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  Computerized Descriptive System for Functional Analysis of Stone Tools 

E.S. Lohse 

 

 

1. Introduction 

 This paper seeks to develop a pragmatic computerized analytical system for the study 

of stone tools at the low power magnification level of 40-15OX. Research into stone tool 

wear and appropriate analytical systems have been reviewed to develop consistent, 

explicit categories for analysis that are amenable for cost-effective analysis in a computer 

environment. Screens have been developed in Visual DBASE for Windows that reflect 

recent advances in stone tool use-wear study, aid analysts in their examinations, and serve 

to develop a standardized data base that can be used for research, report writing, and 

information transmission. Digitization of images for inclusion in standard data bases is 

stressed as a singular advance in facilitating information transfer. 

 Our analytical system is in a constant state of development, and this paper should not be 

seen as the end-word on the subject of use-wear. We have incorporated recent work, but 

have not made significant strides to date on examining the relative significance of 

attributes or correlations of attributes in the identification of stone tool kinematics, residue 

identification, or work-material assessments. These are all goals for the future. What we 

have done is to develop a computerized system that is relatively easy to teach, efficient to 

use, and cost-effective in generating descriptions of study collections appropriate for 

analysis, report writing, and general data base construction. 

. 

2. Which View to Take 

 Many archaeologists persist in assigning "functional" names to prehistoric stone tools 

based on implicit analogy to known usesof similarily shaped tools (e.g., a scraper is a 

scraper). Hayden and Kamminga (1979:3) have termed this the "speculative functional 

approach." Research over the last half-century, involving replication and experimentation, 

has demonstrated the value of examining specimens for characteristics of use-wear. 

Invariably, tools have been found to be multi-functional, exhibiting a wide range of uses  
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commensurate with characteristically broad design parameters (e.g., tool names reflect 

functional designs). Researchers have demonstrated that diagnostic use-wear can be 

identified macroscopically (Bordes 1950b; Witthoft 1955; Brujin 1958-59; Sonnenfeld 

1962), but most studies herald the value of microscopic analyses focusing on definition of 

chipping pattern (Tringham et al. 1974; Odell 1975), striation pattern (Semenov 1976), 

polishes (Keeley 1976, 1977; Keeley and Newcomer 1977), and residues (Anderson 

1980; Anderson-Gerfaud 1981). 

 Microwear researchers have demonstrated the value of systematic use-wear ex-

perimentation (Keeley 1974; Odell 1975, 1976). Coupled with this systematic, exploratory 

methodology, has been recognition of the need for systematic and detailed microscopic 

analysis of wear patterns, emphasizing microchipping, rounding, striations, polishes, and 

nonorganic residues. Tringham et al. (1974:185) viewed experimentalflint edges under a 

40-60X stereoscopic microscope. They concluded that characterisation of edge 

attrition yielded information on prehistoric use motion and the relative degree of hardness 

of the material worked. Odell (1976, 1977, 1979, 1980,1981,1982; Odell and 

Odell-Vereecken 1980) has been an influential advocate of low power microscopic 

inspection of microchipping. Keeley (1977, 1978, 1980; Keeley and Newcomer 1977) 

used incident light binocular microscopes to view micropolishes and striations at 

magnifications of 200-400X. This high power magnification distinguished between worked 

materials based on reflectivity, surface texture, topographical features, and the distribution 

of polish on flint working edges and surfaces. Numerous other high power use-wear 

studies have reached essential agreement on results and inferences (Anderson-Gerfaud 

1981; Beyries 1982; Gysels and Cahen 1982; Mansur-Franchomme 1983a,b; Moss 1978; 

Plisson 1979, 1982; Cahen 1982; Cauvin 1983). Micropolishes are seen to be indicative of 

the category of material worked, and must always be included in analyses of micro- 

chipping. However, as noted by Vaughan (1985), this increased precision comes at 

considerable expense generated by the need for costlier equipment and greater time in 

analysis. Jensen (1994) and Hurcombe (1992) are excellent examples of contemporary 

systems developed for use-wear study of stone tools. 
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 Researchers balance the technically possible against practical restraints of time, 

money, and assistants' training levels. Analysis will inevitably be progressive, moving 

through stages of examination from gross to fine or low to high power magnification, and 

any reasonable analytical system must be checked at different stages dependent upon the 

limits of these resources. Many researchers will continue to emphasize macroscopic and 

low power studies, while others with more resources will emphasize high power 

microscopic examinations. Anderson-Gerfaud's (1981) analysis of polishes with a 

scanning electron microscope at up to 10,000X magnification, for example, identified 

structured nonorganic residues from within micropolishes on stone tool edges used to work 

plant and animal materials (Anderson 1980; Anderson-Gerfaud 1981, 1982; Mansur 1982; 

Mansur-Franchomme 1983a,b). This work demonstrated that plant and animal residues 

retain cell membrane structure and shape under a layer of amorphous silica gel that forms 

on the stone tool edge as silica dissolved on the tool surface during work. Previous use of 

scanning electron microscopes had failed to find any surface features on stone tools not 

already identified under light microscopes (cf. Brothwell 1969; Dauvois 1976; Hayden 1979; 

Hayden and Kamminga 1973; Kamminga 1977; Keeley 1977; Pant 1979a,b; Shiner and 

Porter 1974). 

 Properties of Stones 

 A practical concern in any stone tool use-wear analysis rests in discriminating between 

attrition characteristics of different stones. For example, research on formation of use-wear 

on cryptocrystalline silicates seems directly related to the grain-size or texture of the rock 

(Kamminga 1977:206; Semenov 1976:11; Sonnenfeld 1962:61). Vaughan (1985) reported 

on the results of similar analyses aimed at three different types of limestone flint 

distinguished on the basis of grain size, and called for similar tests on quartzites, volcanic 

rocks, and obsidian (cf. Odell 1976; Beyries 1982; Plisson 1982; Vaughan 1981:186-214). 

Hurcombe (1992) and Jensen (1994) have made more recent calls for continued work in 

characterizing the manufacture and wear characteristics of a range of stones. 

 Properties of Materials Worked 

 Another primary variable in inference from attributes of use-wear is the type of material 

manipulated. These "contact materials" can include stone, bone, antler, wood, reeds, plants, 

meat, animal carcasses, hides, variable grits, and all manner of soils. Vaughan (1985:9) 
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and Keeley (1980) caution that any usable use-wear comparative collection will have to 

include a broad range of these potential materials, worked in variable documented 

experiments with a range of tool types in specific stones. 

 Tool Use Motion 

 Yet another significant variable is tool use motion or kinematic pattern. Three variables 

are central: tool design in specific stones, tool design relative to use in specific materials, 

and the manner of tool manipulation relative to design and material manipulated. 

Hurcombe (1992:33) characterizes use-action as force and direction, and admonishes 

that most experimental programs will strive to simplify the range of potential use-actions 

by selecting for simple or direct actions (e.g., sawing, slicing, piercing in specific 

materials). Relatedly, the effect of specific use-actions will be dramatically affected by 

duration of the actions and user selection for resharpening of dulled edges rather than 

opting for simple replacement of the tool. 

 Viewing Magnification 

 Viewing magnification is still a much debated topic. The two extremes are low and 

high magnification. In a properly staged analysis, analysts will begin at the macroscopic or 

visual examination level, then move to microscopic examination of edge and surface 

attrition of selected specimens. Levels in this examination protocol will be defined by 

contingent variables: research questions, available equipment and research scale. 

As indicated, a properly stage analysis will move through visual examination to low-power 

and then to high-power microscopic examination. This paper will focus solely on the 

middle-range or what is usually described as low-power examination (40-1 SOX 

magnification) using a Nikon stereoscopic binocular microscope with fiber optic light 

source. Student analysts routinely perform most characterization of stone assemblages as 

visual inspection (Lohse 1994). This initial inspection allows selection of specimens for 

more detailed study under the system described here. We are currently developing a 

higher power examination system utilizing a Nikon Labophot-pol metallographic 

microscope. This level of examination will aid in characterization of polishes and residues. 

A complete listing of equipment and software used at this level of analysis is presented at 

the end of this paper. 

 



5 
 

3. Principle Attributes of Microwear at Low Power Examination 

 Researchers have identified classes of microwear that need to be defined and 

described in any functional analysis of stone tools: microchipping, striations, rounding and 

smoothing, micropolishes and residues. These attributes can be viewed at different low 

and high magnification levels, and so, can be discussed in a general context as developed 

here. The reader and potential analyst should keep in mind, however, that these 

processes of attrition or residue accumulation on stone tools will generate different 

attributes or characteristics dependent on levels of magnification, microscope types, and 

light sources. References cited are not meant to be comprehensive, since the literature on 

use-wear is vast, but are intended to represent seminal studies or particularly relevant 

contemporary studies. Also, please keep in mind that this overview includes attributes like 

definition of micropolish pattern which may only be accurately identified under higher 

power magnification. They are part of this exercise, 

however, because they begin to be visible from 100X magnification on. 

 3.1. Microchipping 

 Microchipping refers to scars created along the impact edge of a stone tool. Re-

searchers have labelled similar attrition patterns "microflaking" (Tringham et al. 

1974:171), "edge scarring" (Odell 1975:229), "utilization damage" (Keeley and Newcomer 

1977:35), and "edge damage" (Keeley 1980:24). Odell and Odell-Vereecken (1980:90) 

view this damage at magnifications as low as 10-40X, and Vaughan (1986:13) argues that 

optimal viewing may be as low as 100X magnification under a stereoscopic microscope. 

Which attributes of microchipping to highlight as most indicative of function or material 

worked has been a matter of considerable debate: scar outline (Odell 1975:232) or scar 

cross-section at the proximal end and at termination (Cotterell and Kamminga 1979; 

Lawrence 1979; Hayden 1979:133-135). Significant variables that affect microchipping 

characteristics include: edge angle (Hayden and Kamminga 1973a:7; Keeley 

1980:59-60; Tringham etal. 1974:180), contact angle, pressure applied, deliberate retouch 

(Keeley 1980:27-28; Keeley and Newcomer 1977:35; Odell 1977:148-151; Tringham etal. 

1974:181), and effects of natural and artifical damage (Moss 1983b; Vaughan 

1981:67-71; Flenniken and Haggarty 1979). 
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 Researchers tend to agree that microscarring must be characterised as to proximal and 

dorsal cross-sections, predominant surface of the edge involved, relative size, distribution 

of scars along the edge, and degree of edge row microscarring (cf. Vaughan 1985). 

Microscar types will include large deep scalar scars, small shallow scars, and large 

stepped scars. It is assumed that the distribution of microflake scars on the two surfaces of 

the flake, and along the flake's edge, will be directly related to amount, regularity and 

direction of applied pressure that varies with each patterned human action (Tringham et al. 

1974:187-188). Transverse actions, for instance, produce unifacial attrition attributable to 

scraping, planing, and whittling, while longitudinal actions produce bifacial attrition 

indicative of sawing and cutting (Tringham et al. 1974:188; Odell and Odell-Vereecken 

1980:98). It is also axiomatic that any changes in the angle of the edge relative to the 

material being worked will result in disproportionate scarring on one surface of an edge. 

Scars along a used edge represent motion: longitudinal actions produce discontinuous 

scarring, and transverse actions produce continuous scarring. Of course, inferences 

concerning wear attributed to specific materials and patterned behaviors are probability 

statements. 

 The nature of the material worked can be indicated by the morphological characteristics 

of the microflake scars. Variation in hardness, friction and resistance of different materials is 

correlated with variation in size, shape and sharpness of the edge of the microflake scars 

(Tringham et al. 1974:188). 

 Hardness classifications (Odell 1980; Odell and Odell-Vereecken 1980:101) are 

idealized breaks on an extended continuum from very hard to very soft working media (cf. 

Vaughan 1985). Many materials have established correlates for edge and surface attrition. 

Researchers have found that consistently oriented stroke repetition in tool applications in 

one material is a requirement for ensuring accurate results (e.g., 1000 strokes 

recommended by Vaughan 1985). It is only through careful examination of correlations 

between individual variables that the analyst can reasonably expect to isolate distinctive 

patterns indicative of discretely repetitive human behavior. 

 There are a number of demonstrated reasons for scarring variability. A primary 

variable is the working edge angle of the tool. Thicker working edges will resist scarring to 

a greater degree than acute edge angles. It is entirely probable that the analyst will 
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recognize microwear polishes on all working edges regardless of lack of microchipping. 

