
HAL Id: hal-04870259
https://hal.science/hal-04870259v1

Submitted on 7 Jan 2025

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Rice, lamb and tuna. Food processing and acquiring strategies
in the medieval harbour city of Qalhât (Oman):

Bioarchaeological evidence from the twin houses’ building
(B94)

Vladimir Dabrowski, Anaïs Marrast, Hervé Monchot, Axelle Rougeulle

To cite this version:
Vladimir Dabrowski, Anaïs Marrast, Hervé Monchot, Axelle Rougeulle. Rice, lamb and tuna. Food processing
and acquiring strategies in the medieval harbour city of Qalhât (Oman): Bioarchaeological evidence from the
twin houses’ building (B94). Archaeological Research in Asia, 2024, 40, pp.100561. ⟨10.1016/j.ara.2024.100561⟩.
⟨hal-04870259⟩

https://hal.science/hal-04870259v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


 
 
Archaeological Research in Asia, vol. 40, 100561      Pre-Print 

1 
 

Rice, lamb and tuna. Food processing and acquiring strategies in the 

medieval harbour city of Qalhˆat (Oman): Bioarchaeological evidence 

from the twin houses’ building (B94) 

 
Vladimir Dabrowski1, Anaïs Marrast1, Hervé Monchot2, Axelle Rougeulle2 

 
1UMR 7209 Archéozoologie, Archéobotanique : Sociétés, pratiques et environnements – Sorbonne Universités, 

Muséum National d’Histoire Naturelle, CNRS 

 

2UMR 8167 Orient et Méditerranée : Textes, Archéologie, Histoire – Université Paris Sorbonne (Paris 4), 

CNRS 

 

vladimir.dabrowski@gmail.com 

anais.marrast@mnhn.fr 

herve.monchot@wanadoo.fr 

arougeulle@aol.com 

 
Abstract  

The rise of the kingdom of Hormuz during the 13th–15th c. CE led to the development of 

harbour cities such as Qalhˆat (Sultanate of Oman), considered as the kingdom’s second capital. 

However, although some textual sources are available, a lack of bioarchaeological analysis means 

that the food-processing activities and subsistence strategies set up to feed this urban population are 

still largely unknown. Multi-proxy analyses, including zoological, ichthyological, and botanical, have 

therefore been undertaken on the twin houses building (B94) at the site of Qalhˆat. Cross-referencing 

these data allowed for the identification of several food processing activities and the function of some 

rooms due to their spatial distribution. In addition, these data give new insights into fishing practices 

(intensively exploited pelagic zone) and the composition and management of agropastoral systems 

(in the form of oasis date palm gardens, using a combination of crops, weeds and livestock), as well 

as food acquiring strategies that relied on the importation of plant products via the long-distance 

maritime trade networks of the western Indian Ocean. The study of building (B94) has provided major 

data to understand the way of life of the inhabitants of this region for this period, still too little studied. 
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1. Introduction 

 
Despite the increase of archaeological initiatives focusing on the Islamic period, analysis of 

bioarchaeological remains (faunal, fish, plant) are still limited for Eastern Arabia, although they can 

contribute to provide useful data on food-processing and supply strategies during these periods of 

urban development and human migration (e.g. Power, 2017; Kennet, 2012; Velde, 2012). Indeed, 

written sources (e.g. travellers such as Ibn Baṭṭūṭa, Marco Polo, Ma Huan) have already provided 

valuable information about the economic and social aspects of everyday life activities in this part of 

the Arabian Peninsula; unfortunately, they still remain relatively scarce and incomplete (often 

qualitative, imprecise).  

For Eastern Arabia, initial archaeobotanical studies have focused on the regression of 

mangrove ecosystems during the medieval Islamic period at the site of Kush (Ra’s al-Khaimah, 

U.A.E.) (Tengberg 2005). Later, the early Islamic levels of Fulayj (Batinah, Oman) yielded the first 

well-identified and directly radiocarbon dated evidence of sorghum and highlighted the extension of 

a fuel catchment area in the foothill and low mountainous zones (Priestman et al., 2023; Dabrowski 

et al., 2021) (Fig. 1). In contrast, vertebrate (mammal, bird, fish) archaeozoological studies from the 

Islamic period remain scarce. Nevertheless, we can point out those from the monastery of al-Qusur 

(Monchot et al., in press) and Khara’ib al-Dasht (Iwaszczuk et al., 2021) on Failaka island in Kuwait; 

Qal’at al-Bahreïn (Vorenger, 2017) and Bilad al-Qadim (Insoll, 2005) in Bahrain; the fort of 

Lululyyah in the Sharjah’s Emirate (Uerpmann, 2017); the harbour city of Julfar in the Ra’s al-

Khaimah’s Emirate (Beech, 2004); and Khor Rori/Sumhuram (Dhofar) in the Sultanate of Oman 

(Carenti and Wilkens, 2008). These sites reveal that diverse fishing activities were in place, and that 

even sites on the Arabian Persian Gulf were focused on the exploitation of coastal areas, especially 

lagoons. The faunal assemblages are also often dominated by sheep/goats and camels, showing 

specific herding practices and involvement in long-distance caravan trade activities.  

Excavations at the medieval harbour city of Qalhât – within the framework of the Qalhât 

Project in 2008-2016 (Omani Ministry of Heritage and Culture, now Heritage and 

Tourism/CNRS/French Ministry of Foreign Affairs) (Rougeulle, 2010; Rougeulle et al., 2012) and 

the Qalhât Development Project in 2013-2016 (Omani Ministry of Heritage and 

Tourism/CNRS/Eveha International) under the direction of A. Rougeulle (CNRS) – gave a unique 

opportunity to gather new information about  subsistence strategies for ensuring the safety of food 

supplies aimed at a large urban population. The Qalhât Development Project aimed to extensively 

excavate buildings that were planned to be restored as part of an archaeological park, as well as to 

increase our knowledge about the spatial organization of the city, the chronological evolution of the 

urban settlement and the economic and everyday activities of the inhabitants (Rougeulle et al., 2014; 

Rougeulle, 2016, 2017, 2023).  

As a result, the twin house building (B94), extensively excavated in 2013, provided a large 

diversified bioarchaeological assemblage, giving us the opportunity to study food-acquiring systems 

in conjunction with land-use systems and long-distance trade networks.    

2. The archaeological site of Qalhât 

2.1. Environmental setting 
 

The site of Qalhât (22°41’40’’N–59°22’30’’E) is situated on the Ash-Sharqiyyah coast, 20 km north 

of the lagoon of Sur and about 60 km from Ra’s al-Jinz, the most eastern point of the Arabian 

Peninsula (Fig. 1). This coast is constituted of limestone terraces, sandy beaches and coastal cliffs, 

interrupted regularly by wadi mouths. The archaeological site lies partially on a calcareous terrace 10 

m above sea level on the east side and is bordered by the mouth of Wadi Hilm on the north-west and 
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the slopes of the Al-Hajar Mountains to the south-west (Fig. 2) (Desruelles and Beuzen-Waller, 2013). 

At the wadi mouth, the water from precipitation at high altitude, still contained in the mountains, 

infiltrates underground before discharging into the sea, allowing for the irrigation of small date palm 

gardens against the wadi banks, thanks to water extracted from wells (Wilkinson 1977, 47). The 

climate is arid with high summer temperatures and an average annual precipitation of less than 100 

mm, unequally distributed throughout the year (Kwarteng et al. 2009; Sanlaville 2000, 49). 

Palaeoclimatological analyses have revealed that climatic conditions in the region were globally 

similar to those of today, although minor climatic oscillations (episodes of aridity, alluvial deposits) 

seem to have taken place at the end of the medieval Islamic period in the Oman Peninsula (Parker 

and Goudie, 2008). For example, episodes of aridity have been highlighted by the presence of 

Ephedra pollen 600 years ago at Maqta (Sultanate of Oman) (Urban and Buerkert, 2009) or, in 

contrast, phases of fluvial deposits in the Musandam Peninsula (Vita-Finzi, 1978) and near Al-Aïn 

(Abu Dhabi, U.A.E.) (Gebel et al., 1989). 

 

 
Fig 1: Localisation of Qalhât in the Arabian Peninsula (A) and of the twin houses’ building B94 in 

the archaeological site (B) 

 

Vegetation cover at the site is characterized by open thorny formations of xerophilous taxa, 

represented mostly by Acacia tortilis and Ziziphus spina-christi, completed by a few shrubby species 

(Thephrosia purpurea, Heliotropium brevilimbe, Pulicaria glutinosa, Senna holocerisea). 

Halophilous (salt-tolerant) trees and shrubs can also be observed, notably on high-salinity soils due 

to the proximity of the sea, such as Tamarix aucheriana, Limonium stocksii, Heliotropium bacciferum 

and Suaeda fructicosa (König and Fried 2015; Ghazanfar 1999). Furthermore, these landscapes are 

represented by grazing livestock composed of sheep and goats, forming herds of mixed species, and 

dromedaries, moving back and forth between the modern city fringe and rural settlements (Fig. 2). 

Today in Sur, fishing activities take place throughout the year, although with two peak periods: 

between October and December and, more importantly, between March and April. According to the 

Sharqiyah Governorate, landings are mainly from net and line fishing from small motorboats. Fishing 

is concentrated on different tunas and tuna-like fish (yellowfin, longtail, kawakawa, kingfish) and 
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sardines (M.A.F., 2018). 

