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Highlights: 17 

 18 

● During the 4th Dynasty of the Old Kingdom (c. 2613–2494 BC), Combed Wares and 19 

their contents were produced in the Levant and traded to Egypt 20 

● In Egypt, these vessels were received as high-status objects associated with the 21 

palace economy and funerary assemblages of high officials 22 
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● A geochemical approach reinforces published petrographic results to show the jars 23 

likely originated in Northern Lebanon in the region of the important site of Byblos 24 

● The findings suggest the vessels likely belonged to specialised workshop production 25 

made specifically for export to Egypt 26 

● New light is shed on the origin and nature of the relationship between the Egyptian 27 

state and the polity of Byblos which endured for millennia 28 

 29 

 30 

 31 

Abstract 32 

A recent petrographic study of ceramic jars from Giza imported into Egypt during the 4th 33 

Dynasty of the Pyramid Age (c. 2613–2494 BC) identified the original production zone as the 34 

Lebanese coast generally between Beirut and Tripoli, including the region of Byblos. The jars 35 

and their contents were imported to Egypt by maritime trade expeditions conducted at the 36 

behest of the Egyptian state. This study analyses a selection of these ceramic samples using 37 

ICP-AES and -MS for comparison with published data from the region of Byblos. The results 38 

not only confirmed the underlying petrography, but together with new evidence from 39 

Lebanon suggests the vessels likely belonged to specialised workshop production in the 40 

Byblos environs and were made specifically for export to Egypt. The finding sheds new light 41 

on the relationship between the Egyptian state and the polity of Byblos in the Early Bronze 42 

Age, indicating the presence of standardised local production and commodity procurement 43 

mechanisms tailored to the needs of a large trade entity. This relationship in turn delivered 44 



3 

significant prestige and status to local elites in an environment of competitive local peer-45 

polity interactions. 46 

 47 

1.  Introduction 48 

During the Old Kingdom (c. 2686–2181 BC), the centralised state reached high levels of 49 

administrative capacity and control of economic resources. Strategic use of these resources 50 

enabled Egypt’s kings to mount expeditions for the acquisition of commodities not available 51 

locally, such as silver, coniferous trees and aromatic oils. Egyptian texts and archaeological 52 

evidence indicate that this activity included mining expeditions for Sinai copper and 53 

turquoise, and maritime voyages to distant lands for the exotic products of Africa and 54 

Western Asia. That said, compared to later periods, the textual record of such activity is 55 

thin, with the result that archaeological data assumes the key role in piecing together the 56 

story of Egypt’s interactions with its neighbours [1–3, 9-18, 36, 42, 57].  57 

 58 

During this time, the Combed Ware jar is regarded as the primary ceramic container of 59 

Levantine trade [1–5, 69]. Produced across the northern and southern Levant (Fig. 1), 60 

‘Combed Ware’ (hereafter ‘CW’) generally refers to large- and medium-sized jars, with flat 61 

bases and ovoid bodies, often, but not always, with two loop or ledge handles attached to 62 

the body, and bearing combing on the exterior and sometimes interior surface (Fig. 2a–b). 63 

With origins stretching back to c. 3200/3150 BC, it was manufactured with regional 64 

variations in size and fabric; in the central and northern Levant it continued in production 65 

until the end of the third millennium [4–5]. The type reached its zenith as the dominant 66 

imported ceramic container during the Old Kingdom (OK), where they are found mostly in 67 
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4th to 6th Dynasty tombs, c. 2613–2181 BC, coeval with the Central Levantine Early Bronze 68 

Age (EB) III and IV/Early Central Levant (ECL) 4–5 (c. 2700–2250 BC) (Fig. 3).   69 

 70 
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Fig 1. Map of Egypt and the Levant, showing production and diffusion zones of Combed 71 

Ware in the third millennium BC (after Thalmann and Sowada 2014 [4]).  72 

 73 

Fig 2. Combed jar MFA 37.1319 from Giza Tomb G 7330 A, mid–late 4th Dynasty. Fabric 74 

P200: iron-rich, calcareous with chert. a. MFA 37.1319 (Photo © 2019 Museum of Fine Arts, 75 

Boston). b. MFA 37.1319 (drawing K. Sowada). c. Sherd fracture (photograph K. Sowada). d. 76 

Thin-section at plane-polarised light (PPL). Field of view 3 mm. e. Thin-section at cross-77 

polarised light (XPL). Field of view 3 mm. Thin-sections show silt and sand-sized quartz 78 

grains and limestone fragments. 79 

 80 

A recent petrographic study on CW imports found in Egypt of mainly 4th Dynasty date 81 

revealed they were highly comparable to contemporary published examples from northern 82 
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Lebanon [5, 7–8, 20-21]. These vessels, like those from Lebanon, were produced using 83 

calcareous clays tempered with mixtures of quartz, limestone, and calcite (Fig. 2 c-e). The 84 

materials can be linked to supply basins dominated by Cretaceous limestones and chalks 85 

found in central and northern Lebanon; the C1-C6 formations as described by Dubertret [23, 86 

58] and Nader et al. [70] (Fig. 4). This region includes Byblos, one of the Levant’s key sites 87 

that has long been acknowledged by scholars as a focal point for Egyptian trade [2–5, 7–18].  88 

A recent study on material from 6th Dynasty Abusir in Egypt, indicates the presence of 89 

imported vessels made using a similar clay type, some 350 years later.  This suggests the 90 

existence of a long, and probably continuous, trade relationship between the two regions 91 

[18].  92 

 93 
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Fig 3. Regionalised chronological synchronisms between Egypt and the Levant in the Early 94 

Bronze Age, based on 14C dates for Egypt and the historical chronology alongside 95 

periodisations developed by the Associated Regional Chronologies of the Ancient Near 96 

East (ARCANE) Project. ‘ESL’ refers to ‘Early Southern Levant’, ‘ECL’ to ‘Early Central Levant’ 97 

and ‘ENL’ to ‘Early Northern Levant’. [6, 68: 18] 98 

 99 
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 100 

Fig. 4. General geological map of Lebanon (after Dubertret 1955 [23]). Scale: 1/200000. 101 

