OCooONOO UL WN -

Playing with Fire: Exploring ceramic pyrotechnology in Late Neolithic Balkans
through an archaeometric and experimental approach

Silvia Amicone®?*, Vanessa Forte®d", Baptiste Solard®¢, Christoph Berthold?, Alisa
Memmesheimer?, Neda Mirkovi¢-Mari¢'

& Competence Center Archacometry — Baden-Wuerttemberg, Eberhard-Karls-Universitdt Tibingen,

Wilhelmstrasse 56, 72077 Tlbingen, Germany

b Institute of Archaeology, University College London, 31-34 Gordon Square, London C1H OPY, United
Kingdom

¢ Department of Civilisations and Forms of Knowledge, Universita di Pisa, Via dei Mille 19, 56126 Pisa, Italy

4 Laboratory of Technological and Functional Analyses of Prehistoric Artefacts, Sapienza Universita di Roma,
Piazzale Aldo Moro 5, 00185 Roma, Italy

¢ Institut fir Naturwissenschaftliche Archéologie, Eberhard-Karls-Universitat Ttbingen, Rumelinstr. 23, 72070
Tibingen, Germany

T Borderlands ARISE Project, Intermunicipal Institute for the Heritage Protection, Trg slobode 1/3, Subotica,
Serbia

Addressing ceramic pyrotechnology plays a key role in understanding a wide range of cultural
and social behaviours associated to pottery production. Firing is the process which transforms
clay into ceramic, which is one of the most frequently preserved materials in the majority of
Neolithic and later archaeological sites.

Though firing temperatures and the functions of various pyrotechnological installations have
been extensively investigated in archaeology, both have often been addressed separately. Most
of our knowledge on firing structures and procedures in the Neolithic are still largely based on
ethnoarchaeological evidence. To move forward, we need to consider all aspects involved in
ancient pyrotechnology, together with use of additional investigative tools. This study aims to
address Neolithic pottery firing from a diverse perspective that merges archaeometric analyses
and experimental archaeology. To demonstrate the potential of this approach, we combined an
archaeometric case study of pottery from the late Neolithic (5200-4800 BCE) from the site of
Gradiste-1djos (Serbia) with experimental pit firings, likely one of the mostly frequently
employed firing techniques used in prehistoric periods.

Scientific analyses include X-ray powder diffraction (XRPD), scanning electron microscopy
(SEM), and ceramic petrography. These methods were run on both archaeological materials
and experimental reproductions. Additionally, a detailed program of firing temperature
monitoring, integrated observations on atmospheric conditions, soaking time, and duration were
recorded to contribute to the study. The experiments enabled us to collect results useful for our
understanding of the pyrotechnological knowledge of Neolithic potters from a technological
and social point of view. In addition, they demonstrated the potential of a dedicated
methodological framework for studying pottery firing that can be applied to other chronological
and cultural contexts.

*Corresponding authors:  Silvia Amicone (silvia.amicone@uni-tuebingen.de) and Vanessa Forte
(vanessa.forte@cfs.unipi.it).
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1. Introduction

The study of ancient pyrotechnology is certainly one of the crucial themes in anthropological
and archaeological research (e.g. Gibbs, 2015; McDonnell, 2001) as it enables scholars to
explore topics such as invention, innovation, and technological advancement to build narratives
of large-scale interactions in global archaeology (e.g. Roberts and Radivojevi¢, 2015; Roberts
and Vander Linden, 2011). Ceramics, as one of the most abundant materials preserved in the
archaeological record, are at the focus of several pyrotechnological studies. These works
illustrate how pottery firing is a complex procedure, due to the large number of variables that
are involved in this process (e.g. Gosselain, 1992; Livingstone Smith, 2001; Rice, 2015).
Among the different approaches that have been used to reconstruct ancient ceramic
pyrotechnology, archaeometric analyses and experimental archaeology have played a critical
role. On the one hand, scientific analyses allow a degree of resolution that cannot be obtained
solely with macroscopic investigations (Tite, 1995, 37-38). Archaeometric studies that focus
on the reconstruction of pottery pyrotechnology employ a variety of methods that aim especially
at the estimation of firing temperatures. This is done through the identification of relationships
between firing temperatures and changes in the pottery microstructure (e.g. porosity, clay
matrix, progressive sintering, and vitrification) and mineralogy (Gliozzo, 2020; Maniatis and
Tite, 1981; Rice, 2015, 376-387). On the other hand, the employment of experimental
archaeology (Coles, 1979; Godino et al., 2020; Outram, 2008; Reynolds, 1999) not only helps
to test hypotheses developed on the basis of the archaeometric results, but, most importantly,
gives insightful information on different aspects of firing procedures. This knowledge helps to
have a more nuanced understanding of ancient ceramic pytorechnology and the complex social
behaviour behind this practice (e.g. Gheorghiu, 2019), that goes beyond the mere estimation of
firing temperatures.

Despite the clear advantages that both approaches contribute, they are only rarely systematically
combined (e.g. Kudeli¢, 2017; Thér et al., 2019). In this work, using the case study of the Late
Neolithic Vinc¢a settlement of GradiSte near Idjos in the Serbian Banat (hereafter Gradiste-
Idjos), we show that the combination of archaeometric analysis of materials deriving from both
archaeological contexts and our experiments is the key to a better understanding of ancient
pyrotechnology.

Such an approach gives us important information on different aspects of firing procedures and
how these are reflected in the microstructural and compositional characteristics of
archaeological ceramics. These data then aid a better interpretation of archaeometric results and
help us developing a well-rounded technological and social reconstruction of ancient
pyrotechnology.
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1.1 Archaeological and geological background

The settlement of Gradiste-Idjos (Figure 1) is situated in the north-centre Banat, approximately
3 km east of the Tisza river. This Neolithic and Chalcolithic settlement was excavated before
and after the Second World War and is currently investigated by the Bordeland: ARISE project
(Mirkovi¢-Mari¢ and Mari¢, 2017). The excavations carried out at this site gave evidence of a
Staréevo-Koros culture phase (second half of the 6™ millennium BCE) and a Vin¢a and Tisza
occupation (52004900 BCE). Late Neolithic mixed assemblages are typical for the area of
northern and central Serbian Banat and are found in many other sites in this region (Brukner,
1968). Two other examples for this are the sites of Kremenjak-Coka and Akada-Novo
Milosevo, both situated close to Gradiste-Idjos (Figure 2).

