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Abstract 14 

Functional data accumulated over the recent decades confirm that tool use mechanics, working 15 

edge maintenance, and hafting are important factors determining stone tool form. Yet such data 16 

are rarely considered in studies on lithic standardisation, and tool hafting has entered the 17 

discussion mostly in the form of untested hypotheses. In this paper, we examine the effects of 18 

tool use, resharpening, and hafting on lithic standardisation by drawing on recent use-wear data 19 

on Palaeolithic domestic tools and projectiles. We evaluate morphological constraints posed by 20 

different tool use tasks and hafting systems, and the effects of these on blank selection. We 21 

conclude that the concept of standardisation can be useful in studying lithic assemblage 22 

patterning, but it needs to be redefined to accommodate functional variability. We advise shifting 23 

the focus from stone tool form to working edge qualities and hafted tool design, which drastically 24 

alters the perspective on inter-assemblage variability. 25 
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Introduction 30 

Attempts to understand ancient populations based on material culture have often relied on 31 

detailed study of artefact forms and their variation between assemblages. This has led to 32 

significant debate about the meaning of tool forms and their ability to inform us about the 33 

technological, cognitive, cultural and social capacities of our ancestors (e.g. Binford, 1973; Binford 34 

& Binford, 1966; Bisson, 2001; Bordes, 1953, 1967, 1981; Bordes et al., 1972; Bordes & de 35 

Sonneville-Bordes, 1970; Chase, 1991; Chazan, 1995; Corbey et al., 2016; Dibble, 1984, 1991; 36 

Holloway, 1969; Kohn & Mithen, 1999; McBrearty & Brooks, 2000; Rolland & Dibble, 1990; 37 

Semenov, 1964; Wynn, 1988). The origins of the concept of lithic standardisation can be traced 38 

back to influential attempts to attribute meaning to stone tool assemblage variability (e.g. 39 

Holloway, 1969; Mellars, 1989). Yet, the definition of this concept appears if not vague, at least 40 

case-dependent, and analysts’ success in identifying standardised forms in the lithic record has 41 

been moderate at best. Even though measuring instruments and data processing tools have 42 

become more and more sophisticated, the limited availability of data on tool use and hafting and 43 

its infrequent exploitation in studies investigating standardisation have produced a situation where 44 

functional similarity is not established for tools that are being measured or is only assumed on 45 

typological grounds. This overlooks the fact that functional studies have repeatedly demonstrated 46 

that tool form and function are poorly correlated (Odell, 1981; Plisson, 2006; Plisson & Beyries, 47 

1998; Semenov, 1964). 48 

Here, we make a first attempt to bring together detailed functional data with frequently used simple 49 

measures of standardisation to investigate the links between the two, with a particular focus on 50 

the effect of hafting. We first briefly discuss the origins of the concept ‘standardisation’ in lithic 51 

research and its entanglement in debates about human cognition and culture. We establish that 52 

the concept is often used but rarely precisely defined, and that attempts to measure 53 

standardisation have yielded variable results. We then, by using our recent datasets, proceed to 54 

examining how different tool use tasks and working edge maintenance (resharpening) affect tool 55 

morphology, and whether stone tool hafting has a notable standardising effect on lithics on the 56 

level of blank type, dimensions, or presence of retouch. Hafting has been regularly assumed to 57 

drive stone tool standardisation. Recent analyses have drawn particular attention to the effect of 58 

retooling (the replacement of worn-out or broken lithic components of hafted tools with fresh ones) 59 

on assemblage-level patterning (Kuhn & Shimelmitz, 2022). In these considerations, however, 60 

hafting has not been demonstrated for the lithics that were measured but assumed based on 61 

chronological affinity with other assemblages reported to contain hafted tools. The present 62 

separation of microwear studies interested in hafting and studies geared towards detecting metric 63 

or morphological patterning is largely because methods for reliably identifying hafted tools in 64 
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archaeological assemblages have been developed only recently (Rots, 2002b, 2010) and require 65 

detailed microscopic analysis backed up with experimentation that is more time-intensive than 66 

measuring lithics. Data on tool hafting is now becoming increasingly available (de la Peña et al., 67 

2018; Rots, 2002a, 2005, 2009, 2013, 2015; Rots et al., 2011, 2017; Rots & Van Peer, 2006; 68 

Taipale, 2020; Taipale et al., 2022; Taipale & Rots, 2020, 2021; A. Tomasso et al., 2018; S. 69 

Tomasso, 2021; S. Tomasso et al., 2020; S. Tomasso & Rots, 2018), and provides an opportunity 70 

for an initial evaluation of links between stone tool use and hafting and lithic standardisation.  71 

The results of this preliminary investigation suggest that while hafting may produce certain 72 

regularities in the lithic record, standardisation would be best approached by looking at particular 73 

morphological attributes side by side with functional evidence instead of relying on overall tool 74 

form or measures of retouch. We conclude that while the concept of standardisation has value for 75 

future lithic studies, it needs to be redefined in a manner that abandons the dualisms on which it 76 

was initially based. With our review of the theoretical background of the concept as well as the 77 

presently available data on hafted Palaeolithic tools and their metric and technological attributes, 78 

we wish to better bridge the knowledge gained in microwear and morphometric studies and 79 

encourage future collaborative efforts to the benefit of both. 80 

 81 

What has lithic standardisation been taken to signify? 82 

Stone tool standardisation, i.e. the regularisation of artefact size and form, has been given varied 83 

meanings in recent research. Some scholars have viewed it as a signal of higher reliance on 84 

composite tools (e.g. Bar-Yosef & Kuhn, 1999) and particularly relevant for retooling (Kuhn & 85 

Shimelmitz, 2022). Tightly controlled tool form has also entered discussions on optimisation of 86 

technology and risk management, and standardised lithics have been mentioned as beneficial to 87 

both reliable and maintainable hafted tool designs (Bleed, 1986; Buchanan et al., 2018; Clarkson 88 

et al., 2018; Hiscock et al., 2011; Marks et al., 2001; Nelson, 1991; O’Farrell, 2004). Particularly 89 

blades have also been linked to the social aspect of human lives and said to be markers of 90 

regional identity reflective of socially transmitted knapping skill (Nelson, 1991). Occurrence of 91 

highly similar of stone tool forms over long geographical distances has been claimed to 92 

demonstrate inter-group contacts (e.g. Jones & Stewart, 2016; Way et al., 2022; see, however, 93 

Dibble, 1989), and standardised blades have been cited as products well-suited for trade (J. E. 94 

Clark, 1987; Nelson, 1991). Perhaps the most influential and debated perspective, however, is 95 

the view that stone tools with standardised forms reflect the cognitive and symbolic capacities of 96 

their makers. Wynn argued that even though a strong link between the development of stone tool 97 

technology and the evolution of the human brain is hard to establish, standardised lithic forms 98 
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indicate that technology was not entirely ad hoc but involved a level of planning and intellect and 99 

might therefore serve as a marker to distinguish human technologies from those used by other 100 

primates (Wynn, 1988). Others have gone considerably further and argued that standardised 101 

stone tools and the ‘imposition of arbitrary form’ or ‘deliberate design’ are indicators of socially 102 

shared concepts and may equal the use of symbols and language (Holloway, 1969; McNabb et 103 

al., 2004; Mellars, 1989, 1991, 1996). These views were at least partially inspired by Bordes’s 104 

interpretation of lithic typological variability that he attributed largely to cultural factors (e.g. 105 

Bordes, 1953) and have their ties to the debates that followed (e.g. Binford, 1973; Binford & 106 

Binford, 1966; Bordes, 1953, 1967, 1981; Bordes et al., 1972; Bordes & de Sonneville-Bordes, 107 

1970; Dibble, 1984, 1991; Semenov, 1964). These perspectives thus connect to the wider 108 

discussion on the meaning of lithic assemblage variability. 109 

The language argument was particularly developed in the context of comparing the material 110 

culture of anatomically modern humans to that of Neanderthals and other extinct hominins. This 111 

line of reasoning maintained that stone tools with distinct shapes reflect ‘mental templates’ in the 112 

minds of their makers, that these types become clearer in tandem with the development of 113 

language, and that they ultimately correspond to words (Mellars, 1989). The view that blade-114 

dominated Upper Palaeolithic industries would be more standardised than flake-dominated 115 

Middle Palaeolithic industries has been later contested by technological data accumulated in 116 

different parts of the world (Marks et al., 2001), and the ”fundamental” differences initially 117 

observed between Neanderthal and modern human technologies have overall been put into 118 

question (see e.g. Villa & Roebroeks, 2014). 119 

The ”standardised lithics equal symbols” claim has been further argued against both at conceptual 120 

(Chase, 1991) and pragmatic levels (e.g. Dibble, 1989; Marks et al., 2001; Monnier, 2006).  Many 121 

researchers have pointed out that identifying past mental templates based on lithic assemblages 122 

is not simple due to the way lithics change their size and shape through use and resharpening 123 