 102 



9 

This paper applies a geochemical approach to a sample of CW vessels found at Giza dating 103 

to the 4th Dynasty (c. 2613–2494 BC) with the aim of determining their geographic origin 104 

and understanding their production more precisely. To accomplish these aims, the results 105 

were plugged into an extensive geochemical database resulting from the analysis of 106 

macroscopically and petrographically comparable CW vessels locally produced in two 107 

regions of northern Lebanon [5, 21] thought to play a key role in trade at the time. The 108 

regions include Byblos and closely linked sites in the surrounding area [5], and another 109 

major site further north, Tell Arqa [21]. The results help map the location of specialised 110 

ceramic production centres that supplied commodities for the Egyptian state, shedding light 111 

on the origins, nature and orientation of this important trading relationship.  112 

 113 

2. Materials and methods 114 

Nine samples from Giza examined using thin-section petrography by Sowada et al. [8] were 115 

analysed by ICP-AES and -MS at Durham University in 2019. The samples were obtained 116 

from jars and a jug held in the Museum of Fine Arts, Boston (MFA), the fruits of excavations 117 

conducted by the joint Harvard University-MFA Egyptian Expedition led by Dr George 118 

Reisner in the early 20th century [1]. The Museum holds 29 imported jugs and jars from Old 119 

Kingdom Giza, representing the largest corpus of such vessels outside Egypt. Curatorial 120 

information about each vessel is published in Sowada 2009 [3]. The samples represent near-121 

complete jars from a museum context necessitating a minimally destructive analytical 122 

approach. ICP -AES and -MS were chosen here as the methods of analysis because they are 123 

capable of providing highly precise and accurate bulk chemical data using small amounts of 124 

sample (see below). The samples from Giza are broadly contemporary (Table 1). The results 125 
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were compared with 27 samples from the region of Byblos, including Byblos itself, Tell 126 

Koubba, Tell Fadous-Kfarabida, and 30 samples from Tell Arqa that have been analysed 127 

petrographically and via ICP [5, 21] (Table 2). Chronologically, most of these samples are 128 

contemporary with those from Giza, however, several later samples from Arqa (EB IV/ECL 5) 129 

and several earlier examples from Arqa and Byblos (EB II/ECL 2–3) were added to the 130 

analysis to facilitate wider comparison (Table 2).  131 

 132 

Petrographic results of the Giza material, based on the analysis of 36 samples, identified 133 

three closely related fabrics, designated P200, P201 and P202 in the Egyptian ceramic 134 

classification system [8, 22, 31]. All samples were highly comparable to contemporary CW 135 

materials published from Lebanon and, therefore, imported from there to Egypt. P200 is the 136 

most common fabric, closely paralleled with Fabric 2A and B from the Byblos region [5] and 137 

group 2 at Tell Arqa [21] (Table 1).  There are a few cases where samples from Lebanon and 138 

Giza are nearly identical under the microscope, representing exceptionally strong 139 

petrographic matches (Fig 5).  140 

 141 
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Fig. 5. Thin-section Image (PPL) comparing a sample from Tell Fadous-Kfarabida 142 

(FAD10.295/295.146) with one from Giza (MFA 13.5671) , showing that they exhibit a very 143 

similar petrofabric. The samples are dominated by sand sized quartz grains and limestone. 144 

Scale applies to both images. 145 

 146 

Table 1. Giza samples examined using ICP-AES, -MS and petrography. 147 

      148 

MFA Registration 
# 
  
Original Reisner 
Registration # 

*Petro 
Sample # 
(from Sowada 
et al. 2019) 

Vessel 
Type 

Provenance Date of 
Context 

Fabric 
Type 
  

MFA 13.5638 
Field #13-11-64 

1 Combed 
jar 
  

Tomb G 4240 
Owner: 
Sneferu-Seneb 

Early–mid 
4th 
Dynasty 
c. 2550 BC 

Fabric 
P200  

MFA 13.5593 
Field # 13-10-29 

2 Combed 
jar 
  

Tomb G 4340 
A 
Owner: name 
not preserved 

4th 
Dynasty 
c. 2613–
2494 BC 

Fabric 
P201  

MFA 37.2729 
Field # 38-8-11 
  

3 Combed 
jar 
  

Tomb G 5020 
Owner: 
Imhetep 

Early–mid 
4th 
Dynasty 
c. 2550 BC 

Fabric 
P202  

MFA 13.5639 
Field # 13-11-65 

7 
  

Combed 
jar 

Tomb G 4240 
  

Early–mid 
4th 
Dynasty 
c. 2550 BC 

Fabric 
P200  
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MFA 13.5671 
Field # 13-11-106 

8 Combed 
jar 
  

Tomb G 4440 
Owner: name 
not preserved 

Early–mid 
4th 
Dynasty 
c. 2550 BC 

Fabric 
P200 
(Fig. 5)  

MFA 13.5672 
Field # 13-11-107 

9 Combed 
jar 
  

Tomb G 4440 Early–mid 
4th 
Dynasty 
c. 2550 BC 

Fabric 
P200  

MFA 13.5673 
Field # 13-11-108 

10 Combed 
jar 
  

Tomb G 4440 Early–mid 
4th 
Dynasty 
c. 2550 BC 

Fabric 
P200  

MFA 37.1319 
Field #34-6-17j 

11 Combed 
jar 
  

Tomb G 7330 
A 
Owner: name 
not preserved 

Mid–late 
4th 
Dynasty 
c. 2550–
2494 

Fabric 
P200 
(Fig. 2)  

MFA 13.5615 
Field # 13-10-68 

N/A One-
handled 
jug 

Tomb G 4340 
  

4th 
Dynasty 
c. 2613–
2494 BC 

Fabric 
P200 

 149 

* Petrography Sample # refers to the numbers allocated to samples published in [8]. 150 

