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The discovery of an excavated cup with a glossy surface prompted reflection on the polishing of vessel
surfaces and their mutual significance. We present the results of the application of three different
polishing methods along with a reflection on their function and on the skills and ability of the potter.

Introduction

Polishing can be Petroarchaeological studies carried out in 2015 on selected fragments
done before the vessel of pottery from sites in north-eastern Poland associated with Late
completely dries, even Neolithic communities (Manasterski, 2009; Wawrusiewicz, et al., 2015;

several times for a better Krajcarz and Manasterski, 2015), revealed the presence of an
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effect. However, much interesting surface polishing process. This finish has stood the test of
about this method of time despite the impact of post-depositional processes leading to the
surface treatment weathering of other pottery fragments from one of the sites.
depends on the skill of the

potter themselves. Of It was identified on a fragment of a Bell Beaker cup (454/01) dated ca.

to 2500-2000 BC, which had been made with coiling and had both
surfaces of a "copper" colour (See Figure 1). Its inner surface was

course, polishing itself is
not difficult, but requires

knowledge, familiarity with roughly finished, having not only horizontal traces of rubbing but also

the "know how" which is gravel grains of different granulation and imprints of plant fragments

after all, generated by the (grasses?). The external surface, on the other hand, was very carefully

"know why". smoothened (rather polished than burnished; acc. Rice, 2015) and
decorated with engraved and punctured ornamentation in a zonal
arrangement, but here, too, single grains of crushed white stone can

be seen.

Research has shown that careful treatment of the surface, especially polishing, is a very functional
method of sealing the walls of dishes and helps with their cleaning (La Torre, et al., 2020). But was this
method applied to a cup with the same goal in mind? While looking for an answer to this question, we
became interested in the surface polishing method itself. In this article, we present the results of
applying three different methods using readily available materials commonly mentioned in the
literature (e.g., Van Gijn and Lammers-Keijsers, 2010; Rice, 2015): polished stone, a fragment of beef rib,
a flat wooden tool.

The aim of the research was to find out which tool is most suitable for polishing and which gives the
best appearance; at what stage of production the vessel's surface had to be polished in order to be as
shiny as possible; whether this was done in one go or had to be repeated at different stages of the
vessel's manufacture; and, finally, whether the use of aids such as animal fat is more effective than just
smoothing and, if so, at what stage of the vessel's manufacture should the aid be applied? We are also
trying to answer the question of whether the polishing was purely functional (sealing the vessel) or
aesthetic (shining); (acc. La Torre, et al., 2020). Additionally, a seepage experiment was conducted to
verify the functional properties of polished and unpolished vessels. In the article, we mainly focused on
polishing as such, rather than burnishing. The reason for this approach was that during the classical
macroscopic analysis of the fragment, no visible linear traces, typical of the latter method, were seen
(acc. Rice, 2015).

Experimental framework

For the experiment, six copies of a Bell Beaker cup found at site Il in Szestno (Masurian Lake District,
Poland) were made. Two types of clay were used in their production: two cups were made of red clay,
two more with a combination of light beige and red clay and two additional only with light beige clay.
The use of different clays was intended to reproduce precisely the vessel's exterior, also with regard to
the "copper" colour of the original cup. The red clay was sourced from the south of Poland (Lower
Silesia). The light beige clay was gathered from the site vicinity as it naturally occurs in this region. This
choice was prompted by potentially foreign provenance of the studied materials (Manasterski, et al.,
2022). Mineral admixture coming from granite stone and river sand was added to the clay according to
results of previous petrographic studies (Krajcarz and Manasterski, 2015).



In total, admixture constituted 16% of the paste used for vessel's production, while thickness of the
grains varied from dust fraction to 1.5 mm. The vessels were made using the coiling, then they were
burnished with wooden tool to get more smoothened surfaces, beaten with wooden tool (acc. Derenne,
et al., 2020) and subjected to drying (See Figure 2a). When the cup was slightly dried decorations
analogous to the original cup were made with a wooden spatula, a flat-tip stylus and a bird feather (See
Figure 2b). Subsequently, polishing was carried out after the clay had hardened, but before it had dried
and again after it had dried. After this, the vessels were fired. Three of them were fired in a home-made
open hearth with stone setting with a maximum temperature of 800 °C in the middle of December 2022
in Silesia (south-western Poland) [Experiment 1].

