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Abstract
Ceramics are a key indicator for the study of cultural heritage:

– A valuable technological indicator because (a) ceramics mark the passage from the simple exploitation to the complex
control of fire; (b) they represent the first pyrotechnological product of a certain complexity; and (c) they are able of triggering the
development of other technologies such as those involving the processing of metal and glass.
– A valuable socio-economic indicator because (a) ceramics are brought into the houses of both poor and wealthy families; (b)
they provide evidence of trade routes and cultural exchange; and (c) they are able to pass on significant information about the
evolution of aesthetic taste as well as dietary habits through the centuries.
– A valuable chronological indicator because (a) their comparative study can provide accurate dating; (b) they can provide
absolute dates by thermo-luminescence testing; and (c) they enable the dating of other materials found in stratigraphic association.

In this framework, research questions are discussed according to the different steps of a typical research project in
progress: from the individuation of the archaeological site or area, to the selection of the ceramic types to be investigated
and the samples to be taken for the analyses. It is proposed that research questions should contribute to the reconstruction
of a “big picture” covering wide and complex issues such as the circulation of a specific type of goods within large
geographic areas and/or the diachronic evolution of production technology. It can be demonstrated that farsighted strategy
in research planning can provide material for preliminary articles that satisfy professional obligations to publish period-
ically while also laying the groundwork for truly important contributions to the field. The distinct fields of provenance,
technology, function, use, chronology and conservation are briefly reviewed in order to provide an introductory frame-
work to the following contributions of this Topical Collection. As for research design, the aim here is to reaffirm the
importance of typology and contextualization as the basis for all studies undertaken. Finally, it is demonstrated that true
multidisciplinary collaboration, rather than working in silos according to different specializations, provides the best
approach to obtaining accurate and meaningful results.

Keywords Ancient ceramics .Archaeoceramic and archaeometry . Samplingcriteria .Researchquestions .Designarchaeometric
research . Archaeometric methodology

Premise

This paper serves as an anchor to the Topical Collection (TC)
“Ceramics: Research questions and answers” aimed at guid-
ing researchers in the study of archaeological ceramics from
excavation to study and preservation in museum collections.

Each contribution has a tutorial approach covering one of
the main issues pertaining to the study of ceramics: research
questions and sampling criteria (this paper); the chemical
(Hein and Kilikoglou 2020) and mineralogical-petrographic
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(Montana 2020) investigation of rawmaterials; the technolog-
ical character and suitability of raw materials (Gualtieri 2020);
the processing (Eramo 2020) and modelling (Thér 2020) of
clays; surface finishing (Ionescu and Hoeck 2020) and ceram-
ic firing (Gliozzo 2020); the investigation of different coatings
such as black glass-ceramic (Aloupi-Siotis 2020), terra
sigillata (Sciau et al. 2020) and glazes (Pradell and Molera
2020); the isotopic study of particular types of products such
as Chinese high fired ceramics (Henderson et al. 2020); the
identification of post-burial transformations (Maritan 2020);
the dating of ceramics (Galli et al. 2020); and the restoration
and musealisation of ceramics (de Lapérouse 2020). This
Topical Collection concludes with a tutorial on statistical data
processing (Papageorgiou 2020).

Ceramic as an indicator

Ceramics are ideally suited to identifying and understand-
ing key turning points and continuing traits along the
timeline of ancient civilizations. Ceramics have had a
widespread distribution reaching every corner of the
Ancient World while establishing an unbroken continuity
of human existence from the end of the Late Pleistocene
epoch (31.000–12.000 calibrated years before present)
(Soffer et al. 1993; Nakamura et al. 2001; Boaretto
et al. 2009; Farbstein et al. 2012; Wu et al. 2012; Craig
et al. 2013) until today. Given their durable nature, ce-
ramics are among the most abundant materials found in
the excavations across both geography and time.
Therefore, ceramics constitute a valuable historical indi-
cator, providing key archaeological evidence for histori-
cal reconstructions given its technological and socio-
economic character.

Ceramics as a technological indicator

Steven James wrote: “The manufacture of stone tools and the
manipulation of fire are the most important extrasomatic mile-
stones in our early evolutionary trajectory” (James 1989). I
would argue that the invention of ceramics represents the next
milestone along this trajectory. Ceramic production, in fact,
marks a fundamental technological transition from the exploi-
tation of fire for simple uses to its control and management for
complex technological processes.

Between the Middle and the Late Pleistocene, i.e. be-
tween the discovery of fire likely by Homo erectus and
the widespread use of ceramics by Homo sapiens, there
was undoubtedly much experimentation in the productive
use of fire. New—likely fortuitous—discoveries (to which
the Nehanderthalensis also contributed) such as the prac-
tice of heating rocks and the production of red earth pig-
ments must have contributed to developing knowledge, in

both georesourcing raw materials and the productive ma-
nipulation of fire. Aimed at improving the knapping prop-
erties of rock, heat treatment marked a significant advance
in the field of technological evolution more than
70,000 years ago1 testifying to a rapid increase in the
knowledge of material properties. Indeed, the production
of red earth pigment from yellow earth deposits2—one of
the first achievements in the creation of a truly artificial,
inorganic product3—is indicative of the awareness that
fire could be exploited to transform the physical and min-
eralogical properties of natural materials.

However, red earth production did not require any special
control of the fire other than the exposure of the iron hydrox-
ide to heat for a sufficient period of time. From the ~ 300 °C
needed for the transformation (dehydroxylation) of goethite
(α-FeOOH) into haematite (α-Fe2O3) (Gialanella et al.
2010; Jang et al. 2014), to the 400–550 °C firing temperature
required by Mesopotamian pottery of the Uruk period (4th
millennium BC; Sanjurjo-Sánchez et al. 2018), further ad-
vances were made in the ability to achieve higher tempera-
tures and, especially, in the development of an effective pro-
duction cycle. This production cycle included sourcing the
required raw materials (water, fuel, clay and eventual addi-
tives), preparing paste,4 modelling the pottery, piling dried
objects in the open fire/bonfire and firing. This last step re-
quired achieving and maintaining a suitable temperature
followed by an appropriate cooling procedure to avoid dam-
age. The production of ceramics, therefore, represents the first
technologically complex product of human experimentation
with pyrotechnology.

From this moment onwards, potters have worked to refine
this process and obtain more control over its phases.
Experimentation with new types of firing-structures (e.g. bon-
fire, single chamber kiln, double chamber kiln, etc.) was ac-
companied by developments in form and decoration such as
the application of functional coatings.

At the same time, artisans learned how to use and control
fire more efficiently through trial and error: a fundamental
expertise that laid the foundation for all subsequent techno-
logical advances, including those made in the field of glass
and metal production.

1 The earliest stone artefacts are dated to 3.3 million years ago (Harmand et al.
2015) while the earliest traces of heat treatments identified so far (Delagnes
et al. 2019) date to South African Middle Stone Age (MSA) sequences from
Pinnacle Point (Brown et al. 2009) and Blombos Cave (Mourre et al. 2010).
2 It is not possible to propose a date for the beginning of this technology.
Studies are still small in number and the distinction between primary and
newly formed haematite (i.e. from goethite) is not straightforward. The oldest
cave art found so far dates to “a minimum date of 40 ka” (Aubert et al. 2018)
and the roasting of goethite would have started shortly after.
3 In this sense, other processes involving natural organic materials like the
production of birch bark tar (Schenck and Groom 2018) are excluded.
4 The oldest pottery found to date (Wu et al. 2012) bears evident traces of
tempering with crushed quartzite or feldspar.
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If on that day, the firing technology had not already been
developed by potters, it is probable that (artificial) glass would
still be attached to the cauldrons5 at the mouth of the Belus
River and we would not enjoy passing on this nice little tale.

