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Abstract 

The southern African Early Middle Stone Age (~315-80 ka) is often regarded as a period of behavioural 
stasis. Though regionalised technological and behavioural adaptions are identified throughout this 
period, there appears to be a lack of coherent and regular turnover of technological systems that 
becomes common in later periods. Here we test if the perception of Early Middle Stone Age 
technological stasis may be influenced by the typological approaches to the retouched implements 
that are frequently used as markers of technological change. We deploy an attribute analysis of 498 
retouched implements from three Early Middle Stone Age assemblages from the Doring River 
Catchment, South Africa is used to test three hypothetical explanations of variation in implement 
form: strict typology, reduction-mediated typology, or maximum expediency. We find strongest 
support for a maximum expediency model in which retouch was flexibly applied across multiple 
retouch episodes, facilitated by preferential selection of larger blanks, producing a range of outcomes 
that rarely conform to classic types. These results encourage an interpretation of Early Middle Stone 
Age technology as representing a flexible and widely effective technological system, the subtleties of 
which have been masked by an historical over-emphasis on the limited retouched component. 

Keywords: Early Middle Stone Age, lithic reduction, stone tools, retouched implements, Southern 
Africa 
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Introduction 

Anatomical and genetic evidence places the origin of Homo sapiens in Africa around 315 ka (Richter 
et al. 2017).  The approximately concordant emergence of the African Middle Stone Age (MSA1) 
suggests linked biological and cultural developments (McBrearty and Brooks 2000; Richter et al. 2017; 
Brooks et al. 2018), with regional variation in the MSA’s onset potentially reflecting complex 
population sub-structure at the continental scale (Scerri et al. 2017; Scerri et al. 2016).  The MSA is 
most effectively differentiated from the preceding Earlier Stone Age (ESA) by the concerted use of 
Levallois flaking methods, and the disappearance of large cutting tools such as handaxes and cleavers 
(Goodwin and van Riet Lowe 1929; Herries 2011). Unlike developments associated with the first 
appearance of modern humans in Europe, the appearance of other changes associated with modern 
humans in Africa are relatively subtle (Brooks et al. 2018), and many are apparently somewhat 
delayed. Long distance transfers of raw material implying extended social networks are discernible by 
200 ka (Blegen 2017). Thermal transformation of silica rocks and the use of marine resources (Marean 
et al. 2007; Schmidt et al. 2020) were in place by the end of Marine Isotope Stage (MIS) 6, around 130 
ka. Bone tool production appears in MIS 5 (Brooks et al. 1995; Bouzouggar et al. 2018), followed 
shortly thereafter by evidence for the use of ornaments and engravings (Vanhaeren et al. 2019; 
d'Errico et al. 2008; Bouzouggar et al. 2007; Vanhaeren et al. 2006; Henshilwood et al. 2004; Texier et 
al. 2010; Henshilwood et al. 2009; Henshilwood et al. 2014), likely reflecting explicit social signalling 
(Stiner 2014). Many of these developments persist and potentially expand during the later phases of 
the MSA (Stewart et al. 2020; Miller and Willoughby 2014; Tryon and Faith 2013), consistent with 
models of ratcheting or self-sustaining cultural complexity (McBrearty and Brooks 2000; Sterelny 
2011; Tennie et al. 2009). 

Owing to the fragmentary nature of archaeological data in the MSA it is difficult to be certain that the 
accumulation of innovations represent uninterrupted linear models of ratcheting complexity 
(Lombard 2012). As with the archaeological evidence, the fossil record for early H. sapiens does not 
demonstrate a linear progression to our contemporary morphology (Scerri et al. 2018). It has been 
argued that between disconnected populations, in time, space, and genetics, we would not expect to 
see a coherent structured technological response, with some innovations having long lasting influence 
and others being short lived variants (Scerri et al. 2018; Will et al. 2019). This leads to one of the most 
interesting changes through the MSA, the delayed appearance of what we might refer to as cultural 
‘taxa’ (Reynolds and Riede 2019; Ranhorn and Tryon 2018). Though regionalised artefact-making 
traditions emerge in the Early MSA (Marean and Assefa 2005; Douze et al. 2015; Schmid et al. 2016; 
McBrearty and Brooks 2000), coherent and regular turnover of technological systems displaying 
common and distinctive elements seem to be a feature of the later MSA and Later Stone Age (LSA) in 
Africa, as they are of the Upper Palaeolithic in Europe. While early industries such as the Nasera, 
Nubian, and Aterian are named taxa in the culture historic tradition (Shea 2014), their defining 
technological characteristics are limited, inconsistently present through contiguous blocks of space 
and time, and can be extremely time-transgressive (Dibble et al. 2013; Scerri and Spinapolice 2019). 
In the case of the Nubian, they are also prone to convergence (Will et al. 2015).  

In southern Africa, structured turnover of technological systems begins around 75 ka. Despite 
contested ages, the identifying characteristics of the sequential Still Bay (bifacial points), Howiesons 
Poort (backed pieces, complex notched/strangulated blades, ‘Howiesons Poort’ blade cores), and 
post-Howiesons Poort (unifacial points and convergent scrapers) technocomplexes are clear, and the 

 
1 For convenience we will refer to the both the African Middle Stone Age and African Middle Palaeolithic as 
Middle Stone Age or MSA, and restrict usage of Middle Palaeolithic to that period in Eurasia (Kleindienst 2006) 
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taxa are readily identifiable (Wurz 2013; Mackay et al. 2014a) even when they occur as surface 
assemblages (Dietl et al. 2005; Shaw et al. 2019; Minichillo 2005; Carrion et al. 2000; Mackay et al. 
2010; Hallinan and Parkington 2017). Furthermore, when found in stratified contexts across much of 
central and western areas of southern Africa, their stratigraphic order is repeated and consistent 
across multiple sites (Steele et al. 2016). That the first two of these taxa are also associated with the 
production of engravings, ornaments, and organic tools, encourages their characterisation as 
reflecting behaviour that is in some way modern-like (Henshilwood 2012). However, such structure 
dissipates again through later MIS 3 (Bader et al. 2018; Bader et al. 2015; Will et al. 2014; Mackay et 
al. 2014b), with coherent sequences of regional change only re-emerging from roughly 25 ka 
(Bousman and Brink 2018; Mackay et al. 2019). 

The period that precedes the first appearance of this coherent ‘taxonomic turnover’ pattern can be 
referred to generically as the southern African Early MSA (Mackay et al. 2014a), though it has been 
divided into three successive taxa, referred to variously as ‘stages’, ‘sub-stages’, and 
‘technocomplexes’ (Lombard et al. 2012; Wurz 2002; Volman 1981; Douze et al. 2015): MSA 1, MSA 
2a, and MSA 2b. This naming scheme devised by Volman (1984; 1981) is the most widely applied, but 
has seen several modifications and adjustments. For example, MSA 1 is also termed ‘Early MSA’ (both 
as ‘early and ‘Early’), MSA 2a is sometimes referred to as MSA I and Klasies River, and MSA 2b as MSA 
II  and Mossel Bay (Singer and Wymer 1982; Wurz 2013; Lombard et al. 2012; Lombard 2012). This in 
itself raises issues with the concepts of technocomplexes based on typological distinctions, as there is 
a variety of reasons that it may not be immediately apparent whether a given assemblage is a part of 
a known technocomplex or is something new (Lombard et al. 2012). For consistency and simplicity we 
have used Volman’s (1984; 1981) scheme to represent the current state of technocomplex divisions, 
and the Early MSA as the overarching term for the entirety of the period postdating the ESA and 
predating the Still Bay. 

