloof Rock Shelter (DRS), South
Africa, contains a large assemblage of fragmented ostrich eggshell engraved with parallel lines
and cross-hatched patterns dated to ca. 65-55 ka (Rigaud, et al., 2006; Texier, et al., 2010). The
motifs were placed on functional items, i.e. eggshell containers, which played a role in the daily
life of hunter-gatherers. The standardisation and repetition of the markings suggest a system
of symbolic practice imparting group identity and individual expressions (Texier, et al., 2010).
An assemblage of engraved ostrich eggshells was also discovered in layers with an age of
approximately 65.5 + 4.8 ka to 59.4 + 4.6 ka at Klipdrift Shelter, South Africa (Henshilwood, et
al., 2014).




The manufacture of compound paint is attested to as early as the MSA (Wadley, 2015). At BBC,
a toolkit dedicated to producing pigmented compounds was discovered in layers dating to 100
ka, consisting of two shell containers with a mixture of ochre, charcoal and bone, together with
utilised ochre pieces, stone grinders, fragmented bones and bone tools (Henshilwood, et al.,
2011; Henshilwood and Lombard, 2014). Though the exact purpose of the red paint is unclear
— possibly used as decoration or skin protection — it highlights the behavioural complexity that
MSA toolmakers possessed in terms of combining different raw materials and the forward
planning of several steps of the procedure (Henshilwood and Lombard, 2014).

The production of adhesives for hafting tools is a complex technology associated with modern
cognitive abilities, including long-term planning, multitasking and the use of abstraction as well
as recursion (Wadley, 2010a).The emergence of hafting technologies with compound adhesives
is interrelated with the use of composite tools, enabling new complex hunting systems (Clark,
1988; McBrearty and Brooks, 2000; Wadley, 2010a; Henshilwood and Lombard, 2014). For
layers at Sibudu Cave dating to ca. 60 ka, there is strong evidence that MSA artisans used
compound adhesives (Lombard, 2007). They made the glue from red ochre mixed with plant
gum, with ochre transforming the physical properties of the glue (Wadley, et al., 2009).
Additionally, other South African sites from the time period between 65-58 ka, such as Rose
Cottage Cave and Umhlatuzana Rock Shelter (UMH), have yielded evidence for hafting of
backed pieces with compound adhesives (Gibson, et al., 2004 Lombard, 2007). However, Sibudu
Cave involves even earlier direct evidence for ochre-enriched adhesives from layers dated to
ca. 70 ka (Lombard, 2006a) and older than 77 ka (Rots, et al., 2017).

All of these technological enhancements nascent in the MSA are behavioural proxies for the
emergence of complex cognition formerly termed ‘modern human behaviour’ or ‘cultural
modernity’ (McBrearty and Brooks, 2000; Wadley, 2015). Cognitive complexity is defined as a
set of capabilities, including abstract thought, analogical reasoning, cognitive fluidity,
flexibility in problem-solving, multitasking and long-term planning, comparable with the
mental competency of living people and falling within the variability of modern populations
(Conard, 2004, 2010; Wadley, 2013a, 2015). The above-mentioned outcomes of several
decades of research in the African MSA have led to the rejection of the Eurocentric model which
has long been the dominant paradigm claiming that cognitive complexity arose suddenly in a
dramatic shift known as the ‘human revolution’ throughout Europe at ca. 40 ka (Mellars, 1989;
Mellars and Stringer, 1989; Mithen, 1996; Bar-Yosef, 1998). Currently, different models for the
origin and expansion of complex cognition exist and they are all attempting to provide
interpretations in accordance with the increasing bulk of archaeological data (Henshilwood and
Marean, 2003; Conard, 2007, 2008). These models are: a gradual emergence of African origin
(McBrearty and Brooks, 2000), an African origin in the early Late Pleistocene based on the
intensified use of coastal resources (Parkington, 2001, 2010; Kyriacou, et al.,, 2014), a
punctuated late African origin in connection with a genetic mutation triggering major advances
in linguistic capacities (Klein and Edgar, 2002; Klein, 2009), gradual origins across multiple
human taxa and multiple continents (d'Errico, 2003; d'Errico, et al., 2003), relatively late origins
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among multiple human taxa (Zilhdo, 2001, 2011; Hoffmann, et al., 2018), and the mosaic,
polycentric, non-exclusively African origin of modernity (Conard, 2005, 2008).

This overview illustrates the significance of the palaeoanthropological, genetic and
archaeological record of the MSA concerning the history of mankind. The MSA is especially
important regarding the development of cognitive complexity and the first appearance of AMH.
However, more and especially high-resolution data is necessary to understand the evolutionary

processes happening during this phase.

1.2. The southern African MSA sequence and MIS 5 evolutionary dynamics

After discussing the African MSA in general, | will elaborate here on cultural developments and
the subdivision of the southern African MSA with a particular focus on Marine Isotope Stage
(MIS) 5, ranging from 130 ka to 71 ka (see for a definition of MIS 5 Lisiecki and Raymo, 2005)
(Table 1). The previous section has already introduced the wealth of data originating from the
MSA from sub-Saharan Africa. The sub-Saharan MSA is linked to a long research tradition,
benefitting from current research conditions that, unlike other parts of Africa, are not hampered
by political unrest, problematic infrastructures, dense vegetation, soil erosion, and drastic
disruption of stratigraphies (see for example Taylor, 2016).

Table 1. Suggested nomenclature for MSA sub-stages (modified after Wurz, 2002, 2016).

Marine Isotope | Approximate
Singer and Lombard et al. Stage (MIS) time period
Volman 1981 Wymer 1982 2012 association (ka BP)
Post Howiesons Poort MSA Il & IV | Sibudu technocomplex 3-2 60 - 45
Howiesons Poort Howiesons Poort Howiesons Poort 4-3 70 - 58
Still Bay 5-4 77-70
pre-Still Bay 5 96 - 72
MSA 2b MSA I Mossel Bay 5 105-77
MSA 2a MSA | Klasies River 5 130 - 105
MSA 1 early MSA 8-6 300 - 130

1.2.1. The Howiesons Poort and Still Bay research imbalance

Over the last two decades, researchers have concentrated on investigation of two distinct Late
Pleistocene technocomplexes, the Howiesons Poort (HP) and the preceding Still Bay (SB),
because these two MSA phases were considered particularly innovative compared to the ones
before and after (Henshilwood, 2012; Wurz, 2013, 2016; Wadley,2015). It was suggested that
these two sub-stages were short-lived and represent clear cultural markers (Jacobs, et al.,
2008a). The HP is characterised by blade production on high quality raw materials of good
knapping suitability to be transformed into backed tools (Henshilwood, 2012; Wadley, 2015) as
well as the manufacture of bone tools (d'Errico, et al., 2012b), engraved ostrich eggshell (Texier,
et al., 2010; Henshilwood, et al., 2014), and varied usage of ochre (Lombard, 2006b, 2007;
Wadley, et al., 2009; Dayet, et al., 2013). The SB features objects of symbolic expression, such
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as engraved ochre (Henshilwood, et al., 2002, 2009), abstract drawings (Henshilwood, et al.,
2018), and shell beads (Henshilwood, et al., 2004; d’Errico, et al., 2005, 2008; Wadley, 2012a),
the creation of compound adhesives for hafting (Lombard, 2006a), and the production of bone
implements (Henshilwood, et al.,, 2001a; d'Errico and Henshilwood, 2007; d'Errico, et al.,
2012b). However, the most diagnostic, even iconic characteristic of the SB is its bifacial lithic
technology (Henshilwood, 2012), partially produced by pressure-flaking (Mourre, et al., 2010)
and silcrete heat-treatment that was used to improve the knapping properties (Brown, et al.,
2009; Mourre, et al., 2010; Schmidt, et al., 2013; Schmidt and Hogberg, 2018). All of these
characteristic features of the HP and SB are interpreted as proxies for drastic change in
technology, economy and social organisation.

In recent years, several studies of HP assemblages have confirmed the definition of the HP as a
cultural unit with a wide geographic range, but with a relatively long-lasting temporal duration
ranging from MIS 5 to MIS 3, encompassing diachronic technological change and regional
variability (Soriano, et al., 2007, 2015; Villa, et al., 2010; Porraz, et al., 2013; Tribolo, et al., 2013;
Mackay, et al., 2014; de la Pefia, 2015; Douze, et al., 2018). The broad defining consistencies
and similar patterns of change over time of this dynamic cultural entity indicate inter-regional
social interactions and connectivity between HP populations. In lithic assemblages, this is seen
in the production of elongated blanks involving similar methods and techniques, the repertoire
of retouched elements and the ways of modifying them, assemblage sizes and the on-site
manufacture of blanks and tools (Porraz, et al., 2013; Mackay, et al., 2014; de la Pefia, 2015;
Soriano, et al., 2015).

In contrast, the older SB period dating to MIS 5 and 4 is less well-defined and has a more
complex research history. A.J.H. Goodwin and C. van Riet Lowe (1929) provided a detailed
definition of the SB based on several unstratified, undated MSA open-air sites in the Western
Cape Province in their pioneering monograph about the subdivision of the southern African
Stone Age. The term SB was introduced in memory of C.H.T.D. Heese, a retired headmaster
from Riversdale, who collected leaf-shaped lithic points in the dunefield close to the village of
Still Bay in 1906 (Goodwin, 1958). Goodwin and van Riet Lowe considered the SB industry as a
probable ‘Neo-anthropic’ (modern) invasion, “[...] in which a technique and a beauty of form
very comparable to the Lower Solutrean of Europe make their appearance”(Goodwin and van
Riet Lowe, 1929: 100). The fossile directeur of the SB was the bifacial lance-head, which was a
bifacially worked foliate or lanceolate point (Figure 2) (Goodwin and van Riet Lowe, 1929;
Wadley, 2007). The most common shape is described as a laurel leaf tip with a semi-circular or
a wide-angled pointed base. In addition to the typical bifacial foliates, two other types of points
occurred, namely the convergent flake and the oakleaf, i.e. denticulated, point. Side-scrapers
and backed pieces were also present in low proportions. Goodwin and van Riet Lowe stated
that from their present knowledge, the distribution of the SB was confined to the southernmost
coast of Africa (Goodwin and van Riet Lowe, 1929). After this initial description, confusion arose
about the chronological position of this technocomplex relative to the HP. During excavations
at Peers Cave (PC) in 1947 and 1948, also known as Skildergat Cave, South Africa, K. Jolly could
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not clarify whether the SB was stratigraphically above or below the HP (Jolly, 1948). Bifacially
worked points were also regarded as elements associated with the HP, for example at Tunnel
Cave and Skildergat Kop also located on the Cape Peninsula (Malan, 1955). Moreover, the
taxonomic unit SB was applied to many African MSA assemblages, some of which lacked the
fossile directeur of this industry, while others had problematic stratigraphic contexts. The result
was that in Sampson’s summary (Sampson, 1974) of the chrono-cultural framework of southern
Africa, he called the validity of the term ‘Still Bay’ into question. Following this, the SB industry
lost its credibility (Wadley, 2007) and was not listed in Volman’s revised classification scheme
of the MSA phases (see Table 1) (Volman, 1981, 1984). Volman’s publication, based on his own
study of the Southern African archaeological record as well as Singer and Wymer’s work at KRM
(1982), represented the first formal subdivisions of the MSA after the early model established
by Goodwin and van Riet Lowe (1929).

The term SB was not revived until the 1990s when excavations at Hollow Rock Shelter (HRS),
Western Cape Province, South Africa (Evans, 1993, 1994), and at BBC (Henshilwood, et al.,
2001b), yielded stratified assemblages fitting original definition of the SB. The excavation at BBC
prompted the proposal to reinstate the SB as a MSA sub-stage (Henshilwood, et al., 2001b). The
latest revision of the South African and Lesotho Stone Age sequence reaffirmed the SB as a
technocomplex within the MSA (Lombard, et al., 2012). The synthesised chronological model of
Jacobs et al. (2008a) led to the proposal that the SB sub-stage of the MSA is short-lived, lasting
only from ca. 75 ka to 71 ka BP. However, Tribolo et al. (2013) demonstrated that the SB layers
of DRS are significantly older, extending up to 109 + 10 ka BP, directly followed by the Early HP,
and thus the SB potentially has a longer duration. New dates and different mathematical
models concerning the chronology have further challenged the short-lived nature of the SB
from only ca. 75 ka to 71 ka BP (Guérin, et al., 2013; Jacobs, et al., 2013; Feathers, 2015;
Galbraith, 2015; Jacobs and Roberts, 2015, 2017).

Sites containing assemblages assigned to the SB technocomplex include Varsche Rivier 003
(VR3) (Steele, et al., 2016), Mertenhof Rock Shelter (MRS) (Will, et al., 2015), HRS (Evans, 1994;
Hogberg and Larsson, 2011; Hogberg and Lombard, 2016a; Schmidt and Hogberg, 2018), DRS
(Porraz, et al., 2013; Porraz, et al., 2014), PC (formerly known as Skildergat (Andreasson, 2010;
Minichillo, 2005)), Dale Rose Parlour (DRP) (also known as Eales Cave (Schirmer, 1975;
Minichillo, 2005)), BBC (Henshilwood, et al., 2001b; Villa, et al., 2009; Mourre, et al., 2010;
Archer, et al., 2015; Soriano, et al., 2015), UMH (Kaplan, 1990; Lombard, et al., 2010; Mohapi,
2013; Hogberg and Lombard, 2016a, 2016b) and Sibudu Cave (Wadley, 2007; Soriano, et al.,
2009, 2015) (Figure 3). The technological descriptions of VR3 and MRS are preliminary, PC and
DRP have a very problematic research history (Andreasson, 2010; Minichillo, 2005) and UMH
lacks stratigraphic integrity leaving a paucity of stratified well-dated and well-studied SB-sites,
the majority of which occurs in the Western Cape Province of South Africa. These few SB
assemblages have bifacial technology in common; however, they also exhibit variability in the
shaping and use of bifacial tools and their importance within the SB technical system.
Additionally, differences are seen in raw material procurement, other reduction strategies and
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tool types present. In response to this diversity and the chronological inconsistencies, more and
more researchers are calling for caution in grouping these assemblages together under one
cultural label (Porraz, et al., 2013; Archer, et al., 2015, 2016; Conard and Porraz, 2015; Soriano,
et al., 2015; Rots, et al., 2017).

Technocomplex
@ stil Bay

Figure 2. Still Bay points: a) Still Bay point from Pringle Bay (modified after Goodwin and van Riet Lowe, 1929:
128, Text-Figure 2); b-d) Still Bay points from Varsche Rivier 003 (Steele, et al., 2016: Figure 14); e-f) Still Bay
points from Mertenhof Rock Shelter (modified after Will, et al., 2015: S2 Figure); g-j) Still Bay points from Hollow
Rock Shelter (g-h) Evans, 1993: Appendix 1, i-j) Hogberg and Larsson, 2011: Figure 7); k-n) Still Bay points from
Diepkloof Rock Shelter (Porraz, et al., 2013: Figure 6); o-q) Still Bay points from Peers Cave (modified after
Andreasson, 2010: Figure 25 — 27); r-v) Still Bay points from Dale Rose Parlour (copyright by Pierre-Jean Texier;
drawings by Michel Grenet); w-ab) Still Bay points from Blombos Cave (w-y) Villa, et al., 2009: Figure 1, z-ab)
Henshilwood, et al., 2001: Figure 7); ac-ae) Still Bay points from Umhlatuzana Rock Shelter (ac-ad) Kaplan, 1990:
Figure 11-12, ae) Hogberg and Lombard, 2016: Figure 3); af-ai) Still Bay points from Sibudu Cave (Soriano, et al.,
2015: S1 Figure A).

14



Technocomplex
@ Still Bay

Figure 3. Location of Still Bay sites in southern Africa (Site Abbreviations: BBC - Blombos Cave, DRS - Diepkloof
Rock Shelter, DRP - Dale Rose Parlour, HRS - Hollow Rock Shelter, MRS - Mertenhof Rock Shelter, PC - Peers Cave,
UMH - Umhlatuzana Rock Shelter, VR3 - Varsche Rivier 003).

1.2.2. Status quo of chrono-cultural developments in the MSA during MIS 5

The findings of recent years demonstrating the heterogeneity and temporal expansiveness of
the SB and the growing body of technological studies on MIS 5 assemblages present a more
complex picture of cultural evolution than the uniform scenario previously assumed. The Early
MSA (EMSA), embracing all late Middle Pleistocene MSA technologies from ca. 300-130 ka (see
Lombard, et al., 2012; Schmid, et al., 2016) involves only a few sites and lacks definitive spatial
or chronological patterns due to preservation issues, study biases, or lower population densities
or sizes (Wurz, 2013; Schmid, et al., 2016). In contrast, MIS 5 marks a time period in the MSA
after which technological trends are archaeologically more clearly visible in space and time
(Figure 4):
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Figure 4. Location of MSA sites during MIS 5 (Site Abbreviations: AP11 - Apollo 11 Rock Shelter, BBC - Blombos
Cave, BC - Border Cave, BRS - Bushman Rock Shelter, CH - Cave of Hearths, CSB - Cape St. Blaize, DRS — Diepkloof
Rock Shelter, DRP - Dale Rose Parlour, FL - Florisbad, HBC - Herolds Bay Cave, HDP1 - Hoedjiespunt 1, HRS - Hollow
Rock Shelter, KB - Kalkbank, KFR - Klipfonteinrand, KRM - Klasies River main site, MC - Mwulu’s Cave, MLK —
Melikane Rock Shelter, MRS - Mertenhof Rock Shelter, NBC - Nelsons Bay Cave, OBP - Olieboompoort, PC - Peers
Cave, PL - Plovers Lake, PL8 - Putslaagte 8, PP13B - Pinnacle Point 13B, RCC - Rose Cottage Cave, SH - Sea Harvest,
SKC - Swartkrans, UMH - Umhlatuzana Rock Shelter, VR3 - Varsche Rivier 003, WTK - Witkrans, YFT - Ysterfontein
1).

In the north-eastern interior part of South Africa, the so-called Pietersburg technocomplex
was said to be one of the earliest distinguishable phases of the MSA (Goodwin and van Riet
Lowe, 1929; Tobias, 1949; Mason, 1962; Sampson, 1974; Wadley, 2015). A number of sites
mostly located in the Limpopo and Gauteng Provinces were excavated between the 1940’s and
the 1960’s, with the long sequence of Pietersburg occupations at CH serving as a reference
sequence (Mason, 1957; Mason, et al., 1988; McNabb and Sinclair, 2009). Based on the analysis
of the lithic assemblage at CH by Mason (1957), the Pietersburg was subdivided into Lower,
Middle and Upper phases. The corresponding layers at BC yielded an age for the Pietersburg
MSA sub-stage between 238-75 ka BP (Griin and Beaumont, 2001; Grin, et al., 2003). Some
general characteristics include the exploitation of local raw materials, production of blades and
elongated products from Levallois cores (Mason, 1962). Different research teams are currently
reinvestigating Pietersburg sites such as Bushman Rock Shelter (BRS) (Porraz, et al., 2015, 2018),
BC (Backwell, et al., 2018b), Mwulu’s Cave (MC) (de la Pefia, et al., 2018), and Olieboomspoort
(OBP) (Mason, 1957; Val, personal communication) to provide a refined chronology and
technological revision of the Pietersburg. At BRS, Porraz et al. (2015, 2018) recognised two

16



techno-typological phases, namely an upper phase (called 21), characterised by both unifacial
and bifacial points, and a lower Phase (called 28), featuring end-scrapers.

The ‘MSA I’ or ‘Klasies River’ and the ‘MSA II’ or ‘Mossel Bay’ technocomplexes were originally
defined by Singer and Wymer (1982) based on assemblages at KRM. The subsequent analysis
by Wurz (2000, 2002) confirmed this subdivision. The ‘MSA I’ layers are dated to between ca.
115-110 ka and the ‘MSA II’ has an age between approximately 108-63 ka (Feathers, 2002).
The assemblage of the Klasies River sub-stage is characterised by the exploitation of local
quartzite cobbles, the use of both internal direct hard hammer percussion and marginal direct
soft hammer percussion, the manufacture of blades with prepared platforms from
unidirectional pyramidal or flat cores, and a small tool corpus including retouched blades (Wurz,
2000, 2002, 2012). HRS has deposits below the SB dated to 87 + 6 ka (Hogberg and Larsson,
2011). The lithic assemblage features the use of local quartzite, the production of flakes and
blades, with scrapers and denticulates as the main tool types (Evans, 1994). Evans (1994)
suggested a possible designation of the assemblage to MSA 2a as defined by Volman (1981),
corresponding to the Klasies River sub-stage. The undated site of Herolds Bay Cave, Western
Cape Province, shows similar technological features and has been designated to the Klasies
River phase (Volman, 1981, 1984; Hendey and Volman, 1986; Lombard, et al., 2012).

The Mossel Bay lithic assemblage of KRM features the exploitation of mainly local quartzite, the
exclusive employment of hard hammer percussion, a reduction system aiming at the production
of triangular flakes and blades by the use of unidirectional convergent and parallel Levallois
methods on split cobbles, and notched and denticulated blades as formal tools (Wurz, 2000,
2002, 2012; Wurz, et al., 2018). MSA-Mike from DRS (Porraz, et al., 2013), M3 phase of BBC
(Douze, et al., 2015), and PP13B dating to MIS 5 (Thompson, et al., 2010) are reminiscent of the
KRM Mossel Bay regarding the dominant use of local raw materials, the prevalence of parallel
(Levallois-like) core reduction methods, the strong emphasis on production of triangular flakes
and the low proportion of tools. AP11 was originally defined as MSA 2 (Vogelsang, 1998), but
due to the presence of four bifacial points an affiliation to the SB technocomplex was proposed
(Vogelsang, et al., 2010; Lombard and Hogberg, 2018). However, Vogelsang et al. (2010)
suggested this with reservations and stated that “Indeed, the definition of Still Bay bifacial
points used by Villa et al. (2009) [...] calls the classification of the Apollo 11 specimens into
question” (Vogelsang, et al., 2010: 197). Porraz et al. (2013, 2018) made similar claims rejecting
the idea that a handful bifacial pieces in an assemblage may be indicative of the SB or have
some degree of association with the SB. Furthermore, undated MSA layers of Cape St. Blaize
(Thompson and Marean, 2008), Nelson Bay Cave (Volman, 1981, 1984), and Klipfonteinrand
(Volman, 1981; Mackay, et al., 2014), Western Cape Province, have been tentatively assigned
to the MSA Il or Mossel Bay sub-stage (Volman, 1981; Lombard, et al., 2012). Melikane Rock
Shelter, Qacha’s Nek District, Lesotho, yielded an assemblage with an age between 89.4-76.4
ka dominated by regular, large blades resembling those of the Klasies River sub-stage (Stewart,
et al., 2012), but due to the dating results, these layers have been designated as Mossel Bay
(Lombard, et al., 2012).
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Three coastal sites from the West Coast, Ysterfontein 1 (YFT) (Halkett, et al., 2003; Avery, et
al., 2008; Wurz, 2012), Hoedjiespunt 1 (HDP 1) (Will, 2011; Will, et al., 2013), and Sea Harvest
(SH) (Volman, 1978, 1981; Grine and Klein, 1993), share great similarities suggesting a
chronologically and/or regionally distinct variant (Wurz, 2012, 2013). These three
assemblages, probably all dating to the Last Interglacial, strongly conform in technology as well
as economy. The majority of artefacts is made on raw materials from within 20 km of the sites.
The assemblages comprise a relatively high tool component dominated by denticulates,
notched pieces and scrapers. The reduction strategies are oriented towards the manufacture
of flakes demonstrating no or minimal preparation (Wurz, 2013; Mackay, et al., 2014; Douze,
et al,, 2015).

Additionally, DRS contains between MSA-Mike and SB type ‘Larry’ another phase Pre-SB type
‘Lynn’ (Porraz, et al., 2013, 2014). The assemblage is primarily made on local raw materials. The
blank production follows two reduction strategies concerning the exploitation of the cores
either with centripetal removals or in a unidirectional manner by the use of direct internal hard
hammer percussion. The formal tools comprises a high frequency of lateral scrapers and
convergent scrapers, but notched pieces, denticulates, pieces esquillées and a few bifacial
pieces occur as well. Tools on exotic fine-grained rocks are more often and more intensely re-
sharpened. Porraz et al. (2013) argue that Pre-SB type ‘Lynn’ is a transitional unit showing a
gradual change from the preceding MSA-Mike noticeably by a shift in raw material economy
and a discontinuity to the subsequent Still Bay type Larry due to the appearance and dominance
of bifacial technology.

Further MIS 5 deposits are known from VR3 (Mackay, et al., 2014; Steele, et al., 2012, 2016),
Putslaagte 8 (Mackay, et al., 2015), MRS (Will, et al., 2015), Rose Cottage Cave (Harper, 1997;
Pienaar, et al., 2008), Florisbad (Kuman, 1989; Griin, et al., 1996; Kuman, et al., 1999),
Swartkrans Cave (Sutton, et al., 2009; Sutton, 2013) and Plovers Lake (de Ruiter, et al., 2008).
These assemblages either have been described in very preliminary terms or need a re-
evaluation in the light of more comprehensive new evidence on the technological trends within
MIS 5.

Increasingly, the archaeological record seems to indicate that cultural change and
innovativeness are not restricted to the HP and SB technocomplexes and, beyond that, hint at
a complex scenario of distinct co-existing techno-typological traditions, adaptations, and
innovations in different regions of southern Africa during MIS 5. This process of regionally
differentiated populations would have influenced the way in which groups organised
themselves territorially and socially, and impacted on the appearance, assimilation, diffusion
and implementation of inventions. Clark (1988: 251) proposed this in his publication on the MSA
and the beginnings of regional identities. However, in order to corroborate and elaborate on
this hypothesis, and to determine cultural, demographic and/or ecological triggers and
mechanisms for the development of early complex behaviours, a robust understanding of the
regional chrono-cultural framework requires long regional sequences.
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An excellent case study is the site of Sibudu Cave, which contains a long continuous sequence
from MSA occupations dating to MIS 5 with overlying SB layers, through to final MIS strata in a
well-controlled and well-documented stratigraphy (see Wadley and Whitelaw, 2006; Goldberg,
et al., 2009; Conard, et al., 2012; Wadley, 2013b; Will and Conard, 2018; Rots, et al., 2017). This
thesis uses lithic assemblages from Sibudu Cave to test dynamics during MIS 5 in KwaZulu-
Natal — a very different ecological and geological zone from the Western and Eastern Cape
Province where many other studies are focused (e.g. Wurz, 2002; Porraz, et al., 2013; Miller,
2014; Douze, et al., 2015; Mackay, et al., 2015; Steele, et al., 2016). Thus, the study of Sibudu
will provide crucial insights from the eastern part of southern Africa and it will pave the way for
syntheses and prospects on cultural evolution on a broader geographical scale.

1.2.3. Research objectives

| started the introduction with the quote ‘Giving substance to shadows’ from the song 'Crucify
your mind' by Sixto Rodriguez, as in my opinion, these four words describe in essence the central
research questions that | want to address in my thesis, as my goal is to give substance to an
assemblage of a period and in a region that has remained in the shadows for a long time:

* What are the technological and techno-economic features of the assemblage from the
C-A layers of Sibudu?

* How is the relationship to bifacial-bearing industries in MIS 5, particularly to the SB?
* What connections and/or differences exist, in general, to MSA assemblages of MIS 5?

- What technological novelties do | observe during this period in this region
respectively ecological zone?

- What are possible mechanisms that drive the technological changes, dynamics
and variability during MIS 5?

* Do | identify techno-cultural markers and how do the C-A layers of Sibudu fit in the
chrono-cultural framework of the MSA?
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2. Background to the site

Sibudu Cave (ID no. 2931CA; 29°31°21.5” S, 31°05’09.2” E) is situated about 40 km north of
Durban and 15 km inland of the Indian Ocean. The site is perched on a steep, forested cliff 20
m above the uThongathi River (alternatively Tongati River) in the local municipality KwaDukuza
belonging to the district municipality iLembe (formerly named King Shaka District Municipality)
in the northern part of KwaZulu-Natal Province, South Africa (Figure 5).

Figure 5. Sibudu: a) Location of Sibudu in KwaZulu-Natal (left; after Wadley, 2001a: Figure 1); b) overview of the
site in 2016 (photo by Nicholas J. Conard); c) view on the excavation areas in 2017 (photo by Ria Litzenberg).

The site was historically considered as a cave probably due to its large size: 55 m long and ca.
18 m wide, but in fact, the site is more appropriately described as a rock shelter since it is wider
than it is deep, and daylight reaches everywhere (Wadley and Jacobs, 2006).

In this chapter, | will give an overview of the geological setting as well as the research history of
Sibudu. Furthermore, | will detail the long stratigraphy and chronology of the site. Finally, | will
discuss what data are so far available to reconstruct palaeoenvironments and palaeoclimates.

