Charle ` Ne Bouchaud 
email: charlenebouchaud@voila.fr
  
Margareta Tengberg 
email: margareta.tengberg@mnhn.fr
  
Patricia Dal Pra 
email: pdalpra@noos.fr
  
M Van Der Veen 
  
C A2 
  
Bouchaud 
  
A7 M Tengberg 
  
P D Pra 
  
  
  
  
  
  
Cotton cultivation and textile production in the Arabian Peninsula 3 during antiquity; the evidence from Mada ˆ'in
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The discovery of seeds and textiles from Gos-10 sypium (cotton) in Achaemenian levels of the mid-6th-late 11 4th century B.C. at Qal'at al-Bahrain, Bahrain and in early 12 1st millennium A.D. Mada ˆ'in Sa ˆlih, Saudi Arabia, reveals 13 the role played by the Arabian Peninsula as a textile pro-14 duction centre during the centuries before and after the 15 beginning of the Christian era. Both these sites were situ-16 ated on important trade routes, overseas (Qal'at al-Bahrain) 17 and overland (Mada ˆ'in Sa ˆlih), and it is likely that at least 18 part of the cotton production was intended for trade, 19 complementing and perhaps competing with other sources 20 of cotton textiles in the contemporary Middle East. In the 21 arid climate of the Arabian Peninsula, cotton was probably 22 grown in association with irrigated date palm gardens 23 where a wide array of other crops was grown, as is shown 24 by the analysis of charred seeds and wood from occupation 25 levels at both sites. The present article places these par-26 ticular finds in the larger context of cotton cultivation in the 27 Middle East and India.

Introduction

Cotton is at present the most widely cultivated fibre crop in the world. In reality four different species of the genus Gossypium (Malvaceae) were domesticated independently in different parts of the world [START_REF] Breniquet | Essai sur le tissage en Me ´sopotamie : des premie `res communaute ´ss e ´dentaires au milieu du IIIe mille ´naire avant[END_REF]Wendel et al. 1989). Two of these, G. hirsutum L. and G. barbadense L. were brought into cultivation in the Americas. The other two, G. herbaceum L. and G. arboreum L. originated in the Old World. Cotton plants have in common the presence of epidermal hairs that develop from the seed coat. In nature these hairs facilitate the dispersal of the seeds. To humans they are useful for producing yarn and textiles, a quality that has appealed to different populations at different times and which has motivated the domestication of the four species mentioned above.

The earliest evidence for the use of cotton known so far from the Old World comes from Neolithic Mehrgarh in the province of Baluchistan, Pakistan, where a thread made from cotton fibres was identified from inside a copper bead found in a tomb (Moulherat et al. 2002). The discovery of fibres in another burial context at Shahi Tump, southern Baluchistan, dated to the 4th millennium B.C., shows the continuous use of the plant in this part of Asia that has been suggested as a possible centre for domestication of the Asian tree cotton, G. arboreum. From the Harappan period in the second half of the 3rd millennium B.C., both fibres and seeds are frequently found at sites in the Indian subcontinent, showing the importance of this area for cotton navigation and trade on the Indian Ocean, between Egypt, Arabia and India, during Roman times. This ''merchants' manual'' written in Greek by an anonymous author in the 1st century A.D. enumerates, among other trade items imported from India, several types of cotton textiles [START_REF] Casson | The Periplus Maris Erythraei[END_REF]. During the excavation of the two main Roman ports on the Egyptian Red Sea coast, Myos Hormos and Berenike (Fig. 1), numerous remains of cotton textiles were identified and it is possible that part of these originated in India (Wild 1997).

During the centuries before and after the beginning of the Christian era, cotton production was not limited to the Indian subcontinent, and part of the numerous textile remains found on archaeological sites in the Near East, in Egypt, as well as in the Mediterranean area, was probably produced elsewhere.