2.2. Historical and archaeological background 
 

Qalhât is a harbour city which occupied a central part within the international trade networks of 

the western Indian Ocean during the medieval Islamic period and was a pivotal element of the 

kingdom of Hormuz (Rougeulle 2016, 2017, 2023). According to several textual sources, the city was 

founded around 1100 CE during a migration of the 'Azd tribe from Southern Arabia to Iran where 

they founded the Hormuz kingdom (Ulrich, 2008; Bhacker and Bhacker, 2004). Qalhât later became 

its second capital and, in 1330 CE, Ibn Baṭṭūṭaẗ witnessed the notable urban expansion of the city 

realised under the governance of Ayaz and Bîbî Maryam (Rougeulle et al., 2012). The harbour's 

prominence led to it driving international trade in the western Indian Ocean as testified by numerous 

archaeological data, such as pottery sherds, connecting regions such as Yemen, Iran, the Indian 

subcontinent, China, and South-East Asia (Renel 2023, Rougeulle 2016, 2017; Simsek et al. 2015). 

In the 13th c., Marco Polo (2011: 498-99) emphasized its pivotal role in trading Arabian horses for 

Indian merchandise. However, in the 15th c., Qalhât began to decline due to an earthquake and the 

rise of Muscat as Oman's primary harbor. The Portuguese army, led by Afonso de Albuquerque, 

devastated the city in 1508 and used it as a maritime base after the fall of the Kingdom of Hormuz in 

1515. This led to a swift decline in the latter half of the 16th c. (Rougeulle 2016, 2017). By 1592, a 

traveller described Qalhât as completely abandoned (Agius 1999). 

 

The archaeological site of Qalhât is today a large area of 35 ha covered by ruins surrounded 

by fortification walls with great concentrations of buildings, including the so-called mausoleum of 

Bîbî Maryam, other mausoleums and two cisterns. At the beginning of archaeological research, a 

preliminary survey (1998) and few soundings (2003) have been conducted before the launch of the 

Qalhât Project (2008-2016) and the Qalhât Development Project (2013-2016) in collaboration with 

the Ministry of Heritage and Culture of Oman, now of Heritage and Tourism, under the direction of 

Dr Axelle Rougeulle (UMR 8167, CNRS). After an extensive survey, a general map of the medieval 

city has been drawn, allowing to determine the layout of the fortification walls, funerary zones, streets 

and different types of buildings such as houses, storehouses, public buildings, mosques, mausoleums, 

cisterns, a public bath, and workshops. The eastern part of the city is composed by the most ancient 

quarter which includes the Great Mosque, the sûq and several public buildings. Peripheral quarters 

with less dense urban networking are distributed northward and westward of the most ancient sector 

of the site, installed during the extension of the city at the end of the 13th-the beginning of the 14th. c. 

At the northeast, a complex building with several courtyards which may correspond to the governor 

residence has been tested. The western part of the site is composed of craft neighbourhoods with 

pottery and jewellery workshops. The site is bordered on the western side by funerary districts with 

thousands of graves and several mausoleums. In the northwestern part of city, three buildings have 

been excavated such as a small mosque, a storehouse (B21) and the twin houses’ complex (B94) that 

is the object of this paper (Rougeulle 2016, 2017, 2023). Excavations have highlighted the connection 

of the harbour within regional and long-distance networks with the discovery of imported potteries 

from Yemen, Iran, the Indian subcontinent, China and South-East Asia (Vietnam, Thailand, Birmany), 

alongside local productions (Rougeulle et al. 2014, Simsek et al. 2015). 
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Fig. 2: The archaeological site of Qalhât and its surroundings. A= Aerial view of the site before 

excavations (Rougeulle 2016: 99); B= Acacia trees standing among archaeological ruins of the site 

with foothills of the Omani mountains behind; C= Mouth of the Wadi Hilm north to the site; D= 

Date palm gardens maintained in the mouth of the Wadi Hilm with livestock grazing local 

vegetation. 

 

Bioarchaeological investigations from Qalhât have already been published. The study of 

seed/fruit remains from a workshop (B39) has allowed to identify the first plant components of diet, 

to reconstruct the type of agrosystems maintained for produce them and to underline the importation 

of African/Indian products (Dabrowski et al. 2018). The study of cat bones found in different 

buildings of the site permits to document the interactions between humans and pets and the 

taphonomic processes that led to their deposit (Monchot 2022). 

2.3. The twin house complex (B94) 
The twin house complex (B94), which provided the bioarchaeological material studied in this 

paper, is situated in the north-western quarter of the site (Fig. 1B). Two architectural phases were 

identified in this area. An early building was first erected directly on the bedrock at the end of the 

13th-beg. of the 14th c. (phase 1), before being erased for the construction and occupation of a second 

building during the 14th c. (phase 2) until its definitive abandonment in the second half of the 16th c. 

(phase 3). This second building was composed of two unconnected houses (northern and southern) 

covering approximately 310 m² and has been interpreted as a probable community-based habitat in 

which domestic and craft activities took place, and which yielded the most important part of the 

zooarchaeological and archaeobotanical material presented here. It is constituted of two distinct 

habitat units, each composed of one central courtyard bordered by three wings (Fig. 3). Both houses 

had an entrance leading to a hallway (B94-F in the northern house and B94-L in the southern one) 

including benches and stairs leading to the upper floors. Two small exterior rooms against the north-
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western part of the houses (B94-K and J) may correspond to a shop and its back. The upper floors 

probably represented the reception and living rooms, while the ground floor was dedicated to 

domestic and craft activities. In the northern house, the central courtyard (B94-D) evidenced a raised 

gully all along the southern wall and a rocky billot in the northern part, as well as a marine anchor, 

suggesting activities relating to fishing in this part of the building (Fig. 4: D and E). In the adjacent 

rooms, storage jars (B94-C) were recovered, as well as coated basins (B94-A) that had been quickly 

covered by a floor (Fig. 4: A and C). Room A also yielded evidence of fire at the beginning of the 

16th c. The southern house yielded fireplaces in the courtyard (B94-I) probably linked to culinary 

activities, as well as several grindstones (B94-R) and one madbasa (B94-B) for making date syrup 

(Fig. 4: B) (Rougeulle 2016, 2017). Rooms M, P and Q are difficult to understand: the former may 

have been part originally of an empty wind tower; room Q yielded three superposed floors, the last 

one likely covered by a wooden structure on poles; and room P includes several backfills and squat 

occupations.  

 
Fig. 3: Plan of the houses’ complex of the building 94  

 
Fig. 4: Structures and artefacts found in the building 94. A= Four quadrangular basins carved in the 

floor in room A; B= Madbasa in room B; C= Jar set in the ground of room C; D= Gully with 

cavities as a workstation for fish processing in courtyard D; E= Marine anchor found in courtyard 

D.  
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Throughout the excavation of this structure, a multitude of organic remains, including seeds, 

fruit, charcoal, as well as mammal, bird and fish bones, were unearthed (Fig. 5). Although they clearly 

indicate that food-processing activities took place here, we were not able to precise the building’s 

exact function, which cannot be considered as a domestic dwelling, at least at ground level. Thus, the 

discovery of these abundant bioarchaeological artefacts has raised a series of questions: can this 

organic material provide new information about the spatial distribution of the daily-life activities of 

the inhabitants? Can it help to define the function of the building? Could it offer new insights into 

food acquiring strategies regarding interactions between agropastoral systems and fishing practices 

set up for feeding an entire urban medieval population? 

 
 

Fig. 5: Graphic representation of the spatial distribution of the material through the building. 
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3. Material and Methods 

3.1. Zooarchaeological remains  
Identifications were attempted for all bone fragments. Specimens were identified to the lowest 

possible taxonomic category and anatomical element, or portion thereof. Sheep and goats were 

distinguished using morphometrical criteria (Salvagno and Albarella, 2017 and references therein); 

however, despite the extensive literature, specific separation is not always easy, a large majority of 

the criteria are not 100% reliable and highly diagnostic elements, such as horncores, are generally 

poorly preserved. Sheep and goat remains were therefore placed in a combined sheep/goat category, 

i.e. caprine. The quantification of bone remains was based on the total number of identified specimens 

(NISP) and the minimum number of individuals (MNI). To estimate the age at death, the stages of 

tooth eruption and dental wear analysis was used (Payne, 1973) alongside epiphyseal fusion (Barone, 

1986). Butchering consists of a set, or series of sets, of human activities (skinning, dismemberment, 

disarticulation, meat removal) directed towards the extraction of consumable resources from a carcass 

(i.e. butchering pattern, Lyman, 1987; Binford,1981; Monchot, 1996). Two categories of damage 

resulting from tool use were identified, namely cut marks (cutting movement of a sharp-edged 

implement) and chop marks (broad, deep and relatively linear depressions that often have a V-shaped 

cross-section) (Horwitz and Monchot, 2002). The degree of burning visible on bones was classified 

by colour on an ordinal scale from 0 to 6. These visible grades of burning range from unburnt (code 

0) to intermediate burning stages centring on carbonization (100% carbonized or pure black = code 

3) to the most advanced phase known as calcination (100% calcined or pure white = code 6) (Stiner 

et al. 1995). 