(Dibble, 1987, 1989; Monnier, 2006). Stone tool standardisation has also been rejected as a proxy 124 

for human cognition because it can be an outcome of many different circumstances instead of 125 

being straightforwardly dictated by mental templates (Chase, 1991; Dibble, 1989; Monnier, 2006). 126 

Dibble questioned the link between standardised, regionally varied lithic tool forms and symbol 127 

use by arguing that all tool-making animals impose form on the natural environment, making 128 

humans non-distinct, and that regional ‘styles’ in lithic tools can signify systems of social learning 129 

but not necessarily use of language (Dibble, 1989). Chase has elaborately argued that arbitrary 130 

form in stone tool production is very different from arbitrary giving of meaning to words and that 131 

the former is not a proxy for the latter. Further, arguing for the presence of predetermined artefact 132 

shapes that can be communicated between individuals necessitates that all other factors affecting 133 
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tool morphology (choice of raw material and blank production method, tool function) are controlled 134 

for (Chase, 1991).  135 

The concept of ‘standardisation’ evidently cannot be separated from the research historical 136 

context where it was most prominently used, i.e. that linked to the origins of modern humans and 137 

their cultural capacities. The concept is intertwined with efforts to draw conclusions on the 138 

evolution of technology or human cognition based on lithic evidence. It is therefore not 139 

independent of certain preconceptions, such as the idea that anatomically modern humans were 140 

cognitively and culturally more advanced than their predecessors, or that the lithic record overall 141 

should testify to increasing cognitive and linguistic capacities of hominins. As such, the concept 142 

is not attitude-neutral, which may partly explain why it is often mentioned but rarely defined with 143 

precision. 144 

 145 

How has standardisation been defined, and does it exist? 146 

Some of the most often-cited works that employ stone tool standardisation for the purposes of 147 

reconstructing and comparing the cognitive capacities of Palaeolithic people (e.g. Mellars, 1989) 148 

do not explicitly define what they mean with the word ‘standardised’ although they appear to refer 149 

to lithic end products (finished tools) and their size and shape (Marks et al., 2001). Wynn hinted 150 

at symmetry and tool metrics in his discussion and mentions standardised lithics as something 151 

that archaeologists encounter time and again at different sites (Wynn, 1988). Already from these 152 

early accounts it is clear that some of the problematics of the use of the concept relate to the 153 

often-obscure limit between what is in the eye of the beholder (the present-day archaeologist) 154 

and what was in the mind of the prehistoric stone tool maker. 155 

To counteract these problems, later works have attempted more precise definitions of 156 

standardisation. Marks et al. (2001) have described a standardised product as something that 157 

presents “low variability in characteristics that define [it]”. They and other workers have formally 158 

investigated stone tool standardisation using different criteria, including typological diversity, 159 

blank selection (Chazan, 1995; Marks et al., 2001), number of scars on flaking products 160 

(Schlanger, 1996), position and type of retouch (Dibble, 1989; Marks et al., 2001; McNabb et al., 161 

2004; Monnier, 2006; Wierer, 2013), symmetry (McNabb et al., 2004; Monnier, 2006), outline 162 

shape, and patterning in manufacture (McNabb et al., 2004). Some of the criteria, such as the 163 

third on Monnier’s list (“The location of retouch is similar, and there is a clear separation between 164 

retouched and un-retouched portions of the tool”)(Monnier, 2006), are rather industry-specific and 165 

not applicable to e.g. bifacially shaped tools. Metric attributes feature prominently in lithic 166 

standardisation studies and include length, width, thickness, and sometimes their ratios and 167 



6 
 

derivatives, such as surface area (Chazan, 1995; Dibble, 1989; Kuhn & Schimelmitz, 2022; Marks 168 

et al., 2001; Monnier, 2006; Montoya, 2002; Schlanger, 1996; Wierer, 2013).  169 

Recent years have seen the application of geometric morphometric approaches to achieve more 170 

detailed outline (e.g. Buchanan et al., 2018; Hoggard et al., 2019; Iovita & McPherron, 2011) or 171 

three-dimensional data (e.g. Archer & Braun, 2010) on tool shape. These analyses have often 172 

been combined with traditional tool metrics. 173 

Using their selected attributes and approaches, investigators have managed to detect 174 

standardisation to varying degrees. Dibble found no evidence of Levallois flakes being more 175 

standardised than bifacial shaping flakes, the latter of which are hard to perceive as “desired end 176 

products” (Dibble, 1989), whereas Schlanger, based on the analysis of flakes from a single refitted 177 

core, claimed that Levallois flakes could be distinguished from the rest of the products (Schlanger, 178 

1996). Diachronic comparisons have often failed to find consistent evidence of increasing 179 

standardisation over time, although some other patterns have emerged (e.g. Chazan, 1995; 180 

Hoggard et al., 2019; Iovita & McPherron, 2011; Marks et al., 2001; McNabb et al., 2004; Monnier, 181 

2006). Significant exceptions to this rule include the recent large-scale comparison of blade and 182 

bladelet metrics by Kuhn and Shimelmitz who found increasing standardisation in the global 183 

record, largely driven by the introduction of pressure blade technologies (Kuhn and Shimelmitz, 184 

2022) and Buchanan et al.’s study on Clovis and Folsom points that showed that the younger 185 

Folsom points are more standardised (Buchanan et al., 2018). 186 

Critical examination of past use of simple tool metrics (e.g. length-width ratio) in measuring 187 

standardisation has shown that such measures can be misleading if not examined against 188 

constraints posed by lithic raw materials and fracture mechanics and classification criteria used 189 

in defining stone tool types to be studied (Dibble, 1989). Overall artefact shape has likewise been 190 

questioned to have universal significance in the analysis of lithic standardisation. The concept of 191 

mental template was initially based on artefacts for which overall morphology matters, for instance 192 

pottery, whereas real-life stone tool users may often be far more concerned with working edge 193 

qualities than general artefact morphology (Monnier, 2006). While the shape of ceramic vessels 194 

can be modified up to an extent for stylistic or signalling purposes, this is much less frequently 195 

the case with stone tools. In their discussion on Acheulean bifacial tools, Archer and Braun note 196 

that consensus as to what would be the behaviourally relevant morphological variables to 197 

measure is generally lacking (Archer & Braun, 2010). 198 

In brief, even though the analytical tools for addressing certain aspects of morphological variability 199 

and standardisation are in place, linking the resulting data to past human behaviour in a 200 

meaningful manner remains a challenge, and the ability of standardised lithics to speak for past 201 

cognitive and cultural capacities has been questioned by many. A problem identified by several 202 
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researchers (e.g. Chase, 1991; Monnier, 2006) is the difficulty of knowing to what extent tool form 203 

is dictated by pragmatic aspects of tool production and use, such as raw material constraints, 204 

functional demands, and working edge maintenance, and to what extent it could reflect cultural 205 

norms. While the issue has been identified by many, the simplest solution, that of examining tool 206 

morphology and dimensions against detailed functional data, has rarely – if ever – been 207 

implemented. 208 

 209 

Functional perspectives to standardisation 210 

We explore in this section the ways in which tool use, maintenance, and hafting affect the 211 

morphology of lithics and their possible standardisation. We discuss these in the form of 212 

cautionary tales. Our archaeological case studies include projectiles and domestic tools from the 213 

Recent and Final Gravettian occupations at Abri Pataud (Dordogne, France), dated to c. 24,000 214 

BP and 22,000 BP, respectively (Bricker, 1995; Chiotti et al., 2015; Douka et al., 2020; Movius, 215 

1975, 1977; Nespoulet et al., 2013), and from the Early Gravettian occupation of Maisières-Canal 216 

(Belgium) (28,000 BP) (de Heinzelin, 1973; Haesaerts & Damblon, 2004; Jacobi et al., 2010). We 217 

compare these data with earlier results from the Magdalenian site Verberie, dated to between 218 

12,950 and 12,430 BP (Enloe & Audouze, 2010), from Level N2b at the Middle Palaeolithic site 219 

of Bettencourt, dated to around 75–85 ka by TLIRSL on sediment and ESR on teeth (Antoine et 220 

al., 2002), and from Level IIA at the Middle Palaeolithic site Biache-Saint-Vaast, dated by ESR to 221 

253 +53/-37 ka (Guipert et al., 2011) We further contextualise them by making use of published 222 

data on assemblages from varied geographical and chronological contexts. 223 

Our datasets were collected using an established, experiment-based methodology for identifying 224 

hafted and hand-held stone tools, detailed in previous publications (e.g. Rots, 2002b, 2003, 2010; 225 

Rots et al., 2006). The method combines observations made using different magnifications and 226 

lighting techniques (stereomicroscope with oblique lighting at magnifications <100×, metallurgical 227 

incident light microscope at magnifications of 100–500×) that are combined into a pattern, a 228 

strategy that blind tests have demonstrated to yield the most reliable results (Rots et al., 2006). 229 

