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Table S1. Lab number, phase, sample number, site location, vessel form, decoration, lipid concentration (µg g-1), δ13C and Δ13C values 

and attributions of KSH1 potsherds. 

Laboratory 

Number 
Phase 

Sample 

no. 
Depth/location 

Vessel 

form 
Decoration 

Lipid 

concentration 

(µg g-1) 

δ13C16:0 δ13C18:0  ∆13C  Attribution 

KSH002 Neolithic 9 
Trench 2, layer 

1 (0–0.1m) 
Not known 

I.B Impressed ware-

dotted zigzag 
113.9 −20.2 −22.3 −2.1 Ruminant adipose 

KSH003 Neolithic 14 
Trench 2, layer 

3 (0.2–0.3m) 
Not known 

I.C (RSI) Impressed 

ware-lines of dots and 

vees 

285.4 −20.1 −18.7 1.4 Non ruminant/plant 

KSH005 Neolithic 17 
Trench 2, layer 

4 (0.3–0.4m) 
Not known 

IV.D (INS3) Incised 

ware-horizontal lines 
26.0 −23.7 −24.9 −1.3 Ruminant adipose 

KSH008 Neolithic 6 
Trench 1, layer 

1 (0–0.1m) 
Not known 

Undecorated (Plain 

ware) 
146.7 −24.4 −26.4 −2.0 Ruminant adipose 

KSH1953 Neolithic 38 Trench 5 Not known I.B dotted zigzag  22.2 −14.1 −15.7 −1.6 Ruminant adipose 

KSH1956 Neolithic 132 
Trench 5, layer 

1 

Simple 

closed 

form 

undecorated 24.0 −20.7 −18.7 1.9 Non ruminant/plant 

KSH1958 Neolithic 149 
Trench 2, layer 

4 
Not known Black top 196.0 −23.5 −26.1 −2.6 Ruminant adipose 

KSH1959 Neolithic 195 
Trench 5, layer 

3 

Simple 

closed 

form 

I.B dotted zigzag  6.4 −21.5 −25.3 −3.8 Ruminant dairy 

KSH1962 Neolithic 250 Surface Not known 
IV.D semi−circular 

panels of incised line 
32.8 −19.2 −21.6 −2.4 Ruminant adipose 

KSH1964 Neolithic 308 Trench 5 Not known I.B dotted zigzag  43.1 −24.8 −27.5 −2.6 Ruminant adipose 

KSH1965 Neolithic 342 
Trench 1, 

surface 
Not known I.B dotted zigzag  173.9 −23.9 −26.3 −2.3 Ruminant adipose 

KSH1967 Neolithic 390 
Trench 2, layer 

3 
Not known I.B dotted zigzag  17.7 −19.6 −19.4 0.2 

Ruminant/non−rum

inant adipose 
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KSH1968 Neolithic 448 
Trench 7, 0.8–

1m 
Not known 

IV.D semicircular 

panels of incised line 
49.1 −20.3 −22.5 −2.2 Ruminant adipose 

KSH1977 Neolithic 765 

Trench 6, 

m.162, 0.6–

0.8m 

Not known I.B dotted zigzag  92.0 −21.4 −23.6 −2.2 Ruminant adipose 

KSH1979 Neolithic 853 
Prof. E, m.164, 

1.3–1.4m 
Not known undecorated 13.7 −25.3 −27.8 −2.5 Ruminant adipose 

KSH1981 Mesolithic 909 
Trench 7, 1–

1.1m 
Not known 

II.J3 dotted 

wavy−line 
14.2 −19.8 −18.5 1.3 Non ruminant/plant 

KSH1983 Neolithic 1031 
Trench 5, layer 

3 
Not known I.B dotted zigzag  7.0 −15.9 −14.2 1.8 Non ruminant/plant 

KSH1991 Neolithic 1174 
Trench 7, 0.6–

0.8m 

Simple 

closed 

form 

IV.D semicircular 

panels of incised line 
205.5 −23.0 −23.5 −0.5 

Ruminant/non−rum

inant adipose 

KSH1994 Neolithic 1185 
Grave 28, prof. 

