This is the accepted version of an article published as:

Diaz Bonilla S, Mazzucco N, Gassiot Ballbé E, Clop Garcia X, Clemente Conte I,
Benavides Ribes A. Approaching surface treatment in prehistoric pottery:
Exploring variability in tool traces on pottery surfaces through experimentation.
Quaternary International 2020, vol. 569-570, pp. 135-149

Link to the version of record: https://doi.org/10.1016/j.quaint.2020.06.027



https://doi.org/10.1016/j.quaint.2020.06.027

Approaching Surface Treatment in Prehistoric Pottey: Exploring

variability in tool traces on pottery surfaces thraugh experimentation.

Sara Diaz Bonilla®, Niccold Mazzucco®, Ermengol Gassiot Ballbé®, Xavier Clop Garcia“, Ignacio

Clemente Conte®, Ariadna Benavides Ribes’.
®TEDAS, Digital technologies for social archaeology (UAB). 2017 SGR 243
® ADS, Archaeology of Social Dynamics (CSIC-IMF) 2017 SGR 995

© GRAMPO, Archaeological Research Group in the Mediterranean and the Middle East (UAB) 2014 SGR
1248

d
Independent researcher

Abstract

The surface treatment of handmade pottery is afestribed in ceramological studies
of prehistoric collections. However, beyond inferes about its meaning, few works
have addressed this issue in depth. For this stmyexperimental program has been
carried out, where the main variable being explaved the category of tool involved in
the fabrication of prehistoric handmade potteryerEfore, we start from the hypothesis
that different tools generate differentiable tradesatalogue of traces generated by five
pottery tools (pebble, flint spatula, pottery spatishell spatula and linen rag) was
created, with the aim of characterizing and systeng them. The resulting
macroscopic analysis allowed a first qualitativassification of the traces. Microscopic
analysis by confocal microscopy then confirmed dhessification with quantitative
data. The potential of the proposed methodologytriareological and textural analysis
of surface treatment in ceramics is highlightecenég, the possibility of discriminating
different surface treatment techniques opens newsppetives for the study of

prehistoric pottery.

Keywords: Experimentation, Traceology, Pottery surface, IKibo Reference
collection.



1. Introduction

Analogy plays an important role throughout the d@mment of archaeological science.
It helps to reconstruct the bridge between a pastam activity and the material record
that exists in our present. It allows the archagistoto recognize in an inert trace the
living process that generated it. In this sensmesof the methodological developments
in archaeology have been based on the construatiorodels that allow us to establish
this association between action and matter, betwgesture and trace. The
consolidation of disciplines such as experimentahaeology and ethnoarchaeology is

integrated in this approach (Johnson, 1999).

One of the limitations of analogy is the distaneén®en the present and the past social
reality. However, it is useful when it comes to Ilggmg processes and concrete
situations, as long as its scope is previouslynd&did. This implies that, by definition, it
is a deductive procedure. The relevance of theoggahust be established prior to the
observation, even if this is done by using the Keoge already accumulated for the
discipline (De Gortari, 1974; Bate, 1998; Johnst899). And it is precisely this prior

design that must establish its validity and thedglines for reading its results.

This methodological procedure is followed here. Stat with analytical modelling of
the ceramic production process, where we isolatasel treatment as a phase in the
fabrication of the containers. We also assume ithadhe manufacture of handmade
pottery, where there is no rapid rotation of thatamer during modelling or finishing,
the technical conditions that lead to the processstandardised. Similarly, that the
recreation under controlled conditions of this pdrthe production process can provide
guidelines to identify certain actions involvedtim the finished product.

Surface treatment refers to the series of actiortheé production of ceramic recipients

in which the internal and external walls of thesatsare smoothed and prepared for a
functional and/or aesthetic purpose. It can alsa@éfemed as all the technical actions

aimed at modifying the inner and outer surfacea mdcipient. Surface treatment can be
separate from or connected with the procedure ¢aterthe shape of the recipient,

depending on whether it is carried out during ¢erafnodelling the shape, or even after
firing (Timsit, 1997).

This aspect of hand-made pottery manufacture ha$een studied in any depth in
archaeological ceramic studies, which have tendefddus on other stages of pottery



production, such as the procurement and preparafitime clay, the techniques used to
make the recipients, decorations and firing praees€onsequently, precise proposals
have rarely been made about the activity of surfee@ment, which has become diluted
as another aspect in the creation of a pot. Howeane scholars have vindicated the
need to explore, in terms of investment in labaud means, the set of actions required
to finish ceramic recipients. It is a promising ave of research, in which those

productive actions are individualised in order tiady them in greater depth (Martineau,

2001, 2006, 2010; Lepere, 2014; Forte, 2014, 28k6¢china, 2016).

This work presents some initial results of the expental program carried out on the
basis of the previous considerations with the psepaf defining objective references to
understand a segment of ceramic production, surfi@zgment, from the observable
traces on the surface. In general terms, the airto ismpirically characterise the
incidence of economic factors (the amount of waonkested) and technical factors (the

actions carried out and the tools used) (Gasdfi2p

The programme was based on the hypothesis thatrdliff forms of surface treatment,
produced by the combination of different variab{ésols, movements, intensity of

work, characteristics of the clay, etc.) shouldutem substantial differences that can be
observed at qualitative and quantitative levelsatTis to say, they should generate
diverse but diagnostic traces.

