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Abstract 

 Quartz is ubiquitous across assemblages in Africa. Despite this, little research 

aimed at documenting and identifying exactly how these quartz tools were utilized, with 

specific regard to their use actions and worked materials, have been attempted. To more 

fully understand how quartz materials were utilized at the Middle Stone Age site of 

Mvumu, Mozambique, both experimental and archaeological usewear analyses of quartz 

artifacts were undertaken. The experimental work conducted for this thesis utilized local 

quartz sourced from the shore of Lake Niassa, Mozambique. Tools made from this 

material were then utilized in a variety of tasks consisting of a number of different 

materials, and working actions. This experimental program served as a basis for the 

identification of usewear traces on quartz artifacts excavated from Mvumu. The results of 

the archaeological analysis include a number of tasks and worked materials suggesting 

Mvumu was used as a short term, multipurpose campsite. 
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                    The true mystery of the world is the visible, not the invisible. 

-Oscar Wilde, The Picture of Dorian Gray 
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Figure 1-1: Mvumu site location. 

 

Figure 1-2: Mvumu site location. Map data ©2014 CNES/Astrium, Digital Globe, 
Google  

Significant archaeological work in the Sanga and Lago districts of Niassa 

province has been conducted by Julio Mercader, as part of the Projecto Património 

Arqueológico e Cultural, which was first established in 2003 (Bennett 2011: 44). In 

addition to Mvumu, three main sites were excavated in Niassa province: Nankambe, 

Ngalue, and Mikuyu. 
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The sites of Nankambe and Ngalue are cave sites that are both located within the 

Sanga district of Niassa. Within the site of Nankambe, both faunal and lithic remains 

have been excavated during the 2005 and 2007 field seasons (Mercader and Fogelman 

2006, in Bennett 2011: 51). Although many of the artifacts from Nankambe are 

ambiguous as to their production, high concentrations of intentionally reduced artifacts 

were found near the mouth of the cave (Bennett 2011: 51). Approximately 25% of the 

faunal assemblage shows evidence of human modification; these include faunal remains 

from a number of species not typically found in caves (Brehm 2007, Russell and 

Jamniczky 2006). Two samples from the talus of the cave were dated to ~18 thousand 

years old using uranium series (U-series) dating and ~55 thousand years by electron spin 

resonance (ESR), while older sections within the cave itself were dated to ~350 thousand 

years using U-series dating, with a second, younger sedimentary phase dating to ~80 

thousand years using ESR dating (Bennett 2011; Grün 2006). 

Ngalue cave is situated within a dolomitic limestone massif, located at 

approximately 12.85°S and 35.19°E and roughly 70km from the shores of Lake Niassa 

and the site of Mikuyu (Bennett 2011: 51, 176; Mercader et al. 2009: 64-65). Of the five 

stratigraphic layers identified at Ngalue, Middle Stone Age (MSA) cultural materials 

including faunal and lithic artifacts were found in Lower Bed II, which overlays the 

lowest excavated layers, the Basal Beds (Bennett 2011: 52; Mercader et al. 2009: 64-65). 

This layer has been dated as being older than 105±13 thousand years using U-series 

dating (Bennett 2011: 52; Mercader et al. 2009: 65). MSA cultural materials are 

subsequently found in younger layers of the stratigraphic column, including the Middle 

Beds, which date between 55±5 and 105±13 thousand years, based on U-series dating 



 

4 
 

(Bennett 2011: 52; Mercader et al. 2009: 65). The final MSA bearing layer, the Hearth 

Beds, has been dated as being >42 thousand years via AMS 14C dating (Bennett 2011: 52; 

Mercader et al. 2009: 65). Capping Beds which are affiliated with Iron Age occupations 

were also identified, dating to 900-1040 AD by AMS 14C dating (Bennett 2011: 52; 

Mercader et al. 2009). Lithic artifacts were found to be more numerous at Ngalue than 

Nankambe; 555 of the >1000 lithic artifacts excavated were selected for more in depth 

study (see Bennett 2011: 163, and Mercader et al. 2009). There is a high level of 

preservation of faunal materials within the Lower, Middle, Hearth and Capping Beds, 

with approximately 15,000 bone and tooth fragments being recovered (Bennett 2011: 53).  

Of the MSA layers located at Ngalue, the Middle Beds most closely resemble the 

artifacts excavated at Mvumu: quartz is the dominant raw material used, discoidal 

reduction is the most prevalent reduction strategy employed, Levallois and bipolar cores 

are only present in small numbers, and blades are absent (Bennett 2011: 177). The tool 

types found at Ngalue are similar to those at Mvumu. Scrapers are the dominant tool type 

recorded; awls, corner-struck, Levallois, and base-struck points are also present (Bennett 

2011: 177). Similarly, these tools exhibit minimal retouch. Larger tools including a 

quartz core tool and a rhyolite core-axe/grinder were also excavated from Ngalue, as was 

a possible rhyolite grindstone (Bennett 2011: 177). 

Apart from Mvumu, the only other site fully excavated from the Lago district is 

Mikuyu. Mikuyu was the first Lago district site excavated, which occurred in 2006 

(Bennett 2011: 54; Mercader et al. 2008). The site is located at approximately 12.72°S 

and 34.83°E, situated on a hillside 865m from Lake Niassa. The site ranges in elevation 

from 480-535m above sea level, with its highest area of elevation being 67m above the 
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One of the strengths of usewear analysis is its potential to identify not only 

working actions (i.e. cutting, scraping, sawing, etc.), but also the nature of the worked 

materials. Given sufficient development of usewear traces, identification of worked 

materials can move beyond broader hardness categories (such as soft, medium-soft, 

medium-hard or hard) to identifications that are more precise, including the 

differentiation of wood, antler, hide, bone, shell, siliceous and non-siliceous plant traces, 

among others (Grace 1988, 1989; Keeley 1980; Juel Jensen 1988; Knutsson 1988; Moss 

1983; Semenov 1964; Sussman 1988; Vaughan 1985). As such, usewear analysis 

provides an excellent avenue of research to determine the activities at sites in which 

organic materials have not survived due to age, environmental conditions, or other 

factors. While other methods including phytolith analyses, starch analyses, ancient DNA, 

protein residue analyses and various methods of chemical analyses can be used to 

identify residues of worked materials, only usewear analysis has the potential to identify 

the working action of an artifact. 

The usewear analysis undertaken for this study consisted of 300 artifacts collected 

from six areas of the Mvumu excavation. These artifacts consisted of 50 tools excavated 

from units A7, A8, B7 and B8, which were previously examined by Bennett (2011), and 

250 artifacts loosely categorized based on morphology from unit E1 and units F2-F5 of 

the geological trench. Artifacts morphologically identified as awls, cores, flakes/debitage, 

projectile points and scrapers were analyzed. The assemblage from Mvumu is 

characterized by its expedient nature. This expedient nature, and the ready availability of 

a lithic material that is prone to shattering, suggests that the artifacts at Mvumu were 

possibly used for only short durations (Bennett 2011). While usewear can form early on 
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during use depending on the conditions of use, little usewear literature focuses on early 

stage usewear.  

In order to accurately identify usewear on the artifacts from Mvumu, a series of 

replication experiments were undertaken. These experiments included many tools which 

were utilized only for short periods of time, in order to more easily recognize less 

developed usewear traces. This experimental database, along with information from 

previously published experimental work focused on quartz (cf. Knutsson 1988; Sussman 

1988), was used as a basis for interpreting the usewear documented on artifacts from 

Mvumu. This thesis represents the first study of its kind undertaken on Mozambican 

quartz artifacts (however, for an example of possible polish from plant processing, see 

Mercader et al. 2009: 67, 72). It is also the largest study of its kind among a limited 

number of studies that focus on the identification of quartz usewear in the MSA. 

In Chapter 2 I detail the application of usewear analysis to Stone Age sites within 

southern Africa. While emphasis is placed on sites belonging to the Middle Stone Age, 

and to investigations of quartz assemblages, studies which have looked at relevant 

assemblages from other time periods or those that are comprised primarily of non-quartz 

assemblages are also examined.  

In Chapter 3, an overview of the historic trends within the field of usewear 

analysis is presented. This overview focuses on the two main traditional approaches to 

usewear analysis: high powered microscopy and low powered microscopy. In addition, 

several recent methodological additions to usewear analysis will be highlighted, 
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including Laser Scanning Confocal Microscopy, Laser Profilometry, Focus Variation 

Microscopy, and Fourier Transform Infrared (FTIR) Microspectroscopy. 

 In Chapter 4 the usewear methodology employed in the thesis is presented, along 

with the experimental replication program and its results. It is important for usewear 

analysts to be familiar with the specific complexities associated with the lithic materials 

that comprise their archaeological assemblages (Lerner et al. 2007: 712). To address this 

concern an experimental replication program was designed and executed. This replication 

program focused on documenting experimental usewear traces generated from the 

working of several common types of organic and inorganic material. The replicated lithic 

tools that were used in this portion of the study were largely informal tool forms that 

received little if any formal edge retouch, but they exhibited morphologies that made 

them suitable for use in their designated tasks. The methodological approach employed in 

this thesis uses local quartz cobbles, collected from the shores of Lake Niassa, as the 

primary lithic material for the experimental replication program. The limited availability 

of quartz material native to the archaeological region available for use within the 

experimental program limited the number of replication experiments undertaken. This 

experimental program was conducted in Calgary, Alberta, Canada. 

 The knowledge gained from the experimental program formed an essential part of 

the direct understanding of the problems and intricacies associated with usewear analysis 

of the highly variable microtopographic surfaces of vein quartz. This knowledge 

constituted a visual comparative reference collection of usewear traces. These 

experimental traces served as the basis of most of the interpretations of the archaeological 

tools excavated at Mvumu. These archaeological results are presented in Chapter 5. 
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 A final summary of the experimental and archaeological usewear results of this 

thesis and avenues of future research are provided in Chapter 6. 
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includes, for example, suggesting that lithics manufactured from quartz are pliable 

enough to accumulate usewear patterns during short-term utilization on non-abrasive 

materials, such as from meat contact during butchering (Derndarsky 2009). This 

assertion, however, contradicts evidence documented by Sussman. She found that even 

after an hour of using a quartz flake to butcher several gazelle, no striations were visible 

microscopically and any evidence for edge rounding, micro-chipping or polish formation 

could not be unequivocally attributed to meat processing alone (Sussman 1988: 105-106). 

2.2 - Lithic Usewear Analysis in Africa: 

There have been very few systematic usewear analyses of lithic assemblages in 

Africa, with even fewer focused on the usewear traces that have accrued on quartz tools. 

Despite the fact that quartz is often considered to be one of the main lithic raw materials 

utilized in Africa, it has traditionally been seen as being a raw material that is unsuitable 

for usewear examination (Sussman 1985).  

