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The existence of relationships between Southern Caucasus and Northern Mesopotamian communities was inferred since the 1960's. Since 2008, international archaeological teams have focused on the Southern Caucasus in order to verify these hypotheses and understand the "neolithisation process" on the periphery of the Near East. Here I will focus on the evolution of cob and mud-brick. An evolution of these earthen material techniques during the sixth millennium BCE is proposed by means of a re-examination of stratigraphic contexts, bibliographical data and also by recent discoveries in these regions. The spread of cob could be traced across Northern Mesopotamia since the end of the seventh millennium BCE, and then towards Eastern Anatolia and Southern Caucasus during the sixth millennium BCE. Simultaneously, the molded plano-convex mud-brick appeared in the Shulaveri-Shomu culture in the sixth millennium BCE. This special technique seems to be a local and independent innovation, according to other architectural characteristics.

Introduction

At the end of the seventh millennium BCE, the syro-mesopotamian were in an advanced stage of the Neolithic "way of life" and three main cultural horizons can be identified in this period. The first is the Hassuna culture that appeared at the middle of the seventh millennium BCE in Iraqi Jezirah. Proto-Hassuna sites have been identified in the Upper Khabur (Le Mière 2000), but no proper "Hassuna" sites have been discovered, while Hassuna-Samarra sites are attested in Upper Tigris at Hakemi Use [START_REF] Tekin | Hakemi Use: A Newly Discovered Late Neolithic Site in Southeastern Anatolia[END_REF], and lasted until the end of the seventh millennium BCE. The second is the Samarra culture (6300-5800 cal. BCE), which is known in Eastern Jezirah and Central Mesopotamia. Based on ceramic data, research shows that Samarra represents a geographical extension of Hassuna in the Jezirah (Forest, 1996, p. 36;Hole, 1977, p. 12). This expansion could be explained by a movement of the Hassuna population to the south, in Central Mesopotamia, result of a demographic pressure applied by the arrival of the Halaf communities (Sauvage, 2001, pp. 426). This opinion must be qualified (Butterlin, 2018, p. 107) because of the unreliability of the stratigraphic contexts, especially for the Zagros foothills as at Choga Sefid (Oates, 1987, p. 166).

The third is the Halaf culture that spread over a large area stretching from Cilicia to the east, as far as the Zagros foothills and occupying essentially all the High Jezirah. Some archaeologists suggested that Halafian communities originated from the mountains located between the Van Lake and the north Iraqi steppe [START_REF] Mallowan | The Excavations at Tell Chagar Bazar[END_REF][START_REF] Mallowan | Excavations at Tall Arpachiyah[END_REF][START_REF] Mellaart | Excavations at Hacilar[END_REF]. However, other archaeologists trace the birth of Halaf around 5600 cal. BCE in High Jezirah, in the Balikh and Khabur region. Two main assumptions contrast about Halaf´s origin and development: 1) the appearance of Halaf populations from Van Lake and Eastern Jezirah areas; 2) a local origin replacing previous cultures (Proto-Halaf, Proto-Hassuna, Hassuna, Samarra). Recent research [START_REF] Campbell | Rethinking Halaf Chronologies[END_REF] enabled to place the beginning of Halaf at the end of the seventh millennium BCE (Molist et al., 2007, p. 4;Akkermans et al., 2014, p. 30). But the origin of this culture still remains controversial [START_REF] Akkermans | Late Neolithic Architectural Renewal: The Emergence of Round Houses in the Northern Levant, c. 6500-6000 BC[END_REF][START_REF] Akkermans | Old and New Perspectives on the Origins of the Halaf Culture[END_REF]Breniquet, 1996, pp. 63-64) just as its disappearance at the end of the sixth millennium BCE.

Outside of Mesopotamia, the Hajji Firuz culture, that developed in Northern Zagros, close to the Urmiah Lake, is still poorly known and it is mainly documented by the eponymous site dated around 6300-5600 cal. BCE (Lawn, 1974, p. 222;Stuckenrath, 1963, p.90).

On the other hand, the first studies on the sedentary communities of the sixth millennium BCE in the Southern Caucasus began in the middle of the XXth century. Excavations were carried out almost simultaneously in the Middle Kura Valley, Azerbaijan, and in the Kvemo-Kartli Plain, Georgia, where archaeologists identified a unique culture, so-called Shomu-Shulaveri or Shulaveri-Shomu [START_REF] Dzhavakhishvili | Otchet Kvemo-Kartlijskoj arkheologicheskoj ekspeditsii (1965-1971 gg[END_REF][START_REF] Kiguradze | Neolithische Siedlungen von Kvemo-Kartili, Georgien[END_REF][START_REF] Kushnareva | The Southern Caucasus in Prehistory: Stages of Cultural and Socioeconomic Development from the Eighth to the Second Millennium BC[END_REF][START_REF] Narimanov | Arkheologischeskie issledovanija poselenija Shomu Tepe v 1963 G. [The archeological investigations of Shomu Tepe settlement in 1963[END_REF][START_REF] Narimanov | Kul'tura Drevneyshego Zemledel'chesko-Skotovocheskogo Naseleniya Azerbadzhana, Epokho Eneolita VI-IV tys[END_REF]. At the same time, excavations were undertaken in the Ararat Plain, on the Araxes Valley, which revealed the archaeological remains of a contemporary occupation to the south of the Lesser Caucasus, a regional variant of Shulaveri-Shomu [START_REF] Kiguradze | Aghmosavlet Amierkavkasiis Adresamitsatmokmedo Lulturis Periodiatsia[END_REF][START_REF] Badalyan | Aknashen -The Late Neolithic Settlement of the Ararat Valley: Main Results and Prospects for the Research[END_REF].