The main methodology of this study, through whitte tquestions raised will be
answered, is experimentation applied to archaeolBmge it can help to reconstruct the
relationship between the material record and theites that generated it, in recent
years experimentation has consolidated as a dwmemiethod within prehistoric
archaeology. However, this methodology has been ohethe foundations of
archaeological methods ever since it was firstiadph the 19th century (Evans, 1860,
1872; Rau, 1869; Smith, 1893; in Skakun et al. 2@).7

The comprehension of some phases of past produptiveesses through material
remains often requires the creation of referenbas ¢an guide the identification and
characterisation of the actions that generated therthis sense, experimentation can
reconstruct the connections between the archaealoggcord and past technological
processes. It is therefore an excellent way to iobitaformation about productive

activities and the economy of ancient societieswal as to develop new analytical

methodologies at macro- and microscopic levels K&hkat al, 2017: 7).



Experimentation applied to archaeology is an inMitato go beyond aseptic and
merely descriptive studies of material remains laaslled to a wide range of hypotheses
about work processes and the use of objects ipdlse (Ascher, 1961; Schiffer et al.
1994). Thus, in prehistoric pottery studies, expentation came into widespread use in
the mid-20th century with some pioneer researc(i2amthine, 1953; Semenov, 1981;
Garidiel, 1985; Rice, 1987; Echallier, 1988; Arn&989). In the 1990s and early*21
century, Skibo (1992), Orton (1993), Timsit (1990hevillot (1996), Clop (1998;
2002; 2008), Martineau (2000; 2001) and Roux (2@honstrated the importance of
this line of research as they designed projectsftitaised on the different stages in the
production of pottery and put into practice morenptex experimental programmes
mainly to address particular archaeological issues.this context, experimental
programmes have been applied to different kindemglements, such as lithic tools
(Gijn, 1989; Rodriguez et al. 2006; Mazzucco et28l17), osseous utensils (Maigrot,
1997; Mozota et al., 2017a; Mozota et al., 201@@grine shells used as tools (Pascual,
2008; Salanova, 2011; Cuenca-Solana et al., 2@i% and 2017; Manca, 2013, 2016),
ceramic spatulas (Korobkova, 2001; Gosselain, 20B2don and Lepere, 2006;
Vieugué et al., 2010), and textiles (Andersson.e2@l2; Forte and Lemorini, 2017), to

name just a few examples (Clemente et al. 2019).

Experimentation studying fabrication marks on psadric pottery is analogous to the
functional analysis of lithic artefacts. The markgether they were produced during
manufacture (technological traces) or by use (fonal marks) possess a determinate
origin that can be identified by reproducing thensaactions that generated them (Vila,
1981; Clemente, 1997, Pijoan, 2001; Terradas aeth@hte, 2001; Vila and Clemente,
2001; Roux, 2016; Skochina et al. 2016).

2. Objectives

This study is part of an experimental programmeedinat exploring the technical

conditions of a phase in the production of hand-enpottery: the surface treatment of
the recipients. Through the creation of an expemialecollection, the objective has

been to show how the different surface treatmeatsbe discriminated at several levels
of analysis, both macroscopically (with the nakgd)eand microscopically (to study the
texture/surface topography; for further informati@ee Leach, 2013: 2; Evans et al.
2014; Calandra et al. 2019).



In order to resolve the validity of the proposedgsamme, several questions need to be
answered. The main one is whether different surfeement processes, both in terms
of working time and technical characteristics amel tools used, leave different traces.
This general problem can, in turn, be fragmentéal ather more limited problems: Is it
possible to identify the tools used from the typérace generated on the surface? Does
the type of clay and its state of loss of humidiyndition the development and
appearance of the trace? Can the intensity of th& wvested, which is a determining

factor in the cost of production, be inferred fridme characteristics of the traces?

This paper focuses on resolving the first of thepecific issues: exploring the
hypothesis that different tools generate differnlg traces. Related to this purpose, it
is also intended to proceed to an objective desonf the different traces. Likewise,
we seek to confirm their observation by means af, aypriori, independent procedures,
one macroscopic and the other by means of lasensuf microscopy. To avoid
distortion and noise, the other variables involuedhe monitored work process have

been maintained unchanged.
3. Materials and methods
3.1. Design of the experimental programme

The experimental programme was based on analytcaelling of surface treatment
processes. This model differentiates between twe o€ variables, environmental
variables and technological and economic varialitesshich are added those linked to

the subsequent observation of the traces.

In order to understand the effect of tools on tlo#tguy surfaces, the environmental
variables that mainly affect the characteristicstloé clay have remained constant.
Within the second group of variables, the followhmayve been considered: type of clay,
drying time, working time and toolkit. To focus tme resolution of the question posed,
all of them have been kept constant, except fotdbks used. Once this factor has been
understood, new variables will be introduced in ¢éxperimental programme, such as

degree of dryness or different working times.

The initial part of the experimental programme iwed the preparation of ceramic
squares 10 x 10cm in size and one centimetre thilck. surface of each one has been

treated following a specific combination of varieblaccording to the plan designed



beforehand. Finally, once the experimentation viigistfed, the pieces were fired in an

electric kiln at 850°C to facilitate their analyaisd conservation.

