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ABSTRACT 
 

 

This study was stimulated by questions that arose on the Middle Stone Age (MSA) tools 

from Sibudu cave, KwaZulu-Natal, South Africa. Many stone tools were found to have 

ochre traces or ochre plant resin traces on their proximal ends, as well as bending 

fractures on their laterals caused by hafting. This placement of ochre is unusual because it 

would be expected that ochre would be found on the working edges of the tools if they 

had been used to prepare ochre. A possible explanation is that the ochre is part of the 

hafting process and that ochre was used as an aggregate in the adhesive that held the 

stone tool to the haft. 

 

The question this research aims to answer is why ochre was used as an aggregate in plant 

resin instead of other easily acquirable substances, such as sand or ash. I have 

experimented with a variety of aggregates and then performed various activities with the 

hafted tools to test the strength and effectiveness of the different adhesive recipes. The 

chemical and physical properties of the ingredients used in the adhesives are also 

explored, together with principles of geological cementation and the methods involved in 

the creation of industrial concrete. 

 

Results of my replications are varied and they show that uncontrollable variables 

influence the resultant adhesive quality. Results contribute to understanding the uses and 

implications of the ochre on the MSA sites, and illuminate that people living in the MSA 

had an understanding of the best physical and chemical properties needed in adhesives, 

even though they could not have had an understanding of attributes like mineralogy and 

pH. 

 

 

 

 

 

 

 



 iv 

CONTENTS 
 

 

 

Acknowledgements .............................................................................................vii  

 

List of Figures .................................................................................................... viii 

 

List of Tables .......................................................................................................xii 

 

CHAPTER ONE: Introduction ...........................................................................1 

 

CHAPTER TWO: Literature Review .................................................................3 

2.1 Ochre ....................................................................................................3 

2.2 Hafting .................................................................................................6 

2.3 Sibudu Cave .......................................................................................10 

2.4 Previous replication studies on stone tool hafting ..........................12 

2.5 Conclusion .........................................................................................14 

 

CHAPTER THREE: Hafting Experiments ......................................................15 

3.1 The Main Materials and Terminology.............................................15    

3.1.1 Resin .................................................................................15 

3.1.2 Adhesive ...........................................................................16 

3.1.3 Aggregates .......................................................................17 

3.1.4 Ochre ............................................................................... 17 

3.2 Cementing Properties .......................................................................20 

3.3 Hafting Experiments  ....................................................................... 22 

3.3.1 Hafts .................................................................................23 

3.3.2 Stone Flakes .....................................................................23 

3.3.3 Resin .................................................................................23 

3.3.4 Aggregates ...................................................................... 24 

3.3.5 Mixing Quantities ............................................................29  

3.3.6 Heating ............................................................................ 29 

3.3.7 Tool Activities ..................................................................31 

3.4 Hafting Experiments 1 ......................................................................33 

3.4.1    Resin .................................................................................33 

3.4.2    Mixing Quantities ........................................................... 36 

3.4.3    Heating Times ..................................................................37 

3.4.4    Aggregates .......................................................................39 

3.4.5    Lyn Wadley’s Hafting Experiments ..............................50 

3.4.6    Texture and Particle Size ...............................................51 

3.4.7    Conclusion ........................................................................52 

3.5 Geological Binding Agents ...............................................................53 

3.5.1    Diagenesis of Sedimentary Rocks ..................................53 

3.5.2    Adhesives and Cementation ...........................................56 

3.6 Hafting Experiments 2 ......................................................................56 



 v 

 3.6.1    Aggregates  .......................................................................57 

3.6.2    Conclusion .......................................................................61 

 

CHAPTER FOUR: Iron Quantities: Inductively Coupled Plasma –  

 Optical Emission Spectroscopy (ICP-OES) ................63 

4.1 ICP-OES 1 .......................................................................................63 

4.1.1 Preparation ......................................................................63 

4.1.2 Procedure: The ICP-OES process .................................63 

4.1.3 Results ..............................................................................64 

4.1.4 Conclusion: Iron Quantities, Colour  

 and Hafted Tools ......................................................66 

4.2 ICP-OES 2 ........................................................................................67 

4.2.1 Preparation ......................................................................67 

4.2.2 Procedure .........................................................................68 

4.2.3 Results ..............................................................................69 

4.2.4 Conclusion .......................................................................71 

 