2.1. Geological setting

The rock shelter was formed during a marine regression when the uThongati River cut its bed
into the Cambrian to Ordovician (490 million years ago) Natal Group sandstone cliff. These
sandstones comprise a thick sequence of sediments, deposited onto the stable platform
created by erosion of the primarily granitic rocks of the Natal Metamorphic Province, a
geological formation dated to approximately 1000 million years ago (Figure 6). They consist of
purple-red quartz, feldspar-rich medium sand and some silt (Pickering, 2006). Clay occurs as an
interstitial binder between the coarser grains (Goldberg, et al., 2009). The sandstone deposits
reach a thickness of between 300 and 400 m, are planar and cross-bedded by ca. 0.8 m thick
units. Individual sets of cross-beds demonstrate pronounced changes in dip and are often
capped by fine-grained generally eroded siltstone, revealing the stepped morphology of the
sandstone cliff in the shelter. The south-western part of the shelter is more exposed and thus,
more affected by weathering and erosion than the north-eastern part (Pickering, 2006). The
bedrock and sediments of the shelter slope steeply from north to south. The excavation area is
located at an altitude of approximately 100 m above mean sea-level (amsl) in the north-eastern
part of the shelter where the sediments are thickest and best preserved (Wadley and Jacobs,
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2004, 2006). A large rockfall cone formed by large boulders fallen from the cliff is situated at
the northern portion of the shelter, adjacent to the excavation (Pickering, 2006).

2.2. Research History

A first trial trench of about one metre in depth was excavated in 1983 by Aron Mazel (Natal
Museum). The unpublished field notes, stratigraphic drawings, photographs and excavated
finds are stored in the Natal Museum, Pietermaritzburg. Mazel documented that the uppermost
part of the sequence contained Late Iron Age pottery mixed with MSA lithic artefacts, followed
by deposits with only MSA materials below a depth of 30 cm. From the two reversed
radiocarbon dates on charcoal Mazel obtained, one (Pta-3765) from layer MOD?2 at a depth of
20-30 cm from the surface provided an age of 26,000 + 420 uncal BP, while the other with an
age of 24,200 + 290 BP (Pta-3767) was out of context and should be rejected (Wadley, 2001a).
Further excavations conducted by Lyn Wadley (University of the Witwatersrand) started in
September 1998 and continued until 2011 (Figure 7) (Wadley, 2013b). Following standard
excavation procedures, an excavation grid was set up in one-metre squares labelled by
alphabetic letters from north to south and Arabic numerals from the rear to the front of the
shelter. Each square is subdivided into four 50 by 50 cm quadrants, which are identified by
lower case letters: quadrant a is in the northeast, b is in the southeast, cis in the northwest and
dis in the southwest (Sievers, 2013). The grid of 21 square metres comprised squares A6-4, B6-
4, C6-2, D6-2 and E6-2 (Figure 8). The excavation followed the natural stratigraphy and material
is collected according to quadrant and layer. The colour and texture of each layer is pivotal and
thus, generally reflected in the name of the layer; for example, the appended Sp in layers RSp,
BSp and YSp refers to the speckled nature conferred by gypsum spots that are predominantly
red, brown and yellow. In case a natural layer is deeper than ca. 10 cm, it is arbitrarily split, e.g.
LBG, LBG2, LBG3 and LBG4 (Wadley and Jacobs, 2006). Munsell colour readings were taken for
each stratigraphic unit. Features were removed separately and in the case of hearths, the top,
middle and base were excavated individually to record the preservation of carbonised organic
material in different parts of the hearths. Soil samples were taken for each layer and feature.
Volumes of excavated deposit are recorded according to measurement markings on the sides
of buckets, which hold a maximum of 10 litres. All excavated sediments were dry-sieved
through stacked 2 mm and 1 mm sieves, although 1 mm sieves were not used prior to 2003
(Sievers, 2013). Dry-sieving was preferred over flotation, as the moisture can cause
disintegration of the fragile material. The volumes in each sieve were additionally recorded. A
permanent datum line was painted 1.3 m above the ground surface on the cave wall and the
depth of each layer is measured from this datum using a theodolite (Wadley, 2001a).

Wadley’s excavation began in 1998 with a two square metre trial trench comprising squares B6
and B5. During Wadley’s excavation campaigns until 2011, strata dating to around 58 ka BP
were reached in all 21 squares of the excavation area. Older occupations, including pre-SB, SB
and HP layers, were exposed in a total of six square metres (B6-4 and C6-4) to a depth more
than three metres below the surface (Wadley, 2013b). Since 2011, a team led by Nicholas J.
Conard (University of Tiibingen) continues the fieldwork (for further details see Chapter 3.1.).
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Figure 6. Geological context of South Africa (modified after Council for Geoscience).

Figure 7. Sibudu: Nicholas J. Conard and Lyn Wadley at Sibudu Cave 2011 (photo by Sarah Rudolf).
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2.3. Stratigraphy and Chronology

Sibudu preserves a thick, stratified and high-resolution sequence over 3.5 m deep, mainly
consisting of MSA layers that span a time range of more than 74 to 33 ka BP followed by much
later Iron Age occupations (Figure 9).

The stratigraphy is predominantly composed of anthropogenic deposits, including numerous
ashy and charcoal-rich lenses that are related to combustion events, with relatively lower
amounts of geogenic input, such as inclusions of éboulis derived from rock fall (Pickering, 2006;
Goldberg, et al.,, 2009). Analyses of the sediments show that little-to-no water-borne
transportation or remobilisation occurred (Pickering, 2002). The organic preservation is
generally good. Several OSL and radiocarbon dates have been obtained from the MSA deposits
(Wadley and Jacobs, 2004, 2006; Jacobs, et al., 2008a, 2008b, 2008c; Jacobs and Roberts, 2008,
2017) and new luminescence dates are in progress by Chantal Tribolo (Université de Bordeaux-
I1,IRAMAT) (Table 2).

Iron Age
Final MSA

7%

Late MSA

Sibudan
Post-HP

HP

a1e”
(11
104

SB

Pre-SB

‘C-A layers'

LI
b4

5 T T T T T L T
1.5 Bil 0.5 -10 4.5

Figure 9. Sibudu: Eastern profile of the Deep Sounding of Sibudu including ages of the archaeological phases and
indication of the presence of bifacial or serrated pieces (left) (modified after Rots, et al., 2017). (*Final MSA
Mohapi, 2012; **lower Sibudan Will and Conard, 2018; ***Howiesons Poort de la Pefia, et al., 2013; ****Still Bay
Soriano, et al., 2015); Orthophotography of the east profile (copyright by M.M. Haaland) (right).
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Table 2. Summary of Age (ka) + 1o.

Occupation

Chantal
Casper
Bea
Bart
Annie
Adam

BS1-16

LBG 4

LBG 2 LBG 3
LBG

RGS 2
RGE

PGS
G82
GS
GR2
GR
DRG

RB

LBYA
BYAZi
A2
Brunder YA 2
YA 2
YA1

Bor, Ymix
BL2 BL3
BiGmix, BIGmix 2
Y1

Ch2

G1
WOG 1
P

Ch

Sp
Su,5u2
BP

oP

POX

BM

BO

v

Ma, MY
Che, Eb
55

i

BL, Or
SPCA
Bsp 2
BSp

Ysp

RSp
GMOD, BMOD
OMOD 2BL
OMoD 2
OMODBL
OMOD
Moo

Cad, Pu
RD

Ore, Ore 2
FB

Mou, Dmou
Es

MG (hearth)
LBMOD

Bu

Co

BSS
BSV

Munsell colour

7.5 yr 4/3 brown
light Brownish-grey
light brownish-grey
10 YR 612

5 YR 5i2 reddish-grey
5 YR 5i2 reddish-grey

5YR 8/2 pinkish-grey

5 YR 5/1 grey

5 YR 5/1 grey

5 YR 6/1 light brownish-grey
5YR 6M light brownish-grey
10 R 311 dark reddish-grey

5 YR 3/2 greyish-brown
10 YR 8/2 very pale orange

10 YR 8/2 very pale orange

5 YR 2.5/2 dark reddish-brown
10 R 2.5/ reddish-black

5 YR 3i2 greyish-brown

10 YR 8/6 pale yellowish-orange

10 R 3M1 dark reddish-grey
10 YR 6/1 grey

T7.5YR 2.5/2 very dark brown

5Y 6/6 olive-yellow

10 YR 5/3 brown

7.5 YR 4/6 strong brown
10 YR 5/6 yellowish-brown
5Y 2.5/ black

7.5YR 4/4 brown

10 YR 7/3 very pale brown

2.5 YR 2.5/3 dark reddish-brown
5 YR 4/4 moderate brown, 10 YR 2/2 very dark brown

5 YR 7/3 pink
5Y2.5M black

5Y 2.5/ black, 5§ YR 5/6 light brown

10 YR 5/4 yellowish-brown
10 YR 5/3 brown
10 YR 5/3 brown

10 YR 5/4 yellowish-brown
7.5 YR 6/2 pinkish-grey

10 YR 6/1 grey, 5 YR 2/2 dusky brown

10 YR 22 very dark brown

5 YR 546 light brown

10 YR 2/2 very dark brown

5 YR 5/6 light brown late MSA
5 YR 3/4 moderate brown

10 YR 2/2 dark brown, 5 YR 3/4 moderate brown

7.5 YR 612 pinkish-grey
5 YR 212 dusky brawn
7.5 YR 6/2 pinkish-grey

10 YR 4/2 dark yellowish-brown
10 YR 6/2 pale yellowish-brown

10 YR 4/2 dark yellowish-brown
10 YR 6/2 pale yellowish-brown
5YR 5/2 pale brown

Wadley and Jacobs, et Jacobs, et Gueérin, et
'“C ages Jacobs, 2006 al., 2008a al., 2008b al., 2013"

serrates layers
pre-SB
77327
TI2 2T
725+25
sB
705+24
HP
647+23
638+28
61.7x2
post-HP
594+23 582+24 56+ 3
594+24 58.6+21 61+3
61.6+1.9 58.3+2 57+3
641+29 59+22 51+2
562+19 596+23 56+ 3
61.5+22
2888+ 017
613+20 576+21 55+2
late MSA
=414 48417 4619 49+3
=45
343+2
50217 47.6+1.9 46+ 3
50.3+21 46.6+23 4f+3
497 +18 49121 45+ 3
49.0+20 49.4+23 49+2
final MSA
504+18 499+25 43+ 72
423+1.3 36.7+17 391+25 3r=2
MA1+15 3826 35+2
iron Age
0.96+25

Jacobs and

Tribolo, personal

Roberts, 2017 communication

72419

70832

70922

695+21

60518
6052

58+ 1.7

502+2

91-75

77-63
B6-72

92-76
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The stratigraphic sequence shows large differences in the deposits above and below layer YA2,
which represents the base of the post-HP occupations and is roughly the contact between the
post-HP and the preceding HP. The results of the micromorphological and microfacies analysis
(Goldberg, et al., 2009; Miller, 2014) show that the lower part of the sequence (the HP, SB, pre-
SB and underlying recently named ‘serrates layers’ (Rots, et al., 2017) consists of greyish, fairly
compacted, homogeneous, non-bioturbated ashy deposits with input of rock fall. These basal
strata are interpreted as remains of hearths which were homogenised and redistributed
through trampling (Goldberg, et al., 2009; Miller, 2014). Numerous lenses of white-coloured
sediment with dark-coloured bases that were interpreted as intact hearth features also occur
within the deposits (Miller, 2014). In contrast, the stratigraphic units of the upper part of the
sequence are laminated and much less homogenous. These deposits are mainly dominated by
microfacies of a loose mixture of calcareous or phosphatised ashes, phytoliths, and fragments
of burnt bone and charcoal which do not display any clear structuring. The heat-altered
components were most probably burnt elsewhere and afterwards redeposited by human
actions, such as hearth rake-out or dumping (Miller, 2014). Combustion features exhibiting
characteristics typical of burnt bedding material are very common in the upper deposits but
almost absent in the lower ones (Wadley, et al., 2011). Few intact hearths are documented in
the upper part as well.

The variation between the lower and upper parts of the sequence highlight a change in the
mode of occupation, involving the daily activities carried out at the site (Goldberg, et al., 2009;
Miller, 2014). During the earlier occupations, inhabitants constructed hearths and afterwards
abandoned them without cleaning them out for reuse. In the lower strata, past people lived
directly on the bare ground surface of the shelter and only sporadically constructed bedding
areas which are thinner and not as laterally extensive as the ones from the upper part.
Inhabitants of the later phase seem to have placed great value on the structuring and
maintenance of their domestic space. They constructed, used, maintained and cleaned out
hearths indicating their reuse. Furthermore, the upper stratigraphic units show the repeated
construction and burning of bedding. Some of the burnt bedding additionally shows evidence
for refurbishment. Trampling has played an important role in the modification of the deposits
throughout the whole stratigraphic sequence. In the lower part, trampling has had the effect of
homogenising the deposits, whereas due to the prepared coverage of the floor with soft plant
bedding material in the upper part, trampling caused compaction but no horizontal dispersion
of the original combustion deposits. The shift of behavioural patterns suggests more intense
occupation during the upper stratigraphic units. This intensification could be related to longer
visits, more frequent visits, or occupation by larger groups than before (Wadley, et al., 2011).

The chrono-cultural sequence (Figure 9) that provides the core of my thesis encompasses at the
lowest six layers identified since the beginning of the new excavations in 2011 by our team from
the University of Tubingen. These strata include (from the youngest to the oldest): Burnt Mouse
(BMo), Red-Brown Silt (RBS), Grey Sandy Silt (GSS), Gray-Brown Patchy (GBP), Light Brown
Compact (LBC) and Pink Sandy Silt (PSS). In addition to these descriptive field designations, we
gave layers the names of people, modified from the system used by Parkington and colleagues
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in the Western Cape (Rots, et al., 2017). According to our system, we assign first a male and
then a female name to every new layer in alphabetical order, starting with the letter A highest
in the sequence. Most of these names relate to people involved in the Sibudu project, e.g.
excavation team members Jonathan Adam Baines and Beatrix ‘Bea’ Welte, deputy director of
AMAFA Annie van de Venter Radford and dating specialist Chantal Tribolo. The preliminary
results of luminescence dating suggest that these layers date to between 92 and 72 ka BP,
excluding an outlier from layer Bea that represents an underestimation (Tribolo, personal
communication). Finds from these layers include non-lithic artefacts such as bone tools,
comprising points, a wedge (Conard, 2015; Becher, 2016), bone compressors and percussors
(Rots, et al., 2017), and modified ochre (Conard, 2015). Furthermore, a human tooth fragment
was discovered in layer Casper (Will, et al., 2019).

The lowermost layers excavated by Wadley, namely Brown Sand (BS) and Light Brownish Grey
(LBG), informally named ‘pre-SB’, are stratigraphically located above the layers discussed here.
Jacobs and colleagues (2008a) published a first series of OSL dates from the ‘pre-SB’ to the HP
of Sibudu but ages were subsequently argued to be overestimates due to significantly
underestimated uncertainties on measured beta dose rates in their model (Guérin, et al., 2013).
In a new study, the beta dose rate errors were re-examined and the OSL dates with revised
estimates of dose rate errors were presented (Jacobs and Roberts, 2017). Consequently, the
single age obtained for the older ‘pre-SB’ stratum (BS) is 72.4 + 1.9 ka BP. The lithic artefacts in
BS show that toolmakers manufactured flakes and large blades on mainly dolerite and hornfels,
as well as quartz, quartzite and other raw materials. A change in the typological corpus stands
out within the BS sequence. The tools characterising the deepest layers, BS 11 to BS 16,
comprise a few thin bifacial points, while the formal tools of BS to BS 10 only include rare
unifacial points and denticulates (Wadley, 2012a, 2013). The younger ‘pre-SB’ stratum (LBG)
yielded two OSL ages of 70.8 + 3.2 and 70.9 + 2.2ka BP (Jacobs and Roberts, 2017). This
assemblage is characterised by flakes and blades made on hornfels and dolerite. The rare
retouched pieces include unifacial points and denticulates (Wadley, 2012a, 2013). Notched
bone fragments and a bone wedge were found in the ‘pre-SB’ layers (d'Errico, et al., 2012b).
One deciduous human tooth, a lower left first molar, comes from the base of layer BS 5 (Riga,
et al., 2018).

The deposits belonging to the SB, with an age of 69.5 + 2.1 ka BP, lie directly above the ‘pre-SB’
and show technological discontinuity. The most significant and dominant characteristic is
bifacial lithic technology, in particular, bifacial points (Wadley, 2007; Soriano, et al., 2009, 2015).
Additionally, only the SB layers have yielded specimens of the marine gastropod Afrolittorina
africana. Some of these small shells exhibit perforations and were putatively used as personal
ornaments by the SB occupants (d'Errico, et al., 2008).

Strata assigned to the HP overlie the SB without any sterile layers in between. They have ages
between 60.5 + 1.8 and 58 + 1.7 ka BP suggesting a chronological gap (Jacobs and Roberts,
2017), but see (Guérin, et al., 2013). The HP toolmakers of Sibudu predominantly employed
different lithic reduction strategies, including HP cores, prismatic cores and cores on flakes, to
produce blades using marginal percussion (Wadley, 2008; de la Pefia and Wadley, 20143,
2014b; de la Pefia, 2015; Soriano, et al., 2015). The lithics of this period are also characterised
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by the frequent transformation of large and small blades made on hornfels, dolerite and quartz
(both translucent and milky) into a variety of backed tools (Delagnes, et al., 2006; Mohapi, 2008;
Wadley, 2008; Wadley and Mohapi, 2008; de la Pefia, 2015; Soriano, et al., 2015). Ochre and
plant adhesive traces associated with hafting often occur on the backed edge of these backed
pieces (Lombard, 2006, 2007, 2008; Wadley, et al., 2009). Both hafting lines and impact
fractures support the hypothesis that the backed elements made on dolerite and hornfels were
hafted diagonally and longitudinally as part of composite tools. Backed tools seem to have
served as tips or barbs for hunting weapons, but also as cutting edges for domestic tools, with
differences linked to raw material (Soriano, et al., 2015). The backed pieces made on dolerite
and hornfels seem to represent an innovative way of hafting spear tips rather than armatures
involved in bow and arrow technology (Wadley and Mohapi, 2008; Villa and Soriano, 2010).
However, several lines of evidence suggest that the quartz backed tools may have been hafted
as transverse arrowheads (Wadley and Mohapi, 2008; Lombard and Phillipson, 2010). A new
study shows that unretouched quartz blanks were also mounted as barbs in hunting weapons
(de la Pefia, et al., 2018). Furthermore, the manufacture of small quartz bifacial points took
place at the site, currently idiosyncratic to the Sibudu HP (de |la Pefia, et al., 2013). The HP layers
also feature distinctive forms of bone technology including points, awls, smoothers, pieces
esquillées and tools used for pressure flaking (Backwell, et al., 2008, 2018; d'Errico, et al.,
2012b). Finally, more deciduous human teeth, a lower right central incisor and a lower right
molar, originate from layer PGS and, like the teeth from strata BS 5 and Casper, are identified
as Late Pleistocene MSA (Riga, et al., 2018; Will, et al., 2019).

The following extended part of the sequence has an age of roughly 58 ka BP and corresponds
to the post-HP. Despite the short time period involved, repeated occupations seem to have
taken place leaving 0.9 m of deposit (Wadley, 2013b). Several anthropogenic burning events
were identified, some associated with the burning of reed/grass bedding material and others
with discrete hearths as well as larger combustion features (Goldberg, et al., 2009; Wadley, et
al., 2011; Wadley, 2012b). de la Pefia and Wadley (2017) performed a cladistic analysis with the
technological traits of the youngest HP layer (GR) and the oldest post-HP layers (RB-YA) to
explore technological variability, identifying numerous technological changes over time. Some
reduction strategies that were not part of the technical system in the HP become common in
the post-HP, while others that are deeply-rooted in the HP are of minor importance in the post-
HP. The outstanding new features in layers RB-YA are the Discoid reduction method, the low
frequency of unstandardized retouched elements, and the high frequency of grindstones. The
explanation proposed for the transformation of more formal HP technology to the more
expedient post-HP relates to a trend towards reduced residential mobility (de la Pefla and
Wadley, 2017).

In response to problems surrounding the informal name of ‘post-HP’, it has been suggested that
Sibudu should be considered as type-site for this phase (Conard, et al., 2012; Lombard, et al.,
2012). Lombard and colleagues (2012) proposed the term ‘Sibudu technocomplex’,
characterised by an emphasis on point production using the Levallois concept and typical
Sibudu unifacial points with faceted platforms and elongated shapes. The type assemblage of
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Sibudu itself shows subtle changes through time and is characterised by, on the one hand, two
kinds of cores — unidirectional or bidirectional Levallois-like cores and bladelet cores —and on
the other hand, a toolkit dominated by unifacial points and scrapers (Cochrane, 2006, 2008;
Lombard, et al., 2012; Mohapi, 2012). Conard et al. (2012) coined the term ‘Sibudan’ and, based
on their techno-functional analysis, identify the tool classes Tongatis, Ndwedwes, biseaux and
naturally backed tools as the distinctive signatures of this technocomplex. Further techno-
typological studies of this high-resolution sequence dating to around 58 ka BP revealed short-
term changes and strong diachronic signals so that the ‘Sibudan’ can be further subdivided into
four facies that building on each other in a gradual and incremental manner (Will, et al., 2014;
Conard and Will, 2015; Will and Conard, 2018; Bader and Will, 2017). The following informal
descriptions denote the ‘Sibudan’ sequence (Will and Conard, 2018): ‘Lower Sibudan’ for the
oldest layers RB-G 1, ‘Lower middle Sibudan’ for layers WOG 1 and Sp, ‘Upper middle Sibudan’
for layers Su-POX and ‘Upper/classic Sibudan’ for BM-BSp. The uppermost/classic phase
constitutes the basis for the original definition of the ‘Sibudan’ and is distinguished by a rich
tool corpus featuring primarily Tongati and Ndwedwe tools, asymmetric convergent tools and
naturally backed tools, an increased use of hornfels, different methods of the Levallois concept
to produce flakes including triangular flakes, and the frequent production of blades from
platform cores. The preceding layers, Su-POX, show an almost exclusive use of dolerite, a
predominance of the Discoid method and the earliest appearance of the four main techno-
functional tool classes. The ‘Lower middle Sibudan’ exhibits the primary use of dolerite and
sandstone, a prevalence of the Levallois concept, lesser emphasis on retouched elements which
include notched pieces and denticulates, lower overall artefact density and a near-absence of
the techno-functional tool classes. The ‘Lower Sibudan’ is characterised by the use of dolerite,
sandstone, quartz and quartzite, the frequent employment of bipolar cores along with the
lesser use of the Levallois concept, a low frequency of retouch, a complete absence of Tongati
and Ndwedwe tools, and the occurrence of invasively shaped bifacial points made preferentially
on quartz. Rare worked bone is present (d'Errico, et al., 2012b) and extensive use of ochre is
observed in these layers (Wadley, 2010b; Hodgskiss, 2013).

The strata overlying the post-HP or Sibudan are referred to as late MSA (but the name is only
used at Sibudu) and are dated to ca. 48 ka BP (Wadley, 2013b). The late MSA layers are
characterised by a high frequency of retouched pieces, mainly unifacial points (Villa, et al.,
2005).

The layers at the top of the MSA sequence are described as final MSA, with an age of around
38 ka BP. The toolkit encompasses bifacial and unifacial points, scrapers, wide segments, pieces
esquillées and notched pieces. The most characteristic feature is the appearance of rare hollow-
based points — bifacial, triangular points with bases thinned and shaped to a concave form
(Wadley, 2005). An incised flake (Wadley, 2005) and a few worked bone tools also occur (Cain,
2004).

Below the modern surface, there are layers BSV (Brown Silt with Vegetation) and BSS (Brown
Silt with Stones) containing Iron Age (IA) material culture. Charcoal from a pit of BSS provided
an age of 960 + 25 BP (Pta-8015). Numerous pits were dug into the MSA deposits, causing a
mixture of MSA and IA artefacts (Wadley and Jacobs, 2004).
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2.4. Environmental background

The environmental context of Sibudu Cave today is in the 800 km-long Indian Ocean Coastal
Belt (IOCB) Biome (Figure 10). This stretches the coastline from Port Elizabeth in the south to
the Limpopo River in Mozambique in the north, encompassing altitudes of 0 to 450 m (Wadley
and Jacobs, 2004; Mucina, et al., 2006). Following the work of Bews (1920), Moll and White
(1978), and Mucina et al. (2006), this coastal belt is dominated by forest cover featuring varying
proportions of deciduous and semi-deciduous species, interrupted by patches of grassland. The
biome is characterised by pronounced hot and moist tropical climatic conditions in the summer
and mild, slightly drier subtropical conditions in winter, controlled by several global and macro-
regional factors. Two atmospheric circulation systems are of great importance, namely the
Intertropical Convergence Zone (ITCZ) and the warm Agulhas Current. These factors enable the
globally southernmost occurrences of typical on shore (mangroves) and off-shore (corals)
tropical flora and fauna (Mucina, et al., 2006).

The site lies in the section of IOCB referred to as the KwaZulu-Natal Coastal Belt, spanning from
Mtunzini in the north to Port Edward in the south, which used to be mainly covered by various
types of subtropical coastal forest (Figure 10) (Mucina, et al., 2006). The region falls within the
Summer Rainfall Zone (SRZ), receiving less than 33% of its annual precipitation during the winter
months of April to September (Chase and Meadows, 2007), but rain falls throughout the year
(Figure 11). The mean total annual rainfall ranges between 819 and 1,272 mm. The mean annual
air humidity is high, recorded as 79% in Durban. This humidity is comparable to regions further
north on the east coast of Africa within the tropics, e.g. in Dar-es-Salaam (Tanzania) at 73% and
in Mombasa (Kenya) at 74%. The mean maximum monthly temperature for Durban is 32.6°C in
January (summer) and the mean minimum temperature is 5.8°C in July (winter). Frost does not
occur.

Today, the natural vegetation of the coastal belt is poorly preserved due to its extensive
eradication by deforestation and cultivation of sugar plantations; around 39% of the area of the
IOCB has been already transformed and only 7% is formally protected in statutory reserves
(Mucina, et al., 2006). This being said, the indigenous vegetation directly around Sibudu Cave
has survived because the rugged cliff has prevented the expansion of sugarcane plantations and
agricultural development. The valley and cliff where the rock shelter is situated are south-
facing, offering shade until mid-afternoon and thus cooler aspects (Sievers, 2013). Evergreen
species grow on the south-western slope adjacent to the shelter, while deciduous savannah
woodland and grassland are found on the hot, exposed plateau above the shelter and on the
nearby north-facing hill-slope (Wadley, 2013b). The riverine habitat of the uThongathi River
includes grasses, sedges, small shrubs and trees (Sievers, 2013). Unfortunately, even these
remains of the forest are threatened by invasive alien plants and are still exploited by local
people for firewood, grazing, crafts, food, medicines as well as ritual purposes. For further
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Figure 10. Biomes of southern Africa (modified after Meadows and Quick, 2016).
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Figure 11. Climate diagram of KwaZulu-Natal Coastal Belt units. MAP: Mean Annual Precipitation; APCV:
Annual Precipitation Coefficient of Variation; MAT: Mean Annual Temperature; MFD: Mean Frost Days
(days when screen temperature was below 0°C); MAPE: Mean Annual Potential Evaporation; MASMS:
Mean Annual Soil Moisture Stress (% of days when evaporative demand was more than double the soil
moisture supply) (after Mucina, et al., 2006).

information, (Sievers, 2013) provides an extensive list of the remaining indigenous plant species
in the modern Sibudu area.

The reconstruction of late Pleistocene palaeoenvironmental fluctuations for KwaZulu-Natal is
difficult because of, firstly, the uncertainty surrounding climatic changes that triggered
environmental variation and, secondly, the lack of sites providing high-resolution regional proxy
data and reliable chronologies (Wadley and Jacobs, 2006; Chase, 2010; Meadows and Quick,
2016). In the past, this situation has led researchers — though aware of the limitations and
caveats — to the application of coarse conceptual models. The interpretations of southern
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African archaeological sequences in general have been especially influenced by a model of
environmental change inclined towards northern hemispheric or global patterns in which glacial
and interglacial conditions correspond to ‘cold and dry’ and ‘warm and wet’ respectively (Chase,
2010). However, this approach poses several problems and should not readily be applied
uncritically. The variety of mechanisms controlling southern African climate rules out a uniform
or globally representative response to periods of global warming and cooling (Chase and
Meadows, 2007). Moreover, the great heterogeneity of palaesoenvironments on a local and
regional level prevent a simplistic broad classification into glacial and interglacial. Finally, the
available southern African climate record indicates that using marine isotope stages as indicator
of global conditions is inadequate for precisely reconstructing southern African
palaeoenvironments (Chase, 2010). Returning to the first difficulty identified: although the
tropical and temperate circulation systems that determine southern African climate and drive
climatic change are still not understood in detail, the existing data allow of establishing
hypotheses how they interacted (Chase, 2010). KwaZulu Natal falls within the SRZ so its climate
is primarily driven by southwest (SW) Indian Ocean sea-surface temperatures (SSTs) and their
impact on the moisture-bearing capacity of the easterly flows associated with the ITCZ and the
temperature and competence of the Agulhas Current (Tyson, 1986; Chase and Meadows, 2007;
Chase, 2010). The marine core MD79254 represents an important dataset documenting the SW
Indian Ocean SSTs variations from MIS 5 until today (Figure 12) (van Campo, et al., 1990).
Warmer SSTs result in more precipitation on the sub-continent, indicating that the warmest
SSTs occurred during ~120 ka, ~80 ka, and ~10 ka and the coldest SSTs during ~50-18 ka. In
agreement with this, (Finch and Hill, 2008) identified greater aridity around 24 cal ka BP along
the KwaZulu-Natal coast causing the Mfabeni peatland and coastal forests to retreat. With
regard to the second major difficulty in reconstructing palaeoenvironments, most regional data
come from studies of stratigraphic sequences exposed in gully (donga) sidewalls across
KwaZulu-Natal, where palaeosols are interposed with colluvial deposits demonstrating cyclical
accretion and erosion (Wadley and Jacobs, 2006; Botha, et al., 2016). Pleistocene colluvium is
considered to have been accumulated either during aridity or during transitions from dry to wet
conditions when precipitation has increased but vegetation is still reduced (Botha and
Partridge, 2000; Botha, et al., 2016). Conversely, pedogenesis may have occurred under periods
of relative hill-slope stability influenced by greater humidity and thicker vegetation cover. A
comprehensive chronological framework spanning over 135 ka was based on a combination of
radiocarbon and luminescence dating methods to determine arid and wet periods in Kwa-Zulu-
Natal (Botha, et al., 1992; Wintle, et al., 1995; Botha, 1996; Clarke, et al., 2003). Discrete phases
of colluviation took place at ~110-96 ka, 56-52 ka, 47—-41 ka and ~11 ka (Botha and Partridge,
2000). Additionally, an undated colluvial wedge from the Voordrag palaeosol succession
bracketed by two radiocarbon dated palaeosols indicates that the period between ~42 and 37
ka was also arid (Botha, et al., 1992; Clarke, et al., 2003). At the western shores of Lake Sibayi,
freshwater diatomite beds and calcareous clays developed between about 45 and 24.8 ka ago,
suggesting drying out of the lake and thus providing further evidence for an arid period (Maud
and Botha, 2000).