2.2.1 - Quartz Usewear Studies: 

2.2.1.1 - Chiwemupula, Zambia: 

 One of the earliest, if not the first, attempts at applying usewear analysis to quartz 

lithics was undertaken by Phillipson and Phillipson (1970). In their study, Phillipson and 

Phillipson collected 2,101 lithic artifacts, analyzing a sub-collection of 137 artifacts from 

the Late Stone Age (LSA) site of Chiwemupula, Zambia. The site is a quartzite 

rockshelter comprised of a 120 foot long overhang, with a large accompanying talus 

slope. The lithics recovered from the site were found as a surface scatter among the talus 
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wood, or bark. Each of the tasks was conducted a minimum of two times, and each task 

was continued until noticeable signs of utilization had been produced.  

 When the authors analyzed samples of the lithic categories found at the site, they 

found that many of the lithics sampled contained usewear. They found that of 259 blades, 

flake-blades, and flakes analysed, 72% showed signs of utilization, with utilized areas 

present on edges, points, and notches. Edges were the most frequently utilized area. 

These signs of utilization were more frequent on blades than on flakes, with larger blades 

having a slightly higher chance of utilization.  

 A sample of 142 of the 306 cores found was also analyzed in the study. Core were 

found to be utilized less frequently than blades, flake-blades, and flakes (32% vs. 72% 

utilized). The authors found that it was quite difficult to distinguish damage from striking 

the cores during flaking from that caused by the utilization of the core for other tasks. In 

order to differentiate use from core reduction, the authors concluded that damage in close 

proximity to striking platforms was likely caused by striking, whereas damage that was 

continuous and located away from striking platforms had a high possibility of having 

being caused by utilization. 

2.2.1.2 - Kanjera South, Kenya: 

 Located in southwestern Kenya, the site of Kanjera South is an Early Stone Age 

site. An assemblage of 339 Oldowan quartz and quartzite artifacts was examined for 

usewear traces. These artifacts date to approximately 2 million years ago (Lemorini et al. 

2014: 11-12). In order to more accurately identify the potential working tasks of the 

archaeological tools, Lemorini et al. conducted a replication experiment utilizing both 
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 The archaeological sample from Kanjera South consisted of thirty-five quartzite 

and twenty-seven quartz artifacts. Twenty-five of the quartzite, and fourteen of the quartz 

artifacts exhibited usewear traces. Usewear identified on the quartzite tools included 

cutting of wood, animal tissues, abrasive herbaceous plants, USOs, unidentified soft and 

medium/hard materials, and an unknown material. Scraping of wood, USOs, and an 

unknown medium/ hard material were also identified. Overlapping traces for cutting and 

scraping of USOs, wood and USOs, and soft animal tissue and bone were documented as 

well (Lemorini et al. 2014: 19). 

While usewear on the quartz artifacts was more difficult to interpret than those 

found on the quartzite artifacts, usewear that could be identified to a number of specific 

worked materials was identified. It was found that several quartz artifacts were used to 

cut soft animal tissue, wood and abrasive plants, and unknown soft and medium hardness 

materials (Lemorini et al. 2014: 19). Artifacts that had been used to scrape medium 

hardness materials and bone were also documented, and several tools which had been 

used to cut and scrape multiple worked materials were identified. The remaining usewear 

traces did not lend themselves to the identification of the working action, but did suggest 

their use to process soft materials (Lemorini et al. 2014: 19).  

2.2.1.3 - Namib Desert, Namibia: 

Shackley and Kerr (1985) looked at a number of quartz flakes which had been 

knapped and utilized in 1964 by an OvaTjimba tribesman named Kaupatana, at the behest 

of MacCalman and Grobbelaar (1965, in Shackley and Kerr 1985). Of more than twenty 

flakes produced, four were selected prior to use by Kaupatana, with two flakes from this 
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2.2.1.4 - Site 8-B-11, Sudan: 

Situated on Sai Island on the Nile River, Site 8-B-11 contains occupation levels 

dating from the late Acheulean to the early Middle Stone Age. The Sangoan component 

of the site has been dated to 220 to 180 ka, and comprises the earliest phase of the Middle 

Stone Age in Sudan (Rots and Van Peer 2006; Rots et al. 2011; Van Peer et al. 2003). 

Rots and Van Peer (2006) investigated the use-wear potential of 48 Sangoan core-axes to 

corroborate the hypothesis that these core-axes were used primarily for woodworking, 

and whether they were hafted. These core-axes were made primarily of quartz, with nine 

core-axes made from sandstone, quartzite and chert (Rots and Van Peer 2006). As most 

of the core-axes were made of quartz, lower magnifications were used in order to 

mitigate the highly reflective nature of the material (Rots and Van Peer 2006: 361).  

Of the 48 core-axes included within the study, only 14 contained evidence of use, 

and four were potentially used (Rots and Van Peer 2006: 361). The used core-axes 

showed evidence of percussion against hard materials, evidenced mainly by crushing and 

abrasion with occasional impact scars interrupting areas of continuous wear (Rots and 

Van Peer 2006: 366). The method of use for these core-axes likely consisted of digging 

densely packed soils, potentially to exploit ochre or quartz (Rots and Van Peer 2006: 

366). While woodworking has been suggested as a possible use for these tools, the 

authors suggested that the working edges of the core-axes were too blunt to be effective 

woodworking tools, and the use-wear identified on the core-axes did not support 

processing of any plant materials (Rots and Van Peer 2006: 366). 
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All of the unused core-axes were made from quartz. This, and the fact that quartz 

is readily abundant on the island, suggest that the site is a production area for these core-

axes (Rots and Van Peer 2006 362-363).  

All of the core-axes used also exhibited hafting evidence. This evidence primarily 

forms during percussive use (Rots and Van Peer 2006: 363). The traces that typify 

hafting include bifacial scarring and crushing along lateral edges of the core-axes, and 

sporadic unifacial scarring (Rots and Van Peer 2006: 363-364). These scars are typically 

arranged along the whole of the hafted area, and typically exhibit limited to no initiation 

damage (Rots and Van Peer 2006: 364).  

The attachment method used to haft the core-axes to their handles likely did not 

include the use of resins, as many resins are brittle when exposed to percussive impacts, 

unless additives are included in the resin (Kamminga 1982: 69; Rots 2004: 57-61). It has 

been suggested that ochre was used during the MSA as an ingredient in hafting mastics at 

Sibudu Cave, South Africa (Lombard 2006, 2007; Lombard and Wadley 2009). Despite 

evidence for the exploitation of ochre at Site 8-B-11, none of the examined core-axes 

contained traces of ochre (Rots and Van Peer 2006: 369). 

2.2.2 - Non-Quartz Usewear Studies: 

2.2.2.1 - Koobi Fora, Kenya: 

 Keeley and Toth (1981) examined a number of lithics from five sites situated in 

the Koobi Fora region of Kenya, dated to approximately 1.5 mya. The lithics studied 

belonged to the Karari Industry, a regional variant of the Oldowan, and consisted of fifty-
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four non-basalt flakes and flake fragments, some with evidence of retouch (Keeley and 

Toth 1981: 464). The flakes showed no signs of natural abrasion, and there was only 

slight evidence of chemical weathering. This, combined with the fact that the lithics 

examined bore edges that resembled freshly knapped flakes, indicated to the authors that 

any usewear that had been incorporated on the lithics during their initial use would likely 

have survived relatively intact (Keeley and Toth 1981).  

Of the fifty-four lithics analyzed, nine contained recognizable and identifiable 

usewear. Four of the lithics contained rough textured polish on the dorsal and ventral 

aspects of the assumed working edge, which was accompanied by parallel striations; 

these traces were found to match those experimentally created cutting animal tissue. 

Further, two of these four lithics were found in close association with a bovid humerus 

that showed narrow cutmarks (Keeley and Toth 1981: 465). The presence of usewear, 

which is almost identical to that created experimentally during butchering, was 

interpreted as a strong indication that early hominids ate meat, and that in some instances 

they used purposefully made implements to help procure meat. This evidence does not, 

however, indicate whether meat was procured via hunting, scavenging, or a range of both 

(Keeley and Toth 1981: 465). 

Two of the lithics analyzed contained highly reflective, smooth polish along their 

edges, which proved to be consistent with experimental wear patterns induced by cutting 

soft plant materials that contained high levels of silica (Keeley and Toth 1981: 465). The 

lack of heavily damaged edges indicated that the tools were used only briefly, and 

striations running parallel to the working edge provide evidence for cutting grasses or 

reeds (Keeley and Toth 1981: 465). The usewear evidence found on these two tools was 
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the first to concretely prove that early hominids gathered and processed plant materials 

using lithic implements. It did not identify the purpose behind these activities (Keeley 

and Toth 1981: 465). 

The remaining three used lithics showed evidence of being used to work wood; 

these traces resembled those found processing soft plant materials, but had polishes that 

were less developed and reflective (Keeley and Toth 1981: 465). The usewear on one of 

the lithics was consistent with traces obtained sawing wood, which is represented 

experimentally by parallel striations and crescent-shaped microflaking, both of which 

occurred on both sides of the working edge (Keeley and Toth 1981: 465). The final two 

lithics showed usewear traces that closely resembled those identified on experimental 

tools used to scrape wood. These traces include polished, rounded edges, striations 

perpendicular to the working edge, and a series of microflakes along the dorsal edge 

(Keeley and Toth 1981: 465). Collectively, these three lithics are some of the earliest 

lithics identified that may have been utilized for creating wooden tools (Keeley and Toth 

1981: 465). 

2.2.2.2 - White Paintings Rock Shelter, Botswana: 

Donahue, Murphy and Robbins (2002-2004) analyzed seventy-eight lithic 

artifacts from five of the seven major sedimentological and archaeological strata from the 

excavation of the White Paintings Rock Shelter, Botswana. These five divisions included 

cultural materials dated to the Late and Middle Stone Ages. Artifacts were chosen based 

on raw material quality, based on the impression that certain materials would lead to 

results that were more meaningful (Donahue, Murphy and Robbins 2002-2004: 157). Of 
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the seventy-eight lithics analyzed, eleven showed no signs of use and fifty-two lithics 

displayed heavy post-depositional or undetermined alterations. Although some of the 

latter had evidence of use, the authors felt that the traces were sufficiently obscured to 

warrant these artifacts being recorded as of unknown function (Donahue, Murphy and 

Robbins 2002-2004: 157).  

A total of fifteen predominately chert artifacts recovered from five of the seven 

archaeological divisions displayed interpretable usewear. The authors found that eight of 

the lithics had been used to process bone, meat and fish, hide, or wood, with only one 

artifact found to have been used to process both wood and meat. Artifacts belonging to 

layers dated to the MSA consisted of five projectile points exhibiting breakages 

characteristic of impacts, two blades, one which was interpreted as having worked hide, 

and a second which had worked wood. The final tool from the MSA layers showed 

evidence that it had been used to work bone (Donahue, Murphy and Robbins 2002-2004: 

158, Table 1). As no bone tools were found during the excavations, the presence of a 

lithic tool used to work bone within the Middle Stone Age layer was intriguing. The 

discovery of bone tools has been documented at other Middle Stone Age sites such as 

Blombos Cave and Sibudu Cave, South Africa (Backwell, d'Errico, and Wadley 2008; 

Donahue, Murphy and Robbins 2002-2004: 157).  

