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Fish consumption in Early Iron Age Greece?  
Sulfur stable isotope analysis of human populations1

Eleni Panagiotopouloua and Olaf Nehlichb

aGroningen Institute of Archaeology, University of Groningen, The Netherlands
bDepartment of Anthropology, University of British Columbia, Canada

Abstract
In this paper we investigate the presence of aquatic resources in the diet of communities in Early Iron 
Age Thessaly, Greece (11th-9th c. BC). The osteological material examined comes from the cemeteries of 
Voulokaliva and Kephalosi in Halos, from the cemetery of Chloe and from the cemeteries of Pharsala. 
These sites are situated near freshwater sources or the Aegean Sea. We employed stable sulfur isotope 
ratios of human and animal bone collagen in order to examine whether foods from water environments 
formed a component of human diet. Our analysis showed that marine resources made no contribution 
to their diet, while terrestrial plant and animal protein constituted the major component of their dietary 
input. The analysis also indicated one individual who had possibly been consuming food from non-local 
sources prior to her death.

Keywords: Sulfur isotope analysis, bone collagen, fish consumption, Early Iron Age Greece

4.1.  Introduction
The Greek peninsula is a region with lacustrine and riverine environments, a very long coastal line and 
many islands, with abundant aquatic sources readily accessible. Therefore, fish consumption in Antiq-
uity has been a major issue of discussion in Greek archaeology. Archaeozoological analyses of domestic 
assemblages provide evidence of the presence of shellfish and fish, while fishing equipment has been 
found in many Greek sites dating already from the Mesolithic period. Marine remains found in excava-
tions are usually interpreted as human food residues, though they may have also been used for other 
purposes, such as the preparation of dye and the manufacture of tools, ornaments and musical instru-
ments (Álvarez-Fernandez 2010; Gleba et al. 2017; Kremer 2017; Theodoropoulou 2011a).

Archaeozoological studies have identified molluscs, sea bream, sea bass, grey mullet, and tuna 
among the fish remains found in excavations. However, most stable carbon and nitrogen isotope analy-
ses carried out on human osteological assemblages in Greece, have shown that aquatic resources were 
not of significant importance in human diet; while in many cases they were not present at all. There is 
only one study employing stable carbon and nitrogen isotope analysis of fish bone collagen from the 
Aegean Sea (Vika and Theodoropoulou 2012). The authors used theoretical mixing models in order to 

1. Submitted, Journal of Archaeological Science: Reports.
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assess dietary patterns (terrestrial/marine/freshwater resources). They showed that the aquatic signals 
could not be fully detected and were often interpreted as terrestrial, though the archaeological evi-
dence suggests otherwise.

The aim of this paper is to investigate the significance of aquatic resources in the diet and the ex-
ploitation of aquatic environments (whether that was a river, a lake, or the sea) by Early Iron Age (EIA, 
11th-9th c. BC) populations in Greece. The method employed is stable sulfur isotope analysis of human 
and terrestrial animal bone collagen. This complements carbon and nitrogen isotope analyses of human 
bone collagen, which have already been conducted, and elucidates whether interpretation has been 
skewed by the overlap of isotope results of marine, freshwater, and terrestrial proteins (Panagiotopou-
lou et al. 2016; Panagiotopoulou et al. 2018, in press). Individuals from four sites in central Greece have 
been examined – the cemeteries of Voulokaliva and Kephalosi in Halos, the cemeteries of Pharsala, and 
the cemetery of Chloe. These sites were chosen because they were located near aquatic environments.

4.1.1.   Archaeological, archaeozoological, and isotopic evidence  
of fish consumption in Greece

The earliest evidence of exploitation of water environments in the Aegean comes only from excavations 
and archaeozoological studies and dates back to the Mesolithic period (11th millennium BC). These sites 
are: Cave Franchthi in the Argolid (Farrand 2003), Cave Cyclops on Gioura (Moundrea-Agrafioti 2003), 
and the open-settlement Maoulas on the island of Kythnos (Sampson et al. 2002). They have yielded 
numerous fish bones or seashells as well as fishing equipment e.g. fishhooks. The main species caught, 
based on the results of these archaeozoological analyses, were: a) coastal medium-size fish; b) fish from 
euryhaline environments such as mullet; and c) migrating fish of the Scombridae family such as tuna 
(Mylona 2013; Theodoropoulou 2013). However, direct evidence of fish consumption from isotope 
analysis is not available.

