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Wear analysis performed on archaeological stone tools from prehistory aims at characterizing their surface
alterations in order to determine their functions and describe past human technical behaviors. However,
the reliability and repeatability of the method is questioned and there is a major difficulty facing scientists
analyzing wear, which is related to proposing quantified and repeatable analyses and interpretations of
taphonomic and anthropogenic (related to manufacture and use) alterations of surfaces.

We propose the creation of an experimental reference collection of surface alterations focused primarily
on selected stone types commonly found at Hungarian archaeological sites. This collection will allow the
characterization of the topographic signatures of manufacture, use, and taphonomic processes. The qual-
itative (through observation using optical microscopy) and quantitative (through surface measurements
using confocal microscopy) analyses will aim at examining: 1) the variability of surface alterations, 2)
protocols that can allow the identification and characterization of surface topographic signatures, and 3)
the appropriate metrological setups that will allow for each of the alteration processes to be differentiated.

We present here the results of the preliminary experiments, which involved flakes for bone and reed pro-
cessing made of six different raw materials. It has been confirmed that use-wear can be identified on each
one of them. Beyond the presentation of the first images from the reference collection we briefly present the
future phases of the project.
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INTRODUCTION

How were these tools manufactured during prehistory? Were there different groups or even human species
using different techniques to produce their tools? Could all stone flakes be used, and were they used? Were
the tools held directly in the hand or were they hafted? Did they serve to cut, scrape, pierce, etc., skin, bone,
or plants? These questions about prehistoric tools are fundamental to understanding the daily life of past
humans, characterizing their relationship with the environment in which they lived, and identifying their
technical adaptation.

For decades, these questions have deeply intrigued archaeologists, and they developed a discipline
focused on the investigation of the methods and techniques used by past humans to produce and modify
their tools, the typo-technological approach (e.g. Borbpes 1961; Tixier 1963). Stone knapping experiments
were carried out quite early to examine the techniques used in Palaeolithic tool production (CouTier 1929).
Nevertheless, systematic research establishing criteria for the identification of production techniques of
archaeological artifacts only started in the 1940s (BorpEs 1947). From the 1960s onward, scientific exper-
imentation carried out by several scholars allowed the reconstruction of different debitage methods. How-
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Fig. 1. Traces on flakes from (A, B) stone hammer direct percussion and (C, D) antler percussion. Residue of antler is
visible on the butt in C. The red square on C shows the location of the 3D model presented in D. The scale given in D is an
approximation based on measurements taken on the 2D pictures used to build the model (with Helicon Focus software)

ever, only minor attention was paid to recording diagnostic features of different knapping techniques (see
Inizan et al., 1999). General correlations between surface features and knapping techniques were suggested
based on personal experience, but were questioned by other observations (Tixier 1982). Controlled experi-
ments about flake (and blade) production allowed for the discovery of correlations between morphological
and metrical parameters of the blanks and the physical parameters of the knapping action, as well as the
properties of the raw materials (DiBBLE & PeLcIN 1995; DiBBLE 1997; ANDREFSKY 2008; EReN et al. 2014;
LenGYEL & CHu 2016). Nevertheless, detailed studies of the surface modifications resulting from the dif-
ferent knapping techniques (Fig. I) are very rare (PELEGRIN 2000; DriscoLL & Garcia-Rojas 2014) and
quantification of these traces for understanding their variability is absent for the most part.