Unlike the Still Bay, Howiesons Poort, and post-Howiesons Poort, the differences between MSA 1, 
MSA 2a, and MSA 2b are subtle. They are linked by the common abundance of local raw materials, 
the flexible application of Levallois-like core reduction modalities, and a tool corpus in which notched 
flakes, denticulates, scrapers, and unifacial points are the most common elements (Douze et al. 2015; 
Volman 1981). They are differentiated largely by the sizes and proportions of blades and convergent 
flakes, and the relative abundance of retouched implements (Volman 1981; Lombard et al. 2012). As 
with North African cultural taxa such as the Aterian or East African taxa around the MSA / LSA 
transition (Ranhorn and Tryon 2018), the divisions of the southern African Early MSA do not appear 
to be time-bounded, with similar taxa identified in different intervals at different sites (Mackay et al. 
2014a). Thus, while MSA 1, MSA 2a, and MSA 2b might be considered identifiable (Douze et al. 2015), 
they are not identifiable in similar ways to subsequent divisions of the southern African MSA. Indeed, 
they appear more similar to the sub-divisions of the Middle Palaeolithic in Western Europe, where 
comparable and contemporaneous technological changes may be identified at nearby sites (Jacobs et 
al. 2016), but refined, regionally-coherent sequences of technological turnover like those identifiable 
in the Upper Palaeolithic remain elusive (Gravina 2017; Faivre et al. 2017; Monnier and Missal 2014; 
Mellars 1996).  

Our interest in this paper is why this should be so. Compared to the relatively rapid and well-structured 
changes that followed it, the ambiguous nature of technological change in the Early MSA has 
contributed significantly to the view that this was a period of relative cultural stasis (Douze et al. 2015; 
Wurz 2002, 2013; Lombard et al. 2012). Allied with the absence of engravings and ornaments, 
behaviour during the Early MSA may thus appear less ‘modern’ than that evidenced after ~75 ka 
(Henshilwood and Dubreuil 2011). Like the MP, the subtle proportional changes of common 
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technological elements suggest a coherent but somewhat generic repertoire that was flexible in its 
deployment through time and space. Yet unlike the MP, the Early MSA was associated with modern 
humans, and there is no genetic evidence for a significant population change coincident with the start 
of the Still Bay (Schlebusch 2017; Hammer et al. 2011; Behar et al. 2008).  

Though they typically account for low proportions of Early MSA assemblages, we focus in our paper 
on retouched implements (or tools), as these form such an effective discriminant of later MSA and LSA 
cultural taxa, and yet such a poor discriminant of proposed Early MSA cultural taxa. A variety of 
approaches can be taken to the study of such artefacts. In southern Africa, traditional typological 
approaches in which implements are categorised according to their final form have historically been 
dominant, as these are strongly associated with the construction of cultural taxa (Bar-Yosef and Van 
Peer 2009); such an approach, however, is demonstrably inadequate to the study of the Early MSA 
(Douze et al. 2015). More recently, dynamic chaîne opératoire approaches, which document 
production processes from raw material selection, to blank production, shaping, finishing, and discard, 
have become more prevalent. Such approaches have most often been applied to cores in southern 
Africa, with their application to retouched implements being limited to a few cases (Soriano et al. 
2015; Villa et al. 2009b; Hogberg and Lombard 2016; Conard et al. 2012). 

An alternative approach to the study of retouched implements comes from attribute-driven reduction 
analysis, in which indices are typically used to assess the effects on implement size and shape of the 
progressive removal of mass during reduction (Kuhn 1990; Clarkson 2002; Dibble 1987). The 
advantage of such approaches is that they avoid the teleological assumption inherent in many chaîne 
opératoire analysis that reduction is geared towards producing a final, intended form (Shott 2015; 
Holdaway and Douglass 2011; Dibble et al. 2016; Hiscock and Clarkson 2000). The approach thus 
allows that reduction may have been a continuous process that was responsive to the contingencies 
of successive knapping actions as well as the imminent needs of the knapper (Dibble 1995; Bleed 2001; 
Hiscock and Attenbrow 2003).  

Past applications of reduction analysis of Middle Palaeolithic denticulates, notches, and scrapers has 
been used to argue that variation in implement form at discard results from a degree of reduction 
rather than a desired end-product (Dibble 1987; Hiscock and Clarkson 2007; Holdaway et al. 1996; Lin 
and Marreiros Submitted). A reduction hypothesis implies that reduction occurs as successive 
episodes of retouch and to enable the continual reduction of a piece, larger blanks with a greater 
amount useable edge would be manufactured and selected for retouch (Dibble 1987; Dibble 1995). 
Among notched and denticulated pieces, there is a relationship between blank size and number of 
notches which suggests that notches were added incrementally through an artefact’s uselife 
(Holdaway et al. 1996; Hiscock and Clarkson 2007). Among scrapers, it has been argued that 
progressive retouch accounts for various subtypes that are typically considered discrete (Dibble 1995; 
also Clarkson 2005). Alternatively it has been suggested that the scraper reduction may follow multiple 
branching paths (Hiscock and Clarkson 2008), and the final form of scrapers may be strongly 
conditioned by a combination of initial blank form and reduction intensity (Kuhn 1992; Hiscock and 
Clarkson 2008).  

We aim here to test whether, and to what, extent these propositions apply to comparable implements 
from the Early MSA. To be clear from the outset, we are not interested in testing the ‘reality’ or 
otherwise of Early MSA sub-divisions. Rather we are interested in understanding whether the 
operation of retouch as a continuous process in the Early MSA potentially confounds the utility of 
implement types as markers of technological change in this period. Such a finding may indicate that, 
rather than stasis, the seemingly generic nature of Early MSA technology in fact represents a flexible 
set of techniques that provided adaptive solutions across large tracts of space and time. 
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Fig 1 Location of study sites in the context of southern Africa and a selection of prominent Early MSA 
sites. SRTM data from: Jarvis et al. (2008). Inset, locations of Klipfonteinrand Rock Shelter (KFR), 

Mertenhof Rock Shelter (MRS), and Putslaagte 8 (PL8) relative to the Doring River and known silcrete 
sources within the catchment. 

 

Materials and Methods 

Sites, settings, and samples 

For the purposes of our study, we analysed retouched and unretouched flakes from Early MSA layers 
at three excavated rock shelter sequences in the Doring River catchment, at the edge of South Africa’s 
Cederberg Mountains (Figure 1). The sites are Klipfonteinrand (KFR), Mertenhof (MRS), and Putslaagte 
8 (PL8). All three shelters occur in the same geological unit – the Nardouw Formation of the Table 
Mountain Group – providing local access to quartzite, sandstone, and small pebbles of quartz and 
more rarely chert from conglomerate units. These local lithologies also account for the majority of 
artefacts in each sample. Proximity to other lithologies, and most notably the fine-grained rocks 
hornfels, silcrete, and chert, varies between the sites (Low and Mackay 2018). The contact 
metamorphic rock hornfels was typically obtained from the cobble beds of the Doring River, at 
distances of 2 km, 13 km, and 19 km from PL8, KFR, and MRS respectively. Silcrete was generally 
obtained from primary sources on ridge tops that were non-local (>20 km) to all sites. In addition to 
rare pebbles in the Nardouw Formation conglomerates, chert is available as small clasts in the Doring 
River, and as primary sources in the far south east of the catchment (Smith and Ripp 1978). 
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KFR is a north-east-facing rock shelter located approximately 3.5 km from the Brandewyn River, a 
small, ephemeral tributary of the Doring River. The site was excavated by John Parkington in 1969 and 
again by Mackay and colleagues in 2011-2012. The MSA sequence includes post-Howiesons Poort, 
Howiesons Poort, and Early MSA material. Despite some mixing of the lower Howiesons Poort and 
uppermost Early MSA in Parkington’s original sample, Volman assigned the assemblages from 
Parkington’s spits 7, 8, and 9 to his MSA 2b grouping (Volman 1981). In the newly excavated sample, 
the Howiesons Poort is constrained to the strata LGSS and BS, and the Early MSA to the strata GGLBS 
and PBS. GGLBS is roughly equivalent to Parkington’s spit 7, and PBS to spits 8 and 9. The assemblages 
from GGLBS and PBS in squares 1, 2 and 6, were analysed for this study, the resulting sample 
comprising 334 complete and broken retouched flakes (5.6% of the total assemblage) and 1935 
complete unretouched flakes.  

