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Abstract

The Encounters and Transformations in Iron Age Europe project (ENTRANS)

aims to expand our knowledge regarding the nature and impact of cultural

encounters during the European Iron Age. The study of ceramic vessels was

included in the project, in order to further understand cultural practices in the

south-east Alpine region. Organic residue analysis is an important tool in

archaeological research for determining the presence of food and other organic

substances associated with ceramic vessels. It has the potential to significantly

improve our understanding of Iron Age societies and the interactions between

them. This research focuses on the analysis of visible and absorbed organic

residues from 377 ceramic vessels, from Late Bronze Age and Early Iron Age

sites in Slovenia and Croatia, by gas-chromatography mass spectrometry. Two

methods of lipid extraction were compared in a pilot study compressing 30

potsherds from Kaptol (solvent vs. acid extraction). This study revealed that

more information was obtained by acid extraction, thus it was selected as the

main method of extraction for this project.

Differences between settlement, funerary and ritual sites were observed,

suggesting that the vessels placed in the graves were not previously used or

carried foodstuff with low lipid content, such as liquids and dry foods/cereals.

Some types of residues were only identified in funerary vessels, specifically

potential castor oil in Kaptol, mixed with other fats and oils. Lipid biomarkers

and lipid ratios revealed significant differences between contexts and different
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sites, suggesting that the differences in cultural practices can also be identified

in the use of ceramic vessels. Some residues were also sampled for gas-

chromatography compound-specific isotope ratio mass spectrometry and bulk

isotope analysis (only visible residues), which identified potential dairy fats in

two potsherds from Poštela.

The results were also compared with the contextual information, mainly the

faunal remains, and the data obtained from the osteology and diet study

preformed with individuals from the same area and chronology as the ceramic

vessels.
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Chapter 1. Introduction

1.1 The project

With the progress of archaeology and the understanding of the concept of

identity, archaeologists and historians have started to question some of the

more traditional classifications of cultural identities in the past. Cultural identities

of the European Iron Age have traditionally been interpreted as homogenous; a

collective group of people sharing a single identity (Popa and Stoddart, 2014).

However, the archaeological record does not support that model of social and

political identity (ibid).

The ENTRANS Project questions these traditional interpretations of cultural

identity and aims to expand the knowledge regarding the nature and impact of

cultural encounters during the European Iron Age. This project is focused on the

south-east Alpine region since its geographical position places it at the centre of

convergence for different cultures: central Europe, Mediterranean, and Eastern

Europe (Figure 1.1). This region, which includes Slovenia and Croatia, is a point

of cultural interaction between the Mediterranean and temperate European

societies. Complex trade routes connected different areas of the Alpine Region,

which also contributed to the exchange of cultural practices, values, political

and religious ideas (Potrebica, 1997, Potrebica, 2016).

The ENTRANS Project is divided into three main topics of research: the body,

landscape and art. Each of these topics reflects important features of the

cultural encounters and social transformations that the Iron Age communities

experienced: changing funerary practices; settlement distribution reflecting
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social organization; and artefacts reflecting/demonstrating society, cultural,

religious and political activities.

Figure 1.1: Map of ENTRANS research area (Armit et al., 2014)

The study of ceramic vessels and their contents complements the project since

they can provide useful information about the people that used them. From the

typology (shape and size), decoration and context (in this case, funerary or

settlement) of ceramic vessels it is possible to gain an understanding of daily

life habits and funerary and/or ritual traditions. Due to the extensive number of

ceramic studies in archaeology, a wide set of data exists regarding the

manufacture, trade and use of pottery (Evershed, 2008b). Combining them with

organic residue analysis contributes information regarding their use and

purpose (ibid). This investigation will focus on the analysis of visible and
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absorbed organic residues associated with pottery vessels, as well as

examining typology and decorative styles, from Late Bronze Age and Early Iron

Age sites in Slovenia and Croatia.

Organic residue analysis is an important tool in archaeological research for

determining the presence of food and other organic substances in pottery

vessels (Evershed, 2008b). By doing so, it is possible to identify the contents of

vessels and compare them to contextual data (e.g. using faunal and floral

remains) (ibid). The identification of non-local resources, for example, allows for

the understanding of the source and nature of the cultural and social changes

that took place between the Late Bronze and the Early Iron Age (see chapter 2).

This project will consider differences between different contexts (settlement,

funerary and ritual contexts), by identifying how vessels were used and the

specific resources that were processed or stored in them.

In order to investigate the use of ceramics and their impact on the study of

identity, c. 375 potsherds were selected, sampled and analysed. These

potsherds were selected between funerary, settlement and ritual pottery and

collected from Croatian and Slovenian sites. The sites selected from these

countries were dated from the Late Bronze Age and/Early Iron Age. They were

also relevant and comparable to the data and parallel research from the

ENTRANS project. Therefore, the sites selected were: Kaptol, Vetovo-Kagovac

(Croatia), Poštela, Obrežje, Novine, Dolge Njve, Vrabče, Štanjel and Kapiteljska

Njiva (Slovenia).

Having such a broad range of sites requires the contextualization of each group

of ceramics; however, this will also mean that a broad view of the Late Bronze

Age and/Early Iron Age population can be obtained.
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By comparing the potsherds from funerary and settlement contexts it was be

possible to compare how vessels were used in different social/quotidian

activities. This also included the type of resources, food and drinks that were

used in daily life and for funerary practices. The variety in types of vessels (e.g.

plates; bowls; urns; etc.) was also compared with the type of residues identified

through chemical analysis.

1.2 Aims and objectives

The project has the following aims:

1. To contribute to an understanding of the identity of the Late Bronze Age

and Early Iron Age people inhabiting south-east Europe.
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2. To recognise the potential of organic residue analysis in understanding

the different communities from the south-east Alpine region during the

transition between the Late Bronze Age and Early Iron Age.

Objectives

a) To analyse 300 potsherds from Late Bronze Age and Early Iron Age sites

from Croatia and Slovenia with GC-MS and select from those a sub-

sample to be analysed with GC-C-IRMS.

b) To identify products consumed, cooked and/or stored in ceramic vessels

c) Associate vessel contents with daily or funerary/ritualistic practices and

vessel typology/decoration.

d) To combine the results of organic residue analysis with other contextual

information to examine expressions of identity (e.g. fauna, flora and

human remains).

Chapter 2. The transition of times: the Late Bronze Age and

Early Iron Age in the south-east Alpine region

2.1 Introduction
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The transition between the Late Bronze Age and Early Iron Age (Table 2.1)

marks the development and establishment of new identities in Europe (Wells,

1980, Graves-Brown et al., 1996, Mlekuž and Črešnar, 2014). Investigating the

past is (but not limited to) the study of past identities of both individuals and

groups. It is particularly difficult to perceive the identity of the west and central

European prehistoric peoples due to the absence of written language (Wells,

2001). Other communities (‘outsiders’) wrote about Iron Age societies, namely

Greek and Roman individuals that had some contact (directly by travelling or

indirectly by reading other sources) with the so-called ‘barbarian tribes’ (ibid:13-

17) however, besides these sources being biased, they normally report events

from western Mediterranean communities or from the Late Iron Age (ibid). The

following chapter reviews archaeological research regarding the transition

between the LBA and the EIA (c. 950 BC and 600 BC, Table 2.1), in the south-

east Alpine region (Slovenia and Croatia).

2.2 Archaeological research

Archaeological research in south-east Europe started in the 19th century and

was motivated by the foundation of local museums (Mason, 1996a). The first

sites excavated were cemeteries, which were seen as more interesting than

settlements due to the presence of grave goods (metalwork; jewellery; etc.).