There is still much work to be done before arriving at a
properly detailed reconstruction, in both diachronic and geo-
graphical terms, of the development of ceramic technology
and use. However, the potential offered by the evidence that
ceramics provide can only be fully exploited when all
production-related aspects are taken into consideration. The
technological background—so often addressed in the
archaeometric literature—should not be reduced merely to a
determination of the maximum firing temperatures (see
Gliozzo 2020 in this TC). A truly systematic approach re-
quires a detailed evaluation of the boundary conditions (e.g.
raw material availability), a close investigation of the entire
production cycle (i.e. paste preparation, modelling, firing and,
eventually, surface decoration) and a social-cultural contextu-
alization of both the production and the product (e.g. function/
use relationship, dietary habits, religious destination, etc.).

Ceramics as a socio-economic indicator

Ceramics have a “representative character” as they mirror the
needs, beliefs and tastes of ancient civilizations and are one of
the most powerful socio-economic indicators at our disposal.
Moreover, ceramics were used widely across the globe and
throughout all historical periods, providing the most compre-
hensive and uninterrupted resource for comparative research.

For example, with ceramics it is possible to identify both
daily-use objects, likely of moderate cost, and precious items,
that were the prerogative of wealthy families only. Assessing
of the social value of both categories of ceramics could be a
suitable subject of a research project shedding light on how
social dynamics may have shaped both rural and urban
economies.

Taking a step forward, if the workshops can be geograph-
ically localised, it may also be possible to reconstruct com-
mercial trading networks (e.g. determining issues such as
short-range vs. long-range exchange, local consumption or
export, etc.) and the type of route (terrestrial, riverine/
lacustrine or marine) used for the transportation of goods
(for further information on the network analysis and its
archaeometric applications see Knappett 2013; Gliozzo et al.
2018, 2020). Furthermore, if the chronology can be securely

determined, historical reconstructions can be made continuing
along a timeline. To use an analogy from film, one can pro-
ceed from a single frame, well anchored to a precise historical
moment and/or a geographical area, to a dynamic, bird’s-eye
view of the multitude of places and periods of human history.
This is the ultimate goal which we strive to attain with the
studies that each of us perform on individual contexts serving
as a frame of this larger story.

Pottery form and decoration can also serve as socio-cultural
indicators, offering valuable insight on the evolution of the
aesthetic taste (or cultural traits) and the dietary habits. In
some cases, it is also possible to retrieve information on the
social status of the producers and on the social organization of
the production. For instance, the epigraphy of the
instrumentum domesticum (i.e. the onomastic and
prosopographic study of the stamps impressed or engraved
on bricks, dolia, tableware, etc.) is able to convey personal
details and/or social status of the producers, as well as the
working relationships among domini/dominae (owners),
officinatores (managers/workers) and servi (workers) within
a single ceramic workshop (opus/figlina).

Using modern terms, ceramics can provide valuable infor-
mation for the reconstruction of the purchasing power of fam-
ilies, the bargaining power of the producers, the productive
capacity of a workshop, commercial demand, fashion trends,
consumption practices and the agricultural development.
Ceramic containers are also one of the main tools we have
for reconstructing the trade of perishable materials such as
wine, oil and garum.

To be sure, this is an ambitious list that may not always be
achievable with the material available at any one site but it is
always worthwhile to be resourceful and ambitious when
selecting research questions and to keep the “big picture” in
mind.

Ceramic as a chronological indicator

The studies carried out on ceramic typology and technology
offer a whole range of ceramic “guide fossils” for the identi-
fication of historically defined phases and periods. Decades of
ceramic studies have provided the chronological grid on
which the investigation of entire epochs has been based.

In this way, ceramics often serve as the main chronological
indicator for the periodization of the stratigraphic sequence in
the archaeological excavation: the most recent ceramic object
found in a layer provides the terminus post quem for dating the
layer. In the same way, dated ceramic types often provide the
only means of dating metal and glass objects found in strati-
graphic association and there are even cases in which ceramics
can date a building with an accuracy of ± 1 year (Fig. 1).

However, the date on which a ceramic object becomes part
of a layer does not necessarily coincide with the date on which
it actually left the cultural cycle of use. Before it can be used as

5 Pliny, Nat.Hist. 36, 65: “The story is, that a ship, laden with nitre, being
moored upon this spot, the merchants, while preparing their repast upon the
sea-shore, finding no stones at hand for supporting their cauldrons, employed
for the purpose some lumps of nitre which they had taken from the vessel.
Upon its being subjected to the action of the fire, in combination with the sand
of the sea-shore, they beheld transparent streams flowing forth of a liquid
hitherto unknown: this, it is said, was the origin of glass.” (translation from
http://www.perseus.tufts.edu/)
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a chronological indicator, an assessment of its position (pri-
mary or secondary) and nature (residual or infiltrated) must be
made.

Moreover, ceramic finds as well as kilns structures can
provide samples for absolute dating (see Galli et al. 2020 in
this TC).

Establishing research goals

As indicated in broad strokes above, ceramology is a vast and
complex field of study, able to frame in a diachronic scenario
all information deriving from the study of (a) a particular
territory and its georesources, (b) the production technology,
(c) the morphological-stylistic evolution of the pottery and (d)
the socio-economic dynamics related to the exchange of
goods.

Consequently, the questions that can be posed in the course
of a ceramic study are manifold (see Fig. 2 for a brief list of the
main ones) and conventional distinctions among questions of
provenance, technology, chronology and conservation remain
useful only for descriptive purposes, provided that further is-
sues regarding the function, use, consumption, trade and sev-
eral types of “whys” are added to the list.

Indeed, rather than focusing on the classification of ques-
tions and related skills, it is crucial to put the object at the
centre of our investigations. The more points of view from
which an object will be studied, the more information it can
provide. It should never be forgotten that the object itself
poses a myriad of questions which a single researcher (or
research group) will not be able to address fully.

Thanks to the remarkable methodological advances made
over the last three decades, we are now able to address both
simple and complex questions in an effort to answer larger
questions in human cultural history. The questions listed
above (and individually discussed below) should be posed at
the beginning of a research program so that methodologically
accurate and historically contextualised answers are obtained.
Provenance, technology, chronology, etc. are necessary steps
along the way but the major question should be: Which big-
picture idea comes from these details?

The investigation of a small repertoire of ceramics is
worthwhile but its contribution to the field will be lim-
ited unless it is included within a broader research pro-
ject. Similarly, the study of a single archaeological con-
text provides a small body of information which often
represents a working hypothesis rather than a real
conclusion.

Conversely, a broader and farsighted goal, carried out un-
der the umbrella of a multidisciplinary collaboration, will al-
low a project to overcome a narrow descriptive threshold and
provide significant and robust reconstructions which will
stand the test of time.

For example, from the study of a single collection of
amphorae types found in a specific site y ➔ to the map-
ping of the production sites known for the same types ➔
to the reconstruction of trades routes and the exchange of
these types within the Mediterranean basin ➔ to the re-
construction of the economy based on goods transported
by those types ➔ and so on, our knowledge is progres-
sively enriched by wider, more complex and ultimately
more compelling objectives.