Five pottery squares produced in the programmetacked here. They demonstrate the
results of experimentation using different typesutdnsils: a pebble, a knapped flint

artefact, ceramic spatula@Gycymeris glycymerimarine shell and a linen rag.
3.1.1. Clay

The experimentation samples were made with comalectiy’: a purified, processed
and packaged natural clay. It maintains the degfdg/grometry in optimal conditions
for a long time once it begins to be used. Witls tiype of clay, the traces are clearer
because of the small volume of inclusions. Thisvedl a more direct assessment of the
hypothesis underpinning the programme without tiséodion that the larger quantity

and variability of inclusions in non-commercial glaight introduce.
3.1.2. Degree of dryness

Once the samples had been prepared, and befotiegrézeir surface, they were left to
dry for a time until the consistency required fbe texperimental programme was
reached. Therefore, it was necessary to consigdngroscopicityof the materials: i.e.
their capacity to absorb humidity. Ceramic clapas an exception and two determinant
factors must be considered in the drying procdss:water content in the clay and
atmospheric humidity. The percentage of atmospheridity and water contained in
the walls of a recipient determine the rapidity hwthich the water will evaporate.
Thus, at a low temperature and high humidity, tlaewin the clay will be lost slowly.
In contrast, with high temperatures and low atmespghhumidity, the drying process
will speed up. The drying speed influences somegmnaes of the clay fabric in the

different phases of the pottery fabrication procesduding the final finishing phases.

All the experimental samples have been worked Withsame amount of initial water
and in the same environmental conditions of tentpegaand humidity, so they have
undergone the same gradual drying process. Consiiyju¢he temperature and
humidity have remained stable by establishing amw@ temperature range between 24
and 28°C, and atmospheric humidity between 30 aB&b.5In this way, they

hygroscopic loss was maintained stable and sinfdarall the experiments (Diaz

! The model is PA84BIS15 Pasta Himeda Roja Bisbal, with a humidity percentage of 18-21%, provided by
Anper Ceramica (Rubi, Spain).



Bonilla, 2019). As a result, those days when thaptrature and humidity varied
significantly from the fixed parameters were not ngidered suitable for

experimentation, for example, on wet rainy daysidhe middle of summer.

The determination of drying times is subject to tiplé factors: quality of the clay
fabric, quantity and type of inclusions, environtanconditions, place of work
(indoors or in the open air), water added to thréasesposteriori etc. The drying time
is possibly the environmental variable that is naifftcult to define and control as, in
addition to the atmospheric conditions, it alsoalefs on the characteristics of the raw

material used, in terms of both the mineralogy imdapacity of hygroscopic retention.

In the case of the commercial clay, the hydric woducontained in the clay is stable as
the same amount of water is always added per latogsf clay, resulting in between 18

and 21% humidity. Its definition has been based poevious studies on pottery

technology and ethnography (Garidiel, 1985; Magine2010; Garcia-Rossell6 et al.
2013; Lepere, 2014; Roux, 2016).

For the present study, samples in a humid staér afdrying time of 14 hours have
been selected. This is a state in which the clagtiis malleable but has acquired
consistency and a pottery recipient will remaimfioy itself without losing the shape it
has been given. However, the walls are still fresbugh to be worked. This is the ideal
state in which to create the definitive shape ardyoout surface treatment.

3.1.3. Working time

The different times of the investment in labouritery tools, and degrees of dryness
determine the result of the surface treatment &edefore also of the experimental
samples. Therefore, reproducing the approximat&iwgitime employed in hand-made
pottery fabrication enables a general picture tob&ined about the labour invested

and relate it with the result obtained — a paricsurface (Gassiot, 2002).

In the design of the experimentation programmeatheunt of work was established in
terms of time. To do this, it was assumed thaintisnsity (e.g., in terms of strength or
rapidity of movements) is constant. In consequegsen a certain drying time and use

of a specific tool, with more work, the traces aoddition of the surface will vary.

In the case of the present study, all the sampbe worked for five minutes. This is

long enough to generate a considerable numberaoédron the surface of the sample.



All the experimental samples have been worked bysdime person to avoid variability

due to different workers.
3.1.4. Toolkit

This is the modifiable variable in the experimeistatdescribed here. The variation in
the tool used for the surface treatment is aimeahatysing the changes that occur on

the ceramic surfaces.

Many of these tools would have been made from Ipabile materials and therefore
their conservation in the archaeological recordificult or impossible. Such utensils
may have been made with animal or plant matergalsh as wool, leather and cloth
made from plant fibres (flax or hemp) or woodentsjas. In contrast, some mineral
and animal tools have been documented archaeollygidee river pebbles, flint flakes,
bone spatulas, shells, and reused pieces of patreegtéequeqGassin and Garidiel,
1993; Manca, 2016; Vieugué et al., 2010; Maigrd1@ Mazzucco et al., 2015;
Cuenca-Solana et al., 2017; Margarit, 2017; Cu&ulana and Clemente, 2018,
Mazzucco, 2018; Clemente et al., 2019, to citegusiw examples).

In the present study, the experimental samplesyoexti with five tool types have been
selected. They differ in their nature and morphgiogebble, flint spatula, pottery

spatula, marine shell spatula and linen cloth.

The pebble is small, shiny, and polished. It isaalsvused on the same side. This tool
allows a back and forth motion. The flint spatulaswobtained by flaking a larger flint
core. The resulting spatula is an elongated tdoé dontact face used to scrape ceramic
is always ventral one. This tool allows a back &th motion. The pottery spatula is
made from a broken fragment of a hand-made vebssintains medium-size granitic
inclusions. The marine shell spatula belongs ® sheciesGlycymeris glycymeris.
Small in size, this was used without any previotepgaration or shaping. The pottery
surface is worked with the external face of thellstliellowing a back movement.
Finally, the linen cloth has a thick weave. It sed wrinkled, hand held, with a back
and forth motion (for more detailed information e tools used, see Clemente et al.,
2019).