MRS is a north-facing shelter located 25 m upslope of the spring fed Biedouw (or Heuningvlei) River 
that feeds into the Doring River. Excavations at MRS began in 2013 and are on-going; bedrock has yet 
to be reached anywhere, with the deepest point currently 1.95 m below surface. The site has a well-
defined sequence comprising Robberg, Late MSA, post-Howiesons Poort, Howiesons Poort, Still Bay, 
and Early MSA units (Schmidt and Mackay 2016; Will et al. 2015). Material analysed for this study 
derives from the Early MSA stratum DBS in squares 3 and 4 – the two deepest excavation units. The 
assemblage includes 122 complete and broken retouched flakes (3.9% of the total assemblage), and 
747 complete unretouched flakes.  

PL8 is a small north-facing rockshelter located in a low gorge on the Putslaagte River, a small, 
ephemeral tributary of the Doring River. The shelter was excavated in 2010 to bedrock at a maximum 
depth of 1.63 m (Mackay et al. 2015). Like MRS, PL8 retains a long sequence including examples of 
most known Late Pleistocene cultural taxa. The Early MSA material was first analysed by Mackay et al. 
(2015), and then reanalysed for this study by the lead author. The sample contained 40 retouched 
pieces (2.9% of the total assemblage), and 294 complete unretouched flakes.  

The total sample of retouched flakes from the three sites is 498 retouched flakes, of which 213 (42.8%) 
are complete, with a further 2976 complete unretouched flakes (Table 1). Local rocks, notably 
quartzite and sandstone, dominate all samples, though PL8’s proximity to the cobble beds of the 
Doring River is reflected by the abundance of hornfels in that assemblage.  

Analytic methods 

An attribute-based analytical approach was used to explore variation within and between the classic 
Early MSA implement types notched pieces, denticulates, scrapers, and unifacial points. Specifically, 
we set out to test three alternative hypotheses concerning the processes controlling implement form 
in our analytic sample: 

H1. (Strict typology). Different implement types are discrete and intended end-products. Different 
kinds of retouch were applied to different kinds of implements with little to no overlap. Different 
blank forms were used to manufacture different implements, and there is no discernible 
relationship between measures of artefact size, retouch intensity, and artefact type. Lithology has 
no impact on implement type. There should be marked variation between implement types, but 
little variation within types. 

H2. (Reduction-mediated typology). Different kinds of retouch were applied to different kinds of 
implements as per H1, but within types, intensity of retouch is responsive to blank size (larger 
blanks receive more retouch) and lithology (non-local rocks are more heavily retouched). There 
should thus be similarities in retouch form and location within implement types but considerable 



7 
 

difference within and between implement types in reduction intensity for large, non-locally 
derived pieces.  

H3. (Maximum expediency). Retouch was applied opportunistically to blanks of all forms and sizes. 
Larger flakes typically acquired more retouch, as did lithologies obtained from non-local sources, 
but different kinds of retouch were regularly applied to the same piece, and there is no identifiable 
relationship between blank shape, retouch form, or retouch intensity. In this instance, the types 
themselves are arbitrary partitions of continuous variability. 

To test these hypotheses an extensive list of attributes was formulated based on a number of 
published sets (e.g. Wilkins et al. 2017; Högberg 2016; Villa et al. 2009a; Low 2019; Schmid et al. 2016; 
Mackay 2009; Soriano et al. 2007; Wurz 2013; Porraz et al. 2013), along with several adaptations and 
additions (definitions for each and how they were recorded can be found in Supplementary 
Information [SI]). Four kinds of data were recorded for this study: measured (continuous), categorical, 
ordinal, and calculated.   

Measured attributes included maximum dimension (length), axial length, medial axial width,  medial 
axial thickness, and maximum percussion length. There is some debate over the most representative 
way of measuring length of an artefact (maximum, axial, and percussion), and as such the three length 
measures were recorded to determine if the way length is measured influences the results (Andrefsky 
2005; Lombard et al. 2013; Dibble 1995; Fagundes et al. 2007).  

Categorical attributes include implement type, raw material, cortex source, platform type, reduction 
strategy (e.g. levallois, discoidal, laminar), retouch form, retouch location, notch type, notch location, 
and retouch direction. Further details on these variables are provided in SI, though we will discuss 
implement types in more detail here. Notched pieces are defined as retouched flakes with one or 
more non-adjacent notches and no other forms of retouch. For consistency of application, we follow 
Hiscock and Clarkson (2007) in defining a notch as a concavity at least 1.5 mm deep and 5 mm across, 
though this definition introduces some issues we discuss below. Notches can be both simple (a single 
retouch scar) or complex (multiple retouch scars within the concavity). Scrapers are defined as 
artefacts with one or more areas of scalar or parallel retouch at angles between 30° and 75°. We 
included three sub-types of scraper in our analysis – end, lateral, and other. End-scrapers can also be 
referred to as transverse scrapers, lateral-scrapers are often termed side scrapers and other-scrapers 
are those scrapers with steep scalar retouch on multiple margins and encompass Dibble’s (1995) 
convergent and double scrapers. 

Denticulates we define as flakes with two or more adjacent notches following Bordes (1961). However, 
there are two issues with this definition. The first is that the definition lacks precision on how to 
implement the term ‘adjacent’, as few denticulates have perfectly continuous notches (Picin et al. 
2011). The second is how to interpret the term notch as used by Bordes (1961). The arbitrary size cut-
off given by Hiscock and Clarkson (2007) suffices for notches but does not take into account smaller 
concavities that may form serrations or ‘micro-dentitions’ (Hiscock and Clarkson 2007). There have 
been arguments that such concavities may be the result of taphonomy and/or use-wear rather than 
anthropogenic retouch, to the point that they have been excluded from analysis owing to the 
uncertainty (Holdaway et al. 1996). The minimum size cut-off is used to limit the probability that a 
concavity is non-anthropogenic notching. An issue with this is that the term denticulates is often 
applied to any piece with two adjacent concavities, no matter the size, if an analyst believes they are 
retouch. As such, we have employed the term denticulate to classify pieces with at least two adjacent 
serrations (or micro-dentitions), notches, or a combination of the two. We treat this issue by using 
two sub-types of denticulates: those constituted by adjacent notches (termed notched denticulate) 
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and those constituted by serrations (termed serrated denticulate). This latter sub-type may also 
contain notches, but the denticulation relates to smaller concavities.  

We use further categories within the attribute ‘type’. Artefacts classified as ‘mixed retouched’ (also 
termed ‘composite tools’ by Sinclair 2009) exhibit more than one identifiable typological 
characteristic, such as artefacts with both ‘scraper’ retouch and one or more notches, or patches of 
serrations. Artefacts classified as ‘minimal’ typically have only one or two non-notch scars, while the 
type ‘other’ subsumes all remaining pieces, including artefacts that would be classified as specific 
types given different research questions such as core-on-flakes, scaled pieces (e.g. pieces esquilles), 
backed pieces, and burins. 

Our ordinal variables are number of retouch patches and number of notches. Number of retouched 
patches is a count of the total number of discrete locations around a flake’s perimeter to which 
retouch was applied. Thus, where retouch is continuous around the entire perimeter, the patch count 
is one. Number of notches is a count of notches as defined above. 

