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Figure 61: Location map of the northwestern volcanic province and Afar triple junction, showing the main tectonic features 
and phases of volcanism.  Open circles represent sample locations on the northwestern Ethiopian plateau  

(adapted from Pik et al. 1999: 2265). 
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These flood basalts have 87Sr/86Sr values of 0.70304-0.70429 in the northwestern 

Ethiopian highlands (data represented in Figure 47 by solid red circles; see Figure 61 for 

geological map of the region and locations of samples tested).   

Basalts from Southwestern Ethiopia were analyzed for strontium isotopes by 

Ayalew et al. (1999), again demonstrating a small range of 0.7031-0.7039 (Figure 47, 

represented by solid green triangles).  Figure 62 illustrates the location of these samples.  

Moreover, Barbieri et al. (1976) have similar values at an average of 0.7035 ± 0.0004 (n 

= 6) for Late Tertiary-Quaternary basalts from the Harar Plateau, 50 km northeast of Gara 

Badda  (Kennan et al. 1990: 41).  

 
Figure 62: Map of southwestern Ethiopia showing the main volcanic geology and sample 

locations (white circles) (adapted from Ayalew et al. 1999: 383, figure 1). 
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North Africa 

 Now moving north another dearth of published strontium isotope values is seen.  

Whatever strontium values are available as outlined below have been culled from 

research either not directly discussing the region, or concerned primarily with very 

specific geological formations.  From the Great Sand Sea in western Egypt the 87Sr/86Sr 

values for the local sandstone range from 0.70910 to 0.71053 (n = 5; plotted in Figure 47 

as open orange squares) (Schaaf et al. 2002: 570).  The local sandstone was sampled 

from the area where the arrow in Figure 63 indicates “LDG strewn field.”  Nevertheless, 

these values are only useful if ‘desert’ elephants should be represented in the Uluburun 

samples.  However, the local sandstone (marked “LDG field”) was plotted, in Figure 64, 

against sandstone samples from the BP and Oasis crators (data from Abate et al. 1999) 

and Precambrian granitic rocks from northeast Africa west of the Nile (data from Pegram 

et al. 1976; Schandelmeier and Darbyshire et al. 1984; Harms et al. 1990).  From this 

graph a value of 0.70625 to greater than 0.7140 is estimated for the Precambrian granitic 

rocks.   

Küster and Liégeois (2001) sampled many types of geology along the Nile in the 

Bayuda Desert, located north of Khartoum (see Figure 65 for location).  Unfortunately 

the strontium isotope values (Table 7) have an extremely large range and as a result prove 

virtually useless.  

Returning full circle to the topic of the strontium budget of the eastern 

Mediterranean, the strontium isotope signature for Saharan dust is discussed by Grousset 

et al. (1998), but in the context of the Atlantic off the coast of northwest Africa.  It seems 

that 87Sr/86Sr ratios increase with decreasing grain size in carbonate-free sediments  
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Figure 63:  Map of the Libyan Desert (hatched).  Location of sampled sandstones 
indicated by arrow.  Notice also the location of the BP and Oasis crators  

(adapted from Schaaf et al. 2002: 566). 

 
 

Figure 64: Strontium isotope ratios of sandstone samples from BP and Oasis craters 
(Libya) and 5 sandstone samples from the LDG strewn field compared to Precambrian 

granitic rocks from northeast Africa west of the Nile (shaded area)  
(adapted from Schaaf et al. 2002: 573, figure 7). 
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Figure 65: Geological map of the Bayuda Desert and surrounding areas.  The boxed areas 
represent sampling zones (adapted from Küster and Liégeois 2001: 4). 
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Table 7:  Isotopic data of high-grade metamorphic rocks from the Bayuda Desert  
(data from Küster and Liégeois 2001: 10). 

 
Sample no. Rb Sr 87Rb/86Sr 87Sr/86Sr 2σ 
Amphibolites 
12-4a 2.05 151 0.0393 0.708912 0.000010 
12-6 1.04 139 0.0217 0.708514 0.000009 
6-2a 0.14 471 0.0008 0.703929 0.000008 
10-5a 2.06 130 0.0458 0.704332 0.000013 
10-1a 1.05 64 0.0475 0.705476 0.000013 
9-5 1.08 64 0.0488 0.704281 0.000008 
9-2a 0.52 241 0.0062 0.703127 0.000010 
11-1 24.2 777 0.0901 0.704259 0.000008 
 
Epidote-biotite gneisses 
9-1 9.41 493 0.0552 0.703456 0.000008 
11-2a 27.2 564 0.1395 0.704277 0.000008 
6-3 89.0 300 0.8588 0.711177 0.000009 
 
Muscovite-biotite gneisses 
12-3 259 51 14.9580 0.888458 0.000011 
12-2 253 49 15.2366 0.891699 0.000011 
12-5b 242 73 9.6957 0.816103 0.000013 
14-9 211 73 8.4328 0.790800 0.000009 
 
Meta-sedimentary rocks 
11-2b 26.0 48 1.5689 0.717021 0.000009 
6-5 0.67 155 0.0125 0.703914 0.000011 
6-8b 80.0 16 14.6403 0.827762 0.000015 
7-1 47.3 314 0.4362 0.708155 0.000010 
14-11 141 92 4.4576 0.764279 0.000014 
17-6b 128 63.9 5.8405 0.784470 0.000022 

 
 
 

 
(Dasch 1969), thus explaining one of the reasons for the rather high Sr value for Saharan 

dust (Grousset et al. 1998: 399-400).  For the Atlantic off the coast of northwestern 

Africa the smallest fraction of surface sediments and aerosols range from 0.7135 to 

0.7253.  This research is worth mentioning because it reports some Sr values for samples 

taken in Algeria (n = 4), Morocco (n = 4), and Mauritania (n = 7).  All of the values given 
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are extremely high: Algeria = 0.726253, 0.720515, 0.724395, 0.713; Morocco = 

0.716593, 0.726932, 0.728197, 0.734041; Mauritania = 0.735679, 0.727284, 0.737645, 

0.737535, 0.731493, 0.728389, 0.720021. 