In the Neolithic period agricultural activities (7th millennium BC) caused a gradual decrease in the 
use of marine resources with growing reliance on terrestrial dietary resources (Theodoropoulou 2011a). 
It seems that fish and molluscs did not constitute significant components of the diet (Mylona 2014, 
2013; Theodoropoulou 2013). The integration of archaeozoological study of Neolithic sites in Greece 
with stable carbon and nitrogen isotope analyses of the period indicated that marine resources were of 
minor importance, complementing terrestrial diet (Papathanasiou et al. 2013).

In the Bronze Age (1700-1100 BC) the same practice continued. Marine resources –mostly shellfish, 
small coastal and medium-size fish and tuna– were complementing a primarily terrestrial diet even 
though fishing techniques became more efficient (Mylona 2013; Theodoropoulou 2012). It has been 
suggested that fishing was practiced more infrequently than in the Neolithic (Mylona 2013; Theodoro-
poulou, 2014). Therefore, it must have been a marginal activity (Theodoropoulou 2012; 2013).

Evidence of fish consumption from the Early Iron Age is very fragmented. The few archaeozoolog-
ical studies undertaken so far have shown that fish bones –when they were found– constitute only a 
minor proportion of archaeological assemblages; shellfish remains are better represented as they were 
possibly collected to supplement the diet because they are ‘…rich in vitamins and metals, or simply a 
“spicing-up” of their everyday diet…’ (Theodoropoulou 2007, 436). A few marine remains have been 
found in Sub-Bronze / Early Iron Age contexts while in some sites fish bones were absolutely absent 
(Theodoropoulou 2007; 2008; 2011b; 2012). However, stable carbon and nitrogen isotope analysis of 
Early Iron Age assemblages has not indicated any aquatic dietary resources (Panagiotopoulou and Pap-
athanasiou 2015; Triantaphyllou 2015). It is possible that extensive fishing was not taking place during 
the Early Iron Age or the excavated assemblages are biased due to poor preservation of the material 
(Theodoropoulou 2012; Tiverios et al. 2013). In general, studies so far have shown that when agricul-
ture was introduced in the Neolithic period, fish consumption became supplementary.

To date, the only studies employing stable sulfur isotope analysis from Greek remains are: a) the 
analysis of assemblages from the Bronze Age sites at Armenoi (human samples) and Chamalevri (animal 
samples) in Crete for diet reconstruction (Richards et al. 2001) and b) the analysis of assemblages from 
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the Classical site of Thebes (5th c. BC), for the reconstruction of diet and study of provenance (Vika, 
2009).	Both	studies	have	shown	that	coastal	sites,	while	having	terrestrial	diet	based	on	δ13C	and	δ15N 
analysis,	exhibit	elevated	δ34S values closer to marine values (≈+20‰) due to proximity to the sea (sea 
spray effect).

4.1.2.  Sulfur isotope ratios in mammalian collagen
Sulfur isotope analysis was introduced in archaeology by Leach et al. (1996) when they analysed os-
teological material from an archaeological context in the 1990s. Later, Richards et al. (2001) tested 
the method on human assemblages from different sites in Europe addressing questions on migration, 
modern pollutants, and paleodiet. Since then, more studies have been carried out and that further de-
veloped the potential of this method (Craig et al. 2006; Nehlich et al. 2010; 2011; 2012; Privat et al. 
2007; Richards et al. 2003).

Sulfur is an essential element for life and is biologically bound mainly in two amino acids, namely 
methionine and cysteine; in mammalian collagen only methionine is present. Sulfur enters the human 
trophic chain through the consumption of plants and animals. The main sulfur source for plants is the 
soil, where through the weathering of geological formations sulfates are absorbed by the roots of the 
plants. Secondary uptake occurs from the atmosphere either as dry deposition of SO2 gas or as wet 
deposition of precipitation and sea-spray (Richards et al. 2003).