Only after the Second World War does fieldwork in settlements become more

common (Mason, 1996b). Archaeology then was essentially a hobby for the

wealthy and soon some members of the Austro-Hungarian nobility became

active sponsors of the activity. The excavations commissioned by the Duchess
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of Mecklenburg are some of the most important undertaken by this upper class.

In the early 1890s, the Duchess, with the assistance of Gustav Goldberg,

excavated Magdalenska gora (1905-1913), Stična (1905-1914), Vače (1905-

1913), Vinica (1903-1907) and Hallstatt (1907) (Mason, 1996a:9-12).

Late Bronze

Age

Early Urnfield

Hallstatt A

c. 1200 – 1100 BC

Middle Urnfield c. 1100 – 1050 BC

Younger

Urnfield
Hallstatt B

c. 1050 – 950 BC

Late Urnfield c. 950 – 800 BC
Transition

period

Early Iron

Age

Early Hallstatt Hallstatt C c. 800 – 600 BC

Late Hallstatt Hallstatt D c. 600 – 300 BC

Table 2.1: Late Bronze Age-Early Iron Age in Slovenia and Croatia. The section
in bold highlight the chronological period studied in this research (chronology
adapted from Dular and Hvala, 2007).

Based on the material culture found on the sites, regional cultural groups were

defined (Figure 2.1). Even though these divisions could be useful when tracing

interactions and ‘cultural’ trends, they create artificial frontiers and closed

‘social’ groups that may not have existed in the past. They create a concept of

rigid geographic cultural individualization between communities. Modern



8

approaches to identity in past societies tend to abandon such restricted

divisions and interpret material culture as evidence of contact and networks

between people (Gerritsen, 2006). They also consider the mutable character of

boundaries and social interactions (ibid).

Figure 2.1: Early Iron Age cultural groups in Slovenia (Križ et al., 2009)

As mentioned above, the first Iron Age sites excavated were cemeteries, more

specifically burial mounds, also referred to as tumuli: man-made earthen

mounds normally featuring a central grave that in some cases have several

other graves around it. The excavation of several of these mounds,

demonstrated that these societies had access to important and prestigious

resources (e.g. bronze, iron, gold, amber, glass beads), enough man-power

and/or had the technology to craft them. The presence of imported materials

also indicated that these communities had a wide and extensive trading network.
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Unfortunately, not all resources are so easily identified and/or simply do not

survive in the archaeological record. Some perish over time, such as textiles,

food products, liquids, cosmetics, wood and so on. However, the identification

of these resources could not only be another indicator of trading and/or local

production but also contribute to an understanding of funerary and social

practices.

The East Alpine region was an area of great economic development during the

Early Iron Age, seen by the growth of Stična (exploration of iron ores), Novo

mesto, Kaptol, among other sites (Vandkilde, 2007). The development of these

economic and proto-industrial centres can be compared in size and wealth with

settlements from the Mediterranean coast, for example, the Greek colonies

(ibid).

2.3 The Late Bronze Age

The Late Bronze Age was a period marked by cultural and economic changes,

leading to population growth and the establishment of trade networks that

culminated in stratified and wealthier Early Iron Age communities (Earle and

Kristiansen, 2010). It was also, as the name of the period indicates, a

prosperous time associated with the development of bronze work (ibid).

2.3.1 Settlement
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The most frequent settlement types during the Late Bronze Age were unfortified

settlements in lowland areas. These were commonly placed at the base of

elevations, on river terraces and on moderate sloping banks, near water

sources (Dular and Hvala, 2007). Some upland settlements have been

identified in south-east Slovenia, associated with the Dolenjska cultural group,

and in other areas of south-east Europe (Križ et al., 2009). Fortified settlements

during the Late Bronze Age (and also during the Early Iron Age) can be found

on elevations, which provided natural defences and good visibility of the

surrounding area (e.g. Cvinger near Dolenjske Toplice and Stari grad near

Podbočje, Slovenia) (Dular and Hvala, 2007). The defensive structures of the

settlements from this period comprised of earthen ramparts or wooden

palisades, erected on limestone or dolomite bedrock (ibid).

The predominance of lowland settlements at this time supports the hypothesis

of a farming community, whose main economic activity would have been to

cultivate and livestock breeding (Križ et al., 2009). The exploitation of millet,

which seems to have increased between the Late Bronze Age and the Early

Iron Age, may reflect environmental changes, since it has a short growth time

from sowing to maturity and can withstand harsh climatic conditions, especially

drought (Tafuri et al., 2009, Lightfoot et al., 2012).

2.3.2 Industry

Late Bronze Age industry was dominated by metalwork and pottery. Salt was

another resource, the exploitation of which increased during this period, as

shown by the archaeological evidence of salt-mining in the Alpine region (e.g.

Hallstatt). Trade of glass and amber (raw or as final products) also occurred,
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though their production and trade expanded in the Early Iron Age. The

production of wood, textiles and leather products/objects were probably also

important; however, since they rarely survive in the archaeological record, it is

harder to understand their role in the local economy.

New methods of metalworking were developed, reflected in the amount and

quality of the objects created (e.g. long slashing swords). Bronze was the main

metal exploited, which involved ores of copper and tin. However, towards the

end of this period and into the beginning of the Iron Age (ca. 1000 – 800 BC),

iron gradually became the dominant metal used for tools, weapons and some

ornamental objects (Vandkilde, 2007). Gold and lead were also crafted but not

to the same degree.

The importance of metalworking during the Late Bronze Age is evident and has

been demonstrated by studies of the material culture and context of metal

artefacts, such as in graves, settlements and hoards. Bronze objects can vary in

type (from weapons to smelting and farming tools) and sometimes show signs

of deliberate fragmentation. Bronze hoard finds are common in Slovenia and in

southern Pannonia (Križ et al., 2009:81-85). Some authors believe they had

sacred connotations and could be the collection of one individual or an

assemblage of a group of people (Križ et al., 2009:81-85). It has also been

argued that these hoards could have been created in order to control the

amount of bronze available for trade (Potrebica and Ložnjak Dizdar, 2004).

2.3.3 Funerary activity
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During the Late Bronze Age, cremation was the common mortuary practice

throughout central Europe (Mason, 2008, Mason, 2009). The cremated remains

were deposited in urns that were buried in large communal cemeteries (Figure

2.2). These assemblages are known as ‘Urnfields’ and dominate the Middle and

Late Bronze Age. This tradition was the normative rite throughout Slovenia, with

the exception of the western region where cremations only become common at

the end of the 2nd to the beginning of 1st millennium (Križ et al., 2009). Weapons

(e.g. swords and axes) are present in these cemeteries but do not occur in

other known Urnfields. In Croatia, cemeteries appear to be smaller, compared

for example with those found in Slovenia and other parts of central Europe (Križ

et al., 2009:73-76). This may indicate that the population in this region was

smaller (which is unlikely) or that only select members of society were buried in

this way.

The goods deposited in Urnfield graves from south-east Europe were primarily

fibulae, razors, weapons, some jewellery and ceramic vessels of local

production (Teržan, 1999). Variation in mortuary practice and grave goods in

Slovenia and Croatia has led to the identification of regional cultural groups.

Figure 2.2: Pottery urn of grave 33, Kapteljska njiva, Slovenia (Križ et al.,

2009:75)
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Identifying the sex of cremated human remains from urnfields can be difficult

due to the poor preservation of the remains (caused by cremation of the body).