 

Conclusion 

Thus from the above review of the available literature, the difficulties involved in 

sourcing by strontium isotope ratios from such a large geographical area with such spotty 

publishing are readily evident.  The largest misfortune is that those areas which could 

potentially have been the source of elephant ivory but have been ignored or disregarded 

by scholars are those same areas with a complete dearth of literature, namely Syria and 

the north coast of Africa.  On a fortunate note, the regions with the most available 

strontium isotope data correlate well with the areas in which hippopotami resided, 

namely the Levantine coast and the Nile.  Hippopotamus ivory luckily represents the 

largest number of samples in the present investigation as well.  The separation between 

the Levant and the Nile plus associated tributaries is particularly encouraging, as the 

Levant has 87Sr/86Sr values >0.707 and the Nile and its tributaries are <0.707.  Obviously 

the downfalls are the great lacunae in geographical strontium values which will limit the 

ability to provenance with absolute certainty, as well as the danger of diagenesis with the 

seawater of the Mediterranean, which would tend to pull either endmember (the Levant 

versus the Nile) toward the middle (although slightly more to the Levant side).  
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Chapter 11 

Analytical Procedures, Sample Preparation, and Description of the Uluburun and 
Maraş Fili Samples 

 
Researchers have concluded that there is no difference between using bone and 

ivory (other than that ivory grows by accretion and represents growth over lifetime, 

whereas bone has a turn-over rate) and that their isotope ratio values can be compared 

within the same set (Vogel et al. 1990: 748; van der Merwe et al. 1990: 745; Koch et al. 

1995: 1340-3).  Ivory sample sizes required for analysis are generally 2-3 mg, although a 

mass spectrometer can measure samples less than a milligram (Tykot and Staller 2002).  

The samples were processed for collagen and apatite and analyzed using mass 

spectrometry at the University of South Florida.  Samples were sent to MURR (Missouri 

University Research Reactor) for analysis of strontium isotope ratios by HR-ICP-MS.  

For descriptive details on the specific samples analyzed see Table 8. 

Four ivory samples (KW 744, KW 1182, KW 1192, and KW 3843) and 3 bone 

samples (MTA 2142, MTA 2711, and MTA X) were selected for collagen (see Table 9).  

The ivory and bone collagen samples for carbon and nitrogen stable isotope ratio analysis 

were prepared according to the laboratory protocol of the Laboratory of Archaeological 

Science at the University of South Florida.  The samples were ultrasonically cleaned in 

acetone, the solution poured off, and the samples dried in a drying oven at 60°C for 24 

hours.  Approximately 200 mg of whole ivory or bone were then weighed out from each 

sample and 50 mls of 2% HCl acid was added to remove the bone mineral (apatite) 

portion of the sample.  After 24 hours the ivory and bone samples were cut into smaller 

pieces so as to increase the surface area and thereby ensure the reaction followed to 
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Table 8: Description of Uluburun ivory and Maraş Fili bone samples 

Sample 
number 

Material Sample Description Site Initial 
weight 

(g) 

Apatite 
USF# 

Collagen 
USF# 

KW 744 Ivory Hippopotamus canine.  Fragmentary, white with brown 
surface. 

Uluburun 0.60 
 

5862 5876 

KW 1182 Ivory Hippopotamus tusk fragment.  Fragmentary, green with 
dark green/black surface. 

Uluburun 1.70 
 

5863 5877 

KW 1192 Ivory Hippopotamus canine.  Fragmentary, light green and white 
with light brown surface. 

Uluburun 7.05 
 

5864 5878 

KW 1523 Ivory Hippopotamus canine.  White with light brown surface. Uluburun 0.30 
 

5865 N/A 

KW 2557 Ivory Hippopotamus tusk fragment.  Fragmentary, light 
green/light brown. 

Uluburun 0.32 
 

5866 N/A 

KW 2877 Ivory Hippopotamus incisor.  Fragmentary, light green with 
some dark green. 

Uluburun 0.24 
 

5867 N/A 

KW 3614 Ivory Hippopotamus incisor.  Very fragmentary, light brown 
with some medium brown. 

Uluburun 0.10 
 

5868 N/A 

KW 162 Ivory Elephant tusk.  Very fragmentary, light green with some 
dark brown.  Noticeably treated with consolidates. 

Uluburun 0.11 
 

5869 
 

N/A 

KW 3843 Ivory Hippopotamus incisor.  Fragmentary, white with some 
gray. 

Uluburun 1.06 
 

5870 5879 

KW 2534 Ivory Artifact (Duck-shaped cosmetic container).  Extremely 
fragmentary, light green with some medium green. 

Uluburun 0.03 
 

5871 
 

N/A 

KW 1723 Ivory Artifact (scepter).  Extremely fragmentary, off-white.  
Analyzed only for strontium isotopes. 

Uluburun < 0.01 
 

N/A 
 

N/A 

MTA 2142 Bone Elephas maximus molar.  Last pre-erupted molar from left 
jaw cavity. 

Maraş 
Fili. 

54.65 
 

5873 
 

5880 

MTA 2711 Bone Rib of Elephas maximus.  Flakes from left anterior rib  
(rib 3, 4, or 5). 

Maraş 
Fili. 

0.72 
 

5874 
 

5881 

MTA  X Bone Rib of Elephas maximus. Maraş 
Fili. 

140.00 
 

5875 5882 
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Table 9: Collagen samples for analysis of carbon and nitrogen isotope ratios 

 
 
 
 

USF # Museum 
Catalog # 

Site Country Material Sample Description Initial 
weight (mg) 

5876 KW 744 Uluburun Turkey Ivory Hippopotamus canine 245.58 
5877 KW 1182 Uluburun Turkey Ivory Hippopotamus tusk fragment 209.79 
5878 KW 1192 Uluburun Turkey Ivory Hippopotamus canine 223.59 
5879 KW 3843 Uluburun Turkey Ivory Hippopotamus incisor 243.84 
5880 MTA 2142 Maraş Fili Turkey Molar Elephas Maximus molar.  Last 

pre-erupted molar from left jaw 
cavity 

362.31 

5881 MTA 2711 Maraş Fili Turkey Bone Rib of Elephas Maximus.  
Flakes from left anterior rib 
(rib 3, 4, or 5) 

568.08 

5882 MTA X Maraş Fili Turkey Bone Rib of Elephas Maximas 361.57 
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completion.  Sample USF 5879 (KW 3843) was lost after this first 24 hour period, 

indicating the sample was poorly preserved and had retained no viable collagen.  The 

HCl solution was poured off and replaced with fresh HCl solution, and allowed to sit for 

another 24 hours.  After 24 hours the remaining ivory samples (USF 5876, 5877, and 

5878) exhibited a clear solution (that is, was not colored yellow) and no bubbles, so the 

samples were removed from solution and dried in the oven at 60°C for 24 hours.  The 

HCl solutions of the remaining bone samples (USF 5880, 5881, and 5882) were replaced 

and the samples allowed to sit another 24 hours.  This was again repeated the next day, 

and samples USF 5881 (MTA 2711) and USF 5882 (MTA X) were lost during this stage. 