Seven lithics of various typological forms were found to have evidence of impact 

damage, signifying their use as projectiles (Donahue, Murphy and Robbins 2002-2004: 

157). Of these tools, five were classified as Middle Stone Age points, while two were 

crescents (Donahue, Murphy and Robbins 2002-2004: 158). Impact damage was felt to 

be sufficiently strong evidence to suggest utilization of the points, as documentation of 
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impact fractures and usewear striation patterning formed during use is well established in 

experimental archaeological literature (e.g. Dockall 1997; Fisher 1989; and Loi and 

Brizzi 2011).  

All of the points found to have impact fractures originated within the deepest of 

the seven archaeological divisions, containing Middle Stone Age deposits, which were 

found to range from 66,400 ± 6500 to 94,300 ± 9400 B.P. (Donahue, Murphy and 

Robbins 2002-2004: 157). This is significant as this evidence, along with usewear 

evidence of woodworking, indicates that these points were likely hafted to wooden shafts 

in order to make a composite thrusting or throwing spear (Donahue, Murphy and Robbins 

2002-2004: 157). The authors believe that hafting of these MSA points likely consisted of 

fitting the point into a slotted base on the haft, while using either sinew, hide or plant 

fibres to bind the slotted end of the shaft together, firmly securing the point in place 

(Donahue, Murphy and Robbins 2002-2004: 159). While this method may have been 

utilized, it is important to note that there is compelling evidence from Sibudu Cave 

suggesting that mastics using ground ochre have also been utilized for such as purpose 

(Lombard 2007; Wadley 2010). 

2.2.2.3 - Rose Cottage Cave, South Africa: 

Binneman (1997) examined fifteen Late Stone Age bladelets dating to 

approximately 12,000 BP (Wadley 1996: 64-65). All fifteen bladelets were manufactured 

from a fine-grained opaline material, which was likely procured from a nearby streambed 

(Binneman 1997; Wadley 1996: 66). All fifteen bladelets studied exhibited signs of 

microscopic usewear, with identifiable functions including cutting, sawing and whittling 
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of soft plant materials, as well as possibly working wood in similar fashions, and cutting 

soft materials such as hide (Binneman 1997). Three of the bladelets showed traces 

indicating that they had possibly been used to process both plant and animal materials 

(Binneman 1997).  

The location of usewear along both lateral edges of the bladelets indicated that 

twelve or thirteen of the bladelets had been hafted for initial use, only to be rehafted with 

the previously utilized edge being incorporated into the new haft (Binneman 1997: 481). 

The location and orientation of microwear polishes and striations suggested that these 

bladelets had been hafted parallel to the haft or handle of the working tool, with the 

possibility that they were hafted either singly or in multiples (Binneman 1997: 481). 

While it has been proposed and demonstrated that small microlithics from Sibudu Cave 

were utilized as composite projectile hunting tools, the microwear evidence from Rose 

Cottage Cave suggests that these lithics were not used for such a purpose (Binneman 

1997: 481; Lombard 2011). 

2.2.2.4 - Wonderwerk Cave, South Africa: 

The lithic sample examined for usewear from Wonderwerk Cave consists of two 

Acheulean handaxes comprised of chert (Binneman and Beaumont 1992). Both of these 

handaxes were excavated from Acheulean bearing deposits dating to >350,000 BP in 

1979 by Beaumont (Beaumont 1979, in Binneman and Beaumont 1992). Macroscopic 

wear patterns of the first handaxe examined closely resembled those found on Late Stone 

Age and experimental adzes, which had been used to manufacture wooden implements 

using adzing/chopping and chiselling motions (Binneman and Deacon 1986; Binneman 



25 
 

and Beaumont 1992). These patterns consist of a series of large step termination scars 

which are overlain by a series of smaller breakages; resembling macroscopic crushing 

damage (Binneman and Beaumont 1992: 93-94). The second handaxe examined 

displayed similar macroscopic damage, with crushing limited to the point of the handaxe. 

Both handaxes also exhibited crushing along areas of the working edges; this type of 

damage is known to be produced by hard hammer retouch, making it difficult to 

determine if crushing along the edges is due to retouch or utilization (Binneman and 

Beaumont 1992: 94). 

Both handaxes exhibited extensive usewear along their lateral edges, consisting of 

well developed polishes and abundant striations occurring at multiple angles in relation to 

the working edge of the tool (Binneman and Beaumont 1992: 94). The developed nature 

of the polish, along with the haphazard orientations of the striations, suggested that these 

handaxes were used extensively (Binneman and Beaumont 1992: 94). The multiple 

orientations of the striations found on the archaeological samples suggested that the 

handaxes were possibly used in a number of different manners and directions (Binneman 

and Beaumont, 1992: 96). The highly developed usewear polishes found along the 

working edges of both handaxes resembled those created experimentally working plant 

materials such as wood, reeds and sedges. However, despite being similar, the 

experimental tools lacked the striations which were present on the archaeological samples 

(Binneman and Beaumont 1992).  

The authors theorized that the striations documented on the archaeological tools 

were likely created by the introduction of foreign particles, such as dirt, into the working 

edge of the tool during utilization. Binneman and Beaumont (1992: 95) were able to 
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experimentally replicate the well-developed bright, roughened, and striation-laden 

polishes found on the archaeological tools by introducing abrasive substances during 

utilization. Of the experimental usewear patterns examined by the authors, it was found 

that those most closely resembling traces found on the archaeological handaxes were 

created by cutting local sedges under conditions that allowed abrasive agents to enter into 

contact with the working area (Binneman and Beaumont 1992: 95). Evidence on the 

archaeological tools also suggested that the handaxes were utilized to work wood, 

possibly for the construction of wooden tools (Binneman and Beaumont 1992: 95).  

2.2.2.5 - Plettenberg Bay, South Africa: 

Purchased in 1908 by the Albany Museum, this hafted chalcedony adze was 

found in an undisclosed cave in the Plettenberg Bay area. Due to the lack of provenience, 

the age of the hafted adze is open to conjecture. Deacon noted that a later Late Stone Age 

date is possible, but that an age in the latter half of the second millennium AD is also 

possible (1966: 89).  

A large lump of black glossy hafting resin was used to attach the adze to its 

original handle; however, X-rays taken of the hafted tool indicated that the current 

rhinoceros horn handle is not the original, rather possibly a modern addition (Deacon 

1966: 87). Macroscopic usewear on the dorsal working edge of the adze includes 

crushing damage, which could be caused by utilization but this type of crushing damage 

has been experimentally reproduced using hard hammer percussion to retouch working 

edges as well (Binneman 1983). Other macroscopic usewear present on the ventral aspect 
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of the adze include numerous step fractured microflakes, which Binneman (1983: 93) 

states can occur when lithics are held at a >45 degree angle, much like a chisel.  

The presence of the large piece of mastic, as well as the attached handle made the 

observation of usewear under the microscope quite difficult. Some areas of the adze 

could not be fully examined (Binneman 1983). Microwear polishes were observed on 

both the ventral and dorsal aspects of the working edge of the adze, with higher 

concentrations of developed polishes being located on the ventral aspect of the adze 

(Binneman 1983: 93). Microwear polishes closely resembled those found by 

experimentally working dry wood in the presence of abrasive elements, leaving bright 

microwear polishes that have a rough and pitted appearance (Binneman 1983: 94; 

Binneman and Beaumont 1992: 95). The location and type of usewear found on the tool 

suggested that the most probable functions of the tool included chiselling wood (ventral) 

and planing wood (dorsal); this interpretation is further strengthened by the surviving 

mastic haft and associated handle (Binneman 1983: 94).  

2.2.2.6 - Barberton District, South Africa: 

Binneman and Van Niekerk (1986) studied sixty-four polished implements from 

four erosion gullies from the Barberton District, Eastern Transvaal, South Africa. Each of 

the four erosion gullies cuts through stratigraphic layers containing Early, Middle, and 

Late Stone Age artifacts; lithics from all three are found scattered at the bases of the 

gullies (Binneman and Van Niekerk 1986). All four gullies either contained Iron Age 

artifacts, including potsherds or grindstones, or had accompanying Iron Age architecture, 

which included low stone walls or terraces (Binneman and Van Niekerk 1986: 87-88). 
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The finding of lithics of all ages in close proximity to Iron Age sites, and in association 

with Iron Age ceramic sherds suggested that the polished nature of the artifacts was likely 

caused by the repurposing and re-utilization of these artifacts by Iron Age peoples 

(Binneman and Van Niekerk 1986: 89).  

All of the collected lithics, which were manufactured from quartzite, hornfels and 

dolorite, exhibited incredibly well polished edges (Binneman and Van Niekerk 1986). All 

were heavily patinated, except for the polished edges; these polished areas were often 

quite smooth and rounded, with polish often extending up to a centimeter into the interior 

of the tool on both sides of the working edge (Binneman and Van Niekerk 1986: 87).   

Several of the tools have symmetrically worn edges; however, it was more 

common to have tools that were worn preferentially on only one side of the working 

edge. Usewear polish was observed on both the dorsal and ventral portions of the tool 

edges, and included bright polishes, occasional pitting, and broad, shallow u-shaped 

striations orientated perpendicular to the working edge. These patterns are consistent with 

those created experimentally working dry hides in the presence of abrasive gritty particles 

(Binneman and Van Niekerk 1986: 88-89).  

2.2.2.7 - Diepkloof Rock Shelter, South Africa: 

Investigations into the functional aspects of Howiesons Poort artifacts have 

recently begun at Diepkloof Rock Shelter, located along the western coast of South 

Africa. Most previous research pertaining to the function of Howiesons Poort tools has 

been limited to specific tool types, mainly backed lithics, and on residue analyses, 

neglecting the use of microscopic usewear analyses.  Igreja and Porraz (2013) have 
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attempted to fill this knowledge gap by examining 135 lithics from Diepkloof Rock 

Shelter. The lithics within the sample are primarily manufactured from silcrete, with a 

number of quartz and hornfel pieces also being examined.   

Overall, the artifacts were in a good state of preservation, with little post-

depositional alteration of the lithics being documented. Despite this, of the 75 lithics that 

lack post-depositional damage, only 26 had usewear (Igreja and Porraz 2013: 3484). Nine 

of the geometrics examined showed usewear. The usewear found on these tools is 

indicative of two main functions: cutting materials such as soft and hard animal tissue, as 

well as wood, and scraping bone, soft animal tissue, wood and other hard materials 

(Igreja and Porraz 2013: 3484). Only two of the artifacts contained impact fractures, 

indicating that the majority of the backed artifacts were not used in the construction of 

projectiles (Igreja and Porraz 2013: 3484). Several of the backed pieces exhibited 

usewear patterns that could indicate hafting. 