Previously, other research had been undertaken at Kültepe, Nakhichevan [START_REF] Abibullaev | Eneolit i Bronza Na Territorii Nakhichevanskoj ASSR [Eneolithic and Bronze Age in the Territory of Nakhichevan ASSR[END_REF][START_REF] Abibullaev | Arkheeologicheskie Rakopki v Kyultepe [Archaeological Excavations at Kültepe[END_REF], where the discovery of Halaf ceramics has enabled archaeologists to hypothesise relationships with contemporary cultures in Mesopotamia [START_REF] Abibullaev | Arkheeologicheskie Rakopki v Kyultepe [Archaeological Excavations at Kültepe[END_REF][START_REF] Narimanov | Kul'tura Drevneyshego Zemledel'chesko-Skotovocheskogo Naseleniya Azerbadzhana, Epokho Eneolita VI-IV tys[END_REF].

From the second half of the XXth century, the issues focused on the origin of Shulaveri-Shomu and especially on the neolithisation process in the region and three main hypotheses were made: a)-A "colonization" by communities from Mesopotamia [START_REF] Munchaev | Kavkazna Zare Bronzovogo Veke [The Caucasus at the Dawn of the Bronze Age[END_REF]; b)-Relationships and exchanges between syro-mesopotamian communities (Hassuna, Samarra, Halaf) and those of Southern Caucasus [START_REF] Kiguradze | Neolithische Siedlungen von Kvemo-Kartili, Georgien[END_REF][START_REF] Kushnareva | The Southern Caucasus in Prehistory: Stages of Cultural and Socioeconomic Development from the Eighth to the Second Millennium BC[END_REF]; c)-An independent and local development [START_REF] Lisitsyna | Paleoetnobotanicheskie Nakhodki Kavkaa i Blizhnego Vostoka [Paleobotanical Data from the Caucasus and the Near East[END_REF][START_REF] Niebieridze | Arkheologischeskie Issledovanija v Tverdzhol'skom Rajone [The Archaeological Investigations in the Tverdzhol Province[END_REF].

The resumption of research since 2008 in the Middle Kura Valley, at Mentesh Tepe [START_REF] Lyonnet | Recent Research on the Chalcolithic Period in Western Azerbaijan[END_REF][START_REF] Lyonnet | Mentesh Tepe, an Early Settlement of the Shomu-Shulaveri Culture in Azerbaijan[END_REF][START_REF] Lyonnet | Mentesh Tepe (Azerbaijan), a Preliminary Report on the 2012-2014 Excavations[END_REF][START_REF] Lyonnet | Recent Research on the Chalcolithic Period in Western Azerbaijan[END_REF], Göy Tepe [START_REF] Guliyev | Göytepe Neolit Yaşayiş Yerinde Arkeoloji Qazintilar (Tovuz Rayonu)[END_REF](Guliyev et al., , 2012[START_REF] Guliyev | Excavations at the Neolithic Settlement of Göytepe, West Azerbajan 2010-2011[END_REF]Nishiaki et al., 2015a), Haci Elamxanlı Tepe (Nishiaki et al., 2015b) and Kiçik Tepe, in the Kvemo-Kartli Plain, at Aruchlo [START_REF] Hansen | Aruchlo 2005-2006 Bericht Über Die Ausgrabungen in Einem Neolithischen Siedlungshügel[END_REF][START_REF] Hansen | Aruchlo 2007 Bericht Über Die Ausgrabungen in Einem Neolithischen Siedlungsügel[END_REF][START_REF] Hansen | Ancient Kura 2010-2011: The First Two Seasons of Joint Field Work in the Southern Caucasus[END_REF] and Gadachrili Gora [START_REF] Hamon | Gadachrili Gora: A New Neolithic Excavation within the Shulaveri Group (Chramis Valley, Georgia)[END_REF] and in the Ararat Plain, at Aratashen [START_REF] Arimura | Current Neolithic Research in Armenia[END_REF][START_REF] Badalyan | New Data on the Late Prehistory of the Southern Caucasus. The Excavations at Aratashen (Armenia): Preliminary Report[END_REF], Akhnashen-Katunarkh [START_REF] Badalyan | Aknashen -The Late Neolithic Settlement of the Ararat Valley: Main Results and Prospects for the Research[END_REF][START_REF] Badalyan | New Data on the Late Prehistory of the Southern Caucasus. The Excavations at Aratashen (Armenia): Preliminary Report[END_REF] and Masis Blur [START_REF] Martyrosyan-Olshansky | Masis Blur: A Late Neolithic Settlement in the Plain of Ararat, Armenia[END_REF], has set as an objective questioning these assumptions.

Simultaneously, the identification of contemporary sites in the Mil Plain has enabled to identify another cultural horizon, known as the Kamiltepe culture [START_REF] Lyonnet | Recent Research on the Chalcolithic Period in Western Azerbaijan[END_REF]. In spite of the regional variants, it is customary to define a unique Neolithic culture, that of Shulaveri-Shomu. However, even if these communities homogeneously adopted a sedentary way of life based on agriculture and animal herding [START_REF] Benecke | Exploitation of Animal Resources in Neolithic Settlements of the Kura Region (South Caucasia)[END_REF] from the beginning of the sixth millennium BCE, one of the main regionalised traits of these communities is represented by architecture.

Technological differences conduct us to distinguish four "cultural" entities: Shulaveri-Shomu, in the Kvemo-Kartli Plain, the Middle Kura Valley and the Karabagh Plain; Aratashen, in the Ararat Plain; Kültepe, in the Nakhichevan; and Kamiltepe, in the Mil Plain.

The purpose of this article is to define exchanges of know-how and techniques between communities of the Syro-Mesopotamian Basin and Southern Caucasus throughout the sixth millennium BCE. I will focus on the development of sun-dried mud-brick and cob. We posit two main hypotheses: technical transfer or autonomous inventions [START_REF] Leroi-Gourhan | Evolution et techniques[END_REF]). We will see whether it is conceivable and relevant to define a "center" and a "periphery" or rather propose more diffuse relationships between the communities of these regions (Breniquet, 2016, p. 208;[START_REF] Lombard | Le Néolithique et le Chalcolithique en Transcaucasie: l'exemple des bassins de la Kura et de l'Araxe[END_REF]. This study is based on the examination of 56 sites and more than 200 instances of mudbrick or cob inventoried and individually numbered in table 1 (inserted at the end of the chapter), intending to keep these records as objective as possible due to the ambiguity and variety of terms used in earthen architecture [START_REF] Aurenche | Essai de classification des modalités de mise en oeuvre de la terre crue en parois verticales et de leur nomenclature[END_REF].