The amount of sulfur in amino acids is up to 3 times higher in fish collagen than in mammalian col-
lagen. Due to a lower mineral density in fish bones the sulfur amino acids allow a higher interconnec-
tivity between the collagen molecules, which results in stronger sustainability and lighter bones (Easton 
1955: 57; Nehlich 2015). Fish have undergone significant changes, due to greater evolutionary age of 
fish compared to humans, and adaptation to the sea environment, which made it necessary to be more 
efficient with the bone structure (Easton 1957). Sulfur-containing amino acids originate directly from 
dietary proteins; therefore we can use them to trace the diet (Easton 1955: 57; Nehlich 2015).

Taphonomic process during the burial period can alter the structural integrity of the collagen mole-
cule and can results in gain or loss of sulfur in the fibres. The alterations can be microbial, chemical sub-
stitutions or degradation. In order to assess the progress of taphonomic alterations the analytical results 
need to be evaluated (Nehlich & Richards 2009: 60). A significant development has been the establish-
ment of quality control criteria in order to inspect the preservation state of the collagen and to exclude 
contaminated or degraded samples that could mislead the data interpretation. The mammalian bone 
collagen quality parameters for sulfur analysis that we used are sulfur content –0.28±0.07% (Nehlich 
& Richards 2009: 68)– and atomic C/S and N/S ratios –600±300, 200±100 respectively. Samples with  
values below or above the acceptable range are considered altered, poorly preserved and not in-
dicative for the in vivo	 structure	 (Nehlich	 and	 Richards	 2009;	 Privat	 et	 al.	 2007).	 The	 δ34S values of  
non-contaminated samples can range from –20‰ to +20‰. Values higher than +14‰ can be con-
sidered to indicate that there was significant contribution from marine resources in the diet. However, 
there	have	been	cases	reported	that	exhibit	δ34S marine values while the diet was terrestrial. In such cas-
es	δ34S close to seawater occurred due to sea-spray effect (sea water sulfates spray over coastal regions) 
that has influenced coastal plants and human values (Privat et al. 2007: 1178). Values from non-marine 
environments (that is either terrestrial or other aquatic sources e.g. lakes and rivers) vary and are depen-
dant on the soil and the available sulfates (Hoefs 2006: 71-72, 109-110, 119). It has been reported that 
terrestrial	organisms	mainly	exhibit	δ34S values within the range from -5‰ to +10‰ (Krouse 1980).
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4.2.  Materials and methods

4.2.1.  Materials
For this study both animal and human samples were analysed from four cemeteries in Thessaly, central 
Greece, dating to the Early Iron Age (Figure 4.1). These sites are the cemeteries of Voulokaliva and 
Kephalosi in Halos, the cemeteries of Pharsala, and the cemetery of Chloe. Seven herbivores were 

sampled –one cattle, three goats/sheep, one 
horse, and two unspecified herbivores. The 
horse was excavated in Pharsala, while the 
other samples in Halos (five in Voulokaliva 
and one in Kephalosi) (Table 4.1). Bones from 
omnivore or carnivore animals have not been 
found. Animal samples from the site of Chloe 
were not available.

The human samples are both adults and 
subadults. Seventeen humans were sampled 
from the site of Voulokaliva (16 adults and 
one subadult 3 years old), 5 humans from the 
site of Kaphalosi (1 adult and 4 subadults 3-9 
years old), 12 humans from the site of Pharsa-
la (all adults), and 3 from Chloe (2 adults and 
one adolescent). 

i. Voulokaliva
The site of Voulokaliva is located in east-

ern Thessaly on the coast of Pagasetic Gulf  
(Figure 4.1). It is a large cemetery of cists and 
one circular construction, used continuously 
from the later phases of the Late Bronze Age 
period (Late Helladic IIIB and LH IIIC phases, 
ca. 1300-1100 BC) through to the Early Iron 
Age (Submycenaean, ca. 1100-1050 BC and 
Protogeometric, ca. 1050-900 BC periods) 
(Malakasioti, 2009; Reinders, 2003). This pa-
per focuses on the thirty-eight Submycenaean 
and Protogeometric graves (Malakasioti and 
Tsiouka 2011; Tsiouka 2008).