Ten ivory samples (KW 744, KW 1182, KW 1192, KW 1523, KW 2557, KW 

2877, KW 3614, KW 162, KW 3843, and KW 2534) and 3 bone samples (MTA 2142, 

MTA 2711, and MTA X) were selected for apatite (see Table 10). The ivory and bone 

apatite samples for carbon and oxygen stable isotope ratio analysis were also prepared 

according to the laboratory protocol of the Laboratory of Archaeological Science at the 

University of South Florida.  The samples were ultrasonically cleaned in acetone, the 

solution poured off, and the samples were dried in the drying oven at 60°C for 24 hours.  

Approximately 20 mg of each sample was weighed out and pulverized using a mortar and 

pestle.  The samples were treated with 1 ml of 1M acetic acid/sodium acetate buffer 

solution for 24 hours, after which the samples were centrifuged and the solution was 

poured off.  The samples were then rinsed with distilled water and centrifuged again, and 

this process of rinsing with distilled water and centrifuging was repeated four times.  The 

samples were dried in the oven at 60°C for 24 hours, and the resulting ivory or bone 

powder of each sample was weighed.  The collagen and apatite samples were analyzed by 



163 

 
 
 
 

Table 10: Apatite samples for analysis of carbon and oxygen isotope ratios 
 
 
USF # Museum 

Catalog # 
Site Country Material Sample Description Initial 

weight (mg) 
Final 

weight 
(mg) 

Sample 
weight for 
MS (µg) 

5862 KW 744 Uluburun Turkey Ivory Hippopotamus canine 27.98 22.63 1210 
5863 KW 1182 Uluburun Turkey Ivory Hippopotamus tusk fragment 23.20 19.74 925 
5864 KW 1192 Uluburun Turkey Ivory Hippopotamus canine 27.35 23.88 1175 
5865 KW 1523 Uluburun Turkey Ivory Hippopotamus canine 25.40 21.80 1202 
5866 KW 2557 Uluburun Turkey Ivory Hippopotamus tusk fragment 24.89 21.51 1190 
5867 KW 2877 Uluburun Turkey Ivory Hippopotamus incisor 20.82 17.52 1091 
5868 KW 3614 Uluburun Turkey Ivory Hippopotamus incisor 25.34 21.01 1088 
5869 KW 162 Uluburun Turkey Ivory Elephant tusk 33.24 28.59 1227 
5870 KW 3843 Uluburun Turkey Ivory Hippopotamus incisor 31.63 25.91 1184 
5871 KW 2534 Uluburun Turkey Ivory Artifact (Duck-shaped cosmetic 

container) 
25.25 6.67 1123 

5873 MTA 2142 Maraş Fili Turkey Molar Elephas Maximus molar.  Last 
pre-erupted molar from left jaw 
cavity 

31.46 25.60 998 

5874 MTA 2711 Maraş Fili Turkey Bone Rib of Elephas Maximus.  
Flakes from left anterior rib (rib 
3, 4, or 5) 

37.08 28.21 1019 

5875 MTA X Maraş Fili Turkey Bone Rib of Elephas Maximas 31.07 22.00 1092 
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a Finnigan MAT Delta plus XL mass spectrometer at the University of South Florida, and 800-

1200 µg of each sample was weighed out for analysis. 

Approximately 2-3 mg is required for strontium isotope ratio analysis by ICP-MS, 

utilizing a Thermo Elemental Axiom high resolution magnetic sector ICP.  A standard sample 

preparation for strontium isotope ratio analysis is described in Sealy et al. (1991).  The strontium 

samples were prepared by MURR and placed in aqueous solution for analysis by HR-ICP-MS.   

Samples were chosen for analysis of apatite, collagen, and strontium isotopes based on 

the available amount of the sample sent by Cemal Pulak, the excavator of the Uluburun.  As may 

be seen from Table I, some samples were quite large and all three analyses could be performed 

for these.  Six samples did not have enough for analysis of collagen, and the sample from a 

carved ivory sceptor (KW 1723) only had enough for strontium isotope analysis (< 0.01 g). 

Photographs of the larger samples are presented as Figures 66 through 72: the Uluburun 

ivory samples are Figures 74 to 78 and the Maraş Fili elephant bone samples are given in Figures 

79 and 80.  A slight greenish color may be discerned in Figures 66-69, which is due to the in situ 

proximity of the ivory to the copper ingots. 
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Figure 66: KW 1182 (Hippopotamus tusk fragment). 
 

 
 

 
Figure 67: KW 1192 (Hippopotamus canine). 
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Figure 68: KW 1523 (Hippopotamus canine). 
 

 
 
 
 

Figure 69: KW 2557 (Hippopotamus tusk fragment). 
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Figure 70: KW 3843 (Hippopotamus incisor). 

 

 

Figure 71: MTA 2142 (Elephas maximus molar.  Last pre-erupted molar from  
left jaw cavity). 
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Figure 72: MTA X (Elephas maximus rib). 
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Chapter 12 

Results and Discussion 

 

Results of the Isotope Ratio Analyses for Carbon, Oxygen, Nitrogen, and Strontium 

The results of the carbon and oxygen isotope ratios from apatite for the ten 

Uluburun ivory samples and three Maraş Fili bone samples are listed in Table 11.  These 

results are moreover presented graphically as a simple X-Y plot in Figure 73.  The carbon 

and nitrogen isotope ratios from collagen for four ivory samples and three bone samples 

are given in Table 12. 

Unfortunately the results from the ICP-MS measurement of strontium isotope 

ratios are difficult, if not impossible, to interpret.  The samples were analyzed several 

times and different numbers were given for many of the samples, suggesting the 

particular type of ICP-MS employed lacked the necessary precision.  Interpretation of the 

carbon, oxygen, and nitrogen isotopes, as well as a discussion regarding the lack of 

reliable strontium measurements follows in the next section. 