Methodology, chaîne opératoire, identification

The study of building materials provides a better understanding of the mechanisms associated with technological changes and emphasises the choices made by certain populations, thus making it possible to identify "cultural" entities (Sauvage, 2001, p. 428). Over the last three decades, specialized studies have clarified the archaeological study of mud-brick, pisé or rammed earth, and cob [START_REF] Aurenche | Essai de classification des modalités de mise en oeuvre de la terre crue en parois verticales et de leur nomenclature[END_REF]Chazelles et al., 2003[START_REF] Aurenche | Essai de classification des modalités de mise en oeuvre de la terre crue en parois verticales et de leur nomenclature[END_REF]Guillaud et al., 2007;[START_REF] Roux | Les techniques constructives en bauge dans l'architecture protohistorique de Latarra (milieu du Ve -milieu du IVe s. av. n. è.)[END_REF]; each represents a different type of earthen construction, featuring different chaînes opératoires. 

"Terre massive": pisé vs cob

The notion "terre massive" (stacked mud) has been introduced by C.A. de Chazelles indicating an building technique which consists of setting the earth directly where the wall is planned to stand. The two main techniques are cob and pisé. In pisé, earth is compacted in a wooden formwork with a rammer (Doat et al., 1979, p. 13-92). This technique is not attested historically before the Roman period (Aurenche et al., 2011, p. 22;Chazelles, 1997, p. 95).

Like pisé, cob is shaped directly on the location of the wall. As it's made of mud, a drying time is necessary between each layer, in order to avoid any defect. J.C. Roux and C. Cammas (2010, pp. 222-23) identify five implementation techniques. Two of them seem to be used frequently in Near Eastern and Southern Caucasus: cob in lumps and in layers. In the Near Eastern, the earliest instances are from the ninth millennium BCE and appear simultaneously in the Levant, at Gilgal [START_REF] Noy | Ten Years of Research in the Area of Gilgal, Lower Jordan Valley[END_REF][START_REF] Noy | Gilgal I, a Pre-Pottery Neolithic A Site in the Lower Jordan Valley[END_REF], in Eastern Jezirah, at Nemrik 9 (Kozlowski et al.,1990, p. 352), in the Zagros foothills, at Tepe Guran (Melgaard et al., 1963, p. 110) and in the Middle Euphrates and Mureybet [START_REF] Aurenche | Dictionnaire illustré multilingue de l'architecture du Proche-Orient ancien[END_REF].

Prefabricated components (mud-bricks)

Unlike stacked mud, prefabricated components are made in series and in advance. After drying, they are bonded with mortar in superimposed courses to make the wall; this technique is much faster than cob. Mud-bricks can be shaped by hands or made in a wooden mold. This second technique allows to standardize both shape and size of the mud-bricks and to increase the production rate (Aurenche, 1981, p. 66). It should be noted that duly documented examples of molded mud-bricks are rare and it is often only in terms of the regularity of the modules and the length/width ratio that it can be deduced that they are mold-made (Baudouin, sous presse).

For the molded mud-bricks, a thorough dismantling of the wall during the excavation enables to observe two features of the chaîne opératoire: 1) the removal of the excess of mud by scraping leaves circular or longitudinal marks on the surface (Baudouin, 2017: pp. 11-12, 159-160); 2) the removal of the mold leaves often a tiny ridge clearly visible at the top edges of the mud-bricks (Aurenche 1981, p. 18, 64;Baudouin 2017, pp.159-160, fig. 13).

At the current state of knowledge, the first mud-bricks shaped by hand appear in different places in the Near East at the beginning of the ninth millennium BCE (Aurenche, 1993, p. 84;Sauvage, 1998, p. 192). Their shapes are diversified: plano-convex at Nemrik 9 (Kozlowski, 1989, p. 27;Kozlowski et al., 1990, p. 11, pl.1, 355) or also cigar-shaped at Jericho (Kenyon, 1957, pl. 11B, 33A) and Choga Bonut (Kantor, 1978, p. 191, pl. IIa). On the other hand, the first molded mud-bricks appeared in the second half of the eighth millennium BCE in the Middle Euphrates Valley at Cafer Hüyük (Aurenche et al., 1985, pp. 13-15), at Gritille (Aurenche, et al., 1988, p. 5), at El-Kowm 2 (Stordeur, 2000, pp. 37-38), at Qdeir (Contenson, 1985, pp. 338, 340) and at Tell Halula (Molist et al., 2014, p. 108).