E 
Not known 

IV.D semicircular 

panels of incised line 
16.4 −24.2 −23.2 1.1 Non ruminant/plant 

KSH1998 Neolithic 1505 
Trench 2, layer 

3 
Not known I.A plain zigzag 42.1 −19.1 −21.6 −2.5 Ruminant adipose 

KSH1999 Mesolithic 1513 

Trench 5, 0.4–

0.6m, secondary 

deposit 

Not known 
II.J3 dotted 

wavy−line 
15.2 −24.6 −23.2 1.4 Non ruminant/plant 

KSH2009 Neolithic 1578 
Trench 2, layer 

2 
Not known I.A plain zigzag 11.3 −22.3 −21.6 0.6 Non ruminant/plant 

KSH2011 Mesolithic 1580 
Trench 2, layer 

2 

Simple 

open form 

II.J3 dotted 

wavy−line 
6.0 −24.4 −20.9 3.4 Non ruminant/plant 

KSH2020 Mesolithic 2548 Trench 6, 1.4m Not known 
II.J3 dotted 

wavy−line 
33.7 −19.0 −18.5 0.5 Non ruminant/plant 

KSH2021 Mesolithic 2551 

Trench 6, 1.3m, 

close to grave 

28 

Simple 

closed 

form 

II.J3 dotted 

wavy−line 
37.5 −18.8 −20.5 −1.7 Ruminant adipose 

KSH2025 Mesolithic 2560 
Trench 6, 1.4–

1.4m 

Simple 

closed 

form 

II.J3 dotted 

wavy−line 
16.1 −22.3 −21.6 0.6 Non ruminant/plant 

KSH2026 Mesolithic 2561 
Trench 6, 1.2–

1.3m 

Simple 

open form 

II.J3 dotted 

wavy−line 
10.2 −21.4 −20.9 0.5 Non ruminant/plant 

KSH2028 Mesolithic 2569 
Trench 6, 1.30–

1.4m 
Not known 

II.J3 dotted 

wavy−line 
42.4 −22.9 −22.4 0.5 Non ruminant/plant 
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KSH2033 Mesolithic 2594 
Trench 6, 

feature 16 
Not known IB.Bw wavy line 106.2 −18.8 −18.3 0.5 Non ruminant/plant 

KSH2035 Mesolithic 2598 

Trench 9, m. 

215–220, 

Profile E 

Unknown; 

perforation 

for 

handling 

under the 

rim 

I.B dotted zigzag  133.8 − − − Plant 

KSH2173 Neolithic 140 
Trench 4, 0.2–

0.4m 

Simple 

closed 

form 

undecorated 10.6 −16.0 −17.8 −1.8 Ruminant adipose 

 

1. Archaeobotanical analysis: material and methods 

Systematic sampling for archaeobotanical analysis resulted in the collection of 116 samples during the 2016, 2017 and 2018 campaigns (Table 

S2). Samples were taken from various contexts, including settlement units (Features 1, 2 and 3), hearths, graves, and from a pot deposited in one 

of the graves. Archaeobotanical samples were collected within a 1 × 1m grid, which was vertically subdivided into 0.10m−thick layers. The soil 

sample sizes ranged from approximately 250ml to 4.5 litres, depending on the size of the excavated deposit. Dry sieving was found to be the 

appropriate recovery technique and all samples were dry sieved through 1.0mm and 0.5mm sieves in the field laboratory. Plant remains were 

sorted and briefly identified. During the sorting process, wood charcoal was collected separately for further botanical analysis. 
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Table S2. Khor Shambat, Sudan (KSH1, field seasons 2016 to 2018: plant macroremains and charcoal. Frequency scale: − = no plant 

remains other than charcoal; + = few fragments, ++ = numerous. 

Chronology Sample Field season Sample location Level (cm) Plant macroremains* Charcoal Bone Fish 

Early Mesolithic − 2018 Trench 6, Feature 14 LF.120, L 260 − Ziziphus sp. 6frg . . 

Early Mesolithic − 2018 Trench 6, Feature 14 

LF.100−120, L. 

240−260 − Ziziphus sp. 1frg . . 

Early Mesolithic − 2018 Trench 6, Feature 14 

SE part LF.100, L. 

240 − indet.+ . . 

Late Mesolithic − 2018 Trench 6, Feature 14 

LF 3−5 (F.14. p.E) 

L 140−150 − indet.+ . . 

Mesolithic B1 2017 square 165/55 120−130 − Ziziphus sp. 7frg . . 

Mesolithic B2 2017 square 165/56, Pit10 120−130 − Ziziphus sp. 4frg . . 

Mesolithic B3 2017 square165/56 120−130 − Ziziphus sp. 10frg + . 

Mesolithic B10 2017 square 164/55 100−110 − Ziziphus sp. 1frg + . 

Mesolithic B14 2017 square165/56 80 Ziziphus spina-christi, fruit stone 6frg Acacia sp. 4frg, Ziziphus sp. 

4frg, indet. broad-leaved 7frg 

+ + 

Mesolithic B15 2017 square 167/55 80−90 Ziziphus spina-christi, fruit stone 2frg Ziziphus sp. 4frg, indet. 

broad−leaved 1frg, indet.+ 

. . 

Mesolithic B16 2017 square 162/55 95−100 − Ziziphus sp. 8frg . . 

Mesolithic B17 2017 square 165/55 35 − Ziziphus sp. 2frg . . 

Mesolithic B25 2017 Profile 164/56 120−130 − indet.++ + . 

Mesolithic B28 2017 square 166/56 100−110 − indet.+ . . 

Mesolithic B29 2017 square 166/56 100−110 − indet.+ + + 

Mesolithic B30 2017 square 167/56 130 − indet.+ . . 

Mesolithic B31 2017 square 167/56 90−100 − no charcoal + + 

Mesolithic B32 2017 square 164/56 110 − Ziziphus sp. 2frg, indet. 

Broad-leaved 1frg 

+ . 

Mesolithic B33 2017 fire place 95−100 Ziziphus spina-christi, fruit stone 1frg Grewia sp. 4frg, Ziziphus sp. 

2frg, indet. broad-leaved 4frg, 

indet.+ 

+ + 

Mesolithic B34 2017 square 165/55 100−110 − Ziziphus sp. 1frg, indet. 

Broad-leaved 1frg 

+ . 

Mesolithic B35 2017 Profile 164/56 120−130 − Ziziphus sp. 10frg, indet.+ . . 

Mesolithic B36 2017 square165/56, Pit10 130−140 − Ziziphus sp. 5frg . . 
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Mesolithic B38 2017 Grave47 . − Acacia sp. 3frg, indet.+ . . 

