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section of the sample of the Kkiln structure. As indicated previously, these fragments are likely a component
of the kiln structure itself. While present throughout the fill; the ceramic fragments increase in both size and
frequency higher up into the kiln’s fill.

7.3.2 “Dung” Features

Primarily at the base of the fill, appearing in thin section 108B, but also reoccurring in small fragments in
higher regions, potentially in 1074, is what may be dung. This component is composed of highly birefrin-
gent dusty clay occurring with fibrous organic fragments along with high density of phytoliths. Of impor-
tant note is the complete absence of dung spherulites within these features. This typic marker of dung
presence is notably absent from all the thin sections, and especially within the “dung” features (see also
below). Previous investigations of dung features have shown that spherulites can be absent due to burning
in excess of 700°C (Amicone, Morandi, & Gur-Arieh, 2020; Canti & Nicosia, 2018). However, this absence is
probably not a product of burning of the dung. At temperatures higher than 500°C, there is clear evidence
for the combustion of organic material (Amicone et al., 2020); furthermore, at temperatures between 600
and 900°C, the siliceous material that forms phytoliths tends to deform due to heat (Bronnimann, Ismail-
Meyer, Rentzel, Piimpin, & Lisa, 2017). Such evidence for heating is not present within the “dung” features
of the present deposit. It is possible that these dung features did not contain any spherulites to begin with
(Canti, 1999), or that they had been removed through diagenetic processes. Calcite within the deposits
appears to be generally composed of secondary pedofeatures; it is possible that during the original deposi-
tions of these dung features, the depositional environment may have been acidic enough to remove the
calcareous dung spherulites. The results of the micro-remains analysis presented in Table 1 show that all
samples had relatively low-medium concentrations of phytoliths (1.62—4.44 million per 1g sediment), and
no calcitic micro-remains (dung spherulites or ash pseudomorphs) were found. As mentioned above, the
absence of dung spherulites does not necessarily mean the absence of dung, yet the relatively low phytolith
concentration suggests that wood may have been the main fuel material used to fire the kiln, with some
dung additions (Gur-Arieh et al., 2014). Finally, within sample 108, there is also evidence for fragments of
bones along with the dung matter.

7.3.3 Slaking Crusts and Other Water Features

Slaking crusts are small fragments of graded bedding occurring from ponded water, such as those that form
on muddy surfaces after rain. The fragments are normally evidence that there was a surface somewhat

Table 1: Results of the micro-remains analysis

Sample nr. Phytolithsin1g burnt £30% Pseudomorphs in1g +30% Spherulitesin1g +30%
sediment (10%) error burnt sediment error burnt sediment error
107.3 4.44 1.33 - - - -
107.5 2.07 0.50 - - - -
107.8 212 0.52 - - - -
107.12 3.30 1.27 - - - -
108.2 1.16 0.35 - - - -
108.4 117 0.35 - - - -
108.6 2.02 1.01 - - - -
108.8 2.05 0.49 - - - -
108.10 4.02 1.09 - - - -
108.12 2.03 0.49 - - - -
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present at the elevation the crusts appear on (Deak, Gebhardt, Lewis, Usai, & Lee, 2017). While they can be
moved around and redeposited, there is no evidence that this is the case here. Rather, the crusts here are
found lying horizontally. The presence of slaking crusts only occurs with thin sections 108A and 107B. Other
evidence for the influence of water on the deposits includes the presence of “dusty” clay coatings, which
likely formed as a result of water percolation through the deposits (Figure 10, right). Furthermore, the
presence of secondary micritic calcite as hypocoatings around voids (Figure 10, left; Deak et al., 2017; Miller
& Goldberg, 2009) indicates that water had an effect on the post-depositional formation of the deposits.