Five pièces esquillées had documented usewear; this wear was only located on 

one edge, and is likely attributed to the percussion of the tools against pieces of wood 

which were to be shaped (Igreja and Porraz 2013: 3484). This is consistent with evidence 

found by Binneman (1984), during an examination of Late Stone Age lithics from South 

Africa. It should be noted, however, that residue analyses conducted by Langejans (2012) 

have also concluded that pièces esquillées could have been used for animal processing, 

due to the presence of residues identified as fat cells, bone, burnt bone, and muscle tissue 

alongside plant tissues and resin residues. 
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Of the blades and bladelets examined, only 10 had documentable usewear, which 

mostly consisted of polish and edge scarring. The usewear traces found indicate that these 

lithics were likely used to cut soft animal tissues (during butchering), wood, and other 

hard materials (Igreja and Porraz 2013: 3484). The presence of usewear along only one 

lateral edge of the blades corroborates the residue evidence that these blades were hafted 

laterally (Charrié-Duhaut et al. 2013; Igreja and Porraz 2013: 3485).  

The usewear evidence from Diepkloof Rock Shelter indicates that the excavated 

lithics were not used intensively; utilized blades were only exploited along one edge, and 

the edges of many of the tools are likely still functional. The absence of usewear on many 

of the tools studied suggests that they were either not used, or that they were used for 

such short durations that usewear did not develop (Igreja and Porraz 2013: 3486). The 

usewear documented while examining backed pieces showed that they were used to a 

greater extent, and for a wider variety of tasks, than other tool categories studied, such as 

blades. Igreja and Porraz (2013: 3486) posit that backing was likely a method developed 

in order to intensify and diversify their use (Igreja and Porraz 2013: 3486). 

2.2.2.8 - Sibudu Cave, South Africa: 

Located near the coast of KwaZulu-Natal, Sibudu Cave is a rock shelter located 

on a cliff overlooking the Tongati River, South Africa (Lombard 2004: 37). Functional 

studies of artifacts from Sibudu Cave have to date primarily revolved around the 

identification of plant and animal sourced residues situated on the edges and interior 

surfaces of lithic artifacts. Experimental work using replicated projectile points similar to 

those found archaeologically at Sibudu Cave has found that 42% of their sample of fifty 
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and Lombard 2007) has led to a refined methodology that uses supplementary data to 

elucidate the function of Middle Stone Age tools from Sibudu Cave. As the survival of 

organic residues at Sibudu Cave is exceptional (Wadley and Lombard 2007: 1005), the 

amalgamation of these two distinct lines of evidence give researchers an exceptional view 

into the functions and life-use of lithic artifacts from this period of time. In response to 

criticisms of the results of their initial blind tests, levelled by Crowther and Haslam 

(2007), Wadley and Lombard published additional articles discussing the changes to their 

initial methodology, which were incorporated due to the greater understanding of 

potential issues that were identified during the initial blind tests (Lombard and Wadley 

2007; Wadley and Lombard 2007). These issues included problems identifying plant 

versus animal residues, and contamination problems arising from post-depositional 

impacts both on site prior to and post excavation, as well as from the use of starch 

containing powdered gloves (Wadley and Lombard 2007). Subsequent to their 

experimental residue replication studies, Wadley and Lombard applied the knowledge 

gained from these and their blind residue identification tests to archaeological materials 

excavated from Sibudu cave (Lombard 2006, Wadley and Lombard 2007). During a 

study of eleven artifacts, including three complete projectiles from Sibudu Cave, 

Lombard (2006) found usewear indicative of hafting on seven of the artifacts. Of these, 

two had numerous striations running parallel to their working edges, suggesting that they 

had been used as knives. Associated residues indicated that they had been used to process 

animal tissues during butchering (Lombard 2006: 38; Wadley and Lombard 2007: 1005). 

Four of the remaining artifacts exhibited damage to their tips indicative of being used as 

hunting weapons (Lombard 2006: 39).  
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Experimental and archaeological studies of diagnostic impact fractures on 

segments from Sibudu Cave suggest that artifacts of this type were also used as hunting 

weapons during the Howiesons Poort occupation. Studies of these artifacts also suggest 

that they were adequate hunting weapons, although some configurations were more 

efficient than others (Lombard and Pargeter 2008; Pargeter 2007). Of the 318 segments 

studied from three sites, ~26% exhibited diagnostic impacts, suggesting their 

incorporation and use in hunting implements (Lombard and Pargeter 2008: 2527). In a 

study that consisted of 53 Howiesons Poort segments from five layers at Sibudu Cave (of 

which the top and bottommost layers were not true Howiesons Poort layers, and 

contributed only one segment each), Lombard (2008: 32) found that 44 (83%) of the 

segments exhibited usewear traces indicating that they had been hafted on the backed 

portion of the segment. Evidence regarding the function of these segments was derived 

primarily from residue analysis; little usewear apart from striations were documented 

(Lombard 2008: 32). This usewear patterning is often seen on hunting tools (Fischer et al. 

1984; Kay 1996, Lombard 2005). Investigations of diagnostic impact fractures that 

incorporated all 132 backed tools from Sibudu Cave found that 24% exhibited these 

impacts, suggesting their use as components of hunting weapons (Lombard 2008: 32). 

Archaeological evidence for both angled and longitudinal or transverse hafting was found 

on segments from the Howiesons Poort levels of Sibudu Cave; 20 (38%) of the segments 

were interpreted as being hafted longitudinally or transversely in a haft, while 21 (40%) 

were interpreted as being hafted diagonally or at an angle to the shaft. The haft 

orientation of the remaining six artifacts is unknown (Lombard 2008: 32). 
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Further archaeological evidence from Sibudu Cave indicates that 52% of points 

have macrofractures along their lateral edges that are indicative of hafting, 48% show 

crushing and removals of lithic material at their base. Further, 38% of the sample points 

exhibit more than one type of macrofractures indicative of hafting (Lombard 2005: 249). 

42% of the sample contained diagnostic impact fractures on their tips (Lombard 2005: 

295). Edge rounding and polish tend to be relegated to the base of the projectiles, while 

striations tend to run parallel to the medial aspect of the tool, concentrating near the edge 

of the tips of the projectiles (Lombard 2005: 290, 295).  

In addition to previous studies, Lombard (2011) has also detailed the usewear 

documented on a sample of 16 backed quartz microliths from Sibudu Cave. These 

artifacts age from ~60 thousand to ~67 thousand years old (Lombard 2011: 1918). 

Analysis of these tools shows that nine of them were hafted transversely; eight of these 

tools exhibit scars that match those formed using experimental transverse hafted arrows 

(Lombard 2011: 1925). Five segments show evidence of being hafted diagonally, at 

angles of 15-30°. It is unknown whether they were used as both barbs/cutting inserts or 

projectile tips, however there is evidence suggesting their use as barbs (Lombard 2008; 

Lombard 2011: 1926; Lombard and Pargeter 2008). Only one artifact shows evidence 

that it was backed horizontally (Lombard 2011: 1926). Impact fractures indicative of 

hunting were found on the edges and tips of 13 of the 16 artifacts (Lombard 2011: 1926-

1927). Animal residues recovered from 14 (88%) of these segments are further evidence 

to their use as hunting implements (Lombard 2011: 1927). Similar to previous studies, it 

was found that hafting residues belonging to older artifacts exhibit evidence that several 

of them could have been hafted to bone, while younger artifacts tend to evidence that 
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they were hafted to plant based hafts (Lombard 2008: 32; Lombard 2011: 1926). The lack 

of ochre used as an ingredient in hafting mastics for quartz artifacts was also further 

corroborated (Lombard 2007: 413; Lombard 2011: 1926). 

2.2.2.9 - Boomplaas Cave, South Africa: 

In order to test the assumption that Late Stone Age adzes were used in 

woodworking, Binneman and Deacon (1986) conducted an experimental study in which 

they replicated and utilized stone adzes in order to document the usewear created. These 

results were designed as a baseline for the microscopic examination of archaeological 

adzes from Boomplaas Cave.  The experimental adzes were manufactured from local 

hornfels and hafted to the end of wooden handles using epoxy. These hafted adzes were 

then used to work two indigenous types of wood, one hard wood, and one soft wood 

(Binneman and Deacon 1986). The experiments were conducted indoors in clean 

environments as a control, as well as outside, on the ground where abrasives were 

introduced to closer simulate the original environments of use.  

Two types of experimental adzes were used within the study: unretouched flakes 

used without modification as adzes, and replicas of prehistoric adzes made by retouching 

flakes (Binneman and Deacon 1986: 220-221). Examining the experimental tools, it was 

found that impact flaking only occurred on unretouched flake adzes and only when the 

angle between the tool and the worked piece of wood was greater than 45 degrees 

(chiselling). This caused flaking on the ventral surface of the adzes. Hinge and step 

fracture scars along the dorsal aspect of the adzes were found to be caused primarily 

through the use of hard hammer retouch, and not through utilization (Binneman and 
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contained charcoal polishes (Binneman and Deacon 1986: 223). Both wood and charcoal 

polishes were occasionally identified on the same tool, and one adze exhibited small 

areas of bone polish (Binneman and Deacon 1986: 223). 

These results suggest that adzes were used primarily for the production of wooden 

implements, with distinctions likely being made on the condition of the wood being 

worked, (charred or not) (Binneman and Deacon 1986). 

2.2.2.10 - Sehonghong Shelter, Lesotho: 

 Binneman and Mitchell (1997) examined 14 opaline Robberg bladelets from 

Sehonghong, a Late Stone Age site in Lesotho. All of the bladelets were originally 

excavated in 1992 by Mitchell (1995, as cited in Binneman and Mitchell 1997), and 

originate from layers RF and RBL/CLBRF, dating to 12,180 ± 110 to 12,470 ± 100 BP.  

All of the bladelets examined contained traces of a black organic mastic along one of 

their lateral edges, with only seven of the bladelets exhibiting well developed and 

identifiable usewear traces (Binneman and Mitchell 1997). Of the seven bladelets that did 

not contain easily recognizable wear traces, one was rendered completely unsuitable for 

analysis due to the presence of mineral inclusions. Of the six remaining bladelets, three 

had usewear that could be indicative of cutting a soft material, possibly meat or hide 

(Binneman and Mitchell 1997). 

 The usewear present on the seven bladelets which were thoroughly studied 

showed evidence of cutting or whittling in all instances, with evidence for the bladelets 

being hafted parallel in a handle (Binneman and Mitchell 1997). Two of these tools 

present clear evidence that they had been used to cut hide, two had been used to cut or 
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In the following chapter, a summary of the historic development and current and 

recently applied materials science approaches to the field of usewear analysis will be 

detailed.   
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dimensional models of the scanned surface. These, in turn, are easily analyzed using 

statistical means (Evans and Donahue 2008: 2225). This process does not require the 

archaeological tools to be coated with gold or placed in vacuum chambers, as is the case 

with SEM, which lowers cost and preparation time. As an added benefit, the physical size 

of the sample is not a major limitation to the analysis, as is often be the case with SEM 

sample chambers.  