For comparative purposes and in order to ensure that the vessels would not be affected by the
traditional firing, three more were fired in a pottery kiln (Cromartie Kilns LTD. Model cer 40 No12/1299)
with the temperature set at 800°C [Experiment 2]. In order to achieve the greatest shine, some vessels
were greased with pork lard at room temperature [Experiment 3]. To verify the functionality of the
polishing, a seepage experiment was conducted on all of the vessels [Experiment 4]. It aimed to study
cups made with different chaine opératoire - each of them had differently treated surfaces (unpolished,
polished, greased with animal fat, ungreased with animal fat) and were fired under various conditions
(electric kiln, open hearth). As the experiment aimed to check how much water had seeped through the
vessel, 300 millilitres of water was poured into each vessel and the water level marked with a marker.
The condition was observed over a period of two hours.

Proceeding

The cups (See Table 1) were formed using the same technique - coiling, but the red clay behaved slightly
differently during drying. Due to the higher fat content felt in touch and thus shrinkage, it was necessary
to beat the dishes with a wooden spatula more carefully and for longer periods of time during the
forming process. This prevented the surface of the cups from deforming during drying. A higher surface
gloss was also achieved when smoothing, so that it was not necessary to polish a second time as it was
done in the first version of the experiment. After firing in the open hearth, the dishes showed a higher
gloss, probably due to the greasiness of the soot formed during wood burning. It also resulted in
reductive atmosphere of the firing, which caused various colouration of the surface of the vessels as
beige-orange-black spots. This was probably due to the low temperature achieved in the firing chamber
and the high quantity of generated ash.

The polishing of the vessels was carried out once in the case of red clay cups and twice in the case of
cups made with mixed clays. Polishing was started just before the clay was completely dry; this moment
can be observed when the surface of the clay stops spreading and "pulling", but still retains some
plasticity.
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TABLE 1. DIFFERENT CHAINE OPERATOIRES OF THE PRODUCED VESSELS.
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Using the stone (See Figure 3) gave by far the best result when polishing. It was the tool with the hardest

and most stable surface, resistant to scratching by grains of admixture. The clay yielded easily to the

stone, making it possible to level out surface irregularities and indent protruding admixture grains. After

using the stone, the surface of the vessel was completely smooth and “glassy", with a high gloss. The

polishing time was approximately 20 minutes. In Experiment 2, after the cup had dried completely (after

a few hours - 1 night in this case), the obtained gloss decreased and the surface became dull during



drying, so polishing was performed a second time. This was done in the same way, except that the
surface could no longer be corrected and smoothed, only polished, as the clay had hardened
completely. The second polishing took about 15 minutes and restored the previous gloss. In Experiment
1, the vessel made with red clay retained its gloss after it had dried completely, so re-polishing was not
necessary.

The bone tool (a fragment of a polished beef rib polished on sand stone for surface treatment) proved
to be a softer material and to have less impact on the desiccated clay (See Figure 4). The levelling of
irregularities was not as effective as in the case of stone, the admixture grains were also less susceptible
to polishing and left traces on the surface and a lower degree of gloss was obtained. The polishing
process was carried out in a similar way as with the stone described above - the first polishing before
the cup was completely dry, lasting about 20 minutes, followed by the second (next day) polishing on
the completely dry cup, lasting about 15 minutes. In Experiment 1, also the first polishing gave a
satisfactory result, the surface did not tarnish during drying, so this procedure was not repeated. The
bone itself initially became shiny, but with sharper grains of admixture its texture became duller and
small scratches appeared.

The wooden smoother - the softest one - was the least effective tool (See Figure 5). It also gave a shine,
but less than stone or bone. The surface of the cup did not become as smooth and slippery as when
stone was used, because the smoother itself was scratched and tarnished in contact with the grains of
admixture contained in the clay. The levelling of irregularities was visible but limited. The polishing
process was carried out in the same way as described above for Experiment 1 and Experiment 2 and
took a similar amount of time.

All the vessels were then fired, some of them under controlled conditions (kiln) at 800°C., the others in
uncontrolled conditions in an open hearth with a stone setting (See Figure 6). In the first case, a red clay
cups fired in an oxidising atmosphere acquired a brick and the mixed ones an orange colour. In the
second case, changing weather conditions (strong wind), and most likely the use of mixed kinds of
wood, caused partial reduction and partial blackening of the vessels (see Buko, 1990, pp.152-155).
Nevertheless, smooth copper-coloured walls were achieved.

Experiment 3

Half of some of the vessels (C3, C4, C8) were greased using 200g of a pork lard, which was rubbed into
the walls of the vessels several times to achieve the greatest possible shine.

Experiment 4 was carried out after the vessels had been made, fired and polished. 300 ml of water was
poured into each vessel at 4 p.m. and reached 8,5 cm of height (See Figure 6). The water level was
marked with a marker. After 1 hour (at 5 p.m.) the distance of the water surface from the marked level
was measured for each of the dishes tested. After another hour the distance of the water surface was
measured again, this time from the level marked in point 2. The water from each of the test vessels was
poured successively into a measuring cup and its volume in milliliters was measured. All results are
recorded in Table 2.