Analysts will also find it impossible to consistently discriminate between microchipping 

and edge retouch in the absence of overlapping attributes of attrition. 

 3.2. Striations 

 Striations are linear scratches held to indicate direction of tool use. Deep striations 

have been classified based on morphology, particularly the width and definition of the sides 

of the groove (Dauvois 1977:283; Fedje 1979; Kamminga 1979:148; Keeley 1980:23; 

Pant 1979a,b). Mansur (1982), using a scanning electron microscope, classified 

Striations relative to morphology, width, depth, and quantity. It appears that Striations, 

while invaluable for analysis of kinematics (cf. Semenov 1976), are fortuitous occurrences, 

and dependent upon inclusion of foreign particles embedded in the worked material 

(Mansur-Franchomme 1983; Odell 1975:229; Semenov 1976:15; Keeley 1980; 

Anderson-Gerfaud 1981). 

 Striations are an important attrition diagnostic, but formation of Striations on the object 

under study is highly dependent on the surface character and relative hardness of the 

material (cf. Fedje 1979). Deep Striations are those that have depth in the form of a groove, 

often visible in macro examination. Superficial Striations consist of spots of smooth-type 

grit polish linearly arranged over the surface, but not sunk into the surface to any degree. 

Striations certainly can serve as directional indicators, indicating tool use motion relative 

to tool edge orientation to the work surface, the angle of tool edge application, the force 

applied, relative material hardness, and ductile aspect. 

 Analysts must note that Striations are a superficial attrition pattern and tend to be 

comparatively rare though a highly distinctive diagnostic attribute. This statement is highly 

dependent upon stone used, material worked, use-action, and duration. For instance, 

obsidian is a highly brittle, scratchable stone, and exhibits high damage in softer materials 

in short duration of use (see Wilson article, this volume). Striations can include 

non-contact surface evidence, wherein high or obtuse edge angles create incidences of 

Striations on the surface of the object away from the tool proper. Heavily used edges and 

surfaces will show no Striations at all because of the intense attrition of working surfaces in 

a consistently patterned tool motion in hard media. 

 There also are a wide range of non-use Striations that occur because of the routine 
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attrition of stone surfaces through introduction of grit or soil (these produce stria-tions as 

well as rounding and sheen). Grit or soil produces attrition with subsurface movement of 

these stone objects through various modes of displacement, including subsoil pressure 

and compaction, water percolation, trampling, screening, and scrubbing. These biases 

must be addressed throughout the analytical procedures (cf. Bordes 1967). 

 3.3. Rounding and Smoothing 

 Rounding and smoothing of edges, ridges, and adjacent surfaces is a commonly 

observed attribute of stone tool use. It will occur on stone tool edges and surfaces relative 

to the hardness and character of the material worked, presence or absence of grit, and the 

use motion (Brink 1978a; Keeley 1980; Mansur-Franchomme 1983b; Shackley 1974). 

Variables inducing rounding are thought to be simple abrasion (Davuois 1976; Diamond 

1979), accumulation of silica through frictional fusion (Witthoft 1 955, 1 967), and dissolution 

and reformation of the surface silica of the working edge (Anderson 1980a; 

Anderson-Gerfaud 1981; Mansur-Franchomme 1983). Rounding is an attrition attribute 

often induced from a transverse tool action, which will result in asymmetrical patterns. If 

rounding results from longitudinal action, the wear or attrition will tend to be present as a 

symmetrical pattern, perhaps on both surfaces of the tool edge. In general, rounding is 

directly related to the intensity of use of the tool edge, except when intentional edge 

modification intervenes and intensive microchipping removes portions of the rounded 

working edge. Other variables affecting rounding will include contact factors like the 

relative hardness and texture of the material worked and the relative hardness and surface 

texture of the stone tool being used (cf. Abler 1971). 

 3.4. Micropolishes 

 Micropolishes were characterized by Keeley (1980) in his pioneering study. Prior to his 

work, research routinely noted micropolish as indicative of tool use, but no one had related 

polish attributes to the types of materials being worked. Keeley stressed the need for 

viewing polishes at a minimum of 200X magnification for characterisation, although initial 

scanning for polishes is successful at 100X magnification. This requirement forces 

researchers to move to use of compound or binocular microscopes with incident lighting on 

the surface of the tool. Keeley (1980:10-11) recommends cleaning tool surfaces with HCL 

acid and an NaOH base to facilitate viewing of polishes. 
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 Polishes are thought to arise from abrasion (Crabtree 1974; Dauvois 1977; Diamond 

1979; Kamminga 1979; Masson et al. 1981; Meeks et al. 1982), wherein the surface is 

worn down due to action of grits such as dust, sand and microchips; fric-tional-fusion 

(Witthoft 1955:23; 1967), wherein silica on the tool surface is melted or fused by the 

frictional heat generated in the contact area; or the action of amorphous silica gel 

(Anderson-Gerfaud 1981, 1982; Mansur-Franchomme 1983; Unger-Hamilton 1984) 

resulting from localised dissolution of silica on the tool surface. Anderson (1980a:184) 

lists variables responsible for the formation of this silica gel: friction-induced heat, 

abrasion by intrusive particles, structure and hardness of the tool material, water, extreme 

pH conditions, plant acids, colloidal silica, solid amorphous silica found in plants, and 

nonsiliceous crystal substances like calcium oxalate. 

 Micropolishes consist of sheen on fresh breaks relative to stone grain characteristics 

(coarse, medium, fine). Heat treatment measured as presence or absence, and degree or 

intensity of that treatment, can affect any relative measure of micropolish (Flenniken and 

Garrison 1975; Olausson and Larsson 1982; Purdy 1974). Variables of micropolish 

indicative of intentional use include strong reflectivity (280X examination is recommended 

by Vaughan 1985:27), smooth surface texture, high volume, impacted surface features, 

high degree of linkage, and extension of polish into the interior away from the working 

edges. Analysts must remain cognizant that the best conservative operating mode must 

emphasize the linkage or correlation of multiple variables. 

 

4. Stages of Polish Development 

 Polish shows a generalized, embedded developmental trajectory ranging from weak to 

strong: generic weak, smooth-pitted and mature (Vaughan 1985:28). It is important to 

note that "high-power" researchers like Jensen (1994:12-13) acknowledge a continuum of 

viewing for the recognition of polish and polish development stages. Micropolishes are 

best seen at high magnification but there is actually a variable scale of observation from 

inspection by eye to optical microscopic examination to scanning electron microscopic 

examination. The development of polish is clearly linked to edge scarring and rounding 

and the formation of striations. The viewing landscape encapsules attributes of low-power 
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examination (edge scarring and rounding), which are usually investigated with stereo 

microscopy at magnifications below 100X, and attributes of low and high power exami-

nation like striations, and attributes of higher power examination like micropolish. 

Micropolish is held to be the most distinctive attribute for identification of materials 

worked, while edge scarring and rounding is generally held to only grossly characterize 

relative hardness of the material worked and is clearly conflated with issues of 

manufacture wear and retouch. 

 Jensen (1994:13) notes that micropolishes should be defined as change in surface 

topography and reflectivity, which can be viewed under an optical microscope at 

magnifications between 100-400X. In terms of formation on cryptocrystalline stones, 

polish formation apparently begins on the tool edge after a few minutes of work. The 

process gradually encompasses more and more of the topography, first enveloping higher 

elevations and then moving into lower zones as a sort of polish blanket. Formation of course, 

depends upon length and intensity of the work, character of the contact substance, and tool 

use-motion. Polish is described as maturing, moving from less diagnostic to more 

diagnostic attributes. As summarized by Hurcombe (1992:26), polishes on obsidian are 

somewhat iffy to recognize and define. Vaughan's (1981) work on obsidian from Melos 

showed that this stone takes on distinctive wear traces, but that these do not take on the 

brightness of polishes in flint. "Sickle gloss" was comparable but other materials left less 

distinctive "polishes." Hurcombe argues that polish is a reasonable attribute to record on 

obsidian but that its formation and distribution depend upon the structural properties of this 

stone. For instance, obsidian's surface is not smooth, but consists of silicate crystals that 

allow surface contrasts to define polish or smoothed areas as contrasted to brighter 

unmodified surfaces. Polish appears on obsidian, but recognition is more subtle than in the 

rougher cryptocrystalline stones. 

 4.1. Generic Weak Polish 

 Generic weak polish is dull and flat with stucco-rough or terraced surface texture. This 

will occur with limited contact on fine-grained material. Vaughan (1985:28) found that 

generic weak polish formed on fine-grained stone tools with the following stroke 

intensities: bone-cutting, 10 strokes; wood-cutting, 50 strokes; cattail-cutting, 100 

strokes. Dull polish results that is somewhat brighter than the natural reflective background 
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of the stone, but is less reflective than a well-developed or mature polish. The surface 

texture will be lightly terraced, may contain some pit depressions, and appears rougher 

than well developed polishes. In general, the finer the grain of the stone tool, the greater 

the polish intensity and the extent or distribution of the polish area. Other experimenters 

have produced comparable results (Keeley 1978a; Anderson-Gerfaud 1981:37; Gysels 

and Cahen 1982:223; Mansur-Franchomme 1983:94-95). Postulates important in 

interpreting micropolish attributes include: (1) excessive or systematic microchipping will 

eliminate polishes by exposing fresh surfaces; (2) gross differences in macrotopography 

and microtopography cause differential development of polish (> surface protrusion = > 

degree of polish); (3) intramaterial variability in texture will result in differential development 

of polish. 

 4.2. Smooth-pitted Polish 

 Smooth-pitted polish is caused by micropits and pit depressions in the surfaces of 

linkages between polish components, and by incomplete joining up of polish components 

that will leave dark interstitial spaces. The individual small polish components will have 

more or less smooth surfaces, and will form on the higher points of the microtopography of 

the generic weak polish in the contact area. Analysts will see incomplete linkage of 

components, and numerous dark interstitial spaces between polish components. Areas of 

linkage will show micropitting and strong pit depressions which impart a rough surface 

aspect. 

 4.3. Mature Polish 

 Mature polishes become more characteristic of use pattern and the materials worked. 

The classification of stages of polish development then reflects a progression in the 

development of the area of polish formation (broadly distributed polish should be most 

prevalent in working softer materials such as plants because of slower rates of polish 

formation). 

 

5. Classification of Polish Types 

 Classification will depend on recognition of the working media attributes and definition 

of 1st Stage (generic weak) and 2nd-stage (smooth-pitted) polishes. Keeley (1977) 

classified polish by material based on attributes drawn from application of specific stone 
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tools in known media. Vaughan (1985:29-30) classified polishes by analysis of specified 

attributes to define independent types, and then assigned categories of contact 

substances based on defined correlates between patterned tool use and specified 

material classes. The analyst must recognize that there is no absolute correlation 

between contact substance and micropolish (cf. Kajiwara and Akoshima 1981; Seizawa 

et al. 1982). Particularly difficult is any exercise aimed at effectively quantifying these 

relationships (e.g., Dumont 1982; Grace et al. n.d.). The polish types presented below are 

drawn principally from Vaughan (1985), supported by recent research (cf. Hurcombe 

1992; Jensen 1994). 

 The reader should remember that polish types presented here only begin to be 

recognizable and definable as discrete patterns at low power magnification of 40-180X. It 

is important for the analyst, however, to keep higher power magnification patterns in mind 

when scanning and describing evidence at this lower power stage of examination. 

 5.1. Bone Polish 

 Working fresh or soaked bone produces a bright polish whose surface texture is best 

revealed when the bone residue is removed with hydrochloric acid. Sawing actions will 

produce bright, smooth pitted lattices of polish, often scored with grooves and troughs. 

Transverse and grooving actions will create bright, flat polish bevels or bands with 

numerous comet tails in the polish surface. These diagnostic patterns will be produced 

best in green or fresh bone. The older and harder the 

bone, the more attrition to the working edges and surfaces of the stone tool. 