Calculated variables include elongation and measures of retouch intensity. Elongation was calculated 
as the ratio of axial length to medial axial width. Retouch intensity measures include Geometric Index 
of Unifacial Retouch (GIUR, Kuhn 1990), Invasiveness Index (II, Clarkson 2002), and proportional 
perimeter retouch (hereafter, ‘retouch extent’). GIUR was designed for scrapers with unifacial dorsal 
retouch and II was designed to work with invasive unifacial and bifacial retouch, though both have 
proved effective for denticulates (Hiscock and Clarkson 2007). Proportional retouch extent (also 
referred to as retouch perimeter by Hiscock and Attenbrow 2003) is the length of the perimeter that 
has been retouched as a proportion of the total perimeter length.  

Several potentially relevant measurements were not recorded, including notch dimensions, retouched 
lateral edge curvature, edge angle, surface area to platform area ratio. Notch dimensions – length and 
depth – were excluded as it is difficult to obtain consistent and precise measurements of individual 
notches as it can prove problematic to define the exact start and end of a notch, particularly where 
notches were adjacent one another. Thus, we deployed the defining size criteria noted above as a 
minimal requirement but did not attempt further precision. Hiscock and Clarkson (2007) noted in any 
case that notch size did not play a part in differentiating MP types. Lateral edge curvature was replaced 
by recording each third of the flake edge (proximal, medial, distal) as either expanding, parallel, or 
converging. Edge angle has been shown as a poor measurement in differentiating retouch types and 
is difficult to measure consistently (Roland and Dibble 1980; Valletta et al. 2020). Edge angle was 
measured to aid in defining a scraper, but further exact and repeated measurements were not 
recorded. Dibble (1987) designed the ventral surface area to platform area ratio to determine the 
amount a piece may have been reduced and, while platform thickness, exterior platform angle, and 
platform area have been shown as good indicators for flake length (e.g. Lin et al. 2013; Dibble and 
Rezek 2009; Muller and Clarkson 2016; Shott et al. 2000), the surface area to platform area ratio has 
been argued to have limited explication for reduction intensity (Hiscock and Tabrett 2010). 

The results of our analysis will be framed around four questions that relate to the stated hypotheses: 

Q1. What types are present and how were they retouched? 

Q2. Were different kinds of blanks used for the production of different implements? 

Q3. Is there any relationship between blank/implement size and reduction intensity? 

Q4. Is there any relationship between lithology and reduction intensity? 

A fifth question arising from the answers to these first four will also be addressed: 
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Q5. Was the production of notched pieces and denticulates discrete? 

All analyses conducted in this study used R statistical software (R Development Core Team 2019) with 
packages janitor (Firke et al. 2020), ggplot2 (Wickham et al. 2020a), dplyr (Wickham et al. 2020b), 
tidyverse (Wickham 2019), kable (Hao et al. 2019), reshape2 (Wickham 2020), and gmodels (Warnes 
et al. 2018). ANOVA tests with Tukey HSD for pair-wise tests and chi-squared were conducted to 
determine statistically significant differences in numerical variables. For ANOVA, and associated Tukey 
HSD pair-wise tests, all numeric variables were checked for symmetrical distribution and transformed 
if necessary (all tests can be found in SI). An alpha level of 0.05 is employed as the threshold for 
significant difference and adjusted residuals of greater than two have a greater than expected 
frequency. This paper has also used medians rather than mean, unless otherwise stated, as the mean 
has greater sensitivity to outlier values. For this analysis, simple and complex notches have been 
lumped together, unless otherwise stated. 

 

Results 

Q1. What types are present and how were they retouched? 

Earlier in this paper, we defined types according to standard conventions, including their shapes and 
kinds of retouch used in their production. We also included a type ‘mixed’ for those artefacts that 
included characteristics of more than one type, and which could thus not confidently be assigned to 
any. Examples of each type can be found in Figure 2. 

A relatively high proportion – 12.7% – of our types were classed as minimal (Table 1) and a further 
10.3% (all from ‘other’) have only three to five retouch scars, probably reflecting the abundance of 
raw material around the shelters; the vast bulk of all implements were made on locally available rocks. 
Other than minimally retouched pieces, notched pieces are the most common type, followed in 
decreasing frequency by denticulates, mixed retouch, and scrapers (Table 1). Our sample of unifacial 
points is small (n=4) and these will consequently play only a minor role in subsequent analyses. At 
12.2% there are similar amounts of mixed pieces as there are minimal, suggesting that many 
implements had characteristics of more than one type.  

We can explore this issue further by looking at the application of different forms of retouch – notably 
scalar, parallel, notches, serrations, and nibbling – to different implement types (Table 2). As would 
be predicted by H1, scrapers and unifacial points are dominated by distinctive retouched types ‘scalar’ 
and ‘parallel’, with some having a mix of scalar/parallel and nibbling or ‘other’ (unclassifiable) retouch. 
A small proportion (~6.7%), however, show a mix of scalar/parallel and notched/serrated retouch. A 
similar pattern holds for notched pieces and denticulates, where notching, serration, and a mix of the 
two account for 50-60% of pieces. Around a quarter of all notched pieces and denticulates also show 
some scalar/parallel retouch, and one in seven denticulates exhibited all recorded forms of retouch 
(scalar, parallel, notched, serrated, nibbling, and other). The notched pieces exhibiting scalar retouch 
are all complex notches.  

The variability in retouch form for types raises the possibility that this diversity of retouch may be 
linked to separate reduction episodes, rather than the creation – in a single event – of a multifaceted 
tool. The interaction between quantity and diversity of retouch form can be estimated by the number 
of discrete, discontinuous retouch patches and the number of retouch forms present on a piece. This 
relationship implies that a piece with a greater number of patches and forms has undergone a greater 
number of reduction episodes. The data confirm this relationship (Table 3): the more patches that 
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were retouched on an implement, the greater the diversification of the retouch forms employed on 
an implement.  

 
Fig 2 Examples of artefact typological groups. a-c: notched. d-i: denticulates. j, q, r: mixed retouch. k, 
m, p: scraper. l, n, o: unifacial point. a-o share central scale. p-r have individual scales. Both ventral 

and dorsal present, lateral margins present for k and o. Orientated with platforms to the top, arrows 
note notches, and dashed lines indicate scalar retouch 

 

Note that a ‘patch’ in this usage is any continuous length of retouch – it is an ordinal measure of the 
number of discrete areas of retouch on an artefact and does not represent retouch extent. A well-
made scraper will typically feature a single retouch patch, while a notched piece may comprise several. 



11 
 

That caveat aside, the data reinforce the impression that, while some implements were manufactured 
in a discrete fashion, retouch was often deployed opportunistically and variably. 

A final issue to address here concerns the placement of retouch around pieces. This issue pertains 
both to the distinction between types and between sub-types. Each implement type exhibits 
variability in the location of retouch, though across all types retouch is consistently most common on 
the distal margin (Table 4). This is particularly true of scrapers, which were almost all flaked on the 
distal (93.7% of pieces). Unsurprisingly, this results in a high proportion of end scrapers (Table 5). 
However while some lateral scrapers – those retouched along one entire margin – do occur, the 
presence of equal numbers of scrapers retouched on both the distal and lateral margins (‘scraper – 
other’), suggests that the distinction between sub-types is arbitrary.  

Q1. What types are present and how were they retouched? 

A1. Numerous types are present, and there is considerable evidence for continuity between 
types and between sub-types. Different kinds of retouch were frequently applied to the same 
implement, and the same kind of retouch was applied to different implements. Scrapers and 
unifacial points have higher proportions of scalar/parallel retouch, while notched pieces and 
denticulates have higher proportions of notch and serrated retouch. These relationships were 
not discrete; the more retouch a piece received, the more likely it is to display multiple forms 
of retouch. 

 

Q2. Were different kinds of blanks used for the production of different implements? 