To support this effort, it would be preferable to end the
practice of (a) sampling unselected contexts which have
not been the subject of an appropriate archaeological
study, (b) performing non-archaeometric research on ar-
chaeological finds and (c) publishing ceramic finds in off-
topic journals.

Provenance I: where did the raw materials come
from?

The question of provenance involves both the raw materials
that were used for the production of ceramics and the ceramic
artefacts found at the production and the distribution sites. In
all cases, the goal is to proceed from the chemical and
mineralogical-petrographic composition of a ceramic to levels
of ever-increasing detail:

1) Identify the type of geological environment (i.e. sedi-
mentary, volcanic, metamorphic) whichmay have represented
the supply area.

Fig. 1 Exemplar of the 114 AD consular stamp of VOP • ET • HAST •
COS [reading: Vop(isco) et Hast(a) co(n)s(ulibus)] impressed on a tile
from Mezzomiglio (Chianciano Terme, Siena) and preserved at the

Archaeological Museum of Chianciano Terme (CIL XI, 6689,2;
Paolucci 1988, pp. 53–54; Romer 2006)
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2) Determine the geological Formation and Unit bearing
the most similar characteristics.

3a) Find the narrowest possible raw material supply basin,
when dealing with raw materials (see Hein and Kilikoglou
2020 and Montana 2020, both in this issue), or

3b) The narrowest possible production area, when dealing
with the provenance of a workshop (see below).

In general, the smaller the geographic area individuated by
the provenance research, the greater will be the effectiveness
and usefulness of the obtained results.

Figure 3 illustrates a progression of research goals based on
a geographic scale. From the least specific level, reflecting
merely the identification of the general geological environ-
ment (i.e. sedimentary, volcanic and metamorphic environ-
ment), to the most specific level, leading to the identification
of the actual quarry, some intermediate levels have been indi-
cated and can be used as a reference:

– The “areal scale” covers a wide cultural/geographic and
geological territory (e.g. the extension of a Supergroup)

and delimits clearly defined areas on a 1:100.000.000
scale map.

– The “regional scale”may correspond to the extension of a
geological Group or of other type of administrative
boundary (e.g. a Region) which can be clearly delimited
on a 1:10.000.000 scale map.

– The “district scale” should not exceed the extension of a
geological formation (i.e. a few kilometres), delimiting
thus well-defined areas on a 1:1.000.000 scale map.

– The “local scale” defines the boundaries of a particularly
defined site and its extent should be clearly delimited on a
1:100.000 scale map.

While this represents only one of the possible scale pro-
gressions—local, area, region, etc. can be associated to very
different geographic extensions—it is always correct to refer
provenance results to a geographically or social verifiable
scale. Methods of identifying and locating the supply basins
of raw materials are described in this TC by Hein and

Fig. 2 A short list of possible
questions that may arise when
studying ceramics
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Kilikoglou (2020) and by Montana (2020) from the chemical
and mineralogical-petrographic perspective, respectively.

Technology: how was it made?

The overall objective of technological investigation is to re-
construct the entire production cycle, from the manipulation
of the raw materials to the finishing of the object. In other

words, it involves reconstructing everything that happens in-
side a ceramic workshop where raw materials come in to be
worked and products go out to be used. At the same time, this
investigation does not refer exclusively to the finished product
but extends to tools and infrastructures associated with
production.

Technological questions start with the processing of raw
clay. In practice, the clayey raw materials may have been used

Fig. 3 A geographic scale to
describe the level of detail
achieved by the research
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as found (i.e. without being processed), or may have been
subjected to granulometric separation by decantation. A suit-
able temper may have been added and/or clays of different
compositions may have been mixed together or with other
materials such as sands or organic matter, in order to obtain
a desired plasticity, shrinkage characteristics and resistance to
thermal stress (see Eramo 2020 in this TC).

The next step to be investigated in this process involves the
modelling of the paste. It is important to determine whether
the “colombino” or slow wheel was employed or if a fast
wheel was used and to identify related surface features (see
Thér 2020 and Ionescu and Hoeck 2020, both in this TC).

Next, ceramic firing issues must be addressed. Was the
firing effective? Was the atmosphere and the temperature
reached inside the firing structure suitable with respect to the
final product? How many firing cycles were performed? etc.
(see Gliozzo 2020 in this TC).

Additional issues regarding clay types and decoration must
also be addressed. For example, the technology of porcelain
production differs considerably from that of earthenware (see
Henderson et al. 2020, in this TC). Moreover, if the ceramic
was covered with a slip or glaze, a whole series of questions
regarding composition, material sourcing and related produc-
tion steps warrant investigation. Adequate understanding of
technologies used for the so-called black gloss (Aloupi-
Siotis 2020 in this TC), terra sigillata (Sciau et al. 2020 in
this TC) as well as for different types of glaze (Pradell and
Molera 2020 in this TC) requires specific background knowl-
edge and analytical strategies.

Function: how have ceramics been used?Were they fit
for purpose intended?

Sometimes considered as a technological sub-issue, the func-
tion and functionality of ceramics are in fact so complex and
important that it is appropriate to deal with them as self-
standing topics.

While studies focusing on the relationship between shape,
composition and function are few, they represent a harbinger
of important developments. Ceramics have fulfilled very var-
ied functions over time. From the light-ware for the table, the
pantry, the lighting equipment (e.g. lucernae), the workshop
(e.g. loom weights and stamps) and the temple (e.g. cultic
implements such as votive offerings), to the heavy-ware for
the kitchen (e.g. braziers, clibani), the warehouse (e.g. dolia),
the commercial trades (e.g. amphorae), the cantiere (e.g.
bricks and tiles) and the life after death (e.g. funeral urns),
ceramic products have covered a diverse range of uses since
prehistoric times and have only recently been partially super-
seded by plastics and modern technical glass.

Production cycles have been modified from time to time
and adapted to fulfil the many social, technical and economic
requirements of ancient (and modern) societies. Types, shapes

and technical features have changed in step with the evolution
of the dietary habits (see, e.g. Arthur 2007b), which in turn
may be dependent on socio-economic factors triggered by
variables such as climate change (Arthur 2010). For example,
amphora shapes and sizes were modified in ancient times to
adapt to the changes introduced in the market and network of
trade routes (see, e.g. Arthur 2007a; Zanini 2010). In addition,
the dimensions of the bricks changed over time, depending on
the evolu t ion of bui ld ing techniques (see , e .g .
mensiochronology analyses in Cantini et al. 2019; Mannoni
and Milanese 1988; Pittaluga 2009).

It becomes clear, from the examples illustrated above,
that this question can be divided into two levels of inqui-
ry. The first level concerns the intended use of the ce-
ramic: “what use has been made of it?” or “what purpose
did it serve?”. These questions involve reconstructing a
posteriori what use was made of a specific object once it
was in the hands of the user (function question). For
example, an open-shaped vessel may have been used to
prepare food or to serve them on the table; or a large
basin may have been polyfunctional, ranging from gar-
ment washing to the storage of perishable materials. As a
further example, when the content of an amphora cannot
be deduced (e.g. oil, wine or garum), research offers the
possibility of identifying contents by analysing extant
traces (Dunne et al. 2016, 2019; Oliveira et al. 2019;
Robson et al. 2019; Tarifa-Mateo et al. 2019). Evidence
of use also aids in the functional assessment of ceramics
within a socio-cultural context (see, e.g. Spataro et al.
2019).