Mesolithic B40 2017 Grave 47 . − Ziziphus sp. 10frg, indet.+ . . 

Mesolithic B41 2017 Pit10 . − Ziziphus sp. 5frg, indet.+ . . 

Mesolithic B42 2017 Grave 47 near the head . − Ziziphus sp. 1frg . . 

Mesolithic B39 2017 square 165/56, Pit10 130 − Ziziphus sp. 5frg, indet.+ . . 

Mesolithic/Neolithic B26 2017 square 165/56 85 − indet.+ . . 

Neolithic B5 2017 Grave 46 . − indet.+ + . 

Neolithic B7 2017 square 168 55 − indet.+ + . 

Neolithic B11 2017 square 166/56 70−80 − indet.+ . . 

Neolithic B12 2017 square 166/56 70−80 indet. nut shell 3frg  Acacia sp. 2frg, Ziziphus sp. 

4frg, indet. broad-leaved 6frg 

+ + 

Neolithic B13 2017 square 165/5 20 − indet.+ . . 

Neolithic B18 2017 square 163 70 − indet.+ . . 

Neolithic B19 2017 square 167/56 70 − Acacia sp. 1frg + + 

Neolithic B20 2017 square 166/55 85 − 

Acacia sp. 4frg, Ziziphus sp. 

6frg . . 

Neolithic B21 2017 square 166 65−70 − Acacia sp. 3frg, indet.+ . . 

Neolithic B22 2017 square 166/56, Grave46 60−70 − Acacia sp. 10frg, Ziziphus sp. 

1frg, indet. broad-leaved 2frg 

. . 

Neolithic B23 2017 square 166 65−70 − indet.+ . . 

Neolithic B24 2017 square 166/55 60−70 − Acacia sp. 5frg, indet.+ . . 

Neolithic − 2018 Trench 6, Grave 51 pot 3 − Acacia sp. 4frg, indet. broad-

leaved 1frg 

. . 

Neolithic − 2018 Trench 6, Grave 51 grave filling − indet.+ . . 

Neolithic 4 2016 Feature 1 (ashy filling), 

profile 164cm 

80−100 Ziziphus spina-christi, fruit stone 4 frg; 

Celtis integrifolia, fruit stone 5frg 

indet.++ . + 

Neolithic 5 2016 Grave 15 − Zizyphus cf. spina-christi, fruit stone 1frg indet.+ . . 

Neolithic 6 2016 Profile 1, Feature 1 140 (bottom part, 

near the grave) 

Ziziphus spina-christi, fruit stone 1frg Acacia sp. 2frg, cf. Balanites 

aegyptiaca 2frg, Ziziphus sp. 

5frg, indet. broad-leaved 1frg 

. . 

Neolithic 7 2016 Profile 161cm 80 Ziziphus spina-christi, fruit stone 1frg indet.+ . . 

Neolithic 9 2016 Profile, Feature 1 60−80 Ziziphus spina-christi, fruit stone 12 frg; 

Celtis integrifolia, fruit stone 6frg 

Acacia sp. 1frg, cf. Capparis 

decidua 8frg, Ziziphus sp. 

1frg 

. ++ 



 

7 
 

Neolithic 10 2016 Profile, Feature 1 140 Ziziphus spina−christi, fruit stone 6frg; 

Celtis integrifolia, fruit stone 4frg 

Ziziphus sp. 10frg . + 

Neolithic 25 2016 Trench 6, Feature 1 50−60 Ziziphus spina−christi, fruit stone 1x+ 

4frgs; Celtis integrifolia, fruit stone 7frg 

indet.+ . + 

Neolithic 26 2016 Trench 6, Feature 1 60−70 Celtis integrifolia, fruit stone 5frg indet.+ . + 

Neolithic 27 2016 Trench 6, Feature 1 40−50 Celtis integrifolia, fruit stone 8frg indet.+ . + 

Neolithic 29 2016 Trench 6, Feature 1 50−60 Celtis integrifolia, fruit stone+++ indet.+ . + 

Neolithic 32 2016 Trench 6, Feature 1 70−80 Ziziphus spina−christi, fruit stone 5frg indet.+ . . 

Neolithic 37 2016 Trench 6, Feature 1 70 − indet.++ . . 

Neolithic 38 2016 Trench 6, Feature 1 70−90 Ziziphus spina−christi, fruit stone 5frg; 

Celtis integrifolia, fruit stone 3frg 

indet.++ . . 

Neolithic 40 2016 Trench 6, Feature 2 80−100 − Ziziphus sp. 9frg . . 

Neolithic 41 2016 Trench 6, Feature 3 70 − Acacia sp. 3frg, Ziziphus sp. 

1frg 

. ++ 

Neolithic 42 2016 Trench 6, Feature 1 70 − Acacia sp. 14frg, cf. 

Capparis decidua 1frg 

. . 

Neolithic 43 2016 Profiel W, Feature 1 (layer with ash) Celtis integrifolia, fruit stone 9frg indet.+ . + 

Neolithic 45 2016 Trench 6, Feature 1 70−80 − Acacia sp. 5frg . . 

Neolithic 46 2016 Trench 6, Feature 1 70−80 Ziziphus spina−christi, fruit stone 4frg Acacia sp. 8frg, Ziziphus sp. 

2frg, indet. broad-leaved 2frg 

. . 