Results

Mesopotamian and Northern Zagros communities

Cob

In Jezirah, at Telul eth-Thalathat n°197 (Proto-Hassuna, level XV), Japanese scholars identified elongated and irregular lumps, piled up without mortar (Fukai et al., 1970, pp. 7, 22) My recent study1 of the photographic archives of this level shows the regularity of courses (around 8-9cm) for some walls and the irregularity of lumps on each course. At Tell Hassuna n°87 (Hassuna, levels I-II), "lumps of mud of various size" (Lloyd et al., 1945, p. 273) are arranged in a wet state on the location of the wall. After drying, both sides of the wall were smoothed to homogenize the surface. At Tell Sabi Abyad n°124,126, lumps seem used from level 8 (Op. I, Pre-Halaf, 6125-6075 cal. BCE), excavators recognized "layers of slabs" (Akkermans et al., 2014, p. 36), as at Tell Arpachiyah n°7 (Halaf, 6400-5400 BCE) where it is used for the construction of tholoi (Mallowan et al., 1935, p. 25). Layers of cob are attested at Tell Sabi Abyad n°132-133 (Op. I, Early Halaf, level 6) and namely a wall made of different layers of mud with different colours and textures; this technique continues at least up to level 3B, where excavators describe a similar alternation of layers (Verhoeven et al., 1996, pp. 44, 94). At Yarim Tepe II (Halaf IA, level VI), the wall of tholos 41 n°201 consists of "clay layers", joined with a yellowish mortar (Merpert et al., 1976, p. 45), close to the technique used for the circular buildings 44A and 44B n°202 (Merpert et al., 1977, p. 89). In the Northern Zagros, at Hajji Firuz n°76-80 (Hajji Firuz, levels J to A2), earthen beds are arranged in successive layers along the entire length of the wall (Voigt, 1983, p. 33). This technique seems to persist in the region during the Dalma period where layers of cob have been identified at Dalma Tepe n°52 in levels 5-4 (Hamlin 1975: 113). Nevertheless, many architectural features remain unspecified. At Tell Sabi Abyad n°125,128 (Op. I, Pre-Halaf, level 7B), the architectural elements appear as homogeneous "mud blocks", maybe similar to the "slabs" described in levels 8 and 7B (Akkermans et al., 2014, pp. 37, 45, 52). At Mattarah n°109 (Hassuna, levels I-II), the walls are reported as packed mud (tauf), without additional precisions (Braidwood et al., 1952, p. 6). At Tell Boueid II n°39 (Proto-Hassuna/Pre-Halaf), at Tell Arpachiyah n°8 (Halaf II, TT7 to TT10), at Tilki Tepe n°198 (Halaf II), at Salat Cami Yani n°141 (level 2) and at Hakemi Use n°89 (Hassuna or Samarra, level III) buildings are made of cob, though incorrectly called pisé by the authors (Suleiman et al., 2002, p. 6;Mallowan et al., 1935, p. 25;Chataigner, 1995, p. 59;Tekin, 2011, p. 152-53;Miyake, 2011, p. 131), or called tauf, as at Fıstıklı Höyükn°53 (Halaf I, level II) and at Tell Hassan n°92 (Halaf II) (Bernbeck et al., 2003, p. 164;Jasim 1985, p. 164). At Tell Turlu n°199 (Halaf), a similar material may be used though no precisions are available (Breniquet, 1987, p. 113). Finally, data at Tell Sungur n°189-194 shows the use of cob in Halaf-Ubaid Transitional (HUT) and in Ubaid 2-3. At Tell Sungur B (HUT, levels I to III), the walls of buildings B1 and B2 are built with "tauf" (Fuji, 1981, pp. 184, 190), just like at Tell Sungur C (Ubaid 2-3, level I) (Fuji, 1981, pp. 188, 190, 191;Jasim, 1985, p. 156).

In addition, the recent recovery of the archives of the sites of Telul eth-Thalathat and of Tell Kashkashok shows that cob initially identified by the excavators in the Proto-Hassuna levels has to be questioned. Indeed, at Telul eth-Thalathat, some walls of level XVb (squares NVIII-NIX) seem built with mud-bricks, the courses being apparently regular (around 8-10cm) with some modules being visible, as well as the mortar between these bricks and the interior plaster still preserved.

At Tell Kashkashok (level 3, square G7), walls preserved on at least one course seem made of mudbricks (possibly 30x25cm) and not in tauf (Matsutani, 1991, pp. 11, 13) (fig. 5 c-d, fig. 6). 

Mud-bricks

Around 6000 BCE, in Eastern Anatolia, at Hakemi Use n°90-91 (Hassuna or Samarra, period III), the size of mud-bricks is not standardized (Tekin, 2011: 152), their length/width ratio varying between 1 and 2:1 Between 6400 and 5800 BCE, in Western Jezirah, hand-shaped mud-bricks and cob are used concurrently at Tell Sabi Abyad (see above). During the Pre-Halaf phase n°129-131 (level 7), the mudbricks used in buildings 7.5 (Akkermans et al., 2014, p. 57) and 7.11 (Akkermans et al., 2014, p. 61) are close to square (ratio: 0.9-1.4:1). This type of mud-brick is used until level 3B n°137-140 where it becomes smaller as in tholos I (Verhoeven et al., 1996, p. 96) and tholos N/AE (Verhoeven et al., 1996, p. 97). Within a century (between 6020 and 5905 cal. BCE), there is a gradual decrease in the size while the length/width ratio is constant.

At Tell Boueid II n°40 (Proto-Hassuna or Pre-Halaf), rectangular mud-bricks are used occasionally and are not standardized (Suleiman et al., 2002, p. 6). At Yarim Tepe I n°200 (Halaf), the large size of the elongated "mud-bricks", 90x15x6cm (Munchaev et al., 1973, p. 6), suggest that it is rather cob.

In Eastern Jezirah, at Tell Arpachiyah n°9-12 (Halaf II, levels TT4-5), the mud-bricks are irregular (Mallowan et al., 1935, p. 16) and the production is divided into two categories (Aurenche, 1981, tab. 6): large and almost square mud-bricks, with a ratio around 1:1, representatives of Halaf (Tell Sabi Abyad), and smaller mud-bricks, with a ratio around 2:1, conforming to the standardized molded mud-bricks of the same period.

In Central Mesopotamia, while the use of molded mud-bricks is becoming widespread in Samarra (5800-5400 cal. BCE), some mud-bricks are still shaped by hand: at Tell es-Sawwan n°151-152 (PN(?), level II), the length varying between 60 and 100cm, for a ratio between 1.8 and 3.3:1 (Wahida, 1967, p. 172). The weight of these bricks is estimated around 47kg for the largest ones. Such bricks, difficult to transport (Wahida, 1967, p. 172), may have been misidentified during the excavation according to J.D. Forest who identified half-bricks (Forest, 1983, p. 13).

In the Hamrin Basin, mud-bricks at Choga Mami n°45-46 (Late Samarra, level III), are elongated (ratio: 3,3 to 7,5:1) and cigar-shaped like in the Halaf levels (level II), with fingerprints visible on the upper side (Oates, 1969, pp. 116, 117) and at Tell Sungur A n°187-188 during Late Samarra (Matsumoto,1987, p. 189;1984, p. 37). In the Zagros foothills, similar mud-bricks with fingerprints are produced at Choga Mish n°47-48 during Archaic Susiana 3 (Delougaz et al., 1972, p. 93) and at Choga Sefid n°49-51 (CMT) where the length reaches 160 to 260cm (Hole, 1977, p. 78). The maximum ratio of 1:7.3 by far exceeds the usual data, for an estimated weight of 93.6kg: such prefabricated elements are inconceivable to achieve because they would be difficult to transport without the risk of breaking the elements; it is more reasonable to interpret these "bricks" as cob (Aurenche, 1981, p.195-199, but for an opposite argument, see Butterlin, 2018, p. 124.). [START_REF] Akkermans | Excavations at Late Neolithic Tell Sabi Abyad, Syria: The 1994-1999 Field Seasons[END_REF](after Baudouin et al., 2018, p. 66, fig. 16).

