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differentiating ceramic chaines opératoires, but we argue that it offers observations not
accessible by other imaging methods and scales of analysis.

This
experimental study
aims to refocus
attention on the utility
of plain cut sections for
identifying potting
methods in chaine
opératoire research.
The simple scanning
method demonstrates
the effectiveness of
using ordinary desktop

Introduction

Pottery constitutes a major component of the archaeological
record and materializes many dimensions of economic and
social life. The description of production sequences (chaines
opératoires) provides the empirical basis for comparing and
contrasting technical practice and the underlying knowledge
required to undertake them. A study of tools, materials,
gestures, and the organisation of operations (or techniques)
involved in technical practice describes alternative ways of
‘making’ and ‘doing’ and thus identifies the ‘social perimeters’
of shared knowledge distinctive of a particular social
network/community/group (Haudricourt, 1987; Lemonnier,
1992; Naji and Douny, 2009; Roux, 2014, p.103). A major focus

flatbed scanners for in the archaeological study of ceramics is to further develop

imaging trace evidence techno-stylistic analysis by improving identifications of shaping
of potting methods on techniques on sherd assemblages, with a view to delineating

cut wall profiles and
refreshed edges of

distinct communities of practice in the archaeological record.

sherds. With this in the background, experimental studies on vessel
shaping have mostly concentrated on visual inspection of
surface features (macrotraces) and radiography (internal structure) to clarify and improve the
diagnostics of shaping techniques and potting methods on replica vessels and sherd
assemblages (e.g. Berg, 2008; 2011; Berg and Ambers 2014, pp.549, 558; Doherty, 2015; Jeffra,
2013; 2019, p.9; Quinn, 2013, p.176). Due to the narrow limits on the field of view, a concern
over vessel shaping remains a ‘fringe’ interest in thin-section microscopy and is usually
subsidiary to characterising the clay and inclusions before confirming general macroscopic
observations at the microscale (Menelaou, et al., 2016, p.487; Quinn, 2013, pp.174-181; Roux,
2011; 2014; Santacreu, 2014, pp.77-79; Thér, 2016, 2020, p.3). A well-known and major
limiting factor in the analysis of vessel shaping is the random preservation of surface features
found on what is usually a very small minority of pottery fragments relative to the recovered
assemblage (Quinn, 2013, p.176; Thér, 2020, p.1). These marks are typically distorted or
eradicated by subsequent steps in the production sequence, thus introducing an element of
ambiguity. Thér highlights two potential major sources of misinformation: when features are
“correlated with a particular technique but are not necessarily a consequence of this
technique’ and when features “are a necessary consequence of a particular technique but
could also be a consequence of another technique’ (Thér, 2020, p.1). The complexity of the
shaping process and the considerable scope for variability makes this stage in the chaine
opératoire particularly difficult to unravel for archaeological assemblages (Fowler, 2014a;



Gosselain, 1998; 2000; 2010). It is for these reasons that the shaping stage is arguably the
most poorly understood stage in the manufacture and is even ‘missing’ in many studies on
ceramic technology (Jeffra, 2019, p.3; Mentesana et al., 2015, p.4; Roux, 2014).

This paper reports on a simple but effective imaging method trialled on experimental vessels
using an ordinary desktop scanner at the Ceramic Technology Laboratory (CTL), University of
Manitoba (Winnipeg, Canada). Scans of radial plain-oriented pottery sections were prepared
from experimental bowls to test whether known shaping techniques have identifiable and
diagnostic features. We have previously published on this alternative imaging method in
recent papers on the Early Bronze Age Tell es-Safi/Gath ceramic assemblage (Ross et al.,
2018; 2020). The site overlooks the main east-west pass through the Elah valley of modern
Israel where the southern coastal plain meets the lower foothills of the Shephelah (about
halfway between Jerusalem and the coast). Tell es-Safi/Gath was excavated for 25 years
resulting in extensive exposures on the Bronze and early Iron Age levels (Maeir 2012; Maeir
and Uziel 2020). Shaping techniques were successfully identified on an incredible 82% of the
original study sample. However, the effectiveness of this imaging method has yet to be
explored and demonstrated using experimental data on vessels made according to a range of
different chaines opératoires. The aims of this preliminary experimental study are therefore
threefold: 1) to investigate an alternative perspective on internal vessel structure to further
clarify and expand criteria for recognising shaping techniques on sectioned vessel walls; 2)
show congruency with existing imaging methods that are carried out at different scales of
observation in comparable experimental studies on vessel shaping; and 3) provide some
indication of how different clay recipes impact the visibility of the preferred orientation of
inclusions at this scale of observation.

The scope of this experimental study is potentially vast. There are countless ways to shape
vessels using a variety of different techniques in combination, and there are countless ways
to make and prepare suitable clay recipes with different textural characteristics. We,
therefore, limited this experimental pilot study to the forming techniques and recipes shown
in Table 1 to provide a suitable starting point for a larger ongoing experimental program. We
hope to encourage others to add to this data to test and expand on these experimental
standards for comparative reference. In this study, we primarily focused on different
combinations of coiling, slab, and mould techniques given the large scope for variability
extant within these broad categories reported in the ethnographic literature (and the likely
possibility of additional unreported techniques and combinations for which no present-day
analogue is attested in the published ethnoceramic literature). Various wheel-shaping
techniques have been intensively studied according to a well-established set of parameters,
and we, therefore, aim to redress somewhat the imbalance for other categories of shaping
techniques based on discontinuous pressures (e.g. Baldi and Roux, 2016; Doherty, 2015;
Jeffra, 2013; Roux and Corbetta, 1989; Roux and Courty, 1995; 1998; Roux, 2003a; 2009; Roux
and Jeffra, 2015;).