Neolithic 52 2016 Trench 6, Feature 3 80−90 − indet.++ . . 

Neolithic 53 2016 Trench 6, Feature 1 90−100 Ziziphus spina−christi, fruit stone 3frg; 

Celtis integrifolia, fruit stone 5frg 

Ziziphus sp. 3frg . . 

Neolithic 54 2016 Trench 6, Feature 3 70−80 Ziziphus spina−christi, fruit stone 3frg; 

Celtis integrifolia, fruit stone 7frg 

Acacia sp. 6frg, cf. Balanites 

aegyptiaca 1frg, Ziziphus sp. 

4frg, indet. broad-leaved 1frg 

. . 

Neolithic 56 2016 Trench 6, Feature 3 80−90 − Ziziphus sp. 1frg . . 

Neolithic 62 2016 Trench 6, Feature 1 120−140 Ziziphus spina−christi, fruit stone 7frg; 

Celtis integrifolia, fruit stone 3frg 

indet.++ . + 

Neolithic? 16 2016 Trench 7 110−120 Ziziphus spina−christi, fruit stone 2frg indet.+ . + 

Neolithic? B8 2017 Grave 39 (fill) . Celtis integrifolia, fruit stone 3x + 28frg no charcoal . . 
* The fruit stones of Ziziphus are all charred; fruit stones of Celtis are heavily silicified, and can survive in archaeological deposits in desiccated 

form.
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Plant macro−remains were identified botanically at the BIAX Consult laboratory in The 

Netherlands with the use of the Leica binocular incident light microscope at a magnification 

of 6× to 50×. Unfortunately, the diversity of plant species was relatively low, and the plant 

remains assemblages were dominated by charcoal remains. Aside from charcoal, the only 

plant remains comprised charred fragments of fruit stones of Ziziphus (most likely Ziziphus 

spina−christi; Figure 3), also found at other early and middle Holocene sites in Central and 

Northern Sudan, and in Southern Egypt (cf. Majid 1989; Kubiak−Martens 2011; Beldados 

2015, 2017 and African hackberry (Celtis integrifolia; Figure 3). There are several possible 

explanations for this limited preservation of plant remains. The degree of fragmentation of 

the charcoal remains suggests significant erosion (most likely from wind) and exposure to 

alternating wet and dry conditions after the site was abandoned. 

Charcoal remains (Tables S3 & S4) were analysed at the Department of Palaeobotany of the 

W. Szafer Institute of Botany of the Polish Academy of Sciences (IB PAS). For 

anthracological analysis, a reflected light microscope with magnifications of 100×, 200× and 

500× (Zeiss Axio) was used to observe the wood anatomy in three anatomical sections of the 

wood: transverse section, longitudinal radial section and longitudinal tangential section in 

freshly broken charcoal fragments. Taxonomical identifications were made by comparing the 

specimens with the modern wood collections of the IB PAS and the Atlas on Wood Anatomy 

(Neumann et al. 2001). The botanical determinations were made in consultation with Dr. 

Alexa Höhn. Dendrological analysis focused on ring curvature observations were performed 

(Marguerie & Hunot 2007) and revealed an occurrence of various fragments coming from 

twigs and branch wood (Tables S3 & S4). The presence of fungi preserved inside vessels and 

other elements of wood anatomy was noted (Tables S2 & S4; Figure S1C, H), which suggest 

the use of decayed wood as fuel (Moskal−del Hoyo et al. 2010)
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Table S3. Mesolithic charcoal assemblages from Khor Shambat. 

Khor Shambat, 

Mesolithic Sample number 

Grave 

47   Fireplace 

No. of samples B1 B2 B3 B10 B14 B15 B16 B17 B32 B34 B35 B36 B39 B41 

Tr6, 

F14 B38 B40 B42 B33 

Acacia sp.     4           3    

Grewia sp.                   4 

Ziziphus sp. 7 4 10 1 4 4 8 2 2 1 10 5 5 5 7  10 1 2 

Broad-leaved     7 1   1 1         4 

Sum of 

fragments 7 4 10 1 15 5 8 2 3 2 10 5 5 5 7 3 10 1 10 

Twig                   1 

Branch wood                    

Fungi  1 2  2  3    1    4 1   3 
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Table S4. Neolithic charcoal assemblages from Khor Shambat. 
Khor Shambat, 

Neolithic Features Graves   

No. of samples 6 9 10 40 41 42 45 46 52 53 54 56 B12 B19 B20 B21 B24 

B22, 

Grave 46 

Grave 

51 

Balanites 

aegyptiaca 2                                     

Acacia sp. 2 1     3 14 5 8     6   2 1 4 3 5 10 4 

Ziziphus sp. 5 1 10 9 1     2   3 4 1 4   6     1 2 

cf. Leguminosae-

Papilionoideae   8       1         1                 

Broad-leaved 1             2     1   6         2 1 

Sum of fragments 10 10 10 9 4 15 5 12 0 3 12 1 12 1 10 3 5 13 7 

Twig                         3             

Branch wood     2                         2       
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Figure S1. The main taxa found in the Neolithic and Mesolithic plant macro−remains 

assemblages from Khor Shambat: A–F, H) wood charcoals and G) charred fruit stones 

of Ziziphus spina−christi. A) the relative frequency of taxa from the Neolithic charcoal 

assemblages; B) Acacia sp. in transverse section (TS); C) details of Acacia sp. in radial 

longitudinal section (RLS), with vestured pits in the vessels and hyphae of fungi; 

D) Acacia sp. in tangential longitudinal section (TLS); E) the relative frequency of taxa from 

the Mesolithic charcoal assemblages; F) Ziziphus sp. in TS; H) Ziziphus sp. in TLS, with 

crystals inside the rays and fungal hyphae. Scale bars: B) 500µm; C) 20µm; D) 300µm; F) 
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400µm; H) 50 µm (micrographs by M. Moskal−del Hoyo; photographs by L. 