32



b)

20°s|

Faunal SST

30°S
T(°C)
_—/S—-
=
\i

40° s
4

T T T T r N N T T
0 X 4 S 6 70 80 93 103 10 120 13

Time (kyr 8P)

Figure 12. a) Map of southern Africa indicating the location of important MSA sites (EB, Elands Bay Cave; Di,
Diepkloof; DK, Die Kelders; Bl, Blombos; Bo, Boomplaas; KR, Klasies River; RC, Rose Cottage; Si, Sibudu; BC, Border
Cave; WC, Wolkberg Cave); dominant atmospheric circulation patterns indicated by thin black arrows, major
ocean currents indicated by thick grey arrows (labelled as follows: BC, Benguela Current; STC, Subtropical
Convergence; AC, Agulhas Current) and Lake Sibayi, Mfabeni peatland as well as marine core MD79254 indicated
by filled circles (left; modified after Chase, 2010: Figure 1); b) Indian Ocean faunal SST estimates of marine core
MD79254 for past 135 ka (after van Campo, et al., 1990).

During the last glaciation (ca. 115-11.7 ka ago), sea-level lowering affected the shoreline of
KwaZulu-Natal. A sea-level curve from the Last interglacial until the present day has been
reconstructed from a range of sea-level indicators at various locations along the South African
margin, including beach rock formation, barnacles and attached oysters, locations of coastal
wetlands and incised valley fills (Ramsay and Cooper, 2002; Carr, et al., 2010). The timing of
sea-level fluctuations has also been extended to 440 ka (Compton and Wiltshire, 2009) (Figure
13). The South African sea-level curve is in general agreement with global sea-level records from
the marine 60 record of benthic foraminifera (Waelbroeck, et al., 2002; Bintanja, et al., 2005)
and the 680 record of foraminifera from the Red Sea (Rohling, et al., 2009) (Figure 13). During
both MIS 5e and 5c, the South African shoreline is approximately +4 m amsl (Ramsay and
Cooper, 2002). Until the end of MIS 3, sea-levels fluctuated between -40 and -70 m amsl. Due
to the steepness of the continental shelf around the coastal margin of KwaZulu-Natal, this drop
in sea-level did not lead to the exposure of much more land than is the case today. However,
during MIS 2, the sea-level dropped to maximum low of -130 m amsl (Wadley and Jacobs, 2006).
At the last glacial maximum, the shoreline in the Durban region was 30 to 40 km offshore of its
present-day position and similar distances could be expected for the coastline off the Tongati
River mouth (Wadley and Jacobs, 2004).
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Figure 13. Sea-level fluctuations (bracketed by uncertainty) since 520 ka BP Waelbroeck, et al., 2002 in blue,
Rohling, et al., 2009 in red and Bintanja, et al., 2005 in brown) compared with the sea-level curves for southern
Africa above from Ramsay and Cooper (2002; filled boxes) and Carr et al. (2010; empty boxes) back to 145 ka
BP, and from Compton and Wiltshire, 2009 based on a sediment proxy for the timing but not the amplitude of
sea-level fluctuations on the western margin back to 440 ka BP (modified after Compton, 2011).

Sibudu itself provides a wide range of high-resolution proxy environmental data offering several
lines of evidence. Analyses include geomagnetic susceptibility (Herries, 2006), mineralogy
(Schiegl, et al., 2004; Schiegl and Conard, 2006), geology (Pickering, 2006), taxa identification
from charcoals (Allott, 2006), charcoal carbon isotopes (Hall, et al., 2008, 2014), stable carbon
and oxygen isotopes from faunal tooth enamel (Robinson and Wadley, 2018), macrobotanical
remains (Wadley, 2004; Sievers, 2006, 2013), pollen (Renaut and Bamford, 2006), phytoliths
(Murungi, 2017) and macro- as well as micro-faunal remains (Plug, 2004, 2006; Cain, 2006;
Glenny, 2006; Wells, 2006; Plug and Clark, 2008; Wadley, et al., 2008; Clark, 2009, 2013; Val,
2016). This multi-disciplinary evidence from Sibudu combined with the albeit limited
palaeoclimatic record of KwaZulu-Natal allows for fairly good reconstruction of the fluctuating
palaeoclimates and environments around the site and their impact on the occupational history
of past people (Table 3) (Hall, et al., 2014). A mosaic of habitats seems to have persisted during
all occupation layers of Sibudu due to the aspect of the site and the proximity to the uThongathi
River (Wadley, 2006, 2013; Robinson and Wadley, 2018). The river possibly paved the way to
the localised occurrence of certain species that would not have survived in drier conditions. The
greater exposure of the north-eastern slopes and the plateau to sunlight, compared to the
southern slopes, support the growth of deciduous woodland, savannah and grassland plant
communities. The cooler, sheltered south-western cliffs provide optimal conditions for
evergreen forest taxa and also would serve as refugia for forest species during drier periods
(Hall, et al., 2014). The charcoal (Allott, 2006) and seed analyses (Sievers, 2006) demonstrate
that a lot of the taxa growing in and around Sibudu today were also present during the MSA,
indicating at least some similar conditions to today. However, some plant species occur that are
absent today, implying that more northerly vegetation elements
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Table 3. Summary of proxy environmental evidence (modified after Hall, et al., 2014) — Occupation (Wadley and

Murungi,
, 2006

’

, 2006

levers

S

’

Renaut and Bamford, 2006

Robinson and Wadley, 2018), and faunal data (Plug, 2004, 2006

Allott, 2006;

’

Jacobs, 2006), botanical data (Wadley, 2004

2017), isotopic data (Hall, et al., 2008

’

Cain

’
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Val, 2016), geology and mineralogy

’

Clark 2009, 2011, 2017
Schiegl and Conard, 2006) and magnetic susceptibility (Herries 2006).
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once grew in the region and that the dry woodland component of the vegetation may have
been more extensive (Wadley and Jacobs, 2006).

A new quantitative method, the GIS-based Coexistence Approach (Bruch, et al., 2012), was
applied to the fossil plant material from Sibudu which allowed researchers to quantify
palaeoclimate and vegetation parameters despite the anthropogenically introduced bias of an
archaeological site. This study demonstrates that during the HP, winters were slightly colder
and drier than present, whereas summer temperatures and precipitation were similar. During
the post-HP, winters were prominently drier and colder than present, possibly colder than
during the HP. Summer temperatures remained the same, but summer precipitation decreased
from the preceding HP to the post-HP. The late MSA is associated with a pronounced warmer
phase than before, especially during winter. At the same time, summer precipitation slightly
increased (Bruch, et al., 2012).

With regard to layers Chantal to Adam relevant for this study here, | can only make a very first
statement. A preliminary faunal identification of layer Casper (Conard, 2013) revealed the
presence of blue duiker (Philantomba monticola), and Potamochoerus porcus (bush pig), which
are commonly found in forest habitats.

Palaeoenvironmental information available for the pre-SB and SB is limited. However, the
avifaunal analysis of the pre-SB and SB layers (Val, 2016) revealed the presence of forest-
dwelling species, such as the African olive pigeon (Columba arquatrix), trumpeter hornbill
(Bycanistes bucinator), buff-spotted flufftail (Sarothrura elegans) and turacos (Musophagidae
sp.). These taxa highlight the importance of an evergreen forest component in the vicinity of
the rock shelter during the pre-SB and SB. The Cape parrot (Poicephalus robustus) was identified
in the late pre-SB layers, BS, LBG3 and LBG2 (Val, 2016). This species exists today only in
KwaZulu-Natal and is almost extinct in the rest of South Africa (Sinclair, et al., 2011). The Cape
parrots need tall trees for nesting and they live in temperate forests, preferably Podocarpus
(yellowwood) spp. forests (Wirminghaus, et al., 2012). The bird assemblage of the pre-SB
encompasses only a few species indicating open conditions (Val, 2016) contradicting the
assumption of a mosaic of habitats at the end of an interglacial stage (>77 ka BP) (Plug and
Clark, 2008). This being said, one possible bias can be that certain taxa associated with savannah
or grasslands neither inhabited rock shelters nor were preyed upon by rock-dwelling birds of
prey. Therefore, if they are not introduced into the site by humans, they do not appear in the
archaeological assemblage (Val, 2016). The phytolith record (Murungi, 2017) confirms warm
and moist conditions coinciding with the end of an interglacial period and attests to a mixed
vegetation of grasses, sedges and woody plants in the vicinity of Sibudu during the pre-SB. The
low stable carbon and oxygen isotopes collected from faunal tooth enamels imply a more
closed, likely forested, and wet habitat compared to the rest of the sequence (Robinson and
Wadley, 2018). The phytoliths of the SB suggest continuing moist conditions and a mixed
environment of grasses, sedges, and dicotyledonous plants (Murungi, 2017).
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The micro-faunal analysis (Glenny, 2006) shows that the Gambian giant rat (Cricetomys
gambianus) occurred in the HP layer GS. This animal is not present in KwaZulu-Natal today,
preferring evergreen forests and woodland that receive more than 800 mm rainfall per annum,
thus indicating at least partially more humid or moister conditions than today (Wadley, 2013b).
Additionally the Geoffroy's horseshoe bat (Rhinolophus clivosus), which occurs in the HP layers
GS and GR (Glenny, 2006), prefers sandstone caves with humid conditions. The sediments
belonging to the HP contain more calcite than gypsum (Schiegl and Conard, 2006). Both calcite
and gypsum require moisture for their formation and are water-soluble, but calcite dissolves
less readily after its formation. The high frequency of calcite, yet absence of gypsum, in the HP
implies a period of greater humidity than after ~58 ka in the post-HP when large quantities of
gypsum suggest arid conditions (Wadley, 2013b). Furthermore in the HP, charcoal is dominated
by Podocarpus spp. (Allott, 2006), indicating evergreen forest around Sibudu in the final stage
of MIS 4. The identification of Cape parrots in the HP layers additionally emphasises the
evergreen forest component (Val, 2016). This is supported by the presence of other fauna that
prefer forest habitats including Cephalophus natalensis (red duiker), blue duiker, bush pig,
Tragelaphus scriptus (bushbuck), and Chlorocebus aethiops (vervet monkey) (Clark and Plug,
2008; Clark, 2011, 2017; Wadley, 2013b). The lowermost layer of the HP contains the highest
frequency of blue duiker, small ungulates and closed-dwelling taxa. The significant decline of
these species over the course of the HP relates primarily to changes in the local environment,
but also reflects changes in subsistence strategies, hunting weaponry and/or site use (Clark,
2017). The HP seems to represent cooler conditions than today that possibly allowed for more
effective moisture retention supporting a substantial evergreen forest with patches of open
woodland/savannah (Hall, et al., 2014).

Archaeomagnetic based studies (Herries, 2006) for the early post-HP layers YA2 to G1 imply
that this is the coldest phase within the whole sequence. However, since the deposits were
accumulating mostly from anthropogenic activities and were not climatically driven (Goldberg,
et al.,, 2009), the magnetic susceptibility data must be treated with caution. The near-
disappearance of forest birds during the post-HP corresponds to a decrease of forest cover and
a shift towards drier and more open conditions (Val, 2016). In layer Eb, towards the top of these
layers with an age of ~58 ka BP, charcoals of Erica sp., Acacia spp., Morella sp., Ziziphus sp. and
Leucosidea sericea (Allott, 2006) are identified, which are not part of the vegetation community
today. Leucosidea sericea can represent a pioneer species and is most often found in higher
altitudes and in areas with cold winters. The appearance of this taxon implies that rapid
environmental change may have been taking place at the time (Wadley, 2013b).
Correspondence analysis of seed and faunal data (Reynolds, 2006) from this period confirms
fluctuations in response to a changing environment. The seed assemblage contains a mixture
of sedges and woody trees as well as shrub species. The presence of Cyperaceae nutlets in the
lower post-HP layers implies open or semi-permanent water. Most of the other identified seeds
come from evergreen forest species, but deciduous taxa increase in the younger post-HP strata
coinciding with the warming trend (Sievers, 2006). Woody species from charcoal analysis
suggest the continuous presence of an evergreen riverine forest component (Allott, 2006).
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Podocarpus spp. does not occur in the earlier post-HP deposits and only reappears in layer SPCA
(Wadley and Jacobs, 2006). The pioneer species Natal multimammate mouse (Mastomys
natalensis) was identified in the upper post-HP deposit MY (Glenny, 2006). This taxon is not
forest-dwelling and can inhabit dry areas due to its degree of water independence (Skinner and
Chimimba, 2005). The earlier and younger post-HP layers show great differences in their faunal
composition. Small bovids decrease and are almost absent in the uppermost part which is
instead dominated by large species such as equids and large to very large bovids (Plug, 2004).
Grazers occur throughout the post-HP sequence but in higher frequencies in the younger layers
(Plug, 2004; Clark and Plug, 2008), suggesting a shift from subsistence based on fauna from
closed forest environments to exploitation of animals in drier, more open savannah/grassland
communities. The initial phase of the HP was most likely a cold phase, followed by a warming
trend. However, in contrast to the afforestation occurring in the HP, open woodland and
grassland vegetation was more common during the post-HP (Hall, et al., 2014). The data
resulting from the enamel stable isotopes are suggestive of stable conditions during the SB, HP
and post-HP characterised by a closed forested vegetation, but with a slightly drier climate than
in the pre-SB (Robinson and Wadley, 2018).

Magnetic susceptibility data (Herries, 2006) imply a warming trend in the late MSA. Proportions
of gypsum are high suggesting arid conditions in the shelter (Schiegl and Conard, 2006). The
presence of Cyperaceae nutlets (Sievers, 2006) and the occurrence of hippopotamus
(Hippopotamus amphibious) (Plug, 2006) point to the presence of a permanent water source.
Seeds of evergreen species persist, but the proportion of deciduous species increases during
the late MSA. Charcoal analysis attests to a typical plant community for deciduous savannah
woodland, including Acacia spp., Albizia spp., and Celtis spp. (Allott, 2006). Layer RSp is the
youngest to contain Podocarpus. The faunal remains indicate mixed environment with
savannah, grassland, and woodland habitats (Plug, 2004; Wells, 2006). The Gambian giant rat is
present in layer RSp suggesting the presence of forested areas (Glenny, 2006). The re-
occurrence of the Natal multimammate mouse implies an environmental change and the onset
of a cooler period prior to or during the deposition of RSp (Glenny, 2006). The late MSA seems
to represent a warmer and more humid phase than the post-HP, with more open vegetation
(Hall, et al., 2014).

The final MSA may represent a relatively warm phase within MIS 3, possibly drier than today
(Wadley, 2013b). Brachylaena spp., Acacia spp., Mystroxylon aethiopicum, Erica sp.,
Clerodendrum glabrum, cf. Phoenix reclinata and Kirkia sp. occur and are reminiscent of
bushveld vegetation that is nowadays restricted to northern South Africa (Allott, 2006). The
faunal stable isotope analysis demonstrate higher §3C and 680 values in the late MSA and final
MSA indicating more open and drier environmental conditions than before (Robinson and
Wadley, 2018).

Interestingly, two hiatuses occur between the post-HP and the late MSA and between the late
MSA and the final MSA, which correspond to periods of colluviation. It seems that MSA people
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rather inhabited Sibudu during phases of pedogenesis reflecting more humid conditions than
during colluviation. Thus, climate and environmental forces may have partially contributed to
determining occupation or abandonment of Sibudu Cave in MIS 3 and other periods (Wadley
and Jacobs, 2006). However, the scenario is clearly more complex because the long
occupational hiatus between the final MSA at ca. 38 ka BP and the Iron Age and the
accompanying lack of LSA occupations cannot be explained by climatic and environmental

causes alone.
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3. Methods

In this chapter, firstly | expand on the method of excavation to illustrate the high-value and
high-resolution documentation of the lithic material within the archaeological context. | then
describe the strict protocol we follow to process all the finds in such a way that subsequent
analyses and later final archiving in the museum are well ensured. Secondly, | elaborate on the
technological, techno-economic, techno-typological, and techno-functional methodological
procedures that | applied to study the lithic artefacts of the basal deposits from Sibudu. | provide
the theoretical background to these approaches and highlight that due to the comprehensive
framework, | was able to gain a wide range of data to address my research questions concerning
the characterisation of the assemblage, human behaviours and technological variability in time
and space. Finally, | explain how the analysis proceeded in practice, what analytical tools | used
and what attributes | recorded.

3.1. Methods of excavation

The new excavation of the University of Tlbingen is carried out in two excavation areas, the
Deep Sounding (DS), including squares A5-4, B5-4 and C5-4, and the Eastern Excavation (EE),
involving squares C3-2, D3-2 and E3-2 (Figure 8) (Conard 2013). The research team adopted the
excavation grid and layer definition and designation introduced by Wadley and established
reliable chrono-facies that link stratigraphic units of the previous excavations with the new
areas (Conard, et al., 2012). The excavation method used by our team complies with modern
standards and follows a strict protocol, allowing the optimal documentation of the context of
the finds.

With regard to my data, it is important to mention that one single archaeologist excavated all
of the assemblage. Since 2012, Mohsen Zeidi (University of Tibingen) has had the delicate task
of exposing the new layers in the DS (Figure 14). His expertise and excavating accuracy ensure
a unified high-quality documentation of the archaeological record. The protocol used for the

fieldwork at Sibudu adheres to a slightly adjusted version of the Tibingen excavation
conventions originally established by (Hahn, 1988).

Figure 14. Sibudu: M. Zeidi in the DS in March 14%, 2012 (Photo by Sarah Rudolf).
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Following standard excavation procedures adopted by Wadley’s team as well, every square
metre is subdivided into four 50x50 cm quadrants. These are identified by lower case letters
whereby quadrant a is located in the northwest, b in northeast, c in the southwest and d in the
southeast. In each quadrant, excavation proceeds in ca. 10-30 mm thick Abtrdge that follow the
natural slope of the sediments and never crosscut geological strata. These Abtrdge represent
the smallest time-unit discerned at Sibudu and sometimes equate to defined archaeological
layers. The Abtréige are numbered and documented by layers and features. Features are
defined as sedimentary events that do not spread over an area larger than a quarter square
metre, are excavated separately from layers and are numbered within the associated layer.
Zeidi always starts digging a new Abtrag in the northwest corner, i.e. in quadrant a of square
A5, following the natural southeast slope of the deposits. As logistical limitations make it
impossible to expose one Abtrag on the whole excavation surface of the DS at once, Zeidi
excavates every Abtrag square by square using a stuccoer's iron. He takes soil samples of each
Abtrag in each square in quadrant c. Micromorphological samples are taken as well, whenever
found necessary.

After the completion of an Abtrag in one whole square metre, Zeidi starts the documentation
procedure. This includes a drawing of the situation of any finds present (Figure 15a), writing an
entry in the square diary to provide information of sediment changes, particular features and/or
finds (FIGURE 15b) and taking photos. Photos with target points for photogrammetry were
taken following the workflow suggested and implemented by Magnus H. Haaland so that later
image-based 3D models can be generated. Furthermore, for every new layer, Zeidi fills out a
new layer form, which includes information on colour, grain size, compaction of the sediment,
find density and presence of artefacts, features and rocks (FIGURE 15c). Where a new feature
is identified, he also fills out a new feature form, including information on sediment and finds.

Figure 15. Sibudu: a) Drawing of Abtrag 3 in layer Bart (GSS) with indication of serrated piece B4-1170 by M.
Zeidi (lithics in red; faunal remains in blue, ochre in orange); b) diary of square B4 with diary entries of March
24 and 25 2013 with drawing of serrated piece B4-1170 from layer Bart (GSS) by M. Zeidi; c) layer form of
layer Bart (GSS) filled out by M. Zeidi.
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Our team then piece-plots all lithic single finds over 30 mm in maximum dimension and all
faunal remains larger than 40 mm — making exceptions for smaller identifiable items like worked
boned, retouched objects or cores — with a Leica total station and the EDM program (Dibble
and McPherron, 1996). Due to the depth of the DS, we measure most of the finds with a prism.
In the western part of the excavation area, logistical difficulties, namely the poles to stabilise
the profiles, force us to use offsets. All individual finds with no significant long axis are measured
at the middle point on the topside of the object. Single finds with a significant long axis (long
axis ratio over 1.8) are measured at three points on the exposed surface of the object: at the
middle, the highest point, and the lowest point. For the recorded pieces with a significant long
axis, the inclination and orientation are also noted in order to retrieve information about the
embedding conditions, e.g. if sorting by solifluction occurred. The artefact inclination or ‘dip’ is
indicated by numbers 1 to 5, whereby 1 stands for completely horizontal and 5 for completely
vertical. The orientation description is organised into a military clock system with 12:00
representing north. The lowest point of the artefact is the measured origin on the clock, for
example a base point of 6:00 would indicate the artefact is sloping downwards to the south. For
horizontal finds with a dip measurement of 1, their orientation is recorded as afternoon times,
so a north-south oriented artefact would be recorded as 18:00.

After finds have been recorded in situ with the total station, each is then put into a small plastic
bag with an individual find tag giving details of the square, find number successive per square,
layer, feature where relevant, archaeological designation (e.g. blank, tool, core), date,
excavator and z-value. Since 2014, Zeidi has collected sediment samples close to specific lithic
artefacts which is added to the find bag. He then also marks the bag with a cross, meaning that
it should not be washed as it is designated for residue analysis. Rocks larger than 10 cm are
measured after being fully exposed with as many points as necessary to record three different
aspects: the long axis of the rock, the outline and the highest and the lowest point of the long
axis. With regard to features, when their full extent is uncovered, we measure the outline and
highest and lowest points. To record the top surface of a newly exposed layer, we take a
sufficient amount of measuring points on the surface. To finish a measuring session, we record
one central point in each quadrant which refers to the bucket with the collected excavated
sediment. We give every bucket a plastic bag with a find tag that includes all the information
provided for the single finds, together with its own information. The archaeological designation
is always El, referring to the German word for bucket ‘Eimer’, with the quadrant as a suffix in
lower case and the volume of the excavated deposit, taken from measurement markings on the
sides of buckets which hold a maximum of 10 litres. After the measuring session, we dry sieve
every bucket of sediment with superimposed screens of 5 mm and 1 mm mesh to retrieve all
the smaller pieces as well as any larger objects that were not detected during excavation. The
volume of residue left in each sieve is additionally recorded on the back of the find tag, meaning
that the provenience of small screen residues can be allocated to within a quadrant and a
maximum thickness of 30 mm.

To keep track of layer boundaries, Zeidi marks the bottom surface of every layer with pins in
the same colour and attaches a plastic label to the profile wall. At the end of every excavation
season, before the refilling of the DS to secure the site, we document all of the profiles.
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All of archaeological material recovered is further processed in our excavation house in Ballito
according to our comprehensive manual.

Firstly, all single finds are hand-washed in water with latex free gloves. The residue analyses
have shown that although the washing process is not optimal, residues are still preserved on
the artefacts after washing. Faunal remains and lithics are all labelled with the exception of
bifacial pieces. Bifacial pieces follow a different protocol to avoid that the labelling conceals
shaping removals.

Secondly, the coarse fraction of the sediment (from the 5 mm screen), so-called ‘bucket finds’,
are sorted. During the process of sorting, if an artefact is found that complies with the single
find category (lithic blank >30 mm, worked bone, worked ochre, etc.) then it is ‘upgraded’,
washed, labelled and catalogued with the single finds. Each upgraded find is allocated a sub-
number that is added to the final find number for that bucket. For example, if the final find
number of the bucket is 832, the number of the first upgraded find will be 832.1, the second
upgraded find will be 832.2 and so on.

All remaining finds that are not upgraded are sorted according to their category. We put each
category in one bag that is labelled with the respective abbreviation and the number (n) or
weight (g). All lithic small debitage is sorted and counted according to three size categories: KD
30 = all small debitage >20 mm and <30 mm, KD = all small debitage >10 mm and <20 mm, and
MD = all micro debitage >5mm and <10mm. When the sorting and packing is finished, the
categories are put together in a large find-bag labelled with the site name, excavation year,
square, quadrant, find number, layer and z-value.

Thirdly, we also sort the fine fraction (from the 1 mm screen). Because of the large quantity
recovered, fine sediment is only sorted in selected DS quadrants since 2012: quadrants b of B4,
B5, C4 and C5. From this fine fraction material, micro-debitage, microfauna, fish remains,
molluscs and botanical remains are separated. The fine sediments are analysed under the
microscope to detect any botanical remains that are too small to catch with the naked eye. Each
find category from the fine fraction is put into a bag and then packed together in the large find-
bag with the remains from the coarse fraction.

Fourthly, after all bucket sediments are sorted, we enter their information into the
superordinate main Microsoft Access database for Sibudu in the form ‘Eimer’.

For all upgraded lithic finds and lithic single finds, | enter the attributes, including raw material
unit (dolerite, hornfels, quartz, quartzite, sandstone, chert, indetermined), technological
classification (blank, angular debris, tool, core, hammerstone) and blank description (blade,
bladelet, flake, triangular flake), in the form ‘lithic analysis’ of the Sibudu main database during
the field season.

Finally, after data have been entered into the database, all find categories (e.g. lithic artefacts,
bones, ochre pieces, etc.) are separated and sorted into larger bags by layers. They are then
stored in respective boxes in such a way that they can be readily access for subsequent analyses.
All recovered archaeological specimens are permanently stored at the KwaZulu-Natal Museum
in Pietermaritzburg (South Africa, 237 Jabu Ndlovu Street) (Figure 16).
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Figure 16. Permanent storage of all lithic specimen from layers Adam to Chantal at the KwaZulu-Natal Museum
in Pietermaritzburg (Photo by Viola C. Schmid).

3.2. Methods of Study

I apply a technological approach to study the lithic assemblage. Lithic technology is defined here
as concerning all activities of prehistoric humans related to the creation, transformation and
use of lithic objects (Haudricourt, 1964; Inizan, et al., 1999). | implement the technological
approach of the chaine opératoire which uses each artefact in the assemblage to reconstruct
the temporal operational sequence of the different technical stages, from raw material
acquisition, blank production, tool manufacture and use to discard (Leroi-Gourhan, 1943, 1964;
Lemonnier, 1976; Tixier, 1980; Cresswell, 1983; Pelegrin, et al., 1988; Boéda, et al., 1990;
Geneste, 1991; Karlin, et al., 1991; Inizan, et al., 1999; Wurz, 2000; Soressi and Geneste, 2011).
The nature of the analysis itself is descriptive based on rigorous, in-depth observations and,
because stone tools represent the work of craftsmanship, strives to expose the intentions and
knowledge of the craftspeople (Tixier, 2012; Porraz, et al., 2016). The interpretations, in terms
of variability and diversity in intentions/technical choices, are founded on a theoretical
framework aligned with the analyst and the research questions (Porraz, et al., 2016). In my
theoretical background here, | propose that the lithic production first emerged as a cognitive
project which was then converted, on an intellectual level, into a conceptual scheme that finally
underwent concretisation through a series of operations representing the operational scheme
(Figure 17) (Pigeot, 1991; Inizan, et al., 1999; Soressi and Geneste, 2011).
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Figure 17. Theoretical framework of the technological approach, including the relationship between project,
conceptual scheme, and operational scheme (modified after Soressi and Geneste, 2011: Figure 3; Porraz, et al.,
2016: Figure 5; drawing by Heike Wirschem).

Each of these steps is dependent upon and influenced by several, partly interacting, natural
(raw material accessibility, quantity, quality, size, etc.) and human parameters (functional
needs, individual know-how, technical traditions, subsistence, belief systems, etc.) (Jelinek,
1976; Boéda, et al., 1990; Pigeot, 1991; Inizan, et al., 1999; Soressi and Geneste, 2011; Porraz,
et al., 2016). Thus, the constancy or recurrence of pattern(s) in a lithic assemblage allow for this
to be interpreted as intentional (Soressi and Geneste, 2011).