The Vinca phenomenon, whose pottery is at the centre of this investigation, is a
Neolithic/Chalcolithic material culture that developed in a vast area in the northern and central
Balkans. In terms of absolute dates, the estimated duration of the Vin¢a phenomenon spans
from c. 5350 to c. 4600 BCE (Whittle et al., 2016 and literature therein).

The Tisza material culture (Korek, 1989; Raczky, 1987) spread during the Late Neolithic (c.
5000 to c. 4600 BCE) in an area spanning from Slovakia and Ukraine to the north, up to the
Koros river on the east. The Serbian Banat represents the southern part of the territory of Tisza
material culture, reaching the confluences of the Aranka and the Zlatica rivers into the Tisza.
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Figure 1: Distribution of the Vin¢a culture (shaded) and the location of sites that have been the object
of pyrotechnological investigations (Map by Lars Heinze and Silvia Amicone).

The geology (Figure 2) of the north-centre Serbian Banat (close to the location of Gradiste-
Idjos) is marked by several Pleistocene and Holocene alluvial sediments containing gravel,
sand, and clay layers (Koprivica and Strajin, 1994). In a previous work, geological samples near
Gradiste-Idjos were selected to study the nature and distribution of these alluvial sediments
(Amicone et al., 2020a), thereby demonstrating that two main clay sources mark this area: very
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fine sandy-clay sources deposited during the Holocene and available in the proximity of the
site, and sandier Pleistocene sources that outcrop c. 10 km from Gradiste-1djos.

Alluvial sands and siltstones
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Figure 2: Geological Map of the North Banat area (based on the Yugoslavia Geological Map issued by
the Federal Geological Institute. Sheet L34-77: 100 000). Site locations are indicated by blue dots. Points
1 and 2 indicate clay sampling locations (Map by Enrico Croce and Silvia Amicone).

1.2 Late Neolithic pottery pyrotechnology in the Balkans

Several researchers have focused on the study of Late Neolithic and Chalcolithic pottery
pyrotechnology from the Balkans (e.g. Gardner, 1978; 2003; Goleanu et al., 2005; Kaiser et al.,
1986; Linda, 1984; Maniatis and Tite, 1981; Perisic¢ et al., 2016; Spataro, 2017; 2018; Yiouni,
2000). While targeted studies on ceramic pyrotechnology of Tisza material culture are missing,
pottery produced by the Late Neolithic and Chalcolithic communities labelled as Vinc¢a received
particular attention for the purported link between pottery firing technology and the origins of
metallurgy in the Vin¢a phenomenon (Amicone et al., forthcoming).

By applying a vast range of archaeometric techniques, these studies (e.g. Kaiser et al., 1986)
were especially focused on the estimation of firing temperatures in the attempt to understand if
Vinca pottery was fired to temperatures comparable to those necessary to smelt copper (c.
1083°C, Pollard et al., 1991) and if this pyrotechnology knowledge could have been transferred
from ceramic manufacture to metallurgy. Nevertheless, to have a more comprehensive
understanding of the pyrotechnological processes, more attention must be paid to other
parameters of ceramic manufacture, such as how firing atmosphere was controlled to create
redox conditions.

A more recent study (Amicone et al., 2020b) utilised a multi-pronged scientific approach to
investigate pottery from Belovode and Plo¢nik (Serbia), home of the world’s earliest
metallurgy. This work illustrates that potters fired ceramics at highly variable temperatures,

4
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which did not appear to have exceeded 900°C and employed either oxidising or reducing
conditions. (Chapman, 2006; 2007). This study also proposed a model of production for dark-
burnished pottery, a tradition widespread throughout the Balkans in the Late Neolithic and
typical feature of Vinc¢a material culture (Chapman, 2006; 2007). This model consists of a two-
step firing procedure that involves an oxidising firing followed by a reducing phase during
cooling obtained through smudging of the vessels. This work concluded that potters at these
sites were certainly able to manipulate the amount of oxygen in their firings and that this
knowledge could have been important for the development of early metallurgy pyrotechnology.
Vinca pottery has often been regarded as the outcome of specialised and skilled productions
(e.g. Kaiser, 1984; Spataro, 2018) and therefore it was often assumed that potters were certainly
employing kilns rather than open or pit firing installations where the firing process is less
controlled (Rice, 2015, 172-181). However, there is no conclusive evidence for pottery kilns
in Vinca culture settlements (Amicone et al., forthcoming). Recent experiments (Svoboda et
al., 2005; Vukovi¢, 2018) suggested that the complete range of pottery manufactured by Vinca
potters could have been produced using pit firings. The use of this technique could have even
been preferred, despite the lack of control over different variables of the firing procedure, as it
allows for a relatively fast and fuel-efficient process (Rice, 2015, 172-181). Traces of pit firings
are not always easy to be identified in the archaeological record (Costa, 2017). If pit firings
were indeed the main type of firing technique employed at Vinca sites, this would explain the
general lack of corroborated evidence for pottery firing installations in the archaeological record
of these settlements.

On this basis, we set up an experimental framework (Table 1) to test the efficiency in terms of
temperatures and atmosphere of pit firing, one of the most likely diffused firing structures in
prehistory. We combined this approach with laboratory investigations that allowed us to give
particular attention to the observation of microstructural and mineralogical changes taking place
in the clay objects fired in this type of installation. Therefore, our experiments helped us to
create a reference collection to compare archaeological materials to and furthermore provided
us a baseline to better understand how ancient firing processes might have worked.

Experiments Laboratory experiments Field experiment 1 Field experiment 2
Where ? University of Tiibingen Kikinda Museum (Serbia) Kikinda Museum (Serbia)
Clay samples connected to
What? Clay briquettes thei/mocollples, briquettes K S ESaANTEREH.LD
and.pofiery thermocouples and pottery
How? Las;;;;:i;ygf:éﬁxz;guy Pit firing, oxidising Pit firing, oxidising/reducing
Duration 5 hours 4 hours 8.30 hours
Ceramic petrography X X X
SEM X X X
XRPD X X X

Table 1: Summary of the experiments.
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2. Laboratory investigation: materials and methods
2.1 Archaeological samples

Previous macroscopic and petrographic studies on ceramics from this site (Amicone et al.,
2020a; Mirkovi¢-Mari¢ and Amicone, 2019) showed that three main recipes (Figure 3, a. c. e.)
were used in the pottery manufacturing of this community: natural clay, likely cleaned to
remove the coarser inclusions (fabric 1), chaff tempered clay (fabric 2), and grog tempered clay
(fabric 3).