 Diagnostic bone polish typically presents a pitted appearance, most particularly as the 

result of longitudinal action of the tool. The polish components that form on the 

microtopography of the surface of the tool do not link up to any great degree, and will form 

lattices riddled with micropits, pit depressions, and interstitial spaces. Resultant polish 

usually will not cover an extensive surface area because of the hardness of bone and the 

difficulty that a stone tool has in penetration. The noncontact surface of a bone-scraping 

edge typically limits the development of polish, and polish that occurs takes the form of 

small localized areas within the vicinity of the working edge. Of course, the angle of the tool 

edge applied to the bone surface will cause significant alteration in attrition pattern. 

Longitudinally used edges will show numerous troughs and grooves running through the 
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larger components indicative of the relative direction of tool motion. 

 Polish resulting from prolonged sawing will form on the higher portions of the 

microtopography, atop points, edge crests and the ridges of flake scars. Intensive sawing 

will remove high points, resulting in bright polish on a flat surface. The polish surface may 

be undulating if affected by stone microchips or other sources of grit. This polish pattern is 

similar to that observed on stone working edges used on plants. Distinguishing 

characteristics are the lack of developed polish and pronounced rounding on cutting edges 

typical of plant wear, and the arrangement of bone polish as bands parallel to the sawing 

edges rather than the tangential and asymmetrical distribution of plant polishes. 

The contact surfaces of transversely used edges and ventral and dorsal surfaces of 

trihedral edges used to incise bone show the most intensive and sustained attrition. 

These wear areas will show heavy, linked zones of polish. The contact surfaces on 

scraping edges become bevelled on the edge margin and present bright, wide, flat, solid 

polish bevels. Vaughan (1985:31) found that these bevels contained "comet-tails" or 

directional indicators, with unabraded grains forming the heads and intermediate bevels 

giving the tails a ridged aspect (cf. Witthoft 1967:384). 

 Polish resulting from sawing actions will be bright, and smooth-pitted, possibly with 

small areas of diffuse depression near the working edge. Transverse and grooving 

motions will produce bright, localized linkages, diffuse depressions in the polish surface, 

and undulating smooth rounded bevels with directional troughs. The anisotropic structure 

of antler (varied relief or topographic micro-structures) will cause the stone tool to incur 

differential attrition. Antler in its dry state is terribly hard to work with stone tools and will 

cause massive attrition of working edges. 

 A basic smooth-pitted stage of polish formation is indicative of sawing soaked antler. 

Antler and bone sawing will be difficult to distinguish one from the other. Small patches of 

very linked polish with diffuse depressions on immediate edge areas indicate use on 

antler. Prolonged sawing of antler will produce the same types of intensive polishes noted 

for bone. 

 Tool use in antler or bone will be difficult to define for transverse actions and grooving 

motions (cf. Keeley 1980:56). Raised polish domes with varying linkage are indicative of 

work in antler. Work in antler will produce developed bands of polish or linked rows of 



14 
 

polish domes following the contour of the edge instead of a true bevel at the contact edge. 

Well developed smooth antler polish will be quite distinctive for transverse and grooving 

actions. Localized, highly linked polish areas with smooth surfaces will bear diffuse 

depressions lending an undulating appearance (Keeley 1980:56) (continuous linkage 

between separate polish domes and polish extended over interstitial spaces). Smooth type 

antler polish usually occurs in localized distributions on the noncontact surface of the 

working edges, dependent on angle of contact of the working edge to the antler surface 

during scraping, planing or grooving actions. Undulating localized highly linked polish 

areas are characteristic of the bevel produced on the contact edges formed by scraping 

and planing soaked antler. The antler polish bevel is curved or rounded in cross-section 

unlike the truncated or flat surface of the bone polish bevel. Perpendicular troughs may 

run through the smooth antler polish bevel. Use of stone tools on dry antler will produce 

fragmented stretches of rough polish scored with perpendicular troughs and grooves. 

 5.2. Wood and Plant Fiber Polish 

 In general, softwoods like pine will leave more polish than hardwoods given the same 

working time or number of strokes, but the characteristics of these polishes under optical 

microscopy are the same (Vaughan 1985:33; Hayden and Kamminga 1973:4; Kamminga 

1979:207). Wood polishes have been characterized by Anderson-Gerfaud (1981:47-49) 

and Keeley (1980:207). Sawing actions will produce bright, smooth pitted polish. 

Transverse and grooving actions will produce very bright, smooth polish domes with 

varying linkages and vague interdome depressions that may indicate direction of use. In 

material comparisons, wood polish will tend to show broader tool surface coverage than 

bone or antler but less than plants. Polish formation is also accelerated by work in fresh 

wood rather than in seasoned wood. 

 Wood polish development must be recognized as a continuum, ranging from diffuse 

development of weak polish domes on the higher points of tool topography to a 

pronounced polish blanket that covers an undulating to relatively flat surface or edge. As 

polish domes link up, pit depressions and interstitial spaces will disappear. With extended 

contact the wood polish surfaces become smooth. These patterns will be widespread and 

distributed continuously along edges and surfaces, unlike the localized patterns produced 

by antler and bone polish. Vaughan (1985:33) found that vague directional indicators were 
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formed as "valleys" between individual wood polish domes relative to the general 

orientation of polish formation indicated by a solid band of polish on the crest of the 

working edge. This characteristic will be produced by scraping, planing, whittling, and 

grooving actions. True bevels will not be found on edges used to work wood because of 

the relative softness of the material. The observed polish band consists of a linked series 

of polish domes interspersed with perpendicular interdome "valleys." The polish band 

undulates as it follows the sinuous contours of the tool edge. Boring motions will leave 

varying polish development on the lateral edges and dorsal ridges of the tool. Chopping 

motions will produce more limited areas of polish and far less interdome linkage than that 

developed by any of the transverse motions. 

 Reeds, by virtue of their solid fibrous nature and silica content, produce characteristics 

similar to wood and antler polishes (Vaughan 1985:34). Sawing motions in reeds will 

produce a bright, smooth-pitted polish or in fully developed form a linked pattern of highly 

reflective polish domes. Transverse motions produce polish bands on contact edges like 

those formed by working wood and antler or flat, smooth, highly reflective polish bevels on 

the contact edges. 

 Vaughan's (1985:34) experiments cutting and planing reeds (Phragmites 

communis and Pseduosasa japonica) documented a distinct developmental continuum. He 

found that the major source of confusion in identifying reed polishes was in distinctions 

made regarding noncontact surfaces of tools used on antler. Both work in reeds and 

antler produced gently undulating polish cover with diffuse depressions. Reed polish did 

tend in developed form to be more extensive on the noncontact surface and normally 

exhibited a typically terraced or bumpy surface texture. Analysts may opt to refer to "reed 

or antler wear" in some cases. 

 Vaughan (1985:35) found that polish formation resulting from work in four genera of 

plants showed the same general continuum of development. There were differences in the 

rate of this polish formation, with the pattern forming far more quickly and extensively in the 

cutting of grasses. Plant polish on stone edges and surfaces is seen to be relatively slow 

forming compared to micropolishes produced by work in other materials. Variables in 

polish formation include use duration and distance from the working edge of the tool. 

Vaughan (1985:36) sees a clear developmental sequence from a base of generic weak 
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polish to bright smooth-pitted polish composed of very small and smooth individual polish 

components to linked polish distributions with varying micropits, pit depressions and 

interstitial spaces. The polish topography gradually emerges as a definitely raised surface 

of separable polish components separated by sunken interstitial spaces. In the most 

mature state of polish development, nearest the tool edge, plant polish becomes a highly 

reflective, solid, level expanse in which individual components are no longer 

distinguishable. At the most developed stage plant polish produced so-called "sickle 

gloss" (Witthoft 1967; Keeley 1980:60-61). Tool use direction will be marked by striations 

within the gloss and by the diagnostic comet-shaped pits. At any developmental stage, the 

plant polish is widespread over the stone edge as compared to that left by work in 

medium-hard materials. Plant polishes are readily distinguishable, with bright to 

extremely bright, pockmarked tool edges and surfaces, will form completely linked solid 

level masses, become elevated, and have widespread surfaces marked by use striations 

and comet tails. 

 5.3. Hide and Meat Polish 

 Vaughan (1985:37) found no difference in polish attributes when working in hides of 

different animals. This confirms the results of Keeley (1980:49-50) and Anderson-Gerfaud 

(1981:55). The general developmental sequence passes from generic weak polish to 

smooth-pitted polish to a rugose appearance with an extremely pitted polish surface. Dry 

hide polish develops along the immediate working edge in a widespread pattern because of 

the supple nature of the material. Polish typically affects the noncontact and contact 

surface, dependent upon the angle of tool contact and relative suppleness of the hide. The 

primary diagnostic attribute is the pronounced rounding of the tool working edge, microscar 

arrises and associated surface landmarks. The polish appears dull and highly pitted. 

Heavy grit produces intensification of this general polish pattern, and is documented in the 

presence of perpendicular and diagonal grooves and microcraters. The primary variable 

affecting this pattern development is the presence of heavy grease or lard, which slows 

the formation of polish and imparts a smooth-pitted aspect rather than highly pitted polish. 

The most similar natural polish to dry hide polish is that produced by ground and water 

turbation or rolling of stone artifacts. Soil sheen or grit polishing produces a dull, pitted polish 

accompanied by heavy edge and arrise rounding. The best distinguishing characteristic is 



17 
 

that soil sheen and water rounding will affect all edges, arrises and surfaces and 

associated striation patterns will appear randomly oriented. 

 Skinning, fleshing and dehairing tasks produce a distinctive polish formation. This 

polish is slow forming and dull in aspect, and does not produce highly distinctive contrasts 

between tool edges and general surfaces (Keeley 1980:53; Anderson-Gerfaud 1981:54; 

Vaughan 1985:38). This pattern is best characterized as a generic weak polish formation, 

characteristically distributed in unconnected areal distributions in the immediate tool edge 

area. Moss (1983:147, 158) notes that the polish band occurs farther from the edge when 

cutting meat and is confined to the crest of the working edge when working green hide. 

Slicing and shaving actions indicative of fleshing produces wear traces distributed on both 

tool surfaces. In general, this activity is difficult to distinguish because of dull generic weak 

polish formation. The production of a polish band can be distinctive. Soil and water action 

will quickly obscure this ephemeral evidence. 

 Butchering inevitably involves a combination of bone-meat-hide contacts. Vaughan 

(1985:38) found that butchering actions produced a smooth thin polish band on the crest 

of the working edge, generic weak polish within areas adjacent to the edge, small patches 

of smooth-pitted polish with parallel troughs, and bone residues packed into crevices along 

working edges. Polish areas from butchering are not extensive because microchipping 

incurred in repeated contact with bone removes polish formed on working edges. There 

will be difficulties in distinguishing butchering polish from soil sheen. 

 

6. Introduction of Polish 

 6.1. Grit 

 Grit is a primary variable in the formation of distinctive polish. Grit particles scratch out 

other polish evidence and continued work in grit will produce evidence only of its 

introduction. The characteristic grit polish is heavy pitted and shows extreme rounding of 

edges, arrises and surface landmarks (cf. Brink 1978a, 1978b; Mansur-Franchomme 1983; 

Vaughan 1985:38). Grit will leave deep and superficial striations on the stone surface and 

grooves or troughs on developed polish surfaces. Grit will also change the character of 

other polish formations by roughening these through pitting and flattening. The presence 

of microcraters is the best diagnostic for heavy grit. These will vary in size and symmetry 
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with well-defined sides and shiny bottom surfaces. Vaughan (1985:39) found that these 

craters will contain silica grains. Heavy grit will also produce pronounced edge rounding and 

heavy rough attrition of associated arrises. Ragged polish areas will be interrupted by 

interstitial spaces. 

 6.2. Finger Prehension 

 Finger prehension was reported by Vaughan (1985:39) as leaving meager evidence in 

the form of rounding, dull rough polish and parallel or diagonal striations. Grit adhering to 

the fingers greatly increases the possibility of recognizing grip areas. 

 6.3. Hafting Wear 

 Hafting wear has been characterized by Odell (1981; Odell and Odell-Vereecken 

1980) and Moss and Newcomer (1982). Odell viewed stone tools at low magnification and 

reported that hafting wear consisted of localized rounding and discontinuous polish on 

lateral edges and dorsal ridges associated with striations and microchipping. Moss and 

Newcomer (1982:292) point out that the major variable in this polish formation is the nature 

of the haft. Hafting in pitch or beeswax or sinew frequently left few, ephemeral traces. Wear 

patterns were enhanced in hafting designs that allowed movement of the tool in the haft, 

and diminished in fixed designs that grasped the tool tightly. Keeley (Cahen et al. 1979:681) 

has concluded that there is no simple discrete wear pattern identified as "haft wear" (cf. 