The molded mud-bricks are attested before the middle of the seventh millennium BCE, in South-Eastern Anatolia, at Akarçay Tepe n°1-2 (Pottery Neolithic Phase, level F), where the excavators identified two different sizes with a ratio of 1.3 and 1.6:1 (Özbaşaran et al., 2011, p. 173).

After this period, in Northern Zagros, at Hajji Firuz n°81-88 (levels A to G), M. Voigt (1983, p. 19) identified molded mud-bricks based on the steady of size and the regular shape close to square. In the Jezirah, at Chagar Bazar n°44 (Proto-Halaf, phase 10), the mud-bricks used for circular buildings are shaped by hands or molded (Cruells et al., 2013, p. 471). At Yarim Tepe II n°203 (Halaf II, level VI), the wall of tholos 37 is made with molded mud-bricks without, however, more precise information on their identification (Breniquet, 1996, p. 84). At Tepe Gawra n°69 (Halaf, level XX), the regularity of size suggests that they are molded (Tobler, 1950, p. 48).

In Central Mesopotamia, at Tell Baghouz n°36-38 (Late Samarra), R. Du Mesnil du Buisson (1948, p. 15; pl. XV-3) distinguished three different size and photographs enable to suppose that they are molded. At Tell es-Sawwan n°142-150, 153-164 (PN(?)/levels I-II), large oblong and molded mud-bricks (El-Wailly et al., 1965, p. 21) are produced with a ratio between 2 and 3:1, while in level IV (Samarra) n°165-166, the molded mud-bricks tend towards a ratio of 2:1 (Breniquet, 1992, p. 9;El-Wailly et al., 1965, p. 21). The mud-bricks at Tell es-Sawwan are considered by default as molded (Sauvage, 1998, pp. 101,214). However, the weight of some bricks, reaching around 40kg, makes them difficult both to make and transport.

Southern Caucasus communities

Cob

In Southern Caucasus, recent discoveries record the use of lumps (figs. 4 and 11) in the Kvemo-Kartli (Georgia) and in the Ararat (Armenia) plains. At Gadachrili Gora n°54 (Shulaveri-Shomu, horizon II), wall 217 is built with lumps (fig. 12) [START_REF] Baudouin | Architectural Techniques and Cultural Relationships between the Caucasus and Mesopotamia at the Beginning of the Sixth Millennium B.C[END_REF]Hamon et al., 2016, p. 165, fig. 23), like in walls 139 and 164 (Hamon et al., 2016, p. 164) and at Masis Blur n°113 (Aratashen, level I) (Hayrapetyan et al., 2014, p. 180).

In the Ararat Plain, layers of cob seem used at Aknashen-Katunarkh (Aratashen, level IV) for wall T5W4 where strips of yellow clay divided horizontally by strips of darker clay have been identified (C. Chataigner, personal communication). At Masis Blur n°114 (Aratashen, level I), wall S011 is made with "straight row of alternating dark and light clay rectangles" (Hayrapetyan et al., 2014, p. 180).

Several occurrences of cob could not be defined in detail. In the Kvemo-Kartli Plain, at Aruchlon°13-14 (Shulaveri-Shomu, level I), cob, which is there called pisé (Chataigner, 1995, p. 59;Kushnareva et al., 1970, p. 22), has been used for buildings 4 to 9. At Shulaveris Gora n°188 (Shulaveri-Shomu), A. Sagona (1993, p. 456) described this technique as "wattle-and-daub", while the excavators as pisé ( Dzhavakhishvili et al., 1975, p. 203). In these two cases, stacked mud and plano-convex mud-bricks are used simultaneously (see below). In Nakhichevan, at Kültepe n°112 (Kültepe), Abibullaev (1963, p. 157-58) mentioned pisé, without specifics.

Mud-bricks

In Southern Caucasus, two morphological types of sun-dried mud-bricks have been identified: plano-convex mud-bricks, flat on the inside and curved on the outside, characteristic of Shulaveri-Shomu in the Kura Valley, and elongated and flat mud-bricks, characteristic of Aratashen in the Araxes Valley (Chataigner, 1995, p. 64) but also used in the Middle Kura Valley and the Kvemo-Kartli Plain. The publications usually describe the shape without specifying the manufacturing technique. C. Chataigner is the only one to identify plano-convex bricks as mud-bricks shaped by hands, similar to the curved bricks produced during the PPNA (9500-8700 BCE) in the Near East (Chataigner, 1995, p. 57).

Plano-convex mud-bricks seem to be used from the beginning of the sixth millennium BCE in Shulaveri-Shomu. At Shomu Tepe n°167-175 (Narimanov, 1987, p. 86), they have a length/width ratio always between 2:1 and 3:1, and two sizes: small and large (figs. 7 and 8). At Mentesh Tepe n°118-123 (level I), sizes is relatively homogeneous, with a ratio between 2.7:1 and 3.6:1. While the mud-bricks of structure ST346 are certainly shaped by hands, other could be mold-made (see below). At Göy Tepe n°70-72 (levels 1 to 14), plano-convex mud-bricks in level 13 are replaced by flat mud-bricks in the other levels (Guliyev et al., 2014, p. 5, Y. Nishiaki, personal communication); medium mudbricks have a length of 30 to 40cm, and large mud-bricks are 40-60cm (Guliyev et al., 2009, p. 47;2012, p. 74;2014, p. 5). At Gargalar Tepesi n°61-68, there is a clear decrease in size from levels 1 to 3 (Narimanov, 1992, pp. 20-21).