 151 

100 mg of powder was obtained across the profile of each sherd using a 12-volt dental drill, 152 

fitted with a 2mm diameter solid tungsten carbide bit. The samples were prepared at the 153 

Durham Archaeomaterials Research Centre (DARC). The powders were acid digested using 154 

hydrofluoric acid and analysed by ICP-AES and ICP-MS at the Department of Earth Sciences, 155 

Durham University using protocols established by Ottley et al. (2003) [24]. 0.100 +/- 0.001 g 156 

of powder was digested in a 4 ml 40% HF e 1 ml 69% HNO3 solution for 48 h before 157 
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evaporating to dryness and redissolving in HNO3 acid, the resulting solution being 3.5% 158 

HNO3. This solution then had a Re and Rh internal standard added to compensate for 159 

possible calibration drift, matrix suppression and dilution errors. The analysis measured for 160 

43 elements (Table 2). The major elements, analysed by ICP-AES as weight percentage 161 

oxide, include Al2O3, Fe2O3, MgO, CaO, Na2O, K2O, TiO2, P2O5 and MnO. The minor and trace 162 

elements analysed by ICP-MS as parts per million (ppm) include Co, Cr, Cu, Ni, Sc, Sr, V, Zn, 163 

Rb, Y, Zr, Nb, Cs, Ba, Pb, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, Pb, Th, 164 

and  U. Calibration was achieved via the use of in-house standards and international 165 

reference materials (W-2, BHVO-1 and AGV-1 standards) as well as a blank and standard 166 

sample being run every 10 samples to ascertain instrument calibration stability.  167 

The minimally destructive approach necessitated by the nature and museum context of the 168 

objects, meant that only 100 mg of sample was available with the consequence that Loss on 169 

Ignition (LOI) could not be determined reliably [59]. A mitigating methodological approach 170 

has been adopted to compensate utilising element ratios as described below [60: 8].  171 

 172 

 173 

 174 

Table 2. ICP -AES and -MS results. Values indicated by (%) are given in weight % otherwise 175 

values are ppm. 176 

 177 

 178 

A principal components analysis (PCA) [25 (p 176–180)] was conducted to plot the similarity 179 

of the chemical composition of each sample (Fig. 6). The R software package, version 3.5.0 180 

(R Core Team) was used for the analysis and the figures were produced using the package 181 
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ggplot2 [62]. A Log-ratio transform (base 10) was applied to the raw data  [63, 64] before 182 

processing.  Some elements were removed from multivariate statistical analyses. Zr is not 183 

fully digested during sample preparation giving semi-quantitative results. Some elements 184 

are likely to be affected in ceramics, post-depositionally (See [91] for an overview), 185 

especially in coastal central Levantine contexts. CaO was removed as Lebanon’s ground 186 

water is high in dissolved Ca [61] and voids infilled with secondary calcite [67: 67] were 187 

observed consistently during the analysis of the thin-sections from Lebanon [20]. Variations 188 

in CaO were, however, carefully taken into account in particular instances. P2O5 and Ba have 189 

been omitted as their leaching or enrichment in ceramics has been reported in the literature 190 

[71: 11-12] and related bibliography. 191 

 192 

As thin-section work already indicated that closely related materials were used, the 193 

geochemical analysis focused primarily on rare earth elements (henceforth REE). These are 194 

ideal for geochemical fingerprinting in clays as they are largely immobile during low-grade 195 

metamorphism, weathering and hydrothermal alteration [26, 27 (p 195), 28, 66]. As such, 196 

REE values, more than other elements, are a good indicator of the original composition of 197 

the various inputs within material supply basins, even though REEs are generally enriched in 198 

argillaceous sediments relative to most types of rock [29 (p 3), 30 (p 188)]. Moreover, recent 199 

studies show that there is no fractionation of these elements from the firing process [26 (p 200 

2389)]. The REE values were normalised using the values for chondritic meteorites as 201 

presented in Rollinson [28]. As mentioned above, we adopted an approach focused 202 

primarily on element ratios rather than absolute values to mitigate the impact of variations 203 

among the samples in volatile organic matter (unknown as LOI could not be determined), 204 

known post-depositional impacts, and tempering with quartz, calcite, and sedimentary rocks 205 
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(see [60] for a recent treatment). The Ratio of Light REE (La, Ce, Pr, Nd, Sm, Eu) to Heavy REE 206 

(Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) has been examined as its value is governed by clay 207 

protolith(s) [26] and has been shown specifically not to alter significantly through the 208 

addition of most tempering materials where these are similar to the original clay protolith(s) 209 

[26 (p 2389)]. The value is, therefore, useful for determining whether jars tempered 210 

differentially are derived from the same original source rocks. Additionally, Th/Co and La/Sc 211 

elemental ratios have been plotted as they are a useful way to evaluate and classify 212 

geological inputs into clays [26]. 213 

 214 
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 215 

Fig. 6. Plot of the factor scores (A) and loading plot (B) generated from the principal 216 

components analysis of the chemical data generated by ICP-AES and -MS for calcareous 217 
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fabrics from Lebanon and Giza sorted by site. Factor 1 explains 65.3% of the variation and 218 

factor 2 explains 16.3%.  219 

 220 

3. Results 221 

The graph of factor scores resulting from the PCA (Fig. 6) demonstrates chemical variability 222 

between the samples from Giza, the Byblos region, and Tell Arqa, which clustered into three 223 

separate groups. The Giza samples, when compared to those from Lebanon, generally show 224 

lower values of Al2O3, CaO, and Fe2O3. Greater percolation of ground-water in the wetter 225 

climate of Lebanon resulting in the observed formation of secondary calcite post-226 

depositionally, mentioned earlier, contributes to generally elevated CaO in Lebanese 227 

samples relative to those from Giza. The Giza samples are also relatively deficient in the REE 228 

(including Sc and Y), Cr, Ni, and Co. The samples from the Giza tombs and the Byblos region 229 

are differentiated from the Tell Arqa samples as the latter are generally elevated in Ti, Th, U, 230 