3.2. Archaeoichthyological analysis 
Fish bones came mainly from hand-picking from almost all the rooms (A, B, C, D, F, G, H, I, J, 

K, M, P, Q, R) and the exterior areas. In a chronological distribution, 19 contexts were associated 

with phase 1, 89 for phase 2, 60 for phase 3 and 11 for the interphase contexts (Tab. 1, Supplementary 

material-A).  The fish bones had already been sorted when this study was carried out. Comparative 

anatomy study was carried out based on the reference collection of the National Museum of Natural 

History (MNHN) in Paris (France). Identifications were attempted for all bone fragments and each 

bone was counted (NR). Due to the large presence of vertebrae in the corpus, and the fact that the 

bones are from occupation layers and not from closed contexts, the MNI was not calculated. Ideally, 

each bone was identified to species rank, but when it was too fragmented or when some taxa had very 

similar skeletons (such as for sharks), identification was stopped at genus, family or order (Desse et 

al., 2002). The weight estimation of the living specimens was made by comparison with our reference 

specimens (Wheeler and Jones, 1989); though not very precise, it enabled us to determine the 

minimum and maximum (Béarez et al., 2012). For information on ecological behaviour and fishing 

practice, we mainly used the FishBase sheets (Froese and Pauly 2022), Randall's (1995) manual on 

fish biodiversity in Oman and data (monthly artisanal fisheries landings for the governorate of 

Muscat) from the Ministry of Agriculture and Fisheries of the Sultanate of Oman (M.A.F., 2013, 

2015, 2016, 2018). Cut marks were recorded, as were traces of burning. Two different kinds of 

burning were assigned: burnt, when the bones were black or partially black; and calcified, when the 

bones become white after longer exposure (Nicholson 1995). To simplify our interpretations, the 

fishes have been classified into two main categories: pelagic fish, which include all species living in 

the water column (up to 200 m deep) and demersal fish, which are associated with coastal substrates.  

3.3. Archaeobotanical analysis 
 

Two types of archaeobotanical samples (handpicked and sediment) were made during the 

excavations in six rooms (A, C, D, I, M, P) and two external sectors close to the building (eastern and 

western) (Tab. 1). 

 

The handpicked samples were found in backfills, destruction/collapse layers, soil levelling and 
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the abandonment level distributed in rooms A, I, M, P, as well as the external western sector. Six 

handpicked samples (5 contexts) were dated to phase 3, while three samples each (3 contexts) came 

from phases 1 and 2. Most of the 29 sediment samples (21 contexts) were realized within courtyards 

I and D where hearths, thermic soil alterations, refuse and pits, have been processed. Room C yielded 

a single sample from a hearth. The external eastern sector included two samples from a dump and 

soil deposit. Phase 2 is the most represented chronological phase of the building with 25 samples 

from 19 contexts, while phase 1 is documented by 4 samples from 2 contexts. 

 

The handpicked samples (n=12, 11 contexts) consist of clusters of merged carbonized grains. As 

these were visible to the naked eye they were removed prior to sieving to avoid degradation. The 

average volume of sediment samples (n=29, 21 contexts)1 processed was 5 litres, with a minimum of 

less than 1 litre to a maximum of 35 litres. In total, 155 litres were processed during one field 

campaign in February/March 2014. All the samples were sieved using a flotation machine that had 

been built in the field; the methodology is explained in Dabrowski et al. (2018). Samples were then 

exported for analysis to the archaeobotanical platform (UMR AASPE) of the MNHN, Paris (France). 

The macro-botanical remains (seeds, fruits, wood charcoal) were extracted with the help of a 

binocular stereo microscope (Nikon SMZ645). Identification of the seed and fruit remains was made 

possible by comparison with modern reference collections and an atlas of photographs (Cappers et 

al., 2006, 2009, 2012; Jacomet, 2006; Van Zeist and Bakker-Heeres, 1982). The number of remains 

were all counted (NR) as whole and fragmented items. The MNI was evaluated by adding the 

estimation of original whole items from the fragmented remains to the number of whole remains. 

This estimation was obtained for cereals and pulses by dividing the number of fragments by two, or 

in the case of fruits by reconstructing using the naked eye. Percentages were calculated based on the 

MNI, determinate and indeterminate remains combined, when it is not specified. The clusters of 

merged carbonized grains sampled by handpicking in the field were studied against the description 

protocol already set by Dabrowski et al. (2021b). Any botanical remains that were visible on the 

surface were identified and described to determine their taxa and nature (caryopsis, spikelet, lemma 

and palea for cereals and Gramineae; cotyledon for pulses) in the same way as the individual seed 

and fruit remains. Insect damage as circular holes was also noticed. For each cluster, the remains were 

quantified according to a counting system evaluating their abundance in each cluster (1=1 to 5 

remains; 2=6 to 10; 3=11 to 20; 4=more than 20). Some photographs of them have been made with 

SEM Hitachi SU3500 at the SEM platform of the National Museum of Natural History in Paris 

(France). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 In addition, 28 more sediment samples (v= 186,5 l.) from 26 contexts have been processed from several rooms (B=1, 

C=4, D=2, F=1, G=1, I=8, P=4, Q=1, Ext. West=3, Ext. East=1, Est. South=2) (Table 1, Supplementary material-A), but 

as they were revealed to be sterile, they have not been taken into consideration.  
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Tab. 1: Synthetic table with the number of contexts taken in consideration per room and for each 

discipline. Number in brackets indicate the number of contexts in which only hand-picked samples 

have been made. 

4. Results   

4.1. Animal bones (mammals and birds) 
 

Vertebrate remains (mammals and birds) were scattered throughout the building and 16 taxa were 

identified (NR=5528, NISP=4356, 78.8% of NR). Room P yielded the largest number of faunal 

remains, followed by room I and, to a lesser degree, rooms R, G, A and courtyard D (Tab. 2, 

Supplementary material B). In a chronological distribution, 19 contexts were associated with phase 

1, 89 with phase 2, 60 with phase 3 and 11 to the interphase contexts. 

 
 

Tab. 2: Zooarchaeological results per room by Number of identified specimens (NISP) 
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With 91.4% of the NISP, caprine dominated the bone assemblage. If all the skeletal parts are 

assumed to be present, a dominance of the trunk and the meaty part of the limbs was observed, with 

a clearly under-representation of the feet bones (i.e. carpal, tarsal and metapodial) (Fig. 6). According 

to teeth wear and attrition stages, more than half the individuals (62.7%) were juvenile, including 

many yearlings (suckling lambs). The rest was made up of 27.9% adults and 9.4% old individuals 

(Fig. 7). However, this proportion of juveniles was not found using the long bones – for example, a 

minimum of 50 adults were identified from the distal end of the humerus. The presence of cut and 

chop marks (NR=273) were noted on the entire skeleton, reflecting butchery activities (e.g. skinning, 

dismemberment, filleting). Finally, only 23 bones showed traces of calcination, but it is impossible 

to know if theses traces are the result of culinary preparations (roasting) or related to the elimination 

of rubbish by fire. 

 
 

Fig. 6: Caprine skeletal representation in NISP (Number of identified specimens).  

 

 
Fig. 7: Mortality profile of caprine in NISP (Number of identified specimens) (according to Payne, 

1973)  

 

With only 179 remains (4.1% of NISP), domestic fowl (chicken, Gallus gallus domestica) 

was the second most represented species on the site. The remains included bones from roasters 

(presence of spurs), females (presence of medullary bones, De Cupere et al., 2005) and chicks 

(immature bones, 23.9%). If all the skeletal elements were identified, we observed a clear 

predominance of leg and wing bones. The anatomical profile indicated that the bones represented the 

waste from entire birds. Butchery was confirmed by the presence of cut marks, identified on one 

femur, three humeri and three tibiotarsus. Eggshell fragments were identified in B94 1746 (room G), 

1830 (room Q) and 1681 (room B) (Fig. 8). 
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Fig. 8: Illustration of (a) vertebra of a dolphin, (b) vertebra of a whale, (c) cut marks on a sheep axis, 

(d) cut marks on a sheep metapod, (e) cut marks on a sheep femur. 

 

For the other represented species, few cattle remains were identified (NISP=21, 0.48%), 

consisting essentially of long bone shaft fragments (e.g. femur, tibia, metapodial). Eight remains, 

mostly isolated teeth, attested the presence of equids (Equus sp.) (0.18% NISP). Identifying equid 

bones specifically is not easy with the recurrent distinction between horse (Equus caballus), donkey 

(Equus asinus) and hybrid mules (Hanot et al., 2017; Hanot and Bochaton, 2018). The dog (Canis 

lupus familiaris), a commensal species, was also presented in B94 (NISP=2, 0.05% NISP), with 

young individuals attested.  

 

Several domestic cat remains (Felis catus, NISP=52, 1.19% NISP) were identified, 

representing six adults and three immature individuals (kittens), with an almost complete skeleton 

identified (UF 1723, 25 remains) (Monchot and Guintard, 2017; Monchot, 2022). The size of the long 

bones show that immature juveniles belonged to different age ranges. No traces of cut marks were 

found on any of the cat bones, so it seems likely that the animals were not skinned.  

 

Two bones evidenced the presence of a hare (Lepus capensis): a right humerus belonging to 

an adult with butchery cut marks (UF 1408) and a left scapula from a juvenile individual (UF 1830). 

The black rat (Rattus rattus) was present in many rooms (NISP= 86, 1.97%). In addition, numerous 

bones showed gnaw marks, a sign of intense rodent activity on the site.  