The study of surface and fabric colours of these sherds also suggested that Vinca-style vessels
were fired in oxidising or reducing conditions while Tisza style vessels and kitchen wares were
produced solely under oxidising conditions (see supplementary data). As most of dark-
burnished sherds display a lighter core and darker grey margins, these pots could have been
fired via a two-step firing process that included a final reducing phase. This pattern has been
observed at other Vinca sites (Amicone et al., 2020b).

A selection of nine samples (Table 2), which represent the three fabrics from Gradiste-I1djos
(described above), were chosen to be analysed using X-ray powder diffraction (XRPD) and
scanning electron microscopy (SEM) to aid in a more detailed mineralogical and
microstructural analysis. The aim in this high-resolution study is to identify more information
on the firing procedure used to create these sherds.

XRPD was utilised to provide detailed mineralogical characterisation of pottery fragments to
aid in the reconstruction of their original firing temperature (‘archacothermometry’, see Rice,
2015, 99-116; Quinn and Benzonelli, 2018). This method makes use of the presence and
absence of mineral phases that form or disappear at specific temperatures and atmospheric
conditions (Gliozzo, 2020; Maggetti, 1982, 128; Maritan, 2004, 304; Nodari et al., 2007, 4668).
The instrument used was Bruker D8 advance with a Cu-sealed tube (40kV/20mA). The
parameters of the XRPD measurements used were Gobel mirror optics, a 0.2mm divergence
slit, a fixed knife edge to suppress air scatter, sample rotation and a VANTEC 1-detector. The
crystalline phases were identified using the pdf data from the 2006 International Centre for
Diffraction Data-Joint Committee of Power Diffraction Standards (ICDD-JCPDS).

SEM analysis was used to assess the degree of vitrification, which is a crucial and easily
measurable point in pyrotechnological studies (Faber et al., 2009; Maniatis and Tite, 1975;
1981; Mentesana et al., 2017; Tite and Maniatis, 1975a; 1975b). The samples were platinum
coated and the analysis was carried out via a Hitachi TM3030+ using accelerating voltage 15
kV, an operating current of 110gA, and a variable working distance at 1000x and 2000x
magnifications. The analysis was carried out on both the core as well as margins of most
samples. The comparison between the degree of vitrification observed between the outer
surfaces and the cores, could give us hints on the heating/cooling rate and the length of the
firing (Mentesana et al., 2017; Thér et al., 2019, 1145)

2.2 Clay raw materials

The results of the petrographic analysis carried out on the geological samples (Amicone et al.,
2020a) gave a good indication of clay sources that could have been used by the ancient potters
from Gradiste-1djos, showing that the Pleistocene raw material present in Mokrin has a very
similar composition to the one of the archaeological samples. In addition, the current use of this
clay by the modern brick industry of this area confirms its suitability for ceramic manufacturing.
Mokrin lies c. 10 km form Gradiste-Idjos (location 2 in Figure 2), but outcrops of this
Pleistocene clay could have originally been closer to the site and subsequently covered-up by
more recent Holocene deposits. By taking this evidence into account, we therefore chose this
material to be the clay on which we would carry out the laboratory and field experiments.
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To have a detailed mineralogical characterisation of the raw materials from Mokrin, a sample
of this source was analysed with XRPD with the same instruments and parameters mentioned
above. A sample from the same source was also analysed after having extracted the clay fraction
(<2 um) from it via a sieving and sedimentation process. The concentrated suspension of the
clay fraction was then poured on two glass slides to produce even and textured samples. In this
way the intensities of the 00l-reflections from the clay minerals are significantly enhanced.
After drying, both slides were measured by X-ray diffraction to characterise them at room
temperature under natural conditions. In a second step, one of the slides was saturated at room
temperature with ethylene glycol for several days and measured again. This procedure affects
the swellable clay minerals like montmorillonite, resulting in an increasing of the c-lattice
which results in a decrease of their 28 angles in the diffractograms. The second slide was heated
at 550°C for app. 30 minutes and measured as well. Under elevated temperatures, certain clay
minerals undergo microstructural modifications, which also result in changes in the
diffractograms, which gives additional information for their identification (Xanthopoulou et al.,
2020 and literature therein).

2.3 Experimental briquettes

Two series of four briquettes (Table 1 and 2) reproducing recipes A (grog tempered 20%) and
B (un-tempered) were manufactured. These reproduce the two most commonly fabrics found
at the site of Gradiste-Idjos, fabrics 3 and 1 (Mirkovi¢-Mari¢ and Amicone, 2019). These
briquettes were made by mixing 20 g of sieved clay with de-ionised water. Clay was cleaned
via a 5 mm mesh sieve to remove the coarser particles that would make the material less
workable. The source of grog for the first series consisted of discarded broken vessels produced
in the region of Gradiste-Idjos. These were fired in oxidising conditions in a furnace
(Nabertherm P 300) at 100°C intervals between 600°C and 900°C (2 hours to reach the
maximum temperature, 1 hour at maximum temperature, 2 hours of cooling).

These briquettes were analysed via XRPD and SEM, according to the same methodology used
for the archaeological samples so that the results could be compared. In addition, all samples
were analysed via ceramic petrography to assess optical activity of the matrix, as this could give
an indication on the firing conditions and temperatures (Quinn, 2013, 23-33; Whitbread, 1989).

3 Results of the laboratory investigations
3.1 Archaeological samples

The results of the XRPD analysis reveal a mineralogical assemblage of quartz, feldspar, and
calcite. Most of the samples also show illite (Figure 3, g), though the identification of this clay
mineral is hindered when muscovite is present due to the overlap between the main illite and
muscovite peaks (26=8.8°, d=10A). The presence of illite indicates that the maximum firing
temperature of the majority of the analysed pottery samples must have been below 850-900°C,
at which their crystalline structure is destroyed (Gliozzo 2020). None of the samples exhibit the
main peaks of chlorite (around 26=6°, d=14A). Only sample ID 24 shows a weak diffraction
peak that could correspond to this mineral.