In the Kvemo-Kartli Plain, at Aruchlo n°15-23, scholars insisted on the irregularity of the size, with length varying between 18 and 50cm (Hansen et al., 2013, p. 390). In addition, the stratigraphic data enable to associate the largest mud-bricks to the oldest levels (Hansen et al., 2017, p. 209, fig. 22;p. 210, fig. 23). At Shulaveris Gora n°176-186 (Dzhavakhishvili, 1973, p. 19), the same irregularity is attested, length varying between 25 and 50cm (Kushnareva et al., 1970, p. 28), but no stratigraphic data enable to assume an evolution of the size. At Gadachrili Gora n°54-60 (level I), mud-bricks of building 2004 are elongated and flat with a ratio of 2:1 [START_REF] Baudouin | Architectural Techniques and Cultural Relationships between the Caucasus and Mesopotamia at the Beginning of the Sixth Millennium B.C[END_REF]. In building 2003, mud-bricks of the peripheral wall have a plano-convex shape, with a ratio of 2:1, and those of the dividing wall are square and flat (Hamon et al., 2016, p. 161-62). At Khramis Didi Gora n°104-111, plano-convex mud-bricks have a ratio between 1.9 and 2.7:1. At Imiris Gora n°88-94, such mud-bricks are of different size (Dzhaparidze et al., 1971, p. 28;Dzhavakhishvili, 1973, p. 48), varying between 32 and 50cm, but the lack of stratigraphic data does not enable to interpret an evolution.

In the Ararat Plain (Aratashen), flat and elongated mud-bricks are attested at Aratashen n°6 in level I (Badalyan et al., 2004, p. 402) and at Akhnashen-Katunarkh n°3-5 where small and large mud-bricks are identified in level VII (Badalyan et al., 2014, p. 165). At Tekhut n°196 (levels II and XII), mudbricks are also flat with a ratio of 1.3:1 (Torosjan, 1976, pp. 23-27).

In the Mil Plain, at Kamiltepe n°101-103 (Kamiltepe, phase Kamiltepe I), if Narimanov (1992, p. 35) identified rectangular mud-bricks, those used for the terrace, shaped by hand, are smaller and square (Helwing et al., 2017, p. 17).

Recent research at Aruchlo [START_REF] Ioseliani | Architecture Debris from the Burnt Layers[END_REF] and Mentesh Tepe [START_REF] Baudouin | Architectural Techniques and Cultural Relationships between the Caucasus and Mesopotamia at the Beginning of the Sixth Millennium B.C[END_REF] confirmed the use of molded plano-convex mud-bricks during the first third of the sixth millennium BCE in Baudouin,in press). At Mentesh Tepe n°110-111, mud-bricks are clearly molded (fig. 13): the edges are perfectly straight and marks of clipping are visible at the top of these mud-bricks (Baudouin, 2018a, p. 150-51;Baudouin et al., 2017, pp. 44-45, fig. 4). In addition, slight longitudinal ridges on the convex face of several mud-bricks indicate a flattening of the surface before the removal of the frame. At Aruchlo n°24-35, molded plano-convex mud-bricks have been identified in a burned collapse attributable to the oldest occupation. These mud-bricks have a standard size and have specific stigmas (Ioseliani 2017, p. 282) similar of those observed at Mentesh Tepe.

Discussion

Technical evolution: the gradual replacement of cob by mud-bricks

Stacked mud is used from the end of the seventh to the end of the seventh to the middle of the sixth millennium BCE. Lumps seems to be older, attested from Hassuna (Proto-Hassuna), but we observe the recurrence of cob in layers in the Jezirah, Northern Zagros and Southern Caucasus since 6200-6000 BCE: its use could be simultaneous during Early Halaf/Halaf I (ca. 6010-5800 BCE), Hajji Firuz (ca.6200-6000 BCE), Aratashen (ca. 6000-5750 BCE) and Shulaveri-Shomu (from 5900 BCE). The use of cob seems significant from the end of the seventh millennium to the first third of the sixth millennium BCE. but it gradually disappears during the end of Hassuna and Halaf in the Syro-Mesopotamian Basin, replaced by mud-brick.

Until the middle of the sixth millennium BCE, and whatever the manufacturing technique, the production of mud-bricks testifies to extremely marked regional facies throughout the region considered, identifiable by differences in shapes or sizes. The reason of this heterogeneity is probably related to cultural particularisms. Both in the Syro-Mesopotamian Basin (Halaf) and in the Southern Caucasus, the appearance of molded mud-bricks is not well defined. In the first area, they seem to appear late and perhaps as a result of an Ubaid impulse (Breniquet, 1996, p. 84), during Baudouin et al., 2018, p. 58, fig. 8).

the Halaf II period (ca. 5800-5400 BCE). Their discovery in the Proto-Halaf levels at Chagar Bazar and in the Hajji Firuz levels on the eponymous site suggests that the East of the Euphrates was able to benefit from a technical spread from the Middle Euphrates at the end of the seventh millennium (Sauvage, 2009, p. 195). Indeed, the use of the molded mud-brick on several sites (Cafer Hoyük, Tell Halula, Bouqras, Gritille) of Late PPNB (ca. 7000 BCE) in this region encourages to follow this assumption. In Southern Caucasus, mud-bricks are duly molded since the beginning of the sixth millennium BCE.

Cob development: technical transfer or convergence?

The process of the spread of a technique can be considered through time and space. This process involves an imbalance between two (or more) communities (Leroi-Gourhan, 1945, p. 460). However, other factors need to be considered, such as the technical degree of the communities and the natural setting. The former presence of cob in Jezirah and the large amount of archaeological evidence enable us to precisely track the technical evolution and its origin in Northern Zagros and in the Southern Caucasus communities.

The development of Halaf architecture

The assumption of the spread of cob in Halaf is conceivable. It was adopted gradually during the Halaf expansion, between 5900 and 5300 BCE, towards Central Mesopotamia, Western Jezirah and near the Van Lake in Northern Zagros (fig. 14): there would be a convergence between spatial organization and chronology, that can confirm the assumption of a slow spread, phenomenon already emphasized for ceramics (Breniquet, 1996, p. 65). An analysis of the stratigraphic sequence at Hajji Firuz brings new informations. Firstly, cob is used alone until levels G-F (fig. 15). Furthermore, this technique has been used in "competition" with molded mud-brick from levels D to B. In this case, the molded mud-brick may be interpreted as a technical invention which will totally replace cob from levels C-B.