H1 predicts a relationship between blank form and implement type; H3 predicts no such relationship, 
and that artefact shapes selected for retouch will mirror the proportions of the overall flake 
population. Three quarters of unretouched flakes in our sample are asymmetrical in shape, with 
almost a quarter being convergent, and the small remaining balance being parallel (Table 6). 
Proportions of blank shapes generally differ between implement types. While most types were made 
on asymmetric blanks, there was some active selection for convergent blanks, expressed most strongly 
for unifacial points, denticulates, and ‘mixed retouch’. Though retouch will have exacerbated 
convergence for unifacial points, in all cases tapering of the unretouched margin suggests that retouch 
augmented rather than defined the convergent shape. Parallel shapes are over-represented in all 
types, though most conspicuously among mixed retouch, notched pieces, and scrapers. Where blades 
– flakes that are both parallel and elongate – were retouched, they were most often from the optimal 
phases of debitage (Table 6). Pearson’s Chi-squared adjusted residuals (x2 = 40.35, df = 12, p-value = 
<0.001), however, suggest that convergent blanks are significantly over-represented only for 
denticulates (adj. res. = 4.0826) and mixed retouch pieces (adj. res. = 2.9578), while parallel blanks 
were over-represented only among mixed retouch pieces (adj. res. = 2.1315).  

A second element of blank form not captured by shape relates to the flaking processes used in blank 
production (Table 6). While the vast majority (96.5%) of flakes in our sample were either produced 
expediently or could not be related to a specific production strategy, laminar and Levallois blanks are 
over-represented among implement types. Consistent with the high proportions of parallel flakes, 
laminar blanks are disproportionately common among scrapers (Pearson’s Chi-squared: x2 = 96.578, 
df = 21, p-value = <0.001, adj. res. = 2.1844), minimal (adj. res. = 3.3695) and notched pieces (adj. res. 
= 5.7499). Levallois blanks were generally exceedingly rare in our sample, but were nonetheless over-
represented, particularly among denticulates (Pearson’s Chi-squared: x2 = 96.578, df = 21, p-value = 
<0.001, adj. res. = 1.3858), minimal (adj. res. = 5.9745), and mixed retouched implements (adj. res. = 
1.3858). Thus, as for blank shape, there is some evidence for selection of blank form in implement 
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production, and that form varies to some extent between types. Interestingly, while minimal pieces 
have a similar proportion of asymmetrical blanks to unretouched flakes, they have a much greater 
proportion of Levallois and laminar production.  

The final aspect of blank selection we consider relates to blank size. While we have no a priori reason 
to assume that different implements required blanks of different sizes, such a finding would be 
consistent with the expectations of H1 and not expected in H3. Between typological groups there is 
no difference between blank size metrics (Table 7). Overall, the blanks selected for retouch were 
longer, thicker, and wider than typical unretouched flakes, and this is true for all implement types 
(Table 3). Between types, however, differences are minimal; only the axial lengths of scrapers and 
unifacial points differ significantly (Tukey HSD, adjusted p-value = 0.0002), and the sample size for the 
latter is very small.  

Q2. Were different kinds of blanks used for the production of different implements? 

A2. There is some limited support for this proposition. Larger blanks were preferentially 
selected to produce all implement types. There is some preferential selection for convergent 
and parallel blanks, and blanks produced by laminar and Levallois methods. Most implements, 
however, were made on asymmetric blanks. 

Q3. Is there any relationship between blank/implement size and reduction intensity? 

Results so far suggest selection for larger blanks when choosing flakes for retouch. An extension of 
this is the prediction (H2) that larger implements will receive more retouch. In our sample (Table 8), 
the relationship between implement size and measures of retouch intensity (GIUR, II, retouch extent) 
is reasonably constant, though retouch extent tends to decrease gradually against implement size. 

The measures of retouch intensity we have used here work well for types of retouch that are often 
applied continuously, such as scalar or parallel retouch. We expect them to work less well for notches, 
however, which are typically not invasive, which were probably not often maintained, and which do 
not necessarily cover large areas of an implement’s edge. The preponderance of notched pieces and 
denticulates on the left side of graphs in Figure 3 support this contention.  

Looking, then, at the relationship between flake size and number of notches, we note a general trend 
that as flake size increases so to do the number of notches (Table 9). This trend is most pronounced 
in measures of length (maximum dimension, maximum percussion length, axial length) and is not 
replicated in width and thickness, suggesting that length is the primary driver. Retouched pieces with 
a single notch do not differ greatly in size to implements without notches, but flakes with multiple 
notches are typically larger than those with one or no notches (Table 9). Thus, while retouch extent 
scales with artefact size for most implement types, it increases at a faster rate for pieces with notches, 
to the effect that larger pieces received proportionally more notches. An interesting side note here is 
that blank selection for large pieces with multiple notches is not neutral; preference for convergent 
blanks increases with number of notches. This may explain significant selection for convergent blanks 
among denticulates (which always have multiple notches) but not among notched pieces (which often 
have only one notch). 

Q3. Is there any relationship between blank/implement size and reduction intensity? 

A3. Yes, retouch generally scales with artefact size. Among notches artefacts, larger pieces 
generally have more notches than smaller pieces. 
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Fig 3 a. Boxplot of complete retouched flakes size class by retouch extent b. Boxplot of complete 
retouched flakes size class by Invasiveness Index (II) c. Boxplot of complete retouched flakes size 

class by GUIR. Boxplot width dictated by number of specimens and within size class boundaries are 
the number of specimens for each typological group. Points are within the boundaries of the specific 

boxplots are randomly distributed along the y-axis but not along the x-axis. 

 

Q4. Is there any relationship between lithology and reduction intensity? 

The third question concerns the relationship between lithology and retouch intensity. H2 and H3 both 
predict more extensive reduction of non-local lithologies. Non-local materials at MRS and KFR are all 
hornfels, silcrete, and fluvially derived pieces, while for PL8 only silcrete can be assumed to be non-
local.  

There is no clear preference for lithology among any implement types (Table 1), with quartzite the 
highest proportion of each group, though scrapers have the highest proportion of hornfels (20%), 
double the proportion in other typological groups. There is no clear difference in the metrics nor 
retouch intensity measures between local and non-local materials (Table 10). Only GUIR is significantly 
different (Tukey HSD, adjusted p-value = 0.028). 

A second set of tests was conducted by adjusting the parsimonious assumption that sandstone, quartz, 
and quartzite without cortex is of local origin. The assumed origin of hornfels, silcrete, and cortical 
pieces remains the same but all quartzite, sandstone, and quartz pieces without cortex are coded as 
of unknown origin. There is no difference in the results by adjusting the assumption of lithology 
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source. The only difference in the two assumptions is that GUIR is no longer statistically significantly 
different in the latter, though it is still higher in local and unknown source compared to non-local. 
There is no selection of lithology for typological groups and non-local lithologies do not receive more 
retouch than their local counterparts. This fits between the expectations of H1 and H2.  

Q4. Is there any relationship between lithology and reduction intensity? 

A4. No, we found no clear evidence for a relationship between lithology and reduction 
intensity. Local and non-local raw materials were subject to comparable degrees of retouch. 

 

Q5. Was the production of notched pieces and denticulates discrete? 

Both denticulates and notched pieces are types with some quantity of notch retouch (including micro-
dentitions, or serrations). In the case of denticulates, notches are placed adjacent one another on the 
blank edge; in the case of notched pieces, notches, if more than one, are placed apart. Earlier in our 
results, we noted that different episodes of retouch on a given blank (defined by patches) often took 
different forms. With respect to pieces with at least one notch we also noted that the number of 
notches increased with the size of the blank, implying that the addition of multiple notches was a 
means of utilising available blank edge. A question that arises from these observations is, if notches 
were added sequentially, and if each retouch decision was potentially independent of the previous 
one, are notched pieces and denticulates necessarily discrete forms? With the addition of each new 
notch, the knapper had a choice of whether to place it adjacent to or away from the last one. If 
denticulates and notches pieces are discrete types, we would expect discrete pathways; that is, a 
denticulate pathway in which each additional notch was placed adjacent the previous one, and a 
notched piece pathway in which each notch was placed away from previous ones.  