The basic analytical principle of a lithic technological analysis is that the production of stone
tools is a reductive technology that depends on the property of conchoidal fracture. The process
of conchoidal fracturing is governed by three main physical constraints (Collins, 1975: 16;
Porraz, et al., 2016: 208), namely the mechanical properties of the rock, the geometric shape
of volume, and the application and control of force (Goodman, 1944; Kerkhof and Miiller-Beck,
1969; Crabtree, 1972; Speth, 1972; Tsirk, 1974; Dies, 1975; Callahan, 1979; Cotterell and
Kamminga, 1979; Johnson, 1979; Roche and Tixier, 1982; Cotterell, et al., 1985; Cotterell and
Kamminga, 1987, 1990; Bertouille, 1989; Dibble and Whittaker, 1981; Hahn, 1991; Weimidiller,
1991; Pelcin, 1996, 1998; Dibble and Pelcin, 1995; Pelegrin, 2000; Dibble and Rezek, 2009;
Rezek, et al., 2011; Magnani, et al., 2014). Once the toolmaker has empirically incorporated
these constraints, they become rules. By following these established rules, it is possible to
control and predict the fracture (Porraz, et al.,, 2016). Consequently, technological analysis
allows one to assess deterministic constraints before making assumptions about cultural
choices (Inizan, et al., 1999: 13).
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The intention of knappers is ultimately to produce a tool designed in a way to serve a distinct
function (Porraz, et al., 2016). The tool obtains its specific technological characteristics as a pre-
determined blank resulting from débitage (knapping, for definition see Boéda, 1991: 41;
Chevrier, 2012: 141); Boéda, 2013: 52f.) and/or by a stage of confection (for definition see
Boéda, 2013: 52). If a confection is applied to the pre-determined blank, | refer to the tool as
retouched tool (outil retouché). If the pre-determined blank is used as tool without confection,
| refer to the tool as utilised tool (outil brut) (Bonilauri, 2010: 27ff.). To understand a tool itself,
we, as analysts, should take into account all technical steps behind its manufacture which will
vary according to foreseen intended actions/tasks, the availability of geological resources, the
skill of the knappers, the technical subsystem (e.g. the hafting mode, the mode of propulsion
of the tool), the subsistence strategy and the traditions of the tool-manufacturing population
(Porraz, et al., 2016). | hypothesise that these traditions are products of cumulative culture
(Tomasello, 1999) or constituted culture-dependant traits (Reindl, et al., 2017); that is, they
required cultural contact or transmission, including active teaching plus a high selective social
pressure towards standardisation (compare Whiten, et al., 2003). The tool is considered as the
integral part of a deliberate, non-random system of fabrication, maintenance and
abandonment. Hence, strong connections are expected between raw material selection, core
reduction strategies, outcome of (pre-determined) blanks and the production, use and discard
of tools (Conard, et al., 2012).

| propose that the inhabitants of Sibudu aimed to produce specific tool forms at specific times
and these tools underwent life-histories reflecting their manufacture, use, curation, recycling
and discard (Conard and Adler, 1997). Accordingly, the tool types are governed by dynamics of
re-sharpening, continued utilisation, and recycling in their life-cycles, partly explaining the
variability in intensity of modification seen in a lithic assemblage (Krukowski, 1939; Frison, 1968;
Dibble, 1987; Kuhn, 1990; Clarkson, 2002a; Andrefsky, 2006; see Hiscock and Tabrett, 2010 for
review). Moreover, the investigation of the life-history of tools allows us to make statements
about raw material economy (Dibble, 1991; Andrefsky, 1994; Clarkson, 2002b), occupation
duration and intensity (Rolland and Dibble, 1990; Kuhn 1991; Surovell, 2012) , and mobility
strategies (Kuhn, 1992; Odell, 1996; Holdaway and Douglass, 2015). Therefore, in addition to
adopting a traditional typological approach, | follow the concept of the Pradnik Cycle
(Krukowski, 1939). | assume that well-defined regulated phases of tool production, usage and
discard left its recurrent marks on the lithic assemblage as tools from different stages occur,
enabling the reconstruction of clear patterns and ultimately determining the life-cycle of the
tool (Conard, et al., 2012).

| also adopt a techno-functional approach to provide functional characterisations of the tools
based on technical features (Lepot, 1993; Boéda, 1997, 2001, 2013; Bourguignon, 1997;
Soriano, 2000, 2001; Bonilauri, 2010; Lourdeau, 2010; Nicoud, 2011; Chevrier, 2012; Conard, et
al., 2012). A tool consists essentially of three techno-functional units (Unité Techno-
Fonctionnelle (UTF)): a transformative part (Contact Transformatif (CT)) intended to be in
contact with the worked material, a passive part (Contact Préhensif (CP)) intended to be
handled, and an intermediate part (Contact Réceptif (CR)) that connects the working edge and
the prehensile end, passing on the transmitted energy during an action (Figure 18).
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Human + Need Material to transform

Figure 18. The three types of contact of a tool (modified after Nicoud, 2011: Figure 9; Lepot, 1993; drawing by
Heike Wirschem).

UTFs are defined as an ensemble of technical elements and/or characteristics that coexist in a
synergy of effects (Boeda, 1997: 34). The three units, depending on the tool, can be very
pronounced or rather subtle, but the basic principles are universal. One of the central aspects
of the techno-functional approach is the study of the patterns of retouch. They depend on a
couple of variables, including the physical attributes of the hammer substrate, and the motion
and force of percussion applied by the toolmakers determining the edge characteristics with
respect to the intended task(s) (Conard, et al., 2012).

These technological and techno-functional approaches, combined with use-wear and residue
analyses, and supplemented further with experimental data, provide multiple lines of evidence
to underpin and strengthen certain hypotheses about the dynamics of production, use and
discard of stone tools within an assemblage (Conard, et al., 2012; Rots, et al., 2017). In
collaboration with the use-wear specialist Veerle Rots (TraceolLab/University of Liege,
University of Tlbingen), the residue analyst Carol Lentfer (TraceoLab/University of Lieége) and
the experimental archaeologist Christian Lepers (TraceoLab/University of Liege), we had the
opportunity to integrate of all these fields to yield a combined, robust set of results on the
manufacture and function of the tool class of serrated pieces (for further details see Chapter
5.6.2.2.) (Rots, et al., 2017).

By applying such a comprehensive framework and incorporating different technological
methodological procedures, my goal is to maximise the information that can be obtained from
limited archaeological data (Collins, 1975: 15) to describe the different technical events
underlying the lithic assemblage, to decipher their associations and characteristics (Porraz, et
al., 2016) and to make inferences about human behaviours in layers Adam to Chantal from
Sibudu. To achieve a more holistic picture of past behavioural patterns, one has to explore the
relationship of the lithic technical sub-system to other interrelated technical sub-systems, such
as food collection/hunting or food processing (Soressi and Geneste, 2011). As research into the
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faunal remains is still in progress, this must be part of future work. Moreover, as stated above,
groups of hunter-gatherers made different technical choices and passed them on from one
generation to the next. Consequently, they established different traditions, creating variability.
Detailed technological analyses allow comparison with other assemblages to examine
similarities and differences in technical choices to achieve a better understanding of temporal
and spatial variability of lithic technology in broader cultural context (see Jelinek, 1976;
Lechtman, 1977; Sackett, 1982; Wiessner, 1983).

3.2.1. Protocol of the technological Study

To highlight the technical choices made during each step of the knapping process, | followed a
specific study protocol inspired by (Soressi, 2002; Soressi and Geneste, 2011):

As mentioned above, | undertook an initial classification of the lithic finds during the excavation
and accordingly, the lithic artefacts are separated into blanks, angular debris, tools and cores. |
then continued with the study protocol at my provided working space in the KwaZulu-Natal
Museum in Pietermaritzburg.

First, | laid out the whole lithic assemblage of each layer on a table to make a first general
observation, keeping artefacts separated according to technological classification (see for
example Figure 19).

Based on this superficial, visual examination, | defined a posteriori (vs. a priori, see Soressi and

Geneste, 2011) the attributes to be recorded, allowing for quantification on each individual

Figure 19. Lithic assemblage of Adam laid out on the table to make a first general observation (Photo by Viola C.
Schmid).
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piece, or, if specifically for a particular technological category (e.g. cores), on each individual
piece of this category. In this way, | had the opportunity to use attributes that are specific to
the actual operational scheme. As an interpretation is only possible for what we, as the analysts,
understand from the assemblage, this a posteriori definition of attributes is no less objective
than an a priori attribute definition (Soressi and Geneste, 2011: 342). As one major outcome of
my analysis concerns the global description of the lithic assemblages, | tried to be exhaustive in
my definition of attributes. | added some attributes later, especially for cores and tools, as |
gained more experience of the assemblage and specific features | observed on blanks, cores
and tools raised new questions that | wanted to elaborate on.

In the next step, each artefact of each technological category was grouped by raw material,
based on macroscopic observations. Because the petrographic properties of rocks have an
influence on the knapping process, this allowed me to establish a first impression of techno-
economic patterns.

Next, | aimed to gain a thorough understanding of the knapping techniques and methods of
reduction used by the knappers producing the assemblage. These terms are introduced and
distinguished by (Tixier, 1967). Knapping technique refers to the physical means of the
transferred energy associated with the removal of the blanks ( Pelegrin, 1995; Soressi and
Geneste, 2011). Method of reduction refers to the intellectual steps intentionally followed
throughout the knapping process, expressed by the volumetric and sequential organization of
the removals in space and time (Pelegrin, 2000, 2005, 2006; Soressi and Geneste, 2011). An
accurate determination of the techniques involved for each piece is very difficult, so | tried to
gauge more general tendencies. The examination of the methods of reduction is paramount
and | proceeded by considering the organisation of removals on each artefact in order to retrace
short sequences of the reduction. By placing these sequences in sequential order, | could then
reconstruct the global method(s) underlying the assemblage. Some of the products are
obviously more informative than others, e.g. primary crested blade, as their short sequence of
removals are more characteristic of a specific stage within the knapping process. Additionally,
some stages are so essential to the operational sequence that their presence or absence is
always significant, e.g. first flakes.

After organising all lithic objects, | aimed to highlight morphological and technological
characteristics of the products within the operational sequence in order to provide a detail-rich
reconstruction of the operational scheme. Mental refitting guided my observations, but the
proposed model can be tested by physical refitting and experimentation (Tixier, 1980; Pelegrin,
1986, 1995, 2006; Geneste, 1991).

The last step concerned identifying whether every phase of the operational sequence was
carried out for each raw material at the site or whether certain phases are not observed in the
assemblage and therefore might have been conducted away from the excavated site.
Observations, attributes and attribute combinations judged as relevant during the classification
stages were then recorded in a database and quantified to enable the application of descriptive
and comparative statistical tests. The attribute list compiled for the assemblage of the lower
deposits from Sibudu contains attributes similar to those already existing in the literature
(Hahn, 1977, 1982; Auffermann, et al., 1990; Kieselbach 1993; Ott 1996; Tostevin, 2000, 2003,
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2012; Adler, 2002; Nigst, 2012) as well as some specially selected attributes to address
particular technological, techno-typological or techno-economic research questions. | created
an input mask of the attribute list to enter all the data into a Microsoft Access database. The
input mask and the data acquisition were realised by the software E4
(http://www.oldstoneage.com/software/e4.shtml). The whole attribute list can be found in
Supplementary Information.

3.2.2. General Attributes

3.2.2.1. Cortex

The proportion and position of cortex coverage provide information about the organisation and
intensity of the reduction sequence, import and export of raw material, site use and mobility
patterns (e.g. Newcomer, 1971; Geneste, 1985; Hahn, 1991; Kuhn, 1991, 2004; Reher, 1991;
Roth and Dibble, 1998; Andrefsky, 2005; Dibble, et al., 2005, Marwick, 2008). | recorded the
cortex coverage for all technological categories. For blanks, this attribute concerns only the
dorsal surface, while for the cores and angular debris it relates to the overall surface (Nigst,
2012). | determined the percentage of cortex coverage and divided the artefacts into groups
based on the coverage percentage. These groups are as follows: 0%, <20%, >20%, >50% and
100%. | additionally specified the location of the cortex.

3.2.2.2. Fragmentation
Fragmentation was recorded for all artefacts but information on which part is preserved was
only recorded for blanks. The data concerning artefact dimensions are strongly affected by the
degree of fragmentation in the assemblage.

3.2.3. Modalities of Measurements

Measurements were only taken if the lithic object was completely preserved in this dimension
and the measurement was easy to take as well as reproducible. | took measurements of length,
width, thickness and maximum dimension in millimetres with a calliper. All objects were
weighed in grams using a digital scale (Nigst, 2012). All values are recorded accurate to one
decimal place.

The measurements of length, width and thickness on blanks follow the definitions of
(Auffermann, et al., 1990; Soressi, 2002; Nigst, 2012) (Figure 20a). The length is obtained by
taking the longest measuring distance from the platform to the most distal point of the artefact
parallel to the axis of flaking. The axis of flaking of a piece is defined as the imaginary line
following the direction of percussion (De Loecker and Schlanger, 2004: 304). | measured the
width as the maximum distance between the two edges of the object perpendicular to the
length axis. | took the value for the thickness at the thickest part of the blank perpendicular to
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the ventral face including the bulb of percussion. | additionally recorded the maximum
dimension defined as the longest measurement distance across a blank (Mackay, 2008). The
depth and width of the platform were also recorded (Figure 20a). The platform depth is defined
as the distance from the exterior edge of the platform to the impact point of percussion (Dibble
and Whittaker, 1981; Dibble and Pelcin, 1995; Dibble and Rezek, 2009). The platform width was
measured perpendicularly to the platform depth (Auffermann, et al., 1990; Nigst, 2012).

By using combinations of different measurements, | could calculate different informative ratios
and formulae; for example, debitage laminarity and dorsal convexity. The debitage laminarity
is calculated from the average ratio of the blank length to the blank width of all blanks (Adler
2002: 196; Tostevin 2003: 85). An assemblage showing a high debitage laminarity of or above
2.0 indicates that the knappers aimed primarily for elongated objects. The dorsal or vertical
convexity is determined by the average ratio of the blank width to the blank thickness. This
value serves to identify whether a tall, laterally centralised convexity or a flat, laterally diffuse
convexity dominates the assemblage (Tostevin 2003: 86). Furthermore, | used the formula
following (Mackay, 2008) to generate an estimate of the edge length (EL): EL = length + width +
maximum dimension. The EL-weight-ratio allows one to make statements on the efficiency with
which knappers converted core mass into cutting edge by applying their preferred reduction
strategies (Mackay, 2008).

| used a goniometer to determine the exterior platform angle (EPA), defined as the angle
between the platform and dorsal surface of completely and proximally preserved blanks (Figure
20a) as well as between the platform and removal surface of cores (Figure 20b) (Dibble and
Whittaker, 1981; Dibble and Rezek, 2009; Nigst, 2012). In addition, on cores | measured the
angles between the lateral surfaces and the final main removal surface.

The measurements taken on cores followed (Hahn, 1982; Nigst, 2012) (Figure 20b). The length
of the core was measured from the platform to the most distant point at the base, parallel to
final main reduction axis. The width was recorded as the maximum distance between the two
edges of the core, perpendicular to the length. | measured thickness from the thickest part of
the core between the final main removal surface and the core back, perpendicular to the length.
| recorded the length of the last removal on the final main removal surface as the measurement
distance from the platform of the core to the most distal point of the removal.

For retouched elements such as unifacial pointed forms, bifacial points and serrated pieces, |
recorded the length of the retouched point, the maximum width and thickness of the point, and
the length, maximum width and thickness of the base (Figure 20c) (compare Conard, et al.,
2012: Figure 9).

Due to time constraints, | took measurements with a goniometer in degrees to determine the
edge-angles of the edges of unifacial pointed forms. The artefact was placed in the device so
that one surface was flat against one of the arms (Dibble and Bernard, 1980). To calculate the
edge-angles of bifacial and serrated pieces, | took thickness measurements with a calliper at a
known medial distance of 2 mm from the edge of the artefact and then used the formula for
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calculating the edge-angle according to (Soressi, 2002; Dibble and Bernard, 1980): edge angle =
tangent arc [thickness/ 2 mm (known edge depth) / Pi * 180]. This measuring method has been
demonstrated to be most reliable (Dibble and Bernard, 1980; McPherron, et al., 2014).

As demonstrated by several ethnographic studies (see for example Leroi-Gourhan, 1943), the
edge-angle constrains whether a tool can perform a vertical incision, a horizontal incision or
both. An edge-angle of 35° or less corresponds to a cutting referred to as coupe rentrante,
including piercing, slicing, and stabbing; edge-angles exceeding 65° are so-called coupe
sortante, suitable for scraping, whittling, and smoothing. An intermediary angle between 35°
and 65° allows for both directions of cutting (Soressi, 2002, 2004). The coupe rentrante is
defined as a cutting edge where the active part of the piece is moved in the same plane as its
length, parallel to the direction of use. In contrast, for the coupe sortante, the transformative
part is moved perpendicular to the direction of motion (Soressi, 2002). The results of several
analyses attest to the limits of angles suited to different directions of cutting (Wilmsen, 1968;
Gould, et al., 1971; Hayden, 1979; Siegel, 1985).

| determined the tip-penetrating-angle (TPA) and the tip cross-sectional area (TCSA) of the
bifacial points and serrated pieces as two proxies to make a suggestive discrimination of
armatures of different weapon systems (thrusting or throwing spears, spear thrower darts or
arrows) (Shea, 2003, 2006, 2009; Villa and Lenoir, 2006). This was complemented by residue
and use-wear analysis that demonstrated the use of the serrated pieces as projectiles through
multiple lines of evidence (Rots, et al., 2017). The TPA is defined as the angle (seen in plan view)
at which the lateral edges converge at the tip of the retouched point (Peterkin, 1993). |
measured the TPA with a goniometer in degrees. For serrated pieces, | also measured the TPA
using the same formula as for the edge-angle, but instead of measuring the thickness, |
measured the width at a known distance of 10 mm from the tip with a calliper following (Villa
and Lenoir, 2006). To calculate the TCSA, | used the formula established by (Hughes, 1998):
TCSA = (0.5 * maximum width) * maximum thickness of the point.
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Figure 20. a) Length, width, thickness, platform width, platform depth and EPA measuring sections on blanks
(Drawing by Heike Wirschem and Achim Frey); b) Length, width, thickness, length of last removal (last removal
grey shaded) and EPA measuring sections on cores (Drawing by Heike Wiirschem); c) Length, width, and thickness
of retouched point as well as width and thickness of the base measuring sections on unifacial, bifacial and
serrated points (Drawing Guillaume Porraz); d) Width and depth measuring sections on notches of serrated
pieces and denticulates (Photo by Viola C. Schmid).
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For serrated pieces and denticulates, | took measurements of the width and depth of all notches
of each tool on high-resolution photos using the software Adobe Photoshop (Figure 20d) (Rots,
et al., 2017).

3.2.4. Debitage Specific Attributes

3.2.4.1. Technological Classification

| classified all blanks that were twice as long as wide and featuring regular, parallel edges and a
width 210 mm as blades, following the definition of (Sonneville-Bordes, 1960; Crabtree, 1972;
Hahn, 1977; Inizan, et al., 1999). Bladelets conform to these criteria as well but have a width
<10 mm (Hahn, 1977). Moreover, | distinguished elongated flakes (éclats laminaires) which
exhibit parallel dorsal ridges, regular morphologies. In contrast to blades, they do not fulfil the
size ratio of length >2 x width, but have a lower limit of length-to-width ratio of 1.5 (Sonneville-
Bordes, 1960; Moreau, 2009). | referred to blanks with converging edges as triangular flakes
(Porraz, et al., 2013).

3.2.4.2. Morphological Attributes
| recorded blank morphology to establish whether a specific shape dominated among the
blanks. | also determined the debitage profile to get an understanding of the management of
the longitudinal convexities of the removal surfaces of cores (Tostevin, 2000: 99, Tostevin, 2003:
86). | also assessed the cross-section at the midpoint of the blank length to identify how
knappers organised the ridge patterns on the removal surfaces of cores to achieve the
propagation of the products (Tostevin, 2000: 99, Tostevin, 2003: 86).

3.2.4.3. Dorsal Scar Pattern
| recorded the number and orientation of dorsal scars for each blank. The number and direction
of the dorsal scars yield information about the organisation and intensity of the reduction
strategy used during the previous flaking of the core (De Loecker and Schlanger, 2004: 318).

3.2.4.4. Distal Termination

The nature of the distal end allows one to make statements about successful exploitation,
maintenance, correction and knapping accidents. In most cases, knappers aimed at feather
terminations as these produce a sharp cutting edge on the blank and leave the core with a
removal surface morphology suitable for the detachment of further products. Blanks exhibiting
a hinge or step termination usually represent knapping accidents related to suboptimal
management of angles and convexities of the core. These accidents cause irregularities on the
removal surface which complicate the further reduction of usable end-products (Dibble and
Whittaker, 1981: 287ff.). By contrast, plunging blanks, which remove part of the opposing end
of a core, are influenced by the shape of the core base and thus may be desired to correct or
maintain the distal convexity of the core (Cotterell and Kamminga, 1987: 701).
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3.2.5. Core Classification

To provide a first general classification of the patterns of reduction of each core, | followed
the framework of the ‘Unified Taxonomy’ defined by (Conard, et al., 2004).

3.2.6. Diacritic Diagram of Cores

| systematically constructed diacritic diagrams of all cores and core fragments which represent
schematic drawings to highlight the final sequence of actions preserved on these artefacts
(Figure 21).

To determine the organisation concerning direction and chronology of the removals on each
object, | took into account criteria, such as ripples or undulations, hackle fractures or ‘lances’,
and the morphology of the ridges (Dauvois, 1976; Inizan, et al., 1999; Soressi, 2002; Soressi and
Hays, 2003). Based on these diacritic diagrams portraying each stage of the reduction sequence,
| established a schematic representation of the reduction sequence to illustrate the entire
sequence of technical actions involved (Inizan, et al., 1999). | used Adobe Photoshop to realise
the schematic illustration. Additionally, | took photos of each core with a Canon EOS 1100D and
processed them with the software Helicon to gain high-resolution images. Furthermore, 3D
artefact models were rendered from photos of selected cores using the same camera to
systematically rotate all around them and the images were processed with the software Agisoft
PhotoScan.

3.2.7. Assessment of Knapping Technique

The knapping technique depends on three parameters defined by (Tixier, 1967): the mode of
application of force, the motion involved in the knapping, and the nature and morphology of
the knapping tool. Several recurrent criteria associated with platform preparation and
regularity of the products enable the identification of these parameters and subsequently the
knapping technique(s) (Pelegrin, 1995, 2000; Valentin, 2000; Soriano, et al., 2007). The
characteristics include lip, bulb, bulbar scar, cone, and impact point as well as platform type and
shape, platform depth, dorsal reduction/thinning, and EPA (Nigst, 2012: 55). | recorded
technological accidents, such as Siret breaks, which can yield additional information about the
percussion technique (Crabtree, 1972; Roche and Tixier, 1982; Inizan, et al., 1999; Pelegrin,
2000). Some setbacks in assessing knapping technique must be acknowledged, such as the
difficulty of differentiating soft and hard hammerstones or of anticipating a change of motion
during the reduction sequence. | followed, on a general level, the distinction of knapping
techniques described by Pelegrin (2000) and, on a more specific level, the list of criteria
developed to diagnose the percussion technique used in the blade reduction system of the HP
and post-HP at Rose Cottage Cave (Soriano, et al., 2007). However, | note that all diagnostic
criteria should be based on and controlled by specific experimental data using similar raw
materials and reduction strategies, which will be the focus of future work.
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Figure 21. Diacritic diagram of core A5-52 from layer Adam (BMO) (Drawing by Viola C. Schmid).
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3.2.8. Typological Classification

The typological classification complied with the commonly used terminology for the southern
African MSA (Wurz, 2000; Porraz, et al., 2013; Volman, 1981; Singer and Wymer, 1982) and |
classified specific tools according to the recently defined terms based mainly on techno-
functional analysis, including Tongatis, naturally backed tools (NBTs) and asymmetric
convergent tools (ACTs) (see for definitions: Conard, et al., 2012; Will, et al., 2014; Conard and
Will, 2015). Moreover, within the bifacial pieces, | identified pieces with serrated edges and
assigned them to an autonomous tool class. The serrated pieces are clearly differentiated from
denticulates by bifacial working preceding the serration and the regularity as well as dimensions
of the notches.

3.2.9. Techno-Functional Classification

The distinct UTFs of a tool, namely CT, CR, and CP, were treated differently during manufacture
and re-sharpening (Lepot, 1993; Boeda, 1997; Soriano, 2000, 2001; Nicoud, 2011; Chevrier,
2012; Kot, 2013). To identify one or more of these UTFs on a tool, each of which is designed in
a specific way by the toolmakers to equip this section of the object with the intended set of
techno-functional features, | examined features from the tool manufacturing to the final phase
of transformation which give the functional characteristics to the tool. In addition to identifying
the chronological order of the removals of retouch, | also took into consideration the
orientation, size, presence or absence of counter-bulbs, and the profile of the retouch removals
(Soriano, 2001: 78).

Alongside the retouch removals, | documented the location and distribution of the various
macro-removals, , which are visible with the naked eye, and micro-removals, which were
identified under the microscope, on the different parts of the tools at a low magnification (x10-
x40) with an Euromex stereomicroscope EduBlue to characterise the intentional (i.e.
technological) and unintentional (i.e. functional) traces the tools bear (Porraz, et al., 2018).

3.2.10. Manufacture Phases of Bifacials

To study the bifacial pieces of the lower layers from Sibudu, | followed the classification of
manufacture phases proposed by (Villa, et al., 2009) based on the SB point assemblage from
BBC, and expanded on by (Hogberg and Larsson, 2011) based on the SB point assemblage from
HRS. The manufacturing of SB points is a progressive process which is valid for all bifacial
shaping processes (Whittaker, 1994). However, the term ‘manufacture phase’ was explicitly
chosen instead of reduction stage, as it is difficult to achieve a clear distinction of stages for the
manufacturing of SB points which seems to be less regular and less standardised than the
production of Folsom and other bifacial Paleoindian points (Villa, et al., 2009: 446). Villa and
colleagues (2009) divided the manufacturing sequence into four phases (1-4): initial shaping,
advanced shaping, finished product and recycling, with a subdivision of phase 2 (advanced
shaping) into phase 2a and 2b. Hogberg and Larsson (2011) defined an additional phase
between phases 2a and 2b, referred to as phase 2ab. To determine the production phase, |
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accordingly assessed different attributes, such as portion of unmodified edge, regular outline
of tip and base, regular profile of tip and base, bifacial symmetry, and bilateral symmetry.

3.2.11. Taphonomic Attributes

| determined edge damage and thermal alterations on each artefact to evaluate the condition
of the lithic material. Additionally, some of the artefacts exhibited a heavy encrustation of
sediment, including fossilised grass leaves and stems (Conard, 2016). | recorded these features
to document the extent to which assemblages were affected by diagenetic processes and to
identify potential spatial differences of post-depositional influences.

3.2.12. Quantifying Small Debitage

The fraction of small lithic objects (<30-5 mm) was quantified according to raw material to draw
additional conclusions on techno-economic patterns. Furthermore, | recorded the proportion
of retouch and shaping flakes not only to quantify the intensity of on-site tool manufacturing
and recycling, but also to identify the different procedures to modify the blanks into tools. |
chose square C4 as a representative sample. | used the description of the attributes established
by Soriano et al. (2009: 44f., 2015: S2 Table D) to determine shaping flakes involving initial,
advanced and final shaping, and the description of Conard et al. (2012: 195) to determine
retouch flakes. The main attribute to distinguish between shaping and retouch flakes concerns
the platform type. Retouch debitage shows plain striking platforms formed by the original
ventral surface of the blank, and shaping debitage demonstrates dihedral or faceted striking
platforms formed by former bifacial preparation, especially in the advanced and final stages of
shaping. Besides the platform type, if | identified at least two further characteristics on a piece,
| classified it accordingly. This approach is conservative and most probably yields an
underestimate of the effective amount of retouch and shaping debitage, as also shown by
experiments (Porraz, 2005).

3.2.13. Statistical Tests

| used the statistics software Past (Hammer, et al., 2001) to conduct univariate descriptive and
comparative tests to underpin my proposed hypotheses, including the Shapiro-Wilk test,
Student’s t-test, and chi-squared test. | used the Shapiro-Wilk test to determine whether a data
set is normally distributed. Student’s t-test tests the equivalence of the averages of two data
sets. The chi-squared test is used to determine the independence of two data sets. A probability
greater than 0.05 (p>0.05) indicates that the hypothesis tested must be significantly rejected at
the 95% confidence level; a probability less than 0.05 (p<0.05) indicates that the hypothesis
tested cannot be rejected at the 95% confidence level.
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4. Archaeological Sample

The archaeological sample providing the basis for the lithic analysis performed here includes all
of the lithic artefacts > 30 mm, plus all cores, core fragments, tools and tool fragments
regardless of their size from layers Adam, Annie, Bart, Bea, Casper, and Chantal. The artefacts
come from squares A4, B4, C4, A5, B5 and C5, which represent an excavation area of
approximately 4 m? and a volume of about 1 m3 (989 litres of sediment) that were excavated in
five field seasons from 2012-2016. The six archaeological units analysed comprise a total of
8,164 lithic objects. The small debitage products (<30mm and <5mm) form a total of 76,945
pieces. The total find density of Adam to Chantal is high with a value of 86,081 n/m3 (Table 4),
exceeding the value of 34,790 n/m3 of the very dense Sibudan layers (Will and Conard, 2018).
In this chapter, | provide a description of each layer, including the general composition of the
lithic assemblage.