Materials and method

The identification of shaping techniques

Thér's overview (2020) provides a detailed summary of the classification of vessel shaping
techniques and the various imaging methods carried out at different scales of observation
(the macro, meso, and micro) to recognise these techniques on archaeological samples. The
preferred orientation of features in the ceramic body (particle distribution of the coarse and
fine groundmass, voids, and inclusions) is the seminal diagnostic for identifying shaping
techniques on finished vessels (Berg, 2014, pp.546-7; Carr, 1990; Quinn, 2013, p.176; Rye,
1977, 1981, pp.58-89; Santacreu, 2014, pp.77-78; Thér, 2020; Vandiver, 1988, pp.142-143).
Different shaping techniques decompress the clay in different ways and will cause the
constituent components to take up a preferred orientation in response to the direction and
intensity of specific compressive and/or shear stresses associated with particular potting
methods. These deformation/decompression patterns have been repeatedly described and
confirmed usually using radiographic data in both qualitative and quantitative experimental
and ethnographic studies on vessel structure (Berg, 2008; 2011; 2014, pp.547-9; Pierret, et al.,
1996; Rye, 1977; 1981; Thér, 2020). A smaller number of studies report some success at the
microscale using thin-section microscopy and even scanning electron microscopy (Philpotts
and Wilson, 1994; Quinn, 2013, pp.176-181; Roux and Courty, 1995; Thér, 2016; Whitbread,
1996).

Imaging sections of cut wall profiles

We are certainly not the first to experiment and realise the potential of scanned sections of
freshly cut vessels for recognising shaping techniques. Early work by Glanzman (1983) and
Vandiver (1988, pp.151-153) provided a glimpse of the rich potential offered by the image
capture of substantial sections of cut wall profiles (‘thick sections’). In these instances, cross-
sections of vessels were imaged using radiography varying the object position to scan
alternate faces and capture joins. The distribution and orientation of inclusions and voids
provided strong indicators for the inference of forming techniques and the manufacture
sequence. As cameras evolved, more recent studies innovated with high-resolution SLR
photography of ceramic breaks and polished sections to identify shaping techniques on
substantial rim and body sherds. Livingstone Smith’s doctoral thesis (2007) is particularly
innovative in that regard. He combined high-resolution photography of ceramic breaks with
radiography to reveal traces of shaping on vessels from West Africa (mainly Cameroon, Togo,
and Burkina Faso). Despite the success achieved by imaging plain sections of wall profiles,
such studies are few, and the method is rarely utilised to its full potential. This perspective of
vessel structure is arguably overshadowed and somewhat neglected by more mainstream
macro- and micro- approaches and material science techniques that are now well-published
in the field of archaeological ceramic analysis and archaeometry in general (Berg, 2014;
Greene, et al., 2017; Laneri, 2011; Roux, 2011; 2014; 2016; Santacreu, 2014, pp.77-79). Not



only does it provide an additional line of complementary evidence, but we argue that it offers
observations not accessible by other imaging methods and scales of analysis (Kingery, 1987,
pp.91-99).

The experimental bowls

A total of 30 shallow and deep bowls 5 to 10 cm high were fashioned according to six chaines
opératoires (5 vessels per chaine opératoire) using the following shaping techniques: coiling,
slabs pressed into a concave mould, slabs pressed onto a convex mould, pinching, and
drawing from a clay lump. Combinations of these techniques were also investigated, and
different clay temper combinations were tested to see how the size, shape, and density of the
inclusions influence the visibility of deformation/decompression patterns. The specific
tempering strategies and chaines opératoires (CO) are described in Table 1.

Commercial clay was used to make the vessels. The advantage of using commercial clay is
that it is entirely homogenous and has no tempering material, allowing us to control the
frequency and characteristics of the non-plastic additives. As an alternative to the clay of
controlled quality, we also experimented with river clay collected from the Assiniboine River
in two of the recipes (CO5-6). This glacial till clay was extremely ‘sticky’ and fluid. A mortar and
pestle were used to crush ingredients for the temper, and digital weighing scales were used
to control the clay to temper ratios for each of the recipes. We did not exceed 25% temper.
Although liquid and plastic limits vary for different clays, experimental studies have generally
shown that recipes exceeding 30% temper “confer no technical advantage to potters” and
decreases vessel strength (Fowler et al., 2019, pp.24-25; 2017; Harry, 2010, p.21). Strength
tests by Kilikoglou et al. (1995) experimented on calcareous clay briquettes (15% CaO) with
different quantities of coarse quartz temper. They concluded that 20% was the optimal
volume “above which no further increase in toughness is found” (Kilikoglou et al., 1995,
p.2964). Bones were cleaned (soaked), fragmented, heated (to remove residual water), and
crushed to make suitable temper for the requisite recipes (CO1 and CO5). We deliberately
chose bird bone (small hollow bones with minimal fat) to contrast with pig bone (large, dense,
and very fatty bones) to observe differential effects on the preferred orientation of inclusions
and the workability of the clay. For the same reasons, we selected chalk (a soft low-density
rock) to contrast with heavier and more angular mineral inclusions, including grog (crushed
sherds), limestone, and a variety of large grits. Chalky calcareous clays (marls and rendzinas)
are also a very common type of clay experienced and exploited worldwide. For recipes that
required sieving (CO1), a 3.5 mm aperture sieve was used to remove the very coarse fraction.