3.1.5. Firing

The experimental pieces were fired for two reas@hso assimilate the sample as much
as possible to the pottery production process,hab the result of the experimental
samples can be compared with the archaeologicattshjand 2) to preserve them from
the damage they would suffer if stored unfired emfix the traces. Firing lasted three
hours with a gradual increase in temperature t*@5&cientific publications show
certain consensus in that this is the usual tenyrerghat an artisanal kiln in the ground
could reach, although there may always be exceptiohallier et al. 1992; Vazquez-

Varela, 2003; Garcia-Rosello et al., 2006, to jeist a few examples).

3.2. Production of samples

The experimental samples were made in the High NéanminArchaeology Group
(GAAM) and ARCHEOM laboratories in the Prehistorggartment at the Autonomous
University of Barcelona. This was ideal becausef &sin a semi-basement (on MRA
building), the room maintains stable temperaturd hamidity conditions, with only
small oscillations, all year round. This meant tleaperimental samples could be
prepared at all times, except on the hottest ddymummer and when humidity was
higher because of rain.

There were made with two pieces of wood placed targe piece of linen cloth. The
clay was kneaded and prepared as a plaque whiclspvaad out and smoothed with a

wooden roller.

Metal moulds, 10 x 10 cm in size were used to quase pieces of clay without hardly
any deformations. These pieces were numbered anrthwerse side and were left to
dry for the time required for each experiment. Temperature and humidity were
recorded in the database twice: when the pieces made and just before they were
worked (Fig.1).

After being worked, the pieces were left to dry &brleast seven days so that all the
water contained in them would have been lost. @higeases the risk of fracture of the
samples. After firing, the pieces were labelledwtiteir inventory number and stored in

plastic bags with a zip closure to guarantee tygropriate conservation.



The five experimental samples worked with tools amalysed from a control sample.
The control sample was made following the previeoseme. After being smoothed
with the roller and cut with the square mould, timgers are lightly passed over it to
remove the impressions of the wood. This createsngpletely smooth surface with no
visible marks or traces. The control sample has Ip®tographed and analysed at the

same level as the experimental samples, so thattdrebe compared with each other.

FIG. 1

3.3.Analytical protocol: qualitative and quantitative

The experimental samples (Table 1) were analysetivon ways, a qualitative or

macroscopic observation and a quantitative or recopic analysis.

Degree of Working Type of .
Sample Tool ) _ Firing temperature
dryness time kiln

M1.0 -
M 1.45 Pebble
M 1.46 Flint

M 1.50 Pottery

spatula

14h 5 Electric 850 °

M 1.52 Shell

Spatula

M 1.53 Linen rag

3.3.1. Qualitative analysis

An Access database was created in Microsoft Otbosontain the qualitative data. The
variables follow the pattern proposed by Clemenii@97) and Garcia-Rossellé and
Calvo (2013). These variables concentrate on tlaackerisation of the traces. The
main trace is described with all its variationsg(E). The categories chosen to describe
the traces focus on their morphological and topolgacharacterisation.
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The experimental samples were photographed witkiealIC 3D MZ16FA binocular

microscope at 6.30 and 10.1X, in the laboratoriésthe Archaeology of Social

Dynamics (ASD) research group of the Spanish CodmcEcientific Research (CSIC).

One series of photographs was taken with doublgubllighting (gooseneck system).
Another was taken with a vertical light from a leatona, with variable intensity of the
beam of light. The combination of light and shademable the observation of the
traces.

This graphic material, together with the piéeesitu and direct observation through the

binocular, was used for the macroscopic analysis.
FIG.2
3.3.2. Quantitative analysis

In order to test whether the visual differenceseolsd between the various surface
treatments can be quantitatively measured, laserasicg confocal microscopy (LSCM)
has been tested. Laser-scanning confocal microsicapyroved to be an accurate and
easy to use technique for surface microtexture mmeagent (Evans and Donahue, 2008;
Stevens et al., 2010; Ibafnez et al., 2014, 20Xmptet al., 2018). For this analysis, we
have used a Sensofar Plu Neox, a programmable scaaying confocal microscope, in
the laboratories of the Archaeology of Social Dy@T(ASD) research group of the
Spanish Council for Scientific Research (CSIC)o#al of 240 areas, each one 650x500
um in size, have been sampled: 40 areas for eadiclass (flint tool, pebble, shell,
esteque and linen cloth), as well as an untreated, nhtday surface. Areas were
randomly measured on the clay plate to cover tkeutal variability entirely. A EPI
20xN (0.45 NA) objective, with spatial sampling@B3 um, optical resolution of 0.31
um, vertical resolution of 20 nm and a z-step iraérf 1 um, has been used. The
monochromatic blue LED (460 nm) has been usedgas siource. After measurement,
all areas were processed with Mountains7 softwaemgoMap Standard), from Digital
Surf. A levelling operator using the least squdLey) plane method was used to correct
the lack of horizontality. Afterwards, spatial éititng has been applied to isolate the
roughness components of the surfaces using a Gauiker with a 0.08nm cut-off
(Le Goic et al., 2016; Caux et al., 2018).