The earliest known evidence of the use of cotton in Africa dates to the 3rd millennium B.C. and consists of seeds and lint from Gossypium identified at a Nubian site [START_REF] Chowdhury | Cotton seeds from the Neolithic in Egyptian Nubia and the origin of Old World cotton[END_REF]. It is unsure if these remains relate to a cultivated cotton species and even if cotton was used as a textile plant at that time (Zohary and Hopf 2000). [START_REF] Bagnall | The Kellis agricultural account book[END_REF][START_REF] Bowen | Texts and textiles: a study of the textile industry at ancient Kellis[END_REF][START_REF] Coombs | Report on the characterization of three fabric samples from Ismant el-Kharab[END_REF]Thanheiser 2002) [START_REF] Clapham | New discoveries at Qasr Ibrim, Lower Nubia[END_REF][START_REF] Clapham | The archaeobotany of cotton (Gossypium sp. L.) in Egypt and Nubia with special reference to Qasr Ibrim, Egyptian Nubia[END_REF]Rowley-Conwy 1989;Wild and Wild 2008). In Egypt, cotton was grown in the oases of the Libyan desert according to textual sources [START_REF] Bagnall | The Kellis agricultural account book[END_REF]Thanheiser 2002;Wild 1997) and the discovery of seeds and textiles in the 2nd-3rd century A.D. site of Kellis in the Dakhla oasis [START_REF] Bowen | Texts and textiles: a study of the textile industry at ancient Kellis[END_REF][START_REF] Coombs | Report on the characterization of three fabric samples from Ismant el-Kharab[END_REF].

According to several classical authors, cotton was also grown in the Arabian Peninsula during late Hellenistic and Roman times. Theophrastus describes the cotton-bearing trees growing on the island of Bahrain as well as in continental Arabia in the late 4th century B.C.( Historia Plantarum IV.7-8, Amigues 1989). Despite these explicit mentions, the role of the Arabian Peninsula (including the islands of the Persian Gulf) for cotton production has often been questioned mostly on the grounds of its arid to hyperarid climate. For example, Wild doubts that ''it [the Gulf] could have had an indigenous cotton industry in antiquity based on home-grown fibre and capable of producing for export'' (Wild 1997). Discoveries of seeds and textiles during recent years in the Arabian Peninsula now give credit to the ancient texts and suggest that this part of the Middle East may indeed have constituted a cotton production centre, from the mid-first millennium B.C. to late Antiquity.

After a more general discussion of the nature of cotton remains in archaeological contexts, we will describe the finds from two archaeological sites situated in the Arabian Peninsula, Qal'at al-Bahrain on Bahrain Island and Mada ˆ'in Sa ˆlih in northwestern Saudi Arabia. The significance of these remains in terms of local cultivation, textile 143 manufacture and trade will be discussed with special 144 attention given to the eco-agronomic conditions that 145 allowed the production of cotton in an unfavourable 146 environment.

147

Archaeological evidence for cotton 148 The two cotton species domesticated in the Old World, 149 Gossypium arboreum and G. herbaceum, are both shrubs or 150 sub-shrubs that can grow up to 2-3 m high. The leaves are 151 palmately divided with 3-5 lobes, and the colour of the 152 pentamerous corolla can vary from pale yellow in both 153 species to purple in G. arboreum only. The fruits of the 154 cotton plant are capsules, usually called bolls, divided into 155 3-5 loculi, each containing several seeds (Fig. 2a). The 156 seeds are covered by epidermal hairs, in fact unicellular 157 trichomes, that are of two kinds: short hairs called fuzz and 158 long hairs or lint. Only the latter can be spun and used in 159 textile fabrication. 160 Different parts of the cotton plant as well as yarns and 161 textiles produced from its fibres are found in archaeological 162 sites. To this we can add tools associated with textile crafts 163 as well as textual sources. Below we discuss briefly the 164 nature of these different types of evidence and their inter-165 pretation in archaeological contexts. 
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The ginned or cleaned seeds are ovoid and somewhat pointed in shape, 7-12 mm long (Fig. 2b). The outer epidermis of the seed coat (or testa), to which are attached the fuzz and lint fibres, presents a longitudinal ridge, the raphe that ends in a small beak corresponding to the attachment point or the funicle. Under the outermost layers of the seed coat, an inner layer of palisade cells, perpendicular to the seed coat, can be observed. Charring can enhance the visibility of these radially elongated cells and allow the identification of archaeological specimens. When seeds are fragmented, a small button-like structure corresponding to the diverting point of vascular tissues irrigating the ovule (chalaza) can be observed on the internal surface of the seed coat (Fig. 2c; Fuller 2008). The embryo, with two well-developed cotyledons, has a smooth and shiny surface that is however often distorted when carbonised, because of its rich oil content (Hopper and McDaniel 1999;Samuel 2001).