All joints between assembled elements on all pots were smoothed to create the desired
preform (with one exception to compare differences in wall morphology). The vessels were
built base first and were not fired. They were left to dry in a well-ventilated space in the
upright position for one month away from direct sunlight. Contrary to some concerns raised



in the ethnoceramic literature (London, 2014), shaping flat bases (using potting methods
based on discontinuous pressures) was not a particularly difficult or problematic exercise and
did not result in a high failure rate when left to dry upright (also see Ali, 2015; Fowler, 2014b).
Potters in eSwatini (borders Mozambique in southern Africa) simply set their finished vessels
on the base and the weight of the vessel deforms the rounded base flat (Fowler, 2014b). The

experimental bowls were cut and scanned in the bone-dry state at CTL.

Recipe (raw materials and , , Drying Surface Comment on

CO no. . i Shaping techniques .
processing techniques) time  Treatment bowl shape

1 Commercial clay. Temper:  Spiral coiled 1 Thoroughly  Shallow and
crushed chicken bone, (continuous) from base  month  smoothed deep bowls
crushed chalk, sand, grit,  to rim. with the with rounded
and coarse fibre. Wet clay fingers. walls
to temper ratio was 20:3
(15%). Temper was sieved
and mixed by folding and
wedging.

2 Commercial clay. Temper:  Pressed slabs/sheets of 1 Thoroughly  Deep bowl
sand, fibre, large grits and  clay joined in a concave month smoothed with straight
grog. Wet clay to temper mould/vessel support with the walls
ratio was 4:1 (20%). Not with fabric used as a fingers.
sieved and mixed by release agent. Upper
folding and wedging. Very  body and rim finished
coarse. off with coiling.

3 Same as no. 2 Base and lower body 1 Thoroughly  Shallow
formed by pinching and month smoothed conical bowl
finished off with coiling. with damp

fabric.

4 Same as no. 2 Pinched out from a clay 1 Burnished Shallow bowl

mass. month  with fat using = with rounded
a pebble. /incurving
walls

5 Commercial clay. Temper:  Pressed slabs/sheets of 1 Not Deep bowl
crushed pig bone. Wet clay ' clay joined over a month  smoothed with straight
to temper ratio was 4:1 convex mould with (leftas a walls
(20%). Not sieved and fabric used as a release rough-out).
mixed by folding and agent. Upper body and
wedging. rim finished off with

coiling.

6 River clay (Assiniboine). Ball of clay opened up 1 Smoothed Shallow and
Temper: grits and sand. with the fist and drawn  month = with the deep bowls
Wet clay to temper ratio up from a single clay fingers. with straight

was 4:1 (20%). Not sieved

mass.



and mixed by folding and walls
wedging. (cylindrical)

TABLE 1. THE CHAINES OPERATOIRES (COS) OF THE EXPERIMENTAL BOWLS
Imaging protocol

Our mesoscopic protocol experiments with a number of simple improvements for imaging
trace evidence of vessel shaping on cut vessels and sherds (detailed in Ross, 2020; Ross et al.,
2018; 2020). High-quality digital images of ceramic sections are achieved using a conventional
flatbed desktop scanner on oriented sherds that are first carefully cut using a wet precision
saw to create radial sections. These radial sections expose a flat vertical cross-section of the
wall profile. The use of a wet precision saw at relatively low speeds creates a fresh, clean cut.
The water acts as a lubricant on a thin 1 mm diamond blade and fragmentation is further
minimised by cushioning sherds in a grip/chuck. Dry cuts score and scratch the surface
blurring the visibility of features in the section and thicker blades are more likely to fracture
delicate sherds. We found that the wet precision saw eliminated the need to use abrasives to
polish out scratches in the finished section.

The sectioned vessels and sherds are loaded face down onto the flatbed scanner with a scale.
Multiple samples can be scanned at once in batches to speed up the process. We scan one
side of the section while it is still damp, since the moisture draws out the contrast between
subtle features in the wall profile; the same technique is widely used to photograph and
illustrate stratigraphic profiles. Dpi/Scan settings are partly determined by the size of the
sampled assemblage, the digital storage capacity available for the project, and the
specifications of the laptop/computer. Ordinary printer/scanner combinations are now
capable of scanning at high resolution, upwards of 2,000 dpi, which we found was more than
sufficient. We did not typically exceed 1,200 to 1,500 dpi per image file. Scanning at higher
resolution enables greater magnification at (and even beyond) the equivalent magnification
of a handheld lens, hence why we class this method as ‘mesoscopic’. Increased dpi also
enables the ability to select and highlight features in the clay body with greater ease when
using various selection tools available on photo editing programs. It is possible to achieve
microscopic levels of observation and image analysis with more expensive high resolution
flatbed scanners. These are used in sedimentary petrography to aid in the characterisation of
pores, grains, and particles of rock samples on prepared thin-sections (Van Den Berg, 2003).
Application on archaeological assemblages is limited but has shown great promise “for
distinguishing and characterising tempers in ceramic materials” with a resolution surpassing
5 pym/pixel (Reedy et al., 2014, p.256).