However, several authors have considered certain objects found with the

remains as gender-specific (e.g. hair-rings, earrings, etc.) (Teržan, 1999, Arnold,

2012). This process of identification of “gender” can be problematic in

archaeology, since it assumes that gender and sex are interchangeable. Thus,

giving specific attributes of “gender” to a certain grave good can be misleading

for the sex identification of an individual. However, due to poor preservation of

the remains, “gendered” objects may be the only available method to identify

the sex of the remains.

Following this, objects that have been associated with female Urnfield graves of

the Late Bronze Age are glass beads, spindle whorls, loom weights, and bronze

ornaments such as neck-rings, bracelets and anklets, hair-rings and earrings

(Dizdar, 2009, Teržan, 1999). The objects attributed to male Urnfield graves are

razors, pins and weapons (ibid). As well as bronze objects, ceramic pots

(including drinking vessels) were common in both male and female graves of

the Urnfield Culture.

2.3.4 Society

Based on the homogeneous size of the graves, the grave goods and funerary

rite evidence found in the Urnfield Culture, Late Bronze Age society seems to

have been relatively egalitarian (Dizdar, 2009:179). The lack of large settlement

structures that could be associated with people with high social status or

positions of power also seems to support the absence of elites; hence there is
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no indication of a stratified society in settlements (Arnold, 2012:90-91). However,

since settlements have not been so thoroughly excavated and investigated, the

absence of identified ‘high status’ structures may be a false assumption.

The amount of weapons and armour recovered from this period, combined with

the appearance of some defended hillforts suggests that warfare was an

important social component. However, it has been argued that the majority of

bronze weapons and armour had a ritual or status purpose, since some of these

objects may not be practical for actual warfare as they seem to impair

movement or are too fragile (Neustupny, 1998). If these objects indicate status,

Late Bronze Age society may not have been as egalitarian as previously

suggested (Teržan, 1999:111-119; Dizdar, 2009:179-182).

Recent studies (e.g. Kristiansen 2002) have been testing the damage and

resistance capacity of both the Late Bronze Age swords and armour in order to

understand if they were actually used in warfare. The results seem to prove that

they were efficient and the marks found on several of these items were probably

derived from actual combat (Kristiansen, 2002:320-326). The material culture

from the Late Bronze Age indicates that society was undergoing some changes

in behaviour and organization, towards a more complex and stratified society.

2.4 The Early Iron Age

The Early Iron Age in central Europe is a period of great social and economic

development, which can be observed in the archaeological record (Mason,

1996b:274-276). This period is marked by a general change in funerary
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practices and settlement location, though there are some exceptions, including

in Slovenia and Croatia, where urn graves continued to be used. It is also

during this period that large production and commercial centres emerged

(Mason, 2008).

2.4.1 Settlement

The number of fortified settlements or hillforts increased in the Early Iron Age.

These settlements were located on high ground or elevations (300-600m above

sea level), normally near a river and important trade route: e.g. Kaptol (Croatia),

Stična (Slovenia) and Hallstatt (Austria) (Dular and Hvala, 2007:74, Mason,

2008:97-99). Access to resources such as iron ore, good agricultural fields and

water was also an important factor in the establishment of a settlement. The

fortification structures were mainly made of stone and earth (Dular and Hvala,

2007:157-158). Archaeological excavations have also shown evidence of

farmsteads and hamlets located around or in the vicinities of larger settlements

or hillforts (Dular and Hvala, 2007:148).

In some cases, it has been argued that hillforts were used more for display than

to defend the community and its structures and/or resources (Arnold and

Gibson, 1995, Büchsenschütz, 1995, Fernández-Götz and Krausse, 2013). The

hillforts would have been a statement of power, wealth and influence (ibid).

During the Early Iron Age, the number of small settlements decreases in favour

of larger settlements. This, in addition to the visual display of defensive
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structures, may be an indicator of social organization and increased land control

through the centralization of resources and/or power (ibid).

Hallstatt in Austria is one of the largest and better-studied sites of the Early Iron

Age in Central Europe (Kern et al., 2009, Potrebica, 2013). Due to its size and

substantial evidence for ‘proto-industrial’ activity (exploitation of local resources

for trade), Hallstatt became the ‘model site’ for Early Iron Age archaeology (ibid).

It was one of the first Early Iron Age sites to be studied, revealing the

development of the first Iron Age communities and economic centres in central

Europe. The region is rich in salt mines that have been explored in different

periods. Excavations at Hallstatt showed earlier activity during the Late Bronze

Age; however, it was during the Early Iron Age that the salt mines became the

main resource and the population increased. Due to its mountainous location

and lack of suitable land for agriculture, it is believed that the community of salt-

miners was exporting salt in exchange for foodstuffs and luxury items (present

in the graves). The material cultural, structures and funerary practices identified

at Hallstatt define the Hallstatt Culture, which has been used to identify other

Iron Age sites (ibid). Similar ‘proto-industrial’ sites, based on iron products, were

established throughout the south-east Alpine region during the Early Iron Age,

as a consequence of the social and economic shift that occurred during that

period.

Other resources besides salt became important in the economy of the Iron Age,

such as iron. With the development of new metalwork techniques, iron became

the most common metal for the manufacture of tools, weapons and armour.

Hence, geographical areas rich in iron ore became ideal for the establishment

of settlements. Stična in Slovenia is a good example of one of those settlements.



17

It has a large hillfort with tumuli cemeteries in the surrounding area. The first

phase of occupation (Stična 1) dates to ca. 650 – 600 BC (Mason, 1996a:20).

The Stična tumuli are rich in iron and luxury items, demonstrating the power and

high-status nature of this community. Later, around 600 and 550 BC, more

prestigious objects (e.g. bronze horse riding equipment, bronze armour) with

influence from Italian material culture were deposited in the graves, indicating

the long-term trade network between the south-east Alpine region and the

Greek and Etruscan worlds (Mason, 1996a:62-63,70).

The development of these ‘proto-industrial’ centres appears to be directly linked

to access to important resources. Resources associated with the production of

luxury items also have a strong impact on the foundation of large production

sites. Resources like sand for the manufacture of glass in Novo Mesto

(Slovenia), used for example to produce decorated beads, and graphite at

Kaptol (Croatia), commonly applied as decoration to/on ceramic vessels,

demonstrate that the economic value of these materials was as high as iron and

salt.

Kaptol, in the Požega Valley in Croatia, is a very important Iron Age site in

south-east Europe and its name is also used to designate a cultural group

(Balen-Letunić et al., 2004, Potrebica, 2013). Due to its strategic location,

Kaptol was in contact with different cultural groups: the Balkan region (south),

the Eastern Culture (east) and the Hallstatt Culture (north-west). Artefacts found

in several tumuli, like Greek helmets, Italian armour and horse gear,

demonstrate the extensive trade network of the Kaptol community (Balen-

Letunić et al., 2004:119-121, Potrebica, 2013:76-81). Other important finds from

this site include highly decorated pottery and vessels with bull-head decoration
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(Figure 2.3) (Balen-Letunić et al., 2004:123-127, Potrebica, 2013:69-73). Sites

like the ones described above reflect the economic expansion and industrial

exploitation that occurred in the Early Iron Age, which facilitated the emergence

of social elites.