While the size limitation of using SEM can be negated by way of replicative 

casts, these casts not only take time to make, but initial investigations of the lithic 

implements to be studied are required to locate areas of interest that will be targeted using 

SEM. These issues can lead to images that can take upwards of 40 minutes to align and 

capture (Evans and Donahue 2008: 2226).  

In order to quantify the usewear present on tools, a standardized measurement of 

surface roughness used in engineering was taken at two distinct scales, allowing for 

higher levels of differentiation of usewear types when combined (Evans and Donahue 

2008: 2227). This amalgamated data can differentiate between all types of experimentally 

produced wear, even though overlapping signals were found when utilizing only one 

scale of data (Evans and Donahue 2008: 2227). Furthermore, the level of detail resulting 

from the magnification and depth of field allow for easy differentiation of the visual 

features of specific wear types in photographs, which has proven to be a major limitation 

in the past (Evans and Donahue 2008: 2227).  
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confident that UMB laser profilometry could be used as a mathematical method of 

measuring and describing usewear traces. Further experimentation by the authors has 

ascertained that not only does UBM laser profilometry show promise, but results 

corroborate earlier statements indicating the importance of using site or region specific 

raw materials when conducting experimental usewear programs (Keeley 1980; Stemp and 

Stemp 2003; Stemp et al. 2009).  

3.4.3 - Focus Variation Microscopy: 

Focus variation microscopy is a nondestructive method of analysis that has been 

recently applied to the field of usewear analysis. Focus variation microscopes are 

designed to characterize object surface textures by generating measurements of surface 

roughness (Macdonald 2014: 27).  

These microscopes are able to take both linear profile measurements and larger 

surface area measurements. Of these two measurements, the most useful for application 

in lithic usewear analysis is the area measurement. This area measurement includes a 

measurement of the average surface roughness, and the root mean square of the mean 

height (Macdonald 2014: 27). As the root mean square of the mean height is a 

measurement of the surface roughness over a three dimensional area, it is the most useful 

measurement for determining surface texture (Macdonald 2014: 27). The process of focus 

variation works by capturing and compiling multiple images of varying focus depths into 

composite images (Macdonald 2014: 28). Both of these measurements have been utilized 

successfully using other types of microscopes to differentiate between worked material 

traces (for LSCM see Evans and Donahue 2008; for a comparison of LSCM and focus 
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variation see Evans and Macdonald 2011). Five different areas on each tool were selected 

for scanning based on the presence of visible usewear. Using 50x magnification, an 

image of the selected area measuring 286 µm by 218 µm was taken, and within each of 

these five larger images ten small (10 µm by 10 µm) randomly selected areas were 

subjected to surface roughness analysis (Macdonald 2014: 29). These random selections 

were only taken from areas that had evidence of utilization (Macdonald 2014: 29). The 

surface roughness measurements were statistically analyzed in order to ascertain if tools 

used to work similar materials produced statistically comparable roughness 

measurements. These calculations found that while antler processing and meat cutting 

surfaces were not statistically different, the hide working polishes analyzed were 

statistically different (Macdonald 2014: 30-31). The differences between hide and other 

materials is possibly due to variability in hide polish development, but MacDonald notes 

that it may also be the product of sampling error. There were significantly different 

average roughness measurements between some of the five experimentally worked 

materials, allowing some to be differentiated from each other, although there were no 

significant differences between antler, meat and wheat, and similarly between wood, hide 

and unworked raw material (Macdonald 2014: 32). In some instances, this may be due to 

limited sample size (Macdonald 2014: 32). 

There are limitations to this method of analysis. While it has not been verified in 

regards to lithic raw materials, it has been noted that translucent and highly reflective 

materials often cause issues with regards to clearly focused images (Bello et al. 2011: 

321; Macdonald 2014: 29). As lithic implements manufactured from quartz can exhibit 

both of these material attributes, this could severely limit the application of focus 
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implements (Nunziante Cesaro and Lemorini 2012: 300). The infrared absorption 

frequencies that are recorded can then be compared to reference frequencies to identify 

specific compounds that correlate to the original worked materials. The FTIR absorption 

spectra were collected after conventional usewear analyses had located utilized areas on 

the lithic implements studied, providing a supplementary and complimentary line of 

functional evidence.  

Residues were identified spectroscopically on 52 of the 79 selected flint tools that 

had observable usewear, and on 3 of the 13 archaeological obsidian pieces (Nunziante 

Cesaro and Lemorini 2012: 300). The authors attribute the higher percentage of observed 

residues on flint implements to the coarser microcrystalline nature of the flint material, 

which more readily traps residues, versus the smooth, glasslike surfaces of the obsidian 

tools (Nunziante Cesaro and Lemorini 2012: 300).    

While the use of the FTIR results to corroborate the usewear analyses is 

encouraging, specific difficulties were encountered. Primary among these difficulties is 

that the absorption spectrum of silicon dioxide (which is the elemental composition of 

flint and obsidian) overlaps and obscures the signals produced by hydroxyapatite (a major 

component of bone, enamel and dentin). Despite this, the presence of absorption spectra 

from amides and collagen on archaeological samples can be used to infer that hard animal 

materials were worked (Nunziante Cesaro and Lemorini 2012: 302). 

While most residues identified corroborated the initial usewear analysis, in 

several instances the data provided from the FTIR spectra added more concise data 

regarding worked materials. One such lithic tool was found to have been used to process 
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mitigated by using both of these methods in conjunction. While there are still 

methodological issues inherent within a combined approach, the application of 

techniques co-opted from the materials sciences, including LSCM, UBM laser 

profilometry, Focus Variation Microscopy, and FTIR microspectroscopy offer promising 

new approaches within the field of usewear analysis.  

In the next chapter, a detailed outline of the methodology used within this study 

will be presented. In addition to this methodology, an experimental replication study 

using locally sourced quartz from Mozambique was undertaken; the results of this study 

will follow the methodology.  
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Plate 4-1: Tim Bennett utilizing hard hammer percussion to detach quartz flakes to 

be used in the experimental replication study 

As my thesis is primarily concerned with the documentation of usewear found on 

quartz tools, and not the mechanics of usewear formation, I will not detail the debate 

concerning the formation of polishes on stone tool surfaces. I will instead highlight and 

summarize the most commonly accepted hypotheses regarding this issue: 

There are three main schools of thought regarding the formation of polishes: 

1. Polishes are formed by dissolved silica that is native to the surface of the flint 

tool (Anderson 1980; Mansur-Franchomme 1983). 

2. Polishes are the result of abrasive action (Kamminga 1979; Diamond 1979; 

Meeks et al. 1982). 

3. Polishes are formed by a combination of abrasive wear and silica dissolution 

(Unger-Hamilton 1984). 
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agitate the surface of the tool. Tools which still had material adhering to their 

surfaces after washing were left to soak in warm water and detergent for several 

minutes, after which they were washed a second time. 

 

2. Once all visible surficial debris was removed from the experimental tools, the 

edges were gently rubbed with detergent under running water. This step was not 

repeated on archaeological tools which had not previously been subjected to 

sonication cleaning, in order to minimize any potential impact that adhering 

sediments might have on any usewear present, and to negate the possibility of any 

new usewear traces being developed due to handling. 

 

3. Once sufficiently washed, each tool was placed individually within a plastic 

container or re-sealable plastic bag filled with warm water and detergent, and 

placed in an ultrasonic cleaning tank for fifteen minutes. Sealable plastic bags 

were found to be ideal for this step, as their non-rigid construction allowed for 

more samples to be washed at once, overcoming a limiting factor created by using 

plastic containers within the small ultrasonic cleaner. Glass containers were not 

used during the ultrasonic cleaning process due to the possibility that the 

oscillation of the glass against the lithic materials could cause wear-obscuring 

deposits of glass to form (see Keeley 1980: 11; Knutsson 1988: 26). 
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4. After the sonication cycle was complete, each experimental tool was thoroughly 

rinsed under hot water, and then set on a mat to dry. When the experimental tools 

were sufficiently dry they were returned to their sample bags. 

 

5. Before any artefact was examined under the microscope they would first be given 

a quick rinse of acetone, to remove any traces of grease which may have been 

deposited due to handling after their initial cleaning (although alcohol has been 

used as an alternative: see Van Gijn 2010: 28).  After being allowed to dry, the 

lithic implements would be positioned on the microscope stage using cotton 

gloves, in order to minimize any new deposition of finger grease (rubber gloves 

can similarly be used: see Sussman 1988: 10). 

4.3 - Microscopic Analysis Procedure: 

Analysis of the archaeological and experimental tools was primarily 

accomplished using high magnification microscopy using a Novel NIM-100 inverted 

metallurgical microscope. This allowed for the use of magnifications of 40X, 100X, 

200X, 500X, and 1000X. Of these magnification levels, primarily 200X and 500X were 

used to investigate the possible presence of usewear on the lithic tools. Digital 

photographs were taken using a 9.0 megapixel Tucsen digital microscope camera 

mounted on the top trinocular tube, and captured using AxioVision LE digital image 

processing software. 

The use of an inverted metallurgical microscope provides one main advantage 

compared to the use of traditionally configured metallurgical microscopes: owing to the 

placement of the objective lenses below the stage, an inverted microscope had no 
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limitations placed on the height of the lithic implements studied. In traditionally 

configured metallurgical microscopes, the height of the lithic tool studied is restricted by 

the distance between the objective lenses and the stage. The lack of this limitation 

allowed for the examination of several oversized quartz implements, both experimental 

and archaeological, which otherwise would have been impossible to analyze thoroughly. 

As many of the quartz pieces were too small to place across the stage plate opening, two 

improvised stage plates made of acrylic plastic were constructed. The first of these plates 

had three holes of different sizes drilled into it, in order to accommodate a range of 

differently sized lithic pieces (Plate 4-1). The second plate consists of three slots of 

differing widths (Plate 4-1). These slots were used in two manners: to view a longer 

continuous section of tool edge than allowed for using the drilled plate, and to attempt to 

gain a knife-edge view of the selected implement. The latter of these two uses proved to 

be quite problematic. Many of the tools that were examined edge-on did not easily fit 

within the slot, being too wide and thus difficult to stand on edge and stabilize. Very 

narrow artifacts were also an issue, as they often came very close to the objective lens at 

its lowest position. This made it quite difficult to focus on anything other than small 

areas, if focus was achievable at all. When tools could be orientated directly on their 

working edge, visibility of the surface was often quite poor, with the majority of the light 

being scattered away from the objective lens, rather than being reflected back to the lens. 
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Plate 4-2: Custom Stage Plates 1 and 2 

One of the disadvantages of the high power microscopic approach to usewear 

analysis is the loss of depth of field at higher levels of magnification. Lower depths of 

field at higher magnifications make photo documentation of topographically varied 

surfaces difficult, as areas that are above or below the focal plane will be out of focus, 

partially obscuring the usewear trace (Van Gijn 2014). While this is less of a problem 

when observing the usewear directly through the microscope lenses, it poses problems in 

the visual dissemination of usewear trace features through photographs. This limitation 

can be largely eliminated through the use of a digital image processing technique called 

focus stacking. This technique, used here, has been successfully applied to counteract the 

issues created by the loss of depth of field in the fields of usewear analysis, dental 

microwear analysis, and phytolith analysis (Banks 1996; Mihlbachler et al. 2012; Plisson 

and Lompré 2008; Wu and Wang 2009).  