ii. Kephalosi
Kephalosi is another cemetery of Halos, 

located 2-3 km to the south of Voulokaliva 
(Figure 4.1). Mostly infants and children un-
der the age of 11 were buried here in cists, 
and only one adult was found (Malakasioti 
2009; Nikolaou and Papathanasiou 2012).

iii. Pharsala
Pharsala is located in western Thessaly 

and lies between two major rivers –Enipeas 
and Apidanos (Figure 4.1). Two cemeter-

Figure 4.1:  Map of Greece and Thessaly indicating the 
cemeteries of Halos, Pharsala and Chloe.

Figure 4.3: δ34S human and animal values from the cemeteries 
of Pharsala in Thesally, Greece, against δ13C values.

Figure 4.2: δ34S human and animal values from the 
cemeteries of Halos (Voulokaliva and Kephalosi) in Thesally, 
Greece, against δ13C. The light grey box indicates the δ34S 
values (2σ) of the terrestrial local range of the area of Halos.
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ies dating to 1050-900 BC were exposed  
(Katakouta 2012; Tziafalias and Batziou-Ef-
stathiou, 2012). Site 1 consisted of 35 graves 
and a tumulus of various types: cists, crema-
tion urns, burial enclosures and tholoi –sub-
terranean vaulted circular constructions. Six 
kilometres to the north two more tholoi were 
found dating to the same period (Katakouta 
2012).

iv. Chloe
The site of Chloe is located in eastern 

Thessaly situated near Lake Voiviis (or Karla)  
(Figure 4.1). Rescue excavations brought to 
light 8 tholoi (1000 BC-875 BC) (Arachoviti 
2000; Doulgeri-Intzesiloglou 1996). In this 
paper we only focus on two of the best- 
documented tholoi, EII and ZI.

4.2.2.  Methods
The extraction of the human bone col-

lagen was conducted at the Centre for Iso-
tope Research of the University of Gronin-
gen, using an improved version of the Longin 
method (Longin 1971). The samples were 
mechanically cleaned, cut to appropriate size 
and weight, and put in weak acid (1% HCl) for bone demineralization. Humic acids were removed by 
alkalic solution (1% NaOH). The clean samples were then put in slightly acidic demineralized water and 
placed in an oven so that the organic part, i.e. the collagen fraction of the bone, was solubilized. The 
pure	collagen	solution	was	collected	after	filtration	(50μm).	Finally	the	solution	was	dried	resulting	in	
solid collagen.

The collagen samples were transported to the laboratory of Archaeology, Department of Anthro-
pology of the University of British Columbia for the sulfur isotope analysis. The samples were dissolved 
in demineralised water and underwent ultrafiltration for extra purification of the collagen (after Rich-
ards & Hedges 1999). After the samples were freeze-dried, pure collagen was collected in the form of 
lyophilized fibre. For isotope analyses approximately 5mg of collagen were weighed with V2O5 into tin 
capsules. The tin capsules were combusted in an Elementar MicroCube coupled to an Isoprime 100 
Mass spectrometer. Carbon, nitrogen and sulphur measurements were simultaneously undertaken with 
a standard duplicatory of ±0.2‰, ±0.2‰ and ±0.5‰. NIST bovine liver 1577c and casein protein were 
used as control standards and scaled against international standards such as NIST40 and IAEA S1, S2, 
S3. All samples were run in duplicates if possible.

4.3.  Results and Discussion

The values of all animal and human samples can be found in Tables 4.1 and 4.2. Regional differences 
may occur in sulfur isotopes, especially in areas with complex geology (Privat et al. 2007). Therefore, 
in order to establish the local isotope range we should plot the mean value of the terrestrial animals 

Figure 4.4: δ34S human values from the cemetery of  
Chloe in Thesally, Greece, against δ13C values.