In a first phase, 30 parameters (Annex 1) wereaeted from Mountains7 for each one
of the 240 areas. Successively, all variablesrigilihe tolerance test were removed

11



(Annex 2_a) and/or those that showed a non-sigmificliscriminant capacity through
Wilk’'s lambda test (Annex 2_b) (Ibéfiez et al., 201&fterward, on the basis of the
structure matrix (Annex 2_c), nine parameters, whaffer the greatest size of
correlation within the first function (that explairB6% of the total variance), were
selected (Annex 3). Selected parameters (includetid ISO 25178 standard) (Annex

3) are:

1. Height parameters, a class of surface finish pammeharacterizing the
distribution of heightsq root square mean height —represents the stamgardtion

of heights;Sg arithmetical mean height —expresses the differancheight of each
point compared to the arithmetical mean of theax@).

2. Functional parameters, which are related to thé&ilbligion of heights and its
cumulated curve, called the Abbott-Firestone cyBrac,nverse areal material ratio —is
the height [c] that gives the areal material ragxl0%; Sxp,peak extreme height —
difference of heights at the areal material ratmues p=50% and q=97.5%@pk
reduced peak height —represents the mean heigietaék above the core surface)

3. Feature parameters, calculated on particular pdines or areas of the surface,
detected by watershed segmentati®pq mean peak curvature -represents the
arithmetic mean of the principal curvature of tlealks on the surfac&10z ten-point
height — is defined as the average height of the fighest local maximums plus the
average height of the five lowest local minimums.

4. Volume parameters, which are defined with respedhée Abbott curve\(wy,
valley void volume), which represents the void vo&iof dales at the areal material
ratio p=80%.

5. Hybrid parameters, which use both height and latendormation @&dr,
developed interfacial area ratio —this parameteused as a measure of the surface
complexity, expressed as the percentage of thaitefi area's additional surface area
contributed by the texture as compared to the pldegnition area).

Once the parameters have been selected, the “os#d variable on which the
discriminant analysis is run is removed from hdlfhe sample. Afterwards, a canonical
discriminant function is carried out. In this wayblind classification of half of the data

is obtained.

12



4. Results

4.1. Qualitative analysis

A qualitative description of the traces observedannection with the different utensils

can be made at a macroscopic level (Fig. 3a andlBiey are described thus:

Control sample. This is an experimental sample wed smoothed with fingers
to create a flat, matt surface with no striatidhss a neutral sample, a state of
surface without any evidence of being worked witto@l. It has only received
the smoothing action by means of the wooden rddee the section on the
production of samples) and a slight smoothing Wit fingertips to eliminate
any mark of wood.

Pebble. Sample M 1.45 was treated with a granier pebble. At macroscopic
level traces can be seen on the surface of theleamghe form of a wide
groove. The edges of the groove are prominent, lwlicto say that they are
clearly marked because material has been draggedcmumulated on the edges
because of the pressure of the tool. The endsnitslof the traces are similarly
marked: the dragged clay means that they finishply:

The cross-section of the traces has been consideredegular surface as the
grooves do not possess a totally defined crossesedihe traces are distributed
in parallel groups. The surface is matt and irragblecause of the prominence
of the traces.

Flint spatula. Sample M 1.46 was worked with a pkgbflint fragment. Clearly
marked traces are observed macroscopically. Theedraare fluted, with
prominent edges as a result of the clay being @é@dy a smooth hard tool with
sharp edges. The ends of the traces are cleangaombination of implement
and movement causes them to finish abruptly. Tressgss a U-shaped cross-
section with striated bottom. The traces cross aawmh other owing to the
swivelling motion of the hand.

In this case of the experimental sample worked witit, some traces can be
regarded as secondary. They are grooves withiflas swithout prominences or

13



dragged clay. The ends of the traces are markezkergrooves are so slight that
their cross-section is superficial and flat, withouegularities. The grooves
cross over one another because of the varying mentsnof the hand during the
work.

The surface is slightly shiny owing to the repeaetion with the hard-mineral
tool.

Pottery spatula. Sample M 1.50 was worked with @epp fragment that had
been shaped to work in the production of a newprest. The edges were
smoothed and given the typical rounded shape of gbdery spatulas
documented archaeologically (Viegué, 2010; Clementd. 2019).

The traces were fluted with prominent sides andketghends owing to the hard
nature of the tool, which also contains inclusionghe clay fabric. Their cross-
section is U-shaped with striated bottom becaus¢hefirregularities in the
surface of the tool.

The traces cross over each other, a result of ihemratics in the use of the
implement. The surface is rough, as the flutingrfed by the pottery spatula is
very marked and visible.

Shell spatula. Experimental sample M 1.52. Theesaare classified as fluted
with prominent sides, as some clay was draggedlefhcdiccumulated on the
sides. The ends of the traces are marked, asithisly &bruptly.

The cross-section has been classified a U-shapéd flet bottom as the
morphology of the tool is smooth without any nogibke irregularities. The
traces are criss-crossing as the tool is small tardmovements of the hand
produce new traces that cross over the previous. one

The surface is slightly shiny, caused by the folctand smooth hard nature of
the tool.

Linen rag. Sample M 1.53 was worked with a piecén&n cloth, used as a rag
to rub the pottery surface.

