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Addressing ceramic pyrotechnology plays a key role in understanding a wide range of cultural 19 

and social behaviours associated to pottery production. Firing is the process which transforms 20 

clay into ceramic, which is one of the most frequently preserved materials in the majority of 21 

Neolithic and later archaeological sites.  22 

Though firing temperatures and the functions of various pyrotechnological installations have 23 

been extensively investigated in archaeology, both have often been addressed separately. Most 24 

of our knowledge on firing structures and procedures in the Neolithic are still largely based on 25 

ethnoarchaeological evidence. To move forward, we need to consider all aspects involved in 26 

ancient pyrotechnology, together with use of additional investigative tools. This study aims to 27 

address Neolithic pottery firing from a diverse perspective that merges archaeometric analyses 28 

and experimental archaeology. To demonstrate the potential of this approach, we combined an 29 

archaeometric case study of pottery from the late Neolithic (5200-4800 BCE) from the site of 30 

Gradište-Iđjoš (Serbia) with experimental pit firings, likely one of the mostly frequently 31 

employed firing techniques used in prehistoric periods. 32 

Scientific analyses include X-ray powder diffraction (XRPD), scanning electron microscopy 33 

(SEM), and ceramic petrography. These methods were run on both archaeological materials 34 

and experimental reproductions. Additionally, a detailed program of firing temperature 35 

monitoring, integrated observations on atmospheric conditions, soaking time, and duration were 36 

recorded to contribute to the study. The experiments enabled us to collect results useful for our 37 

understanding of the pyrotechnological knowledge of Neolithic potters from a technological 38 

and social point of view. In addition, they demonstrated the potential of a dedicated 39 

methodological framework for studying pottery firing that can be applied to other chronological 40 

and cultural contexts. 41 

 42 
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1. Introduction 61 
 62 
The study of ancient pyrotechnology is certainly one of the crucial themes in anthropological 63 

and archaeological research (e.g. Gibbs, 2015; McDonnell, 2001) as it enables scholars to 64 
explore topics such as invention, innovation, and technological advancement to build narratives 65 

of large-scale interactions in global archaeology (e.g. Roberts and Radivojević, 2015; Roberts 66 
and Vander Linden, 2011). Ceramics, as one of the most abundant materials preserved in the 67 
archaeological record, are at the focus of several pyrotechnological studies. These works 68 
illustrate how pottery firing is a complex procedure, due to the large number of variables that 69 

are involved in this process (e.g. Gosselain, 1992; Livingstone Smith, 2001; Rice, 2015). 70 
Among the different approaches that have been used to reconstruct ancient ceramic 71 

pyrotechnology, archaeometric analyses and experimental archaeology have played a critical 72 
role. On the one hand, scientific analyses allow a degree of resolution that cannot be obtained 73 
solely with macroscopic investigations (Tite, 1995, 37–38). Archaeometric studies that focus 74 

on the reconstruction of pottery pyrotechnology employ a variety of methods that aim especially 75 
at the estimation of firing temperatures. This is done through the identification of relationships 76 

between firing temperatures and changes in the pottery microstructure (e.g. porosity, clay 77 
matrix, progressive sintering, and vitrification) and mineralogy (Gliozzo, 2020; Maniatis and 78 
Tite, 1981; Rice, 2015, 376–387). On the other hand, the employment of experimental 79 

archaeology (Coles, 1979; Godino et al., 2020; Outram, 2008; Reynolds, 1999) not only helps 80 
to test hypotheses developed on the basis of the archaeometric results, but, most importantly, 81 

gives insightful information on different aspects of firing procedures. This knowledge helps to 82 

have a more nuanced understanding of ancient ceramic pytorechnology and the complex social 83 
behaviour behind this practice (e.g. Gheorghiu, 2019), that goes beyond the mere estimation of 84 
firing temperatures. 85 
Despite the clear advantages that both approaches contribute, they are only rarely systematically 86 
combined (e.g. Kudelić, 2017; Thér et al., 2019). In this work, using the case study of the Late 87 

Neolithic Vinča settlement of Gradište near Iđjoš in the Serbian Banat (hereafter Gradište-88 
Iđjoš), we show that the combination of archaeometric analysis of materials deriving from both 89 
archaeological contexts and our experiments is the key to a better understanding of ancient 90 
pyrotechnology.  91 
Such an approach gives us important information on different aspects of firing procedures and 92 

how these are reflected in the microstructural and compositional characteristics of 93 
archaeological ceramics. These data then aid a better interpretation of archaeometric results and 94 

help us developing a well-rounded technological and social reconstruction of ancient 95 
pyrotechnology. 96 
 97 
 98 
 99 
 100 
 101 
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1.1 Archaeological and geological background 102 

 103 
The settlement of Gradište-Iđjoš (Figure 1) is situated in the north-centre Banat, approximately 104 

3 km east of the Tisza river. This Neolithic and Chalcolithic settlement was excavated before 105 
and after the Second World War and is currently investigated by the Bordeland: ARISE project 106 
(Mirković-Marić and Marić, 2017). The excavations carried out at this site gave evidence of a 107 
Starčevo-Köros culture phase (second half of the 6th millennium BCE) and a Vinča and Tisza 108 
occupation (5200–4900 BCE). Late Neolithic mixed assemblages are typical for the area of 109 

northern and central Serbian Banat and are found in many other sites in this region (Brukner, 110 
1968). Two other examples for this are the sites of Kremenjak-Čoka and Akača-Novo 111 
Miloševo, both situated close to Gradište-Iđjoš (Figure 2). 112 
The Vinča phenomenon, whose pottery is at the centre of this investigation, is a 113 
Neolithic/Chalcolithic material culture that developed in a vast area in the northern and central 114 

Balkans. In terms of absolute dates, the estimated duration of the Vinča phenomenon spans 115 
from c. 5350 to c. 4600 BCE (Whittle et al., 2016 and literature therein).  116 

The Tisza material culture (Korek, 1989; Raczky, 1987) spread during the Late Neolithic (c. 117 
5000 to c. 4600 BCE) in an area spanning from Slovakia and Ukraine to the north, up to the 118 
Körös river on the east. The Serbian Banat represents the southern part of the territory of Tisza 119 
material culture, reaching the confluences of the Aranka and the Zlatica rivers into the Tisza. 120 

 121 

  122 
 123 
Figure 1: Distribution of the Vinča culture (shaded) and the location of sites that have been the object 124 
of pyrotechnological investigations (Map by Lars Heinze and Silvia Amicone). 125 
 126 
The geology (Figure 2) of the north-centre Serbian Banat (close to the location of Gradište-127 

Iđjoš) is marked by several Pleistocene and Holocene alluvial sediments containing gravel, 128 
sand, and clay layers (Koprivica and Strajin, 1994). In a previous work, geological samples near 129 
Gradište-Iđjoš were selected to study the nature and distribution of these alluvial sediments 130 