 

Interpretation of the Stable Carbon, Oxygen, and Nitrogen Isotope Ratio Analyses 

of Apatite and Collagen 

From Figure 73 it is evident almost immediately that there are distinct groupings 

from the Uluburun and Maraş Fili samples.  Foremost of these is the expected grouping 

according to animal, as the discussion from Chapters Seven and Eight on the diet and 

ecological requirements of hippopotami and elephants demonstrated that elephants tend 

to have a higher reliance on C3 browse, since elephants are generalist mixed feeders
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Table 11: Results of mass spectrometry analysis of carbon and oxygen isotope ratios in apatite 

 
 

USF # Museum 
Catalog # 

Site Country Material Sample Description δ13C δ18O 

5862 KW 744 Uluburun Turkey Ivory Hippopotamus canine -2.7 2.3 
5863 KW 1182 Uluburun Turkey Ivory Hippopotamus tusk fragment -3.2 1.0 
5864 KW 1192 Uluburun Turkey Ivory Hippopotamus canine -2.1 0.3 
5865 KW 1523 Uluburun Turkey Ivory Hippopotamus canine -3.7 2.7 
5866 KW 2557 Uluburun Turkey Ivory Hippopotamus tusk fragment -4.3 2.1 
5867 KW 2877 Uluburun Turkey Ivory Hippopotamus incisor -2.3 2.3 
5868 KW 3614 Uluburun Turkey Ivory Hippopotamus incisor 0.4 1.0 
5869 KW 162 Uluburun Turkey Ivory Elephant tusk -9.6 0.2 
5870 KW 3843 Uluburun Turkey Ivory Hippopotamus incisor -5.3 1.2 
5871 KW 2534 Uluburun Turkey Ivory Artifact (Duck-shaped cosmetic 

container) 
-3.0 1.1 

5873 MTA 2142 Maraş Fili Turkey Molar Elephas Maximus molar.  Last 
pre-erupted molar from left jaw 
cavity 

-7.3 -1.7 

5874 MTA 2711 Maraş Fili Turkey Bone Rib of Elephas Maximus.  
Flakes from left anterior rib (rib 
3, 4, or 5) 

-7.0 -1.1 

5875 MTA X Maraş Fili Turkey Bone Rib of Elephas Maximas -5.1 0.8 
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Figure 73: δ13C versus δ18O for Uluburun ivory and Maraş Fili bone samples. 
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Table 12: Results of mass spectrometry analysis of carbon and nitrogen isotope ratios in collagen  
(* = not accepted as accurate because collagen not preserved, as indicated by absence of N2 to measure) 

 
 

USF # Museum 
Catalog # 

Site Country Material Sample Description δ13C δ15N C:N Ratio 

5876 KW 744 Uluburun Turkey Ivory Hippopotamus canine -19.0 5.0 4.6 
5877 KW 1182 Uluburun Turkey Ivory Hippopotamus tusk fragment -30.2* N2 below 

detection 
N/A 

5878 KW 1192 Uluburun Turkey Ivory Hippopotamus canine -30.6* N2 below 
detection 

N/A 

5879 KW 3843 Uluburun Turkey Ivory Hippopotamus incisor N/A N/A N/A 
5880 MTA 2142 Maraş 

Fili 
Turkey Molar Elephas Maximus molar.  

Last pre-erupted molar from 
left jaw cavity 

-19.1 10.2 3.4 

5881 MTA 2711 Maraş 
Fili 

Turkey Bone Rib of Elephas Maximus.  
Flakes from left anterior rib 
(rib 3, 4, or 5) 

N/A N/A N/A 

5882 MTA X Maraş 
Fili 

Turkey Bone Rib of Elephas Maximas N/A N/A N/A 
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and hippopotami are grazers.  To compare the carbon isotope ratios from apatite with 

those from collagen 7 per mil must be  subtracted from the apatite values (since there is a 

+5 fractionation from the diet of the animal to their collagen and a +12 fractionation from 

diet to bone apatite).  Past isotopic research considered in Chapter Nine was 

overwhelmingly concerned with elephant diet and generally used collagen, as the 

researchers were using modern samples not affected by the preservation issues which 

plague archaeological samples.  Unfortunately most of the samples for this thesis are 

hippopotamus, and all but one of the elephant samples are from a known region: 

southeastern Turkey.  These factors restrict comparisons between the carbon and oxygen 

isotope ratios of the Uluburun samples with past isotopic research.   

 In general, however, the hippopotamus ivory is closely clustered in Figure 73, and 

the duck-shaped cosmetic container (KW 2534) is very likely fashioned from 

hippopotamus ivory.  The elephant tusk (KW 162) holds the most negative carbon 

isotope ratio (-9.6‰), and compared to elephant collagen data from Chapter Nine (after 

subtracting 7 per mil), a value of -16.6‰ would cluster close to those arid regions where 

elephants must rely on C4 the most, compared to other elephants.  These regions include 

East Tsavo, Kenya (average δ13C = -16.4‰), Addo in South Africa (average -17.0‰), 

and the famous “desert” elephants of Namibia (-19.0‰) (see Table 3 from van der 

Merwe et al. 1988: 166-167, Table 4 with data from Tieszen et al. (1989) and Figure 44 

from van der Merwe et al. 1990).  However, the sample sizes for all these regions are 

small (n ≤ 5).  The large study conducted by Ishibashi et al. (1999) also shows 

similarities between the Uluburun elephant tusk (KW 162) and elephants from arid 

regions, such as Ethiopia (-17.5‰) and South Africa (see Figure 43).  Other research 
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summarized in Chapter Nine is not useful for comparison, as the δ13C values have too 

wide a spread for Amboseli National Park, Kenya (Koch et al. 1995, see Figure 39), and 

Tieszen and Imbamba (1980) were analyzing feces of the hippos and elephants, not 

collagen or apatite.  In Figure 73 the elephant sample does group near to the Maraş Fili 

samples as well, but the Maraş Fili samples are some of the most positive δ13C 

encountered in any isotopic study of elephants.  Either the Uluburun’s elephant ivory 

came from a region where elephants had an extremely heavy reliance on C4 grasses, such 

as very arid grasslands, or there is a problem of preservation.  Calcite carbonates from the 

ocean water may be incorporated with time or semi-fossilization may occur, and the 

presence of this contaminating carbon may be detected by using X-ray diffraction (XRD). 

 The oxygen isotope values from the Uluburun and Maraş Fili samples fit well 

with the δ18O values of the eastern Mediterranean, as depicted in Figure 53 (Schilman et 

al. 2001: 168).  The ocean water of the southeast Mediterranean has δ18O ranging from 

+1.4 to 2‰, the Nile is +2‰, the monsoonal rainfall from the Ethiopian highlands ranges 

from 0 to –2.9‰, and Mediterranean rainfall averages at -5.6‰.  The extent of diagenetic 

effects on stable oxygen isotope ratios and the multitude of factors controlling δ18O 

values in animal bone are still poorly understood, so I hesitate to draw conclusions on the 

oxygen isotope data.  Nevertheless, the δ18O values do fit well with the eastern 

Mediterranean, and diagenesis from the ocean water would have acted to pull the 

Uluburun hippopotamus δ18O values further towards the negative or zero, as most of 

these values are greater than +2‰.  Also, I suspect hippopotami will pick up the oxygen 

isotope signature of the water source which they inhabit during the day, so that the Nile 

valley as a potential source of most of the hippopotamus tusks would not be so far-
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fetched (with the Nile ≈ +2‰).  The Maraş Fili samples overall have more negative δ18O 

values, which also accords well with an environment (whether the elephant’s or the burial 

conditions) more influenced by Mediterranean rainfall.   