Table 4. Sibudu. C-A layers from the Deep Sounding: Frequency of lithic single finds and small debitage products,
sediment volumes and find density.

Lithics Density Lithics Density Density |Excavated
Layer (>30 mm) | (>30 mm) | (<30-5mm) |(<30-5mm) Total Total Volume

n % (n/m3) n % (n/m3) n % (n/m3) m3
ADAM 1,814|10.6% | 14,227.5|1,5245|89.4%| 119,568.6|17,059|100% |133,796.1 0.128
ANNIE 1,057 |10.4% | 11,044.9| 9,094 | 89.6% 95,026.1 10,151 | 100% | 106,071.1 0.96
BART 1,183|10.1%| 6,411.9|10,563|89.9% 57,252.0| 11,746 | 100% | 63,664.0 0.185
BEA 1,595| 8.8%| 6,980.3|16,588|91.2% 72,595.2|18,183|100% | 79,575.5 0.229
CASPER [1,393| 7.8%| 7,143.6|16,505|92.2% 84,641.0 (17,898 | 100% | 91,784.6 0.195
CHANTAL | 1,122 |11.1%| 7,123.8| 8,950|88.9% 56,825.4|10,072|100% | 63,949.2 0.158
Total 8,164] 9.6%| 8,257.3]76,945]90.4% 77,824.4]185,109]100%| 86,081.7 0.989

4.1. Layer Adam

The uppermost layer corresponds to an important marker in the stratigraphic subdivision within
the otherwise fairly homogenous deposits of the DS (Conard, 2013). Adam is a distinctive
slightly cemented mostly greyish brown (Munsell 10 YR 5/2) silty to sandy layer with patches of
white colour, hence the field name Burnt Mouse (BMo). Patches of ash and charcoal are visible.
Natural cobbles and boulders occur. The deposit formed after an earlier major rock fall event
and partly abuts against the large rocks with dimensions of over 50 cm (Figure 22 & Figure 23).
Few bones were recovered and the majority of bone is present as fragments. In a large portion
of the excavation area, the archaeological unit comprised only three Abtréige. However, in sub-
square metres c and d of square C5, eight Abtrdge were removed, following the natural slope
of the deposits. The lithic assemblage consists of 1,814 artefacts > 30 mm and 15,245 small
debitage products (Table 4). The lithic find density is extremely high with a value of 133,796
n/m3.

58



am

. at
T

1 meter
A
B
C == i
T Rl e i
D
E
6 5 4 3 2
Legend
* Tool
B core
A Blank
‘ Hammerstone
Faunal remain
&
==  Ochre g
A
Rock

Figure 22. Sibudu: Overview of the excavation grid (left) and horizontal find distribution of all layers (right).
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Figure 23. Sibudu: Orthophotography of the east profile (copyright by M.M. Haaland) (left) and vertical find
distribution of all layers, including all objects < 20cm east of the east profile (right).

4.2. Layer Annie

Layer Annie is described as loose, reddish-brown (Munsell 5 YR 4/3, 5/3), silty sediment mixed
with dark grey ash, charcoal and whitish cemented sediment containing small natural
sandstones. In general, the deposit is less strongly cemented than the layer above but is also
affected by the same rock fall event (Figure 22 & Figure 23). Few bones and bone fragments
appear in this archaeological unit. In most squares of the excavation area, the excavation of the
archaeological unit was finished after removing two Abtrdge. In square C4, nine Abtrdge were
completed, following the natural slope of the deposits. The lithic assemblage contains 1,057
finds 2 30 mm and 9,094 small debitage products (Table 4). The lithic find density is high, but
lower than in layer Adam with a value of 106,071 n/m?3.

4.3. Layer Bart

This very pale brown (Munsell 10 YR 8/3, 8/4, 7/3) to light grey (Munsell 10 YR 7/2) deposit is
loose to dense, silty to sandy. Small pieces of natural sandstone are present. Isolated reddish-
brown patches of burnt sediment showing a high density of lithic artefacts and good
preservation of organic remains occur. A major phase of rocks fell on the exposed surface of

60



this deposit, the largest of which have dimensions of over 50 cm and protrude on the upper
layers Adam and Annie (Figure 22 & Figure 23). Noticeable concentrations of lithic artefacts and
sometimes well-preserved bones were documented in the areas along the edges and gaps
between the large boulders, particularly in square C5 (Figure 22) (Conard, 2014). Excavation of
the layer was finished after the removal of four Abtréige across the whole excavation area. The
lithic assemblage encompasses 1,183 pieces = 30 mm and 10,563 small debitage elements
(Table 4). The lithic find density is the lowest in the whole archaeological sample with a value
of 63,664 n/ m3.

4.4. Layer Bea

Layer Bea received the field description Gray Brown Patchy (GBP) because the texture varies
from loose, crumbly, dense to cemented, and the colour ranges from brown (Munsell 7.5 YR
4/2,5/2), greyish brown (Munsell 10 YR 5/2) to dark greyish brown (Munsell 10 YR 4/2). Natural
small fragments of sandstone appear in the silty to sandy sediment. Yellow-white patches of
compaction mixed with ash also occur. The low-to-moderate amount of faunal remains is in a
good state of preservation. It is noticeable that in the south-eastern part of squares B4 and C4
no bones are preserved in the area from the edge to approximately 20 cm inside of the square
due to diagenetic alteration (Figure 22). This stratum lacks the large rock falls that affected the
layers higher up in the sequence (Figure 22 & Figure 23). Excavation of the whole archaeological
unit was completed after removing three Abtrége. The lithic assemblage comprises 1,595
artefacts > 30 mm and 16,588 small debitage products (Table 4). The lithic find density has a
value of 79,576 n/m3, higher than in layer Bart but lower than the uppermost layers, even
though the greatest volume was excavated.

4.5. Layer Casper

This layer is brown (Munsell 7.5 YR 5/2, 5/3) to very pale brown (Munsell 10 YR 7/3, 7/4) in
colour. Brown compact patches occur in a loose, silty to sandy sediment containing small
natural pieces of sandstone. A complete absence of faunal preservation in the south-eastern
part of squares B4 and C4, from the square limits to approximately 25 cm into the square area,
extends slightly towards the west and the north (Figure 22). Stones from rock falls were not
encountered (Figure 22 & Figure 23). In a large portion of the excavation area, excavation of
the archaeological unit was finished after the removal of three Abtréige. In squares A5 and B5,
six Abtrige were excavated due to adjustments concerning the stratigraphic situation. The layer
yielded a lithic assemblage of 1,393 artefacts = 30 mm and 16,505 small debitage elements
(Table 4). The stratum shows the highest proportion of small debitage. The lithic find density
has a value of 91,785 n/m?3, again higher than layer Bea but lower than the uppermost layers.
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4.6. Layer Chantal

This deposit was referred to in the field as Pinkish Sandy Silt (PSS) due to the silty, sandy texture
and the pinkish grey (Munsell 5 YR 6/2, 7/2; 7.5 YR 6/2) to brown (Munsell 7.5 YR 5/2) colour.
The sediment is loose, dense to cemented. Small natural pieces of sandstone are present, and
some bones and charcoals occur. However, the area with no faunal preservation noted in layer
Caspar continues to spread towards the west and the north (Figure 22). Large rocks associated
with rock fall are not present (Figure 22 & Figure 23). A mix of compact orange sediment and
deposits with white mineral nodules were discovered in this layer and could represent a
combustion feature (Conard, 2015). In most squares of the excavation area, the layer
excavation was completed after removing two Abtrdge. In squares A5 and B5 four Abtrdge were
excavated, again due to adjustments concerning the stratigraphic situation. The lithic
assemblage consists of 1,122 finds > 30 mm and 8,950 small debitage products (Table 4). The
archaeological unit shows the lowest proportion of small debitage. The lithic find density has a
value of 63,949 n/m3, the second lowest after layer Bart.
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5. Results

5.1. Raw Materials

In this section, | introduce the different rock categories that occur, their properties and
availability. | then touch upon the completeness of the reduction sequence, the intensity of on-
site knapping, degree of reduction, and investment in curation of the different raw materials. |

address these in descending order of their proportion within the assemblage.
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Figure 24. Map of geological context and raw material source localities in the area of Sibudu. indicating also Sibudu

Cave and Umhlatuzana Shelter (modified after Bader, et al., 2015: Figure 1. Top).

5.1.1. Raw Material Availabilities

The characterisation of the geological environment, and therefore raw material availability,
yields essential information about the adaptations and requirements of the lithic technical sub-
system, land use patterns and mobility strategies of past populations. The selection of the rock
types as well as their original morphologies (cobble, slab, block) substantially influences the
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operational sequence and consequently the composition of the assemblage (Nigst, 2012;
Vaquero, et al., 2001; Schmid, et al., 2016). Systematic geological fieldwork can help to increase
the knowledge of the geology and available raw materials in a region to better inform in-depth
statements about the techno-economic organisation. This information comes not only from
previous work on the available raw material sources in the area (Figure 24) (de la Pefa and
Wadley, 2014a, Wadley and Kempson, 2011) but also from new fieldwork carried out by a team
from the University of Tlibingen (including Mohsen Zeidi, Gregor D. Bader, Jonathan A. Baines,
Manuel Will, Lawrence ‘Muzy’ Msimanga and myself). This team surveyed the site surroundings
and neighbouring areas in February 2015 to explore raw material availability (Figure 25). A key
observation from our raw material survey is that the rivers in the region of Sibudu Cave served
as important raw material suppliers.

The current state of knowledge suggests that the inhabitants of Sibudu Cave had most of their
raw material spectrum available locally and thus mostly had short transportation distances (see
de la Pefia and Wadley, 2014a, Wadley and Mohapi, 2008; Cochrane, 2006; Villa, et al., 2005).
In accordance with ethnographic and archaeological observations, | refer to a local economic
sector as less than 5 km around the site, while the semi-local zone means more than 5 km but
less than 20 km, and the exotic or non-local sector is more than 20 km from the site (Geneste,
1985, 1988; Weillmuller, 1995; Porraz, et al., 2008, 2013).

| divided the archaeological assemblage into six main rock categories, identified as dolerite,
hornfels, sandstone, quartzite, quartz and chert. Additionally, | distinguished three cortex types
to determine the kind of depositional context the raw materials originated from: 1) weathered
cortex, well-polished and shiny, 2) natural surface, often flat, stepped, and occasionally
oxidised, and 3) alluvial cobble cortex with a regular surface, generally convex, with numerous
shocks (see also Porraz, et al., 2013). In the following section, | provide a short geological
description of each of the different rock categories (for further definitions see: Cochrane, 2006;
Wadley and Kempson, 2011; Clarke, et al., 2007; Cairncross, 2004):

Dolerite represents typically a relatively coarse-grained igneous rock with a hardness of
approximately 6 on the Mohs scale. Dolerite is abundant in the surroundings of Sibudu,
originating from intrusive Jurassic volcanic features. The majority of dolerite occurs as sills,
though a true dolerite dyke is located within 200 m of the site (Figure 25a). Dolerite sills in the
area include the prominent, fine-grained Mhlasini sill, which outcrops extensively inland of the
Indian Ocean. Both dolerite sills and dykes provide tabular slabs of raw material. Rounded and
weathered dolerite cobbles occur in the riverbanks of the uThongathi. As dolerite is chemically
similar across large regions, it is not feasible to allocate dolerite artefacts to a specific source in
KwaZulu-Natal. Macroscopically, | identified differences in granularity, roughness of the
fracture surfaces, and inclusions of crystals most probably affecting the knapping suitability.
Thus, in order to connect the classification more closely with my technological study, | followed
the approach presented by (Porraz, et al.,, 2018) and subdivided the dolerite into three
categories based on grain-size: fine, medium and coarse.
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Figure 25. a) Dolerite dyke within 200m of the site (Photo by Mohsen Zeidi); b) road cut close to the shelter
exposing cobbles of quartzite (size range is shown in the close-up in the upper right corner) (Photo by Mohsen

Zeidi); c) Occurrence of dolerite cobbles in Black Mhlasini River close to Colt Shooting Range and next to Oakford
Road (Photo by Jonathan A. Baines; d) Verulam sill (close-up of the deposit in the upper right corner) (Photo by
Mohsen Zeidi).

Hornfels is a fine-grained black to grey metamorphic rock with a hardness of 2-3 on the Mohs
scale, originating from sedimentary rocks, such as shale or mudstone, at the contact with an
igneous intrusion of dolerite or granite. Shales and mudstones occur widely in the region and
bands of hornfels of varying qualities are sometimes formed along the margins of dolerite
intrusions into the shale. Sources of high-quality hornfels are hardly ever observed in the area
but outcrops close to the shelter might have existed in the past. Today the closest good-quality
hornfels outcrop occurs in the Verulam district on the Black Mhlasini River, approximately 15
km away from Sibudu. This hornfels occurs as thin slabs of only few centimetres in thickness
and is often poorly metamorphosed. Upstream, the geology of the uThongathi River suggests
that a few hornfels boulders might have existed in the paleo-river. Varying temperatures arise
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in the zone of thermal metamorphism where a dolerite intrusion occurs, with the result of
different grades of metamorphic hornfels and igneous dolerite which can be difficult to
discriminate macroscopically.

Sandstone is a primarily coarse-grained clastic sedimentary rock composed mainly of sand-sized
mineral particles between 2 and 1.16 mm in tangential contact with a system of empty spaces
in between the grains. This rock exhibits variable hardness from soft to hard (6-7 on the Mohs
scale) depending on clast and cement composition. The shelter itself is located in a sandstone
cliff cut into the Mariannhill formation of the Natal Group and sandstone was occasionally used
for blank production and tool manufacture.

Quartz represents generally the crystalline form of the mineral silica or silicon dioxide (SiO2)
and is a very hard rock at 7 on the Mohs scale. Two types of quartz occur in the assemblage:
milky (also called vein or xenomorphic) quartz and crystal (also called hyaline or automorphic)
qguartz equalling translucid quartz, which have fairly different knapping and functional
characteristics. Milky quartz has a white colour due to the presence of many small fluid
inclusions, while crystal quartz is translucent and pure. Due to its internal structure, crystal
quartz does not break according to the mechanics of conchoidal fracture causing a degree of
unpredictability during the knapping process. However, the cutting edges of this quartz type
are considerably smoother and sharper than those of other hard rocks (Mourre, 1996;
Delagnes, et al., 2006; Pargeter and Hampson, 2019). Both types of quartz most likely come
from the same outcrops because milky portions adjoining crystal ones were observed
(Delagnes, et al., 2006). Milky and crystal quartz are found mostly as small pebbles with a length
of ca. 60 mm in the uThongathi River and exposed river terrace gravels. The quartz may have
originated in the granite outcrops 20 km north-west of Sibudu (Wadley, 2001a). Conglomerates
with quartz clasts of up to 80 mm in size occur in the Verulam area.

Quartzite results from the diagenesis or metamorphism of sandstones, also known as
arenaceous rock. The changes of the sandstone under heat or pressure cause the
recrystallisation of particles into an interlocking mosaic texture without trace of cementation.
Due to varying degrees of metamorphism, the occurrence of some intergrading between
guartzite and sandstone is possible. Other minerals can form in the quartzite owing to
impurities in the original rock. The hardness of this rock type is between 6 and 7 on the Mohs
scale. Different variations of quartzite occur within the assemblage. Two quartzite variants are
most common: a fine-grained, light purple rock and a medium-grained dark purple rock.
Quartzite cobbles are also observed in the uThongathi River and exposed river terrace gravels
(Figure 25b). Additionally, the conglomerates in the area contain clasts with quartzite
dominating the clastic content.

Chert is a fine-grained sedimentary rock composed of microcrystalline or cryptocrystalline silica.
This rock has a hardness of 6.5 to 7 on the Mohs scale. Chert also appears in the conglomerates
of this area.
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5.1.2. Raw Material Procurement

All rock types exhibit all three cortex types, albeit with a different emphasis (Table 5). The blanks
made on dolerite and sandstone primarily have weathered cortex. Quartzite involves a similar
percentage of pieces with alluvial and weathered cortex. Blanks made on quartz and hornfels
exhibit increased natural surfaces. This variability in cortex shows that the blanks available
originate from different sources and thus have variable shapes as well as physical
characteristics.

Dolerite dominates the assemblage of the basal layers of Sibudu, accounting for 81.5% of the
raw material total (Table 6), followed by sandstone and quartzite. Quartz and hornfels make up
only a small proportion of the assemblage. A few pieces of chert are also present.

Table 5. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex types of blanks with cortex coverage
per raw material.

Raw Material | alluvial |natural surface| weathered |thermal Total

n % n % n % |n| % n %
Dolerite 507 |17.3%| 546| 18.7%|1,867|63.8%|6|0.2%|2,926]100%
Hornfels 2| 45%| 30| 68.2% 12127.3%| -| 0.0% 44]1100%
Quartz 13|29.5% 23| 52.3% 8|18.2% | - | 0.0% 44]1100%
Quartzite 69 | 49.6% 15| 10.8% 55[39.6%| -|0.0%] 139]100%
Sandstone 50|10.4%| 89| 185%| 343|71.2%| -|0.0%] 482]100%
Chert 1| 8.3% 2| 16.7% 9|75.0%| -|0.0% 12]100%
Total 642]|17.6%] 705] 19.3%]2,294]62.9%]6]0.2%| 3,647 |100%

Table 6. Sibudu. C-A layers from the Deep Sounding: Frequency of raw materials. (*Bias in distinguishing knapped
sandstone from natural spalls.)

Layer Dolerite Hornfels Quartz Quartzite | Sandstone Chert Indetermined Total
n % n % n % n % n % n % n % n %

ADAM 1,584 | 87.3% | 32| 1.8%| 33| 1.8%| 97|53%| 61"| 3.4%| 7| 0.4% - 0.0% | 1,814] 100%
ANNIE 859 | 81.3%| 21|2.0%| 10| 09%| 78| 7.4%| 87" | 82%| 2| 0.2% - 0.0% | 1,057 | 100%
BART 962 | 81.3% | 16| 1.4%| 38|3.2%| 66|56%| 94| 7.9%| 5| 0.4% 2 0.2% ] 1,183 | 100%
BEA 1,304 | 81.8% | 18| 1.1%| 32| 2.0%| 75|4.7% | 157 | 9.8%| 9| 0.6% - 0.0% | 1,595] 100%
CASPER 1,068 | 76.7% | 23| 1.7%| 44| 3.2%| 69| 50%| 181 | 13.0%| 6| 0.4% 2 0.1% | 1,393 100%
CHANTAL 879 | 78.3% 9(08%| 18| 1.6%| 88| 7.8% | 126 | 11.3%| 2| 0.2% - 0.0% | 1,122 100%
Total 6,656 | 81.5% ] 119] 1.5% | 175 2.1% | 473 5.8%] 706] 8.6% | 31] 0.4% 4 0.0% ] 8,164 ] 100%

The majority of all artefacts is made on dolerite (Table 6), varying from 87.4% in the uppermost
layer Adam to 76.7% in layer Casper and 78.3% in layer Chantal at the base. These differences
between the uppermost and lowermost deposits partly relate to a bias in distinguishing
knapped sandstone from natural spalls from the shelter in the earlier excavation campaigns.
Accordingly, layer Adam vyielded 3.4% of products made on sandstone as opposed to layers
Casper and Chantal with 13% and 11.3% respectively. | nevertheless assume that sandstone
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played a minor but constant role in blank production in all layers and that, consequently,
sandstone has been underestimated in the upper layers.

Table 7. Sibudu. C-A layers from the Deep Sounding: Frequency of dolerite varieties.

Layer Fine Medium Coarse Indetermined Total

n % n % n % n % n %
ADAM 130|8.2% | 1,059 | 66.8% | 391|24.7% 4| 0.3%]1,584|100%
ANNIE 65|7.6%| 577|67.2%| 212|24.7% 5| 0.6%| 859|100%
BART 40|4.2%| 525|54.6%| 382|39.7% 15| 1.6%] 962 |100%
BEA 5714.4%| 655|50.2%| 552|42.3% 40| 3.1%]1,304 | 100%
CASPER 39(3.7%| 518|48.5%| 478|44.8% 33| 3.1%] 1,068 | 100%
CHANTAL| 50|5.7%| 403 |45.8%| 397|45.2% 29| 3.3%| 879|100%
Total 381|5.7%| 3,737 56.1%| 2,412]136.2%] 126] 1.9%]6,656]100%

The dominant material dolerite appears in different qualities in the assemblage (Table 7). The
medium-grained dolerite consistently makes up the largest part. The coarse-grained variety
decreases in the two uppermost layers Adam and Annie which contain the highest proportion
of fine-grained dolerite. A similar trend applies to the tools, as tool-makers in the lower layers
more frequently used coarse-grained dolerite to produce retouched elements (Table 8).
However, the lowermost layer Chantal yielded the highest percentage of tools made on fine-
grained dolerite. The proportions of cortex coverage of the dolerite blanks imply that knappers
pursued a provisioning strategy where they partially carried out the earliest stages of the
reduction at the site (Table 9). A total of 3.4% of the pieces (n=210) made on dolerite represent

Table 8. Sibudu. C-A layers from the Deep Sounding: Frequency of dolerite varieties of tools.

Layer Fine Medium Coarse |Indetermined Total

n % n % n % n % n %
ADAM 15(16.3%| 62|67.4%|12|13.0% 3 3.3%] 92 |100%
ANNIE 11(21.6%| 32(62.7%| 6|11.8% 2 3.9%] 51 |100%
BART 4| 7.8%| 30|58.8%|12|23.5% 5 9.8%| 51 |100%
BEA 17 (17.7%| 53|55.2%|23|24.0% 3 3.1%] 96 |100%
CASPER 6| 9.1%| 44|66.7%|15|22.7% 1 1.5%] 66 ]100%
CHANTAL |13 |23.6% | 30|54.5%|10|18.2% 2 3.6%] 55 |100%
Total 66]16.1%|251]61.1%]78]19.0%] 16 3.9%]1411]100%

blanks from these early stages, of which 16 are first flakes (entame). Two behavioural factors
are likely to have been of importance: firstly, long reduction sequences and, secondly, the
transport of products prepared beforehand to the shelter indicating an off-site initial stage of
decortication (Geneste, 1985, 1988; WeilBmdiiller, 1995; Geneste, 1992; Dibble, et al., 2005). The
presence of isolated large blades exceeding the length distribution of the majority of
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Table 9. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage proportions on the dorsal
surface of blanks per raw material.

Raw
Material 0% <20% >20% >50% 100% Indetermined Total
n % n % n % n % n % n % n %
Dolerite 3,209 | 52.3% (817 | 13.3% | 1,288 | 21.0% | 611 | 10.0% | 210 | 3.4% 1 0.0% 16,136 | 100%
Hornfels 29(39.7% | 12|16.4% 22130.1% 8| 11.0% 2| 2.7% - 0.0% 73 | 100%
Quartz 45 | 50.6% 6| 6.7% 23| 25.8% 9110.1% 6| 6.7% - 0.0% 89 | 100%
Quartzite 192 |58.0% | 32| 9.7% 65[19.6% | 24| 7.3%| 18| 5.4% - 0.0% 331 | 100%
Sandstone 208 {30.1% | 57| 8.2% 173 | 25.0% (113 | 16.4% | 139 | 20.1% 1 0.1% 691 | 100%
Chert 8140.0% 1| 5.0% 7 |35.0% 3115.0% 1| 5.0% - 0.0% 20 | 100%
Total 3,691]50.3% | 925]12.6% ] 1,578 21.5%] 768 10.5% |376] 5.1%] 2 0.0% ]| 7,340 | 100%
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Figure 26. Sibudu. C-A layers from the Deep Sounding: Frequency distribution of length and width of completely

preserved blades made on dolerite (left) and of width of all in the width completely preserved blades made on

artefacts strengthens the assumption that end-products were imported (Figure 26). A large
portion of the completely preserved blades exhibit a length between 35 mm and 55 mm,
however four laminar end-products exceed 100 mm. The high ratio (9:1) of small debitage
elements to single lithic finds of all raw materials indicates intense on-site knapping activities
with few post-depositional disturbances (Table 10). Dolerite makes up 56.3% of the cores (Table
11). With regards to the blank-to-core ratio (see for a definition Dibble and McPherron, 2006),
knappers exploited dolerite intensively at the site (Figure 27) Most retouched elements (65.3%)
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Table 10. Sibudu. C-A layers from the Deep Sounding: Frequency of raw materials per lithic artefacts >30mm and
small debitage (<30mm) in square C4.

Lithic material Dolerite Hornfels Quartzite Quartz | Sandstone Chert Total

n % n % n % n % n % n % n %
Lithic artefacts
(>30 mm) 1,331 9.0%| 27| 52%| 87| 9.4%| 18| 2.4%|119|11.5%| 4|23.5%] 1,586] 8.8%
Small debitage
(<30 mm) 13,401 [ 91.0% | 494 | 94.8% | 842 | 90.6% | 720 | 97.6% | 916 | 88.5% | 13 | 76.5% | 16,386 | 91.2%

Table 11. Sibudu. C-A layers from the Deep Sounding: Frequency of raw material per technological classification.

Technological
Classification Dolerite Hornfels Quartz Quartzite Sandstone Chert Indetermined Total
n % n % n % n % n % n % n % n %

Blades/Flakes 6,136 | 83.6% | 73| 1.0%| 89| 1.2%| 331| 45%| 691| 9.4%| 20| 0.3%| - 0.0% 7,340 | 100%
Tools 411 | 653% | 31| 49%| 62| 9.9%| 117 | 18.6% 1| 02%| 6| 1.0%| 1 0.2% 629 | 100%
Cores 40 | 56.3% 1 1.4% 18 | 25.4% 11 | 15.5% 1 1.4% -1 0.0% | - 0.0% 71 | 100%
Hammerstones 5| 17.2% -| 0.0% 1 34%| 13| 44.8% 8| 27.6% -1 0.0%| 2 6.9% 29 | 100%
Angular Debris 64 | 67.4% 14| 14.7% 5 5.3% 2 2.1% 5 53%| 5| 53%| - 0.0% 95 | 100%
Total 6,656 | 81.5% ] 119] 1.5%| 175] 2.1%| 474] 5.8%] 706] 8.6% | 31] 0.4%] 3 0.0% 8,164 | 100%

are made on dolerite (Table 11), although in terms of the tool-to-blank ratio (see for a definition
Dibble and McPherron, 2006), dolerite shows a low overall degree of modification (0.1) (Figure
27).The second most common raw material is sandstone. The reduction of this rock largely, if
not entirely, occurred on-site since only 30.1% of the products exhibit no cortex and 20.1% are
flakes with cortex remains (n=139), including 38 first flakes. One sandstone core left in an initial
stage is present in the total core assemblage (Figure 28). Sandstone demonstrates the highest
blank-to-core ratio at 297, reflecting its intense utilisation in the shelter. Accordingly, this raw
material demonstrates the lowest degree of modification (Figure 27), with only one bifacial tool
— a basal fragment — made on sandstone (Figure 29).

Quartzite accounts for 5.8% of the total assemblage (Table 11). Different varieties of quartzite
are present, but the knappers of Sibudu primarily used a light to dark purple fine-grained
variant. This variant represents 64.1% of the quartzite artefact total and 81.4% of the quartzite
tools, including the only serrated piece made on quartzite (Figure 30). Some rocks were
introduced to the site without preceding preparation, with the whole reduction sequence
carried out on-site. Quartzite exhibits low frequencies of blanks with cortex coverage (5.4%;
n=18) (Table 9), including three first flakes. The raw material demonstrates a low degree of
reduction. The predominant transport of already finished blanks to the site could explain the
highest proportion of blanks without any cortex coverage at 58% and the paucity of pieces with
over 50% cortex. A total of 15.5% of the cores were made on quartzite (Table 11). Fittingly, the
blank-to-core ratio indicates the relatively low exploitation of quartzite at the site (Figure 27).
The tool corpus consists of 18.8% elements made on quartzite. Considering the tool-to-blank
ratio, the increased investment in the curation of quartzite compared to dolerite and sandstone
stands out (Figure 27).
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Figure 27. Sibudu. C-A layers from the Deep Sounding: Ratio of blank to core (the number of complete and
proximal flakes and tools divided by the number of cores defined by Dibble and McPherron 2006) and tool to
blank (the number of complete and proximal tools divided by the number of complete and proximal flakes
defined by Dibble and McPherron 2006).