(Amicone et al., 2020a), thereby demonstrating that two main clay sources mark this area: very 131 
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fine sandy-clay sources deposited during the Holocene and available in the proximity of the 132 

site, and sandier Pleistocene sources that outcrop c. 10 km from Gradište-Iđjoš. 133 
 134 

 135 
 136 
Figure 2: Geological Map of the North Banat area (based on the Yugoslavia Geological Map issued by 137 
the Federal Geological Institute. Sheet L34-77: 100 000). Site locations are indicated by blue dots. Points 138 
1 and 2 indicate clay sampling locations (Map by Enrico Croce and Silvia Amicone). 139 
 140 
1.2 Late Neolithic pottery pyrotechnology in the Balkans  141 
 142 
Several researchers have focused on the study of Late Neolithic and Chalcolithic pottery 143 
pyrotechnology from the Balkans (e.g. Gardner, 1978; 2003; Goleanu et al., 2005; Kaiser et al., 144 

1986; Linda, 1984; Maniatis and Tite, 1981; Perišić et al., 2016; Spataro, 2017; 2018; Yiouni, 145 
2000). While targeted studies on ceramic pyrotechnology of Tisza material culture are missing, 146 
pottery produced by the Late Neolithic and Chalcolithic communities labelled as Vinča received 147 
particular attention for the purported link between pottery firing technology and the origins of 148 
metallurgy in the Vinča phenomenon (Amicone et al., forthcoming).  149 

By applying a vast range of archaeometric techniques, these studies (e.g. Kaiser et al., 1986) 150 
were especially focused on the estimation of firing temperatures in the attempt to understand if 151 
Vinča pottery was fired to temperatures comparable to those necessary to smelt copper (c. 152 

1083°C, Pollard et al., 1991) and if this pyrotechnology knowledge could have been transferred 153 
from ceramic manufacture to metallurgy. Nevertheless, to have a more comprehensive 154 
understanding of the pyrotechnological processes, more attention must be paid to other 155 
parameters of ceramic manufacture, such as how firing atmosphere was controlled to create 156 

redox conditions. 157 
A more recent study (Amicone et al., 2020b) utilised a multi-pronged scientific approach to 158 

investigate pottery from Belovode and Pločnik (Serbia), home of the world’s earliest 159 

metallurgy. This work illustrates that potters fired ceramics at highly variable temperatures, 160 
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which did not appear to have exceeded 900°C and employed either oxidising or reducing 161 

conditions. (Chapman, 2006; 2007). This study also proposed a model of production for dark-162 

burnished pottery, a tradition widespread throughout the Balkans in the Late Neolithic and 163 

typical feature of Vinča material culture (Chapman, 2006; 2007). This model consists of a two-164 

step firing procedure that involves an oxidising firing followed by a reducing phase during 165 

cooling obtained through smudging of the vessels. This work concluded that potters at these 166 

sites were certainly able to manipulate the amount of oxygen in their firings and that this 167 

knowledge could have been important for the development of early metallurgy pyrotechnology.  168 

Vinča pottery has often been regarded as the outcome of specialised and skilled productions 169 

(e.g. Kaiser, 1984; Spataro, 2018) and therefore it was often assumed that potters were certainly 170 
employing kilns rather than open or pit firing installations where the firing process is less 171 
controlled (Rice, 2015, 172–181). However, there is no conclusive evidence for pottery kilns 172 
in Vinča culture settlements (Amicone et al., forthcoming). Recent experiments (Svoboda et 173 
al., 2005; Vuković, 2018) suggested that the complete range of pottery manufactured by Vinča 174 

potters could have been produced using pit firings. The use of this technique could have even 175 
been preferred, despite the lack of control over different variables of the firing procedure, as it 176 

allows for a relatively fast and fuel-efficient process (Rice, 2015, 172–181). Traces of pit firings 177 
are not always easy to be identified in the archaeological record (Costa, 2017). If pit firings 178 
were indeed the main type of firing technique employed at Vinča sites, this would explain the 179 
general lack of corroborated evidence for pottery firing installations in the archaeological record 180 

of these settlements.  181 
On this basis, we set up an experimental framework (Table 1) to test the efficiency in terms of 182 

temperatures and atmosphere of pit firing, one of the most likely diffused firing structures in 183 

prehistory. We combined this approach with laboratory investigations that allowed us to give 184 

particular attention to the observation of microstructural and mineralogical changes taking place 185 

in the clay objects fired in this type of installation. Therefore, our experiments helped us to 186 

create a reference collection to compare archaeological materials to and furthermore provided 187 

us a baseline to better understand how ancient firing processes might have worked. 188 

 189 

 190 
 191 
Table 1: Summary of the experiments. 192 
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  193 
 194 
Table 2: Summary of the results of the analyses. DB=Dark-burnished pottery. Mineral abbreviations: 195 
Cc=calcite; Chl=chlorite; Fsp=feldspar; Kao=Kaolinite; Ill=illite; Msc=muscovite; 196 
Mont=montmorillonite; MT=Mixed layers; Qtz=quartz. SEM analysis (NV=no vitrification, NV+= 197 
intermediate between NV and IV, IV=initial vitrification, V= extensive vitrification), *=estimated 198 
maximum temperatures.  199 
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2. Laboratory investigation: materials and methods 200 

 201 
2.1 Archaeological samples 202 

 203 
Previous macroscopic and petrographic studies on ceramics from this site (Amicone et al., 204 
2020a; Mirković-Marić and Amicone, 2019) showed that three main recipes (Figure 3, a. c. e.) 205 
were used in the pottery manufacturing of this community: natural clay, likely cleaned to 206 
remove the coarser inclusions (fabric 1), chaff tempered clay (fabric 2), and grog tempered clay 207 

(fabric 3).  208 
The study of surface and fabric colours of these sherds also suggested that Vinča-style vessels 209 
were fired in oxidising or reducing conditions while Tisza style vessels and kitchen wares were 210 
produced solely under oxidising conditions (see supplementary data). As most of dark-211 
burnished sherds display a lighter core and darker grey margins, these pots could have been 212 

fired via a two-step firing process that included a final reducing phase. This pattern has been 213 
observed at other Vinča sites (Amicone et al., 2020b).  214 

A selection of nine samples (Table 2), which represent the three fabrics from Gradište-Iđjoš 215 
(described above), were chosen to be analysed using X-ray powder diffraction (XRPD) and 216 
scanning electron microscopy (SEM) to aid in a more detailed mineralogical and 217 
microstructural analysis. The aim in this high-resolution study is to identify more information 218 

on the firing procedure used to create these sherds.  219 
XRPD was utilised to provide detailed mineralogical characterisation of pottery fragments to 220 

aid in the reconstruction of their original firing temperature (‘archaeothermometry’, see Rice, 221 
2015, 99–116; Quinn and Benzonelli, 2018). This method makes use of the presence and 222 
absence of mineral phases that form or disappear at specific temperatures and atmospheric 223 

conditions (Gliozzo, 2020; Maggetti, 1982, 128; Maritan, 2004, 304; Nodari et al., 2007, 4668). 224 
The instrument used was Bruker D8 advance with a Cu-sealed tube (40kV/20mA). The 225 

parameters of the XRPD measurements used were Göbel mirror optics, a 0.2mm divergence 226 
slit, a fixed knife edge to suppress air scatter, sample rotation and a VǺNTEC 1-detector. The 227 
crystalline phases were identified using the pdf data from the 2006 International Centre for 228 