The second level of inquiry concerns the suitability of a
specific raw material or ceramic for the intended use (func-
tionality). In this case, the questions are closely related to the
suitability and preparation of raw materials. For example, has
a pot intended for cooking food been adequately tempered
with materials increasing its fire resistance? Were clay selec-
tion, preparation and firing suitable for minimizing the effects
of meteoric alteration on the investigated tile? Was the ceram-
ic suitable for the function it was to perform? Archaeometric
research can provide answers to all these questions (see
Gualtieri 2020 in this TC).

Provenance II: where does it come from?

The question of provenance concerns both raw materials
(discussed above) and finished products. The initial inquiry:
“Where does it come from?” can lead to complex and intrigu-
ing additional questions and scenarios. Since ceramic artefacts
can be found at variable distances from the place where they
were produced, provenance may be posed in terms of:

– Consumption modalities (i.e. were they produced to be
locally used or to be traded on the market?)
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– Taste (e.g. why one type continued for a long period of
time while another had limited success both chronologi-
cally and geographically?)

– Networks (e.g. were they transported by land, by river or
sea?)

– Cultural transfer (e.g. were finished ceramics imported or
were foreign workers capable of performing specific tech-
niques brought in?)

– Exchanges (e.g. what was the distribution area of a spe-
cific type?)

When the starting and end points of the journey made by an
artefact are known, truly interesting multi-scale reconstruc-
tions of ancient economies can be made. These reconstruc-
tions may concern a single family unit, an entire village or a
region or even geographically vast cultural areas such as the
whole Mediterranean basin. For this reason, the geographic
(or social) scale of the results provided must be indicated, as
well as those pertaining to the raw materials (n.b. the scales
provided in Fig. 3 can be used for this purpose).

In this respect, an accurate and complete definition of the
ceramic type will be crucial. In order to identify a type pro-
duced in the kiln x at the distribution site y, the morphological-
stylistic characteristics will not be sufficient as it is also nec-
essary to know, in detail, the chemical and mineralogical-
petrographic composition of the specimens found at kiln x,
as well as that of the specimens found at a site y. This aspect
deserves an in-depth discussion because it is closely correlated
with the issues concerning (a) the creation of the so-called
“reference groups”, (b) the research “priority” given to differ-
ent kinds of archaeological contexts and (c) the definition of
ceramic types.

The creation of the so-called reference groups

Many scholars have focused their attention on how to group
ceramics analyses for provenance issues (see Weigand et al.
1977 for the “provenance postulate”6; Fillières et al. 1983;
Arnold et al. 1991; Day et al. 1999; Buxedai Garrigós et al.
2001; Fantuzzi and Cau Ontiveros 2019; Mommsen 2011 for
compositional group making and use), since it is clear that raw
material compositions cannot be placed tout court in direct
correlation with those of the finished products due to the “hu-
man factor” (see, e.g. Fowler et al. 2019). Clay can be used as
found, granulometrically separated, or modified by mixing in
tempers or clays of different compositions. Water can be
added in varying proportions, affecting both drying and firing.
Firing itself introduces physical, chemical and mineralogical-
petrographic transformations (see Gliozzo 2020 in this TC).

After firing, the ceramic is used and eventually buried.
Consequently, the finished product may be comparable to
the raw material from which it was produced but never com-
positionally identical.

In these terms, the provenance issue may appear too complex
or even unsolvable, but there are two basic conditions which can
guarantee either the possibility of creating exploitable reference
groups or obtaining provenance results with the highest degree of
likelihood: (1) a systematic definition of the ceramic types to be
submitted to investigation and (2) an equally systematic charac-
terisation of the ceramic composition.

The past years have seen a heated debate regarding whether
chemical or mineralogical-petrographic analyses are better suit-
ed in archaeometric research (see, e.g. Stoltman et al. 2005;
Stoltman 2006; Neff 2012). Today it is recognized that a sys-
tematic characterisation of a ceramic object mandatorily re-
quires the use of both methods (see also Maritan 2019 for the
latest advancements). Hence, it is now possible to make a list of
three criteria for creating a solid “reference group”:

1. The reference group must be firmly anchored to a specific
geographical location.

At best, this space will be represented by a kiln x but it can
also be extended to the size of a settlement (i.e. “local scale”)
when other evidence testifies to a local ceramic production.
For instance, they may be cases in which archaeologists may
have not yet identified/excavated the artisanal quarter of a
settlement or where the workshops no longer exist because
of subsequent development.

2. The reference group must be firmly anchored to a ceramic
typology that has been accurately defined in terms of
morphology, style and composition.

To give an example, let us assume that the kiln x produced
multiple types, using different raw materials and different
technological expedients. Characterising the production of
polyfunctional kiln xwill thus result in the creation of multiple
production groups, distinguishable on the basis of the two
main variables: morphology/style and composition. When
all types are characterised, it will be possible to define the
entire production of the kiln x while the inverse procedure—
i.e. from a set of samples randomly taken on the site to the
single type—will not be equally possible. Consequently, es-
tablishing reasonable and effective criteria for the selection of
the samples is crucial.

3. The reference groupmust be firmly anchored to a securely
dated and narrowly defined chronological period.

To give an example, let us assume that the kiln x is located
in a craft district, whose activity lasted for a few centuries

6 “(…) there exist differences in chemical composition between different nat-
ural sources that exceed, in some recognizable way, the differences observed
within a given source”.

Archaeol Anthropol Sci (2020) 12: 202202 Page 8 of 19



during which several different ceramic types were developed.
In such cases, defining a production group based on a
morphological-stylistic type may not be sufficient because
the general type itself may have been continuously produced
over the centuries while the craftsmen inevitably alternated,
each imparting their own skills and preferences. In a less likely
but still conceivable scenario, the source of the raw materials
may have been exhausted or may have become unavailable. In
other words, the possibility that the same type of ceramic
produced in the area of kiln x shows different compositions
over time must be taken into account.

A production group, therefore, can serve as the best reference
for a provenance investigation if it is geographically, technologi-
cally and chronologically well anchored. To expand on this point,
consider the case of a ceramic collection z taken from a distribu-
tion context y. If suitable production groups have already been
published in the literature, the provenance investigation of collec-
tion zwill undoubtedly be favoured. The collection should first be
typologically investigated (including both morphology and com-
position). Then its composition should then be compared against
the composition of known production groups and, finally, it
should be “assigned” to specific production/supply areas, regions,
districts or, at least, to specific sites. The accuracy of this last step
will depend on both the composition of the investigated ceramics
and the accuracy with which the rawmaterials and the production
groups have been characterised within the boundaries of a given
territory.

When no suitable production groups can be found in the
literature for comparison, the provenance investigation will
certainly be longer and more complicated. Furthermore, it is
very likely that it will not lead to detailed conclusions but may
provide geographically wide new information. In the absence
of established production groups and/or known (or evenmere-
ly hypothetical) production sites, collection z will not consti-
tute a production group given that the geographical area of
reference would be too wide. Instead, it may be regarded as
a distribution/consumption group. Such groups are only
vaguely anchored to a wide area and, consequently, should
be viewed as a set of orphan materials whose provenance is
not yet known. This does not mean that distribution groups are
not potentially interesting as they can convey useful informa-
tion and provide meaningful answers to specific questions,
especially those related to production diversity. However, a
distinction must be made between “true” production groups,
which are unquestionably anchored to a clearly delimited
provenance site, and distribution/consumption groups, which
can be typologically or chronologically framed but lack a
precise geographical point of origin. In this sense, the terms
“distribution” and “consumption” serve to describe this uncer-
tainty rather than to qualify the production itself.
Undoubtedly, this distinction is valid not only for ceramics
but also for other materials such as glass, whose reference
groups have become all too “liquid” in recent years.