Kubiak−Martens). 

 

The documentation of charcoal fragments in the form of micrographs was prepared by using 

a scanning electron microscope (SEM Hitachi S−4700) at the Laboratory of Field Emission 

Scanning Electron Microscopy and Microanalysis at the Institute of Geological Sciences of 

the Jagiellonian University (Kraków, Poland), with the assistance of A. Łatkiewicz. 

Ziziphus sp. (Figure S1F) and Acacia sp. (Figure S1B, D) were the most frequently found 

taxa among charcoal assemblages (Figure S1A, E), with the former being dominant in the 

Mesolithic assemblage, while the latter reached the highest frequency in the Neolithic period 

(Tables S3 and S4). Other taxa were documented sporadically, for example, Grewia sp. 

appeared in the Mesolithic layers, whereas cf. Balanites aegyptica occurred in the Neolithic 

layers (Figure S1). It is very difficult to distinguish between numerous species of Acacia and 

that is why only identification is given to genus level. The same is true for a few species of 

Ziziphus and Grewia (Neumann et al. 2001). The source of the charcoal is most likely the 

intentional use of wood for fuel in domestic hearths or roasting pits, which may be inferred 

after the presence of decayed wood, small diameter of some of the charcoals and a 

documentation of various woody taxa. Only one sample from the Mesolithic period (Table 

S3) was associated directly with a fireplace, but it contained a few fragments of charcoals 

from two different taxa. Wood might have been brought to the site for other purposes such as 

the construction of buildings/huts or as a raw material for making tools, but later burned as 

fuel. The firewood may have originated from local vegetation gathered relatively close to the 

site.  

 

2. Faunal analysis: materials and methods 

The osteological material discussed here was subject to analysis aimed at producing the most 

comprehensive taxonomic and anatomical identification of the remains possible. The analysis 

comprised several stages. In cases when there were well−preserved diagnostic features, the 

bones were identified according to taxa and anatomy based on comparable collections and 

relevant publications (Tables S5–S7; Walker 1985; Peters 1986, 1989a, 1989b; Van Neer 

1989, 2009; Peters et al. 1997; Plug 2014). Remains completely devoid of diagnostic features 

were counted and recorded in terms of size class and grouped according to relevant contexts. 

Skeletal remains were also subject to verification and reassessment based on modern 

comparative collections in Belgium (L’Institut Royal des Sciences Naturelles de Belgique, 
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Palaeontological Research Unit, Ghent University). The anatomical origin of a given bone 

fragment along with the approximate age of the animal, sex and bone metric data were also 

noted.  

Table S5. Mesolithic faunal remains by size. 

Size class  Approximate 

weight (kg) 

Examples N / % 

I Small   2.7–10 Dik−dik, duiker, porcupine 92 / 17.62 

II Small–medium 10–70 Warthog,  bushbuck, bohor 47 / 9.00 

III Large–medium 45–270 Waterbuck, bushpig, 262 / 50.19 

IV Large 300–950 Buffalo, giraffe, kudu 111 / 21.26 

V Mega−fauna  >950 Hippopotamus, rhinoceros 10 /  1.91 

 

Table S6. Neolithic proportions: vertebrate remains/bones (fish, reptiles, birds without 

shells, mammals).  

 N % 

DOMESTIC ANIMALS 454 43.90 
WILD ANIMALS 580 56.10 

TOTAL 1 034 100 

 

Table S7. Neolithic proportions: mammals. 

 N % 

DOMESTIC MAMMALS 454 66.86 
GAME MAMMALS 225 33.14 

TOTAL 679 100 

 

Species distribution of the Khor Shambat remains was considered in several aspects: a 

general list of species registered at Early and Middle Holocene sites, the frequency and 

percentage shares of remains recorded in stratigraphic sediments at site as well as the 

frequency of individual species in particular excavation areas at Khor Shambat.  

Given their largest frequency at Khor Shambat, the remains of domestic cattle were also 

analysed in terms of anatomical variation at individual locations. Due to the quantity of the 

data, the percentage of remains of morphologically immature individuals were also 

calculated. An osteometrical examination was carried out using standard measurements (Von 

Den Driesch 1976). Osteological materials from the excavated sites were subject to 

taphonomic observations. We analysed the state of preservation of the remains with respect to 

the location of their deposition, variability of natural conditions, the possibility of 

interpretation of the degree of their impact on the biostratinomic stage as well as 

identification possibilities. 
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3. Organic residue analysis: materials and methods 

Lipid analysis and interpretations were performed using established protocols described in 

detail in earlier publications (Dudd & Evershed 1998; Correa−Ascencio & Evershed 2014). A 

total of 99 sherds were analysed, 39 from the Mesolithic and 60 from the Neolithic (Figures 5 