We use Photoshop to enhance and annotate images because all actions are stored on
separate layers and are easily reversible. This final step is optional and potentially time-
consuming, but it makes a substantial difference to image quality and the visibility of



deformation/decompression patterns in the fabric (optimising image settings, specialised
filters, use of tints, reverse negative, greyscale, and so forth). Digital radiography of ceramic
objects can involve comparable image enhancement (Berg, 2014, p.553). It is certainly
worthwhile annotating some sections using the line tool to visualise the preferred orientation
of voids and inclusions. Many observations and notations can be added once the digital
image is captured and this only requires basic familiarity with layer-based image editing
software (Photoshop, Pixelmator Pro, Image J, et cetera). The binder can be eliminated, and
the orientations of inclusions and voids can be highlighted. A host of measurement software
programs (e.g. Image J) are available and allow one to quickly extract measurable 2D point
data from any image if an accurate scale was included in the original scan. We can measure
angles and linear distances on fissures, voids, wall thickness, joints, and other features
exposed in the scanned section. For example, by laying a protractor over the scanned image
base, it is simple and easy to measure variability in angles and evaluate the regularity of wall
construction. This led to the recognition of mould manufacture for some of the vessels in the
EBIIl assemblage from Tell es-Safi/Gath in the absence of large numbers of whole forms (Ross
et al., 2020). The main limitation is time at this point, since it can become a highly labour
intensive process when manually carried out on every image. Clearly there is potential to
automate this process with machine learning to pick out deformation/compression patterns
and some promising progress has already been made in that direction at CTL (Koval, 2018).

Results

Chaine opératoire 1: spiral coiling (See Figures 1-3)

Orientation distributions: Coiling techniques were clearly recognised on all samples and
all form elements (rim, body, and base). The long axes of non-plastics were aligned in a
radial direction or followed the spiralling folds of a coil. As shown in Figure 2, some coils
consistently have more temper than others despite fairly intensive mixing. Individual
coils can be picked out by the varied quantities and texture of the coarse inclusions. The
distributions of non-plastics form wavy, undulating, and spiral patterns in section. Open
spaces dominated by binder have edges bordered and encircled by clusters of coarse
non-plastics creating discontinuities at regular intervals in the fabric and thus marking
the location of coil joints. In these open spaces, non-plastics tend to be smaller in size
and sparse in quantity. This pattern appeared with strong regularity across all sections
in CO1.

Wall morphology: The preferred orientation of features in section are congruent with
irregularities in ‘bumpy’ wall profiles from the deformation of individual coils. When
seams/joints were preserved on vessel surfaces they did correspond with the preferred
orientation of fabric features exposed in the scanned section. This was more noticeable
on the interior of deeper vessels with a more restricted orifice (See Figure 3). These
features were identified with greater ease on the scanned sections, especially when



magnified on high-resolution colour images. Despite intensive smoothing with the
fingers, walls still preserved the outline (however faint) of deformed coils, often marked
by mm differences in wall thickness. To the naked eye, these variations are almost
imperceptible, but are easily recognised (and measured) on scanned sections. Across
the area of the spiral coiled base, wall thickness increases incrementally with distance
from the midpoint of the base (See Figure 3.). In contrast, flattened bases that are
rolled/stretched out tend to be thinner towards the edge of the base and thicker at the
midpoint (i.e. the reverse of what is seen here).

Chaine opératoire 2: slab construction in a concave mould with coiled rim (See Figures 4-6)

Orientation distributions: Shaping techniques were not easily identifiable based on the
orientation and distribution of non-plastics. The decompression patterns were generally
weak. Nevertheless, the majority of inclusions in the mould made parts of the body
were aligned subparallel to vessel walls and are therefore consistent with the
pattern/orientation produced by simple compression forces when the clay slabs/sheets
were flattened. There is a noticeable difference with the orientation and distribution of
inclusions seen in the area of the rim (above the red line on Figure 4), and these
patterns are consistent with the coiling technique discussed in CO1. The joints between
slabs are not easily visible but are sometimes marked by significantly larger inclusions
and a slight reduction in wall thickness. This is most likely due to the extra pressure
applied to seal and work the joined elements and can cooccur with fissures
perpendicular to the vessel wall (See Figure 5; Vandiver, 1988, p.143).

Wall morphology: The base was highly symmetrical in contrast with bowls made
freehand (See Figure 6). Walls were far more uniform and standardised within and
between samples in CO2 and contrast significantly with the ‘oumpy’ morphology seen in
CO1. The only exception was the area of the rim, which was finished off with coils and
has a more corrugated profile with noticeable inflection points. The coiled parts of the
vessel walls are noticeably thicker than the slab/mould made parts of the body, and this
was still recognisable despite intensive smoothing operations (compare Figures 4-6 with
Figure 9). Walls increase in thickness and are less regular/uniform above the lip of the
mould. In this zone, coil deformations are more visible on the exterior surface (the
surface in contact with the mould). Figure 9 shows the wall morphology when coils were
not finished with smoothing operations to complete the preform.

Chaine opératoire 3: pinched pot with coiled rim (See Figure 7)

Orientation Distributions: The visibility of the orientation and distribution of fabric
features was similar to CO2, which is not wholly surprising given that the recipes were
identical. The decompression patterns were weak, and it was not easy to isolate the
shaping techniques solely based on the characteristics of the non-plastics. However, the



coarse inclusions did snake in S-like patterns where the vessel was finished off with
coiling, but the pattern was not particularly strong across all sections. No joints or clear
discontinuities in the fabric were identified in the lower part of the body. This fits our
expectation, given that this part of the vessel was pinched out from a single clay mass.
Compression forces and pressures were therefore relatively weak/mild compared to
other shaping techniques that strongly deform and reconfigure the internal structure
(such as wheel throwing and coiling techniques). The majority of the inclusions in the
pinched body had a more random arrangement and were weakly oriented subparallel
to vessel walls.