Ta and Nb.  231 

 232 

Differences between the Giza and Byblos region samples occur mainly among elements that 233 

are enriched in the clay fraction [27, 28]. If we assume two groups derived from the same 234 

clay source, the concentrations of Cr, Ni, and Co and the REE (including Sc and Y) would 235 

decrease consistently as greater amounts of quartz, calcite or most types of sedimentary 236 

rocks are added as temper [60]. Likewise, lower concentrations would be expected with 237 

higher relative organic content, or if more secondary calcite was formed during deposition. 238 

These factors cannot be controlled for in the present study, reinforcing the advantages of an 239 

approach emphasising element ratios to determine shared provenance. Thus, the chemical 240 
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data indicates that the Giza samples are in general less clay-rich compared to those from the 241 

Byblos region and Tell Arqa.  242 

 243 

The chondrite-normalised LREE/HREE ratios are plotted in Fig. 7. The majority of the 244 

samples exhibit similar values indicating that they derive from similar clay protoliths, 245 

reinforcing the petrographic results. The values shown are in line with those expected for 246 

sedimentary rock and the sediments derived from them [28, 32 (p 1392)]. Likewise, the 247 

Th/Co and La/Sc plots (Fig 8) show good agreement between the majority of the samples, 248 

further supporting the notion that they mostly derive from closely related materials.  249 

 250 

Fig. 7. Distribution of Ratios of ppm LREE to HREE by site. The samples from the Lebanese 251 

coast and Giza generally exhibit similar values indicating they are derived from similar clay 252 

protoliths. 253 
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 254 

Fig. 8. Plot of Th/Co s and La/Sc ppm ratios. The samples from the Lebanese coast and 255 

Giza generally exhibit similar values indicating they all derive from closely related 256 

materials. 257 

 258 

Despite similar REE values, the samples from Arqa are differentiated from the Giza and 259 

Byblos region samples by other aspects of their geochemistry, which suggests differences in 260 

the composition of accessory minerals of the former. Samples from Arqa are generally 261 

elevated in Nb, Th and U, elements that are associated with heavy minerals such as zircons 262 

[27]. Nb, normally depleted in clastic sediments, is particularly elevated in the Arqa samples 263 

and is likely associated with titaniferous minerals [33]. Fig. 9 shows that the Nb and Ti 264 

concentration in the samples are correlated supporting the association of enriched Nb with 265 

a higher amount of titaniferous minerals in the samples from Arqa. Here, caution must be 266 

exercised in comparing absolute values due to the uncertainties highlighted earlier. Still, the 267 
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pattern is quite consistent among the Arqa materials with many showing elevated Ti, Th, U, 268 

Ta and Nb, despite similarity with Byblos area samples across other element concentrations. 269 

We suggest the elevated levels of Nb in many of the Arqa samples can be explained by the 270 

proximity of Arqa to Cenozoic basalt flows (Fig 4) known to be rich in Fe-Ti minerals [34]. 271 

Aeolian or fluvial transport from these basalts would serve to increase the concentration of 272 

titaniferous minerals in sediments near Arqa exploited for potting relative to otherwise 273 

similar sediment types found in the Byblos region. Since Fe-Ti oxides are very resistant to 274 

weathering [35] they can be transported into sediments over relatively long distances. 275 

These minerals are comparatively small and mostly opaque and, as such, differences would 276 

not be easily detectable via standard petrographic analyses without a specialised 277 

methodology. 278 

 279 

Fig. 9. Plot of Nb and Ti ppm values. The plot shows that the Nb and Ti concentration in 280 

the samples are correlated supporting the association of enriched Nb with a higher 281 

amount of titaniferous minerals in the samples from Arqa. 282 

 283 
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 284 

4. Discussion 285 

Several studies show that potters of the EB II–III/ECL 2–5 on the central Levantine coast 286 

favoured similar materials for CW jar production [5, 19–21 see 65 describing a similar 287 

situation in Neolithic Italy)]. This underscores the challenges of associating samples with 288 

discrete production locations based on petrography alone, demonstrating the value of 289 

incorporating geochemistry (in this case ICP-AES and -MS) to augment petrographic results. 290 

In theory, while sampling clay sources analogous to those used by ancient potters could be 291 

undertaken, this is impractical owing to the large potential catchment with no guarantee 292 

that the clay beds and other resources exploited in the 3rd millennium BC are still extant. 293 

Further, extensive processing and preparation by the potters has been observed in thin-294 

section, making direct comparison with raw materials difficult [60] and unlikely to improve 295 

provenancing determinations. In the case of Levantine CW, the vast quantities produced 296 

means it is highly probable that production, in the main, took place in the region 297 

surrounding a site. Therefore, an approach comparing ceramic samples directly and linking 298 

them to a shared production is preferable to geoprospection.  No evidence from Lebanon 299 

for kilns or production sites of the period has yet been unearthed. It is hoped future 300 

discoveries will improve our understanding of the context of CW production. 301 

 302 

Integration of geochemical data with petrographic evidence is an effective strategy for the 303 

creation of discrete groups likely representing closely related productions. The Giza samples 304 

showed good agreement with the majority of those from Byblos and Arqa across several 305 

elements considered the most useful for determining provenance. Additionally, they 306 
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exhibited similar LREE/HREE and Th/Co and La/Sc ratios, which can compensate for chemical 307 

differences arising from variations in tempering practice. The chemical data presented here 308 

indicates, however, that the Giza materials are more closely related to those from the 309 

Byblos region than those from Tell Arqa. A number of samples from Arqa were elevated in 310 

Ti, Th, U, Ta and Nb distinguishing them from the Byblos region and Giza samples. The Giza 311 

samples are not an exact chemical match, but were derived from closely related materials to 312 

those used in the production of samples found in the Byblos area, implying they were 313 

produced using similar modes. 314 

 315 

The results are broadly in line with previous archaeometric studies. A 1986 investigation by 316 

Doug Esse and Phil Hopke applied Neutron Activation Analysis (NAA) to 21 samples from 317 