In archaeological contexts, cotton seeds are most often found in a charred state but desiccated seeds do also occur [START_REF] Clapham | The archaeobotany of cotton (Gossypium sp. L.) in Egypt and Nubia with special reference to Qasr Ibrim, Egyptian Nubia[END_REF]. Their presence is generally considered to indicate local cultivation as ginning is supposed to take place before the trading of fibres. However, whole cotton bolls or seeds with the fibres still attached to the testa could potentially also have been transported. Moreover, the seeds present an interest in themselves as a source of oil and fodder and could thus have been considered as an important by-product with a commercial value (Reis et al. 2006). This may be the case, for example, for the 24 desiccated seeds identified at a Roman praesidium site in the Eastern Desert of Egypt where local cultivation seems out of question due to the lack of water (Claire Newton, personal communication). However, there is no textual or archaeobotanical evidence for the extraction of oil in antiquity.

The frequent charring of cotton seeds can be explained in several ways. Seeds could have been directly eliminated by fire after ginning and/or oil extraction. Alternatively, their heating in order to reduce the toxic gossypol content (Knowles 1967) could have resulted in the accidental burning of some seeds. Finally, the use of dung as fuel could also explain the presence of charred seeds, for example in combustion contexts. In that case we would however expect an alteration of the seeds by their passage through the intestines of the animal. As for the oil, so far no data clearly indicates the use of seeds as fodder or fuel.

A lack of securely identified modern reference material and of systematic morphometric studies of cotton seeds makes the identification of archaeological cotton to species level difficult, and the remains of seeds and fibres are usually referred to as Gossypium sp. only. However, genetic research applied to desiccated cotton remains from Qasr Ibrim, Egypt, is ongoing and aims at the distinction While this type of remain is fundamental for the study of 276 textile techniques, it is not necessarily indicative of local 277 cotton cultivation as textiles were often, as already men-278 tioned, among valuable items that travelled along the trade 279 routes both overland and overseas. This is probably the 280 case for the textiles found in a very early context (5th-4th 281 millennia B.C.) at Dhuweila, Jordan, in an area where cotton 282 cultivation does not seem possible [START_REF] Betts | Early cotton in North Arabia[END_REF].