Wall morphology: Wall profiles lacked regularity and were highly variable in thickness
and shape (within and between sections from the same vessel), especially compared to
CO3. The walls were highly uneven. The thickness of the small flat 5 cm wide base also
varied substantially (See Figure 7). Slight dips and depressions from finger impressions
were visible on vertical wall surfaces despite intensive smoothing operations.

Chaine opératoire 4: pinched pot (See Figure 8)

Orientation distributions: The orientation and distribution of fabric features was similar
to CO3 except that there was no trace of coiling deformation with weak orientation sub-
parallel to vessel walls. Larger inclusions tended to sit and cluster in areas where there
was a corner point or strong inflection point (particularly where the lower body connects
with the flat base).

Wall morphology: Compared to CO3, walls were far more uniform, regular, and thinner,
but were not as uniform as CO2. Wall surfaces still carried dips and depressions from
fingertips where the clay was pinched and squeezed to shape the small palm-sized bowl
(despite intensive surface treatment, including burnishing techniques). The walls had a
curvy profile and not a straight profile. Slight inflections seem to mirror the dimensions
of human fingers and thumbs.

Chaine opératoire 5: slab construction on a convex mould with a coiled rim (See Figure 9)

Orientation distributions: No clear pattern is apparent from the sections, and these
samples were arguably the most ambiguous. Coarser inclusions were generally
subparallel to vessel walls in the mould-made body, and some inclusions exhibited a
very weak spiral patterning consistent with coiling in the area of the rim (although not as
apparent as CO1-3). Large coarse inclusions were oriented perpendicular to walls only in
the area of the coiled rim (usually at the joint between coils). In a small minority of cases,
circular cavities were located at the midpoints of relic coils.



Wall morphology: These sections were more prone to breakage, especially at the point

where the first coil was affixed to the slab. The walls were not as even and regular as

other vessels made with the aid of a vessel support. Walls were especially uneven in the

area of the rim where vessels were finished with coiling.

Chaine opératoire 6. opened with the fist and drawn up freehand (See Figure 10)

Orientation Distributions: All inclusions point in the same direction the clay was pulled

and stretched out by the drawing technique (horizontal across the base and vertical in

the walls). There are no discontinuities or joints visible in the clay body since the vessel

was formed from a single clay mass. Inclusions are moderately well sorted compared to

the poorly sorted inclusions typical of coiled vessels.

Wall morphology: Walls are thick and straight(ish) with smooth surfaces that taper from

the edge of the base with some irregularity in wall angles. There are no dips,

depressions, or corrugations.

Workability
COno

of the clay
1 High
2 Low
3 Low

Preferred orientation
of non-plastics

Radial directions, or Strong
follow the spiralling

folds of a coil. Wavy,

undulating and spiral

patterns. Poorly sorted

coarse particles cluster

on joints

Sub-parallel to vessel = Weak
walls in the body.

Same as CO1 in the

area of the rims.

Sorting is more

uniform across the

body compared to the

rim. Joints between

slabs are often

interrupted by very

coarse inclusions.

Weakly oriented Weak
subparallel to vessel

walls across the body

with weak wavy and

spiral s-shaped

Visibility of
Compression
pattern

Wall morphology

Irregular and bumpy walls
with variations in thickness
from deformed coils. Thick
rounded walls.

Reduced variation in wall
thickness with greater
regularity in wall profiles
across the body. Corrugated
rims with bulges more
prominent on the exterior
surface. Thin straight walls
(deep).

Significant variations in wall
thickness. No
regularity/consistency in wall
thickness. Thick flaring walls

Figures

Figs 1-
3

Figs 4-

Fig 7



patterns in the area of

the rim.
4 Low Coarse inclusions Weak Uniform walls with slight Fig 8
cluster at corner and inflection points,
inflection points and indentations, and dips from
are subparallel to fingertips. Incurving thin
vessel walls. walls (shallow).
5 Extremely  Coarse inclusionsare  No pattern Same morphology as CO2 Fig 9
poor limited to subparallel with reduced regularity

alignments in the body
but vary across the
area of therim. In a
minority of instances,
circular voids occur in
the centre of coils.

6 Medium Coarse inclusions point ' Moderate Thick straight(ish) walls of Fig 10
(verging on  in the direction the clay /strong varied thickness. Walls taper
too sticky) was drawn and with distance from the
stretched (horizontal exterior edge of the flat base.

across the base and
vertical across the
body). Inclusions are
moderately well sorted
with no discontinuities
in the clay body.

TABLE 2. SUMMARY OF RESULTS ON THE PREFERRED ORIENTATION OF INCLUSIONS, VISIBILITY OF COMPRESSION
PATTERN, AND WALL MORPHOLOGY.