The surfaces of the objects (stone tools in our case) are the elements most exposed to external contact, and
therefore they are directly affected by every type of physical and chemical effect from the environment. Most
of these effects (related to taphonomic or anthropogenic processes) modify surface topographies (BRown et
al. 2018). Thus, the observation and characterization of surface topographic signatures on stone tools can
provide reliable clues about the processes they have undergone. It is on the basis of this principle that traceol-
ogy (also functional approach or wear analysis) was born and developed. This discipline focuses on the iden-
tification and characterization of the use of tools (e.g. SEMENOV 1964; KEELEY 1980) and aims at identifying
their function based on the description of striations, micro-fractures or scars, rounding, micropolishes, and
residues (e.g. BoreL et al. 2014; Stemp et al. 2015; see also Burroni et al. 2002; see Fig. 2). The translation
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from Russian into English of Semenov’s compre-
hensive book (1964) about his pioneering research in
the field marked the beginning of the internationali-
zation of the discipline as applied to archaeological
material. Since then, wear analysis has been widely
developed, but many controversies and debates that
are still relevant today (ODELL & ODELL-VEREECKEN
1980; NEwcoMER et al. 1986; Moss 1987; BAMFORTH
1988; HurcoMmBE 1988; Rots et al. 2006; CHAN et al.
2020) have arisen about the reliability and reproduc-
ibility of the method. While it is now established
that wear analysis provides valuable clues to better
understand how tools were used in the past and in
what context, analyses and interpretations (that are
mostly qualitative) are highly dependent on the
understanding and experience of the observer and
their related bias. Therefore, most debates have
arisen from the fact that the identification of wear
is mainly based on visual analogies between archae-
ological and experimental stone artifacts, and one
of the main issues even today for microwear anal-
ysis is providing quantified analyses and assessable
interpretations. This is why the development and/or
application of quantitative methods that would com-
plement the still fundamental qualitative approach
is essential for the future of the discipline. The first
attempts at applying quantitative methods for wear
identification are actually not recent (e.g. SEMENOV Fig. 2. Types of wear that make it possible to identify the
1970; SEMENOV & SHCHELINSKY 1971; DuMONT 1982;  function of archaeological stone tools. A) micro-fractures or
TomencHUK 1983; 1988; GRrACE et al. 1985; BEyries ~ S¢47s: B) striations, C) rounding, D) residues, E) micropolish
1988). However, it has only been in the last two dec-
ades that attempts at wear (micropolish) quantification and the interest in methodological developments such
as this have increased with the greater availability of surface acquisition technologies (non-contact technol-
ogies in particular). Focus variation microscopy and (laser) confocal microscopy in particular have provided
very promising results. These two technologies have allowed for the identification of differences in surface
textures between micropolishes from different contact materials (Evans & DonaHUE 2008; Evans & Mac-
DONALD 2011; IBAREZ et al. 2014; 2016; 2019; MAcDONALD 2014; STeEMmP et al. 2018; ALvarREZ-FERNANDEZ et al.
2020; PicHoN et al. 2021). In addition, an increasing number of recent studies have examined the effects of
different variables involved in the formation of traces through controlled or even robotic experiments (Key
et al. 2015; 2018; PFLEGING et al. 2015; 2019; Qiu 2016; PrFLEGING 2019; CALANDRA et al. 2020; RODRIGUEZ
et al. 2021). These seek to improve the reproducibility of analyses by testing the parameters of acquisition
systems (e.g. CALANDRA et al. 2019b) or by proposing observation procedures (e.g. CALANDRA et al. 2019a).
Both typo-technological and functional approaches are well established as essential to determining the
manufacturing techniques on the one hand and the processes of use the stone artifacts undergo on the other
hand. However, as presented above, both face limitations in terms of accuracy and reproducibility. They
also lack extensive experimental reference collections with clearly identified and quantified parameters that
would allow them to provide models of characterization as well as classifications for the manufacturing
techniques and the uses of archaeological stone tools. This is the case in particular concerning the raw mate-
rials used to make the stone tools found at archaeological sites in Hungary.
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AIMS OF THE PROJECT

The present project aims at: 1) creating a large experimental reference collection of stone tools produced
using different techniques, employed for different activities, and modified by different taphonomical pro-
cesses (i.e. accidental or natural post-depositional processes); and 2) describing, measuring and quantifying
each topographic signature left on their surface. It will then be possible to: 3) provide reliable and repro-
ducible wear classification models for the recognition of surface alteration processes for stone raw materials
present at archaeological sites in Hungary.

The analysis of these data will make it possible to examine: 1) the variability of surface alterations
for and between each tested taphonomic and anthropogenic process; 2) the establishment of a repeatable,
replicable, and standardized protocol that can allow the identification and characterization of surface topo-
graphic signatures from manufacturing techniques, use, and taphonomical processes; and 3) the appropriate
metrological geometric properties, scale, resolution, and statistics that allow for the determination of each
manufacturing technique, use and taphonomical process.

The project is currently in its first stage and we present here the preliminary results of the ongoing
experiment, which aims at evaluating how the selected raw materials react to use and if they are suitable for
qualitative and quantitative wear analysis.

MATERIAL AND METHODS

Surface topographic signatures undoubtedly depend on the stone type from which the tools are made.
Humans used numerous types of stone during prehistory, but this project focuses mainly on eight stone
raw materials from Hungary and the surrounding areas (Fig. 3) commonly found in archaeological sites in
Central Europe (MEsTER et al. 2012):

—radiolarite from the Bakony and Mecsek mountains (Hungary) and from the Western Carpathians

(Slovakia);

— limnosilicite from the Tokaj, Matra and Biikk mountains (Hungary);

— quartz-porphyry from Biikkszentlaszl6 (Hungary);

— Krakow Jurassic flint (Southern Poland).