283 Wood 284 Potentially, charred wood of the cotton plant could be 285 preserved in archaeological sites. Ethnographic observa-286 tions on the Euphrates riverbanks have for example 287 recorded the use of cotton stems as firewood or for fencing 288 (D 'Hont 1994). Moreover, an Egyptian treatise from the 289 16th century A.D. recommends the use of cotton stems to 290 heat public baths (Coussonnet et al. in press). The presence of Gossypium wood in an archaeological site would be a strong indication, even more than seeds, for the local cultivation of cotton. However, archaeological examples have yet to be identified. Few anatomical descriptions of cotton wood exist in the literature (Metcalfe and Chalk 1950). A first examination of stems from Gossypium arboreum and G. herbaceum comes to the conclusion that the wood anatomy of the two species is very similar and that the distinction between them from carbonised wood remains may be illusory. However, the genus Gossypium can be identified through a certain number of characters (Fig. 5a-c): in the transversal section, the wood is diffuse-porous without distinct growth boundaries. The vessels show a tendency to two different diameter classes, from medium to small size, and are commonly organised in radial rows of 2-3(7) cells. In the longitudinal sections, the vessels have simple perforation plates and minute and alternate intervessel pits. Fibres are of medium wall thickness and marginal parenchyma is present. Rays are (1)3-4 cells wide and of heterocellular composition with procumbent and upright cells. Axial parenchyma and vessel elements are characteristically storied. Tools Tools clearly identified as being used in the production of textiles (spindle whorls, loom weights, etc.) and manufactured from resistant materials (stone, pottery, bone, etc.) are frequently found on sites in the Near East and elsewhere. However, the problem is that a clear association cannot always be made between these tools and a particular fibre, for example cotton, as the preparation of other fibres that were important in the Near East such as flax, often required similar equipment. The same tools may also have been used for both fibres as is shown by a unique example at Qasr Ibrim of the direct association of a loom heddle with both cotton and linen threads [START_REF] Clapham | The archaeobotany of cotton (Gossypium sp. L.) in Egypt and Nubia with special reference to Qasr Ibrim, Egyptian Nubia[END_REF]. Still, some authors argue that for example the vertical loom would for technical reasons have been more adapted to the weaving of cotton rather than flax [START_REF] Breniquet | Essai sur le tissage en Me ´sopotamie : des premie `res communaute ´ss e ´dentaires au milieu du IIIe mille ´naire avant[END_REF]. The identification of cotton seeds from Qal'at al-Bahrain suggests that the plant was grown in the irrigated gardens that thrived in the northern parts of the island. This 
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391 discovery is particularly interesting as it corroborates the 392 observations made in the time of Alexander the Great's 393 military expedition to India one or two centuries later. The 394 original narration has disappeared but was quoted by the 395 contemporary naturalist Theophrastus. We thus learn that 396 '' …the island also produces the 'wool-bearing' tree in 397 abundance. This has a leaf like that of the vine but small, 398 and bears no fruit; but the vessel in which the 'wool' is 399 contained is as large as a spring apple, and closed, but when 400 it is ripe, it unfolds and puts forth the 'wool' of which they 401 weave their fabrics, some of which are cheap and some very 402 expensive'' (Historia Plantarum IV.7, Amigues 1989) 403

The mention of weaving is interesting, as this suggests 404 that cotton was not only cultivated on the island but the 405 fibres were also spun and made into textiles locally. Evi-406 dence for textile crafts, whether concerned with cotton or 407 other fibres, comes from a burial ground called Shakkoura Mada ˆ'in Sa ˆlih, the antique site of Hegra, is located in northwest Saudi Arabia, in a wide desert plain surrounded by mountains. Arid conditions with ± 50 mm of mean annual precipitation are modified by mountain runoff that supplies subterranean groundwater. Today, the natural vegetation around the site is typical of the Saharo-Sindian phytogeographical region, dominated by the Haloxylon salicornum community. Scattered trees of Acacia tortilis ssp. tortilis (Forssk.) Hayne, A.tortilis ssp. raddiana (Savi) Brenan and Tamarix spp. grow along wadis where water is more plentiful (Fig. 8).

During the Classical period, between the beginning of the 1st century B.C. and the end of the 1st century A.D., Mada ˆ'in Sa ˆlih constituted the southern limit of the Nabataean kingdom and was an important site on the 'Incense road' leading from southern Arabia to the capital Petra in Jordan. Then, from the 2nd century A.D., the city belonged to the Roman imperial province of Arabia. The site was still inhabited during the 4th-6th centuries A.D. but was abandoned around the beginning of the Islamic era in the 7th century A.D.

Four main sectors have been recognised at the site: a residential area (c. 2nd/1st centuries B.C.-6th century A.D.) surrounded by a mud brick wall and containing dense Nabataean and Late Antique domestic occupations (Fig. 9). In and around the residential area, there are monumental tombs that were cut into the sandstone cliffs during the Nabataean period in the 1st century A.D. and which were still used in the 3rd century A.D. Many rock-cut monuments-mostly niches with betyls, altars and basinscharacterise cultic areas. Finally, agricultural land is defined by the areas that could potentially be irrigated from the 132 wells dug mainly during the Nabataean period We do not know the precise origin of the cotton plants grown on Bahrain, neither if they belonged to the G. arboreum or G. herbaceum species. It is sometimes assumed that the description of these plants as 'woolbearing trees' allows their identification as tree cotton (G. arboreum). In reality the two species are very close morphologically and the textual evidence does not seem reliable on this point. The frequent contacts between the The cultivation of cotton in irrigated gardens does not seem restricted to Arabia as we note the same scheme in the Egyptian oases, as in Kellis [START_REF] Bagnall | The Kellis agricultural account book[END_REF]Thanheiser 2002). In the hot desert areas of the Old World this type of water-intensive agrosystem seems thus to have constituted the mandatory framework for the success and spread of cotton cultivation during pre-Classical and Classical times. (Nesbitt 1993(Nesbitt , 1994)).