CHAPTER FIVE: pH Tests  ..............................................................................72 

5.1 pH Test 1 ............................................................................................72 

5.1.1   Preparation .......................................................................72  

5.1.2   Procedure ..........................................................................72 

5.1.3   Results ...............................................................................73 

5.1.4   Conclusion ........................................................................74 

  5.2 pH Test 2 ............................................................................................75 

5.2.1   Preparation and Procedure .............................................75 

5.2.2   Results ...............................................................................76 

5.2.3   Conclusion ........................................................................76 

 

CHAPTER SIX: Hardness Tests .......................................................................78 

 6.1 Preparation: Mounting samples ......................................................78 

 6.2 Procedure: Rockwell T Hardness Tests … ..................................... 80 

 6.3 Results ................................................................................................81 

 6.4 Discussion: Aggregates, Hardness and Iron and Silica  

Quantities .........................................................................85 

 6.4.1    Aggregates and Hardness ...............................................85 

 6.4.2    Iron Quantities and Hardness .......................................86 

 6.4.3    Silica Quantities and Hardness ......................................88 

 6.5 Conclusion ..........................................................................................89 

 

CHAPTER SEVEN: Scanning Electron Microscope (SEM)...........................90  

 7.1 Preparation .........................................................................................90 

 7.2 Procedure ...........................................................................................90 

 7.3 Results ................................................................................................91 

 7.3.1    Cracking ...........................................................................91 

 7.3.2    Homogeneity ....................................................................92 

 7.4 Conclusion ..........................................................................................94 



 vi 

 

CHAPTER EIGHT: Energy Dispersive Spectrometer (EDS) ........................96 

8.1 Preparation .........................................................................................96 

8.2 Procedure ............................................................................................96 

8.3 Results ................................................................................................96 

 8.4 Conclusion ........................................................................................100 

 

CHAPTER NINE: Discussion ..........................................................................101 

9.1 Resin .................................................................................................102 

9.2 Beeswax ............................................................................................103 

9.3 Aggregates .......................................................................................104 

 9.3.1    Ochre ..............................................................................106 

 9.3.2    Sand ................................................................................108 

 9.3.3    Other Aggregates ...........................................................109 

 9.4 Physical and Chemical Properties .................................................110 

 

CHAPTER TEN: Conclusion ..........................................................................113 

 

CHAPTER ELEVEN: Future Research .........................................................116 

 

APPENDIX ONE: Hafting Experiments 1 .....................................................119 

APPENDIX TWO: Hafting Experiments 1– Tool Activities .........................125 

APPENDIX THREE: Hafting Experiments 2 ................................................128 

APPENDIX FOUR: Hafting Experiments 2 – Tool Activities ......................132 

APPENDIX FIVE: Full Elemental ICP-OES analysis ..................................134 

APPENDIX SIX: SEM Images .........................................................................135 

APPENDIX SEVEN: EDS Spectra ..................................................................141 

 

REFERENCE LIST ..........................................................................................152 



 vii

ACKNOWLEDGEMENTS 

 

 

I would like to express my profound gratitude to my supervisor, Lyn Wadley, for keeping 

me on track and giving me endless, and willing, support.  

 

Thanks to Mike Grant for the invaluable knowledge he imparted on me, and for assisting 

me with the Scanning Electron Microscope. 

 

Thanks to Ruphat Morena, Andy Koursaris, Aubrey Xoseka, Caroline Crump and Portia 

Lutya from the various departments at Wits, all of whom kindly helped with various tests 

and information. 

 

Special thanks to M & S Metrology Services, and Mandla Mbatha and André Jooste, who 

patiently and willingly dealt with the problematic issue of obtaining hardness tests for my 

samples. 

 

Thanks to the NRF (National Research Fund) and to PAST (Palaeo-Anthropology 

Scientific Trust) for financial support. 

 

Thanks to my friends and colleagues who have helped me not to stress too much and 

helped me to keep an eye on the light at the end of the tunnel. Special thanks go 

particularly to Bronwyn Burns, Justin Pargeter, George Christelis and the Wits Choir for 

keeping a smile on my face, and keeping me sane. 

