TERRA SIGILLATA

HIGH GLOSS COATED WARES MADE FROM COLLOIDAL SLIPS

Fig. 1: Red-figure fish-plate, 350-325 B.C., Campania, Italy, Metropolitan Museum of Art, New-York
(collection number 06.1021.241)
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The excellence of high gloss coated ware achieved by the Greeks and the Romans in the classical
period became a lost art for centuries. The gloss ware regained interest in the mid-18th century*.
Rigorous studies were carried in the first half the 20" century? and by the late 1950's the
knowledge concerning this special technique was rendered accessible to scholars, chemists,
archaeologists and potters®. In the 1980’s further studies were carried®. The latest researches®
offer an even more thorough understanding of the technique.

! The french scholar Compte de Caylus and the English potter Josiah Wedgwood

2 Binns and Frazer (1929), Schumann (1942), Bimson (1956), C.P.T. Naudé (1959)

% In 1965, J.V. Noble describes his method for re-creating the glossy coating

* Noll (1982, 1983), Willgallis and Heyer (1976), Maggetti et al. (1981), Tite et al. (1981, 1982), Freestone (1985)
® Y. Maniatis (1993), E. Aloupi (1993), and A. Chaviara (2014), M. Walton et al. (2014, 2015).
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Clarification upon the terminology & Historical overview

Because the word “terra sigillata” is very often misused in the world of modern pottery, our first
concern is to clarify the terminology.

The term “terra sigillata” is primarily used by historians, art historians and archaeologists to refer to
the red/orange gloss ware produced in Roman times (fig. 3 & 17). This important production is
characterised by the use of moulds (fig. 2) with decorative ornaments in relief (fig. 4), and the
application of a very fine slip that gives the high gloss surface finish. The ware was identified with a
stamp (“sigilla”) that would refer to the place of production.

Fig. 2 : Mould, 2nd-3rd centuries A.D., Sevres, Cité de la céramique (collection n® MNC1383-2 ) © RMN-Grand Palais

In more technical terms, scholars and potters refer to this fine coating as “colloidal slip”.

This type of gloss ware was the result of a continuous improvement of ceramic manufacturing
processes driven by an aspiration to achieve high quality pottery with durable and impermeable
surface coating qualities. The manufacturing of these high gloss coatings concerned both a wide time
period and a large geographic area.

The Romans were neither the first ones nor the only ones to use “colloidal slip” for functional and
decorative purposes on their ware. Early examples of high gloss pottery have been traced throughout
the Bronze Age in the East Mediterranean area®. The unbroken continuity of ceramic traditions allowed
the refinement of this technique. Apogee was reached during the Classical Period in Greece with the
production of Attic black and red figure pottery’ (fig. 5 & 6). This knowledge moved to south Italy
with the Greek colonies (fig. 1). At that time a local tradition of high gloss black coated pottery
already existed in Etruria® and in Campania® (fig. 16). The technique was taken further by the Romans
in the first century B.C. with the development the terra sigillata ware'®. The tradition then moved to
Gaul*! where the glossy red ware was massively produced and exported during the first and second
centuries A.D. The production rapidly declined in the third century A.D with the fall of the Roman
Empire.

® Minoan and Mycenaean pottery productions in Greece

" Red and black figure pottery: produced from the 7" to the 4" centuries B.C.

8 Etruscan Bucchero ware, produced in central Italy from the 7 to the 5™ centuries B.C
9 Campanian ware —produced from the 4™ to 1% centuries B.C.

0 Italy, Arezzo was one of the earliest centres of production of the terra sigillata ware
1 The two main centre of production in Gaul were La Graufesenque and Lezoux
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Classical Attic red and black figures, Etruscan Bucchero, Campanian ware, Samian ware, Roman terra
sigillata ware, etc. all belong to a single technical tradition based on the use of “colloidal slip”.

Since this article cover gloss ware in a large sense (process, making, application and firing), our choice
will be to use the term “colloidal slip” instead of “terra sigillata”.

In very simple words, a colloidal slip is a suspension of extremely fine clay particles. Applied thinly to
the surface of a pot, it partially or entirely sinters*? in a thin glossy coat at low temperatures (950-
1050°C). Colloidal slip coatings retain peculiar qualities comparable to those of a glaze: standing
halfway between a slip and a glaze®.

The modern scientific study of ancient ceramics has allowed us to improve greatly our understanding
of the high gloss coated pottery.

The purpose of this article is to share the established knowledge concerning these techniques in order
to help the potter to have a more conscious and controlled use of it.