Quartz comprises 2.1% of the total lithic assemblage (Table 11). Milky quartz dominates
throughout the sequence and is the almost exclusive quartz type in layer Chantal (Table 12).
The frequency of crystal quartz is highest in layers Annie, Bart, and Bea. Interestingly, in layer
Annie tools and cores are exclusively made on crystal quartz. In general, the proportion of
crystal quartz among the blanks is low and no angular debris of this quartz type occur (Table
13). The appearance of six completely cortical quartz blanks (6.7%), including one first flake,
also reflects that the initial stage of the reduction sequence partially took place at the site. A
total of 25.4% of the cores are made on quartz. This rock has the second largest number of
cores in the assemblage. The very low intensity of utilisation evident from the blank-to-core
ratio (Figure 27) is, to a certain degree, related to the small-sized original core blanks and the
cut-off size of 30 mm applied to this analysis. The cores made of quartz, most of which still
exhibit cortical remains, are the smallest in size compared to the others (Figure 31). This rock
has the highest ratio of small debitage products to single lithic finds of all raw materials. This
not only attests to intense on-site knapping events, but also implies small-sized natural raw
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Figure 28. Sibudu. C-A layers from the Deep Sounding: Initial core made on sandstone (Photo by Viola C. Schmid).

BART
1030

Figure 29. Sibudu. C-A layers from the Deep Sounding: Basal fragment of bifacial made on sandstone (Photos by

Guillaume Porraz).

material occurrences (Table 10). The toolmakers frequently chose to transform quartz blanks
into tools (Figure 27). The importance of quartz, especially crystal quartz, in the production of
tools, particularly bifacial and serrated pieces, can be seen in the proportion of 35% made on
quartz, following 40% made on dolerite — a far more commonly used raw material.

72



c5
BEA
1055

Figure 30. Sibudu. C-A layers from the Deep Sounding: Serrated piece made on light purple fine-grained quartzite
variety (Photo by Viola C. Schmid).

Table 12. Sibudu. C-A layers from the Deep Sounding: Frequency of quartz types.

Layer crystal milky Total

n % n % n %
ADAM 6|18.2%| 27|81.8%| 33]|100%
ANNIE 4140.0% 6|60.0%| 10]100%
BART 1334.2%| 25|65.8%| 38]100%
BEA 11|34.4%| 21|65.6%| 32]100%
CASPER 7115.9% | 37(84.1%] 44]1100%
CHANTAL 56%| 17|94.4%] 18]100%
Total 42124.0%]133]76.0%]175]100%

Table 13. Sibudu. C-A layers from the Deep Sounding: Frequency of quartz types per technological classification.

Technological classification | crystal milky Total

n % n % n %
Blanks 6| 6.7%| 83 93.3% 89| 100%
Tools 29|46.8%| 33 53.2% 62 100%
Cores 7138.9%| 11 61.1% 18] 100%
Hammerstones -| 0.0% 1| 100.0% 1] 100%
Angular Debris -1 0.0%| 5| 100.0% 5| 100%
Total 42]24.0%]133 76.0%] 175] 100%
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Figure 31. Sibudu. C-A layers from the Deep Sounding: Scatter plot of width and length of all complete cores.

1.5% of the artefacts are made on hornfels (Table 6). The inhabitants of Sibudu transported
hornfels partly without preceding preparation to the site. This raw material exhibits the lowest
frequency of cortical blanks at 2.7% and | observed no first flakes (Table 9). Similar to quartzite,
hornfels shows a low degree of reduction and the scarcity of pieces with over 50% cortex is
most likely related to the increased import of already finished blanks to the shelter. One
hornfels core, indeterminate and broken, exists in the total core assemblage. The blank-to-core
ratio indicates the moderate exploitation of hornfels at the site (Figure 27). However, the EL-
to-blank mass ratio shows that knappers most successfully converted hornfels rock mass into
blank edges (Table 14).

Table 14. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of EL-to-blank mass ratio of all
completely preserved blanks per raw material.

Dolerite Hornfels Quartz Quartzite | Sandstone
n 1,786 23 22 78 130
Min 13 4.9 2.3 4.7 1.7
Max 71 44.8 25.2 73.9 42.7
Sum 28,014.8 532.7 302 1,409.4 1,788.4

Std. error 0.2 2.2 1.4 1.2 0.7
Variance 75.3 110.2 41.7 116.3 57.4
Stand. dev. 8.7 10.5 6.5 10.8 7.6
Median 14.1 20.1 12.8 15.5 12
25 prentil 9.7 16.2 8.5 11.1 8.3
75 prentil 19.8 30.3 18 21.6 17.4
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Only 4.9% of the tool corpus is comprised of hornfels (Table 11), yet the toolmakers chose more
often to transform hornfels blanks into tools. Hornfels exhibits the highest tool-to-blank ratio
reflecting a high investment in the curation of this raw material (Figure 27).

The small number of pieces (n=31) and the lack of cores made on chert (Table 11) indicate that
past people rarely exploited this rock, confirmed by the lowest ratio of small debitage products
to single lithic finds (8:2) (Table 10). Conversely, the toolmakers selected chert blanks relatively
often to manufacture tools (Figure 27).

5.2. Debitage

All layers comprise a high frequency of blanks, between 89.6% to 90.3% of the assemblage
(Table 15). The assemblage demonstrates a strong emphasis on the production of laminar
elements among the blanks (Table 16). The proportion of blades varies from 23.5% to 29.3%
per layer and elongated flakes also account for between 11.3% and 16.1%. Even though the
total debitage laminarity (for a definition see Tostevin, 2003) of all completely preserved
products is relatively low at 1.2 (Table 17), one has to take under consideration that only 27.9%

Table 15. Sibudu. C-A layers from the Deep Sounding: General technological classification.

Layer Blanks Tools Cores | Hammerstones | Angular Debris Total

n % n % | n % n % n % n %
ADAM 1,630(89.9%|124|6.8% (22| 1.2% | 10| 0.6% 28 1.5% |1,814]100%
ANNIE 954 190.3%| 74 |7.0%| 15| 1.4% 6| 0.6% 8 0.8% ]1,057|100%
BART 1,067 |90.2% | 83 |7.0% |16 | 1.4% 8| 0.7% 9 0.8% ]1,183]|100%
BEA 1,429189.6% | 147 |9.2% | 6| 0.4% 0.0% 13 0.8% ]1,595]|100%
CASPER |1,248(89.6%|113|8.1%| 6| 0.4% 1| 0.1% 25 1.8% |1,393]100%
CHANTAL | 1,012 |90.2%| 88 |7.8% | 6| 0.5% 4| 0.4% 12 1.1% |1,122]100%
Total 7,340)189.9%]629]7.7%]71]0.9% | 29] 0.4% 95 1.2% |8,164]100%

Table 16. Sibudu. C-A layers from the Deep Sounding: Frequency of blank categories.

Elongated Triangular
Layer Blades Bladelets flakes Flakes flakes Total
n % n % n % n % n % n %

ADAM 477 | 29.3% 5/0.3%| 254 | 15.6%| 841|51.6%| 53| 3.3%|1,630]100%
ANNIE 2471 25.9% 1{0.1%| 154| 16.1%| 519|54.4%| 25| 2.6%| 954]100%
BART 255|23.9% 1{0.1%| 144| 13.5%| 641|60.1%| 26| 2.4%]1,067]100%
BEA 342 |23.9% 310.2%| 162 | 11.3%| 910(63.7%| 19| 1.3%|1,429]100%
CASPER 293|23.5% 310.2%| 155|12.4%| 809|64.8%| 14| 1.1%|1,248]100%
CHANTAL| 273|27.0% 410.4%| 129|12.7%| 571|56.4%| 10| 1.0%]1,012]|100%

Total 1,887]125.7%| 17]0.2%| 998] 13.6%]4,291]58.5%] 147| 2.0%]7,340]100%

75



Table 17. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the debitage laminarity of all
completely preserved blanks per raw materials.

Dolerite | Hornfels | Quartz | Quartzite | Sandstone | Chert | Total
n 1786 23 22 78 129 6] 2044
Min 0.2 0.5 0.5 0.5 02| 0.8 0.2
Max 4.3 3.6 1.8 2.1 29| 1.9 4.3
Sum 22340 34.2| 235 83.8 127.0| 6.7]2509.2
mean |13 us[ 1] aa|  w0] 1] 19
Std. error 0.0 0.2 0.1 0.0 0.0/ 0.2 0.0
Variance 0.3 0.5 0.2 0.2 02| 0.2 0.3
Stand. dev. 0.6 0.7 0.4 0.4 05| 04 0.6
Median 1.2 1.3 1.1 1.0 09| 09 1.1
25 prentil 0.9 0.9 0.7 0.7 06| 0.9 0.8
75 prentil 1.5 1.8 14 14 1.2 1.4 15

Table 18. Sibudu. C-A layers from the Deep Sounding: Frequency of fragmentation per blank category.

Blank lateral- lateral- lateral-
categories all proximal medial distal lateral proximal medial distal indetermined Total

n % n % n % n % n % n % n % n % n % n %
Blades 217 | 11.5% 835 | 44.3% | 484 | 25.6% | 254 | 13.5% 8104% | 40| 21% | 37| 2.0% 11| 0.6% 1 0.1% | 1,887 | 100%
Bladelets 2| 11.8% 2| 11.8% 9] 52.9% 4 | 23.5% -1 0.0% - | 0.0% -1 0.0% - 0.0% - 0.0% 17 | 100%
Elongated
flakes 327 | 32.8% 285 | 28.6% | 131 | 13.1% | 100 | 10.0% | 36 | 3.6% | 64 | 6.4% | 31| 3.1% 24 | 2.4% - 0.0% 998 | 100%
Flakes 1,430 | 33.3% 789 | 18.4% | 308 | 7.2% | 553 | 12.9% | 285 | 6.6% | 319 | 7.4% | 312 | 7.3% | 294 | 6.9% 1 0.0% { 4,291 | 100%
Triangular
flakes 69 | 46.9% 29 | 19.7% 15 | 10.2% 26 | 17.7% 3| 2.0% 3] 2.0% 11]0.7% 1|0.7% - 0.0% 147 | 100%
Total 2,045 || 27.9% | 1,940 || 26.4% | 947 | 12.9% | 937 | 12.8% | 332 | 4.5% || 426 | 5.8% | 381 | 5.2% || 330 | 4.5% 2 0.0% § 7,340 | 100%

of all the blanks are not broken (Table 18). The unimodal distribution of blade/bladelet widths
supports a continuum of blade production at an advanced stage and not a separate reduction
sequence (Figure 26). There is a small proportion of bladelets in the assemblage (Table 16) but
| follow the proposal of (Tixier, 1967) and Inizan et al. (1999) to waive the arbitrary dimensional
boundary. In the following, | give an overview of each blank category highlighting the general
diagnostic features within this assemblage:

Regarding the overall blank population, hornfels demonstrates the highest proportion of blades
at 32.9% (Table 19). Fittingly, this raw material has also the highest debitage laminarity value
(Table 17), although the percentage of completely preserved blades is comparable to dolerite
(Table 20). Chert stands at 30% though the total sample of 20 pieces is small. Quartzite and
dolerite show similar blade frequencies at 27.5% and 26.8%. Sandstone follows at 16.8%, while
only 6.7% of the quartz blanks are blades, none of which is completely preserved suggesting a
minor importance of these raw materials in blade production. In general, most of the blades
are non-cortical (55.5%) (Table 21). Only 1.8% exhibit a complete dorsal cortex coverage.
However, lateral and (to a certain degree) backed cortical end-products are common as well
(Table 22). Most blades have plain butts indicating limited preparation of the striking platforms
(Table 23). Furthermore, most of the blades exhibit unidirectional dorsal scars (74.1%) (Table
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24). Some of the laminar end-products show orthogonal negatives (11.8%) and some
bidirectional negatives (6.5%), attesting to lateral and distal preparation and/or exploitation. A
rectangular shape clearly distinguishes the laminar end-products (Table 25). The knappers
strived for straight to slightly curved end-products indicated by the artefact profiles (Table 26).
The length of blades averages between 39 mm and 55 mm (Table 27). The mean length stands
at 48.5 mm which significantly differentiates blades from flakes and even elongated flakes. The
width ranges mainly between 18 mm and 26 mm (Table 28) and the thickness between 6 mm
and 9 mm (Table 29). Additionally, the blades are clearly narrower and thinner than the other
blanks. Large specimens (n=4), namely larger than 100 mm, occur occasionally (Figure 32c, e
and n & Figure 35d and j). As expected, laminar end-products demonstrate a higher EL-to-blank
mass ratio compared to the other blank categories (Table 30), indicating a greater efficiency in
converting stone mass into edge length. While blade length encompasses a wide range, the
other two dimensions show a higher degree of standardisation. Most of the blades terminate
in a feather termination and the distal end is either convex or pointed (Table 31). Plunging
blades occur, some of which show distal preparation. Knapping accidents, in the form

Table 19. Sibudu. C-A layers from the Deep Sounding: Frequency of raw materials per blank category.

Blank
categories Dolerite Hornfels | Quartz Quartzite | Sandstone Chert Total
n % n % n % n % n % n % n %

Blades 1,644 |126.8% (24|32.9%| 6| 6.7%| 91|27.5%|116|16.8%| 6|30.0%|1,887|25.7%
Bladelets 11| 0.2%| 2| 2.7%| 2| 22%| 2| 0.6% -1 0.0%| -| 0.0% 17| 0.2%
Elongated

flakes 865|14.1% (10| 13.7%| 9|10.1%| 48|14.5%| 64| 9.3%| 2|10.0%| 998]13.6%
Flakes 3,487 |56.8% |36 [49.3% |71 |79.8% | 184 | 55.6% | 501 | 72.5% | 12 | 60.0% | 4,291 ] 58.5%
Triangular

flakes 129 2.1%| 1| 1.4%| 1| 11%| 6| 1.8%| 10| 1.4%| -| 0.0%] 147] 2.0%
Total 6,136| 100% ] 73| 100%]|89] 100%|331] 100% | 691] 100% ] 20] 100%|7,340| 100%

Table 20. Sibudu. C-A layers from the Deep Sounding: Frequency of fragmentation of blades per raw material.

Raw lateral- lateral- lateral-
Material all proximal medial distal lateral proximal medial distal indetermined Total
n % n % n % n % n % n % n % n % n % n %

Dolerite 202 | 12.2% | 751 | 45.4% | 413 | 25.0% | 216 | 13.1% |7 | 04% | 29| 1.8% |31 | 1.9% | 5| 0.3% 1 0.1% § 1,655 | 100%
Hornfels 3] 11.5% | 13| 50.0% 5| 19.2% 2| 779% | -100%| 2| 77%| 1| 38%| -| 0.0% - 0.0% 26 | 100%
Quartz -1 0.0% 3| 37.5% 4| 50.0% 1] 125% | -[ 00%| -]00%| -]00%]| -| 0.0% - 0.0% 8 | 100%
Quartzite 6| 65% | 42| 452% | 24| 258% | 13| 14.0% | 1| 11% | 4| 43%| 2| 22% | -] 0.0% - 0.0% 93 | 100%
Sandstone 7| 6.0%| 26| 224% | 46| 39.7% | 23| 198% | -| 0.0% | 5| 43%| 3| 26%| 6| 52% - 0.0% 116 | 100%
Chert 1| 16.7% 2| 33.3% 1| 16.7% 2| 333% | -] 00%| -|00%]| -|00%]| -| 0.0 - 0.0% 6 | 100%
Total 219 | 11.5% | 837 | 44.0% J 493 § 25.9% ] 258 ] 13.6% | 8] 0.4% J 40 ] 2.1% | 37 ] 1.9% J 11 ] 0.6% 1 0.1% J 1,904 ] 100%
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Table 21. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per blank category.

Blank
Categories 0% <20% >20% >50% 100% indetermined Total

n % n % n % n % n % n % n %
Blades 1,056 | 55.5% | 205 | 10.8% 438 123.0% | 169 | 89% | 35|1.8% 1 0.1% | 1,904 | 100%
Elongated
flakes 539 (54.0% | 138 | 13.8% 220 22.0% | 82| 82%| 19|1.9% - 0.0% 998 | 100%
Flakes 2,020 | 47.1% | 571 | 13.3% 881 (20.5% 502 |11.7% | 316 | 7.4% 1 0.0% | 4,291 | 100%
Triangular
flakes 76 | 51.7% | 11| 7.5% 3926.5% | 15| 10.2% 6(4.1% - 0.0% 147 | 100%
Total 3,691150.3% 925 12.6% | 1,578 ] 21.5% | 768 ] 10.5% | 376 | 5.1% | 2 0.0% | 7,340 § 100%

Table 22. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex position per blank category.

Blank 100% middle/
Categories 0% cortex backed lateral distal proximal centre indetermined Total

n % n % n % n % n % n % n % n % n %
Blades 1,056 | 55.5% 35| 1.8% | 143 | 7.5% 566 | 29.7% 71 3.7% | 6| 0.3% 26 | 1.4% 1 0.1% | 1,904 100%
Elongated
flakes 539 | 54.0% 19 | 1.9% 57 | 5.7% 266 | 26.7% 98 9.8% | 4| 0.4% 15 | 1.5% 0.0% 998 100%
Flakes 2,020 | 47.1% | 316 | 7.4% | 295 | 6.9% | 1,001 | 23.3% | 552 | 12.9% | 35 | 0.8% 71| 1.7% 1 0.0% | 4,291 100%
Triangular
flakes 76 | 51.7% 6| 4.1% 41 2.7% 56 | 38.1% 5 3.4% 0.0% 0.0% 0.0% 147 100%
Total 3,691 ] 50.3% ) 373 ] 5.1% ] 499 6.8% | 1,892 § 25.8% | 726 9.9% ] 45 0.6% j 112 | 1.5% 2 0.0% ] 7,340 100%

Table 23. Sibudu. C-A layers from the Deep Sounding: Frequency of platform type of completely and proximal
preserved blanks.

Blank Categories plain cortical faceted dihedral | crushed |indetermined Total
n % n % n % n % n % n % n %
Blades 825|74.7%| 74| 6.7%| 97| 8.8%|101| 9.1%| 5|0.5% 2 0.2%] 1,104 ] 100%
Elongated
flakes 550|77.4%| 59| 83%| 37| 52%| 62| 87%| 1|0.1% 0.3%| 711]1100%
Flakes 1,996 | 70.7% | 390 | 13.8% | 102 | 3.6% | 287 | 10.2% | 40| 1.4% 0.2%] 2,822 ] 100%
Triangular
flakes 69|66.3%| 11|10.6% | 11|10.6%| 13|12.5%| -|0.0% - 0.0%] 104]100%
Total 3,440]172.6% | 534 11.3% | 247 5.2%]463]| 9.8%]|46]1.0%] 11 0.2% ] 4,741] 100%
Table 24. Sibudu. C-A layers from the Deep Sounding: Frequency of dorsal scar pattern per blank category.
unidirectional
Blank Categories | unidirectional | convergent | bidirectional | opposed orthogonal crossed | Kombewa cortex indetermined Total
n % n % n % n % n % n % n % n % n % n %
Blades 1,411 [ 741% | 85| 45% | 124 | 65% | 5| 03% | 224|11.8%|15)|08% | 3| 02% | 36|19%| 1| 0.1%]1904 100%
Elongated flakes | 809 | 81.1% | 59| 59%| 51| 51%| 3[03%| 54| 54%| 3|03% 0.0% | 19 |1.9% 0.0% | 998 100%
Flakes 2,233 [ 52.0% | 108 | 2.5% | 168 | 3.9% | 13 | 0.3% | 1,372 | 32.0% | 67 | 1.6% | 2| 0.0% [ 314 |7.3% | 14| 0.3%]4,291 100%
Triangular flakes 50 | 34.0% | 81| 55.1% | 6] 4.1% 0.0% 3] 2.0%| 1]07% 0.0% | 6]41% 0.0% | 147 100%
Total 4,503 61.3% | 333] 45%| 340 a.8% J21]0.3% 1,653 22.5% |86 1.2% ] 5] 0.1% §375 5.1% | 15 o0.2% | 7,340 100%
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Table 25. Sibudu. C-A layers from the Deep Sounding: Frequency of morphology per blank category.

Blank Categories | rectangular | trapezoidal triangular | irregular | indetermined Total

n % n % n % n| % n % n %
Blades 1,736 91.2% 2| 0.1%|121| 6.4%| 1(0.1%| 44| 2.3%]1,904]100%
Elongated flakes | 906 | 90.8% 11| 1.1%| 51| 5.1%| 2|02%| 28| 2.8%] 998]100%
Flakes 970(22.6%|2,251|52.5% | 125| 2.9%[20|0.5%| 925| 21.6%]4,291]100%
Triangular flakes -| 0.0% -| 0.0%|147|100.0%| -|0.0% - 0.0%] 147]1100%
Total 3,612149.2%]2,264|30.8%]444] 6.0%]23]0.3%] 997] 13.6%]7,340]100%

Table 26. Sibudu. C-A layers from the Deep Sounding: Frequency of profile per blank category.

Blank Categories straight slightly curved | curved | highly curved |indetermined Total

n % n % n % n % n % n %
Blades 1,166 |61.2%| 603| 31.7%|132| 6.9% 1 0.1% 2 0.1%]1,904 | 100%
Elongated flakes | 581|58.2%| 345| 34.6%| 72| 7.2% - 0.0% - 0.0%| 998|100%
Flakes 2,239|52.2%| 1,453 | 33.9%|508|11.8%| 78 1.8%| 13 0.3%]4,291 | 100%
Triangular flakes 85|57.8% 41| 27.9%| 21|14.3% - 0.0% - 0.0%]| 147|100%
Total 4,071]55.5%| 2,442] 33.3%|733]10.0%] 79 1.1%] 15 0.2%]7,340] 100%

Table 27. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length of all completely preserved
blanks per blank category.

Blades |Elongated flakes| Flakes |Triangular flakes
n 219 326 1430 69
Min 28.1 23.9 6.3 25.1
Max 113.8 81.7 94 70.4
Sum 10,619.9 13,098.4 | 45,640.4 2,695.9
Mean | 485  402] 319] 394
Std. error 1.0 0.6 0.3 1.3
Variance 226.2 99.0 112.7 114.7
Stand. dev. 15.0 9.9 10.6 10.7
Median 45.2 37.6 30.2 36.3
25 prentil 38.5 33 25.2 30.6
75 prentil 55.4 45.7 37 44.4
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Table 28. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all in the width completely

preserved blanks per blank category.

Blades Elongated flakes | Flakes Triangular flakes
n 1,807 843| 3,077 139
Min 5.8 12.8 9 15.3
Max 72.9 57.2 100.3 48.3
Sum 40,891.7 22,956 | 101,493 3,874.1

Std. error 0.1 0.2 0.2 0.6
Variance 40.1 47.8 73.3 43.3
Stand. dev. 6.3 6.9 8.6 6.6
Median 22.2 26.1 315 27
25 prentil 18.2 22.3 27.5 234
75 prentil 26.2 30.9 37 31.2

Table 29. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of all in the thickness

completely preserved blanks per blank category.

Blades |Elongated flakes| Flakes |Triangular flakes
n 1,903 997 4,287 147
Min 2 2.4 2.2 4.6
Max 27.4 27.6 41.5 26.6
Sum 14,893.4 8,213|38,310.4 1337.9

Std. error 0.1 0.1 0.1 0.3
Variance 8.8 10.1 14.3 9.2
Stand. dev. 3.0 3.2 3.8 3.0
Median 7.5 7.7 8.1 8.8
25 prentil 5.7 6 6.4 6.8
75 prentil 9.3 9.8 10.7 10.9

Table 30. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of EL-to-blank mass ratio of all

completely preserved blanks per blank category.

Blade Elongated flakes | Flakes | Triangular flakes
n 219 326 1430 69
Min 2.4 2.9 13 3.8
Max 71.0 63.3 73.9 42.4
Sum 4,188.6 5,342.7]21,588.5 1,001.0

Std. error 0.8 0.5 0.2 0.8
Variance 142.4 78.0 65.6 41.2
Stand. dev. 11.9 8.8 8.1 6.4
Median 16.1 14.7 13.8 12.9
25 prentil 114 10.3 9.3 10.2
75 prentil 24.3 20.9 19.4 18.1
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Table 31. Sibudu. C-A layers from the Deep Sounding: Frequency of distal termination of all completely and distal

preserved blanks per blank category.

Blank
Categories pointed convex concave straight irregular hinged plunging step indetermined Total

n % n % n % n % n % n % n % % n % n %
Blades 158 | 32.4% | 166 | 34.0% | 10|2.0% | 57 |11.7% | - | 0.0% | 44| 9.0% | 40 |8.2% 04% | 11| 23%| 488/ 100%
Elongated
flakes 51|11.3% | 205|45.6% | 14|3.1% | 79|17.6% |2 |0.4% | 81|18.0% | 13|29%| -|00%| 5| 11%] 450 |100%
Flakes 107 | 4.7% | 927 | 40.8% | 119 | 5.2% | 524 | 23.1% | - | 0.0% | 332 | 14.6% | 223 | 9.8% 0.1% | 36| 1.6% |2,271 | 100%
Triangular
flakes 78| 813% | 11|115%| -] o0.0% 0.0%| -|00%| 6| 63%] -|00%|-l00%| 1| 10%] 96| 100%
Total 394 | 11.9% | 1,309 | 39.6% ] 143 | 4.3% | 660 ] 20.0% § 2 | 0.1% | 463 | 14.0% | 276 | 8.4% 0.2%] 53] 1.6% 3,305 100%

Table 32. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-section per blank category.
Blank Categories | triangular trapezoidal | lenticular | irregular | indetermined Total
n % n % n % ni % n % n %

Blades 1,151163.7%| 491|27.2%|152| 8.4%| 3|0.2%| 10 0.6%]1,807|100%
Elongated flakes 462 |54.8%| 298(35.3%| 78| 9.3%| 1(0.1% 4 0.5%] 843]100%
Flakes 1,166 37.9% (1,212 |39.4% | 596 | 19.4% |82 | 2.7%| 24 0.8%]3,080| 100%
Triangular flakes 91| 65.5% 40| 28.8% 8| 5.8%| -|0.0% - 0.0%] 139]100%
Total 2,870148.9%]2,041134.8%|834114.2%]186]1.5%| 38 0.6%1]5,869]100%

Table 33. Sibudu. C-A layers from the Deep Sounding: Comparison of dorsal convexity between blades with a
triangular cross-section and blades with a trapezoidal cross-section (t-test).

2N L\
n: 1,151 491
Mean: 2.936 3.3703
Stand. dev. 0.0546 0.0998
Variance: 0.89016 1.2665
F: 1.4228
t: -8.0467
p: 0.0001

of hinged terminations, account for 9% of the laminar end-products. A large proportion of the
blades (only 11.5% completely preserved) is fragmented (Table 18), but 55.3% of the blades
have two-thirds (proximal-medial or medial-distal) preserved. The majority of laminar end-
products has a triangular cross-section followed by those with a trapezoidal cross-section (Table
32). Within the blade category, | observed the existence of two significantly different groups
when using the cross-section and the width-to-thickness ratio as proxies for the lateral and
vertical convexity (for a definition see Tostevin, 2003): (1) tall, laterally centralised blades with
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Figure 32. Sibudu. C-A layers from the Deep Sounding: Tall, laterally centralised blades with a triangular cross-
section. Blades made on dolerite (a-e, g-0) and made on sandstone (f) (Drawing by Mojdeh Lajmiri and Heike
Wiirschem; photos by Viola C. Schmid).
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Figure 33. Sibudu. C-A layers from the Deep Sounding: Tall, laterally centralised blades with a triangular cross-
section. Blades made on dolerite (a-d, f-q) and made on quartzite | (Photos by Viola C. Schmid).
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Figure 34. Sibudu. C-A layers from the Deep Sounding: Tall, laterally centralised blades with a triangular cross-
section. Blades made on quartzite (a, b) and made on dolerite (c-m) (Photos by Viola C. Schmid).
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Figure 35. Sibudu. C-A layers from the Deep Sounding: Flat, laterally diffuse blades with a trapezoidal cross-section.
Blades made on dolerite (a-e, g, h, j-0), made on sandstone (f) and made on quartzite (i) (Drawing (d) by Mojdeh Lajmiri
and Heike Wirschem; drawing (j) by Achim Frey and Heike Wiirschem; photos by Viola C. Schmid).
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Table 34. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per blade subgroup.

Blade Subgroups 0% <20% >20% >50% 100% Total

n % n % n % n % n| % n %
VAN 606 | 54.4% | 100| 9.0%|266|23.9%|126|11.3%|16|1.4%]1,114 | 100%
X 264|55.9%| 80|16.9%|119|25.2%| 9| 1.9%| -|0.0%] 472|100%
Total 870]54.9%]180|11.3%] 385]24.3%|135] 8.5%]16]1.0%| 1,586 ]100%

Table 35. Sibudu. C-A layers from the Deep Sounding: Frequency of platform type per blade subgroup.

BladeSubgroups plain cortical faceted dihedral | crushed | indetermined Total

n % n % n % n % ni % n % n %
AN 475 | 76.1% | 45| 7.2% | 42| 6.7%|58| 9.3%|3| 0.5%| 1 0.2% ] 624 | 100%
L\ 233| 72.6% | 13| 4.0%| 39| 12.1% | 34| 10.6% | 1| 0.3%| 1 0.3%] 321 | 100%
Total 708 | 74.9%] 58] 6.1%| 81| 8.6%]92] 9.7%]4] 0.4%]| 2 0.2%] 945 | 100%

Table 36. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-sections of in the width completely
preserved blades.