Discussion

The size, shape, and mass of the temper had a clear observable impact on the orientation
and distribution of fabric features seen in section. Very coarse temper, greater in size than
half the diameter of the vessel wall, was difficult to work and did not generate particularly
good results in terms of the patterns visible in section (CO2-5, Table 2). This temper also
created difficulties when burnishing the surface and resulted in a mottled effect. Very fine
amorphous inclusions with no clear preferred orientation were also uninformative. It is well
known that these kinds of studies on preferred orientation work best on fabrics with
“elongated, lamellar, or prismatic particles” (Santacreu, 2014, p.78). Crushed chalk (CO1)
produced great results in terms of both the workability of the clay and the compression
patterns visible in section. Bird bone was also an excellent temper (CO1), but not all bone
temper was an equal success. Despite intensive cleaning and heat treating prior to use, pig
bone was disastrous (CO5). Coils were very greasy, fragile, and disintegrated when heavily
manipulated. The fat released by the bone was simply incompatible with the clay (and the



high water content), producing a mass that was very difficult and unpleasant to work (The clay
body smelt unpleasant and will almost certainly not survive a firing). In addition, the pig bone
fragmented differently from the bird bone producing splinters that inflicted injury on the
hands. Although fibre was added as temper to CO2-4 (See Figure 5), it was not a particularly
salient feature for picking out deformation/decompression patterns relative to other temper
types. However, it was not a major component of the recipe, and future studies may
wish/should investigate the patterning generated by vegetal/fibre temper on fired pots (the
resulting voids will presumably be more distinct in fired sections).

Clay temper combinations with good workability (for shaping techniques using discontinuous
pressures) generated far better compression patterns visible in section for differentiating
shaping techniques. But even clays with poor workability and more ambiguous
deformation/compression patterns still yielded useful information from the imaged sections
to aid in the identification of the potting methods. This is good news since past potters were
no doubt far better (and more particular) at selecting, processing, and making good clay
recipes with desirable properties to make their pots. In many instances, the results were
better than expected, given the intensive joining and smoothing operations. Sieved temper
(CO1) in well-mixed clays produced the best results, since size ranges and distribution were
more consistent. Choice of clay processing techniques clearly impacts the orientation and
distribution of inclusions and voids and therefore impacts the identification of shaping
techniques.

Despite intensive smoothing operations (including burnishing with a stone for several hours),
wall morphology seen in section was a surprisingly helpful index for confirming the
identification of shaping techniques (especially when the image is so easily magnified without
distortion). Distinct changes in wall profile (Table 2) were observed on sections subject to
various combinations of shaping techniques (i.e. slab and coil techniques with and without
supports). According to Berg (2014, p.547), highly experienced potters will not achieve ‘perfect
cohesion’ for every coil joint. Evidence will survive somewhere on the pot irrespective of the
intensity of the smoothing and secondary forming techniques.

Contrary to expectation, void distribution was not a particularly useful criterion when
compared to the distribution of non-plastics. We expect this is because sections were cut
when bone-dry in an unfired state and were smoothed/polished by the wet saw, which likely
diminished the integrity of the void pattern. The void pattern was certainly an important
diagnostic in our study of scanned sections from the Tell es-Safi/Gath EBIIl assemblage (Ross
et al.,, 2020). Future experimental studies can improve on our results by firing the
experimental replicas and further experimenting with different types of clays and tempers,
particularly bodies with sparse inclusions and vegetal tempers. In this study, we primarily
focused on recipes with more abundant inclusions.



Conclusions

This experimental study aims to refocus attention on the utility of plain cut sections for
identifying potting methods in chaine opératoire research. The simple scanning method
demonstrates the effectiveness of using ordinary desktop flatbed scanners for imaging trace
evidence of potting methods on cut wall profiles and refreshed edges of sherds. The scanned
sections nicely visualise the different compression patterns and wall morphologies to aid in
differentiating the chaines opératoires of the experimental bowls. Previous studies primarily
used some form of photography and/or radiography to visualise features indicative of
shaping techniques at greater cost for images with lower resolution. The data capture of raw
(unprocessed) image files is rapid and straightforward, but enhancing and annotating
scanned images can be time-consuming. Nevertheless, this last step is optional and can be
automated with machine learning for large datasets (Koval, 2018).

The differential effects of temper strategies on the preferred orientation of inclusions were
indicated for varied types of bone and mineral temper. Our results are by no means
comprehensive on this front but provide a good baseline for further exploratory research.
Our experimental control group provides useful standards for comparative reference
clarifying identification criteria. In fact, the results are better than expected since we found
that the recipes with optimal workability were also the recipes that produced the clearest
deformation/compression patterns in section. The scanned sections still supplied useful
information for recipes with poor workability and poor results where identifications were
more ambiguous.

The imaging method is flexible and versatile and can be incorporated into larger research
programs that combine micro and macro approaches to clarify the most misunderstood
stage in the potting process. The main constraint on the sample is that the cut object has to
fit on the flatbed scanner, which does not pose much of a problem for the vast majority of
archaeological ceramic assemblages. The deformation/compression patterns discussed in
this paper were primarily based on qualitative categories for 2D datasets. Providing a scale
was included in the original scan, it is possible to collect large amounts of quantitative data on
angles and linear measurements of features in section. The visual image holds more
information than can be documented or reported. This was originally pointed out by
Freestone (1991, p.400) in relation to ceramic thin-sections, and it certainly holds true for
larger ‘thick-sections'. Scanned sections can be imported into simple (and/or complex)
measurement software to provide metrics useful for measuring variability and
standardisation (e.g. the indices for wall regularity manually measured in Roux, 2003b). Such
measurements helped reinforce the identification of moulds and vessel supports on the Early
Bronze assemblage from Tell es-Safi/Gath (Ross 2020; Ross et al., 2020).