Postdepositional surface alterations were dealt with by analysing large samples of lithics from the 230 

same archaeological context to gain a good view of taphonomic wear affecting each sub-231 

assemblage and by limiting the analysis to low magnification (stereomicroscope) in the case of 232 

insufficiently preserved surface wear. For the purposes of the present study, the datasets that are 233 

discussed in detail are narrowed down to the artefacts that allowed determining the prehensile 234 

mode (hafted vs hand-held) with the highest level of certainty, i.e. to sufficiently preserved 235 

artefacts with explicit wear patterns. While different hafting arrangements and haft raw materials 236 
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produce distinct wear patterns in the non-active parts of the stone tool and can be identified with 237 

the help of experimental archaeology and comparative analysis when the wear is sufficiently 238 

developed (for details, see e.g. Rots, 2002a, 2002 bright spots, 2008 animal materials, 2010; Rots 239 

et al., 2006), we limit the discussion here mostly to presence/absence of hafting and broad 240 

categories of handle designs. 241 

Stone tool shape and size can be affected by various factors, among which are raw material 242 

qualities and the size and shape of nodules and blanks (e.g. Archer & Braun, 2010; Bordes et al., 243 

1972; Chase, 1991; Dibble, 1991; Kuhn, 1992; Marks et al., 2001; White, 1998). Blank attributes 244 

are affected by knapping method and technique as well as knapper skill (Finlay, 2008; Klaric, 245 

2018; Kuhn & Shimelmitz, 2022; Lassen & Williams, 2015; Marks et al., 2001; Montoya, 2022; 246 

Muller et al., 2022; Nonaka et al., 2010; Pelegrin, 2021; Pigeot, 1987; Sternke & Sørensen, 2009). 247 

Decisions made about blank production, selection, and tool shaping reflect functional demands 248 

dictated by the tasks the tools were made for and whether they were meant to be used hand-held 249 

or hafted. Stone tool life cycles including resharpening (see Dibble, 1984, 1987, 1989, 1991, 1995; 250 

Frison, 1968; Shott & Weedman, 2007) are equally important determinants of tool morphology at 251 

discard.  252 

 253 

Tool use sets demands on tool morphology  254 

Given that most stone tools are functional objects made for a practical purpose, their morphology 255 

is controlled by requirements related to their use and prehension or hafting. Recurrency of 256 

different tasks can be expected to result in morphological patterning in the lithic record. 257 

Approaches focusing on overall shape of formal tools have yielded conclusions including that of 258 

Monnier’s that some morphologically constrained tool types such as perforators could correspond 259 

to mental templates better than the remaining categories (Monnier, 2006). This statement 260 

acknowledges an important aspect of lithic assemblage variability, namely that some tasks 261 

impose more distinct shapes on stone tools than others. Nevertheless, there are limited grounds 262 

to argue that e.g. cleavers would be any less adapted (designed) for a particular task or tasks 263 

than perforators; the characterisation of their active edges would simply require an approach that 264 

does not rely on measures of retouch, as their design typically exploits a naturally acute-angled 265 

and regular edge of a flake. 266 

The link between working edge morphology and overall tool shape is a complex matter, and 267 

relatively little addressed in lithic studies. Iovita and McPherron’s discussion of Lower and Middle 268 

Palaeolithic bifaces is valuable in this respect, as it proposes that the overall shape of a biface 269 

may be a by-product of the creation of suitable working edges within the limits of fracture 270 
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mechanical possibilities, and therefore a secondary or misleading variable to examine when 271 

measuring standardisation (Iovita & McPherron, 2011). Nicoud’s large-scale analysis of 272 

Acheulean bifaces from western Europe could show that superficially similar artefacts can 273 

represent differential strategies in managing working edges vs overall tool shape (e.g. Nicoud, 274 

2013). In the context of less formal industries, study of the selection of unmodified quartz flakes 275 

for tools has shown that systematic selection did take place at prehistoric knapping sites largely 276 

based on edge qualities and blank completeness or volume rather than blank shape (Knutsson 277 

et al., 2015; Rankama, 2002). Consequently, an overemphasis on general tool morphology can 278 

produce misleading data and fail to detect consistency and repetition in functionally relevant 279 

attributes on assemblage scale.  280 

The functional data we have collected so far has revealed some such patterning. We have noted, 281 

for instance, that butchering knives often share features across different time periods. At both 282 

Middle Palaeolithic sites such as Biache-St-Vaast and Bettencourt (Rots, 2015) and Upper 283 

Palaeolithic sites like Maisières-Canal (Taipale & Rots, 2021), butchering knives are frequently 284 

pointed and somewhat asymmetrical, combining a curved and straight working edge (Figure 1). 285 

Such universal preferences may lead to partial convergence in lithic assemblages that otherwise 286 

have little in common (for a broader perspective on the question, see e.g. L-G l’homme et la 287 

matière 30-36; milieu et technique 336-340). The desired distal tool morphology can be achieved 288 

either by simply selecting a blank with suitable attributes, or by applying retouch with varying 289 

characteristics. 290 

 291 

Figure 1. Dorsal views of morphologies of the active parts of Middle and Upper Palaeolithic 292 

butchering knives. a-b: Biache-Saint-Vaast (Rots, 2013, 2015), c: Bettencourt (Rots, 2015), d-e: 293 

Maisières-Canal (Taipale & Rots, 2021). 294 
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A similar case could be made for projectiles. Projectiles mounted on the apex of a shaft need to 295 

share a sharp tip and one or two cutting edges, though variation may exist in how this general 296 

morphology is obtained (e.g. unifacial versus bifacial flaking). In the case of composite points, 297 

functionality is achieved by creating cutting edges that combine an organic point with laterally and 298 

sometimes distally hafted lithic insets (see e.g. Gaillard et al., 2015; O’Farrell, 1996; Pétillon et 299 

al., 2011; A. Tomasso et al., 2018). Morphology and size of armatures need to be adapted to the 300 

raw material, hafting system, shaft weight and dimensions, weapon delivery system, prey choice, 301 

and hunting conditions (see e.g. Cattelain, 1997; Coppe, 2020; Coppe et al., 2019, 2022; Ellis, 302 

1997; Friis-Hansen, 1990; Knecht, 1997; Pétillon et al., 2011; Taipale et al., 2022), potentially 303 

leading to standardisation in situations where the key variables are held constant. The final shape 304 

of armatures can be variably achieved through debitage strategies or secondary modifications 305 

(Klaric, 2006; Klaric et al., 2009). Within individual industries, the quantity and attributes of retouch 306 

can be adjusted according to the initial shape of the tool blank (Montoya, 2002). The extent to 307 

which the full variability observed in the lithic projectile record is linked to differences in hafting 308 

and details of use is currently unknown.  309 

Of the rare case studies we have cited here that have found evidence of tool standardisation over 310 

time by looking at shape and size attributes, Buchanan et al.’s results indicate that Folsom points 311 

are more standardised than older Clovis points. Relying on functional interpretations proposed by 312 

other researchers, they explain the higher uniformity of Folsom points by functional specialisation 313 

(with Clovis points viewed as multifunctional and Folsom points as exclusively hunting weapon 314 

tips) as well as morphological constraints imposed by preparations for fluting that was developed 315 

further in the Folsom industry than in the preceding Clovis (Buchanan et al., 2018). In the 316 

European Upper Palaeolithic, backed points have been cited as standardised (Wierer, 2013). 317 

Compared to Folsom points, however, Gravette and microgravette points may present enough 318 

uniformity in shaping to make up a tool category easily recognised by typologists, but they may 319 

be less standardised in their dimensions even within a single site (see e.g. Bricker & David, 1984, 320 

1995; Cormarèche, 2020; Nespoulet, 1996, 2000). The Folsom example (Buchanan et al., 2018) 321 

shows that the best strategy in assigning meaning to armature size and shape is a careful 322 

consideration of the combined effect of knapping technological and functional variables. 323 

Also hide scraping tools often show high similarity in their active parts. In contrast to knives or 324 

projectiles, these tools need to have more obtuse, convex edges to avoid cutting the hide. The 325 

exact mechanical requirements depend on the stage of hide processing. This implies that the 326 

active part will mainly respond to functional constraints and show regularity over time. 327 

Other functional categories, by contrast, may show greater variability in functional requirements. 328 

Woodworking is a good example as it may cover tasks ranging from percussion activities for wood 329 
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procurement to various processing activities to very precise craft activities. The edge 330 

morphologies and general shapes of the tools used in each of these tasks may thus differ 331 

significantly. 332 

Data on Recent and Final Gravettian tools from Abri Pataud used for working hard animal-derived 333 

materials (bone, antler, ivory) indicate that the main use gesture can determine the morphology 334 

of the active part. Grooving tools display acuter bit angles, whereas tools used in transverse 335 

motion tend towards obtuse or non-restricted angles (Taipale 2020). Bit angle is irrelevant for 336 

functionality in the latter case, although it might affect prehension. Significantly, the absolute 337 

range of bit angles varies between industries at Abri Pataud, with acuter angles observed in the 338 

Final Gravettian sample (Taipale, 2020, figs. 8.23, 8.24). This might be explained by a 339 

combination of task requirements and choices made about blank production and tool shaping. 340 