The rag produces striations whose sides may bguiag depending on the
pressure exerted with the hands. The ends of #oedrare blurred, as the soft
utensil does not apply enough force to finish theatson abruptly. It is not
possible to attribute a definite cross-section shas the striations are

superficial; therefore, the cross-section has lotessified as irregular.

14



Owing to the morphology of textile weave, the tmaege distributed over the
surface in parallel groups that do not overlapross over each other.
The surface is smooth and matt.

FIG 3a.

FIG 3b.

4.2.Quantitative discrimination

Discriminant function analysis shows consistencisination between the different
surface treatment techniques. Results provide r@copercentage of 84.6% (203 of 240
areas). Significant mean differences (Wilks' Lamb@amnex 4) were observed for all
the selected parameters. Most of the variabilityexpressed in the first dimension
(88.9%) (Annex 4), in which the pottery spatudatéqueproup is clearly separate from
the other treatment techniques (Fig. 4). Potteatudp-treated surfaces are correctly
classified at 100%. It can therefore be stated shefaces treated with the pottery tool
are significantly different from the others, showihigher surface roughness values.
Fisher’'s linear discriminant function indicatestttfae parameters that best characterize
the pottery spatulegroup areVvv, Sa,and Sxp for which mean values differ
considerably from those of the other tool-clas&egjarding the other surface-treatment
classes, most overlapping occurs between shelflamdpatula and between untreated
surfaces and pebble (Annex 4) as also visible fitmeplot (Fig. 4) (Table 2).

FIG. 4

PREDICTED GROUP MEMBERSHIP

PEBBLE ESTEQUE FLAX SHELL FLINT UNTREATED |Total
Count 37 - 1 - - 2 40
% PEBBLE 92.5% - 2.5% - - 5 100
Count - 40 - - - - 40
% POTTERY - 100% - - - - 100
Count FLAX - - 32 5 3 - 40
% - - 80% 125% 7.5% - 100
Count - - - 29 7 4 40
% SHELL - - - 72.5% 17.5% 10% 100
Count 1 - 1 - 38 - 40
% FLINT 2.5% - 2.5% - 95% - 100
Count 1- - - 3 - 27 40
% UNTREATED 25% - - 7.5% - 67.5% 100
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In order to better understand the differences betwéhe remaining treatment
techniques, it is helpful to remove the potterytgl@afrom the sample. The analysis is
therefore run once again. The Eigenvalue values sloow that Function 1 explains
42.9% of the variance, Function 2, 28.1% and Fonc3i, 26.4% (Annex 5).

FIG.5

The classification table (Table 3) shows a cordassification percentage of 84.5%.
The lowest degree of classification occurs forgdateated with shell (57.5), which are
mostly mixed with those worked with a flint tool camintreated surfaces. The rest of

surface treatment techniques are correctly idedtifietween 92.5% and 82.5%.

PREDICTED GROUP MEMBERSHIP

PEBBLE LINEN RAG SHELL FLINT UNTREATED |Total

Count PEBBLE 37 1 - - 2 40
% 92.5% 2.5% - - 5 100

Count - 37 - 3 - 40
% LINEN RAG - 92.5% - 7.55 - 100

Count SHELL - 3 23 7 7 40
% - 7.5% 57.5% 17.5% 17.5% 100

Count - 1 - 39 - 40
% FLINT - 2.5% - 97.5% - 100

Count 5 - 2 - 33 40
% UNTREARG 12.5% - 5 - 82.5% 100

Linen rag and Untreated surfaces show higher aeffis in the first function; Pebble
and Flint in the second (Fig. 5). Function coeéfits (Annex 5) show th&aandVvv
show greater values for the first dimensions, w8peandSpkshow important loads on
the second one. Surfaces treated with Pebble armdst similar to untreated surfaces,
and both show higher values for all roughness parars; surfaces treated with Flint
spatula appear to have more rounded and shortés flav values forSpcand SpR

(see Annex 5).

To confirm the confidence of the classificationesulve classified half of the sample

(120 areas) blind with regards to the other hadimgles were randomly chosen from
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the database, 20 areas for each surface treatf@nthese 20 areas no indication of
group membership (i.e. pebble, pottery spatulanlirag, shell, flint, and untreated) is
provided before running the quadratic discriminaiihe results of this blind

classification are quite satisfactory, as 73.4%sase correctly classified (Table 4).

‘ BLIND_TEST
PEBBLE ESTEQUE LINENRAG SHELL FLINT UNTREATED
o PESBE | o O o 1w
C(O)/:m POTTERY ? 158% ? ? (_) (_)
Cz)/l:m LINEN RAG ’ ’ 8];@ 13% 51% ;
Cg/:m SHELL 51% 5102% 42% ;%
T RUNT L Jew
C(o)/:m UNTREATED 23% ;% ;% 22% . ég%

The lowest percentage of correct classificatiomprisvided again by surfaces treated
with a Shell, which are mostly mixed with those Wexd with a Flint; this result is
coherent with the data previously obtained (Fig.18)general terms, it can be stated

that surface treatment can be correctly classiigdg microtexture analysis.

5. Discussion

The objective of the present study is to beginystesnatise the technical actions in
which the surfaces of hand-made pottery are shapégrepared. This can be achieved
with systematic experimental programmes that exardifferent aspects of production.
It has been based on the hypothesis that differemtsils used to treat pottery surfaces
will leave different traces. Therefore, the workingstrument involved can be
objectified and identified. Indeed, the resultswhww the traces can be classified into
different types owing to the various aspects thattaken into account in the analysis of
the experimental samples. This qualitative macnoiscolassification is supported and
consolidated with quantitative data gathered mmopgally. In this regard, the results
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of the statistical tests provide a classificati@rgentage of 84.6%. The result of the

blind test also provided a strong classificatioithw 3.4% of areas correctly classified.