2.4.2 Funerary activity

During the Early Iron Age period, the mortuary rituals changed. Cremations in

urns were no longer the main funerary rite, even though their presence was still

detected in some cemeteries but in small numbers. Instead, bodies were buried

in mounds or tumuli, often with a large rich and big burial in the centre. In some

regions of south-east Europe, cremations remained the main funerary practice;

however, weapons were now deposited in these graves, which was not

common in the Urnfield Culture of the Bronze Age (section 2.3.3.) (Teržan,

1999:112-113).

Figure 2.3 Vessel decorated with bull-heads from Kaptol grave 6, Croatia
(Archaeological Museum of Zagreb)
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Another important difference between the Late Bronze Age and Early Iron Age

burials were the greater amount and quality of grave goods deposited with the

dead. Hallstatt C (c. 800-600 BC; Early Iron Age), burials had higher quality and

valuable goods such as bronze ornaments, weapons and armour, drinking

vessels, ivory, amber and gold (Mason, 1996a:60-68) than the graves from Late

Bronze Age. There were also signs of “burial selection” since not all individuals

appear to have been buried in tumuli and there was frequently a clear difference

in wealth (and type of grave) between the central inhumation and the several

lesser graves surrounding it. Even between the smaller graves, there was some

variation in the quality and number of objects deposited. Prestigious objects like

jewellery, horse gear, winged axes, spearheads, vessels and metal plates with

situla art, helmets, and other pieces of armour were symbols of social status,

wealth and power (Arnold, 1991). These objects have been found in some of

the richest Early Iron Age graves at Kaptol, Kapiteljska njiva and other sites in

south-east Europe.

The presence of horse gear, similar to types found in Eastern Europe, have

been interpreted as evidence of incursion of Hungarian warriors into the East

Alpine region (Balen-Letunić et al., 2004:85-87). This incursion has been

suggested as the cause for the collapse of Urnfield Culture and the appearance

of a stratified society ruled by a warrior aristocracy (ibid). The techniques used

for the production of horse gear were indeed very similar between the eastern

Hungarian culture and the south-east Alpine region. However, this is more likely

the result of contact/trade with the East (not necessarily an ‘invasion’), as is
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suggested by the differences in the types of horse gear found in south-east

Europe (ibid).

The pottery assemblage in graves can vary, but the most common types are

bowls, cups and plates. Some ceramic vessels were adorned with red bands

with sections decorated in graphite (linear and/or zigzag patterns) (Balen-

Letunić et al., 2004:111-115, Križ et al., 2009:99-100).

Some of the pots were decorated with water birds, a Late Bronze Age tradition

that persists in the East Alpine region during the Iron Age, or bull-heads (Figure

2.3). Others had smaller containers connected to the main body of the vessel,

creating a “cascade” effect of pouring or mixing liquids (Figure 2.4), which could

possibly be connected with the drinking traditions represented in situla art (see

below) and/or other ritualistic practices (Križ et al., 2009:121-123).

Figure 2.4: Vessel from grave IV/20, Novo Mesto – Kandija, Slovenia (Križ,
2012:75)
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The production of surplus resources enabled the development of complex trade

networks between central Europe and the Mediterranean Greek and Etruscan

cities (Mason, 1996a:104-107; Potrebica, 2013:76-81). Large production sites

like Hallstatt, Stična and Marof would have traded salt, iron, glass, honey, pitch,

wax, cattle and slaves to the surrounding areas, has demonstrated by the

distribution of different fibulae types across south-east Alpine region (Mason,

1996a:90-104). Slovenia and Croatia were an intermediary area for the trade of

salt, copper, iron and amber between the north of Europe and the

Mediterranean world (Figure 2.5) (Mason, 1996a:90-112, Potrebica, 2013:76-

93).

Figure 2.5: Commercial routes during Hallstatt B to C (Late Bronze Age and
Early Iron Age) adapted from (Potrebica, 2013:77) Map key: jantar – amber;
lim – tin; sol – salt; bakar – copper; željezo – iron; konji – horses.
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Finished products of high quality and value were also exchanged, especially in

bronze (e.g. objects with situla art). The network system was so complex and

extensive that even objects made or decorated with ivory from Africa have been

found in Central Europe: e.g. several items carved in ivory were discovered at

Hallstatt, including a sword hilt with amber inlays, possibly from the Baltic (Kern,

2009:130-132).

2.4.3 Situla art

Situla art (Figure 2.6) was developed around the late 7th centuries BC in the

areas surrounding the northern Adriatic (northern Italy, Slovenia, Istria and

Austria) (Turk, 2005). It is a type of repoussé decoration executed in thin bronze

sheet, most commonly on situlae (a type of vessel) but also appearing on belt

plates, armour, jewellery and vessel lids. The main motifs of situla art during the

Early Iron Age were the representation of human and both realistic and

fantastical animal figures, which replaced the geometric form of decoration of

the Late Bronze Age (Križ, 2012:55-58).

The scenes represented in situla art depict the upper class of Early Iron Age

society: processions, sporting events involving physical combat (e.g. boxing),

banquets where drinking seems to be associated with an important ritual,

sexual scenes, offerings, hunting, musical and dance events. These motifs are

repeatedly used in situla art, which indicates the social structure and how

organized the manufacture of situla art was (Križ, 2012:58-61).
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Situla art is commonly found in graves or associated with funerary contexts,

which could indicate that some of the scenes represented (e.g. processions and

banquets) are related to funerary practices (Turk, 2005:38-40). Besides the

bronze, the expertise and craftsmanship required for the manufacture of such

objects support the interpretation that they were associated with high social

status (political, social and/or economic power). The study of their contents

could benefit the understanding of their use and purpose.

2.4.4 Society

The beginning of the Iron Age in central Europe is marked by the rise of an elite

class identified by rich burial goods and large burial mounds. The presence of

these elite individuals is associated with a general increase in wealth (e.g. richer

graves) connected with the intensification of trade between west-central Europe

and the Mediterranean world (Mason, 1999:145-151).

However, it is important to note that late prehistoric social constructs are mainly

based on the interpretation of funerary assemblages. Objects found in graves,

Figure 2.6: Situlae from Novo Mesto, Slovenia (Križ et al., 2009:cover).
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as mentioned above, have been used to identify the sex (or gender, depending

on the literature) of the individual to which that grave belonged, even when

human remains were not present or preserved for identification (e.g. cremations

and looted graves). Stereotypes and expectations of modern society have

influenced those interpretations, creating a biased view of past societies (Arnold,

1991a:368-373).

Another concern when investigating Early Iron Age society is the fact that the

individuals buried in cemetery complexes of this period are probably just a

fraction of the population. Therefore, when studying population density and

social organization, the individuals that did not fall within that category (e.g.

infants, slaves, and ‘poorer’ people) should not be ignored just because they

are absent from the burial record.

The Early Iron Age cemetery of Hallstatt is a good example when studying

“general” populations and “elite” mortuary traditions. In this cemetery, a general

profile of the population seems to be represented: male, female and

infants/children. Furthermore, the majority of the graves have grave goods that

can be associated with high status. Some authors have suggested that

individuals buried with rich grave goods belonged to the social elite that could

fund the exploitation of resources (Arnold, 1991b:65-73; Arnold, 1995:43-46).

Following that interpretation, these burials would belong to the elite that

controlled salt-mine production and trade, therefore obtaining the wealth and

status expressed in their graves. On the other hand, it has been argued that the

individuals buried in that cemetery are the actual salt-miners and other working

members of the community since the skeletal remains demonstrate stress

marks from hard work (Kern, 2009:136-141).
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When a new salt mine is explored, salt miners would have to dedicate three to

five years to obtain suitable salt (Wells, 1981:97-101). This, together with the

manpower and resources needed for salt-mining, seem to support the existence

of elites, whom in turn could support the miners. Thus, individual buried in the

cemetery may well represent members of the elite. If this is the case, the

question remains: where and how were the other members of the society buried

during the Early Iron Age.