7.3.4 Discussion

The petrographic analysis showed that the kiln object of this study was made using a locally available clay
minimally processed and tempered with organic materials that surely contributed to make the structure
lighter and better insulated. The XRPD analysis conducted on the kiln surfaces exposed to heat has shown
that the kiln was used at low temperatures, not exceeding 900°C. Mineralogical differences found within
the structure could reflect a differentiated distribution of heat within the kiln (Gosselain, 1992; Livingstone
Smith, 2001). Tite and Maniantis previously suggested a firing temperature range between 850 and 1,050°C
for Chalcolithic kilns, based on the degree of vitrification observed on pottery sherds coming from the sixth
millennium BC sites in central Mesopotamia, namely Choga Mami, Samarra, and Arpachiyah (Moorey,
1994, p. 150; Tite & Maniatis, 1975). Our results suggest that firing temperatures toward the lower end of
Tite and Maniatis’ range may have been more likely for Chalcolithic kilns structurally similar to that
analyzed in this article. Concerning the firing temperature, both fuel and fuel management are clearly
important aspects to be taken into account. Our analyses have shown the possible presence of dung
features, despite the absence of dung spherulites. We suggest that, in our kiln, a mixture of dung and
wood, the latter being more dominant, could have been used as a fuel. Dung could have helped reduce the
loss of heat as it has the characteristic of burning very quickly; it could be used on top to create a layer of
ash that would work as an insulator (Henderson, 2000, p. 141). Moreover, as sample 108 has also yielded
evidence for fragments of bones, it is possible that bone fragments may have been used as a flux to stabilize
the firing atmosphere (Moorey, 1994, p. 144). Micromorphological identification of dung features and bone
are in the context of post-abandonment fill, while associated with the kiln another explanation for their
presence could be through secondary discard or non-anthropogenic accumulation.

The results from the micromorphological analysis tend to agree with the overall interpretation that the
fill within the Kkiln is a product of the abandonment of the kiln itself. The lower fill deposits (investigated
through sample 108) do not show evidence for combustion — there is no clear evidence for ash and the
potential dung features identified within this deposit do not show evidence of having been burned. It is
likely that, after the abandonment of the kiln, there was a period where it was left open to environmental or
anthropogenic debris being littered into the kiln’s lower chamber. The slaking crusts occurring in thin
sections 108A and 107C indicate that after abandonment the kiln fill was left exposed for a period of time
allowing for water to pond on the deposit and percolate through it. As mentioned above, as we move higher
up into the fill, the microstructure changes and there is an increase in the frequency of construction
components being fragmented into the deposit. It seems that for a period of time after abandonment, the
kiln’s structure remained stable, so that the fill deposition was the product of the degradation of gravel
sized or smaller structural fragments, along with sedimentary and organic components coming from out-
side the kiln. After the occurrence of the slaking crusts, the kiln’s degradation seemed to have increased
with larger structural fragments tumbling in. Whether this was intentionally driven by people or just a
factor in the natural degrading of the kiln structure is hard to tell. A long period of abandonment for the
kiln, as suggested by microstratigraphic analysis, is also supported by the overall understanding of the site,
as no structural evidence has been found so far in the excavation areas indicating intermediate occupations
between the Chalcolithic features and the Iron Age buildings of the Dinka Settlement Complex (Radner
et al., 2019).



868 =—— Andrea Squitieri et al. DE GRUYTER

ey

Figure 10: Photomicrographs. (a) PPL and (b) XPL showing the dung features identified in thin section 108B. White arrows
identify the rolled-up structure of fibrous organics within a highly birefringent fine material. (c and d) White arrows show
phytolith-microscopic silica casts formed inside of plant matter. Black arrows indicate black organic matter. Together, images
(a)-(d) show the organic-derived components of the deposit indicating some biogenic origin to the fill. (e and f) White arrows
indicate slacking, shallow deposits of ponded sediment with graded bedding. Black arrows indicate “dusty” coatings of void
structures that are formed through the percolation of water after the deposition of the deposit. White arrows indicate “dusty”
coatings surrounding voids (g) and ceramic fragments (h). Black arrows indicate a void that has been infilled by the same water
percolation forming the “dusty” coatings. Images (e)—(h) show that water had a clear influence on the groundmass. Prepared
by Ada Dinckal.
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8 Conclusions

This article has combined results from excavations, micromorphological and micro-remains analyses, as
well as ceramic petrography and X-ray diffraction to gain insights into the use and abandonment processes
of a late sixth millennium BC pottery Kkiln in the region of Iraqgi Kurdistan. Until now, the region has been
relatively underexplored for what concerns sites dating to the Chalcolithic. The multi-method approach
proposed in this work has been seldomly applied to the study of Chalcolithic pottery kilns in the Near East;
however, this article has shown its efficacy in providing a wealth of data concerning the kiln’s firing
temperature, the types of fuel possibly used, and enlightening the kiln’s abandonment process. The results
are novel for the region and provide demonstration on the efficacy of the techniques presented. Such a
multi-method approach has provided details into the pyrotechnology of the time by looking at the entire
kiln’s life cycle, from use to abandonment, and has offered results that the study of pottery sherds and
excavation stratigraphy alone could not have revealed. Future work can build from the results presented by
further exploring other regionally located kilns in the Peshdar and Rania plains and by looking at kilns
across different periods such as in the Iron Age. This could allow a better understanding of how kilns
evolved in this region and how such technologies linked to the broader Near East pyrotechnologies.
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