Clearly, the major drawback is the highly destructive nature of the analysis. Sherds and parts
of vessels are dissected with a wet precision saw to reveal the internal structure. The



destructive nature of the imaging protocol will invariably limit access to assemblages and
curated collections and will impose limits on sample sizes, especially at sites where pottery is
less common and permission is needed from local communities. Scanning the sherds with a
micro-CT (Computed Tomography) will show the orientation distributions of inclusions and
voids without harming sherds and vessels, with the added advantage of a 3D image
(Applbaum and Applbaum, 2005; Kahl and Ramminger, 2012; Takenouchi and Yamahana,
2021). Analysis of the orientation and distribution of inclusions and voids is still very much
possible, but at significantly greater cost, expertise, and additional machine time.
Alternatively, smaller subsamples of sherds and discards can be cut and sectioned when
stricter antiquity laws prevent mass export and/or destructive analysis of large sherd
assemblages. At Tell es-Safi/Gath, the sections of large body sherds and bases were more
useful for identifying fashioning techniques than the rims. Rims were usually retained as
indicatives for typological studies. The majority of the base and body sherds were therefore
available for a technological study involving destructive analyses. Often, however, such sherds
are discarded on tell sites in the Near East (even at Tell es-Safi/Gath) due to the ubiquity of
ceramics in this region.

No specialist equipment or laboratory facilities are required. The work can be conducted in
any facility that has space to go through the assemblage, with an appropriate area to set up a
wet saw, a computer/laptop with photo editing software, and an ordinary flatbed scanner.
The actual data acquisition is rapid since large numbers of sherds can be cut and scanned in
batches. Scanning takes longer than cutting, but no longer than a few minutes at most (even
when scanning at high dpis). Processing the data can be highly time-consuming, depending
on the effort invested in generating enhanced annotated images that highlight the trace
evidence of vessel shaping. As stated previously, the last step can be automated by machine
learning or dropped from the workflow completely. Images do not have to be enhanced and
annotated for a visual inspection. We look forward to further developing this useful
‘mesoscopic’ scanning method in future studies. We hope that others will similarly benefit
from this scanning method and mesoscopic perspective of cut vessel walls. Our proposed
protocol is intended to supplement existing approaches and not replace them, enabling
multiscalar and multivariate research programs to boost identifications of pottery forming
practices on archaeological datasets.
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FIG 1. SCANS OF RIM SHERDS FROM SHALLOW BOWLS (A) IN CHAINE OPERATOIRE 1 SHOWING THE PREFERRED
ORIENTATION OF INCLUSIONS INDICATIVE OF COIL CONSTRUCTION; B) SHOWS THE RAW IMAGE FILE OF THE
SCANNED SECTION IN THE DRY STATE; C) SHOWS THE PROCESSED IMAGE OF A WET SCAN WITH CONTRAST AND
BRIGHTNESS LEVELS OPTIMISED USING PHOTO EDITING SOFTWARE; D) SHOWS THE ANNOTATED IMAGE USING A
SIMPLE LINE TOOL FUNCTION ON A SILHOUETTE OF THE VESSEL WALL. THE WHITE LINES MARK THE ORIENTATION
OF INDIVIDUAL INCLUSIONS AND THE RED LINES MARK THE JOINTS BETWEEN COILS.
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FIG 2. SCANS OF THREE CONSECUTIVE RADIAL SECTIONS (MARKED BY THE DASHED LINES) ALONG THE SAME BASE
SHERD (LEFT) FROM A SHALLOW BOWL IN CHAINE OPERATOIRE 1. THE PREFERRED ORIENTATION OF INCLUSIONS IS
INDICATIVE OF COIL CONSTRUCTION. THERE IS CONSISTENT PATTERNING ACROSS THE SECTIONS, BUT SPECIFIC
DISTRIBUTIONS OF INCLUSIONS VARY BETWEEN AND WITHIN INDIVIDUAL COILS ALONG THE SAME SHERD. THE
EXTERIOR WALL PRESERVES THE OUTLINE OF DEFORMED COILS ON THE INTERIOR WALL. SOME COILS
CONSISTENTLY HAVE MORE TEMPER THAN OTHERS DESPITE FAIRLY INTENSIVE MIXING. RED SCALE LINE = 10 MM
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FIG 3A. A PLAIN SCAN OF A COMPLETE WALL PROFILE FROM A DEEP BOWL MADE ACCORDING TO CHAINE
OPERATOIRE 1. SECTION SHOWS THE PREFERRED ORIENTATION OF INCLUSIONS INDICATIVE OF COIL
CONSTRUCTION AND THE BUMPY IRREGULAR WALL MORPHOLOGY. THE SEAMS/JOINTS ARE MARKED BY BLACK