Fig. 3: Arretine ware (bowl), 10-50 A.D., Italy, Metropolitan Museum of Art, New-York (collection n° 2002.283)

12 Sintering is the mutual adhesion of the particles without a liquid phase. The corners/edges of the particle soften causing
them to stick to each other.

Ba slip or a glaze? Scholars use both terms, in fact the correct terminology would be “a sintered slip”. In crude terms a
glaze is a layer of molten glass on a pot. This implies a liquid-phase during the firing: the glaze becomes a viscous liquid
which stiffens into a glassy coating. Unlike a glaze, the colloidal slip will not undergo a “liquid-phase” during firing.
Nevertheless, colloidal slips are made of ultra-fine clay particles with a low point of fusion that will sinter into a thin and
glossy coating. The physical qualities of the fired colloidal slip will depend on the degree of sintering reached during firing.
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The chemistry of colloidal slip

Scientific analyses of ancient sherds show that the glossy coatings of antique ceramics are all
extremely similar in composition. They all possess the following common features: rich in alumina
(Al,03)*, rich in potassium and sodium (K,0, Na,0), rich in iron (Fe) and poor in lime (CaO).

In other words, the chemical and mineralogical composition of a high quality colloidal slip lies within
a very narrow range. Using the right type of clay seems to be the starting point to master this
technique.

The “ideal” clay from which to prepare a colloidal slip should be rich in illitic clay minerals, high in
iron and low in lime.

¢ lllite is a potassium bearing clay mineral. Potash is a strong flux that will contribute to the
sintering of the coating.

e Iron is responsible for the colour of the gloss (either red in oxidation or black in reduction).

e Lime isto be avoided: it strongly affects the microstructure of the coating making it porous.

A clay that possesses the qualities described above will produce a very high quality colloidal slip and
consequently a very high quality coating (well-sintered and well-bound to the body).

Having said that, ANY RAW CLAY processed into a colloidal slip and applied thinly onto a pot will
give a glossy or satiny surface quality.

Fig. 4: detail of the reliefs (fragment of a bowl),late 2nd century A.D., Gaulish production, Metropolitan Museum of Art,
New-York (collection number 17.194.2123)

Colloidal slips can be divided into two categories

o Sintered colloidal slips: they reach a very high degree of sintering. As a result, the slip seals
the surface of the pot, making it waterproof and functional (almost like a glaze). Such coatings
are achievable only by the use of the specific type of clay described above (rich in illitic clay
minerals, high in iron, low in lime).

e Partially sintered colloidal slips: their degree of sintering is inferior. They result in glossy
satiny coatings which are less sintered and therefore not waterproof, less well bound to the
clay body, less durable and more fragile. This second category of colloidal slips is less
functional, more decorative.

The Roman terra sigillata ware falls under the first category established above: the sintered colloidal
slips.

4 this indicates that the coating were without any doubt clay-based



From theory to practice: choosing the right raw materials

The chemical and mineralogical requirements explained previously should be used only as a
guide to understand how colloidal slips work. It would be non-sense to have a purely scientific
approach to making a colloidal slip!

The Romans and the Greeks achieved the highest quality of gloss ware without having any
scientific data about the clay they selected and no pyrometer to fire their kilns: they simply
worked empirically, learning from experience, progressively improving and mastering the
technique.

Choice of the clay body on which to apply the colloidal slip

Finely textured clays are the most suitable (coarser clay bodies heavily grogged are to be
avoided). Earthenware clay; stoneware clay, even porcelain®...

Two factors will determine the choice of a specific clay body:

e Physical: there should be a good adherence between the slip and the clay body, if not there
is a risk of the slip flaking off after firing. Only testing will tell if the slip and the body are
compatible.

o Esthetical: attractive visual colour contrasts between slip and body are possible (Greek
black and red figures — fig. 5 & 6; or Raku Dolce— fig. 19)

Commercially available clays suitable for colloidal slip

e For red (or black): Red-Art in the United States and Potclays original-red (159-1135) in
England are two easily obtainable earthenware red clays which fulfil the chemical and
mineralogical requirements to obtain well-sintered high gloss coatings similar to those
achieved by the Greeks and the Romans in classical times.

e For white: Ball clays, China Clays, Caolins, white earthenware clays. Colloidal slips made
from these clays will fire to a glossy white colour. The potter should bear in mind that the
glossy coatings achieved with such clays will not be completely sintered and therefore
more fragile.

Any clay directly dug from the ground can be tested (the quality of the coating will depend on
the specific properties of each clay).

Fig. 5: Black figure skyphos (cup), 500 B.C., Fig. 6: Red figure skyphos (cup), mid-5th century
Attica, Greece, Metropolitan Museum of Art, B.C., Attica, Greece, Metropolitan Museum of Art,
New-York (collection n°64.11.3) New-York (collection n° 41.162.100)

13 porcelain bodies are sometimes used by modern potters. Bear in mind that they will produce extremely fragile objects
because porcelain is very friable at such low temperatures.