  

Lastly, I would like to thank my family for the friendship, understanding, stability, and 

company that they have shown/given me, in these last two years, and throughout my life.  

 

 

 

 



 viii

LIST OF FIGURES 
 

 

 

Figure 1.1: Chopping and sawing tools made in the current study (left), as  

 opposed to the scraping tools used in southern Ethiopia  

 (Brandt & Weedman, 1997) ..........................................................7 

  

Figure 3.3.1: Ball of hardened resin. Water is then added and the resin  

  becomes reconstituted .................................................................24 

 

Figure 3.3.2: Hardened resin that has been reconstituted ....................................24 

 

Figure 3.3.3: Snuff-box shale pieces showing ‘pockets’ of soft yellow and red  

 colouring ......................................................................................26 

 

Figure 3.3.4: Two examples of the smooth, compact pieces of ochre .................26 

 

Figure 3.3.5: All ochre was ground on sandstone slabs .......................................27 

 

Figure 3.3.6: Some ground ochre pieces ..............................................................27 

 

Figure 3.3.7: Ochre pieces and the powder produced from them ........................27 

 

Figure 3.3.8: Measuring and mixing the adhesive ingredients ............................30 

 

Figure 3.3.9: The adhesive prior to heating .........................................................30 

 

Figure 3.3.10: Drying the tools next to the fire ...................................................31 

 

Figure 3.3.11: Chopping and sawing branches to test the strength and 

  effectiveness of hafting adhesive ..............................................32 

 

Figure 3.4.1: Success rate of adhesives made with two resin species .................33 

  

Figure 3.4.2: Success rate of adhesives made with different ratios of  

  ingredients (not considering aggregate type) ............................36 

 

Figure 3.4.3: Success rates of adhesives heated for different times ....................37 

  

Figure 3.4.4: Frequencies of tools made with each aggregate in Hafting 

             Experiments 1 ..........................................................................39 

 

Figure 3.4.5: Success rate of tools made with ochre as an aggregate ..................40 

 

Figure 3.4.6: Success rate of tools made with different colour ochre .................40 



 ix 

 

 
Figure 3.4.7: Two examples of the colour changes that occur when ochre  

                           is heated .....................................................................................41 

 

Figure 3.4.8: Success rate of tools made with ferric oxide as an aggregate ........42 

 

Figure 3.4.9: Success rate of tools made with ochre and charcoal as  

                           aggregates ..................................................................................43 

 

Figure 3.4.10: Success rate of tools made with an aggregate and beeswax ........44 

 

Figure 3.4.11: Success rate of tools made with gypsum as an aggregate ............45 

 

Figure 3.4.12: Success rate of tools made with charcoal as an aggregate ...........46 

 

Figure 3.4.13: Success rate of tools made with kaolinite as an aggregate ...........47 

 

Figure 3.4.14: Success rate of tools made with ash as an aggregate ...................47 

 

Figure 3.4.15: Success rate of tools made with sand as an aggregate ..................48 

 

Figure 3.4.16: Success rate of tools made with burnt bone as an aggregate .......49 

 

Figure 3.4.17: Success rate of tools made with wood shavings as an  

                             aggregate ..................................................................................49 

 

Figure 3.4.18: Success rate of tools made with no aggregate, i.e. plain resin .....50 

 

Figure 3.4.19: Success rate of aggregates used in Hafting Experiments 1 ..........52 

 

Figure 3.6.1: Frequencies of tools made with each aggregate in Hafting  

       Experiments 2 .............................................................................57 

 

Figure 3.6.2: Success rate of tools made with ochre as an aggregate ..................57 

 

Figure 3.6.3: Success rate of tools made with different colour ochre .................58 

 

Figure 3.6.4: Success rate of tools made with ferric oxide as an aggregate ........59 

 

Figure 3.6.5: Success rate of tools made with an aggregate and beeswax ..........59 

 

Figure 3.6.6: Success rate of tools made with kaolinite as an aggregate .............60 

 

Figure 3.6.7: Success rate of tools made with sand as an aggregate ...................60 

 



 x 

Figure 3.6.8: Success rate of tools made with no aggregate, i.e. plain resin .......61 

  

Figure 3.6.9: Success rate of all tools made in Hafting Experiments 2 ...............61 

 

Figure 4.2: Percentages of iron (Fe) and silica (Si) found in each sample ..........69 