 

For the wild taxa, two bones were identified as belonging to a gazelle (Gazella sp.): a right 

proximal metatarsal (US 1835) and a distal metatarsal (US 1898); however, it was not possible to 

precise the exact species. One vertebra belonging to a dolphin (unidentified) and another belonging 

to a whale were also discovered. With regards birds, a right carpometacarpus testified to the presence 

of a cormorant (Phalacrocorax sp.), the rock dove (Columba livia) was attested by two bones (a left 

proximal humerus and a furcula), gulls (Larus sp - morphology and size of these bones are close to 

those observed in the European Herring gull/Larus argentatus.) was testified by three bones (two 

coracoids and one proximal humerus), and finally one eggshell fragment from an ostrich (Struthio 

camelus) was present. For the cormorant, it was not possible to determine if the bone belonged to the 

Great cormorant (Phalacrocorax carbo) or the Socotra cormorant (Phalacrocorax nigrogularis). 
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These two species are widely present along the coastal area and were commonly hunted in the past 

(Tomé, 2003). As for the rock dove, it lives on cliffs and rocks, mountains and hillsides, where it 

nests in rock crevices or caves. 

4.2. Fish bones 
 

For the fish corpus, 34 families and 80 species were identified (18 865 NR, 4855 NR 

identified). Most of the bones were vertebrae (n=4416), although a large quantity of scales (n=6005) 

were also recorded. Head bones were well represented (n=1204). The other remains were unidentified 

fragments. Fish bones were found in almost all the rooms of the building with a high concentration 

in the eastern exterior and rooms D, I, Q, and R (Tab. 3, Fig. 5). The bones were primarily associated 

with phase 2, followed by phase 3, while phase 1 was poorly represented. Scales were strongly 

represented during phase 2 of the occupation (n=5990) in the northern part of the building (room–C 

- n=222, room–D - n=817, eastern exterior - n=4903). Only 11 scales were counted for phase 3 from 

the entire building. For the cranial remains, during phase 2, room I evidenced the most cranial remains, 

while during phase 3, rooms B and M showed a large proportion. 

 

The most important category of fish were pelagic fish (Supplementary material-C, Marrast, 

2024). The tuna family (57%, Scombridae) was the most important with the yellowfin tuna species 

(26.2%, Thunnus albacares) and the longtail tuna (8%, Thunnus tonggol) (unidentified Thunnus spp. 

represented 12.5% and Scombridae 4.7%). A very common fish in today’s fisheries, the kawakawa 

(3%, Euthynnus affins) and narrow-barred Spanish mackerel (or "kingfish", 0.7%, Scomberomorus 

commerson) was of minor importance. Large specimens of yellowfin tuna, up to 70 kg were 

identified, while the longtail tunas could reach 40 kg, even the mean weigh was between 9 and 13 kg. 

According to the number of remains, bigeye scad (6.51%, Selar crumenophthalmus) (Fig. 9) was the 

most important of the Carangidae family, followed by trevallies (3.4%, Carangoides spp.) and jacks 

(3.4%, Caranx spp.). Seabreams (4.8%, Sparidae) were primarily represented by the king 

soldierbream (3.56%, Argyrops spinifer), a demersal fish that can reach 450 m deep (Froese and Pauly 

2022). This species is highly recognizable in archaeological remains due to the characteristic features 

of its skull, teeth and premaxilla. Seabreams were following by emperors (3.9%, Lethrinidae). These 

were represented by several species (mainly Lethrinus microdon, L. nebulosus), but generally we 

stopped our identification at the genera Lethrinus because the bones can be very similar between 

species. In last position came requiem sharks (3.5%, Carcharhinidae). One specimen of tiger shark 

(Galeaocerdo cuvier, UF 2573, room P, phase 2) was particularly huge with a vertebra measuring 

52.2 mm. Excepting for tuna and some sharks, all the fish were estimated to be of medium size. In 

addition, minor demersal species (7.3%) were also represented, such as snappers (Lutjanidae), 

parrotfish (Scaridae), rabbitfish (Siganidae), groupers (Serranidae), nurse sharks 

(Ginglymostomatidae) and grunts (Haemulidae). In the minor pelagic fish category (4.5%), sardines 

(Clupeidae) (Fig. 9), barracudas (Sphyraenidae), hammerheads (Sphyrnidae), few specimens of 

white/mackerel sharks (Lamnidae) and dolphinfish (Coryphaena hippurus) were identified. Sailfish 

(Istiophoridae) were also noted, with mentions of Indo-Pacific sailfish (Istiophorus platypterus) and 

black marlin (Istiompax indica) (Supplementary material C, Marrast, 2024).   
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Fig. 9: Illustration of different bones from (a) big eye scad (ceratohyal, cleithrum, opercula, dentary, 

maxillary, articular, vertebrae), (b) yellowfin tuna (burned vertebrae) (c) unidentified fishes (various 

scales), (d) Indian oil sardine (hyomandibular, opercular, palatine). 

  

 
 

Tab. 3: Archaeoichthyological results per room by Number of remains (NR) and Weight of Remains 

(WR). (results) 

 

As for the butchery marks, very few were observed, maybe because the bones were so poorly 

conserved after their deposition (Willis et al., 2008). In the corpus, only 7 were noted: 5 on a requiem 

shark’s vertebrae and 2 on a greater amberjack (Seriola dumerili). With regards fire exposure (Fig. 

9), 10% (n=1878) of the total remains had been exposed to different levels: burnt (n=849) and 

calcified (n=1027) (Fig. 9) (Nicholson, 1995). The burnt bones came mainly from phase 2 (n=1654) 

and were mostly vertebrae, especially from yellowfin tuna (n=573) and other tuna (Fig. 9). For 

Thunnus bones, the burnt and calcified vertebrae were mainly from rooms D, H, southern exterior, B 

and F (Fig. 9). The head bones and spines did not appear to be affected by this taphonomic effect. 
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4.3. Seeds and fruits 
 

In total, the 364 botanical remains (MNI=191) recovered from sediment samples (Tab. 4, Fig. 10 

and 11, Supplementary material-D) mostly corresponded to whole and fragmented seeds and fruits, 

with some fragments of pericarp. Other types of remains such as perianth, leaf, and straw fragments 

were occasionally attested. Of the 23 taxa, 13 were identified to the species or subspecies level, 4 to 

the genus level and 5 to the family or subfamily level. Almost all the botanical remains (96%) were 

found in contexts belonging to phase 2, with rooms D and I yielding the most numerous remains 

(respectively, 48% and 47%). 

 

Several categories of plants were attested within the assemblage, with cereals (34%) and fruits 

(25%) being the most represented. Free-threshing wheat (Triticum aestivum/turgidum/durum) 

corresponded to the most attested taxon (19%) followed by Asian rice (7%, Oryza sativa), finger 

millet (3%, Eleusine coracana ssp. coracana) and hulled barley (3%, Hordeum vulgare). Most of 

cereals came from two hearths (UF 1658, UF 1661) and one pit (UF 1956) in room D: free-threshing 

wheat was mostly attested in this room (in particular, UF1658), while Asian rice and hulled barley 

was only recovered from this room. Finger millet is the only cereal represented in contexts dated to 

both phases 1 and 2. Fruits from cultivated/wild trees were mostly evidenced by the date palm (13%, 

Phoenix dactylifera), followed by jujube (9%, Ziziphus sp.). Other fruits were occasionally attested 

in the assemblage, such as pomegranate (Punica granatum) and grapevine (Vitis vinifera ssp. 

vinifera), as isolated seeds (1% each). Cultivated pulses were only attested in very minor proportions: 

mung/urd bean (Vigna radiata/mungo) and cowpea (Vigna unguiculata) (1% each); the former in 

room D and the latter in the eastern exterior. This is also the case for spices and condiments, 

represented by pepper (Piper nigrum) and celery (Apium graveolens) (1% each), both of which were 

attested as single fruits in one hearth (UF 1658) of room D. Wild plants (16%) included several taxa 

that could correspond either to weeds incorporated with harvests and eliminated by fire inside the 

building or wild plants growing in the surroundings and brought in accidentally by wind, for example. 

They belong mostly to the Poaceae family: Bermuda grass (10%, Cynodon dactylon) (10%); Sawa 

millet (Echinochloa colona); the Malvaceae family, such as mallow (Malva sp.) and Indian mallow 

(Abutilon sp.); and the Amaranthaceae family, such as amaranth/chenopod 

(Amaranthus/chenopodium). The majority of wild plants were found in room I, especially in one 

hearth (UF 1719) and one thermal degradation level (UF 1751) in the form of seeds, caryopses and a 

single leaf. Substantial amounts of indeterminate remains (23%) and occasional animals droppings 

and insects were also attested in the assemblage.  
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Phase  Phase 1 Phase 2 Total 

Room  I C D I Ext. East   

Number of contexts  2 1 7 9 2 21 

Number of samples  4 1 7 15 2 29 

Total of volume sieved (litre)  8 10 85 32 23 158 

   NR MNI NR MNI NR MNI NR MNI NR MNI NR MNI 

Vernacular name Latin name                       

Cereals                        

Finger millet, seed 

Eleusine coracana ssp. 