Start After 1 hour (in mm) After 2 hours (in mm) Final

1 300 ml 6 mm 2mm 250 ml



Cc2 300 ml 5mm T mm 260 ml

c3 300 ml 4 mm Tmm 257 ml
C4 300 ml 3,5mm 0 mm 265 ml
c5 300 ml 4mm T mm 259 ml
cé 300 ml 5mm 1 mm 258 ml
c7 300 ml 4 mm 3 mm 240 ml
c8 300 ml 4mm Tmm 235 ml

TABLE 2. RESULTS OF THE SEEPAGE EXPERIMENT.

After 1 hour: under the polished and unpolished ungreased vessels, a slight dampening of the surface
on which they stood appeared in the form of a circle of small drops under the bottom. In the case of the
greased vessels this did not occur, the surface under the bottom remained dry. The result of the
experiment with C8 may not be entirely reliable, because a small amount of water seeped out (from 300
ml to 235 ml) through a small crack that appeared during firing and after 2 hours there was oozing
condensation where no animal fat had entered.

Results

A high degree of surface gloss was achieved during both experiments related to the polishing process
(See Figures 7-9). The vessels made with mixed clay were even polished twice to achieve the highest
possible shine. After firing in controlled conditions, the surface in both experiments became slightly
duller. Therefore, following a suggestion in the literature (e.g., Mogielnicka-Urban, 1984, pp.122-127),
animal fat was applied to half of one of the vessels (See Figure 10) to darken the surface, enhance the
colour and improve the gloss. Interestingly, the vessels fired in the hearth had a much better lustre.
However, this observation is hampered by the dominant black on the vessel. The red clay produced a
higher gloss and a darker colour than the mixed red and beige clay, because the red one was oilier. It
also caused slight deformation of the cup during drying and firing. When it comes to observing the
polishing process and its effects, stone gave the best result - the best smoothing and the greatest shine.
In second place was bone, in third place was wood, because it is the softest and has a matte texture. The
greasing at the final stage brought out the depth of colour of the vessels and gave an extra shine.

The vessels polished and greased showed the lowest seepage. Also, the open hearth firing (probably
due to the presence of oily soot, even if it is not visible on the surface of the vessels), and the higher
content of oily red clay had an impact on the reduction of seepage. The vessel without the addition of
red clay, without polishing and without fat absorbed the most water into itself. Experience shows that
the best water tightness of vessels can be obtained after all three treatments: polishing the walls, firing
in a wood-fired hearth, and rubbing the walls with fat after firing. Red clay also absorbs less water due
to its fattiness. The technique of rubbing the walls with fat before firing is still worth testing.

Discussion

As already mentioned, polishing the surface of vessels is a very important process that has the real
benefits of preventing liquids from leaking and making the pottery easier to clean (La Torre, et al., 2020).
Given its qualities, it should be noted that it also has its own decorative value, which is often forgotten
considering the numerous decorations of various natures on pottery (i.e., incisions, applications).
Achieving the effect of polished walls requires a careful eye and applying the exact technique to achieve



the best possible result. Sometimes it even requires additional polishing attempts, as well as the use of
"enhancers" for the effect. This experiment showed that the best technique for polishing is the one
using a stone, but only when highly polished. In this case it is also worth to further verify the impact of
beating and burnishing.

Polishing can be done before the vessel completely dries, even several times for a better effect.
However, much about this method of surface treatment depends on the skill of the potter themselves.
Of course, polishing itself is not difficult, but requires knowledge, familiarity with the "know how", which
is, after all, generated by the "know why". Here we return to the purpose of polishing vessels.

Regarding the vessel, which was the starting point of the presented experiment, the decorative layer
had already been provided by wooden tools and a bird feather. Polishing the surface here could
therefore be an expression of technological care for the vessel. However, the technical approach to
other parts of it, e.g., the poorly performed smoothing and no visible polishing inside the vessel (in
contrast as in Gawron-Szymczak, et al., 2020), as well as the composition of the ceramic paste itself,
which included large grains of mineral temper, lead us to conclude that the maker of the vessel was not
an eminent specialist in this field, but rather was very keen to achieve this kind of outer surface. For
sure, it had some functional benefits. There was certainly less leakage from the vessel, but probably the
maker was more concerned with accomplishing a visual effect. Various "boosters" may have helped
him/her do this. The literature indicates that animal fat used by us may have been applied also in the
past (Mogielnicka-Urban, 1984, pp.122-127). Its application gave not only a visual effect and enhanced
colour and shine, but also reinforced the walls against leakage. The results of the experiment showed
that the best leak-tightness of vessels can be obtained after applying the following treatments: using
"fatty" clay, burnishing and beating of the surface, polishing the walls with stone, firing in a wood-fired
hearth, and greasing the walls after firing with pork fat (8% of improvement). While we do not have the
lipid data to support greasing vessels' surfaces with fat in the past, we would like to point out that such
technological behaviour may have occurred and lipid results that indicate the presence of such fats in
vessel walls would need to be reconsidered.