Diffraction Data-Joint Committee of Power Diffraction Standards (ICDD-JCPDS).  229 
SEM analysis was used to assess the degree of vitrification, which is a crucial and easily 230 

measurable point in pyrotechnological studies (Faber et al., 2009; Maniatis and Tite, 1975; 231 

1981; Mentesana et al., 2017; Tite and Maniatis, 1975a; 1975b). The samples were platinum 232 
coated and the analysis was carried out via a Hitachi TM3030+ using accelerating voltage 15 233 
kV, an operating current of 110µA, and a variable working distance at 1000x and 2000x 234 
magnifications. The analysis was carried out on both the core as well as margins of most 235 
samples. The comparison between the degree of vitrification observed between the outer 236 

surfaces and the cores, could give us hints on the heating/cooling rate and the length of the 237 
firing (Mentesana et al., 2017; Thér et al., 2019, 1145) 238 
 239 
2.2 Clay raw materials 240 
 241 

The results of the petrographic analysis carried out on the geological samples (Amicone et al., 242 
2020a) gave a good indication of clay sources that could have been used by the ancient potters 243 

from Gradište-Iđjoš, showing that the Pleistocene raw material present in Mokrin has a very 244 
similar composition to the one of the archaeological samples. In addition, the current use of this 245 
clay by the modern brick industry of this area confirms its suitability for ceramic manufacturing. 246 
Mokrin lies c. 10 km form Gradište-Iđjos (location 2 in Figure 2), but outcrops of this 247 
Pleistocene clay could have originally been closer to the site and subsequently covered-up by 248 
more recent Holocene deposits. By taking this evidence into account, we therefore chose this 249 
material to be the clay on which we would carry out the laboratory and field experiments.  250 
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To have a detailed mineralogical characterisation of the raw materials from Mokrin, a sample 251 

of this source was analysed with XRPD with the same instruments and parameters mentioned 252 
above. A sample from the same source was also analysed after having extracted the clay fraction 253 

(<2 μm) from it via a sieving and sedimentation process. The concentrated suspension of the 254 
clay fraction was then poured on two glass slides to produce even and textured samples. In this 255 
way the intensities of the 00l-reflections from the clay minerals are significantly enhanced. 256 
After drying, both slides were measured by X-ray diffraction to characterise them at room 257 
temperature under natural conditions. In a second step, one of the slides was saturated at room 258 

temperature with ethylene glycol for several days and measured again. This procedure affects 259 
the swellable clay minerals like montmorillonite, resulting in an increasing of the c-lattice 260 
which results in a decrease of their 2θ angles in the diffractograms. The second slide was heated 261 
at 550°C for app. 30 minutes and measured as well. Under elevated temperatures, certain clay 262 
minerals undergo microstructural modifications, which also result in changes in the 263 

diffractograms, which gives additional information for their identification (Xanthopoulou et al., 264 
2020 and literature therein). 265 

 266 
2.3 Experimental briquettes 267 
 268 
Two series of four briquettes (Table 1 and 2) reproducing recipes A (grog tempered 20%) and 269 

B (un-tempered) were manufactured. These reproduce the two most commonly fabrics found 270 
at the site of Gradište-Iđjos, fabrics 3 and 1 (Mirković-Marić and Amicone, 2019). These 271 

briquettes were made by mixing 20 g of sieved clay with de-ionised water. Clay was cleaned 272 
via a 5 mm mesh sieve to remove the coarser particles that would make the material less 273 
workable. The source of grog for the first series consisted of discarded broken vessels produced 274 

in the region of Gradište-Iđjos. These were fired in oxidising conditions in a furnace 275 
(Nabertherm P 300) at 100°C intervals between 600°C and 900°C (2 hours to reach the 276 

maximum temperature, 1 hour at maximum temperature, 2 hours of cooling).  277 
These briquettes were analysed via XRPD and SEM, according to the same methodology used 278 
for the archaeological samples so that the results could be compared. In addition, all samples 279 

were analysed via ceramic petrography to assess optical activity of the matrix, as this could give 280 
an indication on the firing conditions and temperatures (Quinn, 2013, 23–33; Whitbread, 1989). 281 

 282 

3 Results of the laboratory investigations 283 
 284 
3.1 Archaeological samples 285 
 286 
The results of the XRPD analysis reveal a mineralogical assemblage of quartz, feldspar, and 287 

calcite. Most of the samples also show illite (Figure 3, g), though the identification of this clay 288 
mineral is hindered when muscovite is present due to the overlap between the main illite and 289 
muscovite peaks (2θ=8.8°, d=10Å). The presence of illite indicates that the maximum firing 290 
temperature of the majority of the analysed pottery samples must have been below 850–900°C, 291 
at which their crystalline structure is destroyed (Gliozzo 2020). None of the samples exhibit the 292 

main peaks of chlorite (around 2θ=6°, d=14Å). Only sample ID 24 shows a weak diffraction 293 
peak that could correspond to this mineral.  294 

The SEM results (Figure 3, b. d. f) show an initial to extensive degree of vitrification, which 295 

can also be confirmed by the level of optical activity observed during petrographic thin-section 296 

analysis (Table 2). Generally, no clear difference between the margin and the core of the 297 

samples have been observed. This degree of vitrification and the minerals found in most 298 

samples are compatible with temperatures approximately between 750–850ºC and not beyond 299 

900ºC. 300 
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 301 

 302 
Figure 3: Thin section photomicrographs of selected ceramic from Gradište-Iđjoš: a) Fabric 1 (ID 14), 303 
XP; c) Fabric 2 (ID 21), XP; e) Fabric 3 (ID 24), XP. Field of view=4 mm a; 8 mm b and c. 304 
Vitrification microstructure of selected pottery sherds from Gradište-Iđjoš, as seen in the SEM under 305 
secondary electron imaging: b) ID 14; d) ID 21; f) ID 26. See Table 2 for interpretation of vitrification 306 
stage and firing temperatures.   307 
g) X-ray diffractograms of pottery sherds from Gradište-Iđjoš. Mineral abbreviations: Cc=calcite; 308 
Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; Qtz=quartz. 309 
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The overall results confirmed the temperature range estimated by other studies mentioned above 310 