Figure 4.5: δ34S human and animal values from the cemeteries  
of Halos (Voulokaliva and Kephalosi) Thesally, Greece, against 
δ15N. The light grey box indicates the δ34S value (2σ) terrestrial 
local range of the area of Halos.
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with the ±2SD as a statistical local range. All 
animal samples demonstrate values within 
the appropriate range of quality criteria. The 
mean	δ34S value of the animals from Voulo-
kaliva and Kephalosi is 5.8±2.1‰. This stan-
dard deviation (SD: 2.1‰) reflects a homoge-
nous sulfur isotope data set of the geology of 
Thessaly, however the actual range expands 
to 10‰ which suggests some more diverse 
geological sources. The lower and higher 
extreme values of the range come from the 
animal samples of Voulokaliva –2.6‰ to 
8.2‰. The value from Kephalosi is 5.1‰ 
(cattle), around the mean value of the region. 
The only animal value from Pharsala is 5.2‰ 
(horse). The samples with sulfur isotope val-
ues outside the ±2SD range all occur in Vou-
lokaliva and might suggest imported animals 
from farther away, rather than reflecting the 
local geological range of sulfur isotopes.

The	human	δ34S values demonstrate values 
within the appropriate range of quality crite-
ria except for two –samples HK/B7-c10 and 
F/Od-be28/ind1. These two samples yielded 
a high C:S ratio, while the N:S ratio of sam-
ple HK/B7-c10 is lower than the acceptable 
range. The source of this discrepancy in the 
values must have been the loss of S content 

during burial. Therefore, these two samples are excluded from the study.
The	human	δ34S	values	from	the	site	of	Voulokaliva	range	from	-1.6‰	to	8.6‰	with	mean	δ34S: 

4.7‰±2.7‰. The individual with the lower value exhibits a difference of 3.4‰ from the next value 
and the entire group, which clusters above 0.0‰; this difference is significant and this individual should 
be	considered	as	an	outlier.	If	this	individual	is	excluded,	the	mean	value	will	be	δ34S: 5.1‰±2.3‰ with 
a range from 1.8‰ to 8.6‰.

The site of Kephalosi has a mean sulfur isotope value of 4.7‰±0.3‰ with a very narrow range from 
4.4‰ to 5.0‰. These values come from one adult and four subadults between the ages 5-9 years, 
who probably followed a diet similar to adults. All five individuals followed a diet very close to the value 
of	the	dietary	resource	(cattle	δ34S: 5.1‰), which indicates similar proportions of protein in their diet. 
On the contrary, the individuals from Voulokaliva exhibit variation in sulfur values with SD: 2.3‰. This 
difference suggests that in the two cemeteries, there are individuals following a diet with great vari-
ation in sulfur intake, which could be either a sign of high dietary diversity or recent immigrants from 
different regions with differing sulfur isotope values.

The	human	values	from	Pharsala	range	from	1.2‰	to	5.9‰	with	mean	δ34S: 3.5‰±1.5‰; the val-
ue	of	the	horse	from	Pharsala	is	close	to	the	human	values	δ34S: 5.2‰. The human values from Chloe 
range	from	2.1‰	to	5.7‰	with	mean	δ34S: 3.6‰±1.8‰. There are no animal samples from Chloe 
to establish the local range but we can say that the individuals from Chloe do not exhibit differences in 
δ34S values from the other three sites.

As previously mentioned, recent studies have shown that coastal populations with marine input in 
their	diet	should	exhibit	δ34S values within a range from +14‰ to +20‰ (Privat et al. 2007; Richards 
et	al.	2001).	All	human	samples	in	this	paper	fall	below	δ34S=+14‰. Furthermore, the terrestrial faunal 
range (2σ)	in	the	plot	δ34S	against	δ13C, delimited by the dashed lines on the plot of Voulokaliva and 
Kephalosi, suggests that the diet of the human populations was purely terrestrial (Figures 4.2, 4.3 & 
4.4). They possibly consumed terrestrial protein with aquatic resources from the sea not having any con-

Figure 4.6: δ34S human and animal values from the cemeteries  
of Pharsala in Thesally, Greece, against δ15N values.

Figure 4.7: δ34S human values from the cemetery  
of Chloe in Thesally, Greece, against δ15N values.

01_PANAGIOTOPOULOU.indd   94 25/07/2018   9:34 π.μ.