The ceramic spatula stands out from all the otbelstused in the samples because it
generates a particular appearance. The tracesu#@ee wsible even to the naked eye

because of their prominence.

From the qualitative point of view, the surfacesrkeal with a pottery spatula possess
fluted traces with a U-shaped cross-section anateatt bottom. The edges of the traces

are clearly prominent and the ends are clear.

The morphology of the pottery spatula helps to gmeesuch evident traces. The
inclusions and the shape of the fired and fragntecégamic fabric mean that the active

edge that operates on the experimental surfacadsdnd irregular.

This circumstance is clear in the quantitativesta@stwhich the data referring to the
ceramic spatula are separate and clearly diffextaatifrom the other data. It possesses

the highest value of Function 1, which suggestsgbme variability exists (Fig. 6).

FIG. 6

The traces left by the pebble are moderately \gsiblthe naked eye. The grooves are
wide with an irregular cross-section that doesabearly display a U-shape. The edges
are irregular as some are prominent whereas o#irerflat because the groove is not
deep enough, and the ends of the traces are mddkedto the variable movement of

the hand, the traces are grouped together; thegrriese contact with each other and

are distributed parallel to each other.

The pebble tool produces such wide grooves thggether with the malleable state of
the clay, the traces possess an irregular crosesedhis is expressed quantitatively
by the irregularity in the trace depth. The wideayes mean that there are no large
distances in the topography of the surface, igretlare no great differences between the
highest and lowest points on the surface. As altrethe data are not compact but
clearly grouped and differentiated from the othrelatment groups because they are
grooves. This also means that the data referritige@ebble tools are close to and even

mixed with the data from the negative sample, whgltompletely smooth with no
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traces or irregularities. The centroid of the pebthta displays medium values, near 0

in each function (Fig. 7).
FIG.7

The flint tool generates a very marked microtoppbgsa when observed
macroscopically. At a qualitative level, the samsptiisplay fluted traces with a U-
shaped cross-section and striated bottom. The sidi® fluting are prominent and the
ends of the traces are marked. The swivelling madiothe hand makes the traces cross

over each other.

The tool possesses a complex morphology as it lerge chipped flint blade with
numerous faces and sharp edges. Its texture istlgligranulated. This means that the

edges of the tool penetrate abruptly in the cléyitaand generate fine but deep traces.

This is also seen at a quantitative level. In theoad chart, the data corresponding to
surface treatment with the flint tool are grouped @ompact, but mixed with other

tools that also generate fluted, but substantidlfferent, grooves. These tools are
discussed fully below. Surfaces worked with flirggday very high values in Function 1

and 2. This is explained by the great topographitation in the values of the data that
was collected. The fluting is very deep and Fishefest classifies these values
accordingly. Its centroid displays the highest eain Function 2 and is situated very

close to the centroids of the samples treated avittarine shell (Fig. 8).

FIG.8

The marine shell spatula, consisting ofGéycymeris glycymerishell, generates a
highly visible microtopography macroscopically. the qualitative level, the traces are
fluted with a U-shaped cross-section and flat bottd’he edges of the traces are
prominent, and the ends of the traces are markeel.nfovements of the hand result in
criss-crossing marks. Since the tool is smallag to be passed several times to be able

to cover the whole surface.

Quantitatively, the data for the surface treatnveittt a shell spatula possess values near
to 0 in Function 1, whereas they are a little highie5, in Function 2. As noted above,
these datasets approach the data obtained folithespatula, as the traces are very

similar. However, they differ sufficiently for theentroids of each type of treatment not
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to touch one another and the datasets are distdbmbstly in opposite directions: the
data for the surfaces treated with the flint spatieind to the value 2 in Function 2,
while those for the marine shell tend to the vaRielThe values of both types of surface

treatment are between 0 and 1.5.

The main difference between the two tools is sadhe type of bottom of the traces; as

the traces created with the flint tool are striatdule those generated with the marine

shell are flat. This difference is enough to exprgsantitative differences (Fig. 9).
FIG.9

The linen rag is moderately evident in the microgmaphy of the sample. At

macroscopic level, treatment with the linen rageyates characteristic traces: the fine
striations. The sides of the traces have beenifitabss irregular and their ends are
blurred. The cross-section has been classifiechagegular surface. The striations are
so fine, superficial and delicate that it is difficto classify the cross-section type in the
photographs taken with the binocular microscopee Tiand movement varies little

because the rag is large and covers much of thelsasarface. This means that the

traces are grouped but remain separate and anéeptyane another.

At the quantitative level, the surfaces treatechwiite linen rag form a disperse group,
but close together. It is somewhat distant fromatheer groups of data: between 0 and -
5 in Function 1 and between 1 and -2 in FunctioBd&ne of the values of the surface
worked with the rag are mixed with the values ai®difor the flint and marine shell
tools owing to the morphology of the traces. Flgtiand striations share more

characteristics in terms of size and shape thanatien and a groove.

At the same time, as the striations are slighty ttreate a surface with few extreme
oscillations in the topography. This means that esoralues are mixed with those

obtained for the control experimental sample (EQ).