Layer triangular | trapezoidal | lenticular |irregular |indetermined Total
n % n % n % |n| % n % n %

ADAM 279|60.9% | 114|24.9%| 61|13.3%|2| 0.4% 2 0.4%] 458 |100%
ANNIE 160|68.7%| 65(27.9%| 7| 3.0%| -| 0.0% 1 0.4%] 233|100%
BART 151|61.6%| 81(33.1%| 12| 4.9%| -| 0.0% 1 0.4%] 245|100%
BEA 220|66.9%| 85|25.8%| 21| 6.4%| -| 0.0% 3 0.9%] 329|100%
CASPER 178|63.6%| 75(26.8%| 24| 8.6%| -| 0.0% 3 1.1%| 280|100%
CHANTAL| 126|61.5%| 52|25.4%| 26|12.7%| 1| 0.5% - 0.0%| 205|100%
Total 1,114163.7%|472]27.0% ] 151] 8.6%] 3] 0.2%| 10 0.6%]1,750]100%

Table 37. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all in the width

completely preserved blades.

ADAM ANNIE BART BEA CASPER CHANTAL
n 458 233 245 329 280 262
Min 6.9 9.2 9.6 6 8.6 5.8
Max 53.2 48.3 72.9 45.1 43 40
Sum 10,118.4 5,503.3 5,579.3 7,266.2 6,231.9 6,192.6

Std. error 0.3 0.4 0.4 0.3 0.3 0.4
Variance 45.0 41.7 48.0 34.1 34.1 34.4
Stand. dev. 6.7 6.5 6.9 5.8 5.8 5.9
Median 21.1 22.7 22.1 21.8 22.3 23.5
25 prentil 17.4 19.1 18.3 17.9 17.8 19.6
75 prentil 25.9 27.2 25.8 25.6 26.7 27.4
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Table 38. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of all in the thickness
completely preserved blades.

ADAM ANNIE BART BEA CASPER CHANTAL
n 482 248 256 345 296 276
Min 2 3.2 3 2.1 2.9 2.9
Max 22.7 27.4 27 17.1 17.1 225
Sum 3,670.1 2,134.2 2,068.9 2,561.8 2,253.6 2,204.8
Mean [ 76| e[  s1] 74|  76] 8
Std. error 0.1 0.2 0.2 0.1 0.1 0.2
Variance 8.6 12.1 9.7 7.1 6.3 9.3
Stand. dev. 2.9 3.5 3.1 2.7 2.5 3
Median 7.2 8.1 7.7 6.9 7.5 7.4
25 prentil 5.5 6.1 5.9 5.5 5.5 5.9
75 prentil 9.1 10.1 9.5 9.1 8.9 9.7

a triangular cross-section (Figure 32 — Figure 34), and (2) flat, laterally diffuse blades with a
trapezoidal cross-section (Figure 35). The former shows significantly lower vertical convexities
(t-test, t =-8.0467; p <0.0001) (Table 33). In contrast to subgroup (1), no blade of subgroup (2)
has complete dorsal cortex coverage and only 1.9% have more than 50% of cortex on their
dorsal face (Table 34), implying that subgroup (2) is not involved in the earliest stages of
reduction. Additionally, subgroup (2) includes fewer pieces with a cortical platform and more
with either a dihedral or faceted platform (Table 35). Subgroup (1) dominates throughout the
sequence (Table 36). In general, no distinct diachronic trends in size (Table 37 & Table 38) and
morphological traits of the blades are evident. In fact, the blades exhibit similar metric
dimensions and shapes throughout the layers, indicative of similar objectives.

In general, elongated flakes display similar tendencies to blades. However, quartzite
encompasses the highest proportion of elongated flakes among the blanks at 14.5%, followed
by dolerite at 14.1% and hornfels at 13.7% (Table 19). Compared to the blades, more elongated
flakes show cortical remains on their dorsal face (Table 21) and more elements with distal cortex
coverage occur (Table 22), but the difference in dorsal cortex percentage is not significant
(Table 39). The elongated flake population involves significantly more pieces with plain and
cortical platforms and fewer with dihedral and faceted platforms (Table 23 & Table 40).
Additionally, a higher proportion demonstrates unidirectional dorsal scars (Table 24). Elongated
flakes are shorter than blades, averaging between 33 mm and 46 mm in length, and are
significantly wider (Table 41) and thicker (Table 42) than blades. Elongated flakes and blades
resemble one another in terms of morphology (Table 25) and profile (Table 26), but they differ
regarding the distal termination (Table 31). The major part of elongated flakes also terminates
in a feather termination, but the distal end is primarily convex. Plunging elements occur, but
rarely. Hinged terminations amount to 18%, suggesting that the knappers most likely intended
to produce blades but failed. Most of the elongated flakes (32.8%) are not fragmented (Table
18) and a further 38% have two-thirds (proximal-medial or medial-distal) preserved. The
elongated flakes show a significantly higher percentage of completely preserved pieces than
the blade population (Table 43). Finally, the majority of elongated flakes has a triangular cross-
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section at 54.8%, followed by artefacts with a trapezoidal cross-section at 35.3% (Table 32). The
trend is again similar to the blades, but the proportion of elongated flakes with a trapezoidal
cross-section is higher. The elongated flakes also show a dichotomy of laterally centralised
specimens with a triangular cross-section and flat, laterally diffuse ones with a trapezoidal
cross-section (t-test, t =-4.8726; p <0.0001) (Table 44). The laterally centralised elongated flakes
with a triangular cross-section include more pieces with over 50% dorsal cortex coverage than
the flat, laterally diffuse elongated flakes with a trapezoidal cross-section (Table 45). More

Table 39. Sibudu. C-A layers from the Deep Sounding: Comparison of elements with and without cortex coverage
between blades and elongated flakes (chi-squared test).

Blank categories | without cortex | with cortex | Total

Blade 1,056 848 1,904

Elongated flakes 539 459 998

chi-squared test

F= 1

X2= 0,55936
p= 0,45452
Fisher exact p= 0,45586

Table 40. Sibudu. C-A layers from the Deep Sounding: Comparison of elements with plain & cortical platforms
and with dihedral & faceted platforms between blades and elongated flakes (chi-squared test).

with plain and | with dihedral and

Blank categories | cortical platform | faceted platform | Total

Blade 909 198 1,107

Elongated flakes 609 99 708

chi-squared test

F= 1
X2= 4,8068
p= 0,028348
Fisher exact p= 0,031726
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Table 41. Sibudu. C-A layers from the Deep Sounding: Comparison of width of all in the width completely
preserved blanks between blades and elongated flakes (t-test).

Elongated
Blades flakes
n: 1,807 843
Mean: 22.6 27.2
Stand. dev. 0.293 0.467
Variance: 40.102 47.827
F: 1.1926
t: -16.912
p: 0.0001

Table 42. Sibudu. C-A layers from the Deep Sounding: Comparison of thickness of all in the thickness
completely preserved blanks between blades and elongated flakes (t-test).

Elongated
Blades flakes
n: 1,903 997
Mean: 7.8263 8.2377
Stand. dev. 0.1332 0.1974
Variance: 8.7782 10.087
F: 1.1491
t: -3.4643
p: 0.0008

Table 43. Sibudu. C-A layers from the Deep Sounding: Comparison of completely preserved and fragmented
elements between blades and elongated flakes (chi-squared test).

Blank completely

categories preserved |fragmented | Total

Blade 219 1,685 1,904

Elongated flakes 327 671 998
chi-squared test

F= 1

X2= 193,82

p= 0,0001

Fisher exact p= 0,0001
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Table 44. Sibudu. C-A layers from the Deep Sounding: Comparison of dorsal convexity between elongated flakes
with a triangular cross-section and elongated flakes with a trapezoidal cross-section (t-test).

A L
n: 461 298
Mean: 3.4168 3.8217
Stand. dev. 0.0942 0.1418
Variance: 1.0583 1.5474
F: 1.4623
t: -4.8726
p: 0.0001

Table 45. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per elongated flake

subgroup.
Elongated flake
Subgroups 0% <20% >20% >50% 100% Total

n % n % n % ni % |n| % n %
JAN 245|53.0% | 49|10.6%|116|25.1% |44 |9.5% |8 |1.7%] 462 | 100%
AR 161|54.0%| 55|18.5% | 69|23.2%|12|4.0%|1|0.3%]298|100%
Total 406]53.4%]104|13.7%]185]24.3%]56]7.4%]9]1.2%] 760 ] 100%

Table 46. Sibudu. C-A layers from the Deep Sounding: Frequency of platform type per elongated flake subgroup.

Elongated flake

Subgroups plain cortical | faceted | dihedral | crushed | indetermined Total
n % n{ % [n| % |[n| % |n| % n % n %

AN 255|59.3% (23| 53%|17|4.0% |27 |6.3%| 1| 0.2%| 107| 24.9%|430|100%

JARRN 172|59.3%|19|6.6% | 12| 4.1%|25|8.6%| -| 0.0%| 62| 21.4%]290|100%

Total 427]59.3%|42]5.8%]29]4.0%]52]7.2%] 1] 0.1%] 169] 23.5%| 720]100%

Table 47. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-sections of in the width completely
preserved elongated flakes.

Layer triangular | trapezoidal | lenticular |irregular | indetermined Total

n % n % n % |(n| % n % n %
ADAM 115|52.3%| 82(37.3%|20| 9.1%|1| 0.5%| 2 0.9%]1220]100%
ANNIE 76161.3%| 42|33.9%| 5| 4.0%| -| 0.0%| 1 0.8%]1124]100%
BART 62|50.4%| 59|48.0% 1.6%| -| 0.0%| - 0.0%]1123]100%
BEA 91/66.9%| 30|22.1%|14|10.3%| -| 0.0%| 1 0.7%] 136 100%
CASPER 61(47.3%| 39|30.2%(29|22.5%| -| 0.0%| - 0.0%]1129]100%
CHANTAL| 57|51.4%| 46|41.4%| 8| 7.2%| -| 0.0% - 0.0%]111]100%
Total 462|54.8%]298)135.3%|78] 9.3%| 1] 0.1%| 4 0.5%]843]100%

90



Table 48. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length of all completely
preserved elongated flakes.

ADAM ANNIE BART BEA CASPER CHANTAL
n 100 51 51 39 45 40
Min 25 27.2 26.4 27.3 26.8 23.9
Max 81.7 67.7 70.3 59.4 57.5 74.5
Sum 3991.9 2043.7 2059.1 1540.2 1752.8 1710.7
[Mean [ 39| 401  404]  305]  33] 428
Std. error 1.1 1.2 1.6 1.1 1.2 1.6
Variance 129.5 72.2 130.6 51.5 63.9 104.6
Stand. dev. 11.4 8.5 11.4 7.2 8 10.2
Median 36.4 37.9 36.6 37.9 36.6 41.2
25 prentil 321 33.3 31.1 35.2 33.1 34.9
75 prentil 45.6 44.3 47.7 42.9 45.2 50.2

Table 49. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all in the width
completely preserved elongated flakes.

ADAM ANNIE BART BEA CASPER CHANTAL
n 220 124 123 136 129 111
Min 12.8 13 15.4 15.5 15.1 18.7
Max 53.7 52 54 57.2 441 50
Sum 5,999 3,291 3,237.3 3,623.3 3,553 3,252.4
IMean | 273]  265] 263|266  275[ 293
Std. error 0.5 0.6 0.6 0.6 0.5 0.7
Variance 54.2 43.5 44.1 50.9 35.1 51.1
Stand. dev. 7.4 6.6 6.6 7.1 5.9 7.1
Median 25.8 25.7 25.1 24.9 27.3 28.7
25 prentil 22.1 21.6 22.1 21.6 23.7 23
75 prentil 31.2 30 29 29.8 31 33.7

Table 50. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of all in the thickness
completely preserved elongated flakes.

ADAM ANNIE BART BEA CASPER CHANTAL
n 254 154 144 162 155 128
Min 2.8 3.7 3.2 2.4 3 3.2
Max 27.6 21.4 17.7 23.4 17.5 25.6
Sum 2,091.2 1,309 1,165.7 1,348.6 1,237.2 1,061.3
Mean [ 82|  ss[  s1] s3] 8] 83
Std. error 0.2 0.3 0.2 0.3 0.2 0.3
Variance 10.9 9.7 8.8 10.7 9.2 11
Stand. dev. 3.3 3.1 3 3.3 3 3.3
Median 7.6 8 7.4 7.7 7.3 7.6
25 prentil 5.9 6.1 6.1 5.9 5.8 5.9
75 prentil 9.8 9.8 9.7 10.1 9.8 9.9
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blanks with faceted or dihedral platforms are present among the flat, laterally diffuse elongated
flakes with a trapezoidal cross-section, though there are also more pieces with cortical
platforms (Table 46). Generally, elongated flakes with triangular cross-sections dominate
throughout the sequence followed by pieces with trapezoidal cross-sections, but the
proportions differ (Table 47). As for the blades, | observed similar trends in all layers in terms of
elongated flake size (Table 48 — Table 50) and shape.

Regarding raw materials, | documented that quartz and sandstone, in contrast to the other raw
materials, contribute a low frequency of laminar products but a high frequency of flakes (Table
19). Hornfels yielded the lowest percentage of flakes at 49.3%. The hornfels flake population
comprises 7.4% of products with 100% dorsal cortex coverage and fewer non-cortical elements
than the laminar products, at 47.1% (Table 21). Lateral cortical products are numerous but less
common than among the blades (Table 22). Flakes with distal cortex coverage occur relatively
frequently at 12.9%. Most of their platforms are plain, as for the laminar products (Table 23).
However, flakes make up the highest proportion of pieces with cortical platforms at 13.8%,
suggesting again a low investment in the preparation of the striking platforms. However, 10.2%
of the flakes exhibit a dihedral platform. The predominant dorsal scar pattern is unidirectional
at 52%, but a large part demonstrates orthogonal negatives (32%) (Figure 36 — Figure 38 & Table
24). Interestingly, the flakes with an orthogonal scar pattern show a higher frequency of non-
cortical elements (63%) than the flakes with unidirectional dorsal scars (42.6%) and additionally
involve fewer pieces with over 50% cortical remains on the dorsal face, plus no completely
cortical artefacts (Table 51). Thus, the orthogonal flakes presumably come from more advanced
stages of the reduction sequence. Most of the flakes (52.5%) are trapezoidal in shape (Table 25)
and straight to slightly curved in profile, while 11.8% exhibit a curved profile (Table 26). The
flakes show a mean length of 31.9 mm (Table 27) with a corresponding mean width of 33 mm
(Table 28) and a mean thickness of 8.9 mm. Compared to their laminar counterparts, flakes are
significantly shorter, wider and thicker. The majority of the flakes displays a feather termination
and the distal end is predominantly convex or straight (Table 31). Elements with triangular and
trapezoidal cross-sections dominate, but in contrast to the laminar population, their
frequencies are relatively balanced (Table 32). A total of 33.3% of the flakes are completely
preserved (Table 18) and 30.1% have two-thirds (proximal-medial or medial-distal) preserved.
Throughout the sequence, flakes with triangular or trapezoidal cross-sections prevail (Table 52).
Flakes with a trapezoidal cross-section are more frequent than flakes with a triangular cross-
section in the upper layers Adam to Bart, while blanks with a triangular cross-section dominate
the lower layers. All layers demonstrate a predominance of flakes with unidirectional dorsal
scars, followed by flakes with an orthogonal scar pattern (Table 53). The proportion of
unidirectional flakes increases towards the lower strata, while the frequency of orthogonal
flakes decreases. In terms of the metric dimensions (Table 54 — Table 56), the diachronic
tendencies are similar.
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Figure 36. Sibudu. C-A layers from the Deep Sounding: Technologically diagnostic flakes. Flakes made on
dolerite (a-k, m-o, g, r, t-v), made on quartzite (I, s) and made on hornfels (p) (Photos by Viola C. Schmid).
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Figure 38. Sibudu. C-A layers from the Deep Sounding: Technologically diagnostic flakes. Flakes made on
dolerite (a-f, h, I, k-r) and made on quartzite (g, j) (Photos by Viola C. Schmid).

Table 51. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per flakes with unidirectional
dorsal scars compared to such with an orthogonal scar pattern.

Dorsal Scar Patterns 0% <20% >20% >50% 100% Total

n % n % n % n % |n| % n %
unidirectional 955|42.8% | 314 |14.1% | 563 | 25.2% | 398 | 17.8% | 3| 0.1%| 2,233 ] 100%
orthogonal 865|63.0% | 199 | 14.5%|236|17.2%| 72| 5.2%| -|0.0%]1,372]100%
Total 1,820]50.5%]513]14.2%]799]22.2%] 470| 13.0%] 3]0.1%] 3,605 | 100%
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Table 52. Sibudu. C-A layers from the Deep Sounding: Frequency of cross-sections of in the width completely
preserved flakes.

Layer triangular trapezoidal | lenticular | irregular |indetermined Total
n % n % n % ni % n % n %

ADAM 238 |34.2%| 314|45.1%|112|16.1%(21|3.0%| 11 1.6%]| 696]100%
ANNIE 140|135.9%| 188|48.2%| 56(14.4%| 5|1.3% 1 0.3%]| 390]100%
BART 161|34.6%| 210|45.2%| 82|17.6%|11|2.4% 1 0.2%] 465]100%
BEA 233|38.9%| 214|35.7%(130|21.7% |17 |2.8% 5 0.8%| 599]100%
CASPER 224143.4%| 151|29.3%(122|23.6%|17|3.3% 2 0.4%] 516]100%
CHANTAL| 170(41.1%| 135|32.6%| 94|22.7%|11|2.7% 4 1.0%| 414]1100%
Total 1,166]37.9%]1,212]39.4%| 596 19.4%82]2.7%| 24 0.8%] 3,080 100%

Table 53. Sibudu. C-A layers from the Deep Sounding: Frequency of dorsal scar patterns of in the width
completely preserved flakes.

unidirectional
Layer unidirectional | convergent | bidirectional | opposed orthogonal crossed | Kombewa cortex indetermined Total
n % n % n % n % n % n % n % n % n % n %

ADAM 378 | 44.9% 37| 4.4% 44| 52% | 5 0.6% 307 | 36.5% | 29 | 3.4% | -| 0.0% | 39| 4.6% 2 0.2% 841 | 100%
ANNIE 245 | 46.5% 21| 4.0% 19| 36% | 1]0.2% 197 [374% | 7[13% | -| 0.0% | 36| 6.8% 1 0.2% 527 § 100%
BART 307 | 47.9% 19| 3.0% 32| 5.0% | 2|0.3% 219 | 34.2% | 12 | 1.9% | 2| 03% | 47| 7.3% 1 0.2% 641 § 100%
BEA 506 | 56.0% 19| 2.1% 30| 33% | 1]0.1% 258 | 286% | 8|09% | -| 0.0% | 74| 8.2% 7 0.8% 903 § 100%
CASPER 452 | 57.7% 7| 0.9% 25| 32% | 2| 0.3% 221 |1 282% | 6|08% | -| 0.0%| 68| 8.7% 2 0.3% 783 § 100%
CHANTAL 345 | 57.9% 5| 0.8% 18| 3.0%| 2] 0.3% 170 [ 28.5% | 5[0.8% | -| 0.0% | 50| 8.4% 1 0.2% 596 § 100%
Total 2,233 | 52.0% ] 108 2.5% ] 168 3.9% J 13§ 0.3% § 1,372 | 32.0% | 67 J 1.6% ]| 2] 0.0% 314 7.3% ] 14 0.3% | 4,291 | 100%

Table 54. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length of all completely
preserved flakes.

ADAM ANNIE BART BEA CASPER | CHANTAL
n 355 175 211 277 213 199
Min 9.8 9.2 7.6 6.3 8.7 8.3
Max 79 83 82.3 64.6 77.9 94
Sum 11,347.3 5,898 6,745.6 8,337.4 6,799.5 6,512.6
Mean | 32| 337 32[ 30a] 319] 327
Std. error 0.5 0.9 0.7 0.6 0.7 0.8
Variance 104 135.5 108 103.1 111 123.2
Stand. dev. 10.2 11.6 10.4 10.2 10.5 111
Median 30.2 323 30.8 29.3 30.3 30.2
25 prentil 25.8 25.6 25.2 23.6 25 25.6
75 prentil 36.4 40.9 36.8 35.6 37.85 37.5
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Table 55. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all in the width
completely preserved flakes.

ADAM ANNIE BART BEA CASPER | CHANTAL
n 696 390 465 598 515 413
Min 14 12.8 9 16.7 15 13.8
Max 86 100.3 73 78 72 91.4
Sum 22,888.3| 13,563.9| 15,093.7| 19,336.5| 16,688.5| 13,922.1

Std. error 0.3 0.5 0.4 0.3 0.3 0.4
Variance 74.9 98.3 70 63.5 60.6 76.7
Stand. dev. 8.7 9.9 8.4 8 7.8 8.8
Median 31.2 32.9 31.2 31.1 31.3 31.8
25 prentil 27.1 29 27.2 27.1 27.6 28.1
75 prentil 38 39 36.5 35.9 35.9 37.9

Table 56. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of all in the thickness
completely preserved flakes.

ADAM ANNIE BART BEA CASPER | CHANTAL
n 841 527 640 903 783 593
Min 2.2 2.2 3 2.3 2.8 2.2
Max 30.4 38.2 25.5 41.5 27.8 28.4
Sum 7,809.4 5,155.6 5,634.8 7,685 6,728.6 5,297

Std. error 0.1 0.2 0.1 0.1 0.1 0.2
Variance 14.8 19.7 13.5 12 11.5 15.9
Stand. dev. 3.8 4.4 3.7 3.5 3.4 4
Median 8.5 8.8 7.9 7.9 7.9 8
25 prentil 6.7 6.8 6.4 6.1 6.2 6.2
75 prentil 11 11.5 10.3 10.2 10.3 10.7

The assemblage contains a low proportion of triangular flakes at 2% (Table 16. Most of the
triangular elements are made on dolerite (Table 19). The majority of these blanks (51.7%) is
non-cortical (Table 21); however, triangular flakes show the second highest proportion of
products with more than 50% cortex coverage following the flakes. The position of cortical
remains is most frequently lateral (Table 22). Triangular elements attest to the highest
frequency of pieces with a prepared platform, either faceted or dihedral (Table 23). The
products exhibit either unidirectional or unidirectional convergent dorsal negatives (Table 24).
Most of the triangular flakes are straight in their profile (57.8%), followed by slightly curved
(27.9%) (Table 26). However, this blank category shows the highest percentage of curved pieces
at 14.3%. The length of triangular elements averages 39.1 mm (Table 27) and the width has a
mean value of 27.9 mm (Table 28). Concerning both of these dimensions, the triangular flakes
resemble the elongated flakes in their actual dimensions (Table 57 & Table 58). The triangular
elements have an average thickness of 9.1 mm (Table 29) and they are thicker than all other
blank categories. The triangular flakes show the lowest EL-to-blank mass ratio (Table 30). Most
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of the products have a feather termination and a pointed distal end (Table 31). Triangular flakes
encompass the highest proportion of completely preserved elements (Table 18). Pieces with a
triangular cross-section dominate, followed by those with a trapezoidal cross-section (Table
32). The number of triangular flakes decreases throughout the sequence (Table 16).

Table 57. Sibudu. C-A layers from the Deep Sounding: Comparison of length of all completely preserved blanks

between elongated flakes and triangular flakes (t-test).

Elongated | Triangular
flakes flakes

n: 326 69
Mean: 40.2 39.1
Stand. dev. 1.6 2.6
Variance: 99 114.7
F: 1.1587

t: -0.82919

p: 0.4083

Table 58. Sibudu. C-A layers from the Deep Sounding: Comparison of width of all in the width completely preserved
blanks between elongated flakes and triangular flakes (t-test).

Elongated | Triangular
flakes flakes
n: 843 139
Mean: 27.2 27.9
Stand. dev. 0.5 1.1
Variance: 47.8 43.3
F: 1.1034
t: -1.0175
p: 0.3128
5.3. Cores

The majority of the 71 cores from layers Adam to Chantal is made on dolerite, followed by
guartz and quartzite (Table 59). According to the unified taxonomy by Conard et al. (2004), the
main proportion of the cores corresponds to platform types (n=49) (Table 60). These cores are
almost exclusively oriented towards laminar blank production (n=48). In this section, | deal with
the different core types appearing in the assemblage and describe their general characteristics:
The blade platform cores are primarily made on dolerite and quartzite (Table 59). However, one
core made on quartz corresponds to the configuration of these platform cores (Figure 39a). The
knappers predominately selected slabs (n=22) as original core blanks compared to cobbles
(n=10) and flakes (n=8) (Table 61). A total of 16.7% of the cores have no cortex coverage at all,
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Table 59. Sibudu. C-A layers from the Deep Sounding: Frequency of core type per raw material.

platform | platform | platform blade/ initial
Raw Material blade bladelet bipolar bipolar core indetermined | Total

n % nl % n % n % |n % n % n %
Dolerite 37192.5% | -| 0.0% - 0.0%| -| 0.0%|2| 5.0%| 1 2.5% | 40 ] 100%
Hornfels -| 0.0%| -| 0.0% - 0.0%| -| 00%|-| 0.0%| 1| 100.0%| 1]100%
Quartz 1| 56%| -]/ 00%| 1 5.6%|16|889% | -| 0.0%| - 0.0% | 18 | 100%
Quartzite 10190.9% | 1| 9.1% - 0.0%| -| 0.0%|-| 0.0%| - 0.0% | 11] 100%
Sandstone -| 0.0%]| -| 0.0% - 0.0%| -| 0.0%|1)|100.0% | - 0.0%] 1]100%
Total 48167.6% ] 1] 1.4%| 1 1.4%]16]22.5% 3] 4.2%| 2 2.8%]71]100%

Table 60. Sibudu. C-A layers from the Deep Sounding: Frequency of core types.

platform | platform | platform blade/ initial
Layer blade bladelet bipolar bipolar core |indetermined] Total

n % |n| % n % n % |n|l % n % n| %
ADAM 17177.3%| -| 0.0% ) 0.0%| 4|182%|1| 45%| - 0.0%]22 | 100%
ANNIE 12180.0%| " | 0.0% ) 0.0%| 2|13.3% 0.0%| 1 6.7% |15 | 100%
BART 9|56.3%| | 0.0%| 1 6.3%| 5|31.3%|1| 6.3%| - 0.0%]16 | 100%
BEA 4166.7%| | 0.0% ) 0.0%| 1|16.7%|1|16.7%| - 0.0%] 6|100%
CASPER 1/16.7%|1|16.7% ) 0.0%| 3|50.0%| | 0.0%| 1 16.7%| 6|100%
CHANTAL| 5|83.3%| -| 0.0% ) 0.0%| 1|16.7%| "| 0.0%| - 0.0%] 6|100%
Total 48167.6% 1| 1.4%] 1 1.4%|16]22.5%|3] 4.2%| 2 2.8%]171]100%

while 77.1% exhibit cortical remains on less than 50% of their complete surface (Table 62). Only
6.3% have more than 50% cortex, showing that past people highly exhausted most of their
cores. Cortex is most often located on the backs and/or one lateral surface of the cores (Table
63). All the specimens are equipped with one striking platform, but one exception has two
platforms due to a re-orientation during the reduction sequence. The platforms of the blade
platform cores are usually plain with one exception that exhibits a faceted platform (Table 64).
The main removal surfaces are mostly quadrangular (60.4%) or oval-shaped (29.2%) (Table 65).
The blade platform cores are almost solely exploited by unidirectional removals, apart from one
core that shows bidirectional removals indicating bidirectional reduction (Figure 40). The
largest proportion of these cores demonstrates preparatory removals and/or cortex coverage
on their back (Table 66). Toolmakers most frequently prepared the base of the blade platform
cores with distal trimming (Table 67). A total of 79.2% of the blade platform cores are
completely preserved. The length averages between 36.5 mm and 54.7 mm (Table 68), the
width between 35.9 mm and 49.7 mm (Table 69), and the thickness between 18.9 mm and 30.4
mm (Table 70). The variability within the laminar platform cores reflects different stages of
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Figure 39. Sibudu. C-A layers from the Deep Sounding: a) Unidirectional laminar platform core made on

quartz; b) Unidirectional laminar platform core made on quartz terminated as bipolar core; c) bipolar core
made on quartz (Photos by Viola C. Schmid).

100



Table 61. Sibudu. C-A layers from the Deep Sounding: Frequency of original core blanks per core type.

Core type slab cobble flake crystal facet | indetermined| Total
n % n % n % n % n % n| %

platform blade 22| 45.8%|10| 20.8%| 8| 16.7%| - 0.0% 8 16.7%| 48] 100%
platform bladelet - 0.0%| - 0.0%| 1|100.0%| - 0.0% - 0.0%] 1]100%
platform blade/bipolar| - 0.0%| 1|100.0%| -| 0.0%| - 0.0% - 0.0%] 1]100%
bipolar - 0.0%| 3| 18.8%| 2| 12.5%| 4| 25.0% 7| 43.8%]16]100%
initial core 3(100.0%| - 0.0%| - 0.0%| - 0.0% - 0.0%| 3]100%
indetermined 1| 50.0%| - 0.0%| 1| 50.0%| - 0.0% - 0.0%] 2]100%
Total 26| 36.6%]14| 19.7%]12]| 16.9%] 4 5.6%] 15] 21.1%|71]100%
Table 62. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex coverage per core type.