(e.g. Amicone et al., 2020b) for comparable Late Neolithic pottery (for Tisza style pottery see 311 

also Kreiter et al., 2017 and Szakmány et al., 2017).  312 

 313 
3.2 Mineralogical characterisation of the clay from Mokrin 314 
 315 
Petrographic analysis of the clay sample from Mokrin (Amicone et al., 2020a) has shown that 316 

this source is marked by the occurrence of quartz, feldspars, muscovite, and minor quantities 317 
of calcite and, rarely, metamorphic rocks (Figure 4). It therefore matches very well with the 318 
type of raw materials that were used by the Neolithic potters of the Gradište-Iđjoš site. XRPD 319 
analysis confirms the presence of these minerals and further suggests the occurrence of illite 320 
and chlorite/montmorillonite.  321 

XRPD analysis of the clay fraction (Figure 4, Natural) shows the presence of montmorillonite 322 
and illite with their main peaks, respectively Mont001 (around 2θ=6°, d=14Å) and Ill001 323 
(2θ=8.8°, d=10Å). The sharpness of the illite peaks implies well-crystallised illite minerals. The 324 

presence of mixed layers of montmorillonite-chlorite is also attested by a peak around 2θ=3° 325 
(ML001).  326 
In both the sample immersed in glycol atmosphere and the sample fired at 550°C (Figure 4, 327 

Glycolised and 550°C), the displacement of the Mont001 peak reveals the main peak of chlorite 328 
Chl001 (2θ=6.2°, d=14.3Å), thus confirming its occurrence. Finally, the peaks at 2θ=12.4° 329 

(d=7.2Å) and 2θ=25.1° (d=3.55Å), could be associated either with chlorite (Chl002 and Chl004), 330 
but they also overlap with the peaks of kaolinite (Kao001 and Kao002). A loss in intensity of the 331 
peaks attributed to both chlorite and kaolinite, is observed in the diffractogram of the fired 332 
sample compared to the one which was glycolised. This loss of intensity is relatively similar 333 
amongst all the four peaks of chlorite and not stronger in the two peaks overlapping with 334 
kaolinite. This leads to the assumption that kaolinite has little to no participation in the observed 335 

peaks and its presence cannot be confirmed. In summary, the clay minerals present in the sample 336 
from Mokrin include illlite, montmorillonite and chlorite.  337 
 338 

 339 
 340 
Figure 4: X-ray diffractograms of the separated clay fraction from Mokrin in natural condition, 341 
glycolised, and fired at 500°C. Mineral abbreviations: Chl=chlorite; Ill=illite; Kao=kaolinite; ML: 342 
mixed layers montmorillonite-chlorite; Mont=montmorillonite; 00l=hkl indices. 343 
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 344 
 345 
Figure 5: a) X-ray diffractograms of the briquettes fired in controlled conditions at different 346 
temperatures, compared with the raw material (clay from Mokrin). Mineral abbreviations: Cc=calcite; 347 
Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; Qtz=quartz. 348 
Vitrification microstructure of the briquettes: b) L1 (600°C); c) L2 (700°C); d) L3 (800°C); e) L4 349 
(900°C). 350 
Thin section photomicrographs of the low and high fired briquettes: f) L1 (600°C), XP; g) L4 (900°C), 351 
XP. Field of view=8 mm. 352 
 353 
 354 
 355 
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3.3 Experimental briquettes fired in the laboratory 356 

 357 
The gradual refiring (600°C and 900°C) of the raw material from Mokrin, which was carried 358 

out in fully oxidised conditions, produced samples which display the mineralogical and 359 
microstructural behaviour of these materials during various stages of firing.  360 
In the he fired briquettes the peak at 2θ=6° (d=14Å) is related only to chlorite, as the main 361 
intensity of montmorillonite disappears at around 500 °C. Chlorite and calcite gradually 362 
decomposed and disappeared between 700–800°C and 800–900°C, respectively. At 900°C, 363 

only quartz, feldspars, and a very weak peak of illite are present (Figure 5, a). Interestingly, no 364 
nucleation of hematite was observed. This mineral in non-calcareous clay normally nucleates 365 
above over a wide range of temperatures from 400/450 to 850°C degrees in oxidising conditions 366 
(Gliozzo 2020). Hematite may be below the limits of detection or it couldn’t nucleate under 367 
such short firing times (the entire process took only 5 hours overall with 1 hour of soaking 368 

time). The rise in temperature also corresponds with an increase of the degree of vitrification 369 
of the clay body that can be observed under SEM analysis (Figure 5, b–e). The results show 370 

that initial vitrification starts at 800°C, but the edges of some clay plates seem to start to buckle 371 
and round at lower temperatures. At 900°C a microstructure compatible with extensive 372 
vitrification is present, but few areas of the samples look still unvitrified. The shift from 373 
anisotropic to isotropic behaviour of the clay matrix has also been observed via ceramic 374 

petrographic analysis (Figure 5, f–g) showing decreasing optical activity (Quinn, 2013, 94) that 375 
is completely absent at 900°C. 376 

 377 
4 Field experiments: Material and Methods 378 
 379 

The experimental framework carried out in the field was set up according to common 380 

ethnographic evidence (Gosselain, 1992; Livingstone Smith, 2001; Rice, 2015; Roux, 2019, 381 

110–121), previous research of Late Neolithic pyrotechnology (see above), and the results of 382 

our laboratory investigations. A series of parameters such as raw materials, modelling 383 

techniques, drying stages, fuel, and firing steps have been considered to provide conditions as 384 

similar as possible to the those most likely used by ancient potters. 385 

 386 

4.1 Raw material processing 387 
 388 
As described above, compositional analyses applied on archaeological samples gave a good 389 
indication of the raw materials to use and on how to process them to obtain clay pastes with the 390 
similar compositional and physical features of the archaeological pottery.  391 

A total of 40 kg of clay was excavated. The clay was spread and dried in the open air. After this, 392 
the selected clay was then crushed and sifted through a 5mm mesh. After cleaning and sieving, 393 
the clay was put in 4 different containers (10 kg each) and mixed with water. For several days 394 
the clay was stirred occasionally and then left to dry, during the night it was covered under a 395 
plastic bag. The recipes used have been produced as follow: recipe A: tempered with grog (20% 396 

of the clay mass), B: untempered, S: straw tempered (Table 2).  397 

 398 

4.2 Modelling of replica vessels and drying 399 

 400 

The experimental vessels were fashioned in accordance with known Late Neolithic pottery 401 

techniques such as coiling, pinching, and moulding. Surfaces were refined through smoothing 402 

and burnishing by using wood, bone, and stone tools. Smoothing was applied by adding water 403 

and refining the surface with fingers or scrapers. Burnishing was performed by rubbing the 404 
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leather hard clay surfaces (while in an almost dried stage) using tools with polished surfaces 405 

such as cobbles and animal bones.  406 

Three series of six experimental briquettes (Table 2) reproducing recipe A (20% of the clay 407 

mass), recipe B (untempered), and recipe S (straw tempered) were produced by mixing 20g of 408 

the sieved clay from Mokrin. Additionally, eight clay samples (paste B, 20g each) were 409 

prepared to be attached to the thermocouples (TC in Table 2) used during the experiments (see 410 

temperature monitoring and firing). These experimental samples were produced to be fired in 411 

field experiments and analysed in the laboratory via XRPD, SEM, and ceramic petrography 412 

according to the methodology defined above. The vessels obtained from these firings were to 413 

be used by the museum for educational purposes.  414 

After the modelling phase, all the experimental vessels were left to dry for several days to ensure 415 

complete evaporation of water within the paste. During this step, the loss of water corresponds 416 

to a limited reduction of the vessel’s size and weight, making the vessel ready for firing. 417 