While the presence of a local cultivation of cotton associated with textile crafts seems established by recent finds in Qal'at al-Bahrain and Mada ˆ'in Sa ˆlih, the question of the destination of this production still has to be posed. Did the cotton textiles manufactured here only satisfy local needs or did they also enter into trading systems through which they were exported to more or less distant destinations? In that case, cotton would have constituted an actual 'cash-crop' cultivated for commercial purposes (Fuller 2008). There is no clear-cut answer to this question yet, but several elements can be used in trying to distinguish separate textile-producing spheres (Wild 1997). A first clue can be the way threads were spun. Indeed, there seem to be a certain geographical and cultural consistency in the choice between clockwise (Z) and anticlockwise (S) spinning. Thus, Egyptian craftsmen, whether dealing with linen or cotton, seemed to have preferred the second option as most textiles identified from the Nile valley and Nubia are of this type. Z-spun yarn appears only in particular contexts, notably among the textiles from the port sites of the Red Sea coast (Wild 1997). If they actually belong to another textile tradition, from where could they have been imported? India has usually been considered as their place of origin even though we do not really know if Z-spinning was a rule in the subcontinent. At Mada ˆ'in Sa ˆlih, contemporary with Berenike and Myos Hormos, most of the linen, and all of the cotton textiles are Z-spun, which could have been a characteristic of the Nabataean textile industry of which we still know very little. Against this background it cannot be excluded that some of the textiles found in Egypt and at sites of the Levant (Fig. 1) were imports from the Arabian Peninsula. However, using the sole criterion of spin direction to trace the origin of a textile (or a thread) seems insufficient, while we do not know more precisely the habits of different production centres. The study of 

Fig. 1

 1 Fig. 1 Map showing cotton finds in the Near and Middle East, 1st mill. B.C.-7th c. A.D.: presence of fibres (grey circles), seeds (black dots) and textual evidence (T). (Al-Zerqa, 1st-3rd c. A.D. (Newton, personal communication); Arjan, 6th c. B.C. (Alvarez-Mon 2005); Berenike, 1st and 4th-5th c. A.D. (Wild and Wild 2001); Doura-Europos, 1st-3rd c. A.D. (Pfister and Bellinger 1945); En Boqeq, 3rd c. A.D. (Sheffer and Tidhar 1991); Jason's Tomb, 1st c. A.D. (Rahmani et al. 1967); Kellis, 2nd-4th c. A.D.[START_REF] Bagnall | The Kellis agricultural account book[END_REF][START_REF] Bowen | Texts and textiles: a study of the textile industry at ancient Kellis[END_REF][START_REF] Coombs | Report on the characterization of three fabric samples from Ismant el-Kharab[END_REF] Thanheiser 2002); Keranog, 1st-4th c. A.D.(Griffith and Crowfoot 1934); Khirbet Qazone, 1st-3rd c. A.D.
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  harvesting is done by hand, picking 168 the seeds and the adhering fibres from the dry bolls still 169 attached to the cotton plant in the field. Immature cotton 170 seeds and dirt are then eliminated before the ginning, the 171 separation of the fibres from the seeds. This separation is 172 usually made in two ways: by picking the lint off by 173 hand, which is an extremely time-consuming process but 174 gives a very fine fibre, or by using one or two cylindrical 175 rollers, made of wood or metal (Samuel 2001; Schlingloff 176 1974).