 

Figure 6.1: The moulds made for hardness tests, SEM and EDS analysis ..........79 

 

Figure 6.3: The adhesives left on the hafts of Tools 51, 21 and 68 .....................84 

 

Figure 6.4.1: Successful versus unsuccessful adhesives in order of hardness .....86 

 

Figure 6.4.2: HRT readings versus percentage of iron (in the aggregates) .........87 

 

Figure 6.4.3: HRT readings versus percentage of silica (in the aggregates) .......88 

 

Figure 7.4: Percentages of successful and unsuccessful tools and how they  

                        relate to the homogeneity of the surface of the sample (as  

                        seen through an SEM) ...................................................................94 

 

Figure 9.3: Success rates of different adhesive recipes .....................................106 

 

Figure 7.3.1: SEM image of Sample #1 (Tool 40). Gypsum. Unsuccessful .....135 

 

Figure 7.3.2: SEM image of Sample #1 (Tool 40). Gypsum. Unsuccessful .....135 

 

Figure 7.3.3: SEM image of Sample #2 (Tool 41). Plain Resin. Successful .....136 

 

Figure 7.3.4: SEM image of Sample #2 (Tool 41). Plain Resin. Successful ......136 

 

Figure 7.3.5: SEM image of Sample #4 (Tool 43). Red Ochre. Successful ......137 

 

Figure 7.3.6: SEM image of Sample #4 (Tool 43). Red Ochre. Successful ......137 

 

Figure 7.3.7: SEM image of Sample #8 (Tool 47). Red Ochre. Successful ......138 

 

Figure 7.3.8: SEM image of Sample #8 (Tool 47). Red Ochre. Successful ......138 

 

Figure 7.3.9: SEM image of Sample #12 (Tool 51). Red Ochre and Beeswax. 

    Successful .....................................................................................139 

 

Figure 7.3.10: SEM image of Sample #15 (Tool 54). Sand. Successful ...........139 

 

Figure 7.3.11: SEM image of Sample #13 (Tool 52). Kaolinite. Successful ....140 

 

Figure 7.3.12: SEM image of Sample #13 (Tool 52). Kaolinite.  Successful ...140 



 xi 

 

Figure 8.3.1: EDS Spectra I: Gypsum. Smooth, featureless section .................141 

 

Figure 8.3.2: EDS Spectra II: Gypsum. Granular area ......................................142 

 

Figure 8.3.3: EDS Spectra III: Plain Resin. Smooth, featureless area ...............143 

 

Figure 8.3.4: EDS Spectra IV: Yellow Ochre. Granular area ............................144 

 

Figure 8.3.5: EDS Spectra V: Red Ochre.  Granular area .................................145 

 

Figure 8.3.6: EDS Spectra VI: Red Ochre. Smooth, featureless area ................146 

 

Figure 8.3.7: EDS Spectra VII:  Red Ochre and Beeswax. Mixed area, some  

       granules but quite smooth .........................................................147 

 

Figure 8.3.8: EDS Spectra VIII: Red Ochre and Beeswax. Smooth,  

                          featureless area ..........................................................................148 

 

Figure 8.3.9: EDS Spectra IX: Red Ochre and Beeswax. Granular area ...........149 

 

Figure 8.3.10: EDS Spectra X: Kaolinite. Smooth, featureless area .................150 

  

Figure 8.3.11: EDS Spectra XI: Kaolinite. Granular area .................................151 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xii

LIST OF TABLES 
 

 

 

Table 4.1: Iron quantities present in each sample ................................................64 

 

Table 4.2: Quantities of iron and silica present in the seven tested samples .......69 

 

Table 5.1.1: Results of pH tests ...........................................................................73 

 

Table 5.2.1: The pH of resin, and pH of adhesives before and after heating .......77 

 

Table 6.3: Results of Hardness Tests ...................................................................81 

 

Table 6.4.1: Aggregates and hardness .................................................................85 

 

Table 6.4.2: Iron quantities and hardness readings ..............................................87 

 

Table 6.4.3:  Silica quantities and hardness readings ..........................................88 

 

Table 7.3: Observations made during SEM analysis ............................................91 

 

Table 8.3: Observations and analysis of EDS spectrum ......................................97 

  

 

 