Core type 0% <20% >20% >50% Total

n % n % n % n % n| %

platform blade 8(16.7% (22| 45.8%|15| 31.3%|3 6.3%]48]100%

platform bladelet -| 0.0%| 1|100.0%| - 0.0%| -| 0.0%] 1]100%

platform blade/bipolar| -| 0.0%| -| -0.0%| 1[100.0%|-| 0.0%| 1]100%

bipolar 5(313%| 4| 25.0%| 6| 37.5%|1 6.3%]16]100%

initial core -| 0.0%| -| -0.0%| - 0.0%|3|100.0%| 3]100%

indetermined 1/50.0%| -| -0.0%| 1| 50.0%] - 0.0%] 2]100%

Total 14119.7%|27] 38.0%|23]| 32.4%|7 9.9%]71]100%
Table 63. Sibudu. C-A layers from the Deep Sounding: Frequency of cortex positions per core type.

no back & lateral &
Core type cortex back lateral lateral base base central | platform Total
n % n % n % n % nl % |n % n % n| % n %

platform

blade 8116.7%|15|31.3%| 9| 188%|11|22.9%|2|4.2%|1| 2.1% |2 4.2% | -| 0.0% ] 48 | 100%
platform

bladelet -1 0.0%| -| 0.0%]| - 0.0%| -| 0.0%]| -|0.0%|-| 0.0%|1|100.0%| -| 0.0%] 1]100%
platform

blade/bipolar | -| 0.0%| -| 0.0%| 1|100.0%| -| 0.0%| -| 0.0%| -| 0.0%| - 0.0%| -| 0.0%] 1]100%
bipolar 5[313%| 5|31.3%| - 0.0%| 2|125%| -|0.0%|2]|125% |1 6.3%| 1| 6.3%] 16 ] 100%
initial core -] 0.0%| 1(333%| 2| 66.7%| -| 0.0%| -| 0.0%| -| 0.0%]| - 0.0%| -| 0.0%] 3]100%
indetermined | 1|50.0%| 1|50.0%| - 0.0%| -| 0.0%| -|0.0%|-| 0.0%] - 0.0%| -| 0.0%] 2]100%
Total 14119.7%]22]31.0%]12] 16.9%]13]18.3%] 2] 2.8% ]3] 4.2%| 4 5.6%] 1] 1.4%] 71 ] 100%
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Table 64. Sibudu. C-A layers from the Deep Sounding: Frequency of striking platform types per core type.

Core type plain cortical |faceted |splitted out| Total
n % n % nl % |n % n|] %
platform blade 42| 97.7%| -| 0.0%|1(2.3%| -| 0.0%]43]100%
platform bladelet 1/100.0%| -| 0.0%|-]{0.0%| -| 0.0%]| 1]100%
platform blade/bipolar| -| 0.0%|-| 0.0%|-]{0.0%| 1|100.0%] 1]100%
bipolar -| 0.0%|-| 0.0%|-[0.0%|14|100.0%|14]100%
initial core -] 0.0%|1|100.0%| -|{0.0%| -| 0.0%] 1]100%
indetermined 1/100.0%| -| 0.0%| -|{0.0%| -| 0.0%] 1]100%
Total 441 72.1%|1] 1.6%]1]1.6%]15] 24.6%]|61]100%

Table 65. Sibudu. C-A layers from the Deep Sounding: Frequency of exploitation surface shapes per core type.

Core type guadrangular oval triangular |indetermined| Total
n % n % % n % n %

platform blade 29| 60.4%(14129.2%|3| 6.3%| 2 4.2%]48]100%
platform bladelet - 0.0%| -| 0.0%|1|100.0%| - 0.0%] 1]100%
platform blade/bipolar| 1| 100.0%| -| 0.0%| - 0.0%| - 0.0%| 1]100%
bipolar - 0.0%| -| 0.0%|-| 0.0%| 16| 100.0%|16|100%
initial core 3| 100.0%| -| 0.0%|-| 0.0%| - 0.0%| 3]100%
indetermined 100.0%| -| 0.0%|-| 0.0%| - 0.0%] 2]100%
Total 35] 49.3%|14]19.7%|4]| 5.6%] 18] 25.4%]71]100%
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Figure 40. Sibudu. C-A layers from the Deep Sounding: a) Bidirectional laminar platform core made on dolerite

(Photo by Viola C. Schmid).
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Table 66. Sibudu. C-A layers from the Deep Sounding: Frequency of back types per core type.

cortex &

Core type removals | removals cortex ventral |indetermined] Total

n % n % n % n % n % n %
platform blade 12 25.0%|10|20.8% |16 | 33.3%|8| 16.7%| 2 4.2%]48 | 100%
platform bladelet -| 0.0%| -| 0.0%| - 0.0%|1/100.0%| - 0.0%] 1|100%
platform blade/bipolar| -| 0.0%| -| 0.0%| 1|100.0%| -| 0.0%| - 0.0%] 1/100%
bipolar 11(68.8%| -| 0.0%| 5| 31.3%|-| 0.0%| - 0.0%]16 | 100%
initial core -| 0.0%| -| 0.0%| 3|100.0%|-| 0.0%| - 0.0%] 3|100%
indetermined 1{50.0%| -| 0.0%| -| 0.0%|-| 0.0%| 1 50.0%| 2|100%
Total 24133.8%|10]14.1%|25] 35.2%]9] 12.7%] 3 4.2%]71]100%

Table 67. Sibudu. C-A layers from the Deep Sounding: Frequency of base types per core type.

Core type distal trimming| cortex no base |splitted out] Total

n % n % |n % n % n %
platform blade 32 76.2%| 9(21.4%|1| 2.4%| -| 0.0%]42]100%
platform bladelet - 0.0%| -| 0.0%|1|100.0%| - 0.0%] 1]100%
platform blade/bipolar - 0.0%| -| 0.0%]| - 0.0%| 1|100.0%| 1]100%
bipolar - 0.0%| -| 0.0%|-| 0.0%]|16|100.0%]16]100%
initial core 2 66.7%| 1[33.3%|-| 0.0%| -| 0.0%] 3]100%
Total 34 54.0%|10]115.9% 2] 3.2%]17] 27.0%]63]|100%

Table 68. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length of all completely
preserved cores.

Platform platform platform
blade bladelet blade/bipolar | bipolar initial Core
n 38 1 1 14 1
Min 25.7 134
Max 106.5 37.2
Sum 1,796.5 322.1
Mean [ a73] 15[ 2sa] 23] 32
Std. error 2.3 1.7
Variance 209.6 41.8
Stand. dev. 14.5 6.5
Median 46.5 22.8
25 prentil 36.5 17.5
75 prentil 54.7 26.6
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discard. The last operation is predominantly related to knapping accidents (47.9%), followed
by preparational activities (27.1%) (Table 71). The extraction of end-products as a final
reduction stage amounts to 25%. The last production operation on most of these platform
cores (n=12) clearly highlights the focus on laminar elements, as six cores exhibit an
elongated flake scar and three a blade negative as the last end-product. Two further cores
demonstrate flake scars and one core has a triangular flake negative as the last production
operation. In comparison to all completely preserved blades, the scatter plot of the length
and width shows that the laminar end-product scars on the blade platform cores belong to
the lower range (Figure 41), signalling a dimensional boundary that the knappers did not
intend to fall below. The minimum requirements for the length are ca. 20 mm and the width
10 mm. However, the core dimensions, especially the length-to-width ratio of the removal
surfaces with a mean of 1.1 (Table 72), do not coincide with the laminar dimensions. Based

Table 69. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the width of all in the width
completely preserved cores.

Platform platform platform
blade bladelet blade/bipolar | bipolar initial Core
n 45 1 1 16 2
Min 24.2 9.3 46
Max 63.9 32 113.4
Sum 1,920.5 255 159.4
IMean | a27] 25| 1sa]  1se| 797
Std. error 1.4 1.5 33.7
Variance 88.7 35.3 2271.4
Stand. dev. 9.4 5.9 47.7
Median 41.9 15.3 79.7
25 prentil 35.9 11.3 34.5
75 prentil 49.7 16.2 87.8

Table 70. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the thickness of all in the thickness
completely preserved cores.

Platform platform platform
blade bladelet blade/bipolar | bipolar initial Core
n 47 1 1 16 3
Min 12.4 6.2 16.2
Max 63.8 22.6 60.2
Sum 1,229.1 213.6 104.2
IMean | 262]  20]  e9|  134] 347
Std. error 14 1.2 13.2
Variance 87.1 22.2 520.1
Stand. dev. 9.3 4.7 22.8
Median 25.7 12.5 27.8
25 prentil 18.9 9.6 16.2
75 prentil 30.4 17 60.2
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Table 71. Sibudu. C-A layers from the Deep Sounding: Frequency of last operations per core type.

lateral basal platform
Core type production | preparation | preparation | preparation | accident |indetermined Total
n % n % n % n % n % n % n %
platform blade 12| 25.0%| 6| 12.5% | 3 6.3% | 4 8.3% 23| 47.9%| - 0.0% | 48 | 100%
platform bladelet - 0.0% | - 0.0% | - 0.0% | - 0.0% | 1|100.0%| - 0.0%] 1]100%
platform blade/bipolar | 1 |100.0% | - 0.0%| - 0.0%| - 0.0%| - 0.0%| - 0.0% | 1]100%
bipolar 16 | 100.0% | - 0.0% | - 0.0% | - 0.0% | - 0.0% | - 0.0% ] 16 | 100%
initial core - 0.0%| 1| 333%| 1| 333%| - 0.0%| 1| 33.3%| - 0.0%] 3]100%
indetermined - 0.0% | - 0.0% | - 0.0% | - 0.0%| 1| 50.0%| 1 50.0% ] 2]100%
Total 29] 40.8%) 7 9.9%| 4 5.6%| 4 5.6%]26] 36.6%] 1 1.4%]71]100%
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Figure 41. Sibudu. C-A layers from the Deep Sounding: Scatter plot of length and width of completely preserved
blades and of blade scars presenting last operation on laminar platform cores.
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Table 72. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of the length-to-width ratio of all
completely preserved cores.

Platform platform platform
blade bladelet blade/bipolar | bipolar initial Core
n 38 1 1 14 1
Min 0.7 0.8
Max 2.1 2.4
Sum 42.6 20.8
IMean [ 1a]  o7] 14| 15| 07|
Std. error 0 0.1
Variance 0.1 0.3
Stand. dev. 0.3 0.5
Median 1.1 14
25 prentil 1 1.1
75 prentil 1.2 1.7

on the general description of the assemblage, the cortex coverage and dimensions of the blade
platform cores, | hypothesise that a large proportion of the platform cores represents
exhausted cores. Laminar cores dominate the core sample throughout all layers with the
exception of layer Casper which contains a higher frequency of bipolar cores (Table 60).

One core made on quartzite exhibits bladelet scars as the last production operation (Figure 42);
this might be the result of extreme core exhaustion rather than an independent reduction
strategy. The knappers used a flake as the original core blank. The ventral face forms the back
of the bladelet platform core. The removal surface has centrally located cortex (Table 63). This
might have caused the knapping accidents, namely hinges, that represent the last operation on
the core and, besides the small dimensions, may have ultimately led to its discard. Similar to
the blade platform cores, this core exhibits a plain platform and unidirectional reduction, but
the removal surface shape is triangular. The exploitation has reached such an advanced stage
that the base of the core is non-existent due to removal scars. The core is 18.5 mm long (Table
68) and thus significantly smaller than the blade platform cores. The width is 25 mm (Table 69)
and the thickness 20 mm (Table 70). This core yielded the lowest length-to-width ratio following
the initial cores. The advanced stages of discard have an impact on the dimensions of the cores
and most likely explain the discrepancy between the pre-determined blanks and cores. The
bladelet platform core occurs only in layer Casper, which differs overall from the other layers in
its core assemblage composition (Table 60).

One of the quartz cores shows removals of a first exploitation as a laminar platform core and
was terminated using bipolar-on-anvil percussion (Figure 39b). The core demonstrates traces
of ‘repercussion’ (contre-coup) and impact scars on both the striking platform and the base. A
quartz cobble served as the original core blank (Table 61). The back and one lateral surface of
the core are covered with cortex (Table 63). The length of 25.1 mm falls below the minimum
value of the length of the blade platform cores. The width and thickness are significantly lower
than the mean values of the platform cores but fall within the range of the bipolar cores (Figure
43). The length-to-width ratio is also closer to the value of the bipolar cores (Table 72). The last
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operation coincides with the extraction of elongated end-products using bipolar-on-anvil
percussion (Table 71). This core type only occurs in layer Bart which, after layer Casper, has the
highest proportion of bipolar cores (Table 60).

| observe bipolar cores with clear traces from bipolar-on-anvil knapping as the second most
frequent core type. Quartz was mainly exploited in this manner (88.9%) (see for example Figure
39¢). In most cases, the original core blank is not identifiable anymore (Table 61). A large
proportion of the bipolar cores has either no cortex coverage (31.3%) or cortical remains on the
back (31.3%) (Table 63). This core type clearly demonstrates smaller dimensions than the
platform cores (Figure 43 &Table 68 — Table 70). The bipolar cores exhibit the highest length-
to-width ratio (Table 72). Throughout the sequence, bipolar cores form the second most
frequent core type, with the exception of layer Casper where they dominate (Table 60).

A few cores, including the only sandstone core (Figure 28), were classified as initial cores.
Interestingly, all the initial cores are made on slabs (Table 61). They show more than 50% of
cortex coverage, which is located either on the back or on the back and one lateral face (Table
62 & Table 63). Only one core is completely preserved and exhibits a cortical platform. The
removal surface shape is quadrangular (Table 65). The base has either cortical remains or is
prepared (Table 67). The initial cores show, with the exception of length (Table 68), greater
dimensions than the platform cores (Table 69 & Table 70). The last operation involves either
preparatory actions or a knapping accident (Table 71).

Finally, the two indeterminate core fragments represent the only core made on hornfels (Table
59).

c4
CASPER
1712

Figure 42. Sibudu. C-A layers from the Deep Sounding: Quartzite bladelet core (Photo by Viola C. Schmid).
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FIGURE 43. Sibudu. C-A layers from the Deep Sounding: Scatter plot of width and thickness of all in width and
thickness completely preserved core types.

5.4. Knapping Technique

Here, | expand on the diagnostic features allowing me to identify tendencies towards the
percussion technique(s). | proceed by using blank categories to determine differences.

To begin with, | considered all completely and proximal preserved blades (n=1104). In
determining whether direct or indirect application of force was used, | found that the corpus of
blades exhibits a broad range of EPAs between 65° to 93° with a mean value of 82° (Figure 44)
and platform depths between 0.2 mm and 22.1 mm with a mean value of 5.8 mm (Figure 45).
Having said this, subgroups (1) and (2) do not demonstrate significant differences in terms of
both EPA and platform depth (Table 73 & Table 74), indicating the use of the same knapping
technique(s) for both subgroups. Furthermore, the laminar end-products (Figure 32 — 35) do
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Figure 44. Sibudu. C-A layers from the Deep Sounding: Frequency distribution of EPA of blades.
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Figure 45. Sibudu. C-A layers from the Deep Sounding: Frequency distribution of platform depth of blades.
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Table 73. Sibudu. C-A layers from the Deep Sounding: Comparison of EPA between blades with a triangular cross-

section and blades with a trapezoidal cross-section (t-test).

AN YA\

n: 627 321
Mean: 81.938 81.891
Stand. dev. 0.332 0.423
Variance: 17.921 14.835
F: 1.208

t: 0.16611

p: 0.86811

Table 74. Sibudu. C-A layers from the Deep Sounding: Comparison of platform depth between blades with a
triangular cross-section and blades with a trapezoidal cross-section (t-test).

FAN YA\
n: 593 314
Mean: 5.9024 5.7669
Stand. dev. 0.2467 0.2807
Variance: 9.3568 6.3884
F: 1.4647
t: 0.67258
p: 0.50139

Table 75. Sibudu. C-A layers from the Deep Sounding: Frequency of dorsal reduction type of completely and
proximal preserved blanks.

short hinged small removals

Blank Categories | abrasion | lateral notching| removals | following scar ridges none Total

n| % n % n % n % n % n %
Blades 210.2%| 3 0.3%| 99| 9.0% 0.5% | 994|90.0%]1,104 | 100%
Elongated flakes | 1|0.1% - 0.0%| 70| 9.9% 0.3%| 637|89.7%] 710|100%
Flakes 171 0.6% - 0.0%| 215| 7.6% - 0.0% | 2,586 | 91.8% | 2,818 | 100%
Triangular flakes | -] 0.0% - 0.0% 10| 9.6% - 0.0% 94 190.4%] 104 |100%
Total 2010.4%]| 3 0.1%] 394| 8.3% 8 0.2%]4,311]91.0% | 4,736 ] 100%

not show the morphological regularity and parallel sides expected from applying indirect
percussion (see for example Pelegrin, 1991). Thus, the knappers most likely produced the

blades by the application of direct percussion.

With respect to the motion, only a small proportion of the blades exhibits abrasion or trimming
of their platforms (Table 75) and most platform depths (94.7%) exceed 2 mm. Furthermore,
most of the blades show a quadrangular platform morphology, followed by oval and triangular
shaped platforms (Table 76). This indicates a dominant gesture of internal percussion, i.e.

striking occurred further inward from the core margin. While most of the end-products suggest
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Table 76. Sibudu. C-A layers from the Deep Sounding: Frequency of platform morphology of completely and
proximal preserved blanks.

Blank linear
Categories | quadrangular oval triangular lunate winged ridge punctiform irregular crushed | indetermined Total

n % n % n % n % n % n % n % n % n % n % n %
Blades 331 | 30.2% | 281 | 25.6% | 184 | 16.8% 39 | 3.6% 71 6.5% | 28 | 2.6% | 1 0.1% 99 9.0% | 10 | 0.9% 52 4.7% § 1,096 | 100%
Elongated
flakes 219 | 32.5% | 156 | 23.1% | 80 | 11.9% | 31| 46% | 63| 9.3% [ 10 | 1.5% 00% | 70 |10.4% | 3|04% | 42 6.2% 674 | 100%
Flakes 637 | 25.3% | 539 | 21.4% | 300 | 11.9% | 107 | 4.2% | 234 93% |44 | 1.7% | 3 0.1% | 350 | 13.9% | 39 | 1.5% | 268 | 10.6% j 2,521 | 100%
Triangular
flakes 37 | 36.6% | 20 [ 19.8% | 10| 9.9% 1]1.0% | 12 [11.9% | 3] 3.0% 0.0% | 15| 14.9% 0.0% 3 3.0% 101 § 100%
Total 1,224 | 27.9% | 996 § 22.7% || 574 | 13.1% | 178 | 4.1% | 380 8.7% |8 | 1.9% | 4 0.1% J 534 | 12.2% || 52 | 1.2% ]} 365 8.3% § 4,392 | 100%

Table 77. Sibudu. C-A layers from the Deep Sounding: Frequency of blanks with and without lip among completely
and proximal preserved blanks.

Blank Categories | with lip without lip Total

n % n % n %
Blades 216|19.6%| 888 |80.4%]1,104 |100%
Elongated flakes | 113 | 15.9% | 597 |84.1%| 710|100%
Flakes 475(16.9%|2,342 | 83.1%] 2,817 | 100%
Triangular flakes | 19| 18.3% 85|81.7%| 104|100%
Total 823]117.4%]3,912]82.6%| 4,735] 100%

Table 78. Sibudu. C-A layers from the Deep Sounding: Frequency of bulb type of completely and proximal preserved
blanks.

Blank Categories | pronounced | weakly developed | double absent indetermined Total

n % n % ni % n % n % n %
Blades 572 |51.8% 420| 38.0%| -|0.0%|112|10.1% - 0.0%1]1,104 | 100%
Elongated flakes | 371|52.2% 294 414%(1|10.1%| 41| 5.8% 4 0.6%| 711]100%
Flakes 1,551 |55.0% | 1,072 38.0%|2|0.1%|175| 6.2%| 22 0.8%] 2,822 ] 100%
Triangular flakes 60 | 57.7% 30| 28.8%| -]0.0%| 14|13.5% - 0.0%] 104]100%
Total 2,554153.9%] 1,816] 38.3%|3]0.1%]342] 7.2%| 26 0.5% | 4,741 100%

a rentrante motion, i.e. striking that was conducted straight in an axis of percussion
perpendicular to the plane of detachment of the product, the presence of lips on 19.6% of the
blades (Table 77) suggests that the motion was occasionally tangential.

To address the nature of the knapping instrument, | recorded the internal platform delineation
of the blades (see for a definition Soriano, et al., 2007). A total of 21.9% of the laminar end-
products demonstrate platforms where the overhang of the contact point creates an abrupt
break in the delineation on the ventral face, and 2.4% of platforms have a double curve from
two contact points on the ventral face. Both of these features are specific to stone hammer
percussion only. This set of observations, together with a high frequency of pronounced bulbs
(51.8%) (Table 78), indicates that soft and hard hammerstone percussion may have both
occurred within the reduction sequence. | observe Siret fractures (7.4%), i.e. accidental
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longitudinal split breaks, as a typical accident of hard hammerstone percussion, and split or
shattered bulbs (33.5%) can be regarded as indicative of soft stone hammerstone percussion.

The elongated flakes comprise 712 completely or proximal preserved pieces. Like the blades,
the elongated flakes also demonstrate a wide range of EPAs between 61° to 92° (Table 79) and
platform depths between 1 mm and 26.1 mm (Table 80). However, the EPA of the elongated
flakes averages 81.3°, differing significantly from the blades (t-test, t =-3.5692; p = 0.00036737).
| also observed a significant difference in the platform depth of the elongated flakes with a
mean value of 6.3 mm, higher than the blades (t-test, t =-3.6785; p = 0.00024186). Even though
elongated flakes show the highest frequency of dorsal reduction (Table 75), they also
encompass a greater proportion of quadrangular platform morphologies (Table 76).
Additionally, 96.6% of these blanks have a platform depth exceeding 2 mm. Thus, the
predominant gesture was internal percussion. Although the presence of elongated flakes with
lips is low (15.9%) (Table 77), knappers also applied the rentrante motion for this blank
category, and more occasionally the tangential motion, but this was rarer than for the blades.
The range of the EPAs corresponds to suitable values for soft and hard stone hammer
percussion and the high number of pieces with pronounced bulbs at 52.2% (Table 78) also
makes a case for a mineral rather than an organic hammer. As would be expected for these
techniques, Siret fractures (16.7%) and split or shattered bulbs (38.4%) occur among the
elongated flakes.

The population of flakes includes 2823 completely or proximal preserved artefacts. The range
of EPAs is the broadest, between 22° and 100°, compared to the other blank categories (Table
79) and the same is true for the platform depth which ranges from 0.7 mm to 37.6 mm (Table
80). The flakes show the lowest mean value of EPA at 80.8° and clearly differ from the blades
(t-test, t = 6.7604; p <0.0001). The platform depth averages 6.8 mm and is also significantly
higher than the mean value of the blades (t-test, t = -8.0757; p <0.0001). Flakes demonstrate
the lowest number of pieces with dorsal reduction (Table 75). The platforms are mainly
guadrangular in shape, followed by oval shaped (Table 76). A total of 96.8% of the platform
depth of flakes exceeds 2 mm, indicating that the knappers applied internal percussion. Most
of the flakes indicate a rentrante motion, but the flakes with lips (16.9%) (Table 77) attest that
the tangential motion occurred as well. The flakes include a high proportion of pieces with
pronounced bulbs (55%) (Table 78) and the range of the EPAs coincides with stone hammer
use. Knapping accidents of both hard, namely Siret fractures (18.5%), and soft hammer use,
namely split or shattered bulbs (37.4%), are present.
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Table 79. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of EPA of all completely and proximal
preserved blanks per blank category.

Blades Elongated flakes |Flakes | Triangular flakes
n 1,104 710| 2,804 104
Min 65 61 22 67
Max 93 92 100 90
Sum 90,483 57,691 226,537 8,525
(Mean [ 82  813] 808] 8
Std. error 0.1 0.2 0.1 0.4
Variance 17.1 16.4 26.3 18.9
Stand. dev. 4.1 4.1 5.1 4.3
Median 82 81 81 82
25 prentil 79 79 79 80
75 prentil 85 84 84 85

Table 80. Sibudu. C-A layers from the Deep Sounding: Descriptive statistics of platform depth of all completely and
proximal preserved blanks per blank category.

Blades Elongated flakes | Flakes Triangular flakes
n 1,053 670 2,500 103
Min 0.2 1 0.7 1.3
Max 22.1 26.1 37.6 16
Sum 6,062.8 4,219.9| 16,937.2 781.8
(Mean | s8]  e3[ 8] 76
Std. error 0.1 0.1 0.1 0.3
Variance 8 10.2 13.3 10.9
Stand. dev. 2.8 3.2 3.7 33
Median 5.4 5.7 6 6.9
25 prentil 3.7 4 4.2 5
75 prentil 7.5 7.9 8.5 10.2

Finally, 104 of the triangular flakes are completely or proximal preserved. The range of the EPAs
is between 67° and 90°, averaging 82° (Table 79) which corresponds to the blades. However,
the triangular flakes exhibit the highest mean value for platform depth at 7.6 mm (Table 80)
and the greatest part (97.1%) exceeds 2 mm. Triangular flakes have the second largest
proportion of pieces with dorsal reduction following the blades (Table 75). These blanks show
the highest frequency of quadrangular platforms at 36.6% (Table 76). The detachment of
triangular flakes was conducted with internal percussion combined with a rentrante motion,
but use of a tangential motion is attested to by the presence of objects with lips (18.3%) (Table
77). This blank category has the highest frequency of artefacts with a pronounced bulb (Table
78). Both Siret fractures (6.8%) and split or shattered bulbs (31.1%) occurred.
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Figure 46. Sibudu. C-A layers from the Deep Sounding: Hammerstones. Hammerstones made on sandstone (a, b),
and hammerstone made on quartzite | (Photo (a) by Julia Becher; photos (b, c) by Viola C. Schmid).
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The compilation of percussion marks for all of the blank categories leads me to the conclusion
that in general, the knappers of Sibudu used hard and soft hammerstones in direct, internal
percussion, while applying both rentrante and tangential motions. The blank categories differ
mainly in the proportion of how often past people applied the tangential motion.

The assemblage comprises several cobbles and cobble fragments of sandstone (n=8) as well as
guartzite (n=12), dolerite (n=5) and quartz (n=1) (Figure 46 &Table 11) with impact marks that
can be interpreted as hammerstones, supporting the potential coexistence of both hard and
soft hammerstones to detach blanks.

5.5. The Laminar Reduction Strategy

Based on my analysis integrating blanks and cores, | identified a specific laminar reduction
strategy dominating the basal layers of Sibudu Cave that | will discuss in the following chapter.
A large proportion (67.6%) of the cores (n=48; exclusively blade platform cores) corresponds to
this laminar reduction system. The blanks indicate that although explicit blade cores do not exist
in all raw materials, the inhabitants of the site exploited all rock types to obtain laminar end-
products. These blades are characterised by unidirectional dorsal scar patterns, rectangular
shapes and straight to slightly curved profiles. The recognition of this reduction system is as yet
not underpinned by physical refitting, but preliminary experiments have been undertaken by C.
Lepers. They will be continued and analysed in the future to test and complete the description
presented here.

5.5.1. Core Configuration

The cores demonstrate a systematic organisation to enable and maintain laminar production,
although their dimensions vary dramatically, especially length, but this is likely due to different
stages of exhaustion (Figure 47). The knappers established six different areas to achieve the
geometry required to manufacture blades. Apart from striking platform, removal surface, back
and base of the core, two common and essential surfaces are the lateral crest and méplat or
lateral plane (Figure 48 — Figure 49 & Table 81):
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Figure 47. Sibudu. C-A layers from the Deep Sounding: Box plots of dimensions of blade platform cores.
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Most of the striking platforms are plain, although the knappers prepared the platforms of one
core with faceting to ensure the successful extraction of the next product. In general, the
outline of the platform is arched and the flaking angle is primarily in the range between 70° and
90°.

The removal surfaces show quadrangular (60.4%) followed by oval (29.2%) shapes. The cores
document a rather low transversal convexity of the removal surface.

The backs of the cores are mainly formed by natural or old ventral faces (70.9%). However, 25%
of the backs are overprinted by preparation removal scars belonging to either the lateral crest,
base or striking platform.

Concerning the base of the core, 72.9% of the cores demonstrate complete or partial
preparation to maintain the distal convexity, while only 18.8% are left with a natural surface.
The toolmakers managed the longitudinal convexity with removals from the core base opposed
to the knapping direction of the unidirectional reduction.

The lateral crest is made on one margin of the removal surface by detaching flakes orthogonal
to the axis of exploitation with the aim of ensuring transversal convexity. The crest is prepared
in different ways due to natural conditions, re-shaping and progression of reduction, and these
variants can be subdivided as follows. Past people most frequently prepared the crests with
bifacially alternating removals (38%) or bifacial preparation (38%). Moreover, | observe the
preparation of only one face suggesting that either the preparation has been removed on one
face or that the convexity was considered appropriate for reduction, thus making preparation
unnecessary. One core exhibits no preparation at all as the natural configuration of the original
core blank already provided a suitable transversal convexity. Finally, another core is so
exhausted that the lateral crest was completely removed (Figure 50). On most cores, the angle
of the crest ranges between 70° and 90° (71.1%).

The méplat, or lateral plane, is one of the narrow faces of t