AxioVision LE was used to save captured images in an uncompressed TIFF 

format. This format allows for the retention of the majority of the detail of the original 

source image. Several photographs were taken at varying levels of focus to encompass 
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the majority of usewear instances present. Each of these series of photographs was 

processed using the focus stacking image transformation procedure in Photoshop CS6. 

This procedure extracts the focused areas from each of the serial photographs, merging 

them together to create a composite image consisting of all of the focused areas from the 

original series of images (Figure 4-1). Image processing procedures such as this provide a 

way for usewear analysts to more clearly disseminate images of the traces of wear that 

they observe. The problem of image contrast, which plagued early researchers such as 

Keeley (1980: 53), is countered by adjusting contrast and light levels within the image 

processing software (Plate 4-2). While there are physical methods for countering poor 

contrast of lithic surfaces, such as Differential Interference Contrast microscopy via the 

use of Nomarski Prisms (Kay 1996: 319; Knutsson 1988: 26), digital manipulation of 

photographs can be undertaken with any digital photo program and is much less 

expensive. 

A limiting factor encountered imaging large features using higher magnification is 

that as magnification levels increase, the field of view decreases. In order to portray 

usewear photographed across a large feature, an altered approach to photo documentation 

was taken. This altered methodology consisted of taking a series of digital photographs as 

normal, and then adjusting the field of view to target another section of the feature being 

documented. Overlapping areas on the edge of the previously photographed field of view 

were present in each new stack of images. This was repeated until the entire feature had 

been photographed. Once this was complete, each set of digital images was focus 

stacked. These series of stacked focal images were then used to generate a composite 

image using either Photoshop CS6 or Microsoft Image Composite Editor (ICE). Although 
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the majority of photo stitching was accomplished using Photoshop, ICE was able to stitch 

several sets of images that Photoshop could not. In cases where neither program could 

automatically stich together the focus stacked images, this work was undertaken within 

Photoshop by increasing photo transparency levels and manually placing images over 

matching areas of microtopography. An example of these composite images can be seen 

in Plate 4-132, on page 155. 

 

Figure 4-1: Focus stacking example 

 

Plate 4-3: Contrast Corrected Images (Sawing Dry Birch 500 Strokes, 500x 

magnification) 
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4.5.4 - Fracturing: 

For the purpose of this thesis, fracturing is defined as areas along a tool edge in 

which the parent quartz material has been heavily damaged or cracked, but does not 

exhibit noticeable levels of rounding, or linear conchoidal scarring. This includes areas 

where numerous overlapping layers of step fractures have occurred. Fractures can form 

during manufacture, or during use while working hard materials. 

4.5.6 - Microflaking: 

Microflaking consists of small flakes removed from the working edges of tools 

during use. These microflakes can be of several different types, including hinge, step and 

feather termination microflakes, and occur in numerous distribution patterns (Keeley, 

1980; Tringham et al. 1974; Odell and Odell-Vereecken 1980). As quartz does not have 

predictable conchoidal fracture properties, areas with numerous overlapping step or hinge 

termination microflakes are referred to as areas with fracturing, while those exhibiting 

conchoidally fractured microflakes are referred to as microflaking. 

4.5.7 - Polishes: 

Polishes are surfaces that exhibit an altered level of light reflectivity (Vaughan 

1985: 13). While the creation of polishes is not well understood, it has been demonstrated 

that polish is neither solely an additive or subtractive process, but that both surface 

removals and the addition of chemical residues to the surface of polished areas occurs 

(Christensen et al. 1992). As polishes created by working different materials have been 

seen as being distinct from one another, several types of polish exist. These types of 

polishes are usually differentiated from each other based on their brightness, smoothness 
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initial tip of the digging implement and along the leading edge. As both the dorsal and 

ventral face of the tool are in contact with the worked material, wear should develop on 

both of these surfaces. The generation of usewear traces should be concentrated on the 

more topographically variable dorsal surface than the relatively flat ventral or bulbar 

surface.  Striations, crushing, polish and areas of heavy abrasion were typical wear traces 

found by Keeley, however in this replication experiment the distribution and 

directionality of these traces will be slightly different by virtue of the difference in 

working action (Keeley 1980: 79). 

 

Figure 4-2: Digging motion 

4.6.4 - Boring: 

Boring involved the use of a single truncation awl used in a left to right and right 

to left rotatory motion to bore a hole into a piece of bone (Figure 4-3). The single 

truncation awl category of tool comprises 8.41% of the total tool assemblage analyzed by 
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and can either be a straight push or have a slight rotation (Keeley, 1980:52; Semenov 

1964: 18). Usewear formation will reflect both the parallel movement of the awl through 

the worked material, and any rotary motion (Keeley 1980: 52; Semenov 1964: 18). 

Usewear traces generated from piercing hide will tend to be concentrated along the edges 

of the stone tool, with the majority of the wear being concentrated away from the tip of 

the tool (Keeley 1980: 52, Knutsson 1988: 56-57). This wear is formed due to contact 

between the worked materials against the wider surface area of the tool that occurs after 

the initial piercing of the hide (Knutsson 1988: 56-57). Keeley notes that polishes can be 

observed several millimeters away from the tips of flint tools used to pierce dry hide, 

which is likely formed as the hide conforms to the working edges of the piercing tools 

when pressure is applied (Keeley 1980: 52). 

4.6.8 - Sawing: 

Sawing actions involve the use of repeated back and forth motions oriented 

perpendicularly to the worked material (Grace 1989: 108; Keeley 1980: 36; Knutsson 

1988; Semenov 1964: 19; Sussman 1988: 17). Unlike cutting, sawing actions are 

exclusively used to describe actions made on hard materials such as bone, antler or wood 

(Keeley 1980: 18; Knutsson 1988: 54-55). Saws are typically held at right angles to the 

worked material during use, leading to the development of usewear traces along both 

edges of the tool (Grace 1989: 108; Keeley 1980: 36; Knutsson 1988: 54; Semenov 1964: 

19; Sussman 1988: 58). Usewear traces tend to form in bands that run parallel to the 

working edges of the tool (Keeley 1980: 36, 44; Knutsson 1988: 55; Semenov 1964: 19; 

Sussman 1988: 59). While this is true for polishes and striations, microflakes along the 
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Although the addition of fine scale grit, such as volcanic ash, has been 

documented as increasing the efficiency of scraping hide (Brink 1978; Sussman 1988: 

34), no extraneous particles were intentionally added during hide scraping tasks in this 

study. 

4.7 - Post-Depositional Wear: 

Post-depositional alterations to the surface of archaeological tools can pose a 

major problem to the successful analysis of usewear traces. These post-depositional 

alterations can be the result of both pre-excavation natural processes, damage during 

excavation, or post-excavation trauma. 

4.7.1 - Pre-Excavation Alterations: 

Pre-excavation alterations by natural processes and unintentional alterations 

include patination, water abrasion, wind abrasion, soil sheen, and chemical weathering. 

Of these, quartz is least susceptible to patination and chemical weathering, which can 

heavily alter the surfaces of flint tools to the point where polish identification is 

impossible. Artifact surfaces can be abraded by particulates carried by water, and in 

higher energy situations, cracking and microflaking can occur if larger sediment grains 

are being transported. Wind abrasion occurs when artifacts located on the surface are 

bombarded by wind-borne particulates. These particulates can have an etching effect, 

leading to artifact surfaces that exhibit a sand blasted appearance that can obliterate 

usewear traces. Wind abrasion typically occurs in dryer, vegetation poor areas. Soil sheen 

appears similar to generic weak polishes, and can severely limit artifact interpretations if 

it is widespread. In more advanced stages, soil sheen is often quite reflective. Soil sheen 

is caused by the movement of sediments against the surface of an artifact, which can 
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leave striations and heavy abrasion. Taken together these can develop into areas of soil 

polish. Differentiation of soil sheen and usewear polishes can be difficult, to the point 

where identification of usewear traces is impossible. Trampling by biological agents can 

also alter artifacts, through breakage and microflaking of edges, to the generation of 

striations caused by pressure and particulates streaking across artifact surfaces (Gero 

1978; Keeley 1980: 28-35; Levi-Sala 1986a, 1986b; Plisson and Mauger 1988: 3-16; 

Semenov 1964: 11; Shea and Klenck 1993; Vaughan 1985: 42-44). 

4.7.2 - Excavation Trauma: 

Typical damage which can occur during an excavation includes impacts between 

artifacts and metal excavation tools, which can cause macro and microscopic removals of 

the parent lithic material. Glancing impacts can also lead to the deposition of layers of 

metal onto the artifact surface. These metal residues are easily recognizable, as they 

reflect virtually all transmitted light that impacts them. Experimental metal traces were 

often large enough to be seen without magnification (Plate 4-4); however, light screening 

can leave deposits that are smaller isolated areas of metal residue, which is likely affected 

by the pressure used while screening, as well as the length of time an artifact remains in 

the screen (Plate 4-5). Metal residues can also be deposited during the screening process, 

and tend to appear on high points of microtopography. Residues deposited onto artifact 

surfaces during screening can also exhibit more complex chequered patterning if the 

orientation of screening changes. Directionality is easily determined on larger deposits, as 

linear features within the deposits match the direction screening (Plate 4-6). 
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Plate 4-4: Experimental tool with macroscopic excavation trauma caused by 

trowelling (circled) 

 

Plate 4-5: Experimental tool with metal residue from screening. Note the presence of 

small isolated areas of metal in lower areas of topography (Arrow), and directional 

indicators (500X Magnification) 
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4.8.1 - Adzing: 

4.8.1.1 - Wood: 

Only one quartz tool was used to adze wood (Plates 4-7 to 4-9), due to the 

significant pre-existing fracture planes in the parent quartz. Almost immediately during 

use, the quartz flake that was being utilized as an adze began to fracture repeatedly, 

causing heavy attrition to the working edge, and the presumed loss of identifiable 

usewear traces. Due to this, the adze was only utilized for a short time period, equalling 

100 working actions. Despite the short period of utilization, usewear traces documented 

from adzing included a small number of striations, light pitting, abrasion of ridges, and 

microflaking along ridges, and a small area of weakly developed wood polish (Plates 4-8 

and 4-9). Larger pieces of shatter formed by the detachment of quartz along pre-existing 

and use-related fractures were also documented, along with visible edge blunting and 

macroscarring (Plate 4-7). The usewear traces observed were similar in type and 

distribution to the experimental traces documented by Knutsson (1988: 53), except for 

the relative lack of observable striations; however, this is likely related to the low number 

of working actions. 
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Plate 4-7: Adze used for 100 working actions. Dashed and dotted line is the 

approximate extend of the working edge. Macroscopic damage due to fractures 

during use represented by blue arrows. 