 418 

4.3 Fuel and firing structures 419 

 420 

Birch (Betula pendula) was used as a fuel for firing pottery, because of its abundance in this 421 

region in Neolithic times (Magyari, 2002; Magyari et al., 2010). A total of 72.45 kg of birch 422 

was used during the first experiment and a total of 64 kg during the second firing. Both logs 423 

and dried branches were used according to the step of the process. 424 

Two circular pits were dug for the experiments. They had a diameter of 130 cm and a depth of 425 

30 cm, enough to manage the firing from the outside (e.g. adding wood or moving the vessels) 426 

and, at the same time, to reduce the heat dispersion. 427 

 428 

4.4 Temperature monitoring and firing 429 

 430 

Due to the high humidity of the ground soil after a period of prolonged rain, the bottom of the 431 

pits were covered with a layer of wood in order to have a flat and dried base on which to place 432 

and fire the clay vessels. Before the firing experiment, four thermocouples were installed within 433 

the pits to ensure a detailed and controlled recording of the temperature throughout the process. 434 

In both cases, the thermocouples were placed in different areas of the pit (Figure 6, a and 7, a), 435 

with their upper parts covered with clay paste of type B to monitor the exact temperatures to 436 

which this type of paste was exposed. In this way, mineralogical and microstructural changes 437 

observed via scientific analysis could be correlated to temperature changes observed during the 438 

firing. In the second experiment we also added three thermocouples (TC 5, 6, 7) not covered 439 

with clay to measure the gas temperatures in different points of the pit (Figure 7, a). 440 

The actual firing process involved three main steps, monitored via photos and temperature 441 

variations: 442 

Step 1: Heating (Figure 6, c and Figure 7, c) 443 

Vessels were slowly heated to eliminate water absorbed by them during the night. The removal 444 

of excess water allows the vessels to withstand higher temperatures and thus avoid thermal 445 

shock. This process had four stages: 446 

-The vessels were placed within the pit, forming a circle along the external diameter of the 447 

bottom. 448 

 449 
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 450 
 451 
Figure. 6: Experimental pottery firing 2018. a) thermocouples position within the pit; b) graph 452 
of the temperatures reached during the experiment; c) heating; d–e) firing; f–g) cooling; h) 453 
recovery of the vessels. 454 



15 
 

  455 
 456 

Fig. 7: Experimental pottery firing 2019: a) thermocouples position within the pit; b) graph of 457 
the temperatures reached during the experiment; c–d) heating; e–g) firing; h) covering the pit 458 
with sediment for favouring reducing conditions and slow cooling. 459 

 460 
 461 
 462 
 463 
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-The fire was ignited in the centre of the pit with the vessels surrounding it. The vessels were 464 

moved and rotated regularly to ensure a complete drying of the body and the loss of most of 465 

the water absorbed within the clay paste. 466 

 -The vessels were then moved gradually towards the fire and the embers, placing them closer 467 

and closer at the centre of the pit. 468 

-Fire was then ignited at various locations around the vessels, at first with some distance to 469 

avoid thermal shock which could damage the vessels. After this, the fire was gradually moved 470 

towards the vessels until they were completely encased. 471 

Step 2: Firing (Figures 6, d–f and 7, d–f) 472 

Wood was added when necessary to ensure a gradual and continuous firing until a glowing red 473 

colour of the vessel’s surface was observed. This was kept up for approximately 30 minutes to 474 
ensure the production of usable ceramics. A total of four people were involved in the process.  475 
Step 3: Cooling and recovery of the vessels (Figure 6, g–h and 7, g–h) 476 
After the 30-minute period during which we sustained approximately the same temperature, the 477 

process concluded with a cooling phase, during which temperatures gradually were decreased, 478 

allowing the pottery to avoid thermal shock and thus damage. In terms of the cooling and 479 

recovery step of ceramic production, the two experiments diverge in how the vessels are treated. 480 

The 2018 experiment concluded after the flames gradually went out and the temperature of the 481 

vessels gradually decreased, all under the constant presence of oxygen. The vessels were 482 

collected about two hours as soon as the temperature was low enough to avoid cracking.  483 

The second experiment, conducted in 2019, ended with a reduction phase. This reduction phase 484 

involved intentionally creating an environment which is low in oxygen and produces a lot of 485 

smoke. Once the final firing temperature was reached, the fire was covered with sawdust and 486 

straw and immediately smothered with sediment. This caused the production of smoke within 487 

the pit which was absorbed by the vessels and is the source of their dark colour. In this case, 488 

the vessels were collected after about six hours, as the cooling of pottery buried within a pit 489 

requires a longer time than an open pit to produce the dark colour.  490 

 491 
5 Results of the field experiments 492 

 493 
5.1 General observations 494 
 495 
In review of both experiments, we were able to define some key points about ceramic 496 

production in pit firings that we experienced directly while managing the firing, and indirectly 497 
through the observed reactions in the vessel replicas and experimental samples (briquettes and 498 
clay attached to the thermocouples).  499 
Commencing the ceramic firing was easy for the first experiment, as climatic conditions at the 500 
time were favourable to firing procedures. The second firing experiment, however, was 501 

challenging due to strong winds. Nevertheless, in both procedures we gradually reached the 502 
temperatures necessary to produce usable vessels (750–850ºC) in about two hours and three 503 
hours respectively. 504 

Beyond this general achievement we observed that ensuring a homogeneous, gradual, and 505 
continuous heating of all the vessels may prove to be a difficult task, as huge differences in the 506 
temperature in various areas of the pit were observed after the first step of the firing. Therefore, 507 
we suggest that sufficient control of firing temperatures requires experience in organising the 508 

distribution of the vessels within the pit. Firing success, we also observe, may relate to the type 509 
of fuel used, as well as a coordinated teamwork.  510 
Those ceramics fired in oxidising conditions (2018 experiment) show clear colour differences 511 

compared (supplementary Table 1) to those fired with a two-step process including a reduction 512 
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phase (2019 experiment). Replica vessels and experimental samples fired in the 2018 513 

experiment show a homogenous light-brown colour along the internal and external surfaces. 514 
This homogeneity is sometimes featured by limited dark grey spots which can be considered 515 

normal in a firing where fuel is directly intermingled with the vessels. 516 
The 2019 experiment, that ended with a reduction phase, produced ceramics with less 517 
homogeneous surfaces and colours spanning from light grey to dark grey. Despite the 518 
inhomogeneity of the surface colour, the reduction was quite successful, as none of the replica 519 
vessels or experimental samples has shown brown or reddish spots on the surfaces.  520 