Keeley 1982; Odell 1994). Traces identified as such constitute wear patterns that can be 

attributed to hafting based on location and aspect. For instance, Anderson-Gerfaud 

(1981:41) asserted that microwear on Mousterian tools might be hafting wear simply 

because these areas are localized on parts of the tool objects other than obviously utilized 

sections and the attributes do not correlate with those indicative of natural wear or 

distinctive intentional cultural patterning. 

 Andersen-Gerfaud (1981) suggests attributes indicative of hafting wear: (1 )Traces of 

linear abrasion accompanied by characteristic plant polish and rounding of localized parts 

of the lateral tool edges, dorsal scars and dorsal ridges held indicative of vegetal bindings; 

(2) Polish areas that are brighter or fresher than other worn areas and perhaps indicative 

of hafting elements that slowly deteriorated in the ground; (3) Highly localized spots of 

wood polish at locations on the tool object form consistent with the location of the hafting 

element (Plisson 1982b:285); (4) Smoothing of the bulb of percussion or striking platform 
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of the tool object attributable to a hafting element (cf. Juel Jensen 1982:325); (5) Traces of 

abrasion and parallel striations on the lateral edges of a tool object or on its proximal end 

not associated with other use-wear; (6) Wear occurring on manufactured hafting elements 

on the tool object design, e.g. thinning retouch on the proximal end or symmetrical notches 

on both lateral edges (cf. Keeley 1982); (7) Torsion breaks within the proximal zone of the 

tool object or within the obvious hafting element of the tool object design (Keeley 

1978:77-78). 

 

7. Organic residues 

 Organic residues like vegetal fibers and amino acids will be found on stone tool 

surfaces subject to conditions of preservation, and can be subjected to routine chemical or 

physical examination for identification (Briuer 1976; Broderick 1979; Shafer and Holloway 

1979). Nonorganic residues will be present on stone tool surfaces where preservation 

conditions have failed to provide organic residues (Anderson-Gerfaud 1981; Anderson 

1980; Mansur-Franchomme 1983). Loy's articles (1983, 1993) have highlighted the 

problems that have arisen in the collection and identification of residues, and he has made 

a strong case for the necessity of careful mapping or characterization of the artifact's 

surface (e.g., the artifact as site). 

 7.1. Removable Residues 

 Removable residues are macro-deposits present on tool edges and surfaces, which 

may or may not be directly indicative of active or directed tool use patterns. They may 

preserve plant diagnostic plant parts. These residues may be extracted, placed on a 

microscope slide, mounted in glycerol, and identified at 200-400X magnification under a 

light microscope (Shafer and Holloway 1979). Residue patterns may themselves be 

distinctive when compared to experimentally produced residues (Brieur 1976; Sievert 

1990). Amino acids have been recovered from tool surfaces (Broderick 1979). These are 

removed by soaking the tool in acetone, filtering captured material, and dropping the filtrate 

onto chromatographic paper which is then immersed in solvent in a vacuum chamber. 

Identification is based on characteristic distribution of the amino acids. Rafting residues 

have been submitted to pyrolysis, gas chromatography and mass spectrometry with 

promising results (Oudemans 1991). Blood residues commonly are viewed at 10-40X 
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magnification and identifications confirmed by test strip analysis in serum albumin (Custer 

et al. 1988; Loy 1983). When confirmed, the hemoglobin is precipitated and viewed under 

higher power microscopy. Hyland et al. (1990) have been successful in using enzyme 

immunoassays. It is singularly important that tools remain unwashed for all potential 

residue analysis. 

 7.2. Nonremovable Residues 

 Nonremovable residues are those where particles have become part of the surface of 

the tool (Anderson-Gerfaud 1981, 1982), and potential residues include phytoliths, plant 

parts, and animal parts as periosteum, bone, antler and cartilage (cf. also 

Mansur-Franchomme 1983). Residues become part of the tool surface as the surface 

undergoes partial dissolution during intensive use. Mansur-Franchomme (1983:226) 

found that these residues were neither mineral nor organic, and concluded that they were 

covered by a silica layer. Phytoliths are the most common non-removable residues, and 

may survive as morphologically distinct forms (Rovner 1983:259). Analysis of non- 

removable residues generally require use of scanning electron microscopes, with high 

expense, and results usually are limited to family identifications. 

 

8. Definition of Wear Pattern 

 Superposition of microflaking, rounding, striation, polish and residue patterns is a 

constant problem for analysts. Definition of overlying and significantly overlapping zones 

and layers is the critical first step in the mapping exercise that aspires to identify specific 

tool use patterns. 

 Intentional use actions are the simplest to define. For example, transverse tool actions 

place the greatest intensity of polish formation on the contact side of the working edge. 

This varies dependent on tool use angle. Vaughan (1985:40) states that polish 

development was equal on both sides of the tool working edge when a high contact angle 

of tool edge to material worked occurred. Striations are a helpful indicator of tool motion 

and orientation for the analyst. The areas of greatest polish development will tend to be 

distributed along the utilized tool edge in such a manner that tool motion can be 

postulated. For instance, only transverse actions will produce a polish bevel and that will 

tend to occur on one surface of the utilized edge. According to Vaughan (1985:40), cutting, 
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slicing and grooving actions will form triangular patterns of polish development on edges 

for hand-held tools. On a soft to hard material continuum, we move from expansive to 

restricted triangular polish distributions. 

 Analysts must be attentive to the development of what Vaughan (1985:40) refers to as 

"polish shadows." These are polish formations that show differential sheen based on 

changes in angle of surface topography. Reciprocal actions will cause both sides of the 

microscars and surface elevations to be more or less equally polished. 

 Intensity of polish development, though a necessary measure, can be ambiguous. 

The highest stage of polish development is a solid cover of well developed, microwear 

polish on a used edge. Less integration of the polish surface implies the lower stages of 

development. Vaughan (1985:40) cautions that projections regarding intensity of use and 

intensity of polish formation are probably impossible since there are a number of strongly 

interrelated variables: relative grain size, hardness of the material, amount of grit, 

duration of contact, and predominant use motion. Hayden (1979:17) refers to "effective 

use duration" indicated by relative degree of edge rounding. More polish formation is 

correlated with more rounding, and so, analysts shouldl be able to make subjective 

judgements of relative use duration. 

 

9. Manufacture Wear 

 It is possible to separate attrition due to deliberate manufacture from attrition caused 

by patterned tool use. Use of a hammerstone for retouching will cause thin bands of bright 

polish on the edge that exhibit short, deep, wide grooves oriented perpendicular or 

diagonal to the edge dependent upon the trajectory of the percussor. Ridges of the retouch 

scars will often show patches of perpendicular deep grooves within dull-bright polish 

formations. Degree of formation is directly related to the frequency of hammer blows. As a 

correlate, the striking platforms of flakes detached as part of the retouch process will bear 

patches of the same dull-bright surface polish. Bone and antler flakers will produce less 

striking wear patterns. The immediate area of the worked edge will show patches of linked, 

bright, smooth-pitted polish. Direction of hammer blows will be indicated by short grooves 

within the polished surfaces. Pressure flaking with antler and bone leaves little trace in the 

form of polish as most of the edge contacted is removed in the process. 
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10. Variable Viewing: Function Assessments 

 Considerable research has been done, and researchers through experimentation, 

replication, and careful descriptive correlations, have identified distinctive attributes and 

attribute clusters within the catgories outlined above: microchipping, rounding and 

smoothing, striations, micropolishing, and residue. The trick is to develop a system or 

analytical framework that gives direction to analysis, bringing the analysts' observations 

into the pragmatic realm of (1) adequate description for information transfer and (2) 

inference concerning past tool use. Many researchers have gone directly to problems of 

inference (i.e., linking tools with materials worked) (e.g., Keeley various and Vaughan 

1985). This paper will emphasize the analytical framework intended to amplify description, 

and will at this juncture, critically accept and work with attributes judged by other 

researchers to be of singular importance in analyzing stone tool use wear. As our work 

proceeds, we will begin more careful testing of past correlations between attrition and 

material worked. First, we will need to build a pragmatic descriptive system useful for 

transmitting information and results. We need to build protocols and glossaries if we are to 

make strides in the thorny field of stone tool use wear study. Once we can agree on 

protocols and terms, we can begin meaningful critique of past formulations and point 

toward singular goals. 

 The theoretical bases of functional classification have been defined by a number of 

researchers (see in particular Dunnell 1971,1977). A functional classification should create 

classes by systematic reference to wear and characteristics of wear and worn edges and 

surfaces. Functional classification should exclude the influence of style in creating these 

classes and ensure that these classes characterise artifacts only in terms of functional 

attributes. It is held that specimens under study will often contain more than one tool or 

incidence of wear. Simply put, this means that tool designs may find variable use patterns 

based on variables of the material worked, the specific use-action employed, and simple 

expediency (e.g., a tip on a projectile point may be used to pierce leather or an edge might 

be employed to cut meat). Identification of wear areas on a specimen is seen to be directly 

linked to tasks performed and not necessarily limited by the obvious morphological design. 

There can be then, multiple tools or wear areas observed on a single specimen. 
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The relationship between wear and manufacture, each of which constitute edge and 

surface attrition, is important. Shape is a paramount variable in traditional classifications, 

yet there is no empirical distinction to be made between wear and manufacture as 

processes of edge and surface attrition on stone tools. 

 Manufacture relates to the functional properties of objects as this process alters the 

relative frequencies of edges and shapes. Manufacture is held as an independent variable 

whose association with particular tool types depends upon the frequency of appropriate 

edges or shapes on debitage and natural stone. Tools with complex functional 

requirements are more likely to involve deliberate manufacture than those with easily met 

requirements. 

 Wear has been characterized in an impressive body of literature as cited above. Wear 

is held to be diagnostic attrition of manufactured and unmanufactured surfaces and edges 

of stone tools. It is considered axiomatic that intensive wear will greatly obscure original 

attributes of manufacture. Wear is a pattern to be defined and not a series of isolated 

landmarks or attributes. The analyst must try to identify the landform map of the specimen, 

which constitutes manufacture, and then identify wear patterns resulting from use of the 

object form. 

 

11. Analysis Rationale 

 Flake scar direction can indicate tool wear orientation and direction of tool use. Tool 

attrition and gross motor or use pattern can be characterised as unidirectional or 

multidirectional, defined by orientation of flake scars to the length axis of the tool object. If 

flake scars on a single tool edge or surface align in a uniform direction, the tool use pattern 

is tabbed unidirectional. If flake scars on a single edge or surface align in separate or 

opposite directions, the tool use pattern is tabbed multidirectional. These characteristics 

can be inferred as indicative of task or function: scraping-UD; chopping-UD; graving-UD; 

adzing-UD; sawing-MD; wedging-MD; boring-MD; whit-tling-MD; butchering-MD. 

Correlation of flake scar direction with use, however, must depend on intersection of 

directional dimensions with wear dimension attributes encompassing smoothing and 

polishing of surfaces and edges. 

 Redundant use pattern or patterned tool use should be preserved in embedded 
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attrition patterns on stone tool working edges and surfaces. It is assumed that prolonged, 

patterned use of a tool edge or surface will produce attrition of those edges or surfaces in 

direct proportion to duration of work, force applied, material used for the tool, and the type 

of material worked. 

 11.1. Biases 

 Multiple biases or variables will intervene in inferring tool use or function, the types of 

materials worked, or patterns of use reflected. Proper inference will always depend upon 

intersection of physical and analytical attributes. Reduction of lithic mass to produce smaller 

tools and tool edges will often result in areas of manufacture that are larger than areas of 

wear. The analyst must not assume that flaking on a tool object edge or surface represents 

wear. By extension, the analyst should not assume that a particular form has been used for 

a specific use or task (e.g., an obvious projectile point form may have been used as a 

graver-saw-knife, defined kinematically). 

 The overriding bias in any wear analysis is recognition that a strong pattern of use 

embedded in the topography of the stone tool may remove enough of the original edge or 

surface to conceal its original extent or character and obscure or completely remove any 

prior embedded use patterns. If all use patterns are equally intense and encompassing of 

edge or surface, the analyst may not be able to define tool use beyond the last obvious 

application. 