& 6). The lipid recovery rate was good at 30 per cent overall, (n=30) although recovery was 

higher in the Neolithic (35 per cent, n=21) than the Mesolithic (22% per cent, n=9). The 

mean lipid concentration from the sherds was 0.06mg g−1, with a maximum lipid 

concentration of 0.28mg g−1 (KSH003, Table S1). Analysis of the total lipid extracts (TLEs, 

n=100), using gas chromatography (GC) and gas chromatography−mass spectrometry 

(GC−MS), demonstrated that 30 sherds contained sufficient concentrations (>5µg g−1) of 

lipids that can be reliably interpreted (Evershed 2008). These extracts comprised lipid 

profiles comprising free fatty acids, palmitic (C16) and stearic (C18), typical of a degraded 

animal fat (Figure 7a) (e.g. Evershed et al. 1997; Evershed et al. 2002). Significantly, lipid 

concentration for 73 per cent of the interpretable residues (n=22) was less than 50µg g−1, with 

50 per cent containing less than 30µg g−1 (n=15). Lipid concentrations are slightly lower in 

the Mesolithic than the Neolithic, which may reflect local preservation conditions or suggest 

these vessels were not used intensively.  

All solvents used were HPLC grade (Rathburn) and the reagents were analytical grade 

(typically > 98% purity). An internal standard, typically 20 µg, was added to enable 

quantification of the lipid extract (n−tetratriacontane; Sigma Aldrich Company Ltd).  

Following the addition of 5mL of H2SO4/MeOH 2 − 4% (δ13C measured), the culture tubes 

were placed on a heating block for 1h at 70°C, mixing every 10 min. Once cooled, the 

methanolic acid was transferred to test tubes and centrifuged at 2500 rpm for 10 min. The 

supernatant was then decanted into another furnaced culture tube (II) and 2 mL of 

dichloromethane extracted double distilled water was added. In order to recover any lipids 

not fully solubilised by the methanol solution, 2 × 3 mL of n−hexane was added to the 

extracted potsherds contained in the original culture tubes, mixed well and transferred to 

culture tube II. The extraction was transferred to a clean, furnaced 3.5 mL vial and blown 

down to dryness. Following this, 2 × 2 mL n−hexane was added directly to the H2SO4/MeOH 

solution in culture tube II and whirlimixed to extract the remaining residues. This was 

transferred to the 3.5 mL vials and blown down under a gentle stream of nitrogen until a full 

vial of n−hexane remained. Aliquots of the extracts (containing fatty acid methyl esters, 

FAME’s) were derivatised using N,O−bis(trimethylsilyl)trifluoroacetamide (BSTFA) 

containing 1% v/v trimethylchlorosilane (TMCS; Sigma Aldrich Company Ltd.; 20μL; 70°C, 
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1h). Excess BSTFA was removed under nitrogen and the extract was dissolved in n−hexane 

for analysis by gas chromatography (GC), GC–mass spectrometry (GC–MS) and GC–

combustion–isotope ratio MS (GC–C–IRMS).  

Firstly, the samples underwent gas chromatography using a gas chromatograph (GC) fitted 

with a high temperature non−polar column (DB1−HT; 100% dimethylpolysiloxane, 15m × 

0.32mm i.d., 0.1μm film thickness). The carrier gas was helium and the temperature 

programme comprised a 50°C isothermal hold followed by an increase to 350°C at a rate of 

10°C min−1 followed by a 10 min isothermal hold. A procedural blank (no sample) was 

prepared and analysed alongside every batch of samples. Further compound identification 

was accomplished using gas chromatography−mass spectrometry (GC−MS). FAMEs were 

introduced by autosampler onto a GC−MS fitted with a non−polar column, 50m × 0.32mm 

fused silica capillary column coated with an Rtx−1 stationary phase (100% 

dimethylpolysiloxane, Restek, 0.17μm). The instrument was a ThermoScientific Trace 1300 

gas chromatograph coupled to an ISQ single quadrupole mass spectrometer. Samples were 

run in full scan mode (m/z 50–650) and the temperature programme comprised an isothermal 

hold at 50°C for 1 min, followed by a gradient increase to 300°C at 10°C min−1, followed by 

an isothermal hold at 300°C (15 min). The MS was operated in electron ionisation (EI) mode 

operating at 70 eV. Data acquisition and processing were carried out using the HP 

Chemstation software (Rev. C.01.07 (27), Agilent Technologies) and Xcalibur software 

(version 3.0). Peaks were identified on the basis of their mass spectra and GC retention times, 

by comparison with the NIST mass spectral library (version 2.0). 

Carbon isotope analyses by GC−C−IRMS were also carried out using a GC Agilent 

Technologies 7890A coupled to an Isoprime 100 (EI, 70eV, three Faraday cup collectors m/z 

44, 45 and 46) via an IsoprimeGC5 combustion interface with a CuO and silver wool reactor 

maintained at 850°C. Instrument accuracy was determined using an external FAME standard 

mixture (C11, C13, C16, C21 and C23) of known isotopic composition. Samples were run in 

duplicate and an average taken. The δ13C values are the ratios 13C/12C and expressed relative 

to the Vienna Pee Dee Belemnite, calibrated against a CO2 reference gas of known isotopic 

composition. Instrument error was ±0.3‰. Data processing was carried out using Ion 

Vantage software (version 1.6.1.0, IsoPrime). 