Therefore, while certain measurements, such as those describing edge shapes and angles, can 341 

be tied to tool use, several variables need to be considered to arrive at reliable interpretations. 342 

Edge shapes and angles were explicitly considered and measured by use-wear analysts during 343 

the early decades of the development of the method (e.g. Kamminga, 1982; Moss, 1983) and 344 

continue to be reported in functional studies (Macdonald et al., 2020 and references therein). 345 

Nevertheless, the measuring of tool shape is largely developed outside the field of functional 346 

studies, and the two aspects are seldom connected. We acknowledge this as an important 347 

weakness of present approaches. Morphometric investigations informed by functional data could 348 

aid in isolating relevant metric variables and help us better understand deliberate control of stone 349 

tool form by prehistoric knappers.  350 

 351 

Resharpening in view of continued use determines morphology at discard 352 

Stone tool morphology is initially determined by knapper choice and raw material constraints, but 353 

in prolonged use is affected by cycles of resharpening (Frison, 1968) and ultimately depends on 354 

the stage and reason of discard (Dibble, 1987; Rolland & Dibble, 1990). This view has been 355 

incorporated in explanations of assemblage variability (Iovita, 2011; McCall & Thomas, 2012; 356 

Soriano et al., 2015), but in most cases remains to be confirmed by functional data. Tomasso et 357 

al’s study of Aterian points (S. Tomasso, 2021; S. Tomasso & Rots, 2018), for instance, found no 358 

evidence of frequent resharpening of points in contrast to the model proposed by Iovita (2011). 359 

The available studies focused on particular functional categories demonstrate the power of the 360 

functional approach in explaining tool shape. In the case of hide scrapers recovered at Verberie, 361 

the irregular active edge morphologies could be linked to incomplete resharpening (Rots, 2005). 362 

Corresponding observations have been made for butchering knives from Maisières-Canal, where 363 



12 
 

tools discarded as the result of failed resharpening can present ragged distal edge lines (Taipale, 364 

2020, p. 12-14 in Appendix 4; Taipale & Rots, 2021, fig. S4). Elsewhere, variations in scraper 365 

working edge convexity have been explained by the proximity of haft limit on resharpened tools 366 

(Jardón Giner & Sacchi, 1994). Continued resharpening of tools like burins may sometimes lead 367 

to an increase in their morphological and typological variation (e.g. Buisson, 1991; Nespoulet, 368 

2000; Taipale, 2020, p. 99). 369 

These examples show that tool use data can be an important asset to researchers looking into 370 

standardisation, as functional results enable the analyst to regroup lithic tools into categories that 371 

are comparable in terms of tool function, hafting status, and discard stage. Such comparability is 372 

necessary for drawing informed conclusions about standardisation of tool form. The existing 373 

models of reduction continuums as determinants of assemblage variability may well hold some 374 

truth in them, but they could be tested and strengthened by functional data. This again calls for 375 

better bridging of use-wear studies and approaches interested in morphological variability. 376 

 377 

One raw material is not the other 378 

Factors related to raw material economy can affect standardisation of size and shape of tools, as 379 

the replicability of tool forms and the knapper’s ability to extend their use-lives depends on the 380 

fracturing qualities of the lithic raw material. Quartz industries are a case in point. The fracture 381 

mechanical properties of quartz differ significantly from those of e.g. flint, which has led to 382 

prehistoric quartz assemblages with a high frequency of fragmentary flakes and low counts of 383 

easily identifiable, elaborate formal tools (see e.g. Callahan et al., 1992; de Lombera-Hermida & 384 

Rodríguez-Rellán, 2016; de Lombera Hermida, 2009; Domanski et al., 1994; Driscoll, 2010, 385 

2011b, 2011a; Lindgren, 1998; Manninen, 2016; Manninen & Knutsson, 2011; Manninen & 386 

Tallavaara, 2011; Mourre, 1996; Rankama, 2002; Rodríguez-Rellán, 2016; Tallavaara et al., 387 

2010; Tardy et al., 2016). Prehistoric tool makers found ways to cope with the relatively 388 

unpredictable behaviour of quartz under hammer impact (see e.g. Knutsson et al., 2015; 389 

Manninen, 2016; Rankama, 2002), and lithic technologies were adapted to raw material situation 390 

through different strategies. Use of quartz sometimes clearly lowered the level of lithic 391 

standardisation. An example is the Early Mesolithic composite point technology in northern 392 

Fennoscandia where hunter-gatherers maintained the overall tool design by replacing formal flint 393 

blade/bladelet inserts with informal quartz flakes when migrating into areas where only quartz was 394 

abundantly available (Knutsson et al., 2015, 2016). In other contexts in the same region, however, 395 

lithic tool technology and form were conserved regardless of raw material constraints. This is the 396 

case for bifacial pressure flaking that was applied on quartz contemporaneously with the Comb 397 

Ware flint import and again with the introduction of the straight-based arrowhead in the Early 398 
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Metal Age (Rankama et al., 2006). Such occurrences show that tool form is sometimes rigidly 399 

transferred onto a new raw material, whereas in other cases formal constraints are relaxed to 400 

facilitate production. Lithic artefact standardisation can therefore be considered raw material 401 

dependent to a degree that varied according to the ecological and socio-economic context of lithic 402 

tool production.  403 

In industries where stone tool raw materials that allow limited control over the fracturing process 404 

dominate, investigation of tool standardisation should turn the focus to entire hafted or composite 405 

tools instead of their lithic components to understand design concepts and their rigidity, i.e. 406 

standardisation. The degree to which raw material choice may have been linked with particular 407 

planned tool shapes and functions remains under-investigated especially in Palaeolithic 408 

archaeology. 409 

 410 

The assumed link between blades and hafting 411 

Blades are usually perceived as predictable and regular in shape and are therefore often cited as 412 

standardised flaking products. They have been argued to reflect increased reliance on hafting 413 

and composite tools (e.g. Bar-Yosef & Kuhn, 1999; Kuhn & Shimelmitz, 2022). Within blade 414 

industries, the introduction of soft hammer and indirect percussion techniques in the Upper 415 

Palaeolithic resulted in higher control over blank morphology that has been said to have facilitated 416 

the production of replacement parts for composite tools (Bar-Yosef & Kuhn, 1999), although it 417 

appears that only the later adoption of pressure techniques in blank production had a significant 418 

standardising effect on blank metrics on assemblage scale (Kuhn & Shimelmitz, 2022).  419 

Currently available functional data make it obvious that hafting predates blade-based industries, 420 

with dates for the earliest evidence of hafting being as old as 250ka in Europe (Rots, 2013) and 421 

200ka in Africa (Rots et al., 2011; Rots & Van Peer, 2006). The frequency of hafted stone tools 422 

at different Middle Palaeolithic and Middle Stone Age sites also shows that hafting was already 423 

well-embedded in technology (de la Peña et al., 2018; Rots, 2013, 2015; Rots et al., 2011, 2017, 424 

2021; Rots & Plisson, 2014; S. Tomasso, 2021; S. Tomasso & Rots, 2018). While the Upper 425 

Palaeolithic record contains evidence of hafted blade tools, including those used in craft activities 426 

(Rots, 2002b, 2002a, 2005), the link between blades and hafting has not yet been tested on a 427 

large scale using microwear evidence. 428 

As an example, we compared the presence of blades versus flakes among hafted and hand-held 429 

tools in a sample of Recent Gravettian scrapers from Abri Pataud, all used in hide working, to 430 

examine whether hafting affected blank choice. The scrapers are all made of fine-grained flint of 431 

local or regional origin (Nespoulet, 1996). A significant feature of the Level 3 scraper assemblage 432 
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(n=231) is the use of both flakes and blades as tool blanks (Figure 2), among which blades slightly 433 

dominate (Nespoulet, 1996; Taipale, 2020). We selected a sample of 47 scrapers for a detailed 434 

functional study relying mostly on low magnification observation (Taipale, 2020) (Figure 3). Here, 435 

we discuss the artefacts for which prehensile mode (hafted vs handheld) could be determined 436 

with relative certainty (n=25). 437 

 438 

Figure 2. Scrapers on flakes and blades from Abri Pataud Level 3 (Recent Gravettian, c. 24,000 439 

BP). 440 
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 441 

Figure 3. Haft scarring on a blade scraper (AP/58-3-16) and a flake scraper (AP/59-3-1945) from 442 

Pataud Level 3 (Taipale, 2020). 443 

Both flakes (n=7) and blades (n=6) were used as blanks for tools identified as hafted and possibly 444 

hafted in our sample, but the proportion of blades (n=2) appears to drop in the group of tools 445 

showing no evidence of hafting and flakes are overrepresented (n=10). Larger samples would 446 

clearly be needed to test the validity of these observations, but the link between blades and hafting 447 

is worth considering. 448 

If we integrate other available datasets, burins from Maisières-Canal that were used dominantly 449 

for grooving and perforating tasks on hard animal material (Taipale, 2020; Taipale & Rots, 2020) 450 

suggest that the frequency of blades does not straightforwardly reflect the frequency of hafting. 451 