Research “priority” should be given to different kind
of contexts

Based on the discussion above, it is clear that, from the perspec-
tive of archaeometric analysis, the study of a production
contexts—preferably including not only the kiln x but also its
wasters and finished products—is highly valuable and should be
a research priority, because its characterisation will support the
provenance investigations carried out at distribution sites y.
However, it is worth clarifying that this “priority” does not derive
from a qualitative assessment of the relative importance of each
context—assuming that it would be possible to draw up a rank-
ing of this kind—but instead derives from the operational strate-
gy in Archaeometry, whose basic criterion is compositional
comparison. Both types of context are undeniably worth inves-
tigating but the overall quality and level of detail of our recon-
structions will mostly depend on having a strong “anchor”.

Chronology: how long ago?

As noted above, absolute dating is crucial factor in the detailed
periodization of a stratigraphic relative sequence as the dating
of a single feature can be functional to the division and vertical
allocation of phases and periods within a matrix.

Absolute dating can be obtained for ceramic objects (see, e.g.
some case studies as those provided by Gliozzo et al. 2009; Galli
et al. 2014; Panzeri et al. 2019; and especially Galli et al. 2020 in
this TC), for the last fire in prehistoric hearths (see, e.g. Sun et al.
2018) and for production workshops (see, e.g. a case study such
as that provided by Valladas 1977; Liritzis and Thomas 1980;
Tema et al. 2015; Aidona et al. 2018).

In the first case, the dating of individual objects is carried
out not only to date an archaeological find but also for the
identification of forgeries. In this regard, thermoluminescence
(TL) dating can provide an accurate date for ceramic objects
(± 5–10% of the age, or even ± 4% in special cases) that is
beyond the limits imposed by radiocarbon dating (see Galli
et al. 2020). In the second case, encouraging preliminary re-
sults have been achieved using optically stimulated lumines-
cence (OSL). Finally, the date of the last activity of a kiln, as
well as any conflagration that may have occurred at an ancient
site can be obtained by archaeomagnetism and TL. These two
techniques have been applied in tandem to the chronological
investigation of kilns and fires, minimizing the practical limits
imposed by the analytical techniques themselves (i.e. the
availability of appropriate material, the character and eventual
alteration of the samples, chronological boundaries, etc.).

Post-depositional transformations: what happens
after abandonment?

A ceramic artefact may represent an indicator or an object of
beauty at the same time. Regardless of its aesthetic qualities, it
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should be considered as a valuable survivor from the past and
worthy of being handed down to posterity. In order to achieve this
goal, its life should be reconstructed in its entirety, from the day it
was produced to the day it entered a collection. In this regard,
post-depositional phenomena are of key importance in under-
standing the physical, chemical andmineralogical transformations
that a ceramic object may undergo in different burial conditions
(see, e.g. Buxeda i Garrigós 1999; Maritan and Mazzoli 2004;
Schwedt et al. 2006; Maritan et al. 2018; Owen et al. 2019). On
the one hand, correct evaluation of post-depositional alterations is
crucial when planning conservation interventions (especially
when alteration corresponds to degradation). At the same time,
these alterations may distort data interpretation for technological
and provenance investigations as well as dating (Zacharias et al.
2007). Other types of condition-related errors are discussed by
Maritan (2020) in this TC.

Conservation: developing preservation strategies

The investigation of alteration and degradation processes seen
in ceramic artefacts or buildingmaterials such as bricks or tiles
may help in the development of preservation products (e.g.
binders, consolidants, biocides, etc.) and treatments used by
restores and conservators. Archaeometric methods, therefore,
can provide a valuable aid to preservation of our shared cul-
tural heritage (de Lapérouse 2020 in this TC). In fact, in order
to be successful, preservation must be a multidisciplinary ef-
fort joining the expertise of conservators and restorers with the
insight provided by archaeologists, physicists, chemists, min-
eralogists and petrographers.

The “whys” of ceramics research

The simplicity of the schematization proposed here should be
seen as a trunk fromwhich a series of correlated questions and
consequent investigations branch out. The time is ripe, in fact,
to move past the level of simple questions and to allow the
discipline to advance towards reconstructions of higher qual-
ity, consistency and durability:

– Quality, due to analytical advances that have increased
the number and types of questions we can address

– Consistency, due to more comprehensive multidisciplin-
ary integration

– Durability, due to a methodologically correct interpreta-
tion of all previous and present data7

At this point in archaeometric research, we need to ask
ourselves: do we really want to stop at the characterisation
of the materials, or we want to proceed further, reconstructing
the cultural dimension evidenced by these materials? To an-
swer this important question, I rely on the words of
Manacorda (2009):

“The infinite series of artefacts (...) incorporate wo/man’s
fatigue, but also her/his knowledge, her/his behaviours, the
cultural values shared by entire societies or by social groups.
Paying attention to the phenomena that are repeated more than
to unrepeatable event, to the analogy rather than the anomaly,
to the ‘background’ rather than emergencies, the history of
material culture traces back women and men life and their
social relationships. We study things, but to understand the
material and spiritual aspects of the world that produces
them. It is quite clear that the artistic quality given to the matter
through a shape and a style allows to the expression of mes-
sages that go far beyond the material dimension.”8

Why was one type of raw material chosen instead of an-
other? Why was a production centre set on this site instead of
elsewhere? Why did producers focus on certain ceramic types
instead of others? Why was a more complex production cycle
used instead of a simpler one? The next frontier of the
archaeometric should be represented by these intriguing ques-
tions (“Why...?”) because these are the types of questions that
will allow us to see the big picture lying within sets of data.

In order to address these questions, however, the frame-
work of a research project should be carefully constructed
and the bar r ie rs be tween disc ip l ines should be
definitively overcome.

Labelling questions: an operative, non-conceptual
distinction

In all of the disciplines relevant to the study of ceramics, it is
unlikely that a single researcher will have all of the necessary
skills to solve all types of questions. The obvious consequence
of this fact has been a division of the academic curricula into
fields that cover the necessary operative tasks.

Taking up the concept expressed at the beginning of this
section, however, if we put the object back at the centre of the
investigation, the questions listed in the preceding paragraph
would not be divided between categories such as “scientific”,
“archaeological” or “archaeometric”. Instead, the methodo-
logically logical and correct approach would be multidisci-
plinary. It is not always obvious, however, that good theories
translate into equally effective operational strategies, especial-
ly when innovative and multidisciplinary approaches are
concerned.

7 In this respect, the value of a comprehensive bibliographic search, able to
frame and support the new discoveries must be stressed although it does not
seem any more “fashionable”.

8 The original text has been translated from Italian with the approval of the
Author.
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One must make sure that the operational division of
tasks does not turn into a justification for the continuation
of anachronistic distinctions (e.g. Archaeometry and
Archaeological Sciences); the rise of unsound questions
(like some on firing; Gliozzo 2020 in this TC) or the
illogical sorting of funds that is sometimes more focused
on sectors and politics rather than on research questions
and the expertise involved.

It is helpful to start with the practical aspects of an investi-
gation, see how the questions translate into research questions
and then plan an operative strategy that leads to answers.
Undoubtedly, research questions pertaining to the identifica-
tion of ceramic classes and types will be viewed as being
within the purview of archaeological expertise while those
regarding the materials used, evidence of original contents
and issues of absolute dating will be assigned to those with
scientific competence.