The SEM results (Figure 3, b. d. f) show an initial to extensive degree of vitrification, which
can also be confirmed by the level of optical activity observed during petrographic thin-section
analysis (Table 2). Generally, no clear difference between the margin and the core of the
samples have been observed. This degree of vitrification and the minerals found in most
samples are compatible with temperatures approximately between 750-850°C and not beyond
900°C.
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305  Vitrification microstructure of selected pottery sherds from Gradiste-Idjos, as seen in the SEM under
306  secondary electron imaging: b) ID 14; d) ID 21; f) ID 26. See Table 2 for interpretation of vitrification
307  stage and firing temperatures.

308 @) X-ray diffractograms of pottery sherds from Gradiste-IdjoS. Mineral abbreviations: Cc=calcite;
309  Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; Qtz=quartz.
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The overall results confirmed the temperature range estimated by other studies mentioned above
(e.g. Amicone et al., 2020b) for comparable Late Neolithic pottery (for Tisza style pottery see
also Kreiter et al., 2017 and Szakmany et al., 2017).

3.2 Mineralogical characterisation of the clay from Mokrin

Petrographic analysis of the clay sample from Mokrin (Amicone et al., 2020a) has shown that
this source is marked by the occurrence of quartz, feldspars, muscovite, and minor quantities
of calcite and, rarely, metamorphic rocks (Figure 4). It therefore matches very well with the
type of raw materials that were used by the Neolithic potters of the Gradiste-Idjos site. XRPD
analysis confirms the presence of these minerals and further suggests the occurrence of illite
and chlorite/montmorillonite.

XRPD analysis of the clay fraction (Figure 4, Natural) shows the presence of montmorillonite
and illite with their main peaks, respectively Montoo: (around 206=6°, d=14A) and oo
(26=8.8°, d=10A). The sharpness of the illite peaks implies well-crystallised illite minerals. The
presence of mixed layers of montmorillonite-chlorite is also attested by a peak around 260=3°
(MLooz).

In both the sample immersed in glycol atmosphere and the sample fired at 550°C (Figure 4,
Glycolised and 550°C), the displacement of the Montoo: peak reveals the main peak of chlorite
Chloor (26=6.2°, d=14.3A), thus confirming its occurrence. Finally, the peaks at 20=12.4°
(d=7.2A) and 20=25.1° (d=3.55A), could be associated either with chlorite (Chlooz and Chlooas),
but they also overlap with the peaks of kaolinite (Kaogo: and Kaooo2). A loss in intensity of the
peaks attributed to both chlorite and kaolinite, is observed in the diffractogram of the fired
sample compared to the one which was glycolised. This loss of intensity is relatively similar
amongst all the four peaks of chlorite and not stronger in the two peaks overlapping with
kaolinite. This leads to the assumption that kaolinite has little to no participation in the observed
peaks and its presence cannot be confirmed. In summary, the clay minerals present in the sample
from Mokrin include illlite, montmorillonite and chlorite.

z ” A Glycolised
=
=
&
'E o\ = 00°C
2
o

= A Natural

T T
40 50 60 70
“20 [CuKa]

Figure 4: X-ray diffractograms of the separated clay fraction from Mokrin in natural condition,

glycolised, and fired at 500°C. Mineral abbreviations: Chl=chlorite; IlI=illite; Kao=kaolinite; ML:
mixed layers montmorillonite-chlorite; Mont=montmorillonite; 00I=hkl indices.
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346  Figure 5: a) X-ray diffractograms of the briquettes fired in controlled conditions at different
347  temperatures, compared with the raw material (clay from Mokrin). Mineral abbreviations: Cc=calcite;
348  Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; Qtz=quartz.

349  Vitrification microstructure of the briquettes: b) L1 (600°C); ¢) L2 (700°C); d) L3 (800°C); e) L4
350  (900°C).

351  Thin section photomicrographs of the low and high fired briquettes: f) L1 (600°C), XP; g) L4 (900°C),
352 XP. Field of view=8 mm.
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3.3 Experimental briquettes fired in the laboratory

The gradual refiring (600°C and 900°C) of the raw material from Mokrin, which was carried
out in fully oxidised conditions, produced samples which display the mineralogical and
microstructural behaviour of these materials during various stages of firing.

In the he fired briquettes the peak at 20=6° (d=14A) is related only to chlorite, as the main
intensity of montmorillonite disappears at around 500 °C. Chlorite and calcite gradually
decomposed and disappeared between 700-800°C and 800-900°C, respectively. At 900°C,
only quartz, feldspars, and a very weak peak of illite are present (Figure 5, a). Interestingly, no
nucleation of hematite was observed. This mineral in non-calcareous clay normally nucleates
above over a wide range of temperatures from 400/450 to 850°C degrees in oxidising conditions
(Gliozzo 2020). Hematite may be below the limits of detection or it couldn’t nucleate under
such short firing times (the entire process took only 5 hours overall with 1 hour of soaking
time). The rise in temperature also corresponds with an increase of the degree of vitrification
of the clay body that can be observed under SEM analysis (Figure 5, b—e). The results show
that initial vitrification starts at 800°C, but the edges of some clay plates seem to start to buckle
and round at lower temperatures. At 900°C a microstructure compatible with extensive
vitrification is present, but few areas of the samples look still unvitrified. The shift from
anisotropic to isotropic behaviour of the clay matrix has also been observed via ceramic
petrographic analysis (Figure 5, f—g) showing decreasing optical activity (Quinn, 2013, 94) that
is completely absent at 900°C.

4 Field experiments: Material and Methods

The experimental framework carried out in the field was set up according to common
ethnographic evidence (Gosselain, 1992; Livingstone Smith, 2001; Rice, 2015; Roux, 2019,
110-121), previous research of Late Neolithic pyrotechnology (see above), and the results of
our laboratory investigations. A series of parameters such as raw materials, modelling
techniques, drying stages, fuel, and firing steps have been considered to provide conditions as
similar as possible to the those most likely used by ancient potters.

4.1 Raw material processing

As described above, compositional analyses applied on archaeological samples gave a good
indication of the raw materials to use and on how to process them to obtain clay pastes with the
similar compositional and physical features of the archaeological pottery.