Conclusions

A conscious approach to surface polishing has a significant effect on the appearance of the vessel after
firing. The tools used for polishing of the vessels’ surfaces used in the present study can be ranked
according to the quality of the resulting effect, from the best: stone, bone, wood. Each tool produced a
smoothing and shining of the surface of the vessels, but to varying degrees. Each of these tools may
have been available and used in the past. Research has shown that the most effective polishing should
be done when the vessel become plastic - while it is reasonably dry, but not devoid of water.
Experimentation has shown that the amount of polishing depends largely on the fattiness of the clay -
the fattier, the less polishing needs to be done. The experiment showed that although firing the vessels
somewhat quenches the shine of the vessels, it can be improved by greasing the walls with fat. Previous
research (La Torre, et al., 2020) has shown that polishing the walls is also a functional process. This was
also demonstrated in the present study - polished vessels, as well as those covered with animal fat, are
much less permeable to liquids placed in them. Therefore, in order to assess the aesthetic value of
polishing treatment, other factors related to the 'know-how' and 'know-why' used in vessel
manufacturing must be taken into account.
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FIG 1. BELL BEAKER CUP FOUND AT SITE Il IN SZESTNO (MASURIAN LAKE DISTRICT, POLAND) — INSPIRATION FOR EXPERIMENTAL
RESEARCH. IMAGE BY DARIUSZ MANASTERSKI

FIG 2. TECHNIQUES USED IN THE CUPS' PRODUCTION: A - ROLLER TECHNIQUE; B — DECORATIONS WITH A WOODEN SPATULA.
PHOTOS BY JOANNA DYMANSKA AND ALEKSANDRA CETWINSKA


http://dev.exarc.net/sites/default/files/Fig.%201%20%28Custom%29_2.jpg
http://dev.exarc.net/sites/default/files/Fig.%201%20%28Custom%29_2.jpg
http://dev.exarc.net/sites/default/files/Fig.%202%20%28Custom%29_0.jpg
http://dev.exarc.net/sites/default/files/Fig.%202%20%28Custom%29_0.jpg

FIG 3. POLISHING THE SURFACE OF VESSELS WITH A STONE. PHOTO BY JOANNA DYMANSKA
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FIG 4. POLISHING THE SURFACE OF VESSELS WITH A BONE TOOL. PHOTO BY JOANNA DYMANSKA
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FIG 5. POLISHING THE SURFACE OF VESSELS WITH A WOODEN TOOL. PHOTO BY JOANNA DYMANSKA
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FIG 6. VESSELS FIRED IN AN OPEN HEARTH. PHOTO BY JOANNA DYMANSKA
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FIG 7. THE VESSEL SEEPAGE EXPERIMENT: A-B: VESSELS FILLED WITH WATER WITH THE LIQUID LEVELS MARKED WITH A
MARKER; C - SEEPING WATER ON THE SURFACE OF THE VESSEL. PHOTOS BY JOANNA DYMANSKA AND ALEKSANDRA

CETWINSKA
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FIG 8. POLISHED VESSELS AND FIRED IN THE KILN. PHOTO BY JOANNA DYMANSKA


http://dev.exarc.net/sites/default/files/Fig.%207%20%28Custom%29_0.jpg
http://dev.exarc.net/sites/default/files/Fig.%207%20%28Custom%29_0.jpg
http://dev.exarc.net/sites/default/files/Fig.%208%20%28Custom%29_0.JPG
http://dev.exarc.net/sites/default/files/Fig.%208%20%28Custom%29_0.JPG

FIG 9. POLISHED VESSELS AND FIRED IN THE OPEN-HEARTH. PHOTO BY JOANNA DYMANSKA

FIG 10. EFFECTS OF POLISHING KILN-FIRED (A-C) AND HEARTH-FIRED (D-F) CUPS: A,D - USING STON E; B, E - USING WOOD; C, F -
USING BONE. PHOTOS BY JOANNA DYMANSKA AND ALEKSANDRA CETWINSKA
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FIG 11. COLOUR DIFFERENCES OF A VESSELS HALF COVERED WITH ANIMAL FAT - ON THE LEFT: LEFT SIDE IS DARKER AFTER
GREASING AND ON THE RIGHT: RIGHT SIDE IS DARKER AFTER GREASING. PHOTOS BY JOANNA DYMANSKA AND ALEKSANDRA
CETWINSKA
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