The pilot experiment presented here involved all of these raw materials except for the limnosilic-
ite from the Matra Mountains and the radiolarites from the Bakony Mountains and Western Carpathians.
Only one experimenter (A.B.) performed all of the
activities, which consisted of the use of 11 flakes 8
for scraping or grooving dry bone for either 2,000,
4,000, or 16,000 strokes, or sawing fresh reeds for
3,200 strokes (7able I). Prior to the observations,
the pieces were cleaned in an ultrasonic bath with
neutral phosphate-free detergent (5% Derquim®
LM 02) for fifteen minutes and then rinsed under
running water. Microscopic documentation of the
use-wear was done using a Zeiss AxioScope.Al
optical reflected light microscope equipped with
EC epiplan-neofluar 5x (Numerical aperture (NA):
0.13, working distance (WD): 15.8mm), 10x (NA:
0.25, WD: 9.3mm), 20% (NA: 0.5, WD: 2.1mm), and

50x (NA: 0.8, WD: 0.58mm) objectives. When nec-
essary, extended depth of field imaging (stacking)
was performed using the Helicon Focus 7.6.4 Pro,
and panoramic imaging (stitching) was performed
using the Microsoft Image Composite Editor 2.0.3.0.

Fig. 3. Origins of raw materials selected for the experiments:
quartz-porphyry (metarhyolite) (1) and limnosilicite (2) from
the Biikk Mountains; limnosilicites from the Tokaj (3) and the
Matra (4) mountains, radiolarite from the Mecsek (5) and
the Bakony (6) mountains and the Western Carpathians (7);
Krakow Jurassic flint (8)
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Table 1: experiments performed within the framework of the first phase of the presented project

Tool reference Raw material Origin Worke.!d Task Duration No. of
material Strokes*

Wear2.0HU 01 Limnosilicite Biikk Mts., HU Dry bone Scraping  2h 33min 20s 16,000
Wear2.0HU 02 Jurassic flint Krakow, Poland Fresh reed Sawing 3lmin 17s 3,200
Wear2.0HU 03 Limnosilicite Tokaj Mts., HU Freshreed  Sawing 34min 50s 3,200
Wear2.0HU 04 Limnosilicite Tokaj Mts., HU Freshreed  Sawing 31min 3,200
Wear2.0HU 05 Limnosilicite Tokaj Mts., HU Dry bone Scraping 29min 43s 4,000
Wear2.0HU 06 Limnosilicite Tokaj Mts., HU Freshreed  Sawing 26min 43s 3,200
Wear2.0HU 07 Radiolarite Mecsek Mts., HU Freshreed  Sawing 26min 37s 3,200
Wear2.0HU 08 Radiolarite Mecsek Mts., HU Dry bone Grooving 32min 51s 4,000
Wear2.0HU 09 Quartz-porphyry Biikkszentlaszlo, HU Dry bone Grooving 30min 2,000
Wear2.0HU 10 Limnosilicite Tokaj Mts., HU Dry bone Scraping  2h 25min 57s 16,000
Wear2.0HU 11  Quartz-porphyry Biikkszentlaszlo, HU Freshreed  Sawing 35min 35s 3,200

*For both scraping and sawing, one stroke corresponds to one back-and-forth movement.

RESULTS

The first results confirmed that traces (micropolish in particular) of bone and reed processing are detectable
on each of the raw materials tested (Figs 4—10). However, traces due to reed sawing seem to develop more
slowly on quartz-porphyry. Indeed, after 3,200 strokes, well-developed micropolishes are present on this
raw material but less extended (Fig. 4) than, for example, on the Jurassic flint (Fig. 5) or on the radiolarite
from the Mecsek Mountains (Fig. 6).

After 4,000 strokes, micropolish from bone processing already appears smooth on both limnosilicite
from the Tokaj Mountains (Fig. 7) and radiolarite from the Mecsek Mountains (Fig. §).