Giza [36]. The chemical data on which this work was based was recently re-discovered at the 318 

Museum of Fine Arts (Boston) but is of limited value because of the restricted range of 319 

elements then used, and the greater precision that can now be achieved using new 320 

methods. That said, the resultant hierarchical cluster analysis identified several groups of 321 

which the largest clustered with sherds from Byblos [3, 5, 36]. This is almost certainly the 322 

dominant Fabric P200 (Figs 2, 5) [8].  323 

 324 

A second study using PIXE-PIGME was conducted by Peter Grave in 1999 [3–5]. Like the ICP-325 

AES and -MS results in the present work, the samples from Giza grouped with each other 326 

and were slightly separate from samples obtained from Byblos.  The results help reinforce 327 

the ICP and typological data, and suggest that the 4th Dynasty Giza pottery imports are 328 

drawn from a common set of raw materials found in contemporary ceramics from the 329 
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Byblos–Tell Fadous Kfarabida–Koubba zone of the central Levant, but as a group may 330 

represent a specialist product. 331 

 332 

Several possible explanations are proposed for the observed chemical differences, keeping 333 

in mind post-depositional factors and variations in organic material are likely contributing to 334 

a lesser degree. Firstly, as indicated by the petrographic analysis, the Giza samples are most 335 

likely less clay-rich because, on the whole, they contain more and larger temper grains when 336 

compared to CW samples from Lebanon [5, 8 and 21], explaining their lower absolute REE 337 

values, but comparable REE ratios. As demonstrated in Fig. 4, however, some samples from 338 

Lebanon exhibit highly similar textures to those from Giza, and, correspondingly, are closer 339 

chemical matches (e.g. closer values of Ca and Fe).  340 

 341 

Secondly, the slight chemical differences between the Giza and Byblos area samples could 342 

relate to the use of clays from different beds. The clay beds found in Lebanon are, in the 343 

main, mixtures of at least two types of clay minerals, with kaolinite, illite, and 344 

montmorillonite represented [37, 38]. The clay resources of Lebanon are, therefore, quite 345 

heterogeneous and of varying quality [39]. They are determined by a number of inputs [40] 346 

and individual lenses of clay with quite different clay mineral composition and properties 347 

may exist in proximity to each other.  Particular clay beds could have been reserved or 348 

directly targeted for the production of jars intended for Egypt, but there is currently no clear 349 

evidence for such practices. 350 

 351 

Thirdly, the Giza vessels might be linked to another entrepôt, for which we do not yet have 352 

data. In recent years, a few Old Kingdom Egyptian artefacts have been found from 353 
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excavations at Tyre [46, 47]. One object, a flint knife, was also found at Sidon [48]. Vessels 354 

produced elsewhere around Sidon and Tyre should present a different petrographic and 355 

chemical signature due to inputs from nearby Eocene marls, which are generally absent 356 

from the Byblos area. Petrographic data from Sidon supports this suggestion [19]. 357 

Petrographic and geochemical analysis of samples from the regions of Early Bronze Age 358 

Beirut, Sidon, and Tyre will be conducted in the future, thus providing further clarity.  359 

 360 

Considering the lower capacity and slight petrographic and chemical differences observed 361 

for the Giza imports, the totality of the evidence suggests a production that, though closely 362 

related and likely linked to the Byblos area, was distinct from local mainstream production. 363 

The use of clays and tempering materials low in CaO, would enable higher firing 364 

temperatures [41], which along with a coarser quartz tempered fabric, could produce a 365 

harder jar.  Specialist production could have aimed at creating exceptionally well-made jars 366 

intended for elite exchange, use in Egyptian ritual activities and the palace economy, but 367 

that could also withstand long-distance sea-transport. Thalmann and Sowada [4], showed 368 

that the jars found in 4th and 5th Dynasty Egypt generally had much lower capacities than 369 

those of the contemporary Levant, suggesting they represent forms made specifically for 370 

export. That these jars were smaller, would have also made them easier to transport to 371 

Egypt and/or might reflect the nature of the commodity traded [4: 361]. Specialist 372 

production is further attested by a white-slipped one-handled jug MFA 13.5615 (Table 1), 373 

made of Fabric P200, which belongs to a suite of imported slipped jugs in Egypt with few 374 

parallels in the central Levant [3 (p 72, 73), 71, 72]. Conversely, CW jars intended for local 375 

consumption would, principally, be manufactured for everyday use and transport by land 376 

and over shorter distances.  377 
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 378 

The results presented in this paper, compared to analyses undertaken by Badreshany et al. 379 

(2019), show that smaller sites in the Byblos region, like Koubba and Tell Fadous-Kfarabida, 380 

can be linked to trade with Egypt through the presence of chemically comparable CW jars. 381 

However, unlike at Byblos and despite significant excavation, Egyptian (or even 382 

egyptianising) objects are represented by only two finds at Fadous-Kfarabida [49, 50]. This 383 

suggests that trade activities were mediated through individuals at Byblos where the high-384 

status Egyptian objects generally remained. This also compares with the absence of any 385 

evidence for direct Egyptian exchange at ECL 4 / EB III sites in the region of Tell Arqa, 386 

suggesting that Arqa was not involved in the direct supply of Egyptian royal expeditions at 387 

this time. We must, however, consider our small sample size and that only domestic 388 

contexts were excavated at Arqa, and leave open the possibility that future work may 389 

produce relevant evidence.   390 

 391 

It is entirely possible that the Egyptian administration worked closely with local potters at or 392 

near Byblos, or co-opted an existing facility to serve its requirements. Production may have 393 

been mediated by the presence of Egyptian officials visiting or even resident at Byblos. 394 

Archaeologically, this appears to be attested at EB II/ESL 4 (c. 3050–2900/2870 BC) Tel Beth 395 

Yerah in the Galilee region, where a locally-made jar was found with an inscription in 396 

hieroglyphs bearing the name of a possible Egyptian official [44, 45]. The site is a known 397 

originator of ceramic containers found in 1st Dynasty Egyptian tombs [45]. During the Old 398 