95Part II  •  Chapter 4  •  Fish consumption in Early Iron Age Greece?

tribution to the diet. The stable carbon and nitrogen isotope analyses of the sites strongly agree with 
the results in this paper, also indicating a terrestrial diet (Panagiotopoulou et al. 2016; Panagiotopoulou 
et al. 2018, in press). 

There	 is	 an	 interesting	observation	 in	 the	 cemeteries	of	Halos.	 The	δ34S values of the individuals 
(humans and animals) from Voulokaliva and Kephalosi, both coastal sites, have not been influenced 
by the sea-spray like in the case studies of Crete and Thebes where the individuals exhibited marine 
values while having terrestrial diet (Richards et al. 2001; Vika 2009). Two environmental factors should 
be considered here: a) in the area the winds blowing are weak (Petihakis et al. 2005: 502) and a moun-
tain stands between the coast and part of the area of Halos (the residential area has not been found). 
Therefore, there is a possibility that sea spray could not have been competent to influence the human 
δ34S values; b) another factor is the possible lower salinity of the Pagasetic Gulf compared to the Medi-
terranean Sea due to the input of freshwater from the area of Almyros (the modern town near the site 
of Halos) (Petihakis et al. 2005, 501). Therefore the lower salinity and the mixing of marine water with 
freshwater	may	result	in	lower	δ34S values (Fry and Chumchal, 2011). The large variation at Voulokaliva 
suggests either a highly mobile population, a variable geological underground, which is reflected in the 
dietary resources or animal herding abroad in a greater home range, even on a seasonal basis during a 
year, which is similarly reflected in the animals’ tissue.

Freshwater resources instead of marine could also be suggested. In Figures 4.5, 4.6 & 4.7 we plot 
δ34S	against	δ15N values for the sites of Halos, Pharsala and Chloe. The animals of Halos fall within the 
range	δ34S	2‰-8‰	and	the	majority	of	the	humans	fall	within	the	range	δ34S 1‰-8‰. It has been 
demonstrated	that	the	δ34S values of the consumers should be depleted by approximately 1‰ than 
their diet (Nehlich 2015). On the basis of these values, the individuals from Halos consumed probably 
local terrestrial resources. 

Table 4.1: δ13C, δ15N, and δ34S animal values and collagen quality control criteria from the sites of Pharsala, 
Voulokaliva and Kephalosi in Thessaly, Greece 

Sample name Species  mg δ15NAIR N amt% δ13 CVPDB% C amt% δ34 SVCDT% S amt% C:N C:S N:S 

HaVo/w-apoth9 Herbivore 3.98 4.4 16.1 -18.8 43.1 2.6 0.19 3.13 600 192

HaVo/w-apoth12 Sheep/Goat 4.08 4.3 15.3 -20.1 42.5 7.8 0.19 3.25 587 181

HaVo/w-apoth13 Herbivore 3.69 8.7 14.9 -20.2 42.8 7.5 0.20 3.35 579 173

HaVo/e-apoth9 Sheep/Goat 3.63 4.0 15.5 -20.2 57.2 8.2 0.20 4.30 778 181

HaVo/e-apoth15 Sheep/Goat 3.96 2.4 16.0 -20.1 42.8 4.0 0.20 3.12 571 183

HK/B7-c15 animal Cattle 3.63 8.3 15.6 -18.9 41.3 5.1 0.27 3.08 414 135

F/Od-be28/horse Horse 3.76 6.9 15.5 -19.8 42.6 5.2 0.27 3.20 426 133

Marine diet does not seem to have occurred in Pharsala and Chloe, with terrestrial resources seeming 
more likely to have been consumed. However, aquatic resources from rivers or lakes cannot definitely be 
excluded from the sites of Pharsala and Chloe. The locations of the sites also suggest the possibility of 
the use of the rivers in Pharsala or the lake in Chloe for fishing. However, there is no adequate evidence 
(analysis of freshwater fish) to support freshwater diet or indicate otherwise. In order to distinguish be-
tween freshwater and terrestrial diet we need the isotopic values of all the bioavailable sources (Nehlich 
et al. 2010: 1132).