Fig. 4. Micropolish on an experimental stone tool (Wear2.0HU 11) made of quartz-porphyry (Biikkszentlaszlo, Hungary)
and used to saw reed over 35min (3,200 back-and-forth movements)

Fig. 5. Micropolish on an experimental stone tool (Wear2.0HU 02) made of Jurassic flint (Krakow, southern Poland)
and used to saw reed over 31min (3,200 back-and-forth movements)
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Fig. 6. Micropolish on an experimental stone tool (Wear2.0HU 07) made of radiolarite (Mecsek Mts., Hungary)
and used to saw reed over 26min (3,200 back-and-forth movements)

100 pm

100 pm
Fig. 7. Micropolish on an experimental stone tool Fig. 8. Micropolish on an experimental stone tool
(Wear2.0HU 05) made of limnosilicite (Tokaj Mts., Hungary) (Wear2.0HU 08) made of radiolarite (Mecsek Mts.,
and used to scrape bone over 29min Hungary) and used to scrape bone over 32min
(4,000 back-and-forth movements) (4,000 back-and-forth movements)

Fig. 9. Micropolish on an experimental stone tool Fig. 10. Micropolish on an experimental stone tool
(Wear2.0HU _01) made of limnosilicite (Biikk Mts., Hungary) (Wear2.0HU _10) made of limnosilicite (Tokaj Mts., Ratka
and used to scrape bone over 2h 33min (16,000 back-and- site, Hungary) and used to scrape bone over 2h 25min

forth movements) (16,000 back-and-forth movements)

After 16,000 strokes, micropolish from bone processing is clearly visible on the used edge of the tools
made of limnosilicite from the Biikk Mountains (Fig. 9) and from the Ratka site of the Tokaj Mountains
(Fig. 10). This micropolish is very smooth in appearance and extends to approximately 100 um on the sur-
face next to the edge on both tools.

PRIMARY CONCLUSIONS AND PERSPECTIVES

This first experiment made it possible to confirm that micropolishes from use can be observed by optical
microscopy on each of the selected materials from the Carpathian Basin. To our knowledge, most of the raw
materials from these specific regions had never been tested before for wear analysis.

Continuing on, extensive experiments are currently in progress. Most activities are being performed
without any limitations in terms of the number of individuals performing the tasks, but the effects of the
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individuals on the results will be evaluated by a controlled experiment using a tribometer. Sequential exper-
iments (OLLE & VERGEs 2014) involving two types of motions (i.e. sawing and scraping) and four contact
materials (i.e. bone, antler, wood, and reed) are being performed. We first intend to quantify differences
between these categories of contact materials, but the variability within each of these categories will also
be evaluated. Indeed, fresh or dry reed as well as dry or soaked antler, for example, are likely to produce
different wear patterns and thus different topographic signatures.

The pilot experiment presented here has also made it possible to test different technologies and select
the most suitable for the measurement of the surfaces of these stone tools. The topography of each surface
will thus be documented and measured microscopically using laser confocal microscopy (e.g. Evans &
MacponaLp 2011; Stemp et al. 2018). The comparison of the measured topographies before and after use
will make it possible to quantify the variability of the topographic signatures depending on motion and
contact material as well as to examine the evolution of these signatures through cycles (i.e. number of
strokes) of use.

Experimental manufacture of stone artifacts will also be performed by three different knappers who will
produce stone artifacts using direct percussion with hard stone, soft stone, wood and antler. Each artifact
will be observed in detail macroscopically and at low magnification under a binocular microscope. Surface
topographic signature acquisition and measurements will be carried out on a selection of artifacts depend-
ing on the actual variability of surface alterations observed during the macroscopic analysis. In addition, in
order to avoid misidentification of manufacturing techniques and types of use based on topographic signa-
tures, surface alterations due to natural or accidental processes will be also investigated. Two taphonomic
experiments, trampling and sediment friction, will be performed.

The description and measurement of the aforementioned topographic signatures of manufacture, use and
taphonomic processes and, above all, the evaluation of their variability, will first make it possible to differ-
entiate categories of contact materials. This project will remain open-ended, since the continuous addition
of new experiments and surface topography data will progressively increase the reliability of future models
and later will likely provide clues about more specific contact material types and activities. Both the new
experimental collection and the statistical models based on surface measurements will provide new com-
parative data to interpret archaeological stone tools found at sites in the Carpathian Basin. The experimental
collection is stored and curated at the laboratory of archacometry of the Institute of Archaeological Sciences
of E6tvos Lordnd University (Budapest, Hungary). Possible alteration or variation of surface topographies,
for example due to handling or contact with storage surfaces, will be documented through control measure-
ments carried out on the artifacts on a regular basis.
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