The refining process — From the selected clay to the colloidal slip

Selecting a suitable clay is only the first step. The selected clay then needs to be refined in order to
extract the colloidal slip.

In fact, beds of clay colloids occur naturally in nature. The Greeks, Etruscans and Romans developed
highly specialised skills to locate suitable clay beds or deposits and used them efficiently. Further
refinement of their selected raw materials must have been a seasonal activity (spring to autumn)®.

As stated earlier, a colloidal slip is a suspension of extremely fine clay particles (clay colloids).
Levigation is the process used to separate the ultra-fine particles of clay minerals from the unwanted
coarser particles.

Natural levigation has the convenience of being a very simple process; the only draw-back is that it
needs time. The impatient modern potter often uses flocculants and deflocculants at some stages of the
refinement in order to accelerate the process.

From theory to practice
The refinement process explained step by step

e Soak 200gm. of dry clay in 1 litre of distilled water or rainwater in a transparent plastic
bottle. Once the clay is completely dissolved, stir to create a suspension.

e Levigation

Leave the mixture to stand for a few hours, observe at what speed the levigation is taking

place.

You should see an evident layer of deposited matter at the bottom (non-plastic heavy

particles: sand, quartz, feldspar, calcite etc.) and a gradation of misty water that

becomes more and more clear when moving towards the top.

Observe if the top part is clean and clear or if it remains misty.

- If it remains misty, it means that levigation is happening. The heavy particles are
slowly sinking at the bottom of the plastic bottle while the finest particles are staying
in suspension. The process will take time (days or weeks).

- On the contrary, if the top layer becomes clear very quickly, it means that the
precipitation of the particles is happening too quickly. This rapid precipitation is due
to the electric charge of the clay particles. Their charges make them attract one
another forming heavier aggregates that sink very quickly. In order to counter this
effect, a deflocculant'” can be used.

The deflocculant will alter the electrical charges of the clay particles in suspension,
causing them to repel each other. As a result, the levigation will be prolonged
allowing a better separation of the diverse types of particles.

You arrive at the right quantity of deflocculant only by trial and error, in other words
introducing small quantities at a time to the point where sedimentation is slowed to a
proper speed (usually, just a few drops are enough).

'8 The refinement process based on water suspension and evaporation was highly dependent on weather and temperature, this
supports the theory of seasonal activity.
7 Sodium silicate and soda ash are commonly used



o ldentification of the colloidal slip (fig. 7)
After some time, the heavy unwanted particles will have settled at the bottom and the
desired clay-colloids will form a suspension in the upper part of the mixture:

- The top layer (the most watery) .6

contains clay-colloids in
suspension®® this is our colloidal
slip. —

- Underneath, a slightly denser D ) )
layer is visible: this fraction, i —4—Colloidal slip
which  contains  fine clay e
particles, is worth keeping and
can be used as a ground layer
before applying the colloidal slip
on the ware.

— Fine slip

Unwanted heavy

- The bottom layer of sand and :
particles

coarse particles is useless and
can be thrown away. Fig. 7: levigation
e Extraction of the different layers
Make a hole in the bottle at a chosen level to extract the desired fraction. This method
allows the extraction of different degrees of refinement (with different particle size).

e Bringing the colloidal slip to the right consistency

The collected liquid which corresponds to the colloidal slip is normally too liquid to be

used. There are two methods to obtain a more concentrated mixture:

- Through evaporation (the suspension is left to dry and will consequently thicken
through water evaporation)

- With the use of a flocculant™ (the flocculant will alter the electrical charges of the
particles in suspension, causing them to no longer repel one another but aggregate
into larger particles which will settle by gravity. The excess water can then be poured

off).

The final aspect of the colloidal slip should be watery and have “cloudy”’l “misty” quality.

8 And very fine iron oxide in the case of iron bearing clays
19 Calgon can be used for this purpose



The colour palette of colloidal slips

The most refined examples of gloss wares in antiquity are mainly red and black. However, since we
can extract colloidal slip from any clay, the colour palette is far from being restrained to red and black.

Broadly:

e High quality red (in oxidation) and black (in reduction) coatings are achieved with the
illitic/low-lime/high-iron clay

e A large palette of earthy colours® can be obtained using other kinds of secondary clays:
- buff, ochre through yellow, tan, brown, orange, red in oxidation
- black, grey, green, buff, brown, tan in reduction

e White can be achieved with an iron-free clay free ( Ball clay or Caolin)

Attic white-ground production (fig. 8) and Gaulish marbled terra sigillata (fig. 9) are two historical
example of the use of colloidal slips to obtain polychrome effects.