This differentiation is basically valid as no one person
can be an expert in all of these fields, but it is instructive to
see what happens if those of different skillsets work separately
or collaborate.

Case A If the research is conducted only with an “archaeolog-
ical approach”, the archaeologist will lose:

a) An accurate compositional characterisation of the ceramic
bodies which is necessary in order to identify examples of
the same production at distribution sites.

b) A careful reconstruction of the technological cycle
adopted by the ancient ceramists, beginning from
the supply of raw materials to the application of slips
and glazes as well as information regarding the rela-
tionship between wo/men, the environment and
georesources.

c) The possibility to determine correctly the use of the inves-
tigated ceramics (for example through the analysis of or-
ganic residues) and their chronology (especially for pro-
ductions with a wide period of use).

Case S If the research is conducted only with a “scientific
approach”, the scientist will lose:

a) The possibility of having a representative set of samples,
the first requirement for any meaningful study, which s/he
does not have the expertise to select.

b) The possibility of formulating relevant and insightful
questions on the context under examination; i.e. those
questions that go beyond those of technology, prove-
nance, classification.

c) The possibility of integrating the collected data in
support of robust and wide-ranging reconstructive
hypotheses.

While these examples may be oversimplified, they repre-
sent a path that remains all too frequent today.9

The results of such approaches can lead to poor outcomes:

Case A Instead of collaborating with a scientist in the research,
the archaeologist thinks that s/he can simply get missing data
for a fee. This course of action ignores the fact that the scien-
tific datum does not consist of information reflecting absolute
truths on its own but of information that must be interpreted
and used to identify likely and unlikely hypotheses. This in-
terpretation goes beyond the terms of a mere “lab service”. In
this regard, the appendices with lists of data at the end of many
archaeological publications are almost useless when they do
not “communicate” with the preceding text.

Case S The scientist, after analysing ceramics (or other archae-
ological materials) for some time, believes s/he can conduct
research without the archaeologist. The resulting papers may-
be technically unobjectionable but are (a) useless when focus-
ing on a poorly selected collection (e.g. samples randomly
taken just because available); (b) lacking a valid research fo-
cus; (c) dangerous, when divulgating an approach which is not
to emulated; or (d) incomplete like a film without a conclu-
sion, with the results presented without a historically-accurate
framework.

It should be recognized that Archaeometry is both a meth-
od and a team game. As inherent in its very name, an
“archaeometric” question is both scientific and archaeological
at the same time: scientific in terms of the methods applied
which are constantly being evaluated and improved (by both
hard scientists and archaeologists) and archaeological in terms
of being able to place the material evidence within an

9 This is a diehard phenomenon which can be the result of a poor professional
advancement (e.g. those who still cling to the anachronistic Italian concept of
“subsidiary sciences”) and/or is maintained by those who insist on maintaining
a hide-bound hierarchy of importance and intellectual superiority between
disciplines and those who practice them. Unfortunately, staking out one’s
territory in a multidisciplinary field represents an inauspicious and methodo-
logically incorrect course of action because it shifts the research focus from
relevant questions/objectives—i.e. those that are able to really advance the
state of knowledge—to those that merely reflect a single individual’s skills.
In this regard, the opinions expressed by Volpe (2014) and Manacorda (2014)
on professional specialization are particularly relevant: “Themain risk consists
(...) in confusing specialisation and totality, if a specialisation ends up consid-
ering itself not as part of a more complex ensemble, but itself as a whole,
attributing itself a license of totality. In this way, what is a necessary condition
for the advancement of knowledge turns into an obstacle, condemning the
specialist to isolation and self-reference. Such a reductionist attitude is, in fact,
unable to reach an understanding of complex objects and phenomena.” (Volpe
2014); “The ability to have an organic view of the Heritage, beyond the fences
of the specialised partitions, is not a widespread quality in the individuals who
(...) are conveniently oriented to plough the fields of the different specialisa-
tions (...) The multidisciplinary teams are those who should give form and
substance to research and institutions, making vain the discussion on who
should see at the top because it is teamwork that allows researchers to grasp
all sides of the whole polyhedron, taking advantage of multiple knowledge and
mixing different projectualities.” (Manacorda 2014) (translations approved by
the authors).
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historical perspective. Archaeometry should then represent the
privileged meeting place to reach those detailed and global
reconstructions that I’ve called here “big picture”.

In conclusion, the best operative strategy is that in which all
of the different areas of expertise participate in both the for-
mulation and the solution of research questions. This multi-
disciplinary collaboration should be explicitly recognized at
the beginning of a project and not created ad hoc. It is partic-
ularly important that students entering the field recognize that
this is not only the methodologically correct approach, but
also is the most rewarding as it will result in truly meaningful
contributions to our understanding and preservation of cultur-
al heritage.

What are the characteristics of an appropriate
sampling strategy?

Sampling can refer to the act of selecting a context (e.g. within
specific archaeological area) or a group of objects (e.g. a ce-
ramic collection), as well as the act of taking a portion from
the object under examination. In the preceding paragraphs, I
have already discussed which contexts deserve a particular
attention. Now I will focus on how to choose a repertoire of
materials to be investigated archaeometrically.

Requirements, characteristics and variables for
sampling

An operational sketch illustrating the main steps and require-
ments of appropriate sampling is provided in Fig. 4. Three
conditions must be met before any sampling is undertaken:

1. Completion of the archaeological study of the territory (e.g.
in case of archaeological surveys) and/or the archaeological
site (e.g. in case of excavation; including the periodization of
the stratigraphic matrix) and, especially, the completion of
the morphological-stylistic analysis of the ceramic collection

2. Formulation of the archaeometric research questions
3. Determination of the experimental procedure

These three preliminary steps provide the necessary ground-
work for effective sampling and help to ensure the appropriate-
ness of the sampling criteria—representative, functional and
suitable—and eventually the quality of the entire project.

The first requirement is that the sample collection is
representative of the entire repertoire, given the fundamental
variable of typology and stratigraphy which are both linked to
chronology. A single type should be analysed for both its
typological definition—in order to pass from M-typology to
MM-typology (see below)—and the contribution it can offer
to solving the research questions being posed.

Each individual type should be sampled using examples from
different stratigraphic phases and periods in order to verify possi-
ble compositional differences which may lead to the definition of
sub-types and variants. In an excavation, stratigraphic variables
should be used to provide a chronological serialization of the
samples, whereas in the case of an archaeological survey, chro-
nological variables should be used independently. All variables
should be used jointly; however, when context information is
missing (e.g. materials purchased by museums in the past or
illegally excavated whose place of discovery is unknown), it
may be possible to rely on typology. At the same time, a study
of the finds by a conservator may help to identify condition issues
that may have an impact on sampling as well as eventual preser-
vation and treatment strategies.

The second requirement will ensure the functionality of
the sampling strategy with respect to the overall research
objectives. For example, a research question regarding the
characterisation of the production group of “kiln x” will
require a collection of samples representative of both the
production (using the three variables listed above) and the
raw materials available nearby; the latter taken in an
amount sufficient to allow both their analysis and the prep-
aration of the experimental tests (following the criteria
explained in Hein and Kilikoglou 2020 and Montana
2020, both in this TC). Conversely, a research question
regarding the technological investigation of a slipped
and/or glazed pottery found at distribution site y will re-
quire a collection representative of slipped and/or glazed
types only. In this latter case, the need for further sampling
(e.g. of raw materials or comparative pottery) is decided on
the basis of the preliminary characterisation and is, there-
fore, not predictable from the beginning. It is worth adding
that sampling should always remain elastic enough to al-
low for the expansion of research if new questions arise in
the process of the analysis. With research questions related
to conservation and chronology, sampling may be restrict-
ed to examples exhibiting a particular state of preservation
or those types that have not yet been securely dated.