A total of 40 kg of clay was excavated. The clay was spread and dried in the open air. After this,
the selected clay was then crushed and sifted through a 5Smm mesh. After cleaning and sieving,
the clay was put in 4 different containers (10 kg each) and mixed with water. For several days
the clay was stirred occasionally and then left to dry, during the night it was covered under a
plastic bag. The recipes used have been produced as follow: recipe A: tempered with grog (20%
of the clay mass), B: untempered, S: straw tempered (Table 2).

4.2 Modelling of replica vessels and drying
The experimental vessels were fashioned in accordance with known Late Neolithic pottery
techniques such as coiling, pinching, and moulding. Surfaces were refined through smoothing

and burnishing by using wood, bone, and stone tools. Smoothing was applied by adding water
and refining the surface with fingers or scrapers. Burnishing was performed by rubbing the
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leather hard clay surfaces (while in an almost dried stage) using tools with polished surfaces
such as cobbles and animal bones.

Three series of six experimental briquettes (Table 2) reproducing recipe A (20% of the clay
mass), recipe B (untempered), and recipe S (straw tempered) were produced by mixing 20g of
the sieved clay from Mokrin. Additionally, eight clay samples (paste B, 20g each) were
prepared to be attached to the thermocouples (TC in Table 2) used during the experiments (see
temperature monitoring and firing). These experimental samples were produced to be fired in
field experiments and analysed in the laboratory via XRPD, SEM, and ceramic petrography
according to the methodology defined above. The vessels obtained from these firings were to
be used by the museum for educational purposes.

After the modelling phase, all the experimental vessels were left to dry for several days to ensure
complete evaporation of water within the paste. During this step, the loss of water corresponds
to a limited reduction of the vessel’s size and weight, making the vessel ready for firing.

4.3 Fuel and firing structures

Birch (Betula pendula) was used as a fuel for firing pottery, because of its abundance in this
region in Neolithic times (Magyari, 2002; Magyari et al., 2010). A total of 72.45 kg of birch
was used during the first experiment and a total of 64 kg during the second firing. Both logs
and dried branches were used according to the step of the process.

Two circular pits were dug for the experiments. They had a diameter of 130 cm and a depth of
30 cm, enough to manage the firing from the outside (e.g. adding wood or moving the vessels)
and, at the same time, to reduce the heat dispersion.

4.4 Temperature monitoring and firing

Due to the high humidity of the ground soil after a period of prolonged rain, the bottom of the
pits were covered with a layer of wood in order to have a flat and dried base on which to place
and fire the clay vessels. Before the firing experiment, four thermocouples were installed within
the pits to ensure a detailed and controlled recording of the temperature throughout the process.
In both cases, the thermocouples were placed in different areas of the pit (Figure 6, aand 7, a),
with their upper parts covered with clay paste of type B to monitor the exact temperatures to
which this type of paste was exposed. In this way, mineralogical and microstructural changes
observed via scientific analysis could be correlated to temperature changes observed during the
firing. In the second experiment we also added three thermocouples (TC 5, 6, 7) not covered
with clay to measure the gas temperatures in different points of the pit (Figure 7, a).

The actual firing process involved three main steps, monitored via photos and temperature
variations:

Step 1: Heating (Figure 6, ¢ and Figure 7, ¢)

Vessels were slowly heated to eliminate water absorbed by them during the night. The removal
of excess water allows the vessels to withstand higher temperatures and thus avoid thermal
shock. This process had four stages:

-The vessels were placed within the pit, forming a circle along the external diameter of the
bottom.
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recovery of the vessels.
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-The fire was ignited in the centre of the pit with the vessels surrounding it. The vessels were
moved and rotated regularly to ensure a complete drying of the body and the loss of most of
the water absorbed within the clay paste.

-The vessels were then moved gradually towards the fire and the embers, placing them closer
and closer at the centre of the pit.

-Fire was then ignited at various locations around the vessels, at first with some distance to
avoid thermal shock which could damage the vessels. After this, the fire was gradually moved
towards the vessels until they were completely encased.

Step 2: Firing (Figures 6, d—f and 7, d—f)

Wood was added when necessary to ensure a gradual and continuous firing until a glowing red
colour of the vessel’s surface was observed. This was kept up for approximately 30 minutes to
ensure the production of usable ceramics. A total of four people were involved in the process.
Step 3: Cooling and recovery of the vessels (Figure 6, g—h and 7, g-h)

After the 30-minute period during which we sustained approximately the same temperature, the
process concluded with a cooling phase, during which temperatures gradually were decreased,
allowing the pottery to avoid thermal shock and thus damage. In terms of the cooling and
recovery step of ceramic production, the two experiments diverge in how the vessels are treated.
The 2018 experiment concluded after the flames gradually went out and the temperature of the
vessels gradually decreased, all under the constant presence of oxygen. The vessels were
collected about two hours as soon as the temperature was low enough to avoid cracking.

The second experiment, conducted in 2019, ended with a reduction phase. This reduction phase
involved intentionally creating an environment which is low in oxygen and produces a lot of
smoke. Once the final firing temperature was reached, the fire was covered with sawdust and
straw and immediately smothered with sediment. This caused the production of smoke within
the pit which was absorbed by the vessels and is the source of their dark colour. In this case,
the vessels were collected after about six hours, as the cooling of pottery buried within a pit
requires a longer time than an open pit to produce the dark colour.

5 Results of the field experiments
5.1 General observations

In review of both experiments, we were able to define some key points about ceramic
production in pit firings that we experienced directly while managing the firing, and indirectly
through the observed reactions in the vessel replicas and experimental samples (briquettes and
clay attached to the thermocouples).

Commencing the ceramic firing was easy for the first experiment, as climatic conditions at the
time were favourable to firing procedures. The second firing experiment, however, was
challenging due to strong winds. Nevertheless, in both procedures we gradually reached the
temperatures necessary to produce usable vessels (750-850°C) in about two hours and three
hours respectively.

Beyond this general achievement we observed that ensuring a homogeneous, gradual, and
continuous heating of all the vessels may prove to be a difficult task, as huge differences in the
temperature in various areas of the pit were observed after the first step of the firing. Therefore,
we suggest that sufficient control of firing temperatures requires experience in organising the
distribution of the vessels within the pit. Firing success, we also observe, may relate to the type
of fuel used, as well as a coordinated teamwork.