These experiments were a success in terms of the integrity of the replica vessels and all three 521 
recipes used (A, B, S) responded well to the firing process. Only a few small vessels displayed 522 
limited and superficial microfractures. This achievement was probably due to the gradual 523 
drying and relatively slow increase of temperature obtained in the pit that limited the exposure 524 
of the replica vessels and experimental samples to thermal shock.  525 

The experimental framework provided an empirical reference collection characterised on a 526 
scientific basis (temperature recording and compositional features) suitable for ancient 527 

pyrotechnological studies. We associated and documented steps of production and firing 528 
sequences, which usually are reconstructed through ethnoarchaeological analogies, to specific 529 
results in terms of maximum temperatures, heating and cooling rates, soaking time and thermal 530 
homogeneity. These references samples can be used to help us to understand archaeological 531 

specimens and to reconstruct maximum temperatures, heating and cooling rates, and various 532 
other steps in the process.  533 

 534 
5.2 Laboratory analysis of the experimental samples 535 
 536 

The results of the XRPD (Figure 8, a; 9, a; 10, a) analysis that was performed on experimental 537 
samples fired in the field experiments show the presence of illite, quartz, feldspars, and calcite. 538 

In samples exposed to lower temperatures, it is still possible to observe chlorite. Hematite or 539 
magnetite did not nucleate in any of our samples. The degree of vitrification observed with 540 
SEM analysis (Figure 8, b–e; 9, b–g and 10, b–e) and the optical activity (Figure 8, f–g; 9, h–j 541 

and 10, f–g) are highly variable according to the position of the samples in the pit. The samples 542 
exposed to higher temperatures (>800°C) show initial vitrification and low to absent optical 543 

activity in their thin sections. Those samples which were exposed to lower temperatures 544 

(<800°C) show no vitrification or only initial vitrification and display higher optical activity in 545 
thin section. No drastic difference has been observed in the degree of vitrification between the 546 
core and the margins of the samples.  547 
Our overall results (Table 2) clearly indicate that the experimental samples, even if fired in the 548 
same process, were exposed to various temperatures that resulted in different mineralogical and 549 

microstructural characteristics. For this, good parallels can be found in the variability observed 550 
in the archaeological samples from various Vinča sites (Amicone et al., 2020b).  551 
 552 
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 553 
 554 

Fig. 8: a) X-ray diffractograms of the clay attached to the thermocouples in the 2018 field 555 
experiment, compared with the raw material (clay from Mokrin). Mineral abbreviations: 556 
Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; 557 

Qtz=quartz.  558 
Vitrification microstructure of the clay attached to the thermocouples in the 2018 field 559 
experiment: b) TC2_18 (618°C); c) TC1_18 (651°C); d) TC4_18 (708°C); e) TC3_18 (828°C). 560 
Thin section photomicrographs of the clay attached to the thermocouples in the 2018 field 561 
experiment (highest and lowest temperatures): f) TC2_18 (618°C), XP; g) TC3_18 (828°C), 562 
XP. Field of view=8 mm. 563 
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 564 
 565 

Fig 9: a) X-ray diffractograms of the briquettes fired in the 2018 field experiment, compared 566 
with the raw material (clay from Mokrin). Mineral abbreviations: Cc=calcite; Chl=chlorite; 567 
Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; Qtz=quartz. 568 

Vitrification microstructure of the briquettes fired in the 2018 field experiment: b) 1A (618–569 
828°C); c) 1B (618–828°C); d) 1S (618–828°C); e) 2A (708–828°C); f) 2B (708–828°C); g) 570 
2S (708–828°C). 571 
Thin section photomicrographs of the briquettes fired in the 2018 field experiment (samples 1, 572 
618–828°C): h) 1A, grog tempered, XP; i) 1B, untempered, XP; j) 1S, organic tempered, XP. 573 
Field of view=8 mm. 574 
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 575 
 576 

Fig 10: a) X-ray diffractograms of the clay attached to the thermocouples in the 2019 field 577 
experiment, compared with the raw material (clay from Mokrin). Mineral abbreviations: 578 
Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; 579 

Qtz=quartz. 580 
Vitrification microstructure of the clay attached to the thermocouples in the 2019 field 581 
experiment: b) TC4_19 (690°C); c) TC3_19 (790°C); d) TC1_19 (797°C); e) TC2_19 (804°C). 582 
Thin section photomicrographs of the clay attached to the thermocouples in the 2019 field 583 
experiment (highest and lowest temperatures): f) TC4_19 (690°C), XP; g) TC2_19 (804°C), 584 
XP. Field of view=8 mm. 585 
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6 Discussion 586 

 587 
6.1 Firing procedures and firing installations 588 

 589 
Previous studies discussed above, together with new results from our research, provide 590 
elucidated insights into the pottery firing procedures at the site of Gradište-Iđjoš and allows for 591 
us to have a more nuanced understanding of ceramic-pyrotechnology in sites marked by Vinča 592 
material culture in general.  593 

Archaeometric analyses run on archaeological samples from various sites (Amicone et al., 594 
2020b and literature therein) suggested that potters from these communities fired ceramics to 595 
various temperatures that did not appear to have exceeded 900°C on a regular basis.  596 
The rare development of extensive vitrification and the absence of iron oxides such as hematite 597 
that is supposed to nucleate at relatively low temperatures (Maritan, 2004), could furthermore 598 

indicate that only short firing procedures were employed.  599 
However, the relatively homogeneity in the degree of vitrification observed between the outer 600 

surfaces and the cores of the archaeological vessels suggests relatively slow heating and cooling 601 
rates (Thér et al., 2019, 1145). Finally, the colours of the archaeological sherds indicate that 602 
either firing in oxidising or reducing conditions were possibly applied (see supplementary data). 603 
It can be conjectured from the heterogenous colour of the archaeological sherds that potters 604 

were not always able to control the amount of oxygen reaching their vessels during firing and 605 
in some cases might have not even considered of doing so. Furthermore, the analysis carried 606 

out on samples from Gradište-Iđjoš seems to suggest that similar pyrotechnological procedures 607 
were applied to produce both Vinča and Tisza style vessels, with the exception that the latter 608 
were never fired under reducing conditions.  609 

The results of the mineralogical and structural analysis of the experimental samples produced 610 
during the field experiments matched well with those selected from among the archaeological 611 

materials of Gradište-Iđjoš and other Vinča sites (Amicone et al., 2020b and literature therein). 612 
This implies that the thermal profile (maximum temperatures, heating and cooling rates, 613 
soaking time duration and thermal homogeneity) and the variable atmospheric conditions 614 

applied during our experiments using a pit firing installation were compatible with the one used 615 
by the ancient potters. 616 