FIG.10
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6. Conclusion

According to the results that have been preseittedn be concluded that it is possible
to discriminate different types of tools employedr fthe surface treatment of
experimental samples. The initial hypothesis isrdfwe confirmed: different

implements generate different traces.

The tools chosen for this experimental programmeegse traces that have been
classified into grooves, fluting and striations.ckane creates a unique topography,
which can be identified at the macro and microscdgvel and can therefore supply
valuable information about how a recipient was male means of production and the

investment in labour.

The future of this type of study lies in the desigh systematic experimental
programmes that combine different variables, suglclay fabric types, degrees of
dryness, working times, type of kiln, firing temptrre, and so on. When the results
have been obtained, new methodologies of analysis data collection should be
implemented. This must include the establishmera éries of categories allowing the
systematisation of the observations and the automaltf pottery analysis. Confocal
microscopy and systems of textural analysis arecaffe for this purpose. The
application of quantitative systems will not onlgjnprove and confirm the visual
interpretation of the traces but also create ref@elatasets for other future analyses.
These will grow and expand as new experimentatisncarried out, enabling

increasingly precise comparison with the archaecédgecord.

The possibility of discriminating the different $ace treatment techniques opens new
perspectives for the study of prehistoric pottédghough the present study needs to be
extended by testing a larger number of variablesKimg time, degree of dryness, clay
types, etc.), the creation of an experimental ezfee collection will allow pottery
traditions in prehistory to be approached from aigimal point of view. This will
improve our understanding of pottery productioncesses, the organisation of the

labour and the social characteristic of the potteakers.
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TABLES AND FIGURES — DESCRIPTION

Table 1.List of experiments undertaken.

Table 2 Classification table of predicted group membgrshith pottery spatula.
Table 3.Classification table of predicted group membersWighout pottery spatula.
Table 4.Blind test classification table.

Fig 1. Production of experimental samples in the laboyatb) Formation of the clay
plate, 2) Gripping and smoothing the clay platehwd wooden roller, 3)
Experimental samples cut with square mould (10x)0@nd 4) Working on the

experimental samples with a pebble.
Fig 2. Scheme of macroscopic analysis categories féaceitraces.

Fig 3a Result of the traces resulting from the work e surface with the tools.
Photographs taken with binocular microscope at ».2() Detail of the trace
generated by the pebble: wide groove. Oblique liglit The same trace with
vertical light. b) Detail of the trace generatedthg flint: fluted U-shaped cross-
section. Oblique light. b") The same trace withtieaf light. c) Detail of the trace
generated by the ceramic spatula: fluted with Uselastriated bottom. Oblique

light. c') The same trace with vertical light.

Fig 3b. Result of the traces resulting from the work be surface with the tools.
Photographs taken with binoculars at 6.30x. a) iDetahe trace generated by the
shell spatula: fluted U-shaped flat bottom. Oblidiglat. a’) The same trace with
vertical light. b) Detail of the trace generated ttne linen rag: striated lines,
superficial and irregular. Oblique light. b") Thanse trace with vertical light. c)
Negative sample. Without labour. Only smoothed.iq@ light. ¢') The same with
vertical light.

Fig 4. Scatter plot of the Canonical Discriminant Funcsion

Fig 5. Scatter plot of the Canonical Discriminant Funcsioexcluding the pottery

spatula from the test.
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Fig 6. Result of the traces created by working the surfaith pottery spatula. A)

Fig

Photographs taken with binocular at 10.1x. Oblitjgkt. B) Photographs taken
with binocular at 10.1x. Vertical light. C) Photagh of texture surface taken with
confocal microscope dimensions -magnification & #not taken from the white
frame in Photo A-. 2 dimensions. D) Photographtestture surface taken with

confocal microscope. 3 dimensions.

7. Result of the traces created by working the serfagth the pebble. A)
Photographs taken with binocular at 10.1x. Oblitjgkt. B) Photographs taken
with binocular at 10.1x. Vertical light. C) Photagh of texture surface taken with
confocal microscope-magnification of the shot takem the white frame in Photo
A-. 2 dimensions. D) Photograph of texture surfdeken with confocal

microscope. 3 dimensions.

Fig 8. Result of the traces created by working the serfaith a flint spatula. A)

Photographs taken with binocular at 10.1x. Oblitjgkt. B) Photographs taken
with binocular at 10.1x. Vertical light. C) Photagh of texture surface taken with
confocal microscope dimensions -magnification & #not taken from the white
frame in Photo A-. 2 dimensions. D) Photograph edfture surface taken with

confocal microscope. 3 dimensions.

Fig 9. Result of the traces created by working the serfatth a shell spatula. A)

Fig

Photographs taken with binocular at 10.1x. Oblitjgkt. B) Photographs taken
with binocular at 10.1x. Vertical light. C) Photagh of texture surface taken with
confocal microscope dimensions -magnification & #not taken from the white
frame in Photo A-. 2 dimensions. D) Photograph exiture surface taken with

confocal microscope. 3 dimensions.

10. Result of the traces created by working the serfaath a linen rag. A)

Photographs taken with binocular at 10.1x. Oblitjgkt. B) Photographs taken
with binocular at 10.1x. Vertical light. C) Photagh of texture surface taken with
confocal microscope dimensions -magnification & #not taken from the white
frame in Photo A-. 2 dimensions. D) Photograph exdture surface taken with

confocal microscope. 3 dimensions.
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