Attic White-ground pottery

Attic White-Ground pottery (late 6™ and 5" centuries B.C.) is a highly
sophisticated Athenian production mainly associated with funerary ware
(used during funerary rituals, or buried in tombs).

The colour palette of this type of vessel is much wider: white
background and polychrome decoration® (violet, purple, red, yellow,
cream, grey...). Unlike the traditional red and black glosses, the
polychrome decorative colloidal slips are not completely sintered and are
therefore more fragile and less well preserved.

Fig. 8: White-ground Pyxis (box), 465-460 B.C., Attica, Greece, Metropolitan Museum
of Art, New-York (collection number 07.286.36a,b)

Marbled terra sigillata

Marbled terra sigillata was produced exclusively at
La Graufesenque (Gaul) in the 1% century A.D.
This local production is another example of a
polychrome use of colloidal slips. The ware is
characterised by a marbled yellow and red glossy
surface finish.

Fig. 9: Marbled Samian ware (cup), 50-70 A.D., Gaul,
British Museum, London (collection number 1889,0715.1)
© The Trustees of the British Museum

2 Many variables are responsible for the colour of a fired-clay. Iron is the main colouring agent in clays. Titanium and
manganese (usually present in smaller amounts) can also play a role to a certain extent. In addition to the colouring oxides
naturally present in the clay, other oxides can act as colour modifiers. A striking example is lime: lime has a bleaching effect
on iron. This is why iron-bearing earthenware clays high in lime will develop lighter shades (buff-cream, yellow, light-red,
pink, orange).

21 Not all of the colours were obtained with the use of colloidal slips: some pigments (blue for example) were also painted on
the ware after it had been fired.



Widening the palette...
... additions of colouring pigments

The use of natural clays to obtain polychrome surfaces
was described above, our ancestors worked within this
framework. Modern pottery techniques give potters the
freedom to introduce colouring pigments to colloidal
slips.

If other than natural colours are preferred, the colloidal
slip can be used as a base to which colouring pigments
and oxides can be added?:
e cither colouring oxides: manganese, cobalt,
copper, chromium
e or commercial stains: green, yellow, purple,
red... the colour palette becomes infinite...

Fig. 10: Carolyn Genders, Summer Blues, earthenware,
burnished terra sigillata, fired to cone 6, 2015

If the potter’s choice is to add colouring oxides or stains, further ball-milling of the mixture becomes
necessary. Indeed, the particle size of the colouring oxides or stains MUST be reduced by ball-milling.

22 |f the purpose is to explore colour, it is sensible to use a white-firing colloidal slip (made from ball clay or Caolin) and fire
in oxidation
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Application techniques

A colloidal slip is always applied very thinly*. Application is usually done on dry green-ware*

(ideally previously burnished).

Application methods can vary. Dipping (or pouring) will give a uniform coating®. Painting and
brushing is also possible®®. Greek red & black figures were done this way.

Whether a dipping or brushing application is chosen, the coating must always be thin.

Unlike glazes, the slip will not flow to minimize small imperfections. For this reason, the application
should be as precise as possible.

Working in layers will lend more depth
and more strength to the coating:

During the preparation process, two
fractions of slip were collected; they have
different degrees of refinement. The top
ultra-fine fraction contains the finest clay
colloid (i.e. colloidal slip) and the layer
just underneath contains fine plastic clay
particles (i.e. fine clay slip).

The fine slip is applied on the pot as a Fig. 11: Fragment of a Roman terra sigillata bowl, 1% century A.D., Italy,
ground layer; it can be burnished with a Metropolitan Museum of Art, New-York (collection number 17.194.2370)

plastic wrap before the surface is
completely dry?’. This operation can be done once if the pot is dipped or repeated up to three or four
times if brushed. The surface should be dry before applying any successive layer.

The colloidal slip can then be applied as a wash. It should develop a natural sheen while drying. The
surface can be softly rubbed with a plastic wrap to enhance the shine®.

2 A too-thick application can be the source of crazing on the surface in the raw state or flaking after the firing

2 An application on bisque ware is not advisable: the binding quality between the slip and the fired piece is very low and
flaking may result

%5 Roman terra sigillata was dipped in most cases (dipping overlaps are sometimes visible on pots)

%8 The decorated areas on the Greek vases were all painted

2T A white fine slip made from ball clay or a white earthenware clay can be used for the ground layer. This white base will
help to develop brighter colours

2 A film of the very fine colloidal slip will tend to shine without burnishing. The action of burnishing will contribute to a
higher gloss result. Nevertheless, this finishing process is optional: Romans surely didn’t burnish their ware with such scale
of mass-production. They simply worked with an extremely refined colloidal slip that gave a high gloss finish without the
need of further work.
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Firing

Gloss ware is based on a once-firing process.
Since the colloidal slip will sinter during the
firing, the pieces shouldn’t touch each other. The
average rate of the temperature rise is about 100°C/h.
Once the top temperature is reached, a 20/30 minutes
soak is strongly advisable.