In Figures 4 and 5 we explore the process of accumulating notches as an event tree, where at each 
step (i.e. with each additional notch) the knapper confronts a binary choice to place the new notch 
adjacent or away from other notches. Figure 4 includes complete pieces only, while Figure 5 includes 
both complete and broken pieces to increase sample size. Note that serrations are not included in the 
notch count because, as noted in Methods, they were difficult to quantify consistently, and thus 
denticulates defined by the presence of serrations alone are excluded. 

Each cell in the event tree describes the resulting retouch configuration, and the number and 
percentage of cases of that configuration occurring in our analysed sample. As there are multiple 
pathways to some cells, the null probability is not evenly spread between cells. For example, there are 
five separate configurations possible for four notches, but three pathways to the configuration ‘3 
adjacent, 1 discrete’ and only one pathway to ‘4 discrete’. If denticulates and notched pieces were 
discrete types, we would expect skew in the data to the peripheral pathways; if they are not, the 
distribution of outcomes should accord with the number of pathways to each different outcome.   

The event tree provides no support for the suggestion of discrete denticulate and notched piece 
pathways. For any given number of notches, the distribution of outcomes does not differ from random 
(Goodness of fit chi-square test on values by row in Figures 4 and 5 never achieve a p value lower than 
0.2275). At each step, a knapper placed a new notch adjacent to and discrete from previous notches 
with equal likelihood. While this process produced ‘denticulates’ with up to four adjacent notches, 
these seem more likely to be the outcome of chance than design. At this point it is worth recalling the 
earlier observation of increasing preferential selection for large convergent blanks with number of 
notches across notched pieces and denticulates; blank selection appears to have been more deliberate 
than notch placement for implements with multiple notches.  
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Q5. Was the production of notched pieces and denticulates discrete? 

A5. No, the evidence does not support the proposition that these types are meaningfully 
distinct. 

 

Fig 4 Notch event tree for complete notched retouched flakes. a = adjacent and d = discontinuous. 
Shaded boxes are for the greatest number of cases .. Results in boxes are for goodness of fit chi-

squared tests for observed and expected notch counts (produced with diagram.net) 

 

 

Fig 5 Notch event tree for both complete and broken notched retouched flakes. a = adjacent and d = 
discontinuous. Shaded boxes are for the greatest number of cases . Results in boxes are for 
goodness of fit chi-squared tests for observed and expected notch counts  (produced with 

diagram.net) 

 

Discussion 

While none of our hypotheses is fully supported by the data, support is weakest for H1 (Strict 
typology). While selection for blank shape and retouch processes differs somewhat between types, 
similarities between types are greater than their differences. The data show that retouch form is not 
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restricted to a single type but crosscuts types, and many retouched pieces exhibit multiple types of 
retouch. Increasing instances of retouch (patches) on a piece increases the variance in retouch form. 
While large flakes were typically selected for retouch, there is no difference in the size of blanks used 
for different types and the selection of blank shape is not exclusive to a given type. 

There is greater support in our data for H2 (Reduction-mediated typology), though it is equivocal. As 
per H1, there is some differentiation in the way different types were retouched, but the distinction 
blurs as retouch events increase. Both retouch extent and notch count roughly scale with an increase 
in blank size (mainly length). Different sub-types of scrapers likely exist on a reduction continuum 
within that typological class, but the type-level distinction between denticulates and notched pieces 
appears to be false. There is no support for H2’s expectation that non-local lithologies should exhibit 
a greater intensity of retouch.  

The data provide the greatest support for H3 (Maximum expediency). Minimal, mixed, and ‘other’ 
types are prevalent and multiple forms of retouch were routinely applied to the same artefact. The 
positive relationship between number of retouch patches and number of retouch forms offers 
compelling evidence for implement production that defies ready typological classification. While the 
expectation that blanks were indiscriminately chosen for retouch is not supported by our data, the 
scaling of retouch intensity to larger blanks is consistent with both H2 and H3, which fit within the 
expectations of a reduction methodological approach (Dibble 1995; Holdaway et al. 1996; Hiscock and 
Clarkson 2007). The apparently arbitrary nature of notch placement that confounds meaningful 
separation of notched pieces and denticulates further suggests that these types were the inadvertent 
product of opportunistic knapping decisions.   

Our data largely invalidates strict typological classifications, with many implements fitting into either 
a reduction mediated typology that is influenced by the form of initial reduction or a maximum 
expediency model that is influenced by the number of retouch episodes. Unifacial points may be 
typologically distinct, however our data relating to these artefacts is limited. The small sample of data 
we have for scrapers fits a reduction-mediated typology where morphology changes as reduction 
continues, a result shared with Dibble (1995), Hiscock and Clarkson (2008), and Lin and Marreiros 
(Submitted) for MP scrapers. Notched pieces and denticulates are not typologically distinct but share 
retouch form, with the event tree supporting a notch reduction continuum driven by retouch form 
rather than typology. The notch reduction process concurs with Holdaway et al. (1996) and Hiscock 
and Clarkson (2007) that notched pieces undergo a continual process of reuse as notches are 
progressively added to some specimens as they are needed. All other retouched pieces fit within 
maximum expediency expectations and allow for a level of flexibility in behavioural responses to 
changing needs.  

While the results here are consistent with many previous studies conducted in Europe  (e.g.Hiscock 
and Clarkson 2007; Lin and Marreiros Submitted; Dibble 1987; Holdaway et al. 1996; Dibble 1995; 
Brumm and McLaren 2011), they problematise the use of implement types as markers of technological 
change in the Early MSA. The lack of coherent ‘taxonomic turnover’ in this period has propagated a 
long-held belief that this was a period of behavioural stasis. Our results allow for a different 
interpretation of Early MSA technology, one in which large flakes were manufactured and then 
maintained through the flexible application of a variety of retouch techniques (Railey and Gonzalez 
2015; Shea 2015; Lin and Marreiros Submitted). Individual implements were not reified types but 
became increasingly diversified as they were subject to more retouch, presumably over the course of 
their uselives. Rather than a marker of its inefficiency, the application of such an approach across large 
tracts of space and time suggests that it provided a functional, adaptive structure that could be 
modulated to meet an array of different environmental and functional contingencies. In many ways, 
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it is the origins and meaning of the later taxonomic turnover pattern that requires explanation, rather 
the generalist technological strategies that account for so much of human history. While our data 
provide no remit to discuss the causes of later structured turnover, it is intriguing to posit that more 
formalised approaches to implement production may have traded-off regularity of tool form against 
a reduction in knappers’ ability to respond to imminent needs, at least in the retouched component 
of the tool-kit. 

A second point to make here, reiterating Douze et al. (2015), concerns the value of typology in 
reconstructing behavioural and technological change in the EMSA. Retouch contributes between 2.9-
5.6% to each of our three assemblages. If these samples are then halved through breakage, and then 
halved again through unclassified types, then any typological determination is made on only a tiny 
fraction of an assemblage. If many of the partitions within that fraction are meaningless, then the 
remaining quantum that typology contributes to our understanding of the past at this time seems 
negligible (Mackay et al. 2014a; Wurz 2012; Steele et al. 2012).   

Third, there is a broader need for further engagement with the ‘atypical’, or ‘informal’ retouch 
components across all phases of the past. Rather than being remaindered for their failure to fit 
archaeologists’ typological templates, we need to better understand their position within the wider 
technological repertoire. An attribute-based breakdown of the operation of retouch enables 
integration of atypical pieces, revealing the structure of implement populations in more detail than 
can be obtained through typological or normative chaîne opératoire approaches alone (Bar-Yosef and 
Van Peer 2009). Our results have shown that it cannot be assumed that denticulates and notched 
pieces are distinct just because they are identifiable. Conversely, however, this does not preclude the 
possibility that in some instances these types constituted discrete end-products. Recording their 
relative frequency of these two types is insufficient to test the extent of their separation or to 
determine why they may be present in one instance but not another. Such further testing may clarify 
the generality of our proposed ‘maximum expediency’ approach to reduction. Notably, this holds as 
true for the Still Bay and Howiesons Poort as it does for the EMSA. By shifting our analytical focus to 
understanding the operation of retouch as a continuous process we may be able to better reveal 
variability in past technological responses. 