 

4. Phytolith analysis: materials and methods  

4.1 Technology and function of grinding tools 
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Petrographic features, manufacture and use−wear traces were investigated using 

well−established methods (for a general overview, see Delgado−Raack 2008: 188–226; 

Adams et al. 2009; Dubreuil et al. 2015). Following procedures applied in field petrography, 

a lithological determination of the artefacts (Table S8) was conducted at the macro and 

low−power microscopic levels (up to 40×), using the terminology for coarse and 

heterogeneous rocks. With the aim of defining their carbonatic or silificed nature, a 0.8M 

hydrochloric acid dilution was applied to carefully selected areas of the artefacts. 

Geomorphological criteria including comparison between naturally rolled and anthropically 

abraded surfaces as well as metrical proportions were used to discern between cobbles and 

quarried rock pieces (Risch 2002).
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Table S8: Summary of the main technological features related to lithic artefacts. 

Abrader: tool of small dimensions (normally thin and not longer than 100mm) involved 

in frictional tasks. Handstone: active part of a grinding equipment reciprocally acting 

with a grinding slab; grinding slab: passive part of a grinding equipment; stone slab: 

stone block used as a passive platform, on which several tasks involving friction and 

percussion were performed; light container: stone artefact that shows a burned 

concavity on its obverse as a consequence of having contained burning fuel; percussor: 

tool used for striking against another material.  

Inv. number Type of artefact Lithology Manufacturing 

evidence 

(number of 

surfaces) 

Use evidence 

(number of 

surfaces) 

Recycling 

evidence 

116/17 Abrader-percussor Silicified conglomerate 0 4  

158/18 Handstone Silicified sandstone 3 1 X 

159/18 Stone slab Silicified sandstone 2 3  

160/18 Handstone? Silicified sandstone 1 2  

161/18 Undetermined Silicified sandstone 1 1  

  (Light container?)      

162/18 Grinding slab? Silicified sandstone 1 1  

163/18 Abrader/ handstone? Silicified sandstone 2 1  

164/17 Undetermined Undetermined 0 0  

164/18 Abrader Silicified sandstone 5 1  

166/18 Stone slab Calcarenite 0 1  

171/56 Handstone Silicified sandstone 3 2? X 

 

To determine artefact use, the morphology, size and weight of each fragment were recorded 

(Hürlimann 1965; Zimmermann 1988; Delgado−Raack & Risch 2016), as well as evidence of 

manufacture (e.g. knapping for primary shaping of the artefact, pecking to regularise surfaces 

or create a rough texture, and abraded edges to delete abrupt angles) (Risch 2002; Delgado-

Raack 2008). Qualitative parameters to identify wear traces, including levelling, striations, 

pits, hand polish, grain extraction, grain fractures or grain rounding were examined 

macroscopically and using low power microscopy (up to 63×) using a stereo microscope 

(OlympusSZ−STU1; Dubreuil 2002; Hamon 2006; Delgado-Raack 2008; Adams et al. 

2009). Finally, the interpretation of use−wear and tool kinetics is based on comparative 

analysis from several experimental programs developed to evaluate the most likely uses as 

well as the processed materials (Adams et al. 2009: appendix 2; Dubreuil et al. 2015: tab. 

7.7). 
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4.2 Phytolith analysis from macrolithic stone tools 

The methods used are similar to those developed by Katz et al. (2010). A weighed aliquot of 

between 30–40mg of dried sediment was treated with 50µl of a volume solution of 6N HCl. 

Aliquots of 50µl of material were mounted on microscope slides using 24 × 24 cover slips. 

Phytoliths were examined in random fields at 200× and 400× magnification using an 

Olympus Bx43 optical microscope. A minimum of 200 phytoliths with diagnostic 

morphologies were counted. The estimated phytolith numbers per gram of sediment were 

related to the initial sample weight and allow quantitative comparisons between the samples. 

Phytoliths that were unidentifiable because of dissolution were recorded as weathered 

morphotypes. Morphological identification was based on modern plant reference collections 

and standard literature (Twiss et al. 1969; Brown 1984; Mulholland & Rapp 199; 2Rosen 

1992; Twiss 1992; Albert & Weiner 2001; Piperno 2006; Tsartsidou et al. 2007; Albert et al. 

2008, 2016; Portillo et al. 2014). The terms used to describe phytolith morphologies follow 

the standards of the International Code for Phytolith Nomenclature-ICPN 2.0 (Neumann et al. 

2019). 

4.3 Phytolith and residue microscopic analyses from dental calculus 

Dental calculus samples were suspended in ~1.5 ml of 0.6 M HCl. After 15 min, the samples 

were centrifuged at room temperature at 10 000 rpm for 5 min and the pellet washed in 

distilled water. Sample material was transferred onto microscope slides, in 50% glycerol in 

distilled water. Several slides were mounted and examined from each sample. Microscopic 

analysis was conducted on an Olympus IX 71 inverted microscope using magnifications 

between 50× and 200×. Digital images were obtained using a Colour View camera from 

Olympus and Cell D imaging system. Phytoliths and all visible material were recorded (Table 

S9).  

 

Table S9. Description, provenance of samples and main phytolith results from Khor 

Shambat samples. 