 

Plate 4-8: Ridge abrasion on adze (200X Magnification) 
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Plate 4-9: Microflaking, ridge abrasion, wood polish, and small pits/striations (blue 

arrows) from adzing (500X Magnification) 

4.8.2 - Cutting: 

4.8.2.1 - Leather: 

Two experimental tools were used to unidirectionally cut (or slice) commercially 

processed leather for 100 working actions (Plates 4-10 to 4-14) and 150 working actions 

(Plates 4-15 to 4-18). Only a small amount of leather was available for use during the 

replication experiment, which limited the number of working actions that could be 

carried out with each lithic implement. This limitation was deemed acceptable based on 

discrepancies observed between usewear formation on more naturally processed hide, 

and those which were commercially processed, in previous research (Sussman 1988). 

Sussman (1988: 34-35) found that there were discrepancies between the predicted and 

observed wear traces that developed from the scraping of dry hide and commercially 

tanned leather, and that the differences could not be convincingly attributed to the use of 
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crystal quartz versus vein quartz. This led her to posit that chemicals used in the 

commercial tanning process were having an unknown effect on usewear development. 

The usewear traces documented after observing the experimental tools used in 

this study closely resembled traces documented after working dry hide by Keeley (1980), 

and Knutsson (1988). These traces included the presence of dry hide polish, edge 

rounding, edge microscarring, ridge abrasion, smoothing, and striations (Plates 4-11 to 4-

14, and Plates 4-16 to 4-18). Dry hide polish typically exhibits a dull or matt surface 

texture that can occasionally include small pits (Keeley 1980: 49). The hide polish 

features on the experimental tools used to cut leather was very similar, with a roughened 

surface texture. A major difference within the findings of this study was the presence of 

only low numbers of striations, similar to the observations made by Sussman (1988) on 

scrapers used to process commercially processed leather. 

 

Plate 4-10: Flake used to cut leather for 100 working actions 
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Plate 4-11: Ridge abrasion and possible polish tanned hide polish (Arrow) (200X 

Magnification) 
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Plate 4-12: Ridge abrasion and striations (upper right corner) (200X Magnification) 

 

Plate 4-13: Abrasion and microflaking along working edge (500X Magnification) 
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Plate 4-14: Abrasion and rounding along ridge with possible tanned hide polish 

(500X Magnification) 

 

Plate 4-15: Flake used to cut leather for 150 working actions 
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Plate 4-16: Possible weak hide polish (200X Magnification) 

 

Plate 4-17: Enlargement of possible weak hide polish seen in Plate 4-12 (500X 

Magnification) 
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Plate 4-18: Microflaking, and abrasion, possible smoothing/rounding (arrow) (500X 

Magnification) 

4.8.2.2 - Fresh hide: 

Two quartz pieces were used to slice fresh elk hide, however one of the two tools 

included a cutting edge angle that was deemed to be insufficient to the task. The 

difficulty in using this tool to successfully slice through elk hide excluded its use within 

this study after only a short number of working actions. Usewear traces documented on 

the remaining tool used to slice fresh hide for 250 working actions includes striations, 

edge rounding, edge attrition, fresh hide polish, and microscarring (Plates 4-19 to 4-23). 

Fresh or wet hide polishes are typically bright with a greasy lustre when observed on flint 

(Keeley 1980: 49). These same features were present on the experimental quartz tools 



95 
 

used to cut fresh hide, however the polish was not extensive, so only small raised areas 

exhibited the bright surfaces typical of fresh hide polish. 

 

Plate 4-19: Flake used to cut fresh elk hide for 250 working actions 

 

Plate 4-20: Heavy edge abrasion and rounding/smoothing (arrows) (200X 

Magnification) 
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Plate 4-21: Possible wet hide polish (200X Magnification) 

 

Plate 4-22: Striations running across fissures in the parent quartz (200X 

Magnification) 
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Plate 4-23: Possible fresh hide polish, striations (bottom and middle left) (500X 

Magnification) 

4.8.2.3 - Cooked Meat: 

One quartz tool was used to cut cooked, charred meat. Cutting actions were 

bidirectional, and a total of 250 working actions were made (Plate 4-24). Very few 

usewear traces were found on the tool used to cut cooked meat. These traces included 

several small bands of weak polish, light smoothing along raised areas near to the tool 

edge, and a small number of small, irregular striations and possible microflakes (Plates 4-

25 and 4-26). 
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Plate 4-24: Flake used to cut cooked meat for 250 working actions 

 

Plate 4-25: Striations (black arrows) and areas of weak polish (red arrows) (200X 

Magnification) 
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Plate 4-26: Areas of weakly developed polish (black arrows), and striation (red 

arrow) (500X Magnification) 

4.8.2.4 - Raw Meat: 

One tool was used for 350 working actions to cut through uncooked meat (Plate 

4-27). Cutting actions were made in a bidirectional manner akin to sawing. Usewear 

traces observed after cutting raw meat included edge abrasion, edge microflaking, 

smoothing, and small, irregular striations (Plates 4-28 to 4-31). Unlike Sussman (1988: 

106), who was unable to identify meat polishes on butchering tools made of crystal 

quartz, two small, localized areas of  a weakly developed polish were located on this vein 

quartz tool, which echoes the findings that Knutsson documents (1988). These areas of 

weakly developed polish are similar in appearance to the fresh hide polishes on tools used 

to cut fresh elk hide in this study; however, some exhibited a much brighter surface, 

contrary to polish features observed on flint (Keeley 1980: 53). 
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Plate 4-27: Flake used to cut raw meat for 350 working actions 

 

Plate 4-28: Meat polish (200X Magnification) 
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Plate 4-29: Enlargement of meat polish seen in Plate 4-28 (500X Magnification) 

 

Plate 4-30: Edge abrasion and possible weak polish (200X Magnification) 
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Plate 4-32: Flake used to deflesh elk hide for 350 working actions 

 

Plate 4-33: Minimal edge abrasion (blue arrow) and small irregular striations (black 

arrows) (500X Magnification) 

4.8.2.6 - Dry Bulrush: 

One tool was used to cut dry bulrushes (Plate 4-34). 1000 unidirectional working 

actions were completed. These were completed in a similar fashion to cutting, where the 

tool was used at roughly a 90° angle to the worked material, although these actions were 

not bidirectional. Usewear traces observed on the tool included large numbers of 
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striations, edge attrition, edge microflaking, wide abrasion tracts, rounding and an 

instance of possible sickle gloss (Plates 4-35 to 4-37). The large abrasion tracts 

documented were likely formed as larger particles detached from the unstable edge and 

were dragged across the surface after being incorporated into the worked material. No 

comet-shaped pits were documented. 

 

Plate 4-34: Flake used to cut dry bulrushes for 1000 working actions 
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Plate 4-35: Striations and smoothing (200X Magnification) 

 

Plate 4-36: Microflaking and large abrasion tracts (200X Magnification) 
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Plate 4-37: Microflaking along ridge, large abrasion tract and striations (500X 

Magnification) 

4.8.2.7 - Fresh Bulrush: 

One tool was used for 500 unidirectional working actions to slice fresh bulrush 

stems (Plate 4-38). Usewear documented on the tool consists of edge abrasion, edge 

microscarring, ridge abrasion, and infrequent small pits and striations (Plates 4-39 to 4-

41). 
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Plate 4-38: Flake used to cut fresh bulrushes for 500 working actions 

 

Plate 4-39: Heavily abraded edge (200X Magnification) 
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Plate 4-40: Small microflakes along edge (500X Magnification) 

 

Plate 4-41: Heavy edge abrasion, microflaking, and possible weak polish (500X 

Magnification) 

 





110 
 

 

Plate 4-42: Flake used to dig for 150 working actions 

 

Plate 4-43: Heavily abraded edges, small striations and pitting (200X Magnification) 
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Plate 4-44: Heavily abrasion on top of fractured area near tip of digging tool (500X 

Magnification) 

4.8.4 - Boring: 

4.8.4.1 - Bone: 

Two lithic tools were used to bore fresh bone. The first borer became quite dull 

within 75 working actions and use was abandoned (Plate 4-45). This tool exhibited a very 

visible alteration to the working tip of the tool: initially the tip of the tool was squared 

off, and almost horizontal, but by the end of use the corner of the tip which had received 

the most pressure during use had been noticeably altered into a lower, rounded corner. 

The second boring awl was used for a total of 250 working actions before a noticeable 

loss of boring performance was observed (Plate 4-46). The highly fractured nature of the 

quartz located at the tip of the working end of this awl made the identification of usewear 

polishes and striations extremely difficult. Acquiring photographs of wear traces in these 

areas was also very problematic. These areas quickly caught and held particles of the 
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worked material. Films of possible bone apatite were found engrained within some of the 

crevasses within the highly fractured areas.  The tip and leading lateral edge are both 

heavily blunted; it is possible that this edge damage has destroyed other, more ephemeral 

use traces as pieces of the parent material fractured off during use. This blunting is visible 

macroscopically as a smooth, rounded area near the tip of the borer. Microscopic usewear 

traces consist of heavily crushed and fractured areas near the tip, as well as areas of 

heavy abrasion, and an instance of possible underdeveloped polish (Plates 4-47 to 4-49). 

 

Plate 4-45: Flake used to bore bone for 75 working actions 

 

Plate 4-46: Flake used to bore bone for 250 working actions 
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Plate 4-47: Heavy abrasion along edge (200X Magnification) 

 

Plate 4-48: Crushing and fractured area near borer tip (200X Magnification) 
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Plate 4-49: Fractured area with area of weak polish (black arrow) (500X 

Magnification) 

4.8.5 - Grinding/Abrasion: 

4.8.5.1 - Quartz on Quartz: 

Quartz surfaces can potentially be ground or abraded by other quartz pieces, 

either through purposeful action, or potentially coming in contact after discard through 

trampling, soil movement or other actions. These ground surfaces can exhibit a very 

rough, crushed microsurface texture, which scatters available light. This texture will 

principally occur on higher areas of microtopography, such as ridges, but it can also 

occur in lower areas that are not contained between two higher areas. Areas of heavy 

abrasion are also common. These abraided areas are often capable of showing the 

direction of the abrasion path. Grinding along the pre-existing edge of a tool can create 
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microflaking, as well as fractures within the quartz, but these most likely will be 

accompanied by either areas of abrasion or crushing (Plates 4-50 to 4-52). 