Situla art has also been used to understand the society of the Early Iron Age

since its decorative motifs seem to depict elite social events and are very similar

throughout the East Alpine region (see section 2.4.3.). The representation of

banquets and drinking, associated with the number of drinking vessels and

associated objects (e.g. krater) found in graves, demonstrates the importance of

drinking and feasts to upper-class society and even a possible ritualistic

connection. The hats, tunics and jewellery (amongst other objects) depicted in

situla art, help towards the recreation of the customary attire of Early Iron Age

people and the objects/clothes associated with high-status members of society

(Križ, 2012:58-61).

2.5 Conclusion

The population increase connected with the development of ironworking (e.g.

new tools) and the production of surplus that occurred during the Early Iron Age,

permitted the expansion of commercial exchange between central Europe and

Mediterranean communities which contributed to the development of more
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complex and stratified societies. However, to understand the level of these

influences and the nature of the social-economic change, further research is

needed: e.g. study of human remains, by applying light isotopic analysis for diet

and migration profiles; identification of resources consumed and their

provenance; exploration of the Early Iron Age landscape and settlement/grave

distribution by excavation and geophysics surveys; among others.

Due to advances in archaeological science, more research questions about

those aspects can now be addressed. The present research will focus on

organic residue analysis, which can identify the products transported, cooked

and/or stored in vessels. The information obtained will be used to create a

better picture of funerary and daily practices. The data obtained will also be

compared and correlated with the results from the other research strands of the

ENTRANS Project (see chapter 1).

Chapter 3. Organic residue analysis in archaeology

Ceramic vessels are one of the most common artefacts found in the

archaeological record. Although normally fragmented, ceramic materials survive

in almost every environment (Heron and Evershed, 1993). Thus, they have

been one of the main materials for archaeological investigations. By studying

pottery, archaeologists have obtained information regarding the ethnographic,

cultural and social dynamics of past populations, with attempts to relate the

ceramic vessels to commercial activities, and the location of production and

products stored, transported, cooked or processed in them (Renfrew, 1977,

Skibo, 1992, Evershed et al., 1992). Over the last few decades, new
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opportunities and topics of research (such as organic residue analysis) have

been developed and successfully applied in ceramic studies due to advances in

scientific methods.

Organic residue analysis has been widely applied in archaeological ceramic

studies (e.g. Heron and Evershed, 1993, Craig et al., 2000, Craig and Collins,

2002, Copley et al., 2005a, Evershed et al., 2001, Evershed, 2008a, Eerkens,

2005). This type of research can identify the contents of vessels and how

vessels were used, which therefore can assist in understanding diet, economy

and cultural practices of the past (Debono Spiteri et al., 2011).

There are several factors that affect the preservation of organic residues in

ceramic vessels: the biochemical characteristics of the residue (composition);

use of the vessel and thus the amount and type of residue absorbed (e.g.

cooking); deposition; and post-depositional processes depending on soil

chemistry (Evershed et al., 1992, Evershed, 2008a).

3.1 Organic residue analysis research

The identification and interpretation of preserved organic residues from

archaeological artefacts can provide important information about how the object

was used, by indicating which materials or resources were processed or stored

in them (Evershed et al., 1992, Evershed, 2008b). By identifying an

archaeological organic residue and relating it to its archaeological context it is

possible to acquire information about diet, funerary practices, and social and/or

religious activities. The work by Alfred Lucas on organic substances found in

Egyptian tombs, published in the Ancient Egyptian Materials, is one of the
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earliest published investigations of organic residues in archaeology (Lucas and

Harris, 1962). This type of research became more common between the 1970s

and 1980s, with the study and identification of fats and oils in the archaeological

record (Condamin et al., 1976, Morgan et al., 1983, Patrick et al., 1985).

Some of the archaeological deposits which have been identified using organic

residue analysis are: perfumes, glues, varnishes, ointments, cosmetic products,

sealants and fuel (Lucas and Harris, 1962, Charters et al., 1993a, Regert et al.,

1998, Evershed, 2008b, Heron et al., 2013).

The ceramic walls of pots, if not glazed or treated, have a porous surface. This

means that residues from the materials stored or processed in those pots can

be absorbed into the walls of the vessels (these are called ‘absorbed residues’)

(Evershed et al., 1992, Barnard et al., 2007, Evershed, 2008a). Thus, fats and

oils from foodstuffs or other products can be absorbed into the matrix of the

ceramic walls and be somewhat protected from degradation (Heron and

Evershed, 1993, Barnard et al., 2007). Even within the ceramic matrix, however,

the residues will degrade which complicates the identification of the residue.

Visible residues have also been found in archaeological vessels, normally as

the charred remains of food still attached to interior ceramic walls (Campbell et

al., 2004). Less frequently, the actual contents of vessels have been recovered

in a good state of preservation, allowing for visual identification (Gong et al.,

2011).
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3.2 Lipids

“Lipid” is the term frequently used to describe compounds that are involved in

biological processes in animals, plants and microorganisms (Perkins, 1993,

Gurr et al., 2002, Christie and Han, 2010). Different types of lipids have different

biological functions: fats and oils serve as energy stores in both animal and

plant tissues; waxes are secreted by plants and some animals as a protection

against dehydration and as a defence mechanism (Brown and Brown, 2011).

Lipids are organic molecules commonly soluble in common laboratory solvents

but insoluble in water. They have a biosynthetic origin, although they can be

degraded or modified.

Since lipids are naturally occurring compounds (present in both animal and

plant tissues) their presence in different archaeological materials can aid the

identification of their origin and use (Perkins, 1993, Evershed et al., 2001, Gurr

et al., 2002, Christie and Han, 2010). Lipids can also be found in soil sediments

and provide useful information about human activity. A good example is the

presence of 5β-stanols and bile acids that aid in the identification of faecal

material, such as manures (Evershed, 1993, Evershed et al., 1997a). Lipids,

like cholesterol, can also be extracted from human remains (e.g. bones and bog

bodies) and used for paleodietary studies (Stott et al., 1999). In other studies,

lipids from archaeological pottery have been dated by radiocarbon using

accelerator mass spectrometry (Evershed et al., 2001, Stott et al., 2003). From

tracking human activity, diet and chronology, the study of lipids has proven to

be a multidisciplinary tool across a range of archaeological research.
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Within the absorbed organic residues found in archaeological pottery, lipids are

the most widely studied. Due to their hydrophobic characteristics, lipids are

more likely to ‘survive’ in archaeological artefacts than other types of water-

soluble organic compounds (e.g. proteins, carbohydrates, DNA, etc.) (Perkins,

1993, Gurr et al., 2002, Barnard and Eerkens, 2007, Christie and Han, 2010,

Heron and Evershed, 1993, Debono Spiteri et al., 2011).

The structure of lipids is directly related to their chemical properties (Gurr et al.,

2002). Triacylglycerols (TAGs) are the main components of natural fats and oils

and result from the esterification of three fatty acids to a glycerol molecule

(Figure 3.1) (Perkins, 1993, Gurr et al., 2002, Christie and Han, 2010). Less

common are mono- and diacylglycerols, which have only one and two fatty

acids respectively (Gunstone, 2004, Christie and Han, 2010).