Those ceramics fired in oxidising conditions (2018 experiment) show clear colour differences
compared (supplementary Table 1) to those fired with a two-step process including a reduction
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phase (2019 experiment). Replica vessels and experimental samples fired in the 2018
experiment show a homogenous light-brown colour along the internal and external surfaces.
This homogeneity is sometimes featured by limited dark grey spots which can be considered
normal in a firing where fuel is directly intermingled with the vessels.

The 2019 experiment, that ended with a reduction phase, produced ceramics with less
homogeneous surfaces and colours spanning from light grey to dark grey. Despite the
inhomogeneity of the surface colour, the reduction was quite successful, as none of the replica
vessels or experimental samples has shown brown or reddish spots on the surfaces.

These experiments were a success in terms of the integrity of the replica vessels and all three
recipes used (A, B, S) responded well to the firing process. Only a few small vessels displayed
limited and superficial microfractures. This achievement was probably due to the gradual
drying and relatively slow increase of temperature obtained in the pit that limited the exposure
of the replica vessels and experimental samples to thermal shock.

The experimental framework provided an empirical reference collection characterised on a
scientific basis (temperature recording and compositional features) suitable for ancient
pyrotechnological studies. We associated and documented steps of production and firing
sequences, which usually are reconstructed through ethnoarchaeological analogies, to specific
results in terms of maximum temperatures, heating and cooling rates, soaking time and thermal
homogeneity. These references samples can be used to help us to understand archaeological
specimens and to reconstruct maximum temperatures, heating and cooling rates, and various
other steps in the process.

5.2 Laboratory analysis of the experimental samples

The results of the XRPD (Figure 8, a; 9, a; 10, a) analysis that was performed on experimental
samples fired in the field experiments show the presence of illite, quartz, feldspars, and calcite.
In samples exposed to lower temperatures, it is still possible to observe chlorite. Hematite or
magnetite did not nucleate in any of our samples. The degree of vitrification observed with
SEM analysis (Figure 8, b—e; 9, b—g and 10, b—e) and the optical activity (Figure 8, f—g; 9, h—j
and 10, f—g) are highly variable according to the position of the samples in the pit. The samples
exposed to higher temperatures (>800°C) show initial vitrification and low to absent optical
activity in their thin sections. Those samples which were exposed to lower temperatures
(<800°C) show no vitrification or only initial vitrification and display higher optical activity in
thin section. No drastic difference has been observed in the degree of vitrification between the
core and the margins of the samples.

Our overall results (Table 2) clearly indicate that the experimental samples, even if fired in the
same process, were exposed to various temperatures that resulted in different mineralogical and
microstructural characteristics. For this, good parallels can be found in the variability observed
in the archaeological samples from various Vinca sites (Amicone et al., 2020Db).
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Fig. 8: a) X-ray diffractograms of the clay attached to the thermocouples in the 2018 field
experiment, compared with the raw material (clay from Mokrin). Mineral abbreviations:
Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite;
Qtz=quartz.

Vitrification microstructure of the clay attached to the thermocouples in the 2018 field
experiment: b) TC2_18 (618°C); ¢) TC1_18 (651°C); d) TC4_18 (708°C); e) TC3_18 (828°C).
Thin section photomicrographs of the clay attached to the thermocouples in the 2018 field
experiment (highest and lowest temperatures): f) TC2_18 (618°C), XP; g) TC3_18 (828°C),
XP. Field of view=8 mm.
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with the raw material (clay from Mokrin). Mineral abbreviations: Cc=calcite; Chl=chlorite;
Fsp=feldspar; IlI=illite; Msc=muscovite; Mont=montmorillonite; Qtz=quartz.
Vitrification microstructure of the briquettes fired in the 2018 field experiment: b) 1A (618—
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Thin section photomicrographs of the briquettes fired in the 2018 field experiment (samples 1,
618-828°C): h) 1A, grog tempered, XP; i) 1B, untempered, XP; j) 1S, organic tempered, XP.
Field of view=8 mm.
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Fig 10: a) X-ray diffractograms of the clay attached to the thermocouples in the 2019 field
experiment, compared with the raw material (clay from Mokrin). Mineral abbreviations:
Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite;
Qtz=quartz.

Vitrification microstructure of the clay attached to the thermocouples in the 2019 field
experiment: b) TC4_19 (690°C); ¢) TC3_19 (790°C); d) TC1_19 (797°C); e) TC2_19 (804°C).
Thin section photomicrographs of the clay attached to the thermocouples in the 2019 field
experiment (highest and lowest temperatures): f) TC4_19 (690°C), XP; g) TC2_19 (804°C),
XP. Field of view=8 mm.
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6 Discussion
6.1 Firing procedures and firing installations

Previous studies discussed above, together with new results from our research, provide
elucidated insights into the pottery firing procedures at the site of Gradiste-Idjos and allows for
us to have a more nuanced understanding of ceramic-pyrotechnology in sites marked by Vinc¢a
material culture in general.

Archaeometric analyses run on archaeological samples from various sites (Amicone et al.,
2020b and literature therein) suggested that potters from these communities fired ceramics to
various temperatures that did not appear to have exceeded 900°C on a regular basis.

The rare development of extensive vitrification and the absence of iron oxides such as hematite
that is supposed to nucleate at relatively low temperatures (Maritan, 2004), could furthermore
indicate that only short firing procedures were employed.

However, the relatively homogeneity in the degree of vitrification observed between the outer
surfaces and the cores of the archaeological vessels suggests relatively slow heating and cooling
rates (Thér et al., 2019, 1145). Finally, the colours of the archaeological sherds indicate that
either firing in oxidising or reducing conditions were possibly applied (see supplementary data).
It can be conjectured from the heterogenous colour of the archaeological sherds that potters
were not always able to control the amount of oxygen reaching their vessels during firing and
in some cases might have not even considered of doing so. Furthermore, the analysis carried
out on samples from Gradiste-Idjos seems to suggest that similar pyrotechnological procedures
were applied to produce both Vinca and Tisza style vessels, with the exception that the latter
were never fired under reducing conditions.

The results of the mineralogical and structural analysis of the experimental samples produced
during the field experiments matched well with those selected from among the archaeological
materials of GradiSte-Idjos and other Vinca sites (Amicone et al., 2020b and literature therein).
This implies that the thermal profile (maximum temperatures, heating and cooling rates,
soaking time duration and thermal homogeneity) and the variable atmospheric conditions
applied during our experiments using a pit firing installation were compatible with the one used
by the ancient potters.