coracana 
1 1 - - 4 4 1 1 

- - 
6 6 

Hulled barley, caryopsis Hordeum vulagre - - - - 4 4 - - - - 4 4 

Hulled barley, fg. caryopsis  - - - - 1 1 - - - - 1 1 

Asian rice, caryopsis Oryza sativa - - - - 10 10 - - - - 10 10 

Asian rice, fg. caryopsis  - - - - 2 1 - - - - 2 1 

Probable Asian rice, fg. caryopsis  - - - - 3 2 - - - - 3 2 

Free-threshing wheat, caryopsis 

Triticum 

aestivum/durum/turgidum 
- - 1 1 27 27 1 1 3 3 32 32 

Free-threshing wheat, fg. caryopsis  - - - - 7 4 2 1 - - 9 5 

Und. cereal, fg. caryopsis Cerealia - - - - 5 3 - - - - 5 3 

Und. cereal, straw fragment   - - - - - - - - 1 1 1 1 

Cultivated pulses                        

Urd/Mung bean, cotyledon Vigna mungo/radiata - - - - 2 2 - - - - 2 2 

Cowpea, cotyledon Vigna unguiculata - - - - - - - - 2 1 2 1 

Fruit trees/vines                        

Date, seed Phoenix dactylifera - - - - 3 3 1 1 - - 4 4 

Date, fg. seed  - - - - 38 9 75 8 1 1 114 18 

Date, fg. seed with pericarp  - - - - 2 1 - - - - 2 1 

Date, frag. of pericarp  - - - - 1 - - - - - 1 - 

Date, fg. of endocarp  6 1 - - 14 - 34 - - - 54 1 

Date, perianth  - - - - 1 1 - - - - 1 1 

Pomegranate, seed Punica granatum   - - 1 1 - - 1 1 2 2 

Grape, seed Vitis vinifera ssp. vinifera   - - 2 2 - - - - 2 2 

Jujube, endocarp Ziziphus sp.   - - 5 5 - - 1 1 6 6 

Jujube, half endocarp    - - 12 6 - - 2 2 14 7 

Jujube, fg. endocarp  1 1 - - 6 2 - - 1 1 10 5 

Other cultivated plants              

Celery, achene Apium graveolens - - - - 1 1 - - - - 1 1 

Pepper, drupe Piper nigrum - - - - 1 1 - - - - 1 1 

Weedy/Wild plants                        



 
 
Archaeological Research in Asia, vol. 40, 100561      Pre-Print 

17 
 

Phase  Phase 1 Phase 2 Total 

Room  I C D I Ext. East   

Number of contexts  2 1 7 9 2 21 

Number of samples  4 1 7 15 2 29 

Total of volume sieved (litre)  8 10 85 32 23 158 

   NR MNI NR MNI NR MNI NR MNI NR MNI NR MNI 

Indian mallow, seed Abutilon sp. - - - - - - 1 1 - - 1 1 

Amaranth/Chenopod, seed Amaranthus/Chenopodium - - - - 1 1 - - - - 1 1 

Amaranthaceae, leaf Amaranthaceae - - - - 1 1 - - - - 1 1 

Brassicaceae, seed Brassicaceae 1 1 - - - - 1 1 - - 2 2 

Bermuda grass, caryopsis Cynodon dactylon - - - - - - 13 13 - - 13 13 

Probable Bermuda grass, caryopsis cf. Cynodon dactylon - - - - - - 5 5 - - 5 5 

Sawa millet, caryopsis Echinochloa colona - - - - - - 1 1 - - 1 1 

Probable euphorb, seed cf. Euphorbia - - - - - - 1 1 - - 1 1 

Pulse, cotyledon Fabaceae - - - - - - 2 2 - - 2 2 

Mallow, seed Malva sp. - - - - - - 2 2 - - 2 2 

Millet, caryopsis Panicoidae - - - - 1 1 1 1 - - 2 2 

Indeterminate                        

Indeterminate, seed/fruit/other  4 4 - - 17 17 11 11 - - 32 32 

Indeterminate, fruit  - - - - - - 2 2 - - 2 2 

Indeterminate, fg. of pericarp  - - - - 4 4 - - 2 2 6 6 

Indeterminate, fg. of endocarp  - - - - - - 3 3 - - 3 3 

Organic amorphous remains  - - - - × × × × - - × × 

Coprolites              

Coprolites, sheep/goat pellet  - - - - 1 1 - - - - 1 1 

Coprolites, rodent dropping  1 1 - - - - 7 7 - - 8 8 

cf. Coprolites, rodent dropping  - - - - - - 2 2 - - 2 2 

               

Total of determined carpological 

remains 

 
9 4 1 1 155 93 144 40 

12 10 
320 148 

Total of undetermined 

carpological remains 

 
4 4 - - 21 21 16 16 

2 2 
43 43 

Total of carpological remains  13 8 1 1 176 114 160 56 14 12 363 191 

 

Tab 4: Distribution of seed/fruit remains per phase and per room. 
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Fig. 10: Distribution of the different categories of seed/fruit remains from sediment samples in the 

building B94. Results from room C have not been illustrated since a single remain is concerned. 
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Fig. 11: Seed/fruit remains identified in the houses’ building 94. A= Caryopsis (grain) of free-

threshing wheat (Triticum aestivum/turgidum/durum) in dorsal, lateral and ventral views; B= 

Caryopsis (grain of Asian rice (Oryza sativa) in dorsal, lateral and ventral views; C= Seed of finger 

millet (Eleusine coracana ssp. coracana), in dorsal and ventral views; D= Caryopsis (grain) of hulled 

barley (Hordeum vulgare); E= Cotyledon of mung/urd bean (Vigna radiata/mungo), in dorsal and 

ventral views; F= Cotyledon of cowpea (Vigna unguiculata), in dorsal and ventral views; G= 

Fragment of date seed (Phoenix dactylifera), in ventral view; H= Seed of pomegranate (Punica 

granatum), in two different views; I= Grape pip (Vitis vinifera ssp. vinifera), in dorsal and ventral 

views; J= Jujube endocarp (stone) (Ziziphus sp.), in dorsal view; K= Seed/fruit of pepper (Piper 

nigrum); Achene of celery (Apium graveolens), in dorsal and ventral views; M= Two caryopses of 

barnyard grass (Cynodon dactylon), in lateral views; N= Two rodent coprolites; O= One goat/sheep 

coprolite. 
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In total, 130 clusters of grains merged by carbonization were handpicked from several rooms 

in the two houses (Supplementary material-E). Most of the handpicked samples were recorded from 

three different contexts of room A distributed within four samples dated to phase 3 (Tab. 5), while 

others were found in rooms C, I, M, P and the southern exterior (Supplementary material-E). For 

room A, three distinct groups have been defined among the 972 clusters described (Fig. 12 & 13): the 

first set constituted of only whole rice grains (57%), the second one of rice spikelets, chaff and/or 

Panicoidae (27%) and the last one of mung bean (10%); some clusters samples correspond to a mix 

of the three groups (5%). These groups may correspond to different assemblages prior to the 

destruction fire: the first to whole rice grains ready for consumption/transformation, which include 

most of the clusters; the second to less cleaned storage with still by-products (spikelets, fragments of 

chaff, weeds); and the third to culinary preparations corresponding to a mix of rice grains and split 

cotyledons of mung bean. A mix of these elements seems to result from mutual contaminations 

between these three groups, probably during the destructive fire. The other rooms also yielded clusters 

of grains. In room C, three clusters of rice grains were found in one destruction level dated to phase 

3, probably linked to the other destruction levels of room A. In room I, 16 clusters of whole rice 

grains, some of them still with Panicoidae as weeds, were unearthed from backfill levels dated to 

phase 1, likely from burnt down buildings whose material had been reused for the construction of the 

building. In room P, five clusters of rice grains were unearthed from backfill levels. In the western 

exterior, eight clusters of rice grains were found in one abandonment deposit and one cluster of free-

threshing wheat was noted in one backfill deposit in room M. As datation needs to be confirmed for 

the samples from rooms P, M and the western exterior, they have not been taken into consideration. 

 

 
Tab. 5: Description of rice clusters found in room A. 

 
2 Only one cluster was not composed of rice grains, but of free-threshing wheat. It has not been included in the percentages 

of the different groups. In addition, 185 other clusters constituted probably of rice grains were counted but their very bad 

state of preservation lead us to not include them in the study.   
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Fig. 12: Details of rice clusters found in room A. A= Whole rice spikelet; B= Rice fragmentary chaff 

(lemma/palea); C= Caryopsis of indeterminate millet within its chaff; D= Caryopsis of Sawa millet 

partially in its chaff; E= Split cotyledon of mung bean; F= Rice grain with circular perforation maybe 

due to a pest beetle. © Plateforme de Microscopie Electronique du Muséum National d’Histoire 

Naturelle 

 
 

Fig. 13: Distribution of rice clusters from room A according to their taxonomical and anatomical 

composition.  
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5. Discussion 
 

Analysis of the three categories of organic remains has enabled us to garner new information about 

the nature and spatial distribution of the food-processing activities that took place inside the building 

and propose a hypothesis for its function. More globally, it allowed us to reconstruct the dietary habits 

of the urban population of Qalhât via the reconstruction of agropastoral systems, fishing strategies 

and regional maritime trade.  

5.1. From the spatial distribution of archaeobiological remains to the function of 

rooms 
 

The spatial distribution of the archaeobiological remains (Fig. 5) and the composition of the 

different assemblages, alongside architectural features, and archaeological artefacts, enabled us to 

characterize the food-processing activities and propose potential functions for the different rooms 

within the building. As almost all the assemblages came from phase 2, and to a lesser extent phase 3, 

both linked to the occupation and abandonment of the second building, only this data was considered.   