Conclusion 

The objective of this paper was to test whether the operation of retouch in southern Africa’s Early 
MSA confounded the utility of implement types as markers of technological change. Our data, for the 
most part, did not fit the strict typological determinations that have been used to underpin the classic 
technocomplexes. Instead, we found support for a maximum expediency approach to implement 
production that provided flexibility across multiple retouch episodes, presumably in response to the 
knapper’s imminent needs. The perceived lack of change through the EMSA is at least partly a result 
of the assumption that meaningful change is vested in the typological fraction of an assemblage, and 
that an approach emphasising flexibility is somehow less adaptively valuable than one in which tool 
production is reified.  
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Supplementary Information. 

Note on Lithologies: There is one raw material worth noting as it is present at all three sites - DWS or 
decaying white stone. It appears to breakdown over time becoming soft, white, and crumbling. It is 
believed that this may be a poorly metamorphised hornfels, however this has not been confirmed. 
This has been grouped with hornfels for this analysis. 

Note: For retouched and unretouched flakes there was no minimum maximum dimension employed.  

Note: Definitions for implement types are discussed in more detail below. Lithology and cortex 
(generally waterworn and outcrop) are used to infer artefact transport patterns in the Early MSA. 
Waterworn cortex is assumed to reflect acquisition of nodules from the Doring River, as its tributaries 
typically do not carry a cobble bedload (quartz is the exception, as quartz pebbles usually derive from 
Nardouw Formation conglomerates). Outcrop cortex occurs on quartzite and sandstone rocks around 
the sites under analysis but could equally represent transport from the cliffs and scree slopes that are 
ubiquitous throughout the catchment. Platform types have been identified as a characteristic the help 
delineate the Early MSA technocomplexes and may in some cases be informative of reduction 
systems. Blade types were recorded following Soriano et al. (2007) for all complete flakes with an 
elongation ratio ≥2, though these are not reported in the results due to the small number of blades 
and the variability in the types. Retouch location and notch location follow the artefact segmentation 
scheme in Clarkson (2002) and Hiscock and Clarkson (2007), though modified such that where one 
notch spanned two segments each segment receives a count of 0.5). This was done in order to remove 
some potential subjectivity in the location. Retouch form was recorded as scalar, notched, and parallel 
for each retouch location; notch type was recorded as simple or complex in the same way. This study 
did not to use the notch tool morphotypes presented by Picin et al. (2011) as they are somewhat 
restrictive on the types of variation that may be present. 

Note: GIUR values were calculated for each segment individual and then divided by the total number 
of retouched segments. For all of the measures of retouch intensity, index value increases with the 
amount of reduction (Hiscock and Tabrett 2010). Both GIUR and II use a scale from 0 to 1 with 0 being 
no retouch. There is no number that indicates a piece is heavily retouched per se, rather a piece with 
index scores of 0.3 has received less retouch than one with index scores of 0.7. Hiscock and Clarkson 
(2007) used the GIUR value of >0.65 to delineate intensive retouch. Further details are available in 
“ODriscoll_Mackay_AttributeList”. 

Note: This study did not to use the notch tool morphotypes presented by Picin et al. (2011) as we 
believe they are too restrictive. Rather, this study uses notch count within the eight retouch segments 
of Clarkson (2002) along with direction and type of notch. This captures the same information but also 
allows for any further variation on a piece to be analysed without having to create additional 
morphotypes. To understand the path that notch reduction may follow as notches are added an event 
tree was created. The event tree is focused on notches and not serrations or other forms of retouch. 
This differs from the morphotypes of (Picin et al. 2011) that are based on the type of concavity (notch 
or serration), type of notch (simple, complex, or mixed), and is limited to three concavities. The tree 
diverges as notches are added and whether these notches are placed adjacent or discontinuously to 
each other.  

Note on using R markdown file: R codes are written in R MarkDown and packaged in a RStudio project. 
Including in the file is all code for the tables and statistical tests. To run the code:  

1. Install RStudio (https://www.rstudio.com/) and R Markdown (http://rmarkdown.rstudio.com/). 

2. Extract all files in the zip folder into a new folder in the local directory. 



27 
 

3. Open "ODriscoll_Mackay_Rcode" in RStudio. 

4. Make sure the working directory has been set to the new folder to which the zip files have been 
extracted.  

5. Make sure the R packages in the setup tab have been installed. 

6. Run "Knit HTML" function at the top of the source pane. 

Tables: 
Table 1: Count of complete retouched flakes within typological group and lithologies 

Typological Group  Hornfels  Quartz  Quartzite  Sandstone  Silcrete  Total  

Unretouched  356  211  1623  637  113  2940  

Other  5  6  31  2  0  44  

Mixed Retouch  4  1  26  2  1  34  

Notched  5  2  41  7  0  55  

Denticulate  1  2  29  2  0  34  

Scraper  3  1  9  1  1  15  

Unifacial Point  0  0  4  0  0  4  

Minimal  0  3  21  2  1  27  

Total  374  226  1784  653  116  3153  

 
Table 2: Retouch form exhibited within each typological group 

Form  
Other 

(%)  
Mixed 

(%)  
Notched 

(%)  
Denticulate 

(%)  
Scraper 

(%)  
Unifacial 

Points (%)  
Minimal 

(%)  

Nibbling  4.5  0.0  1.8  0.0  0.0  0  3.7  

Notched  6.8  0.0  58.2  11.8  0.0  0  29.6  

Other  11.4  0.0  0.0  0.0  0.0  0  48.1  

Parallel  13.6  0.0  0.0  0.0  0.0  0  7.4  

Scalar  22.7  11.8  10.9  0.0  53.3  50  7.4  

Serrated  0.0  0.0  0.0  8.8  0.0  0  0.0  

Notched & Serrated  0.0  8.8  0.0  32.4  0.0  0  0.0  

Scalar & Parallel  4.5  2.9  0.0  0.0  13.3  0  0.0  

Scalar/Parallel and 
Notched/Serrated  

6.8  29.4  25.5  23.5  6.7  0  0.0  

Notched/Serrated and 
Nibbling/Other  

0.0  14.7  0.0  8.8  0.0  0  0.0  

Scalar/Parallel and 
Nibbling/Other  

22.7  17.6  3.6  0.0  26.7  50  3.7  

All  6.8  14.7  0.0  14.7  0.0  0  0.0  
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Table 3: Patch count and number of retouch forms present 

Retouch Form  1 Patch (%)  2 Patches (%)  3 Patches (%)  >3 Patches (%)  

1 form  72.7  35.6  15  6.2  

2 form  22.7  42.2  50  25.0  

3 form  3.8  15.6  30  31.2  

>3 form  0.8  6.7  5  37.5  
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Table 4: Typological group retouch location 1 

 Other  Mixed Retouch  Denticulate  Notched  Scraper  Unifacial Point  Minimal  

Segment  
Retouch 

(%)  

No 
Retouch 

(%)  
Retouch 

(%)  

No 
Retouch 

(%)  
Retouch 

(%)  

No 
Retouch 

(%)  
Retouch 

(%)  

No 
Retouch 

(%)  
Retouch 

(%)  

No 
Retouch 

(%)  
Retouch 

(%)  

No 
Retouch 

(%)  
Retouch 

(%)  

No 
Retouch 

(%)  