Several authors (e.g. Gibson and Woods, 1990; Kingery, 1997; Rye, 1981, Tite, 1995) have
already claimed a direct connection between thermal profiles and the types of installations,
often contrasting “open firings” with “kiln firings”. However, ethnographic studies (e.g.
Gosselain, 1992; Livingstone Smith, 2001) casted some scepticism regarding this hypothesis,
showing that similar thermal profiles can be obtained by using different types of firing
structures. Clearly, each type of installation is characterised by a set of various possible firing
procedures (Thér et al., 2019). This indicates that a direct relationship can only be drawn
between pottery characteristics and firing procedures and not necessarily with the type of
pyrotechnological installations utilised. In addition, it has been observed (Rice, 2015, 166), that
the usual differentiation between “open firing” and “kiln firing” should be abandoned as the
main differentiation of firing structures. Instead, a distinction should be made regarding the
degree of insulation and the separation between fuel and vessels.

As mentioned above, the homogeneity in the degree of vitrification observed in the
archaeological materials suggests that these were produced in a process marked by relatively
slow heating and cooling rates, that is unlikely to be compatible with a bonfire (Thér et al.,
2019), but matches well with pit firings. In addition, previous experiments (Vukovié¢, 2018)
showed that it was not possible to reproduce the full range of Vinca ceramics with bonfires, as
it is too difficult to control temperatures and atmospheric conditions in this type of procedure.

However, while we can state that it is possible to apply a pyrotechnological procedure
compatible with the one used to produce Vinca ceramics by using pit firings, there is not enough
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evidence to rule out that similar results could be obtained by using a simple single-chamber
kiln. One should also bear in mind that, even if no secure evidence for kilns within Vinca sites
has been provided, it is well known that such pyrotechnological installations were in use in the
Balkans since the Early Neolithic period (Linda, 1984, 130-170).

Kilns have the advantage to reduce the effects of prevailing winds and the time to reach the
maximum temperatures. In addition, such installations could facilitate the controlled duration
of the soaking time, better redox conditions, and slow the cooling process down. Nevertheless,
the advantages of using kilns are at the same time largely influenced by the type of kiln that is
utilised. Firing in a simple kiln, where fuel is in direct contact with the vessels, could present
difficulties similar to those we experienced in our pit firings (Amicone et al., 2019; Cuomo di
Caprio, 2007, 508-526).

6.2 The social practice of firing

By combining archaeometry and experimental archaeology this study allowed us to directly
experience the complete process of pottery making. Through our experimental procedure, we
not only had the opportunity to understand how the experimental replicas reacted to specific
firing sequences and ranges of temperatures, but we also got to experience the social and
sensorial implications associated to pottery firing practice.

In review of the presented information above, we have found that our applied firing procedure
could have been compatible with the ones used by potters of Vin¢a communities. But we have
also concluded that a similar process could have been obtained with a simple type of kiln. It
should be emphasised that the choosing of one type of firing structure over another could be
dictated by a variety of different reasons that go beyond functionalist aspects and could be
related to the social organisation of production within a community and its craft traditions
(Peacock, 1981; Van der Leeuw, 1977).

It has been suggested (Spataro, 2018) that Vinéa ceramics could have been produced by
specialised and skilled potters that were experienced not only in the modelling and decoration
pottery, but also in firing it. Nevertheless, pottery production could have been restricted to a
household level as indicated by the absence of distinctive pottery workshop areas in Vinca sites
(Amicone et al., forthcoming).

We found critical to mention the possibility that even in the absence of formalised systems such
as a pottery workshop, specialised and skilled potters could have developed their abilities in
household production contexts through repeated experience and prolonged practice (Forte,
2019).

The strong conservatism that characterises pottery productions at Vinca settlements (Amicone
et al., 2020b) could also indicate a vertical and direct transmission of pottery know-how from
parents to offspring (Cavalli-Sforza and Feldman, 1981), as is typical for household
productions. In this scenario, the practice of pottery production can be considered an act that
embodied strong symbolic and social values through which the apprentice is exposed to the
acquisition of both technological knowledge and social norms (e.g. Manem, 2020 and literature
therein).

Recently the special relationship that south-eastern populations of the 5" millennium seem to
have had with fire has also been emphasised (Gheorghiu, 2019). This is highlighted by extended
destructive horizons that were connected to the ritual practice of house burning (Stefanovic,
1997) and the abundant presence of different pyrotechnological devices such as ovens, heaters,
and fire starters. This led to the assumption that the degree of proximity between people and
fire could have also had ritual connotations (Gheorghiu, 2019, 43).

According to this view it is possible to assume that the practice of pottery firing embodied a
strong social value, through which the individual practitioners were sanctioning their belonging
to their community of practice (Lave and Wenger, 1991). Ethnographic studies (e.g. Djordjevic,
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2019; Gosselain, 1992; Livingstone Smith, 2001) and what we experienced through our own
experiments have shown that team work and especially the coordination among the different
participants had a crucial role in the success of the firing process.

It is also important to stress that from a mere practical point of view, firing pottery in a bonfire
or a pit requires the participants to closer connect not only on an interpersonal level, but also
with the fire as well as with the smoke (Fowler, 2008; Lawton, 1967). In our experiment, at
least four persons were involved, and the visual and thermal sensations played a significant role
in the overall experience and still forms an important part of the stories we tell of these days. A
kiln firing, on the other hand, is usually a longer process (up to 16 hours), but theoretically can
be run by one individual or multiple individuals working in shifts (Amicone et al., 2019). In
addition, by using a closed structure, a different bodily sensorial experience comes along with
the process. It seems, therefore, only natural that one develops a shallower connection to the
produced objects in contrast to what happens in a pit firing where one should constantly control
the distribution of the pots within the pit and their relation to the fuel.

Considering this, the choice of bonfire or pit firing over closed structures does not necessarily
imply that potters are less technologically advanced or specialised but could be influenced by a
number of intangible factors dictated by the social context of production.

7 Conclusions

Through the application of an approach that integrates archaeometry and experimental
archaeology, and by using the case of study of Gradiste-1djos as reference, our research provides
a contribution to the understanding of Late Neolithic pyrotechnology in the Balkans from both
a technological and a social point of view.