 

5.1.1. The northern house 

 

5.1.1.1. Courtyard D 

The northern house included numerous evidence of fish-processing activities, with large 

quantities of fish scales and heads being recovered from courtyard D and adjacent rooms C and F, 

although in lesser proportions. These remains testify that scaling and gutting activities primarily took 

place in this part of the building. Additionally, structures in the courtyard, similar to a gutter with 

regular cavities in the lower part (for storing tools?) and a rocky billot, may also be linked to the 

processing of fish – for blood and guts evacuation, as well as cutting heads and filleting. However, 

there still remains the problem of water evacuation due to the absence of drain holes, although any 

perishable elements that could have helped explain these structures have disappeared. Today in 

Qalhāt, medium-sized fish are typically sold whole and fresh to customers with scaling or filleting 

done upon request (Iddison, 1998, pers. obs), but the few cranial bones from large fish (like tunas) 

that were discovered in building (B94) indicates the removal of heads and tails away from the site, 

either on the boat or at the harbour. Contrary to the Khor Rori remains, which showed numerous 

butchery marks on various fish (Carenti and Wilkens, 2008), only a few were found here. However, 

the presence of so many butcher marks seems to be unusual, as these cut marks can also appear on 

fragmented bones, which are usually set aside in fish bones. (Willis et al., 2008). 

 

The association of fish bones and rice grains in this courtyard may testify to meal preparations, 

described in textual sources such as Ibn Baṭṭūṭaẗ (1982, p. 93): “I ate fish at Kalhāt such as I have 

never tasted in any other country; I preferred it to all kinds of meat, and that was my only food. The 

inhabitants roast it on tree leaves, put it on rice, and eat it;…”. Moreover, the analysis of seeds and 

fruit remains underlines that meal preparation and/or consumption probably took place in courtyard 

D. Indeed, most of the cereals, fruits, other than date (grape, pomegranate, jujube) and all the pulses 

and spices linked with hearths and pits were found in this part of the building. There was also an 

absence of weeds and chaff, suggesting cleaned crops that were ready for cooking and consumption. 

 

5.1.1.2. Eastern exterior 

The composition of fish assemblages dominated by scales, and to a lesser extent botanical 

dataset including pulses and jujubes, in the eastern exterior implies that this dump area was heavily 

used for discarding by-products relating to processing activities in the northern house. In addition, 

the presence of numerous small fishes, attested by heads and bones together, may suggest that rotting 

fishes were also dumped here. During phase 3, fish bone quantities decrease significantly in the 
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northern house and related dumping areas, highlighting changes surrounding the processing activities 

that took place inside the building at the end of the occupation. However, the eastern exterior was 

still used as a dump during this period, as suggested by the high concentration of wood charcoal and 

desiccated fly pupae indicating decayed organic matter. 

 

5.1.1.3. The storage rooms: A and C 

At the beginning of the occupation, room A was composed of four quadrangular basins covered 

by a plaster floor. This room was probably used initially for salting fishes for conservation purposes; 

the fish flesh (ElMahi, 2000) prepared in the next courtyard were stored. During phase 3, at the end 

of the occupation, several assemblages of rice grains (Tab. 5, Fig. 12 & 13; Supplementary material-

E), some less clean than others and some mixed with split mung beans, had been preserved by the 

destructive fire. This indicates that this room was used for storing different kinds of food preparations; 

in addition, some fibres were also observed, demonstrating that the rice had been stored in bags. The 

mix of rice grains and split mung beans seems to correspond to a meal preparation originating from 

the Indian subcontinent. Ethnographic works mention the preparation of a traditional meal called 

khîcrî in Rajasthan (India), made of rice and mung beans cooked together in salted boiled water with 

curcuma powder, but there is no mention of split mung beans (Cousin, 2010: 327-8). The 

consumption of pulses as split cotyledons with the testa removed is not surprising, since it is still seen 

today in the Indian subcontinent in the form of dhal (Reddy, 2006). This preparation of rice grains 

and split mung beans is also mentioned by Ibn Baṭṭūṭaẗ (1982: 288) in India: rice and mung beans are 

cooked together and eaten with butter for lunch, known as kichry. This mix may have been prepared 

directly in the room or have been stored already in this form: the 13th c. traveller Ibn al-Muǧāwir 

(2008: 162) testifies that this kind of preparation, called kedgeree, was imported from the Indian 

subcontinent. In room C, the presence of three charred rice clusters seems to indicate links with room 

A at the end of the occupation. Some jars that were still in place correlate to the function of this room 

as a storage place for a time, especially given that some fish scales were also found here, as in 

courtyard D. 

 

5.1.2. The southern house 

 

5.1.2.1. The courtyard I 

In the southern house, differences among the zooarchaeological and archaeobotanical 

assemblages, alongside the archaeological structures, compared to the northern house gave new 

insights into the food-processing activities that took place here. Almost all the weeds and wild plant 

taxa were attested from the hearths situated in courtyard I. This distribution shows the elimination of 

harvest by-products by throwing them into the fire: the cleaning of crops may have taken place 

directly in the courtyard or may have occurred outside before bringing the waste products in to use 

as fuel (Van der Veen, 1999). Fish bone evidence demonstrates that fish processing was also 

undertaken in this courtyard. Differences concerning the composition of the fish assemblages between 

courtyards D and I were noticed, with the southern house presenting much more biodiversity. This 

may be due to differences in fisher supplies, using divergent fishing techniques or by exploiting a 

variety of environments.   

 

5.1.2.2. The madbasa rooms: B and R 

In room B, the presence of a madbasa demonstrates the preparation of date syrup in this house. 

This structure, attested in the Persian Gulf region at least during the medieval period, is composed of 

parallel channels, on which bags of dates were overlaid, leading to one earthenware jar that collected 

the date syrup (Rougeulle, 1982). Evidence of charred date seeds and fruits fragments in connexion 

with hearths suggests that, once the date syrup was made, the by-products from madbasa activities 

were reused as fuel.  At the end of the occupation, the accumulation of mammal and fish bones in the 
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madbasa room (B) and entrance (R) shows that these rooms were ultimately used as a dump.  

 

5.1.2.3. The dump rooms: M, P and Q 

High quantities of animal bones in rooms M, P and Q whose functions are difficult to 

determine demonstrate that these areas were used as dumps, notably for food remains after processing 

and consumption, at least at the end of the occupation of the building. The presence of such a large 

concentration of animal bones in room Q may be difficult to understand; however, the inhabitants of 

the building may have thrown their meal waste through an upstairs opening.   

 

5.1.3. Synthesis  

 

To summarise, the northern house seems to have been used for various food-processing activities, 

particularly fishing products, but included plant products and animal meat that were either consumed 

by the building’s inhabitants or sold through the “shop” on the western side of the building. In addition, 

throughout the building, rodent bones assert the presence of stored food products, as suggested by the 

botanical assemblages.   

 

Variations among the plant and fish assemblages from the northern house allowed us to discern 

that different activities had taken place in the southern house. In courtyard I, the presence of weeds 

and a wide diversity of fish suggests that crop-processing, such as harvest cleaning, and specific 

fishing practices maybe be due to different suppliers. Rooms B and R were devoted to the production 

of date syrup, as testified by the presence of a madbasa, before being abandoned as dumps. Finally, 

rooms M, P and Q were used as dumps at the end of the occupation of the building, as evidenced by 

the accumulation of animal bones. It is interesting to notice that food-processing activities 

documented seem to have been concentrated on each house in courtyards, in some extent similarly to 

building B39 where they were mostly attested in room E (Dabrowski et al. 2018), although other 

room were also dedicated to other activities linked to food products.  

5.2. Food-processing and consumption activities throughout the building 
 

5.2.1. Animal and plant consumption practices 

 

With regards animal bones, building (B94) mainly contained the most substantial parts of the 

carcass, with foot bones being notably absent. This scarcity could be attributed to two possible 

hypotheses: either these bones were left attached to the skin during the skinning process, or (more 

plausibly) only the meatier sections were brought into the building. The less-nutritious parts were 

probably discarded outdoors, most likely during the initial butchery phase following the slaughter. In 

addition, alongside sheep and goats, chicken was one of the most prevalent meals, occasionally 

supplemented by other options like eggs or gazelle. Indeed, although never abundant, the gazelle is 

often mentioned in archaeological sites of the Arabian Peninsula.  

 

The presence of numerous diversified fish bones belonging to several taxa, with evidence of 

burning linked to hearths in courtyard D, suggests that these assemblages resulted from various 

preparations.  Historical and ethnographic testimonies indicate several methods of fish processing, 

such as drying, salting and grilling, also took place (Costa, 1988; ElMahi, 2000). The four basins of 

room A could be related to one of these activities, probably salting. Marco Polo (1991: ii, 496) 

described baking fish biscuits, which involved boiling, pressing and adding flour to fish in order to 

preserve it for extended periods. Finally, oil could have been another of the numerous by-products 

derived from fish, as for coating boats (Hardy‐Guilbert and Maguer, 2010). Small fishes are under-

represented in this assemblage, although we know that sardines were one of the primary resources 

for the inhabitants of the Omani coast, often eaten with fennel seeds (Iddison, 1998) or consumed 

dried by humans and cattle (ElMahi, 2000). After drying, the sardines can be crushed for 
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incorporation into various preparations, which may explain the absence of anchovies and the low 

presence of whole/fragmented sardines in the assemblage. 