This Early Gravettian site has a blade-dominated lithic industry (see Touzé, 2019) enabled by 452 

high-quality flint that was abundantly available in the vicinity of the site (de Heinzelin, 1973; 453 

Moreau et al., 2013, 2016; Otte, 1979; Pesesse & Flas, 2012; Touzé, 2019). In the typo-454 

technological category of burins (n=382), 85% are made on blades (Touzé, 2019).  455 



16 
 

We analysed a sample of 50 formal burins made on raw blades or recycled from tools or preforms 456 

that were themselves made on blades. The proportion of hafted and possibly hafted tools, as 457 

opposed to ones bearing no evidence of hafting, is relatively low (15 against 35 artefacts, 458 

respectively), and even lower if burins with an obvious tang (see Rots, 2002a) (n=11) are excluded 459 

from the sample (6 versus 33 artefacts). Blades were widely selected for handheld tools, which 460 

casts doubt on the link between blades and hafting among tools used for working osseous 461 

material. 462 

When the examination is extended to other tool categories, projectiles, knives, and hide scraping 463 

tools all represent exclusively or dominantly hafted tools at Maisières-Canal (Coppe, 2020; Rots, 464 

2002b; Taipale, 2020; Taipale & Rots, 2020, 2021) and were likewise made on blades. Did these 465 

tools hold priority in decisions about blank production, and were burins a category of secondary 466 

importance in comparison? Burins (n=382; Touzé, 2019) clearly outnumber endscrapers (n=44; 467 

Touzé, 2019) as well as points and point fragments (n=197; Touzé, 2019), which include both 468 

projectiles and knives (Coppe, 2020; Rots, 2002b; Taipale, 2020; Taipale & Rots, 2021). On the 469 

other hand, knives and scrapers that were generally used on soft materials may well have had 470 

longer use-lives than tools employed in crafts involving bone, antler and/or ivory. Comparing the 471 

absolute numbers of tools may therefore not be the best way to estimate which of them held 472 

priority in decisions about blank production (cf. Taipale, 2020). The combined need to produce 473 

projectiles, knives, and scraping tools may have weighed in heavily when choosing core reduction 474 

strategies. 475 

Further, the relative ease of shaping a blade into a dihedral burin, the dominant typological 476 

category at the site (Touzé, 2018), could be a possible incentive to opt for blades even in the case 477 

of hand-held tools. Same applies to resharpening, as blades allow maintaining acute bit angles 478 

while providing enough length for prolonged use. Frequent resharpening is demonstrated by our 479 

data (Taipale & Rots, 2020), with an average of 2.1 spalls removed per burin facet in a sample of 480 

burins (n=79). Blades can also be imagined to make comfortable hand-held tools thanks to their 481 

elongated morphology. There were therefore incentives to integrate the production of burin blanks 482 

in blade production sequences, and no apparent downsides to such a choice considering the 483 

large nodules of fine-grained flint available locally. 484 

These case studies show that the role of blades in Upper Palaeolithic industries and their links to 485 

hafting are best understood when entire toolkits are evaluated. Klaric et al.’s analysis of Middle 486 

Gravettian material from Brassempouy established that the production of blanks for armatures 487 

was embedded in sequences that also yielded blanks for domestic tools, but with a tendency of 488 

projectile blanks coming from more regular cores (Klaric et al., 2009). Bar-Yosef and Kuhn 489 

proposed that skills and habits acquired in producing insets for composite tools might “bleed over” 490 
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into other production sequences so that uniform blanks (blades) could be found also in other tool 491 

classes, including hand-held tools that do not require such uniformity (Bar-Yosef & Kuhn, 1999). 492 

Our functional data adds two important perspectives to these considerations. First, hafting is not 493 

the only reason to favour elongated, relatively regular tool blanks, as demonstrated by the hand-494 

held burins at Maisières. Second, hierarchical relationships between stone tool categories can 495 

only be established when enough functional data is available. This includes knowledge about 496 

resharpening, length of tool use-lives, and details of their hafting. 497 

In our archaeological cases, a high frequency of blades within a tool category is by itself not 498 

enough to infer hafting. Neither should flake tools be viewed as hand-held implements. 499 

Nevertheless, a link between blade-based technology and high rates of hafting can be proposed 500 

and should be tested through further analyses. 501 

 502 

Hafting affects stone tool morphology Hafting a tool demands an additional time investment, 503 

but it may increase the tool’s effectiveness. The choice to haft a stone tool may depend on site 504 

function and the frequency of a task (Rots 2015). Hafting strongly influences the status of a stone 505 

tool because the use life of a handle is much longer than that of a replaceable stone edge. 506 

Ethnographic accounts demonstrate that handles are generally intended to accommodate 507 

different stone tools throughout their use life and that handles are often inherited from one 508 

generation upon the next (Rots & Williamson, 2004). Stone tool forms are therefore expected to 509 

be adapted to a handle instead of the opposite, and explanations on the appearance of certain 510 

morphological innovations consequently need to take hafting into account (Rots, 2003). For the 511 

same reason, retooling and its frequency need to be considered in explaining lithic assemblage 512 

variability (Kuhn and Shimelmitz, 2022). 513 

The hafted parts of tools are constrained by the mechanical demands set by the intended tool 514 

use. This factor is often overlooked, and hafting is instead viewed as affecting tools equally. Yet 515 

hafting a projectile sets other requirements on the hafting arrangement than hafting a cutting 516 

implement or a scraping tool. A projectile, or any other tool used in tasks involving impact (e.g., 517 

percussion, digging), necessitates that the stone tool-haft combination absorbs the shock unless 518 

fracture of the lithic at the haft limit is a preferred outcome to preserve the shaft (Akerman, 1978; 519 

Akerman et al., 2002; Rots et al., 2020). The degree to which the shaft or handle absorbs the 520 

shock determines how much energy is transferred onto the stone tool. This sets minimum 521 

requirements for its width, thickness, and cross-section. 522 

Whereas projectiles fracture due to the combined effect of bending and compression, in scraping 523 

tasks resistance to flexion is the main factor to consider, while for cutting tasks, resistance to 524 
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shearing is important. Perforating or drilling tasks generally set little demands on the hafting 525 

system as long as the stone tool is firmly fixed in the handle. In such use contexts, the demands 526 

on stone tool form depend on the chosen handle design. 527 

Different haft designs set different demands on stone tool morphology. Certain handle types and 528 

materials and certain fixing agents permit more variation in stone tool size and morphology than 529 

others and are thus less prone to contribute to highly standardised tool forms. Male hafts in which 530 

the stone tool is inserted are generally the most restrictive on the level of stone tool morphology. 531 

The insertion of a lithic tool in medullary cavity in bone or in the spongiosa in antler haft requires 532 

a tanged morphology or at least reduction of the width of the hafted extremity (cf. Rots, 2002a, 533 

2005), while juxtaposed hafts generally permit more morphological variation (for haft terminology, 534 

see Rots, 2010; Stordeur, 1987). The use of glues may accommodate some shape variation by 535 

filling in voids, while bindings are flexible and adapt to a range of morphologies, although blunting 536 

of the stone tool edges by retouch may be necessary to prevent bindings from being cut during 537 

tool use. Which hafting materials are available and useful depends on the environment and 538 

climatic conditions, while their choice depends on technical constraints and cultural preferences. 539 

To understand morphological variability, analysts need to be able to distinguish between the 540 

active and the non-active part of the lithic implement and bear in mind the difference between the 541 

stone tool and the complete hafted or composite tool. Some recent studies on standardisation 542 

have attempted to isolate the active part of the tool by considering tip shapes in addition to overall 543 

morphology (McNabb et al., 2004) or by examining tips and basal portions of the tool separately 544 

(Buchanan et al., 2018; Iovita & McPherron, 2011). In these cases, however, the distinction was 545 

made on morphological grounds without reference to use-wear data, and it therefore remains 546 

speculative. Moreover, most of the case studies we have cited here have focused on measuring 547 

the dimensions and comparing the outlines of entire tools. Hafting wear analysis allows 548 

determining the location of haft limit on a stone tool, and reliable results can be achieved with 549 

sufficient training and construction of experimental reference collections (Rots, 2010; Rots et al., 550 

2006). This potential remains to be exploited in standardisation studies. 551 

Gravettian domestic tools have been mentioned as less constrained in size and shape compared 552 

to projectiles by some (Wierer, 2013), but the effect of hafting on the shape and size of Upper 553 

Palaeolithic domestic tools is only beginning to be addressed (Rots, 2002a, 2005). As an initial 554 

test on a previously unstudied assemblage, we examined the maximum dimensions of hafted and 555 

hand-held scrapers from Pataud Level 3 (n=25). 556 

The average lengths of hafted vs unhafted intact scrapers are nearly identical (Figure 4, Table 557 