Earlier in this paper an outlier was identified from the site of Voulokaliva, which we ought to  
examine	further.	The	outlier	is	depleted	in	δ34S by 3.4‰ from the lowest sample of the group of in-
dividuals we examined here. This individual (a female) was buried in the cemetery of Voulokaliva and 
has	δ13C:	17.5‰	and	δ15N: 8.6‰, which have been interpreted as terrestrial C3 diet, with low animal 
protein and relatively high C4 additional resources (Panagiotopoulou et al. 2016). Therefore, this in-
dividual could be considered as non-local. The strontium analysis has shown that this individual has 
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local strontium values, which are influenced, by the seawater (0.7091) (Panagiotopoulou et al. 2018). 
Strontium isotope analysis was conducted on the enamel of the individual indicating the locality of her 
childhood. Therefore, this individual could be a non-local coming though from a coastal area exhibiting 
similar	strontium	isotope	values	to	the	area	she	moved.	Therefore,	if	the	δ34S value indicates a non-local 
individual then she could have immigrated recently to the area of Voulokaliva. If, on the other hand the 
strontium	isotope	ratio	indicates	a	local	female	then	the	δ34S values should reflect an unusual diet or a 
recent return to her birthplace prior to her death (maybe post-mortem).

Table 4.2: δ13C, δ15N, δ34S human values and collagen quality control criteria from the sites of Pharsala, Chloe, 
Voulokaliva and Kephalosi in Thessaly, Greece

Sample name Age mg δ15NAIR N amt% δ13 CVPDB% C amt% δ34 SVCDT% S amt% C:N C:S N:S 

 Halos - Voulokaliva  

HaVo/e-c5 20-25y 3.66 10.2 15.0 -19.4 42.4 1.8 0.27 3.29 426 130

HaVo/e-cc8/ind1 Adult 3.84 9.2 13.0 -21.0 38.8 7.5 0.22 3.48 464 134

HaVo/e-c12/ind1 Adult 3.87 9. 5 14.9 -20.4 42.6 8.6 0.23 3.33 502 151

HaVo/e-c12/ind2 Adult 4.00 10.2 13.2 -21.2 41.8 7.3 0.24 3.69 468 127

HaVo/e-c46 Adult 3.60 7.5 14.9 -19.8 42.3 5.6 0.22 3.32 507 153

HaVo/e-p66 25-40y 3.85 8.8 14.9 -20.1 42.6 7.9 0.22 3.34 526 158

HaVo/e-c70 3y 4.06 7.8 14.9 -19.7 42.7 2.9 0.21 3.35 543 162

HaVo/e-c72 25-45y 3.80 9.5 15.4 -19.0 42.9 4.4 0.22 3.24 518 160

HaVo/w-c7/ind1
30-50y 
(45?)