Several authors (e.g. Gibson and Woods, 1990; Kingery, 1997; Rye, 1981; Tite, 1995) have 617 

already claimed a direct connection between thermal profiles and the types of installations, 618 
often contrasting “open firings” with “kiln firings”. However, ethnographic studies (e.g. 619 
Gosselain, 1992; Livingstone Smith, 2001) casted some scepticism regarding this hypothesis, 620 
showing that similar thermal profiles can be obtained by using different types of firing 621 
structures. Clearly, each type of installation is characterised by a set of various possible firing 622 

procedures (Thér et al., 2019). This indicates that a direct relationship can only be drawn 623 
between pottery characteristics and firing procedures and not necessarily with the type of 624 
pyrotechnological installations utilised. In addition, it has been observed (Rice, 2015, 166), that 625 
the usual differentiation between “open firing” and “kiln firing” should be abandoned as the 626 
main differentiation of firing structures. Instead, a distinction should be made regarding the 627 

degree of insulation and the separation between fuel and vessels.  628 
As mentioned above, the homogeneity in the degree of vitrification observed in the 629 

archaeological materials suggests that these were produced in a process marked by relatively 630 
slow heating and cooling rates, that is unlikely to be compatible with a bonfire (Thér et al., 631 
2019), but matches well with pit firings. In addition, previous experiments (Vuković, 2018) 632 
showed that it was not possible to reproduce the full range of Vinča ceramics with bonfires, as 633 
it is too difficult to control temperatures and atmospheric conditions in this type of procedure.  634 
However, while we can state that it is possible to apply a pyrotechnological procedure 635 
compatible with the one used to produce Vinča ceramics by using pit firings, there is not enough 636 
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evidence to rule out that similar results could be obtained by using a simple single-chamber 637 

kiln. One should also bear in mind that, even if no secure evidence for kilns within Vinča sites 638 
has been provided, it is well known that such pyrotechnological installations were in use in the 639 

Balkans since the Early Neolithic period (Linda, 1984, 130–170). 640 
Kilns have the advantage to reduce the effects of prevailing winds and the time to reach the 641 
maximum temperatures. In addition, such installations could facilitate the controlled duration 642 
of the soaking time, better redox conditions, and slow the cooling process down. Nevertheless, 643 
the advantages of using kilns are at the same time largely influenced by the type of kiln that is 644 

utilised. Firing in a simple kiln, where fuel is in direct contact with the vessels, could present 645 
difficulties similar to those we experienced in our pit firings (Amicone et al., 2019; Cuomo di 646 
Caprio, 2007, 508–526). 647 
 648 
6.2 The social practice of firing 649 

 650 
By combining archaeometry and experimental archaeology this study allowed us to directly 651 

experience the complete process of pottery making. Through our experimental procedure, we 652 
not only had the opportunity to understand how the experimental replicas reacted to specific 653 
firing sequences and ranges of temperatures, but we also got to experience the social and 654 
sensorial implications associated to pottery firing practice. 655 

In review of the presented information above, we have found that our applied firing procedure 656 
could have been compatible with the ones used by potters of Vinča communities. But we have 657 

also concluded that a similar process could have been obtained with a simple type of kiln. It 658 
should be emphasised that the choosing of one type of firing structure over another could be 659 
dictated by a variety of different reasons that go beyond functionalist aspects and could be 660 

related to the social organisation of production within a community and its craft traditions 661 
(Peacock, 1981; Van der Leeuw, 1977). 662 

It has been suggested (Spataro, 2018) that Vinča ceramics could have been produced by 663 
specialised and skilled potters that were experienced not only in the modelling and decoration 664 
pottery, but also in firing it. Nevertheless, pottery production could have been restricted to a 665 

household level as indicated by the absence of distinctive pottery workshop areas in Vinča sites 666 
(Amicone et al., forthcoming). 667 

We found critical to mention the possibility that even in the absence of formalised systems such 668 

as a pottery workshop, specialised and skilled potters could have developed their abilities in 669 
household production contexts through repeated experience and prolonged practice (Forte, 670 
2019).  671 
The strong conservatism that characterises pottery productions at Vinča settlements (Amicone 672 
et al., 2020b) could also indicate a vertical and direct transmission of pottery know-how from 673 

parents to offspring (Cavalli-Sforza and Feldman, 1981), as is typical for household 674 
productions. In this scenario, the practice of pottery production can be considered an act that 675 
embodied strong symbolic and social values through which the apprentice is exposed to the 676 
acquisition of both technological knowledge and social norms (e.g. Manem, 2020 and literature 677 
therein). 678 

Recently the special relationship that south-eastern populations of the 5th millennium seem to 679 
have had with fire has also been emphasised (Gheorghiu, 2019). This is highlighted by extended 680 

destructive horizons that were connected to the ritual practice of house burning (Stefanović, 681 
1997) and the abundant presence of different pyrotechnological devices such as ovens, heaters, 682 
and fire starters. This led to the assumption that the degree of proximity between people and 683 
fire could have also had ritual connotations (Gheorghiu, 2019, 43). 684 
According to this view it is possible to assume that the practice of pottery firing embodied a 685 
strong social value, through which the individual practitioners were sanctioning their belonging 686 
to their community of practice (Lave and Wenger, 1991). Ethnographic studies (e.g. Djordjević, 687 
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2019; Gosselain, 1992; Livingstone Smith, 2001) and what we experienced through our own 688 

experiments have shown that team work and especially the coordination among the different 689 
participants had a crucial role in the success of the firing process.  690 

It is also important to stress that from a mere practical point of view, firing pottery in a bonfire 691 
or a pit requires the participants to closer connect not only on an interpersonal level, but also 692 
with the fire as well as with the smoke (Fowler, 2008; Lawton, 1967). In our experiment, at 693 
least four persons were involved, and the visual and thermal sensations played a significant role 694 
in the overall experience and still forms an important part of the stories we tell of these days. A 695 

kiln firing, on the other hand, is usually a longer process (up to 16 hours), but theoretically can 696 
be run by one individual or multiple individuals working in shifts (Amicone et al., 2019). In 697 
addition, by using a closed structure, a different bodily sensorial experience comes along with 698 
the process. It seems, therefore, only natural that one develops a shallower connection to the 699 
produced objects in contrast to what happens in a pit firing where one should constantly control 700 

the distribution of the pots within the pit and their relation to the fuel. 701 
Considering this, the choice of bonfire or pit firing over closed structures does not necessarily 702 

imply that potters are less technologically advanced or specialised but could be influenced by a 703 
number of intangible factors dictated by the social context of production. 704 
 705 
7 Conclusions 706 

 707 
Through the application of an approach that integrates archaeometry and experimental 708 

archaeology, and by using the case of study of Gradište-Iđjoš as reference, our research provides 709 
a contribution to the understanding of Late Neolithic pyrotechnology in the Balkans from both 710 
a technological and a social point of view.  711 

This approach has been applied to directly experience the pit firing process in order to set 712 
parameters for recording and studying prehistoric firings, that goes beyond the mere estimation 713 

of firing temperatures. Our study is in line with others (e.g. Gosselain, 1992) in its exhibition 714 
that highly variable firing temperatures characterise the firing in traditional installations such 715 
as pits. 716 