Firing temperatures

Colloidal slips sinter at low temperatures varying
between 900 and 1100°C%. It is essential to test how the
colloidal slip behaves at different temperatures in order to
find the ideal firing temperature where the slip will be sintered
before losing its gloss.

Firing atmosphere

The firing atmosphere (oxidation or reduction) is another
important firing parameter that our Roman, Greek and
Etruscan ancestors ingeniously mastered to produce

spectacular bi-chrome decorations. Fig. 12: Misfired red figure krater, 380-365 B.C.,

Apulia, Italy, Yale University Art Gallery, New
As we have mentioned before, a colloidal slip high in iron _Haven, Connecticut (collection n°1994.11.1)

C ) o ] . ap A partial re-oxidation of the black gloss has occurred
will either be red in oxidation or black in reduction™.

Roman terra sigillata ware was achieved under oxidising firing conditions while the black gloss of the
Attic Greek vases and Etruscan/Campanian wares were achieved in reduction.

Achieving a mirror-black gloss is far from being easy. The quality of the colloidal slip is the starting
point for a successful black®. Firing wise, the temperature at which reduction is started, its duration,
and its intensity are the three variables that will affect the quality of the black coloration. Finding the
right firing cycle can only result from experience.

Faults in firing

A light or a short reduction can cause the black gloss to turn brown or greenish-black.

If the coating is red instead of the intended black, the colloidal slip has not reached a sufficient degree
of sintering. As a result the slip re-oxidises to red in cooling (fig. 12).

Over firing the colloidal slip will result in a loss of shine or even bubbling of the surface.

2 talic terra sigillata was fired around 950-1000 °C, Gallic terra sigillata was fired around 1050 °C

% Reduction occurs when the oxygen supply is reduced during the firing. The lack of oxygen during combustion (wood or
gas) generates carbon monoxide. Carbon monoxide is an active gas hungry for oxygen, it will try to “steal” it from any
available sources, including from the ceramic materials. In such conditions, the iron oxide (red — hematite — Fe,O5) will
“lose” some of its oxygen and will convert to its reduced state (black — magnetite — FeO/Fe;0,).

3! The best blacks are obtained using a colloidal slip prepared from clays rich in illitic-clay minerals, high in iron and low in
lime.
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Firing cycles of some historical productions

Greek black and red figure — bi-chrome effects
ORO firing cycle (oxidation/reduction/oxidation)

The classical Greek Attic pottery production illustrates
one of the most complex uses of colloidal slip in Western
History®.

The bi-chrome effects were achieved thanks to an
advanced knowledge of the raw material properties used
(slip and clay body) combined with a clever manipulation
of the kiln atmosphere.

The firing procedure used by the Greeks is usually
described as an oxidation—reduction—oxidation cycle
(ORO cycle, fig. 15). In the first phase of the firing, the
ware is fired in oxidation. Reduction then begins (800-
850°C): during this phase both the colloidal slip and the
body are reduced and “blackened”. During the cooling,
which takes place in oxidised conditions, the colloidal
slip retains its black colour while the porous body re-
oxidises and regains its original pale-red colour®,

1st PHASE - OXIDATION  2nd PHASE - REDUCTION

Figure 13: Fragment of a black-figure amphor, 540-
530 B.C., Attica, Greece, Metropolitan Museum of Art,
New-York (collection number 20.259)

Figure 14: Fragment of a ed-figure kylix, 510-500
B.C., Attica, Greece, Metropolitan Museum of Art,
New-York (collection number 07.286.50)

3rd PHASE - OXIDATION

[ Clay body B Clay body
[ Colloidal slip I Colloidal slip

[ Clay body

B Colloidal slip

Fig. 15: illustration of the ORO firing cycle

%2 Art historians and archaeologist separate the two kinds of productions: black figure and red figure. Nevertheless, both
wares belong to the same technical tradition. The application and decoration techniques is what makes the difference between

the two:

e  Black figure consist of a decoration based on incision: the background is the red clay body, the figures are painted

with the colloidal slip; the lines are incised through the slip

e  Red figure consists of a decoration based on painting: the background is painted with the colloidal slip leaving the
red-figure silhouettes in “reserve”. The outlines of the figures and the details are painted with a thickened version

of the colloidal slip.