 

12. Behavioral Context 

 Stone tools are commonly placed under the label technology, which can be taken to 

refer to all activities involved in the acquisition of raw materials, and encompassing 

manufacture, distribution and exchange, maintenance, consumption, and reuse and 

recycling of stone tools (cf. Torrence 1989:4). Specific industries are best defined as the 

utilization of materials for forms relative to a specified technology and within parameters 

imposed by the selected raw materials. Tool-using, procurement, production, and 

maintenance are one of the primary means people use to reduce potential effects of risk 

(Torrence 1989:4). Torrence addresses tool-using as a fundamental aspect of human 

behavior, wherein optimization theory is argued to be the most relevant mode of analysis 

(Stephens and Charnov 1982; Stephens and Krebs 1986; Smith 1986; Winterhalder 
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1986). 

 12.1. Optimizing Expenditure of Time and Energy  

 The assumption is that tool-using is accomplished so as to optimize the expenditure of 

time and energy. Tools may then be created and employed to satisfy a perceived need 

and to accomplish tasks that are susceptible to selective pressures. Successful optimal 

technologies will arise, which should be discernible in the archaeological record. The 

caveat is that technology is a particular adaptation created by the operation of general 

principles of optimization that operate within the strictures of specific local conditions, and 

within parameters of perceived need and physical restraints embodied in different material 

characteristics. Analysts must remain cognizant that although we often operate on the 

assumption that tool forms are designed to specific task performance standards, there 

will be a number of instances where tool forms result from wear or patterned activities, 

and definition of the specific tasks tools were used for may be significantly different from 

tool forms resulting from programmatic task use. Much of our research is then profoundly 

inferential in nature, and can only be accomplished within a critical framework requiring 

explicit assumptions and redundant testing frameworks. 

 

13. The Artifact as Site 

 Use-wear analysis requires conception of the artifact as bounded activity site. 

Analysts will literally map topography and cultural and natural residues preparatory to 

excavation of overlapping residues and use-wear over the span of the artifact's life 

history. Topography must be defined and interpreted relative to an explicit model of 

production, and a manufacture landform or base map created. Landmarks of knapping 

must be identified, including particularly flake scars and arris-boundaries. Once manu-

facture topography is defined, the analyst can proceed to define successive instances of 

use-wear and residue formation by looking at the relational array of manufacture and 

use-wear attributes as layers or spatial formations with incompletely overlapping 

boundaries. Points of overlap and incomplete correlation become key mapping points for 

teasing out artifact histories, just as points of disjuncture define superimposed layers in 

an archaeological site excavation. 
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 Figure 1 shows how this model of superimposed use layers may be conceptualized 

for an artifact. Of course, intensive use may destroy or damage pattern recognition on the 

artifact's surface in the same way that intensive use of a site obscures or destroys 

fine-scale primary activity contexts. Artifacts are more clearly read if they are little 

modified or used. This is excellent for the potential of use-wear analyses since our 

observation implies that the ubiquitous stone element of so manyartifactual assemblages 

offers the most easily read behavioral information (caution: stone outputs must be 

analyzed as parts of whole assemblages, and not as selected elements prejudged to have 

high potential - i.e., one must read the whole book, not selected pages or disparate 

sentences). 

 

Figure I. Schematic of overlapping manufacture, retouch, and final use-wear. 

 

 This schematic shows an ideal construction that reflects what the analyst must have in 

mind in pursuing description of the artifact under study. The analyst must look for 

discernible landmarks, and then attempt to link fragments of spatial and temporal 

evidence indicative of certain uses. Totally obscured or totally overlapping distributions 

will, of course, negate any attempt to discern the artifact's life history, except to note the 

obvious last instance of attrition or residue relative to the manufactured form. 

It is paramount that the manufacture element base map be created so that any separation 

of overlapping or non-overlapping attrition and residue patterns may be made. Figure 2 

shows how this map may be created based on careful consideration and separation of 

attributes of manufacture and wear on a symmetrical bifacial thinning flake. In this 
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idealized example, there is no indication of direction or history of use. The lack of attribute 

superposition means that the analyst can only correlate attributes with projected motor 

pattern of use and contact with a general material class. From an information standpoint, 

we have little behavioral context beyond vague generalization. Our chain is stopped at a 

correlation link and we would have to depend on correlation of this data chunk with other 

attributes in the larger cultural assemblage. An obvious approach would be to select 

comparable bifacial thinning flakes from the same assemblage and examine these in the 

defined depositional context. Perhaps our used flake represents a single intensive 

activity. If so, we should find other information from the assemblage standpoint confirming 

short, limited use of bifacial thinning relative to a defined task, for a brief, directed activity 

event.  

 

Figure 2. Schematic of mapping manufacture and attrition events on a bifacial flake. 

 

 It is important to recognize that the defined life history of the artifact is derived from the 

macroview of archaeological excavation of the entire tool form, or the delineation of 
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attrition and residue patterns (see Figure 3). Attribute analysis will require a micro- 

examination of the attributes and attribute clusters that comprise the attrition areas and 

residue layers defined at the level of artifact view rather than that of magnification view. 

 

 

Figure 3. The archaeology of the artifact: Stratigraphy of use-wear events. 

 

 The analyst at this point applies another filter to the interpretation of use-wear. The 

view no longer concentrates on the overall form of the object, nor on the extent of the 

attrition zone or residue layer, except in so far as the analyst slides the tool zone under 

magnification view to ascertain the character of the viewed area. Attributes and attribute 

clusters are being defined, and their spatial relationships assessed in the same way that a 

landscape is scanned under variable perspectives including angle of view and lighting. The 

analyst is seeking clear, definitive characteristics and relationships defined vertically and 

horizontally on the landscape of the artifact. 
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 At this stage, the analytical framework has moved from concern with the overall 

morphology of the artifact under study to mapping of the artifact surface to uncovering its 

archaeological life history \o characterization of distinctive attributes and attribute clusters 

of attrition and residue in the magnified view. As the analyst pursues attribute identification 

and mapping the analysis becomes more and more abstract. Distinctive sites and site 

clusters on the topographic surface and erosion of the original surface are the object of 

study, and the exercise becomes one of pattern recognition. The analyst's perspective 

must constantly slide from the attribute to the object surface to the overal object 

morphology just as the magnified view zooms up and down through a range of 

magnifications to maintain perspective (Figure 4). 

 

 

Figure 4. Shifting perspective in moving from object view to magnification view. 

 

14. The Functional Classification System 

 Our functional classification system spans three separate stages: visual examination, 

low power microscopic examination (40-1 SOX), and high power microscopic examination 

(>180X). Each stage requires different analyst training, equipment, software and recording 

forms. The staged analytical sequence also requires greater investment of time and cost. 

Only the low power magnification stage will be emphasized here, though protocols for 

visual examination and high power magnification will be referred to as appropriate. 

 

15. Analyst's Training 

 A primary contingent variable in employing this system is the training of the system 

analysts. We have developed laboratory modules used in our basic archaeological 
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fieldschool training (Lohse 1994; 1996). Students' first introduction to stone tool analysis 

is through these modules. As a necessary first step, all students are required to make stone 

tools, both in generalized flake core and prepared blade industries, as part of their study 

collection. All students then produce a study collection of designed and fortuitous stone 

tools used in various materials, which clearly records use-action and duration. The explicit 

attempt is to begin to develop their awareness of stages in tool reduction and wear relative 

to the basic factors of use-wear: stone, material, use-action, duration. Students principally 

work in obsidian. 

 Once students have completed our basic six week fieldschool, they take a laboratory 

methods course for two semesters and follow that with either an advanced field and 

laboratory methods summer course or guided research. The earliest stage of functional 

analysis is done by our fieldschool and first-year laboratory students. All budding analysts 

are admonished to be conservative, and at this stage a high proportion of possible tools are 

flagged for low-power microscopic examination that prove not to exhibit use-wear. 

Analysts working in the low-power examination system are senior undergraduates or 

graduate students and these work closely under my supervision. Obviously, analysts 

require considerable training and background in the manufacture and utilization of stone 

tools before they become fully comfortable with classifications. Analysts routinely create 

their own study collections, and trial correlations or assumptions are routinely tested in 

experiments assessed through series of "blind tests" (cf. Bamforth 1988; Bamforth et al. 

1990). Our program is only in its infancy, but we are attempting to develop an explicit 

analytical framework, which when computerized becomes a primary information retrieval 

and transmission system. 

 

16. Visual Examination 

 The initial or macroscopic classification system (Lohse 1994) is a paradigmatic 

framework with eleven dimensions that produce mutually exclusive data classes: I, 

Manufacture-Wear; II, Manufacture Type; III, Manufacture Disposition; IV, Wear Condition; 

V, Wear-Manufacture Relationship; VI, Kind of Wear; VII, Extent of Wear; VIII, Wear 

Location; IX, Striation; X, Polish; XI, Tool Edge Angle. This stage of analysis borrows on a 

paradigmatic classification developed for the Chief Joseph Dam Project, northeastern 
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Washington (Campbell 1984). Fora complete description of this system the reader should 

see Lohse (1994) or Lab Manual Module No.6 (Lohse 1995). 

 All artifacts recovered from a site assemblage are passed through a laboratory 

cataloguing procedure (LMModule 4, Lohse 1996), and stone tools are then taken to a 

technological analysis (LMModule 5, Lohse 1996), and selected specimens sent on to 

macroscopic functional analysis (LMModule 6). These eleven dimensions constitute the 

first stage of our analysis termed FUNCAN 1. Specimens that are clearly worn or that 

seem to offer evidence of use-wear, or then taken into low level microscopic examination 

as described here (LMModule 7, Lohse 1996), which is termed FUNCAN 2. 

 The initial macroscopic examination system produces classes of stone artifacts sorted 

into categories highlighting significant attribute combinations held indicative of diagnostic 

use patterns. Researchers have criticized paradigmatic systems for failing to provide data 

in standard categories like formal or morphological types, but this ignores the real intent of 

this sort of framework: (1) adequately describe wear at the attribute level and (2) 

consistently sort material for later detailed microscopic analysis. The output of the 

paradigmatic classification system can be used for an initial descriptive report but it is not 

intended as the final interpretive statement. 

 

17. Low Power Examination 

 Low-power examination represents a significant change in viewing, a new analytical 

filter magnifying the surface of the artifact and reducing the analysts' viewing area to the 

level of the attribute. The overall morphology of the artifact has been recorded in the visual 

examination or macroscopic system, and in examples selected for later low-power analysis, 

filed as a digitized image at a 1:1 scale. Isolated areas of attrition and superimposed 

residues will be mapped on the baseline image as indicated overlays. These mapped 

areas will be examined microscopically, however, as attribute characterizations within a 

superimposed microview defined as a view magnification. The view magnification is not 

aligned precisely with the extent of the tool area delineated, but focuses on diagnostic 

characteristics viewed at a reasonable level of resolution. 

 The second stage in functional analysis or FUNCAN 2 entails inspection of stone tools 

under variable power stereoscopic microscopes (40X-180X). Initial inspection will involve 
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the lower range (10-40X). Specimens with definable wear at that level of inspection will 

then be examined under higher power magnifications up to 180X and beyond (e.g., 240X 

on an attached video monitor). Magnifications will vary since the analyst must zoom up 

and down the magnification scale to properly examine diagnostic features and residue 

adhering to specimens under study. Discernible residues will then be removed and later 

examined under a metallographic microsope for accurate identification. FUNCAN 3 entails 

systematic high power examination above 180X, and is not discussed in any detail in this 

paper. 

 Analyses at this level of magnification are no longer paradigmatic classifications. 

Instead, analysts attempt to define and identify micropatterning on objects selected 

through the systematic examination afforded in the earlier macroscopic examination. 

Analysis again aims at complete description, but it identifies attributes and defines 

patterns relative to landmarks defined for the particular object under study. Analysis 

becomes classificatory or taxonomic at this stage, and focuses on attributes of wear and 

manufacture that have demonstrated significance. 

The low power magnification system is where analysts begin using microscopic 

examination and routinely take automeasurements and record images of the specimens 

under study. This functional classification system entails five primary classificatory 

dimensions, each with defined attributes that analysts will list as present in their 

examination of the artifact. The principal classificatory dimensions are: Location, Re-

movals, Polish, Striations, and Residue. All objects under study are tracked by their 

Specimen Number, and all separable areas of attrition and residue are tracked by tool 

identification numbers assigned during FUNCAN 1. 