 Overall, though, the carbon and oxygen isotope data are essentially inconclusive, 

especially since it is uncertain how affected the samples were by diagenesis.  Apatite 

tends to be less susceptible to preservation issues than collagen, in that it may still be 

retrievable in the laboratory, which is why this investigation has utilized apatite for 

isotopic analysis.  As the processing of the collagen samples clearly verified, retrieval of 

the collagen component of the ivory and bone proved much more difficult.  Three 

samples (KW 3843, MTA 2711, and MTA X) were lost during processing, as there were 

no more viable collagen remaining in these samples, and in two of the samples (KW 1182 

and KW 1192) the collagen was not preserved, so that the nitrogen (in the form of N2 

gas) was not detectable.  The δ13C results for these two samples were not accepted as 

reliable, and therefore discarded, since the collagen was not preserved.  Another standard 

indicator of deterioration of the original isotopic signal is the ratio of %C to %N, and 

acceptable values range from 2.9 to 3.7.  From the two samples (KW 744 and MTA 

2142) which retained detectable nitrogen, only MTA 2142 has an acceptable C/N value at 

3.4 (see Table 12).  Only samples which show this sort of preservation should be 

considered as an accurate description of the original isotopic ratios, so MTA 2142 is the 

only collagen sample suitable for interpretation, and this thesis is not attempting to source 

MTA 2142 as its provenance is already known.  The δ13C value of the collagen was -

19.1‰, while the carbon from the apatite for the same sample was -7.3‰.  This is a 

difference of greater than 7 per mil, suggesting the apatite was contaminated by 
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carbonates in the groundwater of the depositional environment.  Collagen is not subject to 

such contamination.  The nitrogen isotope ratio of +10.2‰ is standard for semi-arid 

environments, as the δ15N of elephants will be higher than 10‰ in areas with <500 mm 

rainfall per annum (Heaton et al. 1986).  

 

Interpretation of the Strontium Isotope Ratio Analysis by HR-ICP-MS 

 The results of the strontium isotope analysis by ICP-MS are disappointing, but the 

data serve a purpose in highlighting the problems involved in isotopic analysis.  The 

entire sample set was analyzed several times with different numbers returned for each 

run.  Some of the samples were run through the mass spectrometer as many as four times 

without obtaining similar enough measurements.  Thus the primary challenge is precision 

of measurement.  There are several types of ICP mass spectrometers, the differences 

lying primarily in how the particular isotopes or elements are measured or collected.  

Quadrupoles are the most common ICP-MS, although a newer version is the high 

resolution (HR-ICP-MS) magnetic sector instruments with single or multiple collectors.  

Our investigation used HR-ICP-MS, which has showed isotopic discrimination between 

sources for some studies, although not yet for strontium isotope ratio analysis.  Previous 

strontium isotope studies (cf. Price et al. 1994a, 1994b, 1998, 2000, 2001; Vogel et al. 

1990; Koch et al. 1997; Grupe et al. 1997) either had favorably large distinction between 

regional strontium values or utilized a TIMS (Thermal Ionization Mass Spectrometer).  

While ICP-MS scans the whole mass spectrum and is most suited to measuring elemental 

concentrations, TIMS has the ability to focus on specific mass ranges, which is much 

more appropriate for isotopic applications and gives better measurement precision, 
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especially multiple measurements such as ratios.  Analysis of the Uluburun and Maraş 

Fili samples by TIMS was prohibitively expensive, and requires 5-10 mg of sample as 

opposed to the 2-3 mg required for ICP-MS.  As forewarned in Chapter One, this 

investigation was a pilot study in determining the efficacy of source discrimination of 

archaeological ivory.  Ivory is a unique material because the science behind sourcing it 

has been established for modern samples, and for materially comparable bone samples 

from archaeological contexts, but only very small sample sizes are available for study 

since it is a valuable material, and made more valuable with time.  Moreover, as this 

thesis is a pilot study, a beneficial and fitting conclusion is to end with suggestions for 

future provenancing research on ivory.  Another aim of this study, however, was to 

investigate the mechanisms of the ivory trade, and to situate the archaeometric data 

within the cultural context and larger research questions of the Late Bronze Age in the 

eastern Mediterranean.  Indeed it is to this end that it must be established whether a 

successful source discrimination of ivory by isotopic analysis is worth further time and 

money (cf. Cherry and Knapp 1991). 

 

Mechanisms of Late Bronze Age trade in the Eastern Mediterranean and 

Theoretical Considerations 

Shipping was indirect, involving different outbound and inbound routes, often 

hugging the coast and articulating with smaller regional shipping cycles at trade entrepots 

such as Ugarit, Enkomi, Kommos, and Marsa Matruh.  The ivory trade probably followed 

the metals trade, and most of the copper in circulation hailed from Cyprus, whereas most 

of the gold was Egyptian.  Bigger ships were required for the metal-heavy cargoes and 
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longer distances, and ivory would have served as an excellent “space-filler” or ballast 

item (Gill 1993: 235).  The Uluburun data support such a view of an important but 

usually archaeologically invisible trade in raw materials (often including vast amounts of 

metal), and serves as a calibration for the archaeological record (Bass 1991; Sherratt and 

Sherratt 1991: 373).  The Uluburun is, moreover, confidentally interpreted as a royal, or 

ruling-elite, shipment which was following a tramping counter-clockwise course to the 

Aegean when it sank (Bass 1991: 76).  However, this tramping cabotage trade should be 

characterized as more decentralized than implied by our current notions of what a “royal” 

shipment means, in particular when taking the quotidian and heterogeneous nature of the 

Cypriot pottery into account (Hirschfeld 2004).   

The archaeological and historical context of ivory is characteristically elite-

centered, being socially embedded in dialogues of power, conspicuous consumption, and 

royal gift-exchange.  Recognition of the archaeological correlates of social stratification 

has been one of the first steps in the interpretation of the material record, followed by a 

focus on the rich and powerful and what was seen as the historically important major 

political actors.  The acknowledgment of the significance of other social classes and 

every-day events to the overall reconstruction of culture history was a just counter-

balance to the previous emphasis on the rich, powerful, and “history-worthy.”  It forced 

archaeologists to unleash cultures from bounded homogenous units and refract the result 

into a spectrum of heterogeneity where population-oriented rather than typology-oriented 

thinking was required.   