8 As stated before, a colloidal slip made from a clay rich in illitic-clay minerals, high in iron and low in lime will have all the
required properties to achieve a well-sintered coating. When reduction occurs, the reduced black iron oxide is somehow
locked in the coating and is unable to re-oxidise upon cooling. As far as the clay body is concerned, Greeks used a calcareous
type of clay (CaO greater than 5%) for their body: the lime lends an “open” and “porous” quality of the body. This porous

structure allows the oxygen to penetrate and re-oxidise the clay.
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Etruscan Bucchero and Campanian ware — reduction firing

Etruscan and Campanian wares rely on a reducing firing
atmosphere. The glossy coating owes its black colour to the iron
oxide present in its reduced state.

Fig. 16: Etruscan Bucchero oinochoe, 630-575 B.C., Cerveteri, Italy,
British Museum, London (collection n°1839,0214.99)
© The Trustees of the British Museum

Roman/Gaulish terra sigillata — oxidation firing [

The Roman and Gaulish terra sigillata ware relies on a
fairly straightforward firing process: an oxidising
atmosphere, most probably at temperatures around
1000°C. The bright red colour of the gloss is due the
iron oxide present in its oxidised state.

The coating is of an extremely high quality: strong and
durable, well bound to the body, well sintered, non-
porous and impermeable. This denotes a great
knowledge in the selection and preparation of the
colloidal slip.

Fig. 17: Arretine ware (cup), 15 B.C.- 60 A.D., Arezzo, ltaly,
Metropolitan Museum of Art, New-York (collection n°® 17.194.894)
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Modern firing techniques

Raku Dolce

The Italian potter Giovanni Cimatti ingeniously
combined colloidal slip and raku firing techniques.
After firing the ware to 970/1000°C he leaves the kiln
to cool to about 600°C. At this temperature, the pieces
are extracted from the kiln** and placed in sawdust for
a few seconds. The colloidal slip that has sintered will
remain red. The thermal shock will create crackled-
effects which will be enhanced by the smoke
penetrating the cracks and turning them black.

Fig. 18: Giovanni Cimatti, Luna, Raku Dolce, 2000

Saggar firing

The English potter Duncan Ross developed highly
controlled sawdust firing technique using saggars.
His technique is based on a two-stage firing. First, an
oxidising bisque firing (970°C-1000°C) in order to
sinter the colloidal slip. Then, a sawdust-saggar
firing (around 700°C). During this second firing, the
fine geometric patterns done with resist decorative
processes turn black while the areas with the
colloidal slip remain red.

The depth of the glossy surface is obtained through
the use of layered colloidal slips.

Fig. 19: Duncan Ross, bowl (earthenware, thrown, burnished,
terra sigillata slip, fired several times and smoked), 1994, V&A
Museum, London (collection number C.64-1995)

Wood firing and smoke firing

The French potter Pierre Bayle (1945-2004) worked
with a two-stage firing process. He first fired his pieces
in oxidation in a wood kiln and then re-fired them under
strong reducing conditions. The patina of surface is the
result of the path of flame and smoke during the firings.

Fig. 20 : Pierre Bayle, Colonne a lame, 1988,
Earthenware with terra sigillata, Private collection

3 Two or three pieces at a time, closing the door of the kiln between pieces and keeping the burners on low to avoid the
temperature dropping
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CONCLUSION

Gloss ware is one of the oldest coating and decorative techniques in the history of pottery and yet still
fascinates modern potters.

Mastering the technique of gloss ware implies:

careful selection of the raw materials

meticulous preparation

skilled application

control of the firing variables (temperature, atmosphere...)

Any potter wishing to experiment with high gloss coatings will have to prepare himself for a lot of
trials and testing. He should always bear in mind that the finest quality coatings took our ancestors
centuries to achieve empirically.

16



BIBLIOGRAPHY

Books

BOURRY E. Traité des industries céramiques. Paris : Gauthier-Villars et Fils. 1897.
CARDEW M. Pioneer Pottery. London: A & C Black Publishers Ltd. 2002.

COHEN B. The Colors of Clay: Special Techniques in Athenian Vases. Los Angeles: The J. Paul
Getty Museum Publications. 2006.

HESSENBERG K. The Complete Potter: Sawdust Firing. Philadelphia: University of Pennsylvania
Press, 1994.

LAWRENCE W.G. and WEST R.R. Ceramic Science for the Potter. Second edition. Oviedo, FL:
Gentle Breeze publishing. 2001: pp. 210-215.

OSWALD F. and PRYCE T.D. An introduction to the study of Terra Sigillata treated from a
chronological standpoint. London: Longmans, Green and Co. 1920.