Fig. 2

 2 Fig. 2 Gossypium sp. (modern cotton); a capsules at different stages of ripeness (photo M. Tengberg); b seed (G. herbaceum) after ginning; c the interior of a seed (G. herbaceum) showing the characteristic chalaza (photo C. Bouchaud)

  230 between G. arboreum and G. herbaceum (Allaby 2010; 231 Clapham and Rowley-Conwy 2007, 2009). 232 Fibres, yarns and textiles 233 Microscopically, cotton fibres are characteristically flat and 234 convoluted. The helical twist is due to irregularities in the 235 fibre wall that is unevenly thick. In transverse section the 236 fibres are oval to flattened and have, in most cases, a large 237 lumen. However, the aperture of the fibre and the wall 238 thickness vary according to the ripeness of the cotton 239 (Fig. 3). 240 After the ginning process the rough cotton fibres are 241 traditionally batted with a wooden bow in order to make 242 them more flexible. The lint can also be carded with a 243 hand comb to separate the fine fibres prior to spinning 244 (Schlingloff 1974; Samuel 2001). The spinning aims at 245 combining the individual fibres into a yarn through a 246 rotating movement. Several techniques can be used, the 247 simplest consisting of rolling the fibres on a surface, for 248 example against the thigh, while gradually adding more 249 fibres to the yarn. The use of a wooden stick (a spindle), 250 equipped with a disc-shaped weight (a spindle whorl) that is 251 made to rotate and twist the fibres together, is a traditional 252 method still used today for the spinning of cotton into thread 253 as well as other fibres such as flax. Two major categories of 254 yarn were produced in the ancient Old World according to 255 whether the spinning was done clockwise to produce 256 Z-spun or anti-clockwise to produce S-spun yarn (Fig. 4). 257 Once the fibres are spun, the thread may be made into 258 textiles, notably by weaving, which consists of intersecting 259 longitudinal threads, the warp, with transverse threads, the 260 weft. Three main types of traditional looms seem to have 261 existed in the Old World: the horizontal ground loom made 262 of two sticks or bars, the vertical loom with upper and

Fig. 3

 3 Fig. 3 Modern cotton fibres showing the characteristic twisting (photo D. de Reyer)

Fig. 4

 4 Fig. 4 Schematic representation of yarns spun with a clockwise (Z-spun) and anticlockwise (S-spun) twisting

Fig. 6

 6 Fig. 6 Aerial view of the archaeological site of Qal'at al-Bahrain with the 16th c. A.D.Portuguese fortress in the foreground. The capital of Bahrain, Manama, in the background. Photo P. Lombard, inMongne (2004) 

  408 situated a few kilometres southwest of Qal'at al-Bahrain 409 and used during the Hellenistic period. In tombs dated from 410 the 1st century B.C. to the 1st century A.D. the archaeologists 411 found several spindles and spindle whorls made of ivory 412 (Lombard 1999). 413 Finally, several textile fragments of which some are 414 tentatively identified as cotton were deposited in a bathtub 415 coffin dated to the Achaemenian period at Qal'at al-Bah-416 rain (Højlund and Andersen 1994). Mada ˆ'in Sa ˆlih, Saudi Arabia Until recently, the 1st millennium B.C. find of cotton at Qal'at al-Bahrain constituted the only known example of local cultivation of the plant in Arabia. However recent scientific literature has suggested that other sites in this part of the Middle East may have developed similar production and perhaps even trade strategies during Classical times (Boivin and Fuller 2009; Wild 1997). The discovery of cotton remains at Mada ˆ'in Sa ˆlih now provides direct evidence to corroborate this assumption. The Mada ˆ'in Sa ˆlih archaeological project started in 2001 with a five-year survey project directed by Jean-Marie Dentzer (University of Paris 1) and Laı ¨la Nehme ´430 (CNRS). From 2008, the surveys were followed by a French-Saudi Arabian archaeological and restoration mission directed by Laı ¨la Nehme ´, Daifallah al-Thali (Saudi Commission for Tourism and Antiquities) and Franc ¸ois Villeneuve (University of Paris 1) (Nehme ´et al. 2006, 2010).