Selected research questions will exert a primary influence on
the collection of samples but it should keep in mind that (a)
information deriving from the investigation carried out on a sin-
gle sample (e.g. bulk chemistry, optical microscopy, etc.) can be
exploited for the resolution of multiple questions; (b) sampling is
often a destructive operation and should only be undertaken
once, when the objectives of the sampling are clearly understood.

This point leads to the third and last requirement that
suitability between the types of samples taken and the analyt-
ical techniques used is observed. These techniques may be
non-destructive, micro-destructive or destructive.

When dealing with particularly precious objects and/or
unica, analysis is usually restricted to non-destructive tech-
niques. When dealing with ceramic types that have found in
abundance, however, destructive techniques are to be
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preferred as they usually guarantee a higher level of accuracy.
In practice, archaeologists (or curators), conservators and sci-
entist should work together to come up with sampling strate-
gies that balance preservation with the value of the results
provided by archaeometric investigations.

Some techniques require a representative piece of sample ob-
tained by cutting (e.g. thin sections), while others require pulver-
ized or drilled samples. For some techniques, a few milligrams
are enough (e.g. ICP-MS and TL), while for others, a few grams
are needed (i.e. XRF). For some techniques, the sample is not
destroyed but remains radioactive for a certain period (e.g.
INAA). For others, the sample is destroyed and can no longer
be reused for other measurements (e.g. XRF pearls). All these
parameters must be known when a material sample is taken to
ensure that it is of the correct type and quantity.

Lastly, the availability of analytical techniques and related
expertise should not guide the research. For example, it is not
acceptable for a research team to omit clay analyses because
suitable instruments for a bulk chemical analysis are not at
hand. Similarly, it is not acceptable to take destructive samples
simply because a specific laboratory is not equipped with non-
destructive analytical techniques or to omit the application of a
relevant technique because the team does not have someone
with the right skills to interpret the resulting data. The choice
of analytical techniques is fundamental to the resolution of
archaeometric questions and not vice versa.

In conclusion, satisfying the three conditions examined
above leads to (a) appropriate selection criteria, (b) a selection
of samples that are quantitatively and qualitatively both func-
tional and suitable and (c) a good foundation on which the
research team can construct a project leading to significant and
important results. Conversely, when find-site and/or chrono-
logical and/or typological information are not available, such
ambitious goals are not possible and work should be limited to
diagnostic observations and preservation. These criteria apply
not only to ceramics but also to other archaeological materials
such as glass and metals in which a series of non-localized,
undated and non-typologically defined contexts are all too
frequently investigated.

How many samples?

This is a seemingly simple question to which it is all too often
impossible to provide an answer until sampling has actually
ended. A reasonable estimate, nevertheless, can be obtained
given knowledge of the starting context and the research pri-
orities that have been chosen.

For example, if the creation of a production group is the main
objective of the research and the production, deemed to be local, is
testified by only two types, then overall sampling cannot be lim-
ited to taking two samples (one per each type) because the com-
positional analyses will not reach a statistically acceptable degree

Fig. 4 Research steps and
selection criteria for a proficient
sampling
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of representation. In these cases, typology and stratigraphy will
allow for the selection of additional samples of the same type (e.g.
subtypes in different stratigraphic units).

If research is aimed at assessing the extent and quality of site y
imports, then sampling should include all of the likely imported
types that have been identified, along the examples from the
chronological phases of their site-life. In such cases, research
organised according to type by type progressive steps may lead
to a more concrete results than opting for sampling heterogeneity
ab initio. The latter option, in fact, may only provide a vague
reconstruction which can be difficult to exploit.

The same considerations can be applied to all types of
research questions. In general, selection criteria will provide
guidance on the numbers of the samples that need to be taken
while determining a priori an arbitrary number of samples is
an incorrect procedure. Statistical considerations can then ver-
ify if sampling was effective in terms of compositional analy-
ses (Papageorgiou 2020, in this TC).

Ceramic classes need a separate consideration. Heavy ce-
ramics or coarseware can, in fact, show a compositional hetero-
geneity that is higher than that of fine tableware and more de-
pendent on the area where it has been sampled. Consequently,
the degree of representativeness of a single sample may be low
for the former class of ceramic while acceptable for the latter.

Typology on the move: towards a revived concept of
ceramic classification

The concept of an archaeological typology that integrates ar-
chaeological data with archaeometrical data is not at all inno-
vative, even if it still remains an elusive goal. The first time I
heard a description of this method was in 1996 when Ninina
Cuomo di Caprio proposed the use of a series of descriptive
parameters, both macroscopic and microscopic, for the study
of “black-glazed” ceramics (Cuomo di Caprio 1998). Today,
almost 25 years later, we find that we must still advocate that
two sets of complementary information are better than one.
Hence, this section has the same objectives as those of Cuomo
di Caprio, reiterating what constitutes the indispensable and
desirable characteristics of a secure ceramic typology.

Let us start with observing what is meant by archaeological
typology. First of all, a typology is a classification aimed at
identifying homogeneous groupings based on pre-established
criteria. These groupings will include a variable number of
specimens, all with attributes that are characteristic of a pro-
totype. Operating methods and criteria can vary, so much so
that there is no universally accepted model.

Nevertheless, the definition of a type can be based on three
criteria:

1. The shape and function of the object (e.g. plate, cup, jug,
amphora etc.)

2. Characteristicmeasurements such as the relationship between
maximum height and width, capacity, length, height, depth,
etc. or mathematical systems such as the curve-fitting (e.g.
two curve method; Hagstrum and Hildebrand 1990), the en-
velope method (Orton 1987), the slice method and themosaic
method (Wilcock and Shennan 1975)

3. The stage of the production process (Schuring 1984)

The first criterion is undoubtedly the most commonly invoked
even though the descriptive parameters proper to each of the three
proposed criteria are present in all identified typologies. In other
words, whatever the starting criterion, information regarding the
form, the function, the production process phase as well as the
dimensional characterisation should always be present when cre-
ating a typological grouping. In this regard, the utility of the com-
putational approach is unquestionable while the adoption of pre-
determined categories is still matter of debate, especially when
compared to quantification methods.

While the macroscopic characterisation of the ceramic bodies
has always been considered to be important (“something to do”
but not necessarily), the criteria to be followed have not been
rigidly set by a universal protocol and have instead varied “from
school to school”. Ninina Cuomo di Caprio proposed her own
scheme in 1996. The FACEM (Fabrics of the Central
Mediterranean) project and the PCRG (Prehistoric Ceramics
Research Group) further contributed to fabrics characterisation10

as well as other scholars such as Moody et al. (2003) and
Whitbread (2016). In the papers cited above, the features that
can be described are quite numerous. Some do not require special
knowledge to be described while others involve specific skills
and can take a long time to acquire and put into practice.