1). Hafted scrapers appear to be both narrower and thinner than unhafted ones when mean values 558 

are examined. The two measures are clearly interdependent. Despite being potentially smaller-559 
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sized, the hafted scrapers cannot be said to be more standardised if the coefficient of variation is 560 

used as a measure of metric variability (cf. e.g. Archer & Braun, 2010; Dibble, 1989; Hoggard et 561 

al., 2019; Kuhn & Shimelmitz, 2022; Marks et al., 2001; Monnier, 2006) – none of the differences 562 

observed in the present sample are statistically significant (Table 1). The evidence of hafting on 563 

both endscrapers on blades and on scrapers on flakes with a circular or oval final morphology 564 

suggests that the morphological variability is linked to different handle designs in use at the site 565 

during the Level 3 occupations (Taipale, 2020). This means that an increase in the number of 566 

available haft designs may lead to a decrease in standardisation.  567 

 568 

Figure 4. Maximum dimensions (in mm) of Abri Pataud Level 3 hide scrapers (n=25). Length 569 

measured only for intact pieces. 570 

 571 

Abri Pataud Level 3 scrapers  Hafted and possibly hafted 

(n=13) 

Hand-held and no 

evidence (n=12) 

p value 

Length intact mean 59.91 59.75  

Length intact STDEV 12.81 11.13  

Length intact CV 0.21 0.19 0.692 

Width all mean 39.46 53.50  

Width all STDEV 15.09 14.68  

Width all CV 0.38 0.27 0.327 

Thickness all mean 11.08 14.22  

Thickness all STDEV 2.96 5.18  

Thickness all CV 0.27 0.36 0.342 

Length/width intact mean 1.40 1.39  
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Length/width intact STDEV 0.67 0.75  

Length/width intact CV 0.48 0.54 0.821 

Width/thickness all mean 3.63 4.13  

Width/thickness all STDEV 1.13 1.66  

Width/thickness all CV 0.31 0.40 0.439 

Table 1. Tool metrics (in mm) for Abri Pataud Level 3 scrapers (n=25) (CV=coefficient of 572 

variation). 573 

The clearest signal given by the scraper metrics concerns the maximum thickness of hafted 574 

scrapers. While the samples of hafted vs unhafted tools largely overlap (Figure 5), hafted 575 

scrapers have an upper limit of thickness at around 15mm. The lower limit slightly above 6mm, 576 

on the other hand, seems to be the same for both and is probably determined by task 577 

requirements, including resistance to bending breaks. The lower limit perfectly corresponds to 578 

that established in large-scale hafting experiments, where fractures at haft limit occurred more 579 

frequently for thicknesses equal to or below 6mm when scrapers were used in adzing, chiselling, 580 

or scraping (Rots, 2010). If the 15mm upper limit observed at Pataud could be confirmed by larger 581 

samples, hafted scrapers could be said to be more standardised in the sense that they cannot 582 

exceed a certain thickness. This has implications for blank production and/or selection. Thickness 583 

has been cited as the dimension that is the most difficult to adjust through secondary modifications 584 

and that is also challenging to control by core preparation and indenter choice when blanks are 585 

produced by percussion (vs pressure) (e.g. Kuhn and Shimelmitz, 2022; Montoya, 2002). This 586 

makes the observed strict upper limit to scraper thickness at Pataud even more significant. Given 587 

the considerable morphological variation of Level 3 scrapers (Figure 2) consistent with co-588 

existence of different handle designs, the 15mm upper limit does not appear to only reflect 589 

constraints related to retooling, i.e. fitting fresh lithic bits to existing handles (cf. Kuhn & 590 

Shimelmitz, 2022), but is rather an overall maximum thickness set for any hafted hide scraper.  591 
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 592 

Figure 5. Width and thickness of hafted and hand-held scrapers from Abri Pataud Level 3 (n=25) 593 

(Taipale, 2020). 594 

Our investigation of retouch patterns on hand-held versus hafted hide scrapers revealed no clear 595 

pattern. Importantly, many hafted tools we have identified thus far do not show secondary 596 

modifications in their non-active parts (Taipale, 2020; Taipale & Rots, 2020, 2021). The presence 597 

and position of retouch (absent/unilateral/bilateral) in the sample is affected by variability in handle 598 

designs and probably stone tool life cycles, including recycling. In several UP site contexts, 599 

retouch on lateral edges of tools such as scrapers and burins has been found to relate to an 600 

earlier stage of use, often as knife (Taipale, 2020). In some cases, however, lateral retouch on 601 

scrapers is clearly linked with hafting: the hide working scrapers of the Magdalenian site of 602 

Verberie (France) have lateral retouch only in cases where the tool width needed to be reduced 603 

to permit insertion into a handle made of hard animal material (Rots 2005). These results advise 604 

detailed reconstruction of stone tool life cycles and hafting systems to fully understand retouch 605 

patterns. 606 

Besides the elongation, width, and regularity of blank outline, profile curvature can interfere with 607 

hafting and may therefore be avoided in blank production or selection, or later eliminated by 608 

retouch (see e.g. Rots, 2005). While a connection between hafting and stone tools straight in 609 

profile can therefore be imagined, at Maisières-Canal curved blanks were sometimes selected for 610 

hafted hide-working tools and the effect of blank curvature was mitigated by orienting the tool in 611 

the handle so that the straighter extremity was hafted (Taipale & Rots, 2020). On projectiles, blank 612 

curvature was dealt with by preparing a tang and fixing it in a split shaft (Coppe, 2020; Taipale et 613 

al., 2017). The latter example shows that even though projectile points are often made on blanks 614 
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that tend towards regularity and uniformity (Klaric et al., 2009; Wierer, 2013), this is not the case 615 

universally. Instead, constraints posed by undesirable blank characteristics can be overcome by 616 

adapting the hafting system. 617 

In sum, the effect of hafting on tool morphology and secondary modifications is variable and 618 

dependent on intended tool use and haft design. 619 

 620 

Tangs, backs, and hafting 621 

Tanged tools are an artefact category that has long been associated with hafting (e.g. J. D. Clark, 622 

1970; Marchand & Aymé, 1935; McBrearty & Brooks, 2000; McClure, 1994; Scerri, 2013), but 623 

detailed microwear data that confirms this hypothesis has only recently become available (Coppe, 624 

2020; Rots, 2002a, 2002b; Taipale, 2020; Taipale & Rots, 2021; S. Tomasso, 2021; S. Tomasso 625 

& Rots, 2018). At Maisières-Canal, tangs are rather consistent in the concept of shaping but not 626 

in their dimensions (see Touzé, 2018, 2019). This suggests that the employment of simple metrics 627 

in measuring standardisation easily produces results that contradict the qualitative impression of 628 

consistency or standardisation that lithic assemblages can give. The functional data collected on 629 

tanged tools from Maisières-Canal provides another important perspective. While the tangs may 630 

appear a uniform technological solution, they reflect different strategies in stone tool hafting. 631 

Tanged burins were hafted in antler handles (Rots, 2002a), and a hafting system that was in 632 

principle similar can be proposed for tanged butchery knives (Taipale & Rots, 2021), whereas on 633 

projectile points, the tang served the purpose of compensating for blank curvature when the 634 

contact with a split shaft was on the lateral sides of the tang (Coppe, 2020; Taipale et al., 2017). 635 

Typo-technological similarity of non-active tool parts can thereby be coupled with diversity in 636 

overall tool design, and conceptual standardisation of the former may imply diversification of the 637 

latter. 638 

Backing, i.e. the application of abrupt retouch on one edge of a lithic tool, is an assemblage feature 639 

that is frequently associated with microlithic technologies that produce forms perceived as 640 

standardised. Clarkson and colleagues have demonstrated through mechanical testing that 641 

backing makes a lithic implement more resistant to fracture by bending. This is because it 642 

produces artefacts that are relatively thick compared to their width, unlike their non-backed 643 

counterparts (Clarkson et al., 2018). Backing can also straighten and regularise the edge opposite 644 

to the cutting edge on a projectile point and aid reaching the desired characteristics of the entire 645 

weapon when its different components are fitted together (e.g. Montoya, 2002). Even though the 646 

link between backed artefacts and hafting is confirmed by the rare preservation of composite 647 

points from late Upper Palaeolithic and younger contexts (see e.g. Nuzhnyj, 1989; Pétillon et al., 648 
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2011 and references therein), the details of how backing interacts with different hafted tool 649 

designs remain poorly understood.  650 

In Gravettian projectile armatures, two main categories of backed tools can be distinguished: 651 

Gravette and microgravette points, and truncated or snapped backed elements with non-pointed 652 

extremities. Experimental testing and archaeological analysis have shown that Gravettes and 653 

microgravettes can be and were used as distally hafted weapon tips (Cattelain & Perpère, 1993; 654 

Coppe, 2020; Coppe & Rots, 2017; O’Farrell, 1996, 2004; Soriano, 1998; Taipale et al., 2022), in 655 

addition to possible other functions (Harrold, 1993; Kimball, 1989; Perpère, 2000). The shaping 656 

of the distal part of the points varies (e.g. Bricker, 1995; Cormarèche, 2020; Klaric et al., 2009; 657 