 

The nature and state of preservation of plant remains testifies to meal preparation and 

consumption practices. The charred seeds/fruits of cereals and pulses correspond to accidental losses 

in the fire during culinary activities, such as cooking, roasting, stewing and baking (Hillman, 1973, 

1981, 1984; Van der Veen, 2007). For example, rice grains can be eaten after steaming and boiling 

in water, sometimes alongside pulses (as previously mentioned), vegetables, meat and fish (Vergara 

and de Datta, 1996). Free-threshing wheat and finger millet can be reduced to flour for making 

leavened/non-leavened breads or porridge (Jansen and Ong, 1996). Pulses such as cowpea may be 

consumed as seeds or pods, with vegetables, meat and fish (steamed or dried) (Pandey and Westphal, 

1989). Mung beans are prepared by cooking and milling and can be eaten whole, split as in dhal, as 

sprouted seeds or as flour (Arora and Mauria, 1989). The dried fruit of pepper appears to have been 

one of the most popular spices and would have been used in various culinary preparations (Utami and 

Jansen, 1999). The presence of charred pomegranate seeds can be explained by its incorporation into 

meals - pomegranates can be eaten fresh or dried with their aril (pulp around the seed); the latter can 

be observed today in the anardana technique, attested in the Indian subcontinent and quoted in 

classical sources as spice (Pruthi and Saxena, 1984; Singh et al. 2011; Jacomet et al. 2014). Besides, 

the importance of dates in the plant diet can be deduced also with the Venitian traveller of the 13th c. 

Marco Polo (2011: 499) who indicates that the people of Qalhât ate dates since the great quantities 

available. Regarding fruit remains, such as date seeds, jujube stones and grape pips, these were 

probably thrown into the fire as waste or directly used as fuel, as attested at other sites in the Arabian 

Peninsula (Bouchaud, 2013).  

 

5.2.2. Burnt fish bones: waste thrown into the fire or a valuable source of fuel? 

 

In Qalhât, fish bones, especially tuna vertebrae from the northern house, were thoroughly burnt, 

often white and distorted, implying prolonged direct exposure (Fig. 9). This aspect does not seem to 

be correlated with smoking or grilling practices, such as in Kharā'ib al-Dasht (Mierzejewska 2019); 

indeed, the size of the burnt specimen in Qalhât contrasts with the type of small fish typically used 

for grilling (Iwaszczuk et al., 2021). Burning fish/tuna bones may be related to sanitation needs – to 

charr the fatty tuna bones, preventing odour or decay – or as an alternative source of fuel as in the 

hammam and the pottery kilns of the city (Lesguer and Renel 2018, Rougeulle 2023, Rougeulle and 

Lesguer 2019). This practice has been already attested in Al-Shir (Yemen) (Hardy-Guilbert et al., 

2002) and Kharā’ib al-Dasht (Iwaszczuk et al., 2021; Mierzejewska, 2019). It is challenging at this 

stage to confirm any hypothesis definitively, necessitating further analysis to shed light on the reuse 

of fishing waste.  

 

5.2.3. Dogs, cats, rats and mice: commensals or how to manage with unwanted companions? 

Commensal animals, including cats, dogs and rats, were commonly found in previous analyses, 

although in limited quantities. The presence of rodents in building (B94) is also confirmed by 

droppings in the sediment samples, asserting the use of some rooms (A, C) as storage places for food 

products. Stable isotope analysis of the animal bones from the building indicates that cats primarily 

consumed fish, either provided by humans or scavenged. These cats consumed diverse fish types, 

including those not easily accessible to larger mammals, sheep/cattle, such as marine fish. 

Approximately 41 ± 21% of the cats’ protein intake came from marine resources, suggesting a close 

human-cat relationship (Brozou et al. 2023). Cats were probably popular pets, but they would also 

have fulfilled an important role in controlling rats and other small rodents (Brickner‐Braun et al., 

2007; Hamilton‐Dyer, 2013; Onar et al., 2021; Monchot 2022). 
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5.3. Oasis as food agropastoral system 
 

5.3.1. Composition and organisation of oasis agropastoral systems for feeding the population 

 

The nature and management of the agropastoral systems set up to feed the urban population is 

highlighted within the composition of the botanical and faunal assemblages. Indeed, the simultaneous 

presence of dates, fruits (grape, pomegranate, jujube) and annual crops such as cereals and 

condiments seem to reflect the vertical composition of date palm gardens, which are composed of 

date palms in the upper level (providing shadow for the crops below), fruits trees in the intermediate 

level and annual and perennial crops (cereals, pulses, aromatics) below (Munier 1973; Battesti 2005; 

Tengberg 2012). This is a very well-adapted agrosystem for arid environments since it allows the 

optimization of water by concentrating several types of crops in the same place inside delimited plots, 

irrigated by channel networks (Battesti 2005; Tengberg 2012). Moreover, the predominance of 

Bermuda grass (10%) among the weeds in the assemblage is considered as irrigation evidence, due 

to its ecological requirements (Ghazanfar 1992: 132). This type of agrosystem is attested by the 

association of date seeds and charcoal with cereals in Eastern Arabia, since at least the end of the 4th 

millennium BCE (Tengberg 2012). The fruit tree composition in the date palms gardens in the region 

of Qalhât, deduced by the botanical analysis, are asserted by the description of Arab geographer al-

Idrīsī in the 12th c. who stated that the countryside was fertile with fruits from warm climates, such 

as dates, figs, bananas, pomegranates and grapes (Jaubert, 1836: 151).  

 

The composition of the faunal assemblage indicates a large predominance of caprine – the main 

supplier of meat, milk and wool – alongside cattle and equids in lesser proportions, supporting the 

hypothesis of the installation and maintenance of date palm gardens for feeding the urban population 

of Qalhât, as they represent the animal component of this agropastoral system. Indeed, livestock 

constitutes a significant part of oasian agropastoral systems, with cattle being used as a pulling force 

for agrarian labour and water extraction from the ground (Dollé 1990). Multiple oasian products can 

also be used as fodder resources, such as crops, chaff or weeds and, in the same way, help prevent 

the development of the latter (Tisserand 1990; Ferry and Toutain 1990). Animal dung can be also 

gathered and used as a fertilizer for renewing soil nutrients (Dollé 1990).  

 

5.3.2. Evidence for lambing: evidence for production of dairy products and/or consumption by 

high-social status inhabitants? 

 

The presence of a significant number of young animals (lambs/kids) might be attributed to the 

potential existence of a nearby sheepfold or butchery area (slaughterhouse), which could have 

conveniently supplied the inhabitants of building (B94) with young animals. Moreover, since this 

building was not a breeding farm, we can assume that these meat products may have been intended 

for sale or consumption in situ, as attested by the over-presentation of meaty parts like shanks. The 

importance of juveniles certainly correlates with herding management that is also dedicated to dairy 

production, where young males are slaughtered to preserve females, as has been observed for the 

Neolithic period (Helmer and Vigne 2004; Blaise 2005). According to the material of this building, 

breeders appear not to have been interested in rearing large numbers of juveniles, as they reduce milk 

production and require greater feed availability. In addition, even if we were not able to separate goats 

from sheep, ecological and environmental affinities suggest a larger number of goats. The reason for 

preferring goats to sheep is quite clear: sheep yield about half the annual milk of goats and lactate for 

about three months, while goats can be milked for up to five months (Palmer, 1998). Moreover, due 

to the tenderness of lamb meat, it is usually considered as meat products dedicated to high-social 

status populations that might be the case here with the concentration of such juveniles although it is 

difficult to determine it precisely.   
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5.3.3. Localization of oasis agropastoral systems: local- and regional-scale supply? 

 

These agropastoral systems, maintained for feeding the entire harbour population, may have been 

partially situated nearby in the mouth of the Wadi Hilm just north of the site, as is still the case today. 

As mentioned previously, on the ash-Sharqiyyah coast, water from precipitations in the mountainous 

is contained underground before discharging into the sea, allowing small date palm gardens to be 

irrigated by extracting water from the wells (Wilkinson 1977: 47). Thus, Al-Idrisi (1836: 151) 

mentions that the water supply of the population relied on its extraction through wells in the wadi bed 

during the 12th c. More recently, Miles (1919: 527) indicates that people from the small village got 

water from shallow wells and pits while Lorimer (1908: 971) noticed the presence of few wells but 

no dates and no cultivation areas. In addition, archaeological survey revealed contemporaneous 

occupation with the city north of the Wadi Hilm where several ruined structures, probably connected 

with gardens, have been noted (Rougeulle 2023: 31-32, 49). Therefore, if small agricultural systems 

located north to the site may have participated to food supply of the city, they were very probably 

marginal in their strategy.   

 

Textual sources, and even archaeological evidence, suggest the existence of such agropastoral 

systems along the banks of the Wadi Hilm and connected wadis upstream during the occupation of 

the site. The 13th c. Arab traveller Ibn al-Muǧāwir (2008: 265) specifies that “there, there is the river 

of Socrates [identified as the Wadi Hilm], the water of which is from the mountains, flowing among 

palm groves and cultivated areas, light, healthy and sweet to the taste”. Today, Kabda is one of the 

most important oasis in the area, 6 km upstream Wadi Manqâl (anciently known as “Wadi Kabdi”) 

as last tributary to Wadi Hilm; besides, Lorimer (1908) shows that this oasis included 350 date palms, 

100 camels, 150 donkeys, 80 cattle and 600 sheeps and goats during his visit. Thus, this oasis may 

have contributed to supply the city with agricultural products (Rougeulle 2023: 51). Anyway, water 

supplying of the city was relying on catching systems located further upstream of the Wadi Hilm. 