This approach has been applied to directly experience the pit firing process in order to set
parameters for recording and studying prehistoric firings, that goes beyond the mere estimation
of firing temperatures. Our study is in line with others (e.g. Gosselain, 1992) in its exhibition
that highly variable firing temperatures characterise the firing in traditional installations such
as pits.

This means that vessels fired in the same process or even portions of the same vessel could be
exposed to drastically different temperatures. At the same time, it shows the limitation of
focusing archaeometric investigations only on the estimation of maximum temperatures that
vessels might have been exposed to.

In general, by performing these experiments, we were able to document the entire production
process and associate each step in the firing sequence to experimentally produced ceramics to
form a reference collection suitable for ancient pyrotechnological studies. We also provide a
preliminary framework of data that can be expanded upon in future investigations and can be
used in other projects.

Most importantly, our study emphasises that the knowledge, the experience, and the social
context in which people are operating must all be considered as aspects influencing their choice
for one firing procedure over another. As a note of caution, the results discussed above did not
allow us to draw a direct and univocal relationship between firing procedures and firing
structures that were applied to produce ceramics at Gradiste-Idjos. Nevertheless, they perhaps
inform us about one of the likely firing procedures applied in the past and give us a set of
information that, once discussed in the view of the social context of production, could give
more nuanced insights into pyrotechnological and cultural choices of the Late Neolithic
communities.
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Figure and table captions

Figure 1: Distribution of the Vinca culture (shaded) and the location of sites that have been the
object of pyrotechnological investigations (Map by Lars Heinze and Silvia Amicone).

Figure 2: Geological Map of the North Banat area (based on the Yugoslavia Geological Map
issued by the Federal Geological Institute. Sheet L34-77: 100 000). Site locations are indicated
by blue dots. Points 1 and 2 indicate clay sampling locations (Map by Enrico Croce and Silvia
Amicone).

Figure 3: Thin section photomicrographs of selected ceramic from Gradiste-Idjos: a) Fabric 1
(ID 14), XP; c) Fabric 2 (ID 21), XP; e) Fabric 3 (ID 24), XP. Field of view=4 mm a; 8 mm b
and c.

Vitrification microstructure of selected pottery sherds from Gradiste-1djos, as seen in the SEM
under secondary electron imaging: b) ID 14; d) ID 21; f) ID 26. See Table 2 for interpretation
of vitrification stage and firing temperatures.

Figure 4: X-ray diffractograms of the separated clay fraction from Mokrin in natural condition,
glycolised, and fired at 500°C. Mineral abbreviations: Chl=chlorite; IlI=illite; Kao=kaolinite;
ML.: mixed layers montmorillonite-chlorite; Mont=montmorillonite; 00I=hkl indices.

Figure 5: a) X-ray diffractograms of the briquettes fired in controlled conditions at different
temperatures, compared with the raw material (clay from Mokrin). Mineral abbreviations:
Cc=calcite; Chl=chlorite; Fsp=feldspar; IlI=illite; Msc=muscovite; Mont=montmorillonite;
Qtz=quartz.

Vitrification microstructure of the briquettes: b) L1 (600°C); ¢) L2 (700°C); d) L3 (800°C); e)
L4 (900°C).

Thin section photomicrographs of the low and high fired briquettes: f) L1 (600°C), XP; g) L4
(900°C), XP. Field of view=8 mm.
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Figure. 6: Experimental pottery firing 2018. a) thermocouples position within the pit; b) graph
of the temperatures reached during the experiment; c) heating; d—e) firing; f—g) cooling; h)
recovery of the vessels.

Fig. 7: Experimental pottery firing 2019: a) thermocouples position within the pit; b) graph of
the temperatures reached during the experiment; c—d) heating; e—g) firing; h) covering the pit
with sediment for favouring reducing conditions and slow cooling.

Fig. 8: a) X-ray diffractograms of the clay attached to the thermocouples in the 2018 field
experiment, compared with the raw material (clay from Mokrin). Mineral abbreviations:
Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite;
Qtz=quartz.

Vitrification microstructure of the clay attached to the thermocouples in the 2018 field
experiment: b) TC2_18 (618°C); ¢) TC1_18 (651°C); d) TC4_18 (708°C); e) TC3_18 (828°C).
Thin section photomicrographs of the clay attached to the thermocouples in the 2018 field
experiment (highest and lowest temperatures): f) TC2_18 (618°C), XP; g) TC3 18 (828°C),
XP. Field of view=8 mm.

Fig 9: a) X-ray diffractograms of the briquettes fired in the 2018 field experiment, compared
with the raw material (clay from Mokrin). Mineral abbreviations: Cc=calcite; Chl=chlorite;
Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; Qtz=quartz.

Vitrification microstructure of the briquettes fired in the 2018 field experiment: b) 1A (618—
828°C); c) 1B (618-828°C); d) 1S (618-828°C); e) 2A (708-828°C); f) 2B (708-828°C); 9)
2S (708-828°C).

Thin section photomicrographs of the briquettes fired in the 2018 field experiment (samples 1,
618-828°C): h) 1A, grog tempered, XP; i) 1B, untempered, XP; j) 1S, organic tempered, XP.
Field of view=8 mm.

Fig 10: a) X-ray diffractograms of the clay attached to the thermocouples in the 2019 field
experiment, compared with the raw material (clay from Mokrin). Mineral abbreviations:
Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite;
Qtz=quartz.

Vitrification microstructure of the clay attached to the thermocouples in the 2019 field
experiment: b) TC4_19 (690°C); ¢) TC3_19 (790°C); d) TC1_19 (797°C); e) TC2_19 (804°C).
Thin section photomicrographs of the clay attached to the thermocouples in the 2019 field
experiment (highest and lowest temperatures): f) TC4_19 (690°C), XP; g) TC2_19 (804°C),
XP. Field of view=8 mm.

Table 1: Summary of the experiments.

Table 2: Summary of the results of the analyses. DB=Dark-burnished pottery. Mineral
abbreviations:  Cc=calcite;  Chl=chlorite; Fsp=feldspar; Kao=Kaolinite; Illl=illite;
Msc=muscovite; Mont=montmorillonite; MT=Mixed layers; Qtz=quartz. SEM analysis
(NV=no vitrification, NV+= intermediate between NV and IV, IV=initial vitrification, V=
extensive vitrification), *=estimated maximum temperatures.
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