Personally, I believe that two levels of description—the macro
morphological-stylistic and the micro-textural and
compositional—should be performed in progression but remain
distinct; otherwise, we run the risk of circulating typologies which
may appear to be very detailed but, are not particularly accurate.
We have to deal here with what I call the Munsell paradox,
obtaining what may appear to be specific and accurate data with
an inaccurate method.11 The advantage of the Munsell colour
system is that it is easy to use and inexpensive but these are poor
excuses for a colour-matching method that introduces an unquan-
tifiable error.12

10 http://facem.at/project/about.php; https://www.prehistoricpottery.org/
11 The Munsell system provides a code corresponding to three colour proper-
ties (hue, lightness and chroma) and each code can be converted into a specific
CIELAB coordinate. The Munsell code therefore has a claim to accuracy but
the way in which it is obtained is not rigorous.We do not always have constant
light conditions, the perception of colour varies from person to person, the
chips may have variations with respect to the original colour during printing
and, as if these variables were not enough, it has been demonstrated that the
chips do not cover the full range of colours available in nature.
12 I take this opportunity to underline that the same paradox is also recurrent in
the use of portable instruments used improperly or on materials that have thick
patinas and/or for purposes for which they are not designed and for each other
techniques would provide more accurate results.
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For this reason, typological serialization based on
morphology-style should be further enriched by a very simple
and rapid description of its main macroscopic features, i.e.
those of a general nature that do not require extensive training
to identify (e.g. colour and fracture) and that can be applied to
the entire context found in an archaeological excavation. This
first step can provide the “M(acro)-typology” which will in-
clude all information regarding the find-site and the
morphology-style of the prototype but, for example, refrains
from identifying mineralogical phases based on their visual
appearance.

The second stepwould be to provide a chemical,mineralogical
and petrographic characterisation of the prototypes, passing in this
way from “M-typology” to “M(acro and)M(icro)-typology”. In
this second step, the prototypes should be fully characterised in
order to serve research questions related to production, use and
distribution. These morpho-stylistic prototypes represent the first
nucleus of the materials to be considered for archaeometric anal-
yses. Thus the basic requirements for an archaeological typology
are accurate chemical and mineralogical-petrographic investiga-
tions. Thewidespread classification according to “fabric” involves
a terminological ambiguity and is insufficient for the description
of (proto)types because it includes only the textural and mineral-
ogical descriptions. Moreover, the distinction between paste (not
fired) and fabric (fired paste) has nothing to dowith the geological
definition of the term “fabric” and can create confusion.13 Perhaps
a more immediate terminological distinction may be made be-
tween clayey paste and ceramic body.

In conclusion, it should be noted that while it is unthinkable
to reach a systematic and complete description of each frag-
ment found during an archaeological excavation, it is certainly
possible to foresee two levels of knowledge (M- and MM-
typology) corresponding to two successive operative phases.
This revived concept of ceramic typology includes the analyt-
ical phase (thin section and bulk chemistry) from the start
underscoring the fact that the archaeometry should not follow
the study of materials conducted by an archaeologist working
alone but should be an integral part of the classification pro-
cess adopted by a multidisciplinary team.

Concluding summary of key concepts

In this paper and in those that follow, we have tried to take stock
of the current state of ceramic research and what can be done to
ensure its advancement. A given assumption is the undeniable
importance of ceramics as a technological, socio-economic and
chronological indicator that has played a central and long-standing
role in the evolution of human culture. We also must not forget
that ceramics can be breathtakingly beautiful.

The key concepts on which attention has been drawn here
have concerned the appropriate selection of contexts, research
questions and samples. Hopefully, it is now clear that these
three steps require multidisciplinary collaboration going be-
yond mere cooperation beginning in the field, continuing in
laboratory and reaching its true fruition in publications and
museum displays.

The big picture wewant to reconstruct should be clear from
the beginning in order to guide procedures at all stages of
research (context ➔ collection➔ sample). The selection of
the context should represent the first issue while the still wide-
spread idea of studying a context/collection only because it is
“available” should definitively be abandoned.

To begin with, the selection of research questions should
above all be object-oriented with the focus only on the object
and the questions it raises. This will ensure a multidisciplinary
approach as only a diversified expertise will be able to address
the complex questions that arise. Secondly, the selection of
research questions should be ambitious rather than narrow as
this will lead to the most interesting, rewarding and worth-
while results.

Unfortunately, in ceramic studies today (as well as those of
glass and metal), the fields of expertise seem to become ever
more reduced, to the detriment of a global and well-articulated
perspectives. Similarly, the lengths of papers are restricted. As
a result, it is often necessary to wait through at least two or
three publications (e.g. one on the chemical analyses, another
on the mineralogical-petrographic analyses, etc.) before being
fully informed about a single collection. This procedure is
understandable given the “publish or perish” dictates of
academia but it is methodologically incorrect and stultifies

13 The terms “structure”, “texture” and “fabric” describe non compositional
properties and may give rise to ambiguity when applied to ceramic studies,
therefore, the definitions are provided below:
Fabric: “Non compositional properties or a rock; includes texture and gen-

erally larger scale structures” (Best 2002); “The physical arrangement of par-
ticles and minerals in a roc, including its texture and structure, both micro-
scopic and macroscopic” and “Fabric analysis—Analysis of the elements that
make up the fabric of a rock to determine the response of that rock to stress. In
a rock, the three dimensional pattern comprising the distribution, shape, size,
and size distribution of crystals or grains constitutes the fabric” (Allaby 2008);
“The relative orientation of parts of a rock mass. This is commonly used to
refer to the crystallographic and/or shape orientation of mineral grains or
groups of grains, but can also be used on a larger scale. Preferred linear
orientation of the parts is termed linear fabric, preferred planar orientations
planar fabric, and the lack of a preferred orientation is referred to as random
fabric.” (Brodie et al. 2007).
Structure: “Features defined by aggregates of mineral grains seen at a scale

of hand sample or larger, such as bedding or a folded layer; together with
texture constitutes fabric” (Best 2002); “The arrangement of the parts of a rock
mass irrespective of scale, including spatial relationships between the parts,
their relative size and shape and the internal features of the parts.” (Brodie et al.
2007).
Texture: “or microstructure—Size, shape and mutual relations of mineral

grains and proportions of glass in a rock; together with structure constitutes
fabric.” (Best 2002); “In petrology, the sizes and shapes of particles in rock and
their mutual interrelationships” (Allaby 2008); as synonymous of microstruc-
ture “The relative size, shape and spatial interrelationship between grains and
internal features of grains in a rock” or as synonymous of microfabric “The
presence of a preferred orientation on the microscope scale” (Brodie et al.
2007).
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creative thinking and collaboration to the detriment of the
field. Careful preliminary and far-sighted planning should be
able to break down research programs into a series of inter-
mediate objectives that can be published as worthwhile mile-
stones leading up to a destination of wide-ranging final recon-
structions. In this way, a reasonable compromise can be found
between the dictates of academia and the quality of
publications.

As far as typology is concerned, the two step procedure
outlined above (M- and MM-) may represent a useful
compromise when faced with the hundreds of ceramics
fragments usually found on an excavation of which only
a limited number can received detailed micro-analysis. In
any case, limiting ceramic typology to morphological-
stylistic features is unreliable and scholars able to take a
macroscopic sample in their hands and determine its prov-
enance are very few.

In conclusion, there is a great deal of exciting work left to
be done in the study of archaeological ceramics. Although
these are hard times for high-quality wide-range research,
archaeometry should move from the disordered “antiquari-
an”14 stage in the manner of Indiana Jones to the equilibrium
of a modern archaeometry which, overcoming the complex
geometries of the multidisciplinarity, uses the archaeological
evidence to propose wide-ranging reconstructions of the lives
and creativity of past peoples around the globe.

Both ceramics and archaeometry possess a dual nature: the
former encompasses both cultural and technological evidence
while the latter combines history and science. Where these
dualities intersect is a stimulating place indeed.
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