Thus I argue that while the ruling class and elites have been the subject of much 

(some would say too much) archaeological research, it is worth considering their role 
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again in light of an unbounded, population-focused, concept of culture (see also 

Schortman 2001: 372).  So in the analysis of LBA trade the “culture of the elite,” “the 

culture of merchants,” and the “culture of craft specialists” must be considered.  The 

ruling elite and their merchants, who served as ambassadors of sorts in trading ventures 

which were essentially diplomacy via gift-exchange, were operating in an increasingly 

international environment.  The LBA is known for its cosmopolitan and 

internationalizing character, and artisans in their workshops were carving in an 

Internationalizing style which reflected the times.  In this setting the ivory trade 

represents these lateral relationships throughout the eastern Mediterranean.    

Previous discussions on Late Bronze Age trade centered around Levantine versus 

Aegean agency were not useful.  This discourse had quite a bit of momentum in the 

literature (e.g. Liverani 1987: 68) and the Uluburun shipwreck was unwittingly pulled 

into these discussions (see Bass 1991; Knapp 1993: 335).  As Knapp (1993) and Sherratt 

and Sherratt (1991: 337) argued, looking for specific agents of trade within nationalities 

(Syrian/Canaanite/Semitic versus Minoan/Mycenaean) is misleading, for reasons 

discussed above and also because no monopoly on trade or thalassocracy existed at this 

time.  So many were trading that there were no serious inequalities in trade in the region. 

More useful are those discussions taking centralized royal trade initiatives versus 

decentralized cabotage merchant trade as their starting point.  These debates have 

focused on economic theory and the role of merchants in attempting to illuminate the 

mechanisms of LBA trade.  The “primitivist” or “substantivist” (per Karl Polanyi) 

schools of economic thought considered the economy as driven by reciprocity (including 

royal gift-exchange) and redistribution.  The large storage facilities of the palace 
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economies of the Aegean and Near East were taken as evidence of redistributive 

economies focused on the internal procurement of resources, and thus import-led trade.  

Most important, ancient economics could not be interpreted in modern economic 

frameworks (because they were not market economies), and the ancient economy was 

socially embedded.  Short distance redistributive trade was viewed as more important 

than long-distance trade (Sherratt and Sherratt 1991: 352-353; Melas 1991; Snodgrass 

1991; Finley 1965, 1981; Ratnagar 2001: 353; citing Polanyi 1946: 51-53).  Sherratt and 

Sherratt (1991: 353) contend that while this debate has been beneficial “in exorcising 

anachronistic modernism, it has too often resulted instead in replacing it with an equally 

anachronistic primitivism.”  They argue, along with Knapp (1993), for an export-led, 

consumption-oriented perspective of economy which “looks at the incentive to trade: the 

desire, on the part of a minority, to acquire goods which have… social significance.  The 

goods themselves acquire such significance as parts of social practices” (Sherratt and 

Sherratt 1991: 354) which include social strategies of recruitment and exclusion.  The 

desire for valuable goods (metal as well as luxury goods such as worked ivory) on the 

part of elites motivated the intensification of local production and the extraction of 

surplus.  Moreover, any sort of dichotomy between reciprocal gift-exchange and bulk 

trade in raw materials obscures understanding of LBA trade mechanisms (Peltenberg 

1991: 170), and indeed, the cargo of the Uluburun contained luxury items alongside a 

huge cargo of metal ingots.   

Entrepreneurship and the degree of autonomy maintained by merchants are 

closely tied in reconstructions of LBA economy.  Gift-exchange between elites, as 

documented most clearly in the Amarna letters, occurred under the agency of envoys 
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between rulers, who were involved in diplomatic relations but frequently traveled with 

merchants.  The merchants, likewise, operated within this framework of international 

relations and benefited from it, but were semi-independent and commercially-oriented 

(Peltenberg 1991: 169; Sherratt and Sherratt 1991: 365; Warren 1991: 295).  That is, non-

palatial markets existed alongside palace-centered gift-exchange, particularly in a shared 

interest in the procurement of raw materials.  Merchants were never completely 

autonomous because they were subject to taxation and agreements between rulers.  The 

tamkars of Ugarit are the best example of the commercial merchant in the LBA.  The title 

is mentioned in Ugaritic lists of professions, sometimes as an office appointed by the 

king (Kuhrt 1995: 302-303; Warren 1991: 295; Snodgrass 1991: 17).  In one instance a 

merchant, Sinaranu, was freed from taxation, possibly on account of his connection with 

the Aegean: 

Declaration of Ammistamru, King of Ugarit (RS/PRU III, 16.238:1-11) 

From this day, Ammištamru, son of Niqmepa, king of Ugarit, has ‘freed’ (from 

import duty) Sinaranu, son of Sigina.  As the Sun (the Hittite king) is free, he is 

free.  His grain, his beer, his oil need not enter into the palace (for accounting).  

His boat is free (from duties), if his boat comes from Crete (Kabturi) (quoted in 

Knapp 1991: 68, see also Peltenberg 1991: 169). 

In a similar document a tamkar is exempted from serving in a diplomatic office (PRU III, 

105; cited by Peltenberg 1991: 167).  In return for services these state merchants received 

land and rations from the palace.  Foreigners also operated in Ugarit as merchants, 

including merchants from Cyprus (Alashia) and the merchants of Ura, from a town 

located in Cilicia, who managed the grain shipments to Hatti on behalf of the Hittites 
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(Kuhrt 1995: 302-303; Peltenberg 1991: 167; Zaccagnini 1977).  Apparently the Hittite 

king was irritated with the economic independence of his merchants in Ugarit, and in an 

edict of Hattusili III (ruled 1275-1245/1264-1239 B.C.) curtailed the transactions of the 

Ura merchants by forbidding them to invest money or buy property in Ugarit.  Nor could 

they accept Ugaritic property as collateral in loans, claim property from past debtors, or 

live in Ugarit during the summer (Kuhrt 1995: 309-310).  Similar royal interventions in 

the commercial activity of merchants include a Hittite-Egyptian agreement regarding 

Hittite merchants in Egyptian territory (southern Beqa valley) acquired after the 

Mitannian-Egyptian alliance (Kuhrt 1995: 324-328), and a 13th century treaty by 

Sausgamuwa, which banned Ahhiyawan merchants from access to Assyria through the 

Syrian ports of Amurru (Peltenberg 1991: 168). In one of the Amarna letters (EA 39: 10-

16) the diplomatic envoys sent by ruling elite to the Egyptian court is described as a 

merchant (Luce 1998: 60).  International trade and diplomacy were inextricably linked. 