This means that vessels fired in the same process or even portions of the same vessel could be 717 
exposed to drastically different temperatures. At the same time, it shows the limitation of 718 

focusing archaeometric investigations only on the estimation of maximum temperatures that 719 

vessels might have been exposed to.  720 
In general, by performing these experiments, we were able to document the entire production 721 
process and associate each step in the firing sequence to experimentally produced ceramics to 722 
form a reference collection suitable for ancient pyrotechnological studies. We also provide a 723 
preliminary framework of data that can be expanded upon in future investigations and can be 724 

used in other projects. 725 
Most importantly, our study emphasises that the knowledge, the experience, and the social 726 
context in which people are operating must all be considered as aspects influencing their choice 727 
for one firing procedure over another. As a note of caution, the results discussed above did not 728 
allow us to draw a direct and univocal relationship between firing procedures and firing 729 

structures that were applied to produce ceramics at Gradište-Iđjoš. Nevertheless, they perhaps 730 
inform us about one of the likely firing procedures applied in the past and give us a set of 731 

information that, once discussed in the view of the social context of production, could give 732 
more nuanced insights into pyrotechnological and cultural choices of the Late Neolithic 733 
communities.  734 
 735 
 736 
 737 
 738 
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Figure and table captions 1009 
 1010 

Figure 1: Distribution of the Vinča culture (shaded) and the location of sites that have been the 1011 
object of pyrotechnological investigations (Map by Lars Heinze and Silvia Amicone). 1012 
 1013 

Figure 2: Geological Map of the North Banat area (based on the Yugoslavia Geological Map 1014 
issued by the Federal Geological Institute. Sheet L34-77: 100 000). Site locations are indicated 1015 

by blue dots. Points 1 and 2 indicate clay sampling locations (Map by Enrico Croce and Silvia 1016 
Amicone). 1017 
 1018 

Figure 3: Thin section photomicrographs of selected ceramic from Gradište-Iđjoš: a) Fabric 1 1019 
(ID 14), XP; c) Fabric 2 (ID 21), XP; e) Fabric 3 (ID 24), XP. Field of view=4 mm a; 8 mm b 1020 

and c. 1021 

Vitrification microstructure of selected pottery sherds from Gradište-Iđjoš, as seen in the SEM 1022 
under secondary electron imaging: b) ID 14; d) ID 21; f) ID 26. See Table 2 for interpretation 1023 
of vitrification stage and firing temperatures.  1024 
 1025 
Figure 4: X-ray diffractograms of the separated clay fraction from Mokrin in natural condition, 1026 

glycolised, and fired at 500°C. Mineral abbreviations: Chl=chlorite; Ill=illite; Kao=kaolinite; 1027 
ML: mixed layers montmorillonite-chlorite; Mont=montmorillonite; 00l=hkl indices. 1028 
 1029 
Figure 5: a) X-ray diffractograms of the briquettes fired in controlled conditions at different 1030 
temperatures, compared with the raw material (clay from Mokrin). Mineral abbreviations: 1031 

Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; 1032 
Qtz=quartz. 1033 

Vitrification microstructure of the briquettes: b) L1 (600°C); c) L2 (700°C); d) L3 (800°C); e) 1034 
L4 (900°C). 1035 
Thin section photomicrographs of the low and high fired briquettes: f) L1 (600°C), XP; g) L4 1036 
(900°C), XP. Field of view=8 mm. 1037 
 1038 
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Figure. 6: Experimental pottery firing 2018. a) thermocouples position within the pit; b) graph 1039 

of the temperatures reached during the experiment; c) heating; d–e) firing; f–g) cooling; h) 1040 
recovery of the vessels. 1041 

 1042 
Fig. 7: Experimental pottery firing 2019: a) thermocouples position within the pit; b) graph of 1043 
the temperatures reached during the experiment; c–d) heating; e–g) firing; h) covering the pit 1044 
with sediment for favouring reducing conditions and slow cooling. 1045 
Fig. 8: a) X-ray diffractograms of the clay attached to the thermocouples in the 2018 field 1046 

experiment, compared with the raw material (clay from Mokrin). Mineral abbreviations: 1047 
Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; 1048 
Qtz=quartz.  1049 
Vitrification microstructure of the clay attached to the thermocouples in the 2018 field 1050 
experiment: b) TC2_18 (618°C); c) TC1_18 (651°C); d) TC4_18 (708°C); e) TC3_18 (828°C). 1051 

Thin section photomicrographs of the clay attached to the thermocouples in the 2018 field 1052 
experiment (highest and lowest temperatures): f) TC2_18 (618°C), XP; g) TC3_18 (828°C), 1053 

XP. Field of view=8 mm. 1054 
 1055 
Fig 9: a) X-ray diffractograms of the briquettes fired in the 2018 field experiment, compared 1056 
with the raw material (clay from Mokrin). Mineral abbreviations: Cc=calcite; Chl=chlorite; 1057 

Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; Qtz=quartz. 1058 
Vitrification microstructure of the briquettes fired in the 2018 field experiment: b) 1A (618–1059 

828°C); c) 1B (618–828°C); d) 1S (618–828°C); e) 2A (708–828°C); f) 2B (708–828°C); g) 1060 
2S (708–828°C). 1061 
Thin section photomicrographs of the briquettes fired in the 2018 field experiment (samples 1, 1062 

618–828°C): h) 1A, grog tempered, XP; i) 1B, untempered, XP; j) 1S, organic tempered, XP. 1063 
Field of view=8 mm. 1064 

 1065 
Fig 10: a) X-ray diffractograms of the clay attached to the thermocouples in the 2019 field 1066 
experiment, compared with the raw material (clay from Mokrin). Mineral abbreviations: 1067 

Cc=calcite; Chl=chlorite; Fsp=feldspar; Ill=illite; Msc=muscovite; Mont=montmorillonite; 1068 
Qtz=quartz. 1069 

Vitrification microstructure of the clay attached to the thermocouples in the 2019 field 1070 

experiment: b) TC4_19 (690°C); c) TC3_19 (790°C); d) TC1_19 (797°C); e) TC2_19 (804°C). 1071 
Thin section photomicrographs of the clay attached to the thermocouples in the 2019 field 1072 
experiment (highest and lowest temperatures): f) TC4_19 (690°C), XP; g) TC2_19 (804°C), 1073 
XP. Field of view=8 mm. 1074 
 1075 

Table 1: Summary of the experiments. 1076 
 1077 
Table 2: Summary of the results of the analyses. DB=Dark-burnished pottery. Mineral 1078 
abbreviations: Cc=calcite; Chl=chlorite; Fsp=feldspar; Kao=Kaolinite; Ill=illite; 1079 
Msc=muscovite; Mont=montmorillonite; MT=Mixed layers; Qtz=quartz. SEM analysis 1080 

(NV=no vitrification, NV+= intermediate between NV and IV, IV=initial vitrification, V= 1081 
extensive vitrification), *=estimated maximum temperatures.  1082 
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