SCHREIBER T. Athenian Vase Construction, A Potter's Analysis. Los Angeles: The J. Paul Getty
Museum Publications. 1999.

Dictionaries

FOURNIER R. lllustrated Dictionary of Practical Pottery. Fourth edition. London: A&C Black. 2000.

HAMER F. The Potter's Dictionary of Materials and Techniques. London: Pitman Publishing. 1975.

Articles

ALOUPI-SIOTIS E. “Recovery and Revival of Attic Vase Decoration Techniques What can they offer
Archaeological research ?” In: Papers on Special Techniques in Athenian Vases. Los Angeles: The J.
Paul Getty Museum Publications. 2008.

ARTAL-ISBRAND P. et al. “An Evaluation of Decorative Techniques on a Red-Figure Attic Vase
[...].” In: Materials issues in art and archaeology IX : symposium held November 29 - December 3,
Boston, Massachusetts, U.S.A. Warrendale, PA: Materials Research Society (MRS). 2011.

CHAVIARA A. “A technical approach to Attic-pottery production during the historic period raw
materials and the black glaze.” Nicosia: The NARNIA Project and the Archaeological Research Unit,
University of Cyprus. 2014.

17



CHAVIARA A, ALOUPI-SIOTIS E. “The story of a soil that became a glaze: Chemical and
microscopic fingerprints on the Attic vases.” Journal of Archaeological Science: Reports, 2015.

CIANCHETTA L et al. “Investigating the firing protocol of Athenian pottery production: A Raman
study of replicate and ancient sherds.” Journal of Raman Spectroscopy 46 (10), 2015.

CIANCHETTA L. et al. “Evidence for an unorthodox firing sequence employed by the Berlin Painter:
deciphering ancient ceramic firing conditions through high resolution material characterization and
replication.” Journal of Analytical Atomic Spectrometry Vol. 30, 2015.

CIANCHETTA L et al. “Reverse Engineering Ancient Greek Ceramics: Morphological and Spectral
Characterization of Replicates.” Journal of the American Ceramic Society Vol. 99 (5), 2016.

DE BONIS A. et al. “Raw Materials for Archaeological Pottery from the Campania Region of Italy: A
Petrophysical Characterization.” Geoarchaeology: An International Journal 28, 2013.

DEJOIE C. et al. “Complementary use of monochromatic and white-beam X-ray micro-diffraction for
the investigation of ancient materials.” Journal of Applied Crystallography 48 (5), 2015.

FREESTONE 1. “The nature of surface gloss.” Bulletin of the experimental firing group Vol. 3, 1985.

GEOFFROY J-F. “La céramique « fine » ou importée dans le Nord de la Gaule (contribution a
I'histoire de la recherche).” Revue du Nord 343, 2001 : pp. 105-130.

GIORGETTI G. et al. “Tuscan black glosses: A mineralogical characterization by high resolution
techniques.” European Journal of Mineralogy 16 (3), 2004.

GLIOZZOE. et al. “Black Gloss Pottery: Production Sites and Technology in Northern Etruria, Part I:
Provenance Studies.” Archaeometry 46 (2), 2004.

GLIOZZOE. et al. “Black Gloss Pottery: Production Sites and Technology in Northern Etruria, Part I1:
Gloss technology.” Archaeometry 46 (2), 2004.

LEON'Y. et al. “The nature of marbled Terra Sigillata slips: a combined mu XRF and mu XRD
investigation.” Applied Physics A 99, 2010.

LEON Y. et al. “Micro-Raman investigation of Terra Sigillata slips: a comparative study of central
Italian and southern Gaul productions.” Journal of Raman Spectroscopy 41 (11), 2010.

LEON Y. et al. “Evolution of Terra Sigillata technology from Italy to Gaul through a multi-technique
approach.” Journal of Analytical Atomic Spectrometry, 2014,

MADRID | FERNANDEZ M, BUXEDA | GARRIGOS J. “Hispanic Terra sigillata productions
documented on the Catalan coast: Some unexpected results and new issues.” In: Craft and science:
International perspectives on archaeological ceramics. Ed. M Martindn-Torres. Doha, Qatar:
Bloomsbury Qatar Foundation. 2014,

MAGGETTI M. et al. “Campanian Pottery the Nature of the Black Coating.” Archaeometry 23 (2),
1981.

MANIATIS Y. et al. “Moessbauer study of the effect of calcium content on iron oxide transformations
in fired clays.” Journal of the American Ceramic Society Vol. 64 (5), 1981.

18



MANIATIS Y. et al. ‘Effect of reducing atmosphere on minerals and iron oxides developed in fired
clays the role of Ca.” Journal of the American Ceramic Society Vol. 66 (11), 1983.