ARROWS.
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FIG 3B. A SILHOUETTE OF THE PLAIN SCAN SHOWN IN FIG. 3A WHITE LINES MARK THE ORIENTATION OF
INDIVIDUAL INCLUSIONS. THE DEFORMATION/DECOMPRESSION PATTERN IS INDICATIVE OF COIL CONSTRUCTION
AND CORRESPONDS WITH THE BUMPY IRREGULAR WALL MORPHOLOGY. THE SEAMS/JOINTS ARE MARKED BY
BLACK ARROWS.
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FIG 3C. A PLAIN SCAN OF THE COMPLETE WALL PROFILE FROM A DEEP BOWL MADE ACCORDING TO CHAINE
OPERATOIRE 1. SECTION SHOWS THE PREFERRED ORIENTATION OF INCLUSIONS INDICATIVE OF COIL
CONSTRUCTION AND THE BUMPY IRREGULAR WALL MORPHOLOGY.
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FIG 3D. A SILHOUETTE OF THE PLAIN SCAN SHOWN IN FIG. 3B WHITE LINES MARK THE ORIENTATION OF
INDIVIDUAL INCLUSIONS. THE DEFORMATION/DECOMPRESSION PATTERN IS INDICATIVE OF COIL CONSTRUCTION
AND CORRESPONDS WITH THE BUMPY IRREGULAR WALL MORPHOLOGY.
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FIG 4. SCAN OF THE COMPLETE WALL PROFILE FROM A DEEP BOWL MADE ACCORDING TO CHAINE OPERATOIRE 2.
THE DASHED RED LINE MARKS THE LOCATION OF THE LIP OF THE MOULD/VESSEL SUPPORT. WALLS INCREASE IN
THICKNESS AND ARE LESS REGULAR/UNIFORM ABOVE THE LIP OF THE MOULD. COIL DEFORMATIONS ARE VISIBLE
ON THE EXTERIOR EDGE OF THE VESSEL (THE SURFACE IN CONTACT WITH THE MOULD) DESPITE JOINING AND
SMOOTHING OPERATIONS. BLACK ARROWS MARK THE JOINTS BETWEEN PRESSED SLABS USED TO MAKE THE
BASE AND BODY. NOTE THE CONTRAST IN THE DISTRIBUTION AND ORIENTATION OF INCLUSIONS BETWEEN THE
COILED RIM AND THE SLAB MADE BODY SUPPORTED IN THE CONCAVE MOULD.
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FIG 5. MAGNIFIED SCAN OF THE BASE IN FIG 4 SHOWING THE JOINT BETWEEN TWO SLABS. THIS JOINT IS MARKED
BY A PERPENDICULAR FISSURE AND AN EXTREMELY COARSE INCLUSION. THE RED SCALE LINE =10 MM.
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FIG 6. SCAN OF THE COMPLETE WALL PROFILE FROM A DEEP BOWL MADE ACCORDING TO CHAINE OPERATOIRE 2
(IDENTICAL TO FIG 4) OVERLAID WITH A PROTRACTOR. NOTE THE HIGH LEVEL OF SYMMETRY IN THE SPHERICAL
BASE IN THE PHOTOGRAPHED IMAGES (RIGHT OF THE SCANNED SECTION).
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FIG 7. A SMALL V-SHAPED BOWL MADE ACCORDING TO CHAINE OPERATOIRE 3. THE DASHED RED LINE MARKS THE
INTERFACE/JOINT BETWEEN THE COILED RIM AND THE PINCHED BODY. WALL MORPHOLOGY IS HIGHLY IRREGULAR,
AND INCLUSIONS ARE WEAKLY ORIENTED SUBPARALLEL TO VESSEL WALLS ACROSS THE CLAY BODY.
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FIG 8. A SMALL SHALLOW PINCHED POT BOWL MADE ACCORDING TO CHAINE OPERATOIRE 4. WALLS ARE MORE
REGULAR AND UNIFORM COMPARED TO FIG 5. INCLUSIONS ARE SUBPARALLEL TO VESSEL WALLS AND TEND TO
CLUSTER AT CORNER POINTS AND INFLECTION POINTS. CHANGES IN THE INFLECTION OF VESSEL WALLS
CORRESPOND TO THE DIMENSIONS OF FINGERTIPS AND THUMBS, WITH SLIGHT DEPRESSIONS, DIPS, AND
INDENTATIONS (STILL VISIBLE DESPITE INTENSIVE BURNISHING OPERATIONS).
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FIG 9. SCAN OF THE WALLS (LEFT) AND BASE (BOTTOM RIGHT) OF A DEEP BOWL MADE ACCORDING TO CHAINE
OPERATOIRE 5. THE DASHED BOX MARKS THE COILS USED TO FINISH THE SLAB MOULD ROUGH OUT (TOP RIGHT).
THE ACCIDENTAL BREAK ON THE LEFT IMAGE MARKS THE JOINT BETWEEN THE SLAB AND THE FIRST COIL. SOME
COILS HAD CIRCULAR CAVITIES IN THE CENTRE (LEFT IMAGE AND SECOND COIL FROM THE BOTTOM). THE
WORKABILITY OF THE CLAY WAS EXTREMELY POOR, WITH NO CLEAR AND DISTINCT PATTERN IN THE DISTRIBUTION
AND ORIENTATION OF INCLUSIONS. COARSE INCLUSIONS ARE GENERALLY SUBPARALLEL TO VESSEL WALLS
EXCEPT IN THE AREA OF THE COILED RIM. COARSE INCLUSIONS ACROSS THE RIM ARE MOSTLY PERPENDICULAR TO
VESSEL WALLS (PARTICULARLY AT THE JOINTS BETWEEN COILS). SOLID BLACK LINES (ON THE IMAGE IN THE FAR
RIGHT) MARK JOINTS BETWEEN SLABS AND CORRESPOND TO A SHARP CHANGE IN WALL THICKNESS AND
REGULARITY.
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FIG 10. SCANS OF A SHALLOW BOWL MADE ACCORDING TO CHAINE OPERATOIRE 6. THE ODS OF THE INCLUSIONS
ARE INDICATIVE OF THE DRAWING TECHNIQUE AND ARE ALIGNED IN THE DIRECTION THAT THE CLAY WAS PULLED
AND STRETCHED OUT. ALSO NOTE THE DISTINCTIVE HEEL FORMED AT THE OUTSIDE CORNER OF THE BASE. WALLS
DECREASE IN THICKNESS/TAPER WITH DISTANCE FROM THE OUTSIDE EDGE OF THE FLAT BASE. INCLUSIONS
EXHIBIT IMPROVED SORTING (MODERATELY WELL SORTED) COMPARED TO FIGS 1-9.
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