Sample 

number 

Phytoliths 

1g of  

sediment 

(million) 

Number of 

phytoliths 

counted 

%  

Phytoliths 

weathering 

%  

Multicelled 

phytoliths  

%  Grass 

phytoliths 

Description/  

sample type 

116/17 3.01 228 2.6 0 93.8 Abrader−percussor 

158/18 0.44 110 11.8 0.9 78 Handstone 

159/18 0.07 22 11.1 0 82.2 Stone slab 

160/18 0.71 216 2.3 1.9 88.4 Handstone? 
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161/18 0.13 230 21.2 0 77.6 Undetermined 

162/18 0.08 23 14.4 0 68.7 Grinding slab? 

163/18 0.23 79 13.9 0 78.5 Abrader/handstone? 

164/17 4.40 262 5.3 2.7 89.8 Undetermined 

164/18 0.43 110 14.6 0 77.8 Abrader 

166/18 3.40 241 5.4 2.1 88.9 Stone slab 

171/56 0.08 23 9.1 9.1 78.2 Handstone 

Level 

145−150m 

0.42 122 13.9 3.3 71 Sediment sample, 

Grave 51/ 

Pottery 3 

0.78 234 8.5 4.3 83.4 Sediment sample 

Grave 14−1  9    Dental calculus, teeth 1 

Grave 14−2  12    Dental calculus, teeth 2 

Grave 15  2    Dental calculus 

Grave 51  2    Dental calculus 

Grave 63  5    Dental calculus 

 

Phytoliths were observed in all the calculus samples. Phytolith assemblages were dominated 

again by grasses, including in characteristic morphotypes from both the leaves and stems 

(prickles, bulliform cells, multicelled psilate long cells), as well as the inflorescences 

(epidermal appendage hair form the awn). Interestingly, both samples from Grave 14 yielded 

a single diagnostic short cell bilobate from Panicoids (samples 14−1 and 14−2; Figure S2h). 

Additionally, dicotyledoneous phytoliths such as epidermal appendages, and spheroid were 

also noted (Figure S2i). Regarding preservation conditions, it should be noted that only one 

multicelled phytolith was observed (sample 51), and that certain morphotypes were 

unidentifiable due to deformations by chemical dissolution (weathered) or high temperatures 

(melted) (Figure S2j−k). Of particular note is the identification of partially melted phytoliths 

in association to fragments of micro−charcoal and charred organic pieces (samples 14−1 and 

15; Figure S2l), therefore pointing to the consumption of burned/cooked plant−foods. As 

previously argued, none of the calculus assemblages displayed starch granules. Pollen grains, 

fungal spores or insect remains were not observed either. However, long fibers, presumably 

of plant origin, were observed in all the samples, together with mineral aggregates. 
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Figure S2. Photomicrographs of phytoliths and other micro−remains identified in Khor 

Shambat samples (photographs taken at 400× or 200×): a) Sponge spicule, sample 164/18; 

b) spheroid echinate from palm (Arecaceae) leaves, 166/18; c) long cell dendritic from grass 

inflorescences, 166/18; d) bulliform cell, 163/18; e) short cell bilobate from Panicoideae 

grasses, 158/18;  f) multicelled phytoliths from Panicoideae, 16/17; g) short cell rondel from 

Pooideae grasses, 166/18; h) short cell bilobate from Panicoideae (partially weathered), 15; 

i) epidermal appendage hair from dicotyledoneous, 15; j) weathered phytolith (possibly 

bulliform cell), 44; k) partially melted single cell (likely bilobate), 14−1; l) micro−charcoal, 

15 (micrographs by M. Portillo). 

 

5. Comparative analysis: faunal remains and organic residues 

Comparison of two independent datasets on animal exploitation strategies, the pottery lipid 

residues and faunal remains, can provide greater insight into the nature of faunal exploitation 

at Khor Shambat (e.g. Dunne et al. 2019). Our data, however, has high levels of uncertainty 

a) b) c) 

d) e) f) 

g) h) i) 

j) k) l) 
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on two fronts; 1) sample sizes and 2) the likelihood of domestic ruminants being bred for 

meat or dairy. We therefore need to incorporate these uncertainties into our data 

representation (see above: Material and Methods). The first is sample size and is common to 

both the faunal data and lipid profiles. The lipid recovery rate was fairly low, and therefore 

the number of sherds with each of the fat types is only a small sample of what would have 

originally been processed in those pots. Such small sample size introduces a large uncertainty 

margin when estimating proportions. The second level of uncertainty regards only the faunal 

data, specifically the domestic ruminant remains. Whilst the lipid profiles distinguish 

between ruminant adipose and dairy fats, we cannot say with any certainty whether the 

domestic ruminants in the faunal remains were bred primarily for meat or milk. To 

accommodate the uncertainty introduced from small sample size we use the NISP counts and 

number of fat types and randomly sample those numbers from a Dirichlet distribution. This 

allows us to put an error margin on the proportions of different fat types (Figure 9). This is 

relatively straightforward for the Mesolithic phase due to the absence of any domestic taxa. 

For the Neolithic, however, we also need to consider whether the domestic faunal remains 

represent animals bred for dairy products or meat. Because the age profile for the cattle and 

small ruminants suggests that they were bred mostly for their secondary products, we apply a 

prior estimate of 75 per cent of all domestic ruminant remains being used for dairy, which we 

sample, this time from a beta distribution, to represent the uncertainty. This is only an 

estimate, and the proportion of bones representing dairy can be changed according to any 

new prior beliefs (see Figures 9 & 10).   
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