Proximal  34.9  65.1  29.4  70.6  23.5  76.5  3.6  96.4  26.7  73.3  25  75  14.8  85.2  

Proximal 
Right  

38.6  61.4  38.2  61.8  32.4  67.6  16.4  83.6  6.7  93.3  25  75  18.5  81.5  

Proximal 
Left  

48.8  51.2  47.1  52.9  44.1  55.9  10.9  89.1  26.7  73.3  25  75  14.8  85.2  

Medial 
Right  

47.7  52.3  55.9  44.1  55.9  44.1  25.5  74.5  26.7  73.3  50  50  11.1  88.9  

Medial 
Left  

56.8  43.2  52.9  47.1  70.6  29.4  23.6  76.4  26.7  73.3  25  75  14.8  85.2  

Distal 
Right  

40.9  59.1  70.6  29.4  55.9  44.1  21.8  78.2  33.3  66.7  75  25  11.1  88.9  

Distal 
Left  

52.3  47.7  67.6  32.4  58.8  41.2  29.1  70.9  46.7  53.3  25  75  22.2  77.8  

Distal  68.2  31.8  79.4  20.6  67.6  32.4  36.4  63.6  93.3  6.7  75  25  29.6  70.4  

 2 
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Table 5: Scraper sub-class retouch location 3 

 Scraper-End (n=8)  Scraper-Lateral (n=3)  Scraper-Other (n=4)  

Segment  
Retouch 

(%)  
No Retouch 

(%)  
Retouch 

(%)  
No Retouch 

(%)  
Retouch 

(%)  
No Retouch 

(%)  

Proximal  0.0  100.0  33.3  66.7  75  25  

Proximal 
Right  

0.0  100.0  0.0  100.0  25  75  

Proximal Left  0.0  100.0  66.7  33.3  50  50  

Medial Right  0.0  100.0  33.3  66.7  75  25  

Medial Left  0.0  100.0  66.7  33.3  50  50  

Distal Right  12.5  87.5  33.3  66.7  75  25  

Distal Left  37.5  62.5  66.7  33.3  50  50  

Distal  100.0  0.0  66.7  33.3  100  0  

 4 
Table 6: Typological group non-metric attributes 5 

 Flake Shape (%)  Reduction Strategy (%)  Blade Group (%)  

Typological Group  Convergent  Asymmetrical  Parallel  Laminar  Levallois  A  B  C  D  

Unretouched  22.3  74.8  2.9  2.8  0.7  1.1  4.6  0.6  1.1  

Other  22.7  63.6  6.8  6.8  0.0  0.0  9.1  0.0  2.3  

Mixed Retouch  41.2  41.2  8.8  8.8  2.9  2.9  11.8  0.0  2.9  

Notched  27.3  65.5  7.3  16.4  1.8  0.0  5.5  1.8  7.3  

Denticulate  50.0  41.2  2.9  5.9  2.9  0.0  17.6  0.0  0.0  

Scraper  26.7  66.7  6.7  13.3  0.0  0.0  0.0  0.0  0.0  

Unifacial Point  100.0  0.0  0.0  0.0  0.0  0.0  25.0  0.0  0.0  

Minimal  18.5  77.8  3.7  14.8  11.1  3.7  11.1  0.0  0.0  

 6 
  7 
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Table 7: Typological group metric attribute table 8 

 Metrics  Retouch Intensity  

Typological 
Group  Count  

Max 
Dimension 

(mm)  
Max Percussion 

length (mm)  

Axial 
Length 

(mm)  

Axial 
Width 
(mm)  

Axial 
Thickness 

(mm)  
Elongation 

Ratio  
Weight 

(g)  GUIR  II  
Retouch 

Extent  
Patch 

Range  

Unretouched  2976  30.64  25.34  22.59  20.08  5.46  1.13  4.00  0.00  0.00  0.00  0  

Other  44  50.25  43.24  39.96  29.64  10.54  1.26  19.25  0.40  0.12  25.73  4  

Mixed Retouch  34  56.26  51.35  45.92  34.20  10.39  1.26  22.60  0.48  0.18  31.55  5  

Notched  55  51.90  46.81  39.13  29.36  8.76  1.41  14.00  0.37  0.03  7.46  1  

Denticulate  34  52.33  49.77  41.62  28.50  9.22  1.39  21.05  0.44  0.10  24.93  11  

Scraper  15  40.70  33.51  30.91  34.63  9.14  1.16  10.70  0.45  0.09  27.09  2  

Unifacial Point  4  75.05  67.71  62.59  29.48  12.34  2.22  32.40  0.24  0.08  19.73  1  

Minimal  27  55.18  52.00  44.49  29.78  11.51  1.33  19.80  0.38  0.03  6.49  1  

9 
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Table 8: Size class retouch indices (size class is maximum dimension of complete artefact. i.e. 20mm size class 10 
means the piece measured between 10.01-20mm)  11 

Size Class  Count  GUIR  II  Retouch Extent  Notch Range  Patch Range  

20mm  3  0.34  0.03  21.65  0  0  

30mm  11  0.55  0.06  13.37  2  1  

40mm  30  0.46  0.06  27.55  2  3  

50mm  46  0.39  0.09  19.72  4  3  

60mm  55  0.40  0.09  17.60  4  11  

70mm  37  0.42  0.09  16.18  4  7  

80mm  15  0.51  0.12  15.39  3  3  

90mm  10  0.35  0.09  15.15  6  5  

100mm  3  0.23  0.06  9.46  1  0  

>100mm  3  0.61  0.06  8.40  2  2  

 12 
Table 9: Notch count attribute table.  13 

 0  1  2  3  4  6  

Metrics  

Count  103.00  79.00  17.00  6.00  7.00  1.00  

Max Dimension (mm)  51.79  52.32  53.57  52.86  59.22  85.51  

Max Percussion Length (mm)  44.68  47.60  49.73  49.02  51.66  77.65  

Axial Length (mm)  42.81  42.52  39.24  39.95  48.09  63.16  

Axial Width (mm)  29.72  28.81  32.62  35.33  29.80  35.84  

Axial Thickness (mm)  9.94  8.91  11.29  11.52  9.23  11.45  

Elongation Ratio  1.30  1.41  1.30  1.28  1.50  1.76  

Weight (g)  19.20  15.50  27.60  28.85  19.80  35.90  

Retouch Intensity  

GUIR  0.40  0.43  0.48  0.41  0.41  0.32  

II  0.09  0.06  0.16  0.12  0.22  0.22  

Retouch Extent  20.53  9.36  21.96  24.20  43.73  58.99  

Blank Form  

Convergent  28.20  31.60  35.30  50.00  71.40  100.00  

Asymmetrical  62.10  58.20  47.10  50.00  28.60  0.00  

Parallel  4.90  7.60  11.80  0.00  0.00  0.00  

14 
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 15 
Table 10: Non-local and local lithology metric attributes. 16 

Source  Metrics  Retouch Intensity  

 Count  

Max 
Dimension 

(mm)  
Max Percussion 

Length (mm)  

Axial 
Length 

(mm)  

Axial 
Width 
(mm)  

Axial 
Thickness 

(mm)  
Elongation 

Ratio  GUIR   II  
Retouch 

Extent  
Patch 

Range  
Notch 
Range  

Assumption Set 1  

local  189  52.32  47.46  42.45  29.74  9.94  1.31  0.42  0.09  18.07  11  6  

non-local  24  52.91  50.53  42.32  25.48  7.81  1.43  0.29  0.09  18.62  4  3  

Assumption Set 2  

local  73  54.00  49.73  43.34  29.61  10.47  1.30  0.40  0.09  15.59  11  4  

non-local  24  52.91  50.53  42.32  25.48  7.81  1.43  0.29  0.09  18.62  4  3  

unknown  116  49.99  44.27  41.76  29.74  9.35  1.36  0.43  0.09  19.72  7  6  

 17 
 18 
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