 

Plate 4-50: Heavily crushed area (100X Magnification) 

 

Plate 4-51: Heavily crushed area with isolated area of abrasion (200X 

Magnification) 
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Plate 4-52: Crushed area (500X Magnification) 

4.8.6 - Peeling: 

4.8.6.1 - Sweet Potato: 

One tool was used to remove the peel from a large sweet potato. This task took 

approximately 350 working actions to complete (Plate 4-53). No discernable usewear was 

documented. This is likely due to both the selective task and the nature of the sweet 

potatoes. The sweet potatoes were obtained from a local supermarket and were used 

without any cleaning. However, they were already thoroughly cleaned for market. The 

abundance of usewear traces such as striations likely does not reflect the number or 

intensity of traces on archaeological tools. Examining usewear studies of ethnographic 

Hadza tuber processing tools, one would expect archaeological examples of tuber 

processing to exhibit a larger number of striations due to the movement of soil particles 

against the working edges of a peeling tool (Lemorini et al. 2014: 18). 
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Plate 4-54: Flake used to punch leather for 125 working actions 

 

Plate 4-55: Small area of hide polish (200X Magnification) 
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Plate 4-56: Overlapping series of microflakes located near tip (500X Magnification) 

 

Plate 4-57: Small abrasion tract located away from tip, oriented with working action 

(500X Magnification) 

4.8.7.2 - Fresh Hide: 

Two tools were used to perforate fresh hide. These tools were both hafted. One 

was used for 100 (Plates 4-58 to 4-63), the other for 300 (Plates 4-64 to 4-72), working 
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actions. Usewear traces documented on these tools consisted of edge abrasion, ridge 

abrasion, and surface abrasion, areas of fresh hide polish, limited pitting, striations, 

microscarring, and smoothing. The fresh hide polish on these tools was similar to that 

found on experimental tools used to cut fresh meat, however the polish was much more 

defined. Unlike the meat cutting polishes identified, these hide polishes were quite bright 

in lustre. Striations on the tool used for 100 working actions were extremely limited in 

number despite the fact that one large flake and several smaller ones detached from the 

surface near the working edge after only a few working actions. Interestingly, several 

areas of hide polish were documented on the same tool, which exemplifies the often 

capricious nature in which usewear traces develop. 

 

Plate 4-58: Flake used to pierce fresh elk hide for 100 working actions 
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Plate 4-59: Light abrasion and microflaking along edge (200X Magnification) 

 

Plate 4-60: Enlarged view of edge abrasion and microflaking seen in Plate 4-59 

(500X Magnification) 
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Plate 4-61: Abrasion and polish near tip (200X Magnification) 

 

Plate 4-62: Enlargement of polish located near tip seen in Plate 4-61 (500X 

Magnification) 
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Plate 4-63: Composite image showing abrasion and microflaking near tip (500X 

Magnification) 
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Plate 4-64: Flake used to pierce fresh elk hide for 300 working actions 

 

Plate 4-65: Abraded surface with weak polish (200X Magnification) 
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Plate 4-66: Enlargement of abraded surface with areas of weak polish seen in Plate 

4-65 (500X Magnification) 

 

Plate 4-67: Small, isolated area of hide polish (200X Magnification) 
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Plate 4-68: Enlarged image of hide polish shown in Plate 4-67, along with abrasion 

and microflaking (500X Magnification) 

 

Plate 4-69: Microflaking and abrasion near tip (200X Magnification) 

 

Plate 4-70: Enlarged view of microflaking and abrasion areas seen in Plate 4-69 

(500X Magnification) 
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Plate 4-71: Edge abrasion and striations across gwindel crystal faces . Gwindel 

crystals are formed when crystals grow together on a slightly rotated axis, leading to 

the growth of slightly twisted, tabular crystal faces (Hudson Institute of Mineralogy 

2000) (200X Magnification) 

 

Plate 4-72: Enlargement of abrasion and striations across gwindel crystal faces seen 

in Plate 4-71 (500X Magnification) 
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4.8.8 - Sawing: 

4.8.8.1 - Bone: 

One tool was used to saw bone for 1000 bidirectional working actions (Plate 4-

73). Usewear traces documented included the presence of small pits, areas of bone polish, 

striations and large abrasion tracts (Plates 4-74 to 4-77). The polishes observed on this 

tool were atypical of bone polishes generated working flint; they did not display the 

distinctive pitted surfaces seen in flint tools, but rather were bright and tended to be 

smooth and with a layered topography. Although the tool was cleaned in an ultrasonic 

bath, these polish areas could be formed in part by deposited residues (Plate 4-75). Areas 

of rounding and microflaking were also observed near the working edge of the tool. 

 

Plate 4-73: Experimental tool used to saw bone for 1000 working actions 
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Plate 4-74: Rounded and polished fracture surfaces (500X Magnification) 

 

 

Plate 4-75: Rounded microflake scars, striations, rounding and polish (500X 

Magnification) 



130 
 

 

Plate 4-76: Edge microflaking and abrasion (200X Magnification) 

 

Plate 4-77: Smoothed ridge top with weakly developed polish (500X Magnification) 
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Plate 4-78: Lattice-like residues in close proximity to adhering bone residues (500X 

Magnification) 

4.8.8.2 - Wood: 

Two tools were used to saw fresh balsam poplar (Populus balsamifera), the first 

for 200 working actions (Plate 4-79), and the second for 1000 working actions (Plate 4-

85). Usewear traces observed on tools used to saw fresh aspen include striations, 

microflaking, areas of wood polish, abrasion along the edges, ridges, and surfaces of the 

tool and smoothing (Plates 4-80 to 4-84, and Plates 4-86 to 4-93). Wood polish on flint 

tends to be bright and smooth, with little infilling and few striations (Keeley 1980: 35, 

61). The wood polish documented in this study is similar, although it can also exhibit an 

undulating surface texture (see Plate 4-84), as described by Keeley. One additional flake 

was used to saw dry white birch (Betula papyrifera) for 750 working actions (Plate 4-94). 

The usewear documented on this tool was similar to that found on the tool used to saw 

fresh balsam poplar for 1000 working actions (Plates 4-95 to 4-98). However, there was a 

noticeable increase in the amount of striations occurring along the working edge of the 
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1988: 55; Sussman 1988: 50). It should also be noted that Tringham et al. (1974: 191) 

have documented that seasoned woods can often cause higher levels abrasion to form on 

artifacts than fresh or green wood.  Archaeologically, woods with much higher densities 

and silica contents would potentially be available to work. In a material science study 

looking at the machinability of four tropical species found in Mozambique, Cristóvão et 

al. (2011) found that between higher densities and greater silica content, higher silica 

content led to greater levels of abrasive damage to machine tool edges. 

 

Plate 4-79: Flake used to saw balsam poplar for 200 working actions 

 

Plate 4-80: Striations near sawing edge (200X Magnification) 
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Plate 4-81: Enlargement of striations seen in Plate 4-80 (500X Magnification) 

 

Plate 4-82: Abrasion and rounding on fractured area along working edge (200X 

Magnification) 
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Plate 4-83: Microflaking and possible polish feature near edge (200X Magnification) 

 

Plate 4-84: Enlargement of wood polish feature seen in Plate 4-83 (500X 

Magnification) 
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Plate 4-85: Flake used to saw balsam poplar for 1000 working actions. After 

approximately 20 working actions the tool broke; remaining working actions were 

conducted using the upper section of the flake 

 

Plate 4-86: Edge abrasion, striations and abrasion tracts along working edge (200X 

Magnification) 
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Plate 4-87: Enlargement of traces seen in Plate 4-86 (500X Magnification) 

 

Plate 4-88: Edge abrasion, rounding and weakly developed polish (200X 

Magnification) 
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Plate 4-89: Enlargement of usewear features documented in Plate 4-88 (500X 

Magnification) 

 

Plate 4-90: Abraded edge microflakes (200X Magnification) 
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Plate 4-91: Enlargement of microscarring pattern seen in Plate 4-90. Note the small 

conchoidal microflakes (500X Magnification) 

 

Plate 4-92: Abrasion and poorly developed wood polish along ridge top (500X 

Magnification) 
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Plate 4-93: Ridge top abrasion and striations straddling raised topography (500x 

Magnification) 

 

Plate 4-94: Flake used to saw dry birch for 750 working actions 
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Plate 4-95: Microflaking and striations and rounding along sawing edge (200X 

Magnification) 

 

Plate 4-96: Enlargement of rounding and striations seen in Plate 4-95 (500X 

Magnification) 
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Plate 4-97: Abrasion and rounding near working edge (200X Magnification) 

 

Plate 4-98: Enlargement of abrasion and rounding seen in Plate 4-97, along with 

small areas of polish (500X Magnification) 
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possible that silica from the parent quartz material is recrystallizing on the tools 

documented within this study. 

 

Plate 4-99: Flake used to saw antler for 100 working actions  

 

Plate 4-100: Crushed and abraded area overlaying heavy microflaking and 

fracturing (200X Magnification) 
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Plate 4-101: Crushed area along working edge with areas of weak polish (left side of 

image) (500X Magnification) 

 

Plate 4-102: Flake used to saw antler for 500 working actions 
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Plate 4-103: Pitted antler polish indicative of sawing antler (200X Magnification) 

 

Plate 4-104: Small area of pitted antler polish with areas of less developed polish on 

fractured edge (200X Magnification) 
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Plate 4-105: Striations along working edge (500X Magnification) 

 

Plate 4-106: Possible silica flowers along with light edge abrasion (200X 

Magnification) 
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Plate 4-107: Abrasion, rounding, and weakly developed polish (500X Magnification) 

 

Plate 4-108: Striations and abrasion tracts running parallel to the working edge 

(500X Magnification) 
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Plate 4-109: Flake used to saw antler for 700 working actions 

 

Plate 4-110: Microflaking and heavily fractured edge (200X Magnification) 
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Plate 4-111: Microflaking and small striations near edge (500X Magnification) 

 

Plate 4-112: Microflaking and heavy fracturing with possible area of weakly 

developed polish (center) with possible antler residues (arrows) (500X 

Magnification) 
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Plate 4-113: Edge abrasion and rounding (500X Magnification) 

4.8.9 - Scraping: 

4.8.9.1 - Antler: 

One quartz tool was used to scrape antler for 250 unidirectional working actions 

(Plate 4-114). The usewear documented on this tool was categorized by heavy 

microflaking, repeated fracturing and cracking, very few striations, rounding, small areas 

of weakly developed polish, and a heavy amount of edge abrasion (Plates 4-115 to 4-

120). The heavy amount of edge fracturing is likely due to the angle of the working edge 

of the tool. This flake received no retouch, and the working edge initially consisted of an 

edge angle that was very acute, and not within the typical edge angle of a scraper. Edge 

stabilization was documented during the scraping experiment, with small pieces of quartz 

detaching from the main body of the tool being heard more often than being seen. 
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Plate 4-114: Flake used to scrape antler for 250 working actions 

 

Plate 4-115: Heavily microscarred and abraded area along working edge (200X 

Magnification) 
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Plate 4-116: Highly fractured edge with microflaking, rounding and heavy abrasion 

(200X Magnification) 

 

Plate 4-117: Enlargement of rounded area near heavy abrasion seen in Plate 4-116 

(500X Magnification) 
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Plate 4-118: Cracked and fractured area with edge abrasion and weakly developed 

polish (500X Magnification) 

 

Plate 4-119: Edge abrasion with several faint striations, rounding and small areas of 

weak polish (500X Magnification) 


























































































































































































































































































































































































