Fig. 7

 7 Fig. 7 Results of seed analysis. Graph of the mean value of cultivated plant at Qal'at al-Bahrain during the Achaemenian period (6th-4th c. B.C.); the frequencies of the various plants are indicated after the calculation of a mean value (see van Zeist et al. 2000)i n order to render the results more easily comparable: M = P /N 9 n/N where P = total number of seeds of taxon in group, N = number of samples in group, n = number of samples in which taxon is represented. All the results are expressed in percentages of the cultivated plants; 0.21% represents 7 carbonised seeds of Gossypium

Fig. 9

 9 Fig. 9 Map of the archaeological features at Mada ˆ'in Salı ˆh(Ó Mada ˆ'in Sa ˆlih Archaeological Project)

  The spread of cotton cultivation to more northern regions during late Sasanian and Islamic times implies an adaptation to cooler climatic conditions perhaps achieved by the development of new hardier varieties and/or the transition from perennial to annually growing plants (Watson 2008). Thus, cotton cultivation seems to have been established in the middle Euphrates valley in Syria from the mid 8th century A.D. (Samuel 2001), in Iran from the 10th century A.D. (Alvarez-Mon 2005) and appears in the central Asian oasis city of Merv, Turkmenistan from the 6th-7th centuries A.D.

Fig. 13

 13 Fig. 13 Weight found in a Late Antiquity occupational level in the residential area of Mada ˆ'in Sa ˆlih (MS2010o1250B) (Ó Mada ˆ'in Sa ˆlih Archaeological Project)
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Charred cotton seeds were found only in the residential 477 area. Most of them were recovered in reliable archaeo-478 logical contexts from domestic fireplaces, mixed with 479 charred cultivated food plants, weeds and wild plants. 480 They are well preserved with remaining shorter fuzz hairs 481 that can be easily observed on the epidermis (Fig. 10). 482 Their charring may result from the disposal by fire of 483 by-products of ginning or oil extraction. This would then 484 suggest that such activities occurred in the domestic area, 485 as is also noted in ethnographic examples (Schlingloff 486 1974). Numerous pieces of textile preserved by desiccation were found in monumental tombs dating approximately from the 1st to the 3rd centuries A.D. (Delhopital and Sachet 2010). As they are badly preserved, it is difficult to determine their function but they are probably fragments of garments and shrouds. Most of them are made of flax, others of wool and a few of cotton (it is possible that the proportion of cotton will increase since the study of the textiles is still in progress). Nine cotton fabrics of different qualities have been identified (Fig. 12). All the fragments except one are tabbies, some of them with remains of selvedges, sometimes decorated with fringes. One is dyed yellow. All of them are made of single Z-spun threads. Fibres have been identified with a microscope either in Saudi Arabia or in France. We are very indebted to Dominique de Reyer, who made some of the analyses at the Laboratoire de Recherche des Monuments historiques, at Champs-sur-Marne.

Only two stone weights that may have belonged to vertical looms were found in the Nabataean and Late Antique levels (Fig. 13). As in the case of the tools found in the burials at Shakkoura, it is difficult to associate them firmly with the manufacture of cotton textiles especially as other types of fabrics were also identified at the site. 

659 weaving techniques, more complex and probably more 660 characteristic of a particular technical and cultural envi-661 ronment, would certainly be more useful in this context as 662 advocated by Wild (1997). However, such a study would 663 bring us far beyond the scope of this article.

Conclusion

665 The recent discoveries made in Qal'at al-Bahrain and 666 Mada ˆ'in Sa ˆlih add to our knowledge of the history of 667 cotton in the Middle East during antiquity and show that 668 the Arabian Peninsula, like India and north-eastern Africa, 669 was a centre of cultivation and textile production. In this 670 respect it may have contributed to regional trade networks, 671 substituting or complementing Egyptian and Indian pro-672 ductions. Irrigated date palm gardens seem to have been 673 the common agrosystem associated with this crop in the 674 arid Arabian Peninsula as in the deserts of Egypt.

675

Further archaeobotanical and textile studies in Arabia 676 will certainly bring new perspectives on local textile tra-677 ditions as well as on their role in larger exchange systems. 678 Finally, reliable methods for distinguishing between the 679 two Old World cotton species, based on genetics, mor-680 phometrics or anatomy are likely to provide more precise 681 information on the origin and movement of cultivars. 
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