 Gift-exchange amongst the ruling elite also involved the exchange of specialists 

such as physicians, scribes, cooks, seers, chariot-makers and sculptors, which were sent 

from one palace to another (Zaccagnini 1983: 248-251).  Thus craft specialists, such as 

those that carved and worked ivory, were also bound up in international relations, and 

this is reflected in the Internationalizing style of pottery decoration, sculpture (wood, 

stone, and ivory), architecture (domestic and funeral), and bronze working.  This was a 

common stylistic eastern Mediterranean koine of the LBA (Melas 1991: 391).  The 

mechanisms of LBA trade also show a separation of production from the source, as a 

trade in the raw material of ivory must be distinguished from the trade in prestige goods 

fashioned from ivory.  In fact, those huge storerooms of the major palace centers, which 
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the substantivists and primitivists cite as evidence that the palace economy was 

essentially a redistributive system, should be replaced with an emphasis on the 

workshops and manufacturing areas.  In this light the palace economy was essentially 

exploitative and collected products (agricultural or luxury items) in the large storerooms 

to increase demand and therefore value, rather than to provide subjects with the benefits 

of redistribution (Sherratt and Sherratt 1991: 366).  In fact the recipients of redistribution 

were other ruling elites (Ratnagar 2001: 355), and the raw material of ivory tusks was 

“stored” in a sense and converted to luxury items in workshops, so that “additional labor 

inputs had a direct effect on value; and it is the central concentration of production in an 

attempt to monopolize this added value” which characterizes the palace economy 

(Sherratt and Sherratt 1991: 359).  As discussed in Chapter Five, workshops may have 

tightly controlled ivory in the Aegean, as Linear B texts record ivoryworkers as receiving 

ivory from the royal storerooms and then returning the finished object back to storage 

(Warren 1991: 295; Peltenberg 1991: 166, 169, 172).  The most common ivory-carving 

style in the eastern Mediterranean has been called Egyptianizing or Orientalizing (recall 

Chapter Five) but is more accurately titled Internationalizing, as it was a conglomeration 

of styles from all the major palace centers.  The Internationalizing style replaced an 

indigenous Aegean style in the Late Bronze Age (Sherratt and Sherratt 1991: 370; 

Peltenberg 1991: 166).  As the Aegean had no local sources of ivory, the 

Internationalizing style was likely transported along with the material and the material’s 

name from Syria-Palestine, ivory in Linear B (e-re-pa) is derived from a Semitic 

language (Cline and Cline 1991: 52; Astour 1964; 1973).   
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 Across the eastern Mediterranean the Internationalizing style in ivory carving may 

be regarded as a common symbolic language, laterally tying together in aesthetic fashion 

the ruling elites.  Because the style was so common, and subject to mass production (as in 

Ugarit), elite demand would have encouraged competition between palace centers.  Some 

form of economic competition may have operated at this time, as the King of Cyprus 

offers an Egyptian pharaoh a better deal than he can get elsewhere (EA 35:50-53; cited 

by Peltenberg 1991: 170), and the Cypriots were also producing cheaper imitations of 

Mycenaean pottery, especially drinking sets, for import to the Levant (Sherratt and 

Sherratt 1991; see also Gittlen 1981, and for the Early Iron Age see Winter 1976: 21-22).  

Interestingly, in the Aegean two palaces centers within three kilometers of one another, 

Mycenae and Tiryns, have very different eastern imports.  Mycenae has predominantly 

Egyptian imports with very little Cypriot material, while Tiryns has the opposite case 

(Cline and Cline 1991: 54).  A similar case has been uncovered at Laish/Dan and Akko in 

Palestine, where the Mycenaean ceramic imports recovered in Laish/Dan came 

exclusively from the Mycenae/Barbati region and the Akko imports came from Nichorie 

in Messenia (Gunneweg and Michel 1999).  There is also an almost complete absence of 

trade between Hittite Anatolia and the Aegean, suggesting an embargo of some sort 

(Cline and Cline 1991: 52; Sherratt and Sherratt 1991: 370).  Late Bronze Age trade then 

was not a monolithic entity but composed of a great deal of circuits of various sizes, 

some articulating with one another.  These routes were governed by international 

relations which relied on good will between the ruling elite as expressed through gift-

exchange of luxury items such as ivory.  Those luxury items carved from ivory or 
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incorporating ivory likewise manifested this international diplomacy symbolically in the 

Internationalizing style. 

Thus, in the final analysis, exchange should be viewed as a form of diplomacy 

rather than “economic” as defined by the modern western understanding of economics 

(see also Bradley and Edmonds 1993; Jones 2002).  The trade in ivory in the eastern 

Mediterranean during the Late Bronze Age must ultimately be seen as the exchange of 

symbols, expressed as the exchange of their material correlates, which legitimated social 

relations and could be manipulated, particularly in the act of emulation, competition, or 

the pursuit of reputation (Bourdieu 1977; Hodder 1982: 209; Melas 1991: 393-395; 

Knapp 2000).  Speaking more generally, consumption should be viewed as “using things 

in social acts” (Gosden 1999: 163).  As emphasized in the introduction, this investigation 

has at its foundation a materials perspective, both from a scientific archaeometric angle 

and from the recognition of the symbolic nature of material culture, in particular the 

symbolic significance of ivory.  Moreover, one of the advantages of material culture, of 

artifacts, in shaping social relations is via the mobility of the object, so that social 

influence may be extended geographically and temporally (Jones 2002).  Luxury items 

fashioned from ivory, or even simply the raw material, held a value beyond their relative 

scarcity, which was to express the importance of being related to a certain person (or 

group, polity, or idea) (Sherratt and Sherratt 1991: 354-356).  In gift-exchange between 

the ruling elite the relationship was embedded within international diplomacy and could 

express political affiliation, royal approval, obligation, favor seeking, or even simply the 

desire to locate other humans similar to oneself.  The Hittite and Egyptian royal families 

exchanged letters on a regular basis, royal children writing to other royal children, wives 
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to other wives.  There was a practicality to international relations in the LBA, as the great 

powers of the Egyptians, Mitanni, and Hittites shared common borders and were forced 

into a “conditioned coexistence” (a term coined by Liverani 1987: 68).  Expansion was 

not possible by land, and the minor kingdoms within Syria, Palestine, and Nubia acted as 

merchants to the great powers.  Cyprus led the way with commercial exchange, 

answering to none for its political legitimation and controlling most of the copper 

resources.  The international relationships could be viewed cynically as masking purely 

commercial intentions, but this is probably not the case. 

 From the letters exchanged between the ruling elite and other historical sources, 

the fundamental ideas “expressed with obsessive insistence” (Liverani 1987: 67) were 

reciprocity and brotherhood.  Other ideas included “generosity and disinterest (even in 

the specific form of an augmented restitution), the contrast between self-sufficiency and 

exchange, the personalization of the gifts… The ideological complex was quite coherent” 

(Liverani 1987: 67; Sherratt and Sherratt 1991: 371).  Gift-exchange could also be 

presented as tribute to one’s subjects.  But equality was emphasized perhaps because the 

ruling elite were matched well in the specific political configuration of power, but also as 

an inversion of (or reaction to) the growing inequality within societies, inequalities which 

would eventually come to a head at the end of the LBA with the mass destruction and 

population movements throughout the eastern Mediterranean.  The growing inequalities 

and social problems could be ignored if one operated within a “culture of the elite” in 

which peers mutually reinforced one another in their justification of power.  