 

18. Database Use-Wear Recording System 

 We have used the conclusions and observations drawn from several decades of 

use-wear research on stone tools to construct a computerized data base in Visual DBASE 

for Windows. Visual dBase is a dynamic database system that is remarkably easy to use 

and easy to interface with various other data base, statistics, and information disperal 

systems. Data base management features include standard data base concepts: tables, 

indexes, queries, forms, and reports and labels. Tables are the basic units of data 
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management and consist of rows and columns as the basic data structure. Tables contain 

records that contain data fields. Each row in the table is a record, and each column 

constitutes a field. Visual dBase fields can hold many kinds of data, including text, dates, 

numeric information, and binary data like bitmapped images and sound files. Indexes 

allow the user to organize data to speed access to records without sorting through the 

table. Queries allow selection of specific records and can serve to link multiple tables. 

Forms are a window used to display and edit data, and can be based on one table or many 

tables. Forms allow for design of useful integrative objects like pushbuttons, scroll bars, 

check boxes, and list boxes, which facilitate viewing and entering data. Reports and labels 

are used to print the output of data creation and manipulation. The crystal reports feature 

will allow the user to perform calculations on data like cross-tabulations, include data from 

multiple tables, and create WYSIWIG reports that include full graphics capabilities. 

 Visual dBASE was chosen as the basic data base management system because it 

allows easy development of data bases and is a relatively painless learning environment 

for students. The incorporation of bitmapped images into tables and file structures greatly 

enhances consistent data entry, accelerates learning curves for analysts, and facilitates 

information sharing. Files can be exported from Visual dBASE to other data base software 

systems like PARADOX, or to statistical packages like SYSTAT for Windows, and can be 

readily incorporated in publishing and presentation programs like PAGEMAKER. 

Figure 5 presents a two page form developed for the low power magnification functional 

analysis described here. Behind this form is the standard dBASE table with records and 

fields. The form serves as a more attractive entry facade and enables more consistency in 

data entry since the user sees a pull-down at each each entry field. Analysts merely click 

on an attribute and this is entered into the table. The image window serves multiple 

functions, but can serve to tag a particular specimen view or to present a view consistent 

with a specific attribute or attribute association. 

 Note fields are also attached, and analysts will be expected to describe in detail 

attributes, attribute clusters, or patterns that they perceive. In particular, analysts will note 

instructions or comments for digitization of patterns and removal of residues for further 

analysis. Note fields offer observations further describing these dimensions. 

Data bases characterizing site assemblages are constructed readily, and can be used in 
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other applications or transferred to other users efficiently. Figure 6 presents a schematic of 

dimensions and attributes used in FUNCAN 2. 

 Location of attributes of attrition and residue can give strong clues concerning tool 

design, purpose, use action, and actual use. Location dimensions include Orientation, 

Aspect, and Landmarks. Figure 7 shows attributes of manufacture important for assigning 

orientation for flake tools.  

 Orientation records the location of attributes as to dorsal and ventral surface or edge. 

 Aspect records the location of attributes as to right, left, distal, proximal, or mid-line. 

 Landmarks record location of attributes relative to surface topography as to arris, edge, 

or surface. 

  

 

Figure 5. Screen-captures of Funcan 2 forms, pages 1-2, Visual dBASE for Windows. 
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Figure 6. Screen-capture of Funcan 2 form, p.2, Visual dBASEfor Windows. 

 

 

 

Figure 7. Orientation of a utilized flake. 
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 The artifact is oriented on the analyst's viewing surface with the striking platform or butt 

end or non-working end down. In general, the termination of the original flake is laid to the 

top. With flake-core orientation established, aspects of attrition and residues are easily 

oriented. Landmarks (arris, edge, surface) are then related to directed tasks. Following 

Inizen et al. (1992:34; Fig. 4), knapped objects should be oriented to the debitage axis 

(flake-core relationship: core-platforms up and flakes-butts or bulbs down), or to the tool's 

morphological axis (working extremities up). 

 Removals record the characteristics of flaking that occurred during the use life of the 

object. Dimensions include Distribution, Extent, Position, Angle, Delineation, Fracture 

Morphology, and Fracture Termination. Figure 8 shows orientation of removals from a 

utilized flake. Removals refer to flaking from use and not from manufacture. 

 

 

Figure 8. Orientation of removals on a utilized flake. 

 

 Distribution records the relative degree of the removal pattern as to complete or partial. 

A series of removals is partial when it does not encompass the entire edge. 

 

 

Figure 9. Distribution of removals on a utilized flake. 
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 Extent designates the invasive character of any removals as to short, long, invasive, or 

covering. Distinctions are shown in Figure 10 below. Covering extent has flakes across 

the entire surface, bounded by edge and connected arrises. Covering removal patterns will 

often be correlated with manufacture and retouch, and are indicative of tool design and 

use action. 

Figure 10. Extent of removals. 

 

 Position characterizes removals relative to the faces of an object as direct, inverse, 

alternate, crossed, or bifacial. Direct removals occur for the dorsal or upper face. Inverse 

removals occur on the ventral or lower face. Alternate removals occur in sequence along 

dorsal and ventral faces of an edge. Crossed removals lie in orthogonal planes relative to 

an edge. Bifacial removals encompass both faces of an edge. Measures of removal 

position can indicate patterns of tool use and angle of application. 

 Angle of removals grossly characterizes edge attrition relative to application angle of the 

tool edge as abrupt, moderate, and low. An abrupt angle of flake-edge is defined as ninety 

degrees. A moderate angle is forty-five degrees. A low or acute angle is less than forty-five 

degrees. Edge angles can be held indicative of potential tool use as in a sharpened edge or 

indicative of use patterns in variable materials as in a worn edge (e.g., feathered removal 

terminations on an acute edge in use of a sharp flake to slice meat). 

 Delineation describes the outline of an edge as irregular, regular, rectilinear, convex, 

concave, notched or denticulated. Edge delineation measures are reasonable indicators 

of intensity of patterned tool use if motor patterns inclusive of tool application and material 

are held constant (e.g., notched edge with direct hinged removal terminations resulting 

from scraping of wooden projectile shafts). 
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Figure 11. Position of removals on a utilized flake: 1, direct; 2, inverse; 3, alternate as direct/left edge and 

inverse/right edge; 4, alternating; 5, bifacial; 6, crossed. 

  

 

Figure 12. Delineation of removals on a utilized flake. 

 

 Fracture morphology describes removal patterns as consisting of hertzian, bending or 

other flake types. A hertzian flake is one with a pronounced cone indicative of conchoidal 

fracture. A bending flake shows a slight bulb of percussion indicative of lateral stress 

loading on an edge. Fracture morphology will indicate tool use pattern or directed 

application of force to the tool edge. 

 

 

Figure 13. Fracture morphology. 
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 Fracture terminations characterize the nature of flake detachment from the parent 

piece as feathered or scalar, stepped, hinged, or snapped (cf. Hayden 1979 re: HoHo 

Conference fracture terminology). Feathered removals are complete flakes with intact distal 

terminations indicative of complete transfer from contact edge to surface plane. Hertzian 

or scaled removals are wide at the distal end, and will show feathered or slightly lipped 

terminations. Hinged or stepped removals show abrupt terminations. Both hertzian and 

bending removal patterns may be parallel or sub-parallel, and are indicative of consistent 

tool application. Asymmetry is indicative of irregular or shifting use motions. Fracture 

terminations are held indicative of intensity of tool use, angle of tool application, and 

relative material hardness. 

 

 

Figure 14. Fracture terminations. 

 

 Polish is alteration of the stone surface that reflects more light than the unaltered stone 

surface (polish begins to be recognized under low power magnification but is best viewed 

at magnifications above 180X; see Jensen 1994). This alteration will be a direct indicator 

of use intensity and will proceed as faceted reduction of surfaces from irregular high points 

such as arrises down to flat plains coincident with the base of removal scars. Following 

Jensen (1994), polish attributes are measured as to Shape of Area, Linkage, Intrusion, 

Topography, and Reflectivity. 

 Shape of Area records the shape of the polished area in relation to the edge as 

Triangular, Parallel, Semicircular-broad, and Semicircular. Triangular shapes are de-

scribed as to the widest point being proximal or distal. Parallel runs the extent of the tool 

edge. Semicircles can be broad and encompass all or much of the edge or be confined to 

a smaller portion of the edge. Polish shape is indicative of patterned tool use as a 
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recurrent contact point for the object form relative to the material worked. 

 

 

Figure 15 . Shapes of polished areas relative to tool edge. 

 

 Linkage represents a relative measure of the proportion of tool surface within an area 

encompassing polished and unpolished areal components (polish components and 

interstitial spaces). Polish will develop on both a vertical and horizontal plane relative to 

topography; first on high points and then extending down to lower areas until the polish 

components are linked. Scattered polish occurs as isolated components on surface on 

high points. Linked polish occurs as small components join, representing a higher-lower 

coverage of the surface topography. Covering polish occurs when polish components 

become larger and extensive, covering most of the defined tool surface and the major high 

and low points of topography. 

 

 

Figure 16. Linkage of polish components. 

 

 Intrusion records the extent to which polish covers the surface of the tool defined 

perpendicular to the edge. Measures include location on the crest, on the immediate edge 
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area, or on the interior edge area. As tool use proceeds, polish development will move from 

initial formation on the edge up onto the adjacent tool surface. Development of intrusive 

polish will be directly related to hardness and resiliency of the material worked. 

 

Figure 17. Assessment of polish intrusion. 

 

Topography characterizes the polished surface as Unaffected, Domed, Flat, or 

Rippled. Polish characteristics form relative to tool material, pattern of use, and mate 

rial worked. In general, domed polish is weakly developed. Flat polish is a mature 

stage. Rippled polish is an intermediate stage. 

Reflectivity is a very subjective measure of the relative brilliance of light reflected from 

a polish surface, and is recorded as bright, metallic, or dull. This is a variable heavily 

dependent on material characteristics, and requires consistent lighting for replicable 

results. 

Striations are a singular attribute of use motion studies or kinematics (cf. Del Bene 

1979; Semenov 1976) and are relatively rare occurrences in stone tool assemblages 

(Vaughan 1981; Moss 1983). Hurcombe (1992:16) recognizes a number of diagnostic 

striation measures but notes that all suffer from lack of clear definition. Mansur (1982) has 

demonstrated that striation morphology may best indicate formation processes (cf. 

Anderson 1980 on the role of abrasive particles). Of particular note is the observation that 

partial fractures in a surface should probably be linked to stria-tions (cf. Lawn and Marshall 

1979:72, Fig. 6, and Fedje 1979:181-182, Figs.3-6). Funcan 2 views striations as to 
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Character and Alignment. 

Character of striations is classified as dark-narrow, dark-broad, filled, plastic, or linear 

depressions. Dark striations occur in polished and unpolished surfaces. Filled striations 

occur in polishes formed by working siliceous plants. Plastic striations are linear streaks 

found in isolation on the tool surface. Linear depressions form in polished surfaces and 

take on a rippled appearance of parallel depressions. 

Alignment of striations is classified as parallel, diagonal, perpendicular, crossed, or 

random, all designated relative to the tool edge. Striation alignment coupled with edge 

and surface wear and residue characteristics will indicate direction of tool use. 

 

Figure 18. Striation designations relative to tool edge. 

 

Residues are found on stone tool surfaces in removable and non-removable state, as 

indicated previously. Analysts must remain aware that residues form diagnostic overlays 

above attrition zones and offer the uppermost layer in the stratigraphic use history of the 

artifact. They are then the baseline referent to establish the latest activity tranformation of 

the tool. Residues must be mapped and harvested before any intensive cleaning of the 

artifact and surface is performed. 

Collection of removable and non-removable residues is expensive and necessitates 

use of careful sampling procedures that examine assemblage composition, find context, 

and research question. Identification of residues is beyond our discussion of low-power 

magnification, but residue recovery is a paramount concern in the handling and 

processing of artifacts. Washing should be avoided until artifacts have been scanned for 

residues, and some reasonable sample should be put aside in all analyses for residue 

analysis in the future (e.g., as slide mounts). As Hurcombe (1992:19) urges, comparative 

collections are a necessity for residue studies, and these have been slow to develop in 
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archaeology. Analysts must be aware that the future can hold new potentials for analysis, 

and they must always note presence or absence of possible residues. 