The development of cob in Northern Zagros and Southern Caucasus

In the current state of knowledge, it is likely that cob appeared from the beginning of the Hajji Firuz (ca. 6300 cal. BCE), perhaps as result of the stimuli of the Eastern Jezirah or High Tigris communities during Early Hassuna or Samarra, especially because these cultures share extraarchitectural affinities, as in decorations and ceramic forms (Voigt, 1983, p. 163).

In the Southern Caucasus, the issue is different. Halaf reaches the shore of the Van Lake ca. 5700/5300 BCE, at least two hundred years after first settlement in Southern Caucasus. Therefore it seems unlikely that this technique was older than the Halaf expansion to the northeast, although there could have been relations between these different communities at the beginning of the sixth millennium BCE, as represented by the discovery of sherds of "Mesopotamian" style at several sites. On the other hand, the possibility of a spread from the Urmiah Lake (Hajji Firuz) and High Tigris (Hassuna or Samarra) regions is weak because, except cob, technical affinities seem extremely thin with Caucasian architecture (Baudouin, in progress, 2019(Baudouin, in progress, , 2018a(Baudouin, in progress, , 2018b)). It would be unusual that the technical input only affected one specific material without changing other material components. Thus, in our current state of knowledge, a local and autonomous origin of cob in the Araxes Valley is likely. Nevertheless, an "internal" spread in the Southern Caucasus from the Araxes to the Kura Valley is possible. However, lack of precise stratigraphic and chronological data does not enable for sure to support this assumption.

The mud-brick technology: a medium for a technical transfer?

The interpretation of an autonomous invention of the molded mud-brick during Late PPNB (ca. 7500-7000 BCE) in the Middle Euphrates and a spread to Samarra in Central Mesopotamia (ca. 6500 BCE) is argued by Sauvage (2009, p. 195). In the Jezirah, the molded mud-brick would have been adopted late (Halaf II) and gradually at the impulse of Ubaid communities (Breniquet, 1996, p. 95). Such a technical change would correlate with the social transformations within Halaf communities. Chronologically, the assumption of a spread of the molded mud-brick from the Middle Euphrates to Central Mesopotamia is conceivable (Sauvage, 2009, p. 195). It is explained by a "late" occupation in the Syrian desert at El-Kowm 2, ca. 7900-5600 cal. BCE (Stordeur, 2000, p. 305, tab.1), and Qdeir, ca. 7290-5730 cal. BCE (Hours et al., 1994, p. 408), or in the Euphrates Valley at Bouqras, ca. 7100-6200 cal. BCE (Hours et al., 1994, pp. 388-89), which thus extends Late PPNB and reduces the gap with the beginning of Samarra, ca. 6400-5700 cal. BCE (El-Wailly et al., 1965, p. 19;Burleigh et al., 1982, p. 247;[START_REF] Helwing | Reconsidering the Neolithic Graveyard at Tell es-Sawwan, Iraq[END_REF]. The similarity of the size of mud-bricks in Late PPNB (Bouqras n°41-43, Gritille n°73-75) and Samarra (fig. 16) corroborates relationships between these two chrono-cultural areas and confirms the assumption of a spread of the molded mud-brick technique from the Middle Euphrates to Central Mesopotamia at the beginning of the sixth millennium BCE. In addition, this spread can be corroborated by other technical elements adopted in Central Mesopotamia like buttresses, attested for the first time at Cafer Höyük, during Late PPNB, ca. 8500-6500 cal. BCE (Molist et al., 1991, p. 7), or the standardized plan (Aurenche, 1981, p. 200;[START_REF] Breniquet | De Bouqras à Tell es-Sawwan. Les premiers avatars des plans tripartites du nord mésopotamien[END_REF][START_REF] Stordeur | El Kowm 2 : une île dans le désert[END_REF]Aurenche et al., 2009, p. 156;Baudouin, 2018a, pp. 497-508) attested at Tell Bouqras and at El-Kowm 2.

The development of mud-brick in Mesopotamia

A technical improvement in Northern Zagros and Jezirah

In Northern Zagros (Hajji Firuz), the typical mud-brick size at Hajji Firuz (fig. 16; in blue), with a ratio of 1:1, overlap very little with the production of Late PPNB (in grey) and Samarra (in yellow).

The assumption of an autonomous technical evolution in Northern Zagros seems thus more viable and could explain the gradual disappearance of cob at the benefit of mud-brick (fig. 15). A similar assumption could be proposed in western Jezirah for hand-shaped mud-bricks at Tell Sabi Abyad (Op. I) where we observed the same gradual displacement from level 8 to level 3B (6125-5905 cal. BCE), cob nearly totally disappearing ca. 6000 BCE (fig. 17). 

How to interpret the original shape of the Caucasian mud-bricks?

Lastly, mud-bricks made in the Kura Valley during the Shulaveri-Shomu are characteristic by their size and their shape (fig. 16). The hypothesis of a local invention would justify and corroborate the interpretation of an autonomous settling of communities in the Kura Valley. This assumption is strengthened by the presence of circular subterranean architecture in the Kura Valley, Mil Plain and in the Karabagh Plain at where in few sites these structures were built on the virgin soil and are the first settlement phases during the first third of the sixth millennium BCE This "first" architecture, compared with ethnographic examples, can be considered as the original settlement of former nomadic communities (Baudouin, 2019, pp. 145-146). Finally, the exclusive use of the circular plan throughout more than 700 years in the entire Southern Caucasus enables us to interpret a technical inertia in the region and confirms the assumption of an autonomous settlement of communities of this region.