MANIATIS Y. et al. “New Evidence for the Nature of Attic Black Gloss.” Archaeometry 35 (1), 1993.

MANIATIS Y. “The Emergence of Ceramic Technology and its Evolution as Revealed with the use of
Scientific Techniques.” In: From Mine to Microscope: Advances in the Study of Ancient Technology.
Oxford: Oxbow Books. 2009.

MANIATIS Y., TITE M.S. “Scanning Electron Microscope of Fired Calcareous Clays.” Transactions
and Journal of the British Ceramic Society Vol. 74 (1), 1975.

MASTROTHEODOROS G., BELTSIOS K.G., ZACHARIAS N. “Iron based and other ancient
pigments for pottery decoration.” In: Emerging Technologies in Non-Destructive Testing V. London :
CRC Press, Taylor & Francis Group. 2012.

MICHEL B. et al. “Analyses minéralogique, chimique et technologique d'engobes argileux.” Revue
d'Archéométrie 11, 1987.

MIRTI P. et al. “Technology of production of red figure pottery from Attic and southern Italian
workshops.” Analytical and Bioanalytical Chemistry 380 (4), 2004.

NAUDE C. P. T. “The glaze technique of the attic vase.” Acta Classica 2, 1959.

SCIAU P. “Nano-crystallization in Decorative Layers of Greek and Roman Ceramics.” In:
Nanoscience and Cultural Heritage. Eds. Ph. Dillmann, L. Bellot-Gurlet, I. Nenner. Paris: Atlantis
Press. 2016.

SCIAU P. et al. “Synchrotron X-ray diffraction study of phase transformations in illitic clays to extract
information on sigillata manufacturing processes.” Applied Physics A 90 (1), 2007.

SCIAU P. et al. “Recherche sur les températures de cuisson et la nature des engobes des céramiques
sigillées de la Graufesenque.” Revue d'Archéométrie 16 (1), 1992.

SCIAU P. et al. “Full-field XANES analysis of Roman ceramics to estimate firing conditions —-A
novel probe to study hierarchical heterogeneous materials.” Journal of Analytical Atomic Spectrometry
Vol. 28, 2013.

SCIAU P., LEON Y. “Thin coatings of ceramics: some new developments in France and in Europe.”
Material Research Society Online Proceedings Library Vol. 1319, 2011.

SCIAU P., GOUDEAU P. “Ceramics in art and archaeology: a review of the materials science
aspects.” The European Physical Journal B 88, 2015.

TITE M.S. “The impact of Electron Microscopy on ceramic studies.” Proceedings of the British
Academy 77, 1992.

TITE M.S. “Ceramic production, provenance and use - A review.” Archaeometry 50 (2), 2008.

TITE, M.S., BIMSON M., FREESTONE I. “An examination of the high gloss surface finishes on
Greek Attic and Roman Samian wares.” Archaeometry 24 (2), 1982.

19



TITE M. S., FREESTONE I., MEEKS N. D. AND BIMSON, M. “The Use of Scanning Electron
Microscopy in the Technological Examination of Ancient Ceramics.” In: Ceramics as Archaeological
Material. Eds. A. D. Franklin and J. Olin. Washington: Smithsonian Instution Press. 1982.

WALTON M.S., TRENTELMAN K. “Trace element indicators of fabrication technology for coral
red and black gloss decoration on Greek Attic pottery.” In: Materials Research Society Symposium
Proceedings - Materials Issues in Art and Archaeology VIII, Vol. 1047. 2008.

WALTON M.S. et al. “Characterization of coral red slips on Greek Attic pottery.” Archaeometry 51
(3), 2000.

WALTON M.S. et al. “Material Evidence for the use of Attic White-Ground Lekythoi Ceramics in
Cremation Burials.” Journal of Archaeological Science 37, 2010.

WALTON M.S. et al. “Material Evidence for Multiple Firings of Ancient Athenian Red-Figure
Pottery” Journal of the American Ceramic Society Vol. 96 (7), 2013.

WALTON M.S. et al. “Zn in Athenian Black Gloss Ceramic Slips: A Trace Element Marker for
Fabrication Technology”, Journal of the American Ceramic Society Vol. 98 (2), 2014.

WANG T. et al. “Raman spectroscopy analysis of terra sigillata: The yellow pigment of marbled
sigillata.” Journal of Raman Spectroscopy 47 (11), 2016.

Other

GALLAGHER, J. Bucchero sottile. A Study of Technical Evolution. M.A. Thesis presented to the
School of Graduate Studies, University of Ottawa, Ontario. 1979.

20