Kingdom, a year-round or short-term Egyptian presence in the Byblos region around the 399 

ancient sailing ‘season’ provides a rationale for the large volume of Egyptian artefacts found 400 
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there – some even inscribed with non-royal names – although in much-disturbed contexts [3 401 

(p 128–144, 150–153, 218–222), 17].  402 

 403 

 404 

5. Combed Ware in its Levantine and Egyptian Contexts 405 

In the central Levant, the appearance of large jar forms during the EB II/ECL 1–2 is now 406 

viewed as a key component within a new urban ‘package’, characteristic of the emergence 407 

of complexity during that time [5 (p 31), 51 (p 238), 52 (p 24–39)]. The jars are the 408 

manifestation of a system of agriculture thought to focus on olive and grape [53, 73], a 409 

system which played an increasingly important role in local political economies. This is 410 

evidenced in the EB III/ECL 3-5 through an increase in the scale of vessel production, and the 411 

use of fabrics consistent with clays accessible in the coastal zone, in contrast to an earlier 412 

usage of clays originating in upland locations [5, 21]. Likewise, recent studies show that the 413 

jars and their contents were mostly circulated within intensive economic interaction zones 414 

presumably congruous with local political structures on this part of the Lebanese coast [5].  415 

 416 

Further supporting this notion, the present study has not produced clear evidence for direct 417 

trade in CW vessels or the commodities they contained between places like Arqa and 418 

Byblos. CW jars were made for the storage and transport of commodities that were widely 419 

available to people in the region, rendering unnecessary, save in exceptional cases, the 420 

large-scale movement of CW jars between, as opposed to within, the different coastal 421 

polities. The increasingly localised production evident in the ceramic industry beginning in 422 

the EB III/ECL 3–5 [5] perhaps reflects the ambitions of local elites looking to expand their 423 
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influence or consolidate power. This process is also visible at settlements, with, for example, 424 

the reorganisation of Fadous-Kfarabida in the later EB III/ECL 4 by building over or 425 

expanding domestic structures to create new public/monumental architecture [53]. These 426 

developments are coeval with the emergence of strong links with Egypt during the 4th 427 

Dynasty. Egyptian textual and archaeological evidence reveals that state expeditions to 428 

Byblos and other Levantine locations in addition to Byblos continued into the long reign of 429 

Pepy II (c. 2278–2184 BC) [9, 18], although for how long cannot be ascertained. 430 

 431 

The contrast might neatly encapsulate the difference between the EB III/ECL 2–5 in Lebanon 432 

and northern Palestine. In the first case, we see an expanding economy with strong links to 433 

Egypt, underpinned by a developing tributary relationship between Byblos and smaller 434 

centres such as Koubba and Fadous-Kfarabida, the productivity of which was actively 435 

managed by the centre. While in northern Palestine, the latter part of the EB III – the EB IIIB 436 

/ESL 5b – is now understood as an episode of decline, characterised by a limited number of 437 

large fortified settlements, some occupied only sporadically, whose leaders were focused 438 

mainly on internal rather than external interaction [54, though see De Miroschedji’s [69] 439 

treatment of southern Palestine for a differing perspective] 440 

 441 

Without further archaeological and scientific data from the Levant, details on the social 442 

context of the mobilization of CW jars and consumption of their contents are lacking. The 443 

balance of evidence shows the development by the 4th Dynasty in the Byblos region of a 444 

class of elites, likely looking for new ways to strengthen status, which they found through 445 

more intensive interactions with Egyptian counterparts. From the late Predynastic period, 446 

the Egyptians found in the region of Byblos (and perhaps other parts of the Syrian and 447 
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Lebanese coasts, about which we currently know rather less) forms of socio-economic 448 

organisation with which they could articulate to meet their resource needs, forms of 449 

organisation absent further south in the Levant [44, 45]. In addition, large-scale maritime 450 

journeys to the cedar forests of Lebanon provided an efficient means of bulk commodity 451 

procurement, one which could be tightly controlled by the Egyptian state as it extended 452 

over a relatively small geographical area, making it more easily managed through the 453 

cooperation of local elites. In Egypt, royal expeditions to the Levant came to serve the 454 

ideology of kingship through the projection of royal power to distant foreign lands, in 455 

addition to underpinning social hierarchies and peer status through access to foreign 456 

products [55]. 457 

 458 

At Byblos, intangible displays of status through feasting and religious ceremonies likely 459 

factored into trade relationships. As noted, large flint knives and stone vessels – including a 460 

large number of fragmentary prestige types – form the main corpus of Egyptian objects 461 

recovered there. In Egypt, these objects are status markers, largely restricted to elite 462 

contexts, such as cultic deposits, temple magazines, elite tombs and installations [16 (p 63–463 

75), 49, 56]. At Byblos, the knives come from a number of contexts, but patterns of multiple 464 

knives associated with temples or temple courtyards are noted, such as those found around 465 

the Ba’alat Gebal temple. The majority of stone vessels were also associated with the 466 

Ba’alat Gebal temple or the Enceinte Sacrée [3, 11, 12, 14–17], suggesting their 467 

preeminence over other the temples of the period at Byblos. Likewise, iconographic and 468 

archaeological evidence indicates that in Egypt, the flint knife type was used for the ritual 469 

slaughter of cattle [57 (p 20)]. Their presence among Egyptian-made objects at Byblos hints 470 
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that cattle were an important trade item and that feasting and sacrifice was possibly 471 

integral to the interaction of Egyptian emissaries with Byblos elites.  472 

 473 

On the Egyptian side, CW jars were primarily acquired for their contents. The nature of the 474 

original contents remains to be established and is currently the subject of a multi-proxy 475 

scientific research program. Preliminary results reveal significant complexity in the 476 

remaining residues, the likely cause of which is multiple episodes of re-use of jars after they 477 

were emptied of their original contents in Egypt [8, 18]. The jars themselves were also 478 

received in Egypt as high-status objects. Acquired by royal expeditions, they occur in 479 

deposits associated with the palace economy and funerary assemblages of high officials. 480 