Figure 19 shows antler residue on the edge-surface of an obsidian preform subjected 

to pressure flaking. The left view at 33X magnification shows a surface littered with organic 

debris, and accumulations packed into surface irregularities formed by fissures, arrises 

and undetached conchoidal flakes. The second view at 190X magnification shows one of 

these antler residue accumulations in primary context. These residues are fairly resistant 

to handling in analysis but disappear quickly during intensive cleaning and washing. 

 

 

Figure 19. Antler residue on an experimental preform. 

 
 
19. Adjusting Focus: Distribution to Directionality 
 

Specimens are examined under a stereoscopic microscope with fiber optic light 

source to fill in the Visual dBASE form. During this process, a base map digitized image is 

developed for each specimen. Also, distinctive magnified views of wear and residues are 

taken as digitized images and all are transferred as bitmapped images to either an 

Enhanced Data data base or on to the Visual dBASE data base. The production of 

digitized images constitutes a separate but integral part of the functional analyses. 

Using digital imaging technology and a high-quality stereoscopic microscope we can 

adequately define patterns of attrition and residue. Analysts must remain cognizant that 

the images we create are two-dimensional representations of three-dimensional objects. 

The most realistic view we have is through the eyepieces of the binocular scope. The 

image on the computer screen is flattened, with less depth-of-field. The digitized image will 
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also be more representative in color than in black-and-white or gray scale. The machine 

has recorded the dimensionality observed by the analyst's eye, but as differentially 

weighted pixel values. The digitized image will not rival an analog image, but the purpose 

of our analytical program is development of an automated data base and not production 

of attractive nor realistic images. A compromise is made, and we have weighted our 

analysis toward accurate measurement of the phenomena under study. As shown in 

figures that follow, we could easily work with highly pixelated images as diagnostic 

representations and avoid crisp curvilinear line representations altogether. 

Allowing for the nature of our digitized data base, we must now address how the 

analyst is to discriminate between patterns. The analyst must create an objective pattern 

recognition system with rules that work to define distribution and establish directionality. 

The analyst is like the knappers and users of stone tools who must develop direction 

through staged behavioral sequences with logical signposts. Rules, explicit and implicit, 

guide the individual actor through set goals. 

Figure 20 presents an abstract cross-sectional view of an hypothesized tool edge from 

median perpendicular plane to lateral margin. In this depiction the dorsal surface is viewed 

as dynamic and the ventral surface is held neutral. The analyst must establish postulated 

steps or stages in the production of the tool form under study: (1) how the flake was defined 

during core preparation; (2) how the edges or lateral margins were manufactured; (3) how 

wear and subsequent retouch or refinement further modified surface landmarks; (4) how 

the extent of attrition and residues establish a sequence of use. A set of short-hand 

notations (codes) are used in the hypothesized cross-section to enable analysis. As 

shown, the dorsal topography and accompanying attrition and residue have been related 

to a postulated sequence of manufacture and use steps from initial core preparation to 

discard. 

The analyst will have to orient or establish directionality for each stone tool and tool 

form under study. Interpretation will not be possible unless the flake can be defined within 

a postulated manufacture sequence and use sequence. This effort is akin to the chaine 

operatoire model, wherein the stone tool is placed within the context of directed stages 

(Inizan et al. 1992; Pelegrin 1986; Roux 1990, 1992; Wynn 1993). This analytical goal 

requires that analysts can separate manufacture from wear, and that context be 
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emphasized. Context consists of the analytical framework imposed, including explicit 

models drawn from human behavior, and requires excellent excavation techniques which 

define accurately systemic or cultural context and the multiple cultural and natural 

transformations that move artifacts constantly in and out of different contextual frames 

indicative of shifting patterned behaviors. A simple example entails recognition that 

residue on a stone tool can come about via numerous cultural and natural transforms. 

 

Figure 20. Schematic cross-sectional view of notation or utilized flake cross-section with residue. 

 

Contextual question: Does the residue present on the stone tool represent primary 

cultural activities or does it represent secondary depositional transformations? The 

archaeological specimen illustrated in Figure 21 exemplifies this practical concern. This 

specimen was recovered from Aviators' Cave, a collapsed lava tube in southeastern 

Idaho. Phenomenal preservation at this site has produced a wide array of perishable 

materials. Such excellent find context offers great potential for the use-wear analyst since 

all residues resulting from prehistoric use might be found in primary context overlaying 
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patterned surface attrition on the stone tool. Excellent preservation, however, also 

ensures that non-cultural or post-depositional residues are preserved on the surface of the 

stone tool. Residues on the illustrated specimen then include wood fibers from prehistoric 

scraping and cutting as well as sand and organic debris from other cultural and 

non-cultural activities at the site. The analyst must be able to establish the depositional 

context for the artifact and the layer in which the artifact was found. 

Residue on Field Specimen 116-2 is entirely depositional in origin and not related to use 

activity of the tool. The upper views show granular site deposit adhering to the clefts 

formed by hinged fractures incurred on the striking platform base of the obsidian flake. 

The cellular wood residue on the ventral surface in the lower views is one of numerous 

fragments spread randomly over the surface of the flake. The wood residue and general 

mucillagenous residue cover many of the obsidian artifacts from this level, and while 

probably indicative of general human activity, are most likely not the result of directly 

patterned tool use. Stone tools were probably used to scrape and whittle wood in this 

level, but the residue pattern is not correlated directly with patterned attrition zones on this 

tool. 

Residue on this utilized obsidian flake shows that the stone tool was associated with 

woodworking activities. The edge attrition consists of conchoidal and hinged scars indicative 

of work in relatively hard material like wood, and the lateral snap fracture with pronounced 

lip is clearly indicative of considerable force applied. It is entirely plausible that this tool 

was used to carve in light softwood, but the residue is ubiquitous across the ventral 

surface and is not clearly associated with the patterned attrition. The tool is associated 

with wood residue but direct association of residue and patterned attrition on the edges 

and surfaces of the tool is lacking. We have indirect association only. 

Image analysis can determine relationships between attributes by manipulating the 

pixel values. Use of different filters can enhance edges by expressing differences between 

neighboring pixels as differential intensity values. The Sobel filter used in Figure 22 below, 

extracts and enhances edges and contours in an image by expressing intensity differences 

as gradients between neighboring pixels in a 3X3 neighborhood. Zero (black) is assigned 

to no difference and 255 (white) is the greatest possible difference. The Sobel filter 

produces a smooth line and emphasizes principal edge definition. Use of the filter 
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facilitates recognition and tracing of major surface landforms like arrises and enables 

accurate mapping of residue and attrition patterns. The major difficulty is in pattern 

interpretation, where calibration of intensity values to a standard scale become 

prerequisite for any automeasurement routines. The utilized flake shown in Figure 21 is 

littered with organic residue. Use of filters can enhance edges and distribution of resides 

but necessitates careful translation. While filters principally apply to automeasurement 

routines they are also valuable for diagnostic analyses aimed at simple pattern 

recognition. 

 

 

Figure 21. Selected views of organic residue on a utilized obsidian flake from Aviators' Cave, 
southeastern Idaho. Upper left, view of residue on dorsal surface of striking platform or butt end at 33X. 
Upper right, view of residue on dorsal surface of striking platform or butt end at 99X. Lower left, view of 

residue on ventral surface of proximal end at 33X. Lower right, view of residue on ventral surface of 
proximal end at 99X. Field Specimen No.116-2. 

 



48 
 

 

Figure 22. Dorsal and ventral views of the utilized obsidian flake Field Specimen No. 166- 
2. Upper views are CCTV portraits without filters or enhancement. Lower views show the 

dorsal and ventral surfaces with a Sobel filter to enhance edges and contours. 

 

Directionality enters the analysis as the analyst makes decisions concerning image 

capture, resolution, magnification, and enhancement. The analyst chooses variables 

dependent upon interpretation of the pattern observed. In the examples of Field Specimen 

No. 166-2 shown below, we have applied variable magnification of selected areas and 

use of Sobel filters to demonstrate pattern definition and interpretation. The lateral edge 

with visible attrition and adjoining surface were chosen to illustrate because we wanted to 

show that organic residue on the ventral surface of the flake does not appear to be directly 

associated with the used edge nor does it show any constrained pattern (Figure 23). 

Edge definition is critical as is the setting of intensity levels for pixels since this is the data 

set encapsuled in the digitized image. We are striving to capture data relevant to pattern 

definition and interpretation rather than creation of a particularly attractive image. 
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Pixel Character and Measurement 
 

A digital image is one that has been discretized in spatial coordinates and brightness, 

with a matrix of row and column indices that identify a point in the image (Gonzalez and 

Woods 1993 present a comprehensive overview of digital image processing). 

Corresponding matrix element values identify the gray level at the specified point in the 

image. Elements of the digital array are called variously image elements, picture 

elements, pixels or pels. Square arrays have sizes and numbers of gray levels that are 

integer powers of two. For example, a standard television array is 512 X 512 with128 gray 

levels. A monochrome image is defined as a two-dimensional light intensity function f(x,y) 

where x,y represent spatial coordinates and f is the value proportional to brightness or 

gray level of the image at that point. 

 

 

Figure 23. Two views of the lateral edge of Field Speciment No. 166-2. Left, edge magnified 3 3X 
showing the distribution of organic residue. Right, edge magnified 3 3X and subjected to the Sobel filter to 

enhance edge definition. Note circled areas and applied translation. 

 
Use-wear analysis will entail characterization of two major dimensions: edges and 

surfaces. This objective will be complicated physical properties of the stone (opaque to 

transluscent and nonreflective to reflective). Our protocol will involve five steps (cf. 

Gonzalez and Woods 1993): 

Image acquisition (Step 1): This requires an imaging senser and the capacity to 

digitize the signal produced. 

Processing (Step 2): This includes techniques for enhancing contrast, removing 

noise, and isolating regions with texture indicative of alphanumeric information. 

Segmentation (Step 3): This partitions an image into its constitutent parts or objects. 
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The key role is to extract individual characters of attributes from the background. 

Representation and Description (Step 4): Output is raw pixel data that constitutes the 

boundary of a region or all of the points within a specified region. Decisions on conversion 

will have to be made before processing the data. Boundary representations are 

appropriate when the focus is on external shape characteristics like corners and inflections. 

Regional representations are used when the focus is on internal properties like texture. 

Both of these representations may be used in general pattern or character recognition 

applications. The method used will simply be wedded to the nature of the feature to be 

highlighted. This function is called feature selection. Subsequent definition will result in 

quantitative measurements and in isolation of features that serve to distinguish one 

diagnsotic class from another. 

Recognition and Interpretation (Step 5): This assigns a label to an object based on 

the information provided in description of the image. Interpretation assigns meaning to the 

set of recognized objects by direct reference to the explicit analytical framework. 

The usual sensors for image acquisition include video cameras and scanners. 

Digitizers will convert the electrical output from these sensing devices into digital form. 

Following Gonzalez and Wood (1992), line scanners like flat bed scanners produce 

resolutions from 256-4096 elements. Area sensors match the brightness in the optical 

image with resolutions from 32 X 32 elements (low) to 256 X 256 elements (medium) to 

640 X 480 to 1280 X 10424 (high). Special CCD chips can achieve resolutions of 2048 X 

2048. 

Storage requirements can be extreme in imaging analyses. An 8-bit image at 1024 X 

1024 pixels requires one million bytes of storage. Digital storage solutions are predicated on 

access: short term during processing, on-line for fast recall, and archival for infrequent 

access. Required memory is measured as bytes (8-bits), Kbytes (1000 bytes), Mbytes (1 

million bytes), Gbytes (giga or 1 billion bytes), and Tbytes (tera or 1 trillion bytes). Short 

term storage may use computer memory, frame buffers, or on-line flopticals. High access 

needs will select against use of magnetic tapes and other serial media. Jukeboxes are a 

solution, and hold 30-100 optical disks. These are the present optimal solution for short 

term storage intended for large-scale, online applications that require read-and-write 

capability. 
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Processing will usually handle data in algorithmic form. Image acquisition and display 

entails hardware while the processing functions will occur in software. Specialized 

hardware is needed to enhance speed or to recover from computer limitations. As an 

example, buses may not be able to handle image noise reduction routines. The principal 

hardware additions are a digitizer-frame buffer combination for image digitization and 

temporary storage, an arithmetic-logic unit processor for operations at frame rates, and 

frame buffers for fast access to image data during processing. The image software or data 

base construction and spreadsheets provide an excellent basis for image processing 

problems. Output to report generating software facilitates presentation of project results. 