Figure 3.1: Triacylglycerol structure formed by one glycerol attached to three
fatty acids by an ester-bond.
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3.2.1 Fatty acids

Fatty acids are carboxyl acids with a long aliphatic chain (Perkins, 1993,

Christie and Han, 2010). Most fatty acids are synthesised in nature by adding

units of two carbon atoms to an acetate precursor (Gunstone, 2004). Normally

they are biosynthesised with an even number of carbon atoms; however, those

with an odd carbon number or those with branched and cyclic structures can

also occur, but in lower abundances (Christie and Han, 2010).

Depending on the carbon-carbon bonds, fatty acids can be saturated (single

bond) or unsaturated (double or triple bonds), with one (monounsaturated) or

more (polyunsaturated) double bonds (Figure 3.2 and 3.3). The terminology

used to identify the structure of fatty acids is CM:N(Δa,b,…), where M is the number

of carbons in the chain, N the number of double bonds, and (Δa,b,…) the location

of the double bond in the carbon chain. For example, C18:0 is stearic acid

(octadecanoic acid), a fatty acid with 18 carbons and no double bonds; while

C18:1(Δ9) is oleic acid (octadec-9-enoic acid), which has 18-carbon chain and

one double bond after the 9th carbon from the functional group. Furthermore,

the configuration of the double bonds can be either -cis (more common) or –

trans, where the –cis configuration means that the molecule has a pronounced

bend located at the double carbon bond, differing from the more linear structure

of the –trans configuration (Figure 3.2 and Figure 3.3) (Perkins, 1993, Barnard

et al., 2007).

Fresh and unrefined fats and oils are composed of triacylglycerols (95%), small

amounts of diacylglycerols (c. 2%), monoacylglycerols and free fatty acids (c.
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3%) (Gunstone, 2004). The diacylglycerols, monoacylglycerols and free fatty

acids can result from incomplete formation or degradation of triacylglycerols

(Gunstone, 2004).

More commonly, plant oils have more unsaturated fatty acids than animal fats,

which affect their melting points; thus plant oils tend to be liquid at room

temperature and animal fats solid (Brown and Brown, 2011, Barnard et al., 2007,

Gunstone, 2004). Mono-unsaturated fatty acids (one double carbon bond) turn

into dicarboxylic fatty acids if oxidised, and are abundant in plant oils (Figure 3.3)

(Barnard et al., 2007). Another type of fatty acids present in nature, but in lesser

quantities, are branched fatty acids (CH3 groups attached to the central carbon

chain, usually at the end), which are found in plants, some animals (e.g.

ruminants) and bacteria (Figure 3.3) (ibid).
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Figure 3.2: Example of saturated and unsaturated fatty
acids: a) Stearic acid (C18:0) which is a saturated fatty
acid; b) and c) are unsaturated trans- and cis- oleic acids
(C18:1), respectively, due to the presence of a double
bond. Cis and trans configuration are used to identify the
different isomers of a compound, i.e. the same number
and type of atom but with different connectivity or
arrangement in space.

Figure 3.3: Example of fatty acids: a) linoleic acid, a cis-polyunsaturated
(more than one carbon double bond) fatty acid; b) trans-11, octadecenoic
acid, monounsaturated (one double bond); c) nonanedioic acid, a
dicarboxylic fatty acid; and d) 12-tetradecanoic acid, branched chain fatty
acid.

33
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3.2.2 Phospholipids, waxes, terpenoids and sterols

Other important lipids in archaeological research are phospholipids, waxes,

terpenoids and sterols. Phospholipids are structural components present in cell

membranes, while waxes have long chain structures of alcohols and fatty acids,

and are produced by animals and plants (Perkins, 1993, Gunstone, 2004). The

class of terpenoids comprises a large variety of compounds, including resins

secreted by plants and trees (Brown and Brown, 2011). Thus, terpenoids can

be used as biomarkers to identify resins in the archaeological record.

Sterols, such as cholesterol (present in animal fats), sitosterol and stigmasterol

(present in plants) occur in nature in minor quantities, but like terpenoids, can

be used as biomarkers to identify the source of the residue (Gunstone, 2004,

Evershed, 2008b). The detection of sterols and terpenoids in ceramic vessels

can be very useful in archaeological investigations and can determine if animal

or plant products were processed, stored or cooked in those vessels (Stott et al.,

1999).

3.2.3 Lipid biomarkers

Lipid biomarkers, which are specific lipids that are characteristic of one or a

group of animals and plants (e.g. ω-(o-alkylphenyl)alkanoic acid for marine

residues), can be very useful in identifying specific residues (Evershed, 2008b,

Hansel et al., 2004, Hansel and Evershed, 2009, Heron et al., 2010). In some

cases, one specific biomarker can be sufficient to determine the origin of a

residue to species or genus levels, such as betulin for birch bark and moronic

acid for Pistacia spp. (Evershed, 2008b). In other cases, a specific distinctive
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group of lipid biomarkers and/or a combination of those groups (e.g. ketones

and alcohols) can be used to the same effect (ibid). However, the entire lipid

profile and context of the residue should always be taken into account during

the analysis, since other lipids should not be ignored during interpretation even

if one or more biomarkers are present in a sample. The presence of lipid

biomarkers should not be the only element of identification of a residue; context

and chronology of the vessel from which the sample was collected should be

part of the interpretation process (ibid).

Nonetheless, biomarkers have been regularly used in archaeological research

to assess the animal or plant origin of lipids extracted from archaeological

artefacts (including pottery) (Evershed, 2008b, Heron et al., 2010). However,

lipid biomarkers can also degrade once deposited or can be ‘lost’ during the

extraction process and, therefore, not readily identifiable in archaeological

samples.

3.2.4 Lipid ratios

In addition to biomarkers, another method previously used to identify the

content of ceramic vessels is calculating the ratios of different fatty acids, for

instance, the ratio between palmitic and stearic acid (C16:0/C18:0), since they

usually survive well in the archaeological record (Figure 3.4) (Skibo, 1992,

Malainey et al., 1999a, Malainey et al., 1999b). Problems associated with this

method are the effect of lipid degradation and the method of lipid extraction

used, which can change the ratio of these lipids (see section 3.4) (Eerkens,

2007, Malainey, 2007). Furthermore, different animal and plant species may
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share similar lipid ratio profiles, hindering the specific identification of fats/oils

present in the vessels (ibid).

A different approach is the use of different lipid ratios by comparing the results

of each ratio instead of just one (e.g.: C18:0/C16:0 against C18:1/C16:0 and C12:0/C14:0

against C16:1/C18:1) (Skibo, 1992, Malainey et al., 1999a, Eerkens, 2005).

It has been shown that the ratio of C16:0 and C18:0 abundance may increase with

the degradation of polyunsaturated fats by oxidation (Evershed et al. 1992:197-

199; Malainey et al. 1999a; Evershed et al. 2008b). The increase of saturated

fatty acids by removal of double bonds in mono- and polyunsaturated fatty acids

have been documented in previous investigations (Malainey et al. 1999a,

Evershed et al. 2008b). This variability suggests that some caution should be

Figure 3.4: Example of lipid ratio plot adapted from Skibo, 1992. The areas
highlighted show the identification of the residues based on their C18:0/C16:0
vs. C18:1/C16:0 ratio values.
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taken when relating fatty acid ratios to the possible contents of an

archaeological vessel.