 A successful isotopic provenancing of ivory would have therefore said something 

about the circulation of these symbols amongst the upper crust of society in the eastern 
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Mediterranean.  The degree to which the objects were passed from one ruler to another in 

a “prestige chain network” (Peltenberg 1991: 168) would be evident, but more important, 

the other trade cycles operating alongside and perhaps outside of royal trade initiatives 

would be finally documented if the ivory samples from the Uluburun shipwreck were 

shown to come from a variety of sources.  This merchant, commercially-oriented, trade is 

widely suspected to have existed, but could be rendered particularly archaeologically 

visible if it were shown to operate even in the realm of a material assumed to be primarily 

controlled by the palace centers.  The Uluburun ship may be a royal exchange venture, 

but the extent of trade in ivory before it was loaded onto the boat could be ascertained.  
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Chapter 13 

Conclusion and Suggestions for Future Research 

To sum up the endeavors of this exploration into the ivory trade of the eastern 

Mediterranean in the Late Bronze Age via recent advances in archaeometric analyses, the 

results must be said to be inconclusive.  The most successful isotopes, in terms of 

retrieval of values to work with, were the carbon and oxygen isotopes from the apatite 

component of the ivory and bone.  However, the carbon and oxygen isotope data must 

remain essentially inconclusive, as it is uncertain to what extent the samples were 

affected by diagenesis.  Possibly these samples could be analyzed by X-ray diffraction 

(XRD) in the future to detect the presence of contaminating carbonates.  However, the 

inquiry itself is not inconclusive as knowledge has been gained in how to approach the 

research program in the next round.  The HR-ICP-MS instrument did not have the 

precision required, but TIMS or other new types of mass spectometers could be utilized 

in the future.   

Overall, several suggestions for further strontium isotope research on ivory are in 

order.  First of all, as recommended by Price et al. (2002), faunal samples from the 

specific regions considered as sources of ivory should be analyzed to determine the 

“biologically-available” strontium.  However, the biologically-available strontium, while 

more accurate than the strontium values available in the geological literature database, 

will differ from ivory samples.  Bone acts as an averaging mechanism for the strontium 

circulating in the environment, whereas ivory grows by accretion.  An average could be 

taken from the ivory sample by taking several micro-samples of each sample, or by 

physically mixing the powdered sample.  At any rate, the variation in ivory would be 
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more significant in elephants, as their diet varies seasonally and the home range of the 

elephant may cover geologically heterogeneous regions.  Hippopotamus ivory would 

likely not show significant variation.  Water and soil samples from the regions would be 

beneficial as well.  Enamel should also be compared with dentine from the same sample 

to determine the extent of contamination and diagenesis in the depositional environment, 

when available.  The probability of finding enamel on archaeological ivory samples is 

very small though.  The enamel is either not present (in the case of elephant ivory and 

most of the teeth of the hippopotamus, excluding the lower canine), or was removed by 

humans (possibly before shipping even), or by nature, as the enamel tends to wear off 

with use.   

The availability of strontium isotope data in the geological literature for some 

regions leaves something to be desired.  The next step would be to search out 

unpublished data by contacting mining companies and governmental geological surveys.  

In general the geological literature is biased, understandably, towards answering research 

questions of interest to geologists.  These tend to concern unusual formations or 

processes.  But the geological literature should not be solely depended on anyway, 

because of the potential differences between biologically-available strontium and 

geological strontium. 

The stable carbon, oxygen, and nitrogen isotopes did not provide isotopic 

signatures like those reported by van der Merwe et al. (1990) and Vogel et al. (1990), 

primarily because the oxygen and nitrogen isotopes were not retrievable or potentially 

contaminated by diagenetic processes.  These isotopes were not expected to differentiate 

source areas, since they are based on diet and environmental factors, and therefore 
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populations from geographically separated regions could have the same isotopic 

signature. XRD should also be conducted on apatite samples to determine to what degree 

the burial environment has affected the integrity of the isotopic signal.   

Strontium isotope ratios, because they are based on the geology of the region, are 

therefore the best suited for provenance studies.  Other isotopes, such as lead (Pb) and 

neodymium (Nd), are also incorporated into bone and ivory of animals from the 

environment based on the underlying bedrock geology.  In the future strontium isotopes 

should be analyzed alongside lead and neodymium, as the more isotopes available to 

compare, the more unique the regional isotopic fingerprints will be, and sophisticated 

statistical analyses may also be performed to better interpret the data (as in, for example, 

Koch et al. 1995).  Lead and neodymium isotopes are furthermore widely available in the 

geological literature, perhaps more so than strontium isotopes.  Lead isotopes have been 

successfully utilized in archaeological research application (Aufderheide et al. 1981, 

1988; Molleson et al. 1986; Gale 1989; Reedy and Reedy 1991; Carlson 1996).  To my 

knowledge neodymium isotopes have not been exploited yet for archaeological purposes.  

Naturally a larger sample size is required, and the most practical solution would 

be to establish a database so that any isotopic research on ivory, or even any research 

utilizing strontium isotopes, could be compared quickly and efficiently.  The problem, as 

usual, is time and money, as TIMS would be essential for adequate precision.  Also, a 

database of a single material type is unnecessarily restrictive, as eventually all categories 

of exchange items should be incorporated to give a broader picture of Late Bronze Age 

trade.  Certainly, the contribution to archaeological research in general of studying trade 

patterns and exchange mechanisms (“the trade perspective” as I call it) is that it offers the 



191 

“wide” perspective in giving larger scales of analysis, just as “settlement” or “landscape” 

archaeology opened up the focus from site analysis to regional analysis.  As was 

demonstrated here, the trade perspective is capable of encompassing large geographical 

areas and recognizing lateral social relationships, expressed via international relations for 

the ruling elite.  If culture is to be regarded as unbounded and population-based, a move 

must be made to larger scales of analysis.  Moreover, archaeology as a discipline does 

well to elucidate the relationship between “people” and “material things.”  If objects are 

utilized to initiate, shape, maintain, and manipulate social relations, and if one of the 

primary advantages of a given object is its mobility, then studies of long-distance trade 

are especially important for articulating the relationship between small-scale social 

practice and large-scale pan-Mediterranean frameworks.
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