Nespoulet, 1996; Touzé, 2019), but the characteristics of the typical proximal retouch on Gravette 658 

points is assumed to relate to their hafting in one way or another (see e.g. Cattelain and Perpère, 659 

1993; Coppe, 2020; O’Farrell, 1996, 2004; Soriano, 1998). 660 

Based on the presently available experimental and archaeological data, the design of Gravette 661 

points could be explained as combining two pragmatic solutions, one to mitigate the risk of 662 

breakage in projectile use (cf. Clarkson et al., 2018) and the other to facilitate hafting. If both 663 

correspond to functional demands or constraints, these two design features could theoretically 664 

have been discovered by individual learning through the processes of trial and error, and in 665 

Chase’s (1991) terms, the Gravette point would not be a strong candidate for a mental template 666 

communicated between individuals, as its constrained shape can be explained by factors related 667 

to its use. Yet the geographical and temporal range of this tool type certainly demonstrate social 668 

transmission of knowledge. This shows that a morphological type can simultaneously respond to 669 

functional demands and be communicated as a concept between individuals and groups. 670 

At Abri Pataud, the intentionally snapped and/or truncated Final Gravettian backed pieces 671 

represent a ‘standardised’ tool category in that they are always backed and have a more or less 672 

rectangular outline (see Chiotti et al., 2013; Clay, 1995). They were used as laterally hafted insets 673 

in composite points (Taipale et al., 2022). Whereas increased resistance to bending breaks 674 

achieved by backing (Clarkson et al., 2018) can be considered relevant for distally hafted Gravette 675 

and microgravette points, the situation is different for composite points, where the organic body 676 

of the point will primarily receive the bending stress on impact and where the effect of failure of 677 

an individual lithic inset can be considered different to that on flint-tipped projectiles. The southern 678 

African MSA and the Scandinavian Mesolithic records demonstrate that unretouched flakes and 679 

fragments were successfully hafted as composite point insets (de la Peña et al., 2018; Knutsson 680 

et al., 2016) and show that backing is not a functional obligation. It therefore requires additional 681 

explanations. 682 
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An analysis of the backed pieces from the 1950s and 1960s Movius excavations at Abri Pataud 683 

found that nearly 90% of the widths of the backed bladelets centre around 6mm, suggesting that 684 

backing may have been a way to control width (Kong-Cho, 1997, p. 257). Material from the recent 685 

excavations that employed fine sieving, however, shows that the widths of the backed pieces 686 

dominantly range from 1 to 6mm, with outliers reaching 11mm (Chiotti et al., 2013, fig. 60; see 687 

also Guillermin, 2011, fig. 4) and were not as standardised as the Movius collection would 688 

suggest. Nevertheless, wish to control bladelet width should be maintained as a possible 689 

explanation, as bladelets of variable but predetermined width may have helped achieve desired 690 

alignment of the cutting edge when several insets were combined (cf. Pétillon et al., 2011). 691 

The degree to which a back facilitates hafting of small lithics remains to be determined through 692 

further experiments. A recent preliminary test reported by Pargeter et al. concluded that backing 693 

worsens the adhesion of backed lithics instead of improving it (Pargeter et al., 2022). The 694 

experimental set-up and reporting of this study, however, contain several weaknesses. The 695 

experiment compared segments with curved backs to non-backed lithics with relatively straight 696 

edges. The backed pieces were also larger than the non-backed ones, which the authors justified 697 

by saying that thin pieces are difficult to back, a statement that can easily be contradicted by 698 

measurement data on archaeological backed lithics (e.g. Chiotti et al., 2013, fig. 60). The quantity 699 

of glue used, its extension onto the surfaces vs the back of the lithic, and the length of contact 700 

surface were also not reported. The projectiles were shot against a wooden board, meaning that 701 

the detachment of the lateral elements happened by shock rather than shearing, a situation that 702 

is only partly comparable to prehistoric hunting. The results of the study are therefore 703 

inconclusive, and further adhesion tests can be recommended. 704 

Amongst actualistic projectile experiments, several tests have reported frequent detachment of 705 

laterally hafted backed elements from their shafts on impact (Chesnaux, 2014; Crombé et al., 706 

2001; Moss & Newcomer, 1982; O’Farrell, 1996; Pétillon et al., 2011). This, however, is not proof 707 

enough that a back is useless or counterproductive for hafting, or designed for intentional hafting 708 

failure (cf. Pargeter et al., 2022). On the contrary, it highlights our limited understanding of glue 709 

properties and their range of variation (Tydgadt & Rots, 2022). The heavy use damage on the 710 

laterally hafted backed bladelets from Abri Pataud (Taipale et al., 2022) demonstrates that 711 

prehistoric artisans were able to apply adhesive in a manner that made the insets stay attached 712 

to the organic point on projectile impact. Future experiments addressing the usefulness of design 713 

features such as retouched backs should therefore aim at the replication of archaeologically 714 

documented damage patterns on lithic artefacts before attempting to draw conclusions about the 715 

functional significance of different retouch types. 716 

 717 
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Discussion 718 

Tool use, hafting, and the concept of standardisation 719 

The origins of the concept of ‘standardisation’ are tied to the debate about whether stone tool 720 

forms reflect socially shared (and possibly verbally communicated) ‘mental templates’ (see 721 

above). Many of the weaknesses in the attempts to implement this originally impressionistic and 722 

less-than-precisely defined concept in lithic analysis are linked to the analysts’ need to take a side 723 

in this debate. To exaggerate somewhat, this has led to a situation where standardisation is 724 

perceived either as an intentional but arbitrary addition to stone tool form (‘standardisation by 725 

desire’), or as a by-product of constraints imposed by raw material availability, technological 726 

strategies and skill, and/or functional constraints on tool form, and thereby in itself uninformative 727 

of past linguistic or cultural abilities (‘standardisation by necessity’). We argue that insisting on 728 

this division masks any benefits that aspects of what is currently perceived as ‘standardisation’ 729 

could have for lithic analysts interested in the interactions between raw material economy, tool 730 

use, hafting, and blank production and shaping sequences. There is no reason to suspect that 731 

tool forms perfected through trial and error to match task-specific demands would not exist in the 732 

minds of tool makers in one form or another, or that knowledge about them would not be shared 733 

within the community by the available means of communication. 734 

The value of the concept of ‘standardisation’ depends on which aspects of lithic assemblage 735 

variability it manages to capture and how these relate to past human behaviour. We have shown 736 

above that all tool use tasks are not equal in the way in which they control shape, which implies 737 

that the explicitness of patterning in working edge shapes and angles as well as the properties of 738 

the non-active parts of the tools are dependent on the activity range at a site. Resharpening 739 

modifies edge morphology, and differential phases of discard with respect to the degree and 740 

successfulness of resharpening can produce variable morphologies within a functionally uniform 741 

tool category, as shown by the example of hide scrapers from Verberie and some of the 742 

butchering knives from Maisières-Canal. Attempts to detect and explain morphological patterning 743 

in lithic assemblages would therefore greatly benefit from detailed functional data. 744 

For hafting, we examined three variables that previous studies have used as measures of 745 

standardisation: blank selection (here, blades vs flakes), tool metrics, and retouch patterns. The 746 

first investigation showed that at Maisières-Canal, hafted tool technologies and blade production 747 

were connected, and the hafting of knives, projectiles, and hide-working tools seems to have 748 

driven the blade-dominated industry. Nevertheless, abundant hand-held burins made on blades 749 

demonstrate that there were incentives beyond hafting to opt for blades as tool blanks. These 750 

include the benefits of elongated blanks for the shaping and maintenance of burins that count 751 
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amongst dominant Upper Palaeolithic tool forms. The Abri Pataud case study, on the other hand, 752 

showed that haft designs existed that accommodated hide scrapers made on flakes, and that 753 

these were used in contexts where production and hafting of blade tools were well known. From 754 

the data accumulated on stone tool hafting thus far, it is evident that hafting predates blade-based 755 

industries, and that Upper Palaeolithic assemblages include both hafted flake tools and hand-756 

held blade tools. This means that while blades are well-suited for certain forms of hafting, they 757 

represent only one solution amongst many. Therefore, the link between blades and hafted tool or 758 

composite tool technologies is not a simple one and necessitates further study, including the 759 

investigation of other motives to opt for blades. 760 

Through measurement of basic tool dimensions, we could show that hafting of hide scraping tools 761 

may set a maximum limit to tool thickness. This means that metric control of blank variability may 762 

have been necessary in some tool use situations, and that investigating such regularities or 763 

standardisation in tool metrics could help understand choices made about blank production. While 764 

retooling is supposed to have a standardising effect on lithics (Kuhn & Shimelmitz, 2022), our 765 

scraper example in addition shows that even if tools do not need to fit the same (or similar) handle, 766 

they may share a maximum value of thickness. This suggests that hafting needs to be considered 767 

to understand the driving forces behind lithic production sequences (debitage, blank selection, 768 

and tool shaping). 769 

Our examination of hafting-related retouch yielded more mixed results. Secondary modifications 770 

on hafted hide scraping tools ranged from absent to ones unconnected to hafted scraper use to 771 

retouch clearly applied to control the width of the non-active part. Therefore, the investigation of 772 

retouch patterns with regard to hafting-related standardisation requires background data on 773 

possible flexible use and/or recycling as well as on the details of the hafting arrangement. To our 774 

knowledge, such an approach has not yet been attempted. To broaden the perspective to other 775 

stone tool categories, even the most obvious hafting-related secondary modifications such as 776 

tangs and backing are yet to be fully understood in terms of the range of functional constraints 777 

and opportunities to which they responded. 778 

Finally, the study of standardisation is complicated by variability linked to tool forms and knapping 779 

skill.  Clarkson et al.’s experimental work has shown that certain tool forms (e.g. blade-based 780 

microliths) are more straightforward to copy by novice and intermediate knappers than others 781 