Jars were likely gifted by the palace as rewards and marks of royal favour, and to symbolise 481 

the original luxury contents in the hereafter [18]. The multiple levels of meaning inherent in 482 

the reception of Combed Ware jars will be assessed in a future study. 483 

 484 

6. Conclusion 485 

ICP-AES and -MS results underscore the petrographic data that points to the Byblos area as 486 

the manufacturing centre of Combed Ware jars imported to Giza during the 4th Dynasty. 487 

The elemental results were very consistent, but notably were not a perfect chemical match 488 

with other samples from the region, including material from Byblos itself. This suggests the 489 

possibility of another production centre such as Sidon to the south, or more likely, 490 

specialised production at Byblos or its environs of jars to meet the trade needs of the 491 

Egyptian state. The latter is suggested by the smaller size of the jars and coarser nature of 492 
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the fabric when compared to those used locally, presumably to create vessels suitable for 493 

arduous long-distance trade. 494 

 495 

The results have implications for the nature of foreign relations and the mediation of trade 496 

relationships. Specialised production indicates close and direct engagement between agents 497 

of the Egyptian state and producers at Byblos, a practice also suggested by archaeological 498 

and textual evidence in the third millennium. Indeed, it seems likely that the foundation of 499 

this centuries-long pattern of direct engagement was established at this early time, forming 500 

the basis of later intensive ties and even of later Egyptian literary genres. Future work will 501 

build on this study by similarly analysing 5th and 6th Dynasty jars for comparison with 502 

contemporary examples from the Lebanese coast with the aim of confirming the Egyptian 503 

textual evidence and investigating contemporary links with between Egypt and other parts 504 

of the region. 505 

 506 

Locally, links with Egypt delivered reciprocal benefit to Byblite elites, who benefited from 507 

access to regular trade and status markers in the form of Egyptian prestige goods, in an 508 

environment of competitive peer-polity interactions. As this exchange continued into the 509 

23rd century BC, it can be argued that this relationship endured despite clear signs of 510 

significant and ultimately devastating upheaval at Byblos and in the surrounding region. This 511 

evidence underscores the long-established symbolic importance of Byblos to the Egyptians, 512 

a significance that outweighed its short-term economic fortunes. 513 

 514 
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Ministère des Travaux Publiques; 1955.  624 

 625 

24. Ottley CJ, Pearson DG, Irvine GJ. A routine method for the dissolution of geological 626 

samples for the analysis of REE and trace elements via ICP-MS. In: Holland JG, Tanner 627 

SD, editors. Plasma source mass spectrometry: applications and emerging technologies. 628 

Cambridge: Royal Society of Chemistry; 2003. p. 221–30. doi: 10.1039/9781847551689-629 

00221.   630 

 631 

25. Orton C, Hughes M. Pottery in archaeology. Cambridge Manuals in Archaeology. 632 

Cambridge: Cambridge University Press; 2013. doi: 10.1017/CBO9780511920066.  633 

https://doi.org/10.1086/BASOR25609334
https://doi.org/10.1080/00758914.2018.1454239
https://doi.org/10.1177/030751339207800105
https://doi.org/10.1039/9781847551689-00221
https://doi.org/10.1039/9781847551689-00221
https://doi.org/10.1017/CBO9780511920066


36 

 634 

26. Finlay AJ, McComish JM, Ottley CJ, Bates CR, Selby D. Trace element fingerprinting of 635 

ceramic building material from Carpow and York Roman fortresses manufactured by 636 

the VI Legion. J Archaeol Sci. 2012;39:2385–91. doi: 10.1016/j.jas.2012.03.002.  637 

 638 

27. Degryse P, Braekmans D. Elemental and isotopic analysis of ancient ceramics and glass. 639 

In: Turekian KK, editor. Treatise on geochemistry: archaeology and anthropology 14. 640 

2nd ed. Oxford: Elsevier; 2014. p. 191–207. doi: 10.1016/B978-0-08-095975-7.01215-8.  641 

 642 

28. Rollinson HR. Using geochemical data: evaluation, presentation, interpretation. London: 643 

Longman Scientific and Technical; 1993. doi: 10.4324/9781315845548.  644 

 645 

29. Aide MT, Aide C. Rare earth elements: their importance in understanding soil genesis. 646 

ISRN Soil Science. 2012:1–12. doi: 10.5402/20212/783876.  647 

 648 

30. Kabata-Pendias A, Pendias H. Trace elements in soils and plants. 3rd ed. Boca Raton: 649 

CRC Press; 2001. doi: 10.1201/9781420039900.   650 

 651 

31. Bourriau JD with contributions by Eriksson K. The survey of Memphis IV. Kom Rabia: the 652 

New Kingdom pottery. Egypt Exploration Society Excavation Memoir 93. London: Egypt 653 

Exploration Society; 2010.  654 

 655 

32. Hu Z, Haneklaus S, Sparovek G, Schnug E. Rare earth elements in soils. Commun Soil Sci 656 

Plant Anal. 2006;37(9–10):1381–420. doi: 10.1080/00103620600628680.   657 

https://doi.org/10.1016/j.jas.2012.03.002
https://doi.org/10.1016/B978-0-08-095975-7.01215-8
https://doi.org/10.4324/9781315845548
https://doi.org/10.5402/2012/783876
https://doi.org/10.1201/9781420039900
https://doi.org/10.1080/00103620600628680