The solutions are often ported to specialized fast image processing boards compatible with 

the bus used during the stages of acquisition and description. 

Information transfer for digital image processing requires local communication 

between image processing stations and remote communication from one station to 

another. Use of the Internet will aid data transfer but communication over long distance 

will be difficult. Digital image files are immense. Gonzalez and Woods (1992) admonish 

that a voice-grade telephone line can transmit at a rate of 9600 bits per second to transmit 

a 512 X 512, 8-bit image. This will require almost five minutes. To manipulate the imaging 

data, the receiver will also have to have requisite hardware and software configurations. 

Compression and decompression techniques will greatly aid file size concerns. 

In a simple image model, where the two-dimensional light-intensity function is f(x,y), 

the amplitude of f at spatial coordinates (x,y) gives the intensity (brightness) of the image 

at that point. This measure depends on the amount of source light incident on the scene 

illuminated and the amount of light reflected by the objects in the scene. The digital image 

formula of f(x,y) has (x,y) as integers from 2X2 and f is the function that assigns a 

gray-level value to each distinct pair of coordinates. The digital image becomes a 

two-dimensional function when the gray levels are integers (coordinates and amplitude 

values are integers). The process of digitization requires decisions concerning assigned 

values and the number of discrete gray levels allowed for each pixel (integer powers of 

two are the most common). 

Pixel depth will be defined based on hardware capability and image complexity. 

Anywhere from 1-32 bits might be used to store each pixel value. Pixel values for line art, 
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which contains only black-and-white information, may be represented as a single bit: 0 = 

black and 1 = white. A photograph-like image contains more information: 24 bits required 

to represent all possible colors in a true color image. The number of bits used to represent 

the pixel values in an image is its pixel depth or bits-per-pixel. Pixel class will be represented 

by the number of bits used to represent given pixel values. 

Gray scale is the image class used in this analysis. In this class, pixel values 

represent a level of grayness or brightness from completely black to completely white. An 

8-bit gray scale image has a pixel with value 0 as completely black, and a pixel with value 

255 as completely white. A value of 127 would be a gray color midway between black and 

white or medium-gray. A pixel value of 64 has a gray color halfway between medium-gray 

and black. Gray scale images of 8BPP are most common because 1-byte per pixel is easy 

to manipulate and because this faithfully represents any gray scale image since it provides 

256 distinct levels of gray. 8BPP is used in standard TIFF and PCX files. As an example, a 

128 X 128 image with 64 gray levels requires 98,304 bits of storage (a 1024 X 1024 image 

with 256 levels is comparable to a 512 X 512 image but will be lost in most printing 

processes). 

Images will be enhanced to improve aesthetic appearance and data extraction. Three 

basic methods are used: modify the intensity index, apply spatial filters, and manipulate 

image frequencies. 

Use of an intensity index will change the way pixel intensity values are interpreted. 

Brightness, contrast and Gamma correction are key variables in establishing the intensity 

index. Brightness reflects the overall amount of light in an image. An increase in 

brightness means an increase in the value of every pixel in the image or moving each 

pixel closer to the value of 255 or white. Contrast reflects the degree of difference 

between the brightest and darkest components in the image. With poor contrast there is 

only harsh black-and-white transitions or pixel values within narrow ranges. With good 

contrast there is a wide range of brightness values from black to white. The Gamma 

correction is used to enhance contrast in the very dark or very light areas of the image. 

Application of nonlinear Gamma curves to the intensity scale will mean that an increase in 

the Gamma value will lighten an image and increase contrast in darker areas. 
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Spatial filtering operations will reduce or increase the rate of change that occurs in 

intensity transitions within the image. Sudden or rapid changes in intensity will produce 

hard edges, while gradual changes produce soft edges. Filtering acts to detect and 

modify the rate of change at these edges. This is accomplished by modifying a pixel's 

value based upon the values of the pixels in the neighborhood. Two types of filters are 

used in the analyses described here: convolution or linear filters and nonconvolutional or 

nonlinear filters. Both work on pixel neighborhoods of 3 X 3, 5 X 5, or 7 X 7. Convolution 

filters can be used to eliminate harsh edges (low pass) or exaggerate intensity differences 

(high pass). Sharpening will enhance all transitions and laplacian filters will sharpen 

selected aspects of edges by modifying a pixel's value to exaggerate its intensity 

difference from its neighbors. Nonconvolution filters are used to change intensities only 

within pixel neighborhoods by applying mathematical formulas and statistical methods to 

the problem of modifying pixel values. Median filters will replace the center pixel with a 

median value from its neighborhood, and is often used to remove random noise. An 

erosion filter will erode boundaries of bright objects and enlarge boundaries of dark objects. 

Dilation filters will enlarge boundaries of bright objects and reduce boundaries of dark 

ones. The Roberts filter will bring out fine edges by expressing differences between 

neighboring pixels as an intensity value where 0 = black or no difference between values 

in a neighborhood and 255 = white or greatest possible difference between values. This 

will enhance all edges within an image. The Sobel filter is used to extract and enhance 

edges and contours in an image by expressing intensity differences or gradients between 

neighboring pixels as an intensity value in a 3 X 3 neighborhood. This filter codes 0 = black 

as no difference and 255 = white as greatest possible difference. The Sobel is comparable 

to the Roberts filter but is less sensitive to image noise and produces smoother, more 

pronounced outlines of principal edges. Sobel filters were applied to images in Figure 24 

to highlight residues relative to significant surface features on a utilized flake. Frequency 

filters like the Fourier transform can eliminate image interference that forms a regular 

pattern by converting the image to a set of frequencies and editing out those frequencies 

producing the unwanted noise. 

Intensity analyses can be used to characterize surfaces, residue on surfaces, and 

external and internal structures. Data based on intensity values can be represented as 
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histograms and line profiles. In the histogram, the X-axis represents the intensity scale 

and the Y-axis the spatial value. In line profiles, the X-axis is the spatial scale and the Y-axis 

is the intensity value. 

Figure 25 shows a series of edge and adjoining surface close-ups of a pentagonal 

biface from the uppermost activity surface at Aviators' Cave (Field Specimen No. 233-1). 

The edge has been scanned from tip to haft and selected views shown at 33X magnification 

and at 100X magnification. The edges and surfaces show attrition characteristic of work in 

light, resilient material. The bottom two views are close-ups of the proximal portion of a 

linear flake scar removed from the lower right proximal corner of the haft up to the midline 

of the tool form. The arrises are relatively crisp but show some abrasion. In Figure 26 the 

interior medial area of this general view is pixelized at a screen magnification of 800% of the 

33X objective magnification. Pixelization clearly reveals the fundamental data structure of 

digitization. A line profile has been established from the reflective high point of one arrise 

across to the other at the approximate midline of the flake scar. The line profile can be 

used as here to map the reflective surface of that flake scar based on intensity values 

derived from the reflectivity of the undulating and bounded flake scar surface. 

Once edge boundaries have been established, various line and area measurements 

can be made. Measurements will be taken automatically if resolution permits, and 

manually on a fairly consistent basis. All measurements are performed relative to screen 

pixel position (e.g., area is defined as the number of pixels within the outline). The number 

of pixels included in the line or area measurement can be scaled or calibrated to any 

coordinate system (e.g., 1 pixel = .1 cm). Accurate calibration also requires adjustment of 

the aspect ratio which defines the relationship between the vertical and horizontal axes of 

the image. Common measurements include length, area, angle, thickness and trace. 

Length is the length of a straight line irrespective of angle in whatever scale. Area is the 

area of the defined polygon calculated as the number of pixels encompassed in the 

shape. Angle is the internal angle in degrees measured between any two intersecting 

lines. Thickness is the distance between any two existing measurements taken as 

maximum, minimum, and mean distances. Trace is the measure of the length of a defined 

polygon encompassing a specified shape. Accurate measurements will require control 

over effective contrast and background flattening or subtraction. Intensity measurements 
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are relative to the intensity calibration used. For instance, the line profile presented in 

Figure 26 is scaled to 1 pixel = .001cm and recorded as a gray scale intensity calibration 

based on a standard optical density curve. 

 

 

Figure 24. Views of Field Specimen No. 166-2 utilized edge and adjoining surface residue. 
Top left, unfiltered viewat 33X magnification. Top right, unfiltered view at 99X magnification. Bottom 

left, Sobel filter applied at 33X magnification. Bottom right, Sobel view at 99X magnification. 

 

Use of automatic measurements is strongly conditioned by the character of the 

digitized image. The basic variables of brightness, contrast, and Gamma values are 

critical to recording an information-rich image. Image-Pro Plus features and 

measurements are best applied in back-lit rather than reflected incident light environ-

ments (slide-mounted specimens rather than stage-mounted). The analytical tools are 

certainly usable in either viewing environment but pragmatic problems of effective source 

lighting and resultant reflected light from shiny, asymmetrical surfaces plague 

microscopic study of stone tools. Digitization of the images and subsequent manipulation 

of the data is remarkably easy compared to the difficulties of manipulating lithic objects on 

stages and controlling the high reflectivity of facets set at myriad angles to the light 
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source. 

 

 

Figure 25. Edge scan of Field Specimen No.233-1, Aviators' Cave. Enlarged views are at 3 3X 
magnification and 100X magnification pairs proceeding from tip to haft. 

 
The line profile shown in Figure 26 essentially depicts the undulating flake surface 

between the lateral arrises. This capability becomes useful for the analyst when various 

mapping measures are applied to the variable intensity values of the digitized flaked tool 

surface as in Figure 27. In this example, Field Specimen No. 233-1 has been outlined with 

an auto trace tool. The count option in Image-Pro Plus was used to count and outline the 

designated objects: basal flake scars. The automatic intensity option was selected and 

the line drawn automatically along the intensity gradient separating the objects from 
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their backgrounds. Use of the watershed-split feature evaluates the two flake scars for 

potential splitting into separate objects. As shown, measurement of the intensity values of 

the pixels recording the flake's variably lit surface defined six separable zones that 

correspond to the surface undulations of the flake scars. 

 

 

Figure 26. Image-Pro Plus screen capture showing pixelated image (800% screen)of33X magnification of 
utilized flake (Field Specimen No. 233-1). Upper right, line profile A'. Lower left, normal view at 33X 

magnification. 

 

A simpler measurement technique based in the digitization of the artifact edge is 

shown in Figure 28. An experimental obsidian tool has been used in a replicative 

experiment involving stroke-stages in the shaving of a birch dowel. The working edge of the 

tool is shown at 33X magnification, from unused to 100 stroke attrition. Painted register 

marks are used to align the edge in the viewing frame, and the trace feature is used to 

designate the area of edge attrition or wear as indicated. 
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Figure 27. Image-Pro Plus screen capture showing autotrace of the object outline, manual 
trace of two selected basal flake scars, and autotrace and split of the interior surface of the 

flake scars to derive six areas defining significant surface undulations (FS No. 233-1). 

 

Material Biases: Obsidian versus cryptocrystalline stones 
 

Researchers in the past have recognized the difficulties of working with variable 

stones. Use-wear analysts have long recognized that obsidian and cryptocrystalline 

stones offer very different potentials for use-wear analyses. Analysts, with some ex-

ceptions, have generally stayed away from obsidian, assuming that it was too brittle and 

would not preserve patterned attrition indicative of past human activities. 

Viewing of obsidian and cryptocrystalline surfaces provides very different per-

spectives for the analyst. Both obsidian and cryptocrystalline stones are predominantly 

silicates, though obsidian contains aluminum (Cann 1981, 1983; Shepherd 1972). 

Obsidian, as an amorphous silicate, generally lacks cryptocrystalline structure. Disparate 

crystal formation causes obsidian to have extensive fine microcrystal-line matrices that 

demonstrate excellent conchoidal fracture (Mackey and Warren 1982) and make 

thestone easier to flake and quicker to wear. Under high magnification, obsidian surfaces 

are smooth and highly reflective, while cryptocrystalline surfaces are granulated and dull. 