Conclusion

The spread of cob in the entire area of the Halaf cultural expansion is most likely. However, in Northern Zagros and Southern Caucasus, such a hypothesis is unlikely because no other technologies were adopted. The search the "way" of spread of one single technique is constrained by chronological imprecisions and a lack of diagnostic markers. In addition, cob is often considered like a "basic" technique characterising communities who did not reach a high degree of technicality. Therefore, a local development in Northern Zagros and the Southern Caucasus, where the first settlement appeared at the beginning of the sixth millennium BCE, cannot be excluded. Later, the gradual disappearance of cob and its replacement by mud-brick is a phenomenon clearly visible at a local scale (Hajji Firuz, Tell Sabi Abyad), but it is not possible to generalize in the current state of data.

On the other hand, the appearance of molded mud-brick represents an undeniable technical development, the spread of which is clearly visible from Late PPNB to Samarra, and can only be approached by a general study of the "complex" architecture in the Syro-Mesopotamian Basin. Therefore, the development of the Ubaid tripartite architecture represents a new stage of progress at the end of the fifth millennium BCE (Baudouin, 2018a(Baudouin, , 2018b, p. 407), p. 407). This brief overview of the development of cob and mud-brick techniques glimpses the potential of this research and confirms the importance of systematizing such an approach in order to better define the contents of technical exchanges and cultural relationships between communities. et al., 2014et al., (after Baudouin et al., 2018, p. 67, fig. 17), p. 67, fig. 17).

Table 1

Data are arranged in alphabetical order of the site names. The call number in column one of the table corresponds to the return of the text. Columns three to five specify the cultural attribution, the level, the dating and the building or wall concerned according to the name given by the excavator. Columns eight to ten specify the size of mud-bricks (length, width, height), as well as the length/width ratio and the estimated weight according to these size: the underlined weights correspond to the values greater than 28kg whose manufacture or transport are considered difficult. Columns eleven and twelve specify material used (cob or mud-bricks), layout and form (abbreviations below). Finally, the authors' citations as well as the associated bibliographic references are listed in columns thirteen and fourteen. The references preceded by the sign "*" are those of the radiocarbon dates. 

Fig 1 .

 1 Fig 1. Map and chronology of the Northern Mesopotamia and Southern Caucasus communities from the end of the seventh millennium to the middle of the fifth millennium BCE.

Fig 2 .

 2 Fig 2. Summary diagram of implementation using earthen material (afterBaudouin et al., 2018, p. 60, fig. 11).

Fig 3 .

 3 Fig 3. General map of Northern Mesopotamia with the sites mentioned in the text. Fig 4. Summary diagram of the attestations of the stacked mud technique (seventh-sixth millennium BCE)

Fig 5 .

 5 Fig 5. Telul eth-Thalathat II (level XVb): a-b.) Wall in cob in squares O-VIII, view from the west; c-d.) Walls in mud-bricks in squares N-VIII, N-IX, view from the south-west. Japanese archaeological excavations at Telul eth-Thalathat (campaign 1976), unpublished archives of the University Museum, The University of Tokyo.

Fig 6 .

 6 Fig 6. Tell Kashkashok (level 3): a-b.) Wall in mud-bricks in square G7, view from the south-west; c-d.) The same wall, view from the south-east. Japanese archaeological excavations at Tell Kashkashok (campaign 1988), unpublished archives of the University Museum, The University of Tokyo.

Fig 7 .

 7 Fig 7. Summary diagram of the attestations of the mud-bricks shaped by hands and moulded mud-bricks in Northern Mesopotamia and Caucasus (seventh-sixth millennium B.C.)

Fig 9 .

 9 Fig 9. Summary table of the evolution of mud-bricks sizes at Tell Sabi Abyad (Syria) (Op. I) between levels 8 and 3B (6125-5905 BCE),based on[START_REF] Akkermans | Excavations at Late Neolithic Tell Sabi Abyad, Syria: The 1994-1999 Field Seasons[END_REF] (after Baudouin et al., 2018, p. 66, fig. 16).

Fig 10 .

 10 Fig 10. Summary diagram of the attestations of the molded mud-brick in Northern Mesopotamia and Caucasus (seventh-sixth millennium BCE)

Fig 11 .

 11 Fig 11. General map of Southern Caucasus with the sites mentioned in the text.

Fig 12 .

 12 Fig 12. Gadachrili Gora, example of the wall 217 made lump (after Baudouin et al., 2018, p. 60, fig. 12).

Figure 13 .

 13 Figure 13. Molded plano-convex mud-bricks from Mentesh Tepe. a.: Detail of the four courses of mud-bricks, wall 293 (Sector 10) -View from the West; b.: Detail of the mortar between the mud-bricks, the wall 293 -View from the West; c.: Detail of the first course of mud-brick, wall 285 (Sector 15) -View from the North-East (afterBaudouin et al., 2018, p. 58, fig. 8).

Fig 14 .

 14 Fig 14. Use of cob and spread of the technique in the syro-mesopotamian basin, Eastern Anatolia, Northern Zagros and SouthernCaucasus from the second half of the seventh millennium to the middle of the fifth millennium BCE.

Fig 15 .

 15 Fig 15. Summary table of the evolution of cob and mud-bricks sizes at Hajji Firuz between levels L and A2, based on[START_REF] Voigt | Hajji Firuz Tepe, Iran: The Neolithic Settlement[END_REF] 

Fig 16 .

 16 Fig 16. Sizes of molded mud-bricks from the seventh millennium and the middle of the sixth millennium BCE in the Syromesopotamian basin, Northern Zagros and Southern Caucasus.

Fig 17 .

 17 Fig 17. Summary table of the architectural techniques at Tell Sabi Abyad (Syria) with a gradual disappearance of the cob techniqueand its replacement by mud-bricks, based on[START_REF] Akkermans | Excavations at Late Neolithic Tell Sabi Abyad, Syria: The 1994-1999 Field Seasons[END_REF] (after Baudouin et al., 2018, p. 67, fig. 17).

  Abbreviations:

  

  

I thank Professor Y.Nishiaki (The University Museum, The University of Tokyo) for giving me access to these archives. This research was made thanks to the Japan Society for the Promotion of Science (JSPS) as part of a postdoctoral fellowship at the University of ToKyo.