(bifacial points) (Clarkson et al., 2018), which implies that certain industries are more prone to 782 

appear as containing standardised artefacts than others simply due to higher levels of accurate 783 

copying. It is noteworthy that some of these artefacts, such as microlithic armatures, are relatively 784 

disposable compared to e.g. hide scrapers or butchering knives that can have lengthy use-lives 785 

(Odell, 1980; Shott & Weedman, 2007; Taipale, 2020; Taipale & Rots, 2021; Weedman, 2006). 786 
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The former therefore enter the archaeological record in much higher frequencies than the latter 787 

and may also preserve their original morphology more often. Composite designs that combine 788 

multiple small lithic insets into a single active edge further increase the number of discarded items 789 

at sites where retooling took place. Together, these factors can contribute to the perceived 790 

repetition of form simply due to discrepancy in absolute numbers and the relative length of 791 

functional lives. This calls for a critical mindset in choosing tool classes to be compared in terms 792 

of standardisation, and avoidance of overarching conclusions about broad-scale temporal and 793 

regional differences in tool standardisation until factors such as tool function, length of use-lives, 794 

and the skill involved in lithic production can be sufficiently accounted for. 795 

Following these observations, we believe that employing the concept of ‘standardisation’ to the 796 

benefit of our understanding of lithic assemblages and their behavioural implications necessitates 797 

the concept to be updated so that it better responds to present-day research questions and 798 

acknowledges the multiple variables controlling lithic technology. This is in line with other recent 799 

calls to draw attention to behaviours such as retooling in attempts to explain large-scale patterns 800 

in the lithic record (Kuhn & Shimelmitz, 2022). 801 

 802 

How to address or test for standardisation?  803 

The discussion above reflects the trouble of defining ‘standardisation’ as a generalised concept 804 

and applying it in lithic analysis. By contrast, standardisation of tool components and 805 

morphological features seems to be present in different forms throughout the Palaeolithic. We 806 

assert that the future value of the concept lies in detecting and demonstrating these kinds of 807 

regularities in lithic assemblages. 808 

To achieve good results, we propose an approach that employs functional data to 1) select 809 

suitable groups of tools for analysis by focusing the attention to tools with the same function and 810 

similar resharpening status, 2) differentiate between active and non-active tool parts, and 3) 811 

reconstruct tool hafting and use in detail to identify relevant metric and qualitative attributes to 812 

examine. 813 

While suitable for an initial assessment of the relationship between domestic tool attributes and 814 

hafting, the variables we included in the above analysis (blank type, basic measurements, position 815 

of retouch) are evidently not enough to characterise the morphology of the tools in full detail. The 816 

comparison of blank types provided promising initial results, but should be complemented with 817 

controls for shape (e.g. elongation) to address potential overlap between blades and flakes. The 818 

question whether retouch patterns are helpful in characterising hafted lithics is a more 819 

complicated one. Our results on three Upper Palaeolithic assemblages indicate that hafting of 820 
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domestic tools does not always necessitate secondary modifications, and flexible use and 821 

recycling interfere with retouch patterns (Taipale, 2020). Similarly, our discussion of Middle and 822 

Upper Palaeolithic butchering knives above shows that the same active edge shape can be 823 

achieved by different debitage and secondary modification strategies. To employ measures of 824 

retouch in addressing standardisation, the particularities of each lithic industry need to be 825 

understood in detail.  826 

Measuring is a fast and straightforward way to generate data on large samples of stone tools and 827 

therefore appeals to many archaeologists. However, the literature cited in the previous sections 828 

shows that metric standardisation may be elusive in the lithic record (see, however, Buchanan et 829 

al., 2018; Kuhn & Shimelmitz, 2022). Our discussion of Gravette points and Early Gravettian 830 

tanged tools above implies that what is qualitatively observed as standardisation (i.e. typo-831 

technological markers) translates poorly into measurement data unless unnecessarily complex 832 

metrics are applied. Our analysis of hide scraper metrics showed that overall dimensions can 833 

reflect patterning related to hafting, but it is evident that in cases where the location of haft limit 834 

can be determined (see Rots et al., 2006; Taipale, 2020 for a critical discussion on locating the 835 

haft limit based on wear traces), measurements taken at this point would be a more reliable 836 

indicator of the constraints of the hafting system than maximum dimensions. We therefore believe 837 

that a re-evaluation of the usefulness of different metric attributes is in order and should exploit 838 

available functional data. 839 

Ideally, this kind of analysis could be informative of the potential standardisation of and the 840 

probable variability in hafted tool designs in archaeological contexts where organic handles and 841 

shafts have not preserved. A functional approach shifts the attention to the design of complete 842 

hafted tools, a perspective that can be considered more fruitful for understanding the technical 843 

(and perhaps cognitive) competence of prehistoric human populations (cf. e.g. Barham, 2013) 844 

than a sole focus on stone tool forms. This viewpoint is becoming increasingly incorporated in 845 

studies on stone tool standardisation (Kuhn & Shimelmitz, 2022). 846 

We thus call for closer interaction between functional analysts and researchers interested in 847 

morphometrics and quantification. Such collaboration may lead to new, useful insights into the 848 

meaning of stone tool variability.  849 

 850 

Conclusion 851 

We have shown that standardisation is an ambiguously defined concept and that searching for 852 

standardisation in archaeological assemblages requires the integration of a functional perspective 853 

so that meaningful data can be obtained. Tool use sets specific demands on tool morphology and 854 
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constrains variability. We have argued that certain tool uses more easily lead to shared 855 

morphological features of active edges across assemblages than others. Continued resharpening 856 

determines how active edges evolve throughout their use cycle and variably affects the shape in 857 

which tools are discarded. Not taking tool use into account therefore puts limits to any examination 858 

of standardisation.   859 

When hafting has been considered in studies on tool morphology, it has generally been assumed 860 

to reduce morphological variation and to increase standardisation. This idea stems from the 861 

premise that hafting would be a strategy that is rather generally applied once the expertise is 862 

available. We have argued previously that the choice to haft a tool is more variable and depends 863 

on e.g. site function and task frequency. Here, we have shown that even when hafting is widely 864 

applied, it does not necessarily have a clear standardising effect on lithics.  Morphological 865 

variation does not decrease when a range of hafting systems is available and/or when one system 866 

is flexible enough to accommodate lithic components of different size and/or shape. Our metric 867 

data indicates that while the thickness of hafted tools may have an upper limit, the difference to 868 

hand-held tools is not necessarily strong enough to lead to clear assemblage level patterning. 869 

Retouch patterns on hafted tools are likewise variable, ranging from absence of retouch to clear 870 

efforts to control blank shape and width. The initial variability we have observed calls for further 871 

detailed functional studies to better connect morphometric variability and retouch strategies to 872 

particular hafting arrangements. 873 

The question of the relationship between blades and hafting has often been provoked and is an 874 

intriguing one particularly in the light of high variability and partial absence of hafting-related 875 

retouch in our present samples. We propose that blade production was not driven solely by the 876 

need to haft certain stone tools but was also encouraged by other functional considerations. As 877 

each stone tool formed a part of a larger toolkit, lithic chaînes opératoires served the purposes of 878 

the entire kit by balancing the demands posed by each tool category and by exploiting 879 

opportunities provided by the choices made.  880 

We conclude that the inclusion of hafting trace data forces us to think about the complete tool 881 

instead of just its replaceable stone component(s). This is a perspective that is currently being 882 

brought into studies on standardisation, and we believe it is a key for such considerations. We 883 

have shown here that standardised tool designs, such as composite points, may involve carefully 884 

crafted and regularised stone insets as well as informal, non-standardised lithics. Future research 885 

should therefore be geared towards understanding how different lithic shapes correspond to and 886 

are controlled by demands related to task mechanics and hafting solutions, and how raw material 887 

constraints interfered with past technical choices. In this research context, the concept 888 

standardisation can help detect and describe regularities in tool form and contribute to an 889 



30 
 

improved understanding of lithic technological strategies. Finally, we encourage more interaction 890 

between functional analysts and experts in morphometric approaches to fully understand the 891 

variability in stone tool morphologies and their meaning. 892 
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