Miles (1919: 529) points that several hydraulic features were attested in several locations in the Wadi 

Hilm upstream during his journey in 1874, such as a “pools” among which a big one called “Maida”, 

half a mile to the mouth of Wadi Hilm, and presumably an aqueduct called “Ghala” leading to a 

reservoir at a place named Sakherat, at the junction of Wadi Manqâl. However, several of them are 

not visible anymore although a small qanat leading to a cistern, apparently ancient but of uncertain 

dating, for distributing water to small agricultural terraces at Sakherat is still standing (Rougeulle 

2023: 51). Therefore, it is more than likely that several agropastoral systems located further upstream 

were dedicated during the time of Qalhât to the food supply of the city, with small date palm gardens 

in the mouth of Wadi Hilm as complementary sources.  

 

Moreover, such large populations would have relied on diversified sources of fruit production 

as suggested by al-Idirisi (see 5.3.1.) and Ibn Baṭṭūṭa (1982: 93), the latter who mentions the 

importation of fruits from the small city of Thîby, identified nowadays as Tiwi, situated 15 km to the 

north, which had numerous orchards. Furthermore, dates are brought from Oman which designates 

areas located south from the Al-Hajar Mountains. This testifies that the fruit supplying strategies of 

the city of Qalhât relied not only on local date palm gardens close to the site and further upstream, 

but also on other sources of production available at a regional scale.  

5.4. Relations of the city and the sea: from offshore fishing strategies to maritime 

regional trade  
 

5.4.1. Offshore fishing strategies 

 

Due to the fish spectrum highlighted in building B94, it can be deduced that Qalhat had highly-

skilled sailors and a strong control of sea navigation techniques (Camelin, 1995, 2006; Lancaster and 

Lancaster, 1995; Al Jabri et al., 2013). Indications point towards a range of fishing practices, 
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demonstrating the exploitation of diverse marine environments. Likely methods encompassed 

handlines, nets and, potentially, the gargour, a technique common to Eastern Arabia, specifically 

used for capturing coastal fish. These traps excel in seizing fish in the Arabian Peninsula (Tharwat 

and Al-Gaber, 2006; Al Jabri et al. 2013). As for small pelagic species, they can be easily caught 

offshore because of the large schools that are pushed towards the shore, particularly after strong winds 

(Al-Jufaili and Al-Jahwari, 2011; Al-Jufaili, et al., 2006; pers. obs). Regarding pelagic fishing, the 

species and sizes targeted strongly suggest the use of large boats, such as the traditional dhow. In 

1507, Albuquerque mentions that tuna was caught from large boats (Albuquerque, 1875 quoted in 

Lancaster and Lancaster, 1995: 231). Nowadays, tuna, sharks and swordfish are mainly targeted from 

dhows in the same region as Qalhât (M.A.F., 2013, 2015, 2016, 2018). Finally, the demersal zone 

was less represented, and mainly by king soldierbreams and emperors (M.A.F., 2013, 2015, 2016, 

2018). However, a high biodiversity of demersal fish was identified, which testifies to the variety of 

fish in these inshore waters, observable nowadays in fish markets. Such demersal fishery 

characterizes the sites of Khara’ib al-Dasht (Iwaszczuk et al., 2021), Qal’at al-Bahrain (Vorenger, 

2017) and Khor Rori/Sumhuram (phase 4) (Carenti and Wilkens, 2008), with the king soldierbream 

being mentioned at Siraf (phase 4) (Beech, 2004). Most of these fish could be consumed simply 

grilled or in a stew. The zooarchaeological analysis also revealed the presence of dolphin and whale 

indicating the possible consumption of marine mammals, even if attested as only occurrences. More 

likely, these fish and marine mammal assemblages imply that experienced, highly-skilled fishing 

crews, organized socially and hierarchically, took part in the fishing strategies, equipped with the 

necessary knowledge of the sea, fishing techniques, navigation technologies and expertise in catching 

various species (Camelin, 1995, 2006; Lancaster and Lancaster, 1995; Al Jabri et al., 2013). 

 

5.4.2. Maritime trade of plant products 

 

Several foreign plant products were found, including Asian rice, finger millet, mung beans, 

cowpeas and pepper. But do these really correspond to imported products by long-distance trade or 

have they been adapted locally into oasis agrosystems? Asian rice, finger millet, mung beans and 

cowpeas most likely come from the Indian subcontinent, although Eastern Africa may also be 

considered for finger millet and cowpea; however, as these products have already been discussed in 

detail in Dabrowski et al. (2018), we will focus on pepper. Pepper cannot be grown locally because 

it only grows in very warm and humid climates with important precipitations throughout the year 

(2000–4000 mm per year) and a mean atmospheric humidity of 65%–95%, all conditions that cannot 

be met in arid environments. Pepper originates from the western Ghats of the Kerala state in South-

West India where it is still attested in a wild state (Purseglove, 1981; De Waard and Anunciado, 1999). 

For Qalhât, pepper was most certainly imported, probably from the southern part of the Indian 

subcontinent, testifying to trade circulation of this product in the western Indian Ocean, as quoted by 

written sources. Indeed, Marco Polo (2004: 498) precises that Arab horses were exported from Qalhât 

to the Indian subcontinent in exchange for various spices, although pepper was not explicitly 

mentioned it is likely to be part of this trade. It was probably exported from the harbour city of Calicut 

(present-day Kozhikode), founded in the 11th c., as this corresponds to the main exportation centre of 

pepper during the 15th c. (Vallet, 2011).  Ma Huan (1970: 151), a Muslim sailor accompanying the 

Chinese expeditions of Zeng He in the 15th c., mentions that this harbour exported its merchandise 

into Hormuz.  Moreover, numerous textual and archaeobotanical evidence demonstrate that pepper 

was a largely traded food commodity in the Indian Ocean during the medieval period, with great 

quantities sent to the Mediterranean Sea and Europe (Van der Veen, 2011: 41, Van der Veen et al., 

2015; Vallet, 2010: 156, 202, 454, 637; Goitein and Friedman, 2008: 24, 65; Freedman, 2008: 125; 

Dalby, 2000: 92; Barendse, 2000: 193-94). The importation of pepper into Qalhât from the southern 

part of the Indian subcontinent was part of a wider maritime trade organized according via regional 

and long-distance networks. 
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Other plant products such as Asian rice and mung beans may also have been imported from the 

Indian subcontinent, as testified by textual evidence mentioning the importation of such products to 

Qalhât. This may also be the case for finger millet and cowpea, both African crops that were 

introduced into India during the 2nd millennium BCE. As Indian ceramics are the most represented 

on the site between the 13th and 15th c. and very few African sherds have been found, we favour an 

Indian origin for these crops. Archaeobotanical evidence at a site scale (e.g. dominance in the 

assemblage), ethnographic observations and written testimonies revealed that it is not impossible to 

consider the local cultivation of Asian rice and finger millet, but further strontium isotopic 

investigations are necessary to assert or refute this hypothesis (Dabrowski et al., 2018).  

 

6. Conclusion 
 

The analysis of archaeobiological remains from building (B94) of the harbour city of Qalhât gives 

new insights into the food-processing activities and the subsistence strategies that the inhabitants of 

the city implemented to ensure their food supply, for the less-documented bioarchaeological Islamic 

period. The composition and the spatial distribution of animal and plant assemblages, alongside the 

archaeological structures and artefacts, allowed us to identify specific practices related to these 

remains and propose hypothesis about the function of the rooms. For example, in the northern house, 

courtyard D was used for fish processing (heading, scaling) and meal preparation (seeds and fruits) 

ready for consumption/selling, with the external eastern sector being used as a dump for these 

activities; the initial purpose of adjacent room A may have been linked to those of courtyard D (salting 

fishes?) before being converted to a storage room with different sets composed of rice and mung 

beans. In the southern house, courtyard I was possibly used for crop-processing activities (harvest 

cleaning) and different fish processing activities than the other courtyard (maybe due to a different 

fish supply); room B was initially devoted to date syrup before being used as dump, in the same way 

as several other rooms (M, P, Q).  

 

The archaeobiological analysis allowed us to highlight the nature and organization of oasis 

agropastoral systems set up for ensuring the food supply of the inhabitants, corresponding to date 

palm gardens composed of cereals, fruits and condiments, with a prominent component of livestock 

(sheep, goat, cattle). The predominance of lambs in the faunal assemblage underlines specific herding 

practices (e.g. production of dairy products and/or supplying of high-quality meat). Date palm 

gardens seem to have been localized north of the city, in the mouth of the Wadi Hilm, thanks to 

groundwater tables. However, written evidence shows that the importation of fruits at a regional scale 

would also have been necessary for ensuring a continuous food supply. Fishing offshore strategies 

included various marine taxa (fish and mammals), which implies advanced techniques and socially 

organized groups. Maritime trade allowed the population to obtain tropical plant products (e.g. pepper, 

rice) through regional and long-distance trade networks from the Indian subcontinent.  

 

However, much work is still required in this region. A comparison with other medieval 

buildings in Qalhât would help us to better understand the organization of the city through the spatial 

distribution of specific activities, and a study of samples from the pottery kilns would allow us to 

reconstruct the fuel management practices for maintaining fire over a long period. Further research 

(charcoal, shell) is required to acquire a more global and comprehensive view of the subsistence 

strategies of the city. Strontium isotopic analysis on plant remains would provide us with the 

possibility to ascertain if tropical taxa (e.g. rice, finger millet) were imported or in fact cultivated 

locally within oasis date palm gardens. Finally, further investigations could be realised on the burnt 

fish bones to determine the reason for their burning and their specific association with craft contexts 

(pottery kilns, hammam) needs to be investigated.  
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