3.3 Stable light isotopes

The isotopic composition of lipids can also be used in the identification of

organic residues. Isotopes of an element have the same number of protons but

a different number of neutrons, which means that isotopes from the same

element will have different atomic mass (Pollard et al., 2007). Different isotopes

of an element occur in nature in different abundances (Pollard et al., 2007). The

proportion of these different isotopes can change due to isotope fractionation, of

which kinetic fractionation is the most important fractionation type in

archaeological studies (Brown and Brown, 2011). This fractionation occurs

during a one-way physical or chemical reaction, most commonly involving the

lighter isotope instead of the heavier ones (ibid). The isotopic composition of

samples are reported as delta values (δ) and are based on the following formula,

where R equals the isotope ratio of the heavy isotope to the lighter isotope in

both the sample and the standard reference material of known isotopic value:

For the study of diet, the main isotopes used are 13C/12C carbon isotopes and

15N/14N nitrogen isotopes. Carbon isotopes can be used to identify different

types of plants and differentiate terrestrial from marine remains/food chains.

Due to different photosynthetic pathways, there are two main types of plants: C3
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plants (e.g. wheat and barley) and C4 plants (e.g. millet and maize). C4 plants

have higher δ13C values (mean -12.5‰) while C3 plants have lower values

(mean -26.5‰). Photosynthesis in the oceans resembles the C3 plant pathway;

however, the process starts from dissolved bicarbonate instead of atmospheric

CO2. Bicarbonate is enriched in 13C, meaning that marine plants have higher

δ13C (mean of -20‰) than terrestrial plants (mean -26.5‰) (Brown and Brown,

2011).

Nitrogen isotope ratios reflect the trophic level of an organism: the higher the

organism is in the food chain, the higher its δ15N value is. This occurs due to

nitrogen fractionation where the lighter isotope (14N) is lost through the

organism body protein metabolism (urea), which results in the enrichment of 15N.

Bulk isotope analysis provides the δ13C and δ15N values of

human/animal/faunal/organic remains. This method is used to identify diet

inputs/their origin: marine vs. terrestrial and C3 vs. C4 plants (Figure 3.5). This

method has been successfully applied in several archaeological studies, such

as research into the paleo diet and the identification of charred foodstuff

preserved in ceramic vessels.

Compound-specific stable isotope analysis (e.g. GC-C-IRMS) is another

technique that has been applied to the identification of archaeological organic

residues. This is based on the determination of the relative abundance of the

13C/12C ratio obtained from free fatty acids within the residue, specifically

palmitic and stearic acid (C16:0 and C18:0), because they are the most common

fatty acids found in archaeological samples and, most importantly, their stable
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carbon isotope composition has been shown to not be affected by post-

depositional factors (Debono Spiteri et al., 2011).

Previous studies have shown that variation in the carbon isotope composition of

these fatty acids reflects physiological and metabolic processes. Therefore, by

plotting the δ13C16:0 and δ13C18:0 values of a residue, it is possible to differentiate

between ruminant/non-ruminant fat, marine fat and even dairy fat (Figure 3.6)

(Craig et al., 2012, Craig et al., 2013, Heron et al., 2015).

Different animals and plants synthesise hexadecanoic (C16:0) and octadecanoic

(C18:0) acids by different paths which affect the δ13C of said fatty acids which are

de novo synthesised by animals (from dietary carbohydrates) or directly

absorbed through diet (Craig et al., 2012). Ruminant animals biosynthesise fatty

acids differently from non-ruminants animals (mono-gastric), by absorbing C18:0
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Figure 3.5: δ13C vs. δ15N plot showing the isotope values from different origins

can shifts along the food chain.
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directly from the rumen following biohydrogenation of unsaturated fatty acids

present in their diet (Moore and Christie, 1979, Vernon, 1980, Dudd and

Evershed, 1998, Craig et al., 2012)

Since plant fatty acids are depleted in 13C compared with plant carbohydrates,

the C18:0 component from ruminant tissues is depleted in 13C compared with

C16:0 (Craig et al., 2012). The lactating mammary gland does not de novo

synthesise C18:0, which means that 13C of C18:0 is further depleted in dairy

products in comparison with ruminant tissues (Moore and Christie, 1979,

Figure 3.6: Illustration of δ13C values of palmitic (C16:0) and stearic (C18:0) fatty
acids obtained through GC-C-IRMS, based on the results of previous studies
(Dudd et al., 1999, Craig et al., 2007, Evershed, 2008b).
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Vernon, 1980, Dudd and Evershed, 1998, Craig et al., 2012). Comparable data

is obtained by the analysis of the isotopic composition of known fats (e.g. from

modern animals) with the unknown archaeological residues in order to identify

them.

3.4 Extraction methods

Until the 1990s, the most common method for the identification of fats from

archaeological samples was the base treatment of solvent extracts that were

then methylated (yielding the methyl esters) and analysed using gas

chromatography (GC) (Evershed et al. 2002).

Different techniques for lipid extraction have, however, been developed, the

most common being: sonication and saponification (Mukherjee et al., 2008);

accelerated solvent extraction (ASE) (Jansen et al., 2006); soxhlet (Condamin

et al., 1976); microwave accelerated reaction system (MARS) (Gregg and Slater,

2010); and direct acidified methanol extraction (abbr. acid extraction) (Table 3.1)

(Hamilton and Hamilton, 1992, Craig et al., 2013).

In order to extract lipids from ceramic vessels, a portion of the ceramic wall is

sampled and crushed into a powder. This sampling process is therefore

destructive. The portion of the vessel selected for analysis is important since

previous studies have demonstrated that different areas of the vessel (e.g. rim

vs. base) have potentially different lipid yield which is associated with use

(Charters et al., 1993b, Charters et al., 1997).
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The amount of sample required for extraction is typically between 1 and 2g of

ceramic powder; however, larger and smaller sample sizes have been used (e.g.

Condamin et al., 1976, and Stern et al., 2000). Non-destructive methods have

also been developed, for example, by Gerhardt and colleagues (1990), which

submerged complete vessels in chloroform and then methanol for extraction.

This method, however, has not yet been extensively applied in archaeological

research (Debono Spiteri et al., 2011).

Method Description

Sonication and alkali
saponification

 Solvent extraction: chloroform/methanol (2:1 v/v)
 Followed by sonication (15/30 min),
 A portion of the extract is then derivatised
 The extract is then analysed by GC, GC-MS or HTGC

ASE

 Sample extracted by DCM:MeOH
 The sample is extracted in an accelerated solvent extract under

elevated temperature (50-200 °C) and pressure (500-3000 psi)
conditions for 5 to 10 min

 Compressed gas is used to purge the sample extract from the cell
into a collection vial

 The sample analysed by GC or GC-MS

Soxhlet

 The solvent used is methanol and/or chloroform
 The extract is placed in a soxhlet instrument for 6h
 Soxhlet has three main sections: percolator (boiler and reflux)

which circulates the solvent; a thimble which retains the sample to
be extracted; and a siphon mechanism, which periodically drains
the thimble

 The extract is then evaporated to dryness
 The sample analysed by GC or GC-MS

MARS

 Sample extracted by DCM:MeOH
 Sample is placed in a microwave accelerated reaction system for

60min at 100°
 The extract can be further dried and analysed by GC/GC-MS or

LC

Acidified methanol
extraction

 Sample extracted by acidified methanol
 The extract is then dried
 The sample analysed by GC or GC-MS

Table 3.1: Summary of different techniques for lipid extraction used in
archaeological research.
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In order to analyse lipids by GC, it is also necessary to change the polarity of

lipids through derivatisation. This can be achieved by using one (or both) of the

following methods: methylation or esterification, which turns fatty acids into fatty

acid methyl esters (FAMEs); and silylation which replaces the active hydrogen

with a trimethylsilyl (TMS) group (Si-(CH3)3) (Figure 3.7 and Figure 3.8)

(Barnard et al., 2007, Pollard et al., 2007).