3.59 9.1 14.1 -20.1 39.5 3.9 0.23 3.26 458 141

HaVo/w-c7/ind2 35-40y 4.32 8.0 14.4 -20.6 41.7 6.5 0.21 3.39 535 158

HaVo/w-c11/ind1
Old 

adult?
3.99 8.4 14.6 -20.5 42.6 6.7 0.20 3.40 561 165

HaVo/w-c11/ind2 20-35y 3.57 9.4 15.1 -19.9 42.3 6.8 0.19 3.26 583 179

HaVo/w-c21 30-40y 4.00 9.2 15.7 -17.8 42.9 -1.6 0.21 3.19 548 172

HaVo/w-p38/ind1
Young 
adult

3.64 9.9 14.8 -19.4 42.6 2.9 0.20 3.35 560 167

HaVo/w-p38/ind2-
sec

35-39y 3.81 9.2 14.5 -17.4 40.6 2.1 0.21 3.26 510 157

HaVo/w-c46 16-18y 3.90 9.6 15.4 -18.7 42.9 1.9 0.20 3.26 580 178

HaVo/w-c52/ind1 35-45 3.83 8.8 15.1 -20.3 42.7 5.3 0.20 3.30 574 174

Halos – Kephalosi

HK/B7-c10 3y 3.64 10.1 16.0 -19.2 134.0 4.0 0.38 9.75 949 97

HK/B7-c15 7-8y 3.89 10.0 16.0 -19.3 42.0 4.6 0.31 3.05 356 117

HK/B7-c16
Young 
adult

3.44 10.3 12.4 -21. 8 40.5 4.7 0.23 3.82 467 122

HK/B7-c18 8-9y 3.73 9.1 15.3 -19. 7 41.5 5.0 0.22 3.16 515 163

HK/B7-c24 5-6y 3.70 9.1 15.4 -19.6 41.3 4.4 0.24 3.14 457 146

 Pharsala

F/Ep-th1 20-40 y 4.00 9.4 15.8 -19.2 41.6 3.8 0.26 3.07 433 141
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F/Ep-th2/ind1 20-25y 3.55 5.0 14.3 -20.2 39.7 5.9 0.21 3.24 515 159

F/Ep-th2/secA/ind1
24-30y, 
young 
adult

3.83 9.5 15.4 -19.0 40.6 3.8 0.23 3.09 480 156

F/Ep-th2/secA/ind2
>40, old 

adult
3.96 9.7 14.0 -20.5 41.3 3.5 0.21 3.45 531 154

F/Ep-th2/secB 27-44y 3.68 9.1 15.4 -19.5 42.0 1.2 0.20 3.18 547 172

F/Per-pit3
Young 
adult

3.82 10.3 13.6 -20.2 38.9 2.9 0.22 3.35 473 141

F/Per-c7 30-45y 4.07 10.1 13.9 -20.2 39.8 2.3 0.22 3.33 491 148

F/Per-c8 35-45y 3.53 9.2 15.8 -19.2 41.5 2.0 0.21 3.07 527 172

F/Od-c1
Young 
adult

3.68 7.0 14.8 -19.3 41.5 2.7 0.19 3.27 593 182

F/Od-be28/ind1 Adult 4.01 9.7 15.6 -19.5 127.8 1.2 0.21 9.57 1649 172

F/Od-be28/south 25-35y 3.74 8.8 15.1 -19.2 41.7 4.7 0.22 3.23 515 159

F/Od-be28/north 20-30y 3.68 9.8 16.0 -19.5 43.3 5.9 0.30 3.16 386 122

Chloe

C/Z-th1/cr1 20-25Y 3.96 9.7 15.6 -19.4 42.3 3.0 0.20 3.16 578 183

C/Z-th1/cr3 18-20y 3.91 10.2 14.9 -20.1 42.2 2.1 0.20 3.31 573 173

C/Z-th1/sec/north
Adoles-

cent
3.86 10.1 15.1 -19.7 42.1 5.7 0.18 3.26 617 190

4.4.  Conclusions
In this paper we examined whether consumption of aquatic resources occurred in Greece in three 
communities dating to the Early Iron Age using stable sulfur isotope analysis. The data, to date, diverge 
because archaeozoological analyses indicate ichthyofaunal remains in excavations but the carbon and 
nitrogen isotope analysis has not detected consumption of resources from marine and/or freshwa-
ter environments. Because of the formation of the Greek peninsula, exploitation of aquatic resources 
should be considered a significant dietary practice. Therefore, stable sulfur isotope analysis is of great 
importance.

Against our expectations, the isotope data of human and animal individuals suggest that these in-
dividuals possibly consumed primarily terrestrial plant and animal protein. At the diet of the population 
from the area of Halos (the cemeteries of Voulokaliva and Kephalosi) marine resources were not de-
tected, despite the fact that it is a coastal site situated by the Aegean Sea. On the other hand, the site 
of Pharsala is situated inland between rivers that could have been exploited for dietary purposes. The 
site	of	Chloe	could	have	also	exploited	the	lake	Voiviis.	Both	populations	show	non-marine	δ34S values. 
However, due to the lack of a substantial number of animal samples (both terrestrial and aquatic) to 
define the bioavailable sulfur in each area, we cannot exclude the possibility of freshwater resources. 
Furthermore, the analysis also indicated the presence of an outlier in the Voulokaliva group, which can 
be considered either as a non-local female whose origin possibly should be searched in another coastal 
area or as a local female with a recent change in diet or a recent return to her birthplace.
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