37 

 658 

33. Bonjour JL, Dabard MP. Ti/Nb ratios of clastic terrigeneous sediments used as an 659 

indicators of provenance. Chem Geol. 1991;91(3):257–67. doi: 10.1016/0009-660 

2541(91)90003-A.   661 

 662 

34. Abdel-Rahman A-FM, Nassar PE. Cenozoic volcanism in the Middle-East: petrogenesis 663 

of alkali basalts from northern Lebanon. Geol Mag. 2004;141(5):545–63. doi: 664 

10.1017/S0016756804009604.  665 

 666 

35. Ixer R. Atlas of opaque and ore minerals in their associations. Milton Keynes: Open 667 

University Press; 1990.  668 

 669 

36. Esse D, Hopke P. Levantine trade in the Early Bronze Age: from pots to people. In: Olin 670 

JS, Blackman MJ, editors. Proceedings of the 24th International Archaeometry 671 

Symposium. Washington (DC): Smithsonian Institution Press; 1986. p. 327–39.  672 

 673 

37. Sayegh AH, Khazzakah KH, El Khatib A, Sfeir S, Khawlie M. Soil mineralogy of Lebanon. 674 

Rome: Soil Resources, Land and Water Development Division, FAO; 1990.  675 

 676 

38. Darwish TM, Zurayk RA. Distribution and nature of Red Mediterranean soils in Lebanon 677 

along an altitudinal sequence. Catena. 1997;28(3–4):191–202. doi: 10.1016/S0341-678 

8162(96)00037-9.  679 

 680 

https://doi.org/10.1016/0009-2541(91)90003-A
https://doi.org/10.1016/0009-2541(91)90003-A
https://doi.org/10.1017/S0016756804009604
https://doi.org/10.1016/S0341-8162(96)00037-9
https://doi.org/10.1016/S0341-8162(96)00037-9


38 

39. Attiyyah F. The economic geology of clays/shales raw materials for the ceramics 681 

industry in Lebanon [thesis]. Beirut: American University of Beirut; 1986.  682 

 683 

40. Marriner N, Morhange C, Borschneck D, Flaux C. Holocene sedimentary sources in 684 

southern Lebanon, eastern Mediterranean. Quat Int. 2012;266:105–16. doi: 685 

10.1016/j.quaint.2011.02.012.  686 

 687 

41. Shoval S. Mineralogical changes upon heating calcitic and dolomitic marl rocks. 688 

Thermochim Acta. 1988;135:243–52.  689 

42. Sowada K. Stone vessels. In: Lebeau M, editor. ARCANE: Associated Regional 690 

Chronologies for the Ancient Near East and the Eastern Mediterranean. Interregional, 691 

II: artefacts. Turnhout: Brepols; 2018. p. 245–76.  692 

 693 

 694 

43. Greenberg R, Eisenberg J. Egypt, Bet Yerah and early Canaanite urbanization. In: van 695 

den Brink ECM, Levy TE, editors. Egypt and the Levant: interrelations from the 4th 696 

through the early 3rd millennium B.C.E. New Approaches to Anthropological 697 

Archaeology. London: Leicester University Press; 2002. p. 213–22.  698 

 699 

44. Iserlis M, Steiniger D, Greenberg R. Contact between First Dynasty Egypt and specific 700 

sites in the Levant: new evidence from ceramic analysis. J Archaeol Sci. 2019; 24:1024–701 

40. doi: 10.1016/j.jasrep.2019.03.021.  702 

 703 

 704 

https://doi.org/10.1016/j.quaint.2011.02.012
https://researchers.mq.edu.au/en/persons/karin-sowada/publications/
https://doi.org/10.1016/j.jasrep.2019.03.021


39 

45. Bikai PM. 1978. The pottery of Tyre. Warminster: Aris & Phillips; 1978.  705 

 706 

46. Aubert Semmler ME. Tyre before Tyre: The Early Bronze Age foundation. In: Gilboa A, 707 

Yasur-Landau A, editors. Nomads of the Mediterranean: trade and contact in the 708 

Bronze and Iron Ages. Leiden/Boston: Brill; 2020. p. 14–30.  709 

 710 

47. Doumet-Serhal C, editor. The Early Bronze Age in Sidon: “College Site” excavations 711 

(1998–2000–2001). Bibliothèque Archéologique et Historique 178. Beirut: Institut 712 

Français du Proche-Orient; 2006.  713 

  714 

48. Genz, H, Damick, A, Berquist, S, Makinson, M, Wygnanska, Z, Mardini, M, Persin, M, 715 

Raad, N, Alameh, J, Ahrens, A, El-Dana, N, Ewards, J, el-Zaatari, S. Excavations at Tell 716 

Fadous-Kfarabida: Preliminary Report on the 2014 and 2015 Seasons of Excavations. 717 
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52.  Genz, H, Riehl, S, Çakırlar, C,  Slim, F, and Damick, A, Economic and political 732 

organization of Early Bronze Age coastal communities: Tell Fadous-Kfarabida as a case 733 

study. Berytus  2016; 55. p. 79–119.  734 

 735 

53. Greenberg, R,  No collapse: transmutations of Early Bronze Age urbanism in the 736 

southern Levant. In: Höflmayer, F. editor, The Late Third Millennium in the Ancient 737 

Near East Chronology, C14, And Climate Change. Papers from the Oriental Institute 738 

Seminar, The Early/Middle Bronze Age Transition In The Ancient Near East: Chronology, 739 

C14, And Climate Change held at The Oriental Institute of the University Of Chicago 7–8 740 

March 2014. 2014. Oriental Institute Seminars 11. Chicago: The Oriental Institute. p. 33-741 

60 742 

 743 

54. Bárta M. 2016. Temporary and permanent: status race and the mechanism of change in 744 

a complex civilisation: ancient Egypt in between 2900 and 2120 BC. In: Driessen J, 745 

Cunningham T, editors. Crisis to collapse: the archaeology of social breakdown. Louvain 746 

le Neuve: Aegis. p. 277–93. 747 

 748 

 749 

55. Angevin R. The hidden Egyptian workshop: the lithic grave goods of king Khasekhemwy. 750 

Antiquity. 2015;89(346):818–37.  751 



41 

 752 

56. Graves-Brown, C. Dagger-like flint implements in Bronze Age Egypt. In: Frieman, C, 753 

Eriksen, B. editors, Flint daggers in prehistoric europe 2015. Oxford Oxbow books. p. 754 

19-31  755 

 756 
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