Figure 3.7: a) derivatisation process of an organic acid by silytalion BSTFA
(N, O-bis(trimethylsilyl)); b) esterification of an organic acid

Figure 3.8: Example of derivatisation by esterification and silylation of palmitic
acid
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3.5 Gas chromatography (GC) and gas chromatography-mass

spectrometry (GC/MS)

GC is a separation technique that provides the molecular composition of the

sample analysed, by separation of volatile, non-polar, low molecular weight

mixtures such as lipids (Pollard et al., 2007, Evershed et al., 1992). The

mixtures analysed by GC need to be volatile or yield volatile compounds after

derivatization (see below) (Skoog et al., 2007). This separation technique has

several advantages for archaeological samples, including the fact that it can

separate different compounds within complex mixtures, such as different oils

and fats found in archaeological contexts (Evershed et al., 1992).

In GC, a carrier gas (commonly hydrogen or helium) is used as the mobile

phase, which “carries” the sample through the stationary phase (Skoog et al.,

2007, Pollard et al., 2007). The stationary phase is a liquid bonded to the

interior surface of a capillary column. The internal column diameter can be

between 0.1 to 0.7mm and its length ranges from 10-100m (Pollard et al., 2007,

Skoog et al., 2007, Brown and Brown, 2011). The polarity chosen for the

stationary phase depends on the type of compounds to be separated (e.g. 5%

polysiloxane is commonly be used to separate fatty acids) (Skoog et al., 2007,

Brown and Brown, 2011). The interaction between the lipids in the sample and

the liquid in the stationary phase affects the rate at which each lipid flows

through the column (Skoog et al., 2007, Pollard et al., 2007). This rate depends

on the partition coefficient of the lipids (their relative solubility in the stationary

phase) the more soluble a compound in the stationary phase, the slower it will

move through the column (Skoog et al., 2007, Brown and Brown, 2011). This
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interaction between the column and the different compounds of the sample is

responsible for the separation; thus, depending on this relationship, different

compounds will reach the detector at the end of the column at different times

(the retention time) (Pollard et al., 2007).

As the sample is inserted in the GC-MS, the injector is set to increase in

temperature, so the sample can evaporate and then be “carried” by the carrier

gas into the column (Figure 3.10) (Skoog et al., 2007). The temperature during

the separation process needs to be controlled and is usually programmed to

increase progressively during the analytical run (Pollard et al., 2007, Brown and

Brown, 2011). Thus, both fast and slow-moving compounds can move through

the column on a single analysis (ibid). The results are then recorded as a

chromatogram, showing the retention times of the separated compounds of the

mixture and their relative abundance (Figure 3.10) (Barnard et al., 2007, Brown

and Brown, 2011: 65). If the same conditions have been used, then the

retention times of each lipid from the sample can be compared with the

retention times of known lipids in order to aid identification. However, different

lipids can have similar retention times, and degraded lipids such as those found

in archaeological samples can be harder to identify by using this method alone.
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Figure 3.9: GC injector: The sample is injected as a liquid using a syringe
(1), through the gas-tight septum (2) and into the heated glass liner (5)
where it is volatilised into a gas. A carrier gas (He) then sweeps the
sample (7) into the GC capillary column (10). The injector is kept at high
temperatures by the heater block (8) in order to vaporise the sample. The
split vent (6) can be closed or opened depending on the mode of injection
used: split or splitless mode. Split mode is normally used when only small
fractions of the injected sample are needed/required, while splitless mode
(used in this study) is selected to improve sensitivity when the full amount
of the sample is transferred into the column (adapted from Skoog et al.,
2007, Craig et al., 2007).
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Figure 3.11: Illustration of a gas chromatograph connected to a mass
spectrometer (GC/MS). The mobile phase (1) “carries” the sample through the
column, after it is vaporised in the sample injector (2). The column (3) located
inside a heated oven (4) whose temperature is controlled and raised/lowered
according to the method applied. The separated compounds of the sample then
reach the ion source (5) in a vacuum sealed chamber (7). The ionized
molecules go through the quadrupole (6) that selects one m/z (mass to charge
ratio) ratio to pass, ions are then detected (8) (adapted from Barnard et al.,
2007, Craig et al., 2007).

Figure 3.10: Typical chromatogram of a degraded archaeological organic
residue. A chromatogram plots the retention time and abundance of each lipid.
IS stands for internal standard: a known lipid added during the extraction of the
residue, used to quantify the abundance of lipids in the sample (chromatogram
from sample 20 Poštela).



48

For molecules to be detected by the mass spectrometer, they first need to be

ionized. Ionization sources commonly used with GC/MS are electron impact

(EI+) or chemical ionization (CI+/-) (Figure 3.12). EI+ consists of a chamber into

which the gaseous sample flows from the open end of the capillary column. It is

then ionized by bombarding the molecules with an electron beam, resulting in

the loss of one electron to produce the molecular ion M+. (Figure 3.13). The

impacting electrons are usually given 70eV and this provides sufficient energy

to cause the molecular ion to break into fragment ions (or daughter fragment

ions). The m/z ratio of the molecule and its daughter fragment ions are used to

identify a compound since different compounds/molecules have different

molecular ions and characteristic fragmentation pathways. A disadvantage of

this ionization source is that sometimes it can completely fragment the

molecular ion which results in its complete loss and difficulty in identifying the

molecular mass.

A mass spectrometer can measure the mass to charge ratio (m/z) of ionized

molecules from a sample and their fragmentation products (Pollard et al., 2007,

Figure 3.12: Ion source: EI+, which creates positively-charged ions by
producing electrons that collide with the molecules of the sample.
M = molecule; M.+= molecular ion; e- = electron.
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Brown and Brown, 2011). This technique follows the principle that the path of

electrically-charged ions is controlled by their mass when moving through an

externally-imposed electric or magnetic field (ibid). Different mass analysers

have been developed from this principle, such as magnetic sectors (used in

IRMS) and quadrupoles (used in GC/MS) (Figure 3.11 and Figure 3.12)

(Barnard et al., 2007).

A magnetic sector is composed of one or more magnets that force the ions to

follow a curved trajectory (Brown and Brown, 2011). The magnetic field will only

allow ions of a particular m/z ratio to follow a path that reaches the detector; this

can be gradually altered by changing either the magnetic field strength or the

acceleration voltage applied to the ion as it exits the ionisation source, so that

different masses can be detected (ibid) (Figure 3.15).

A quadrupole does not use a magnetic field; instead, it consists of four metal

rods parallel to each other and electrically coupled in opposite pairs (Figure

3.13). This mass analyser uses electrostatic forces to separate the ions by

generating electric fields that will only allow ions of a particular m/z ratio to pass

through the quadrupole. By varying the charge of each rod the mass spectrum

can scan across different masses much faster than magnetic selector

instruments can (around 50 to 800 mass units per fraction of a second) (Pollard

et al., 2007, Pollard et al., 2017).
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The m/z ratio of each compound is then displayed in a mass spectrum (Figure

3.14). The fragmentation pattern and the molecular signals obtained are

compared with known compounds and their mass spectra. This is achieved by

using mass analyser software which includes access to a digital library of

known molecules.

Figure 3.13: Diagram of electron impact source (EI+) and a quadrupole mass
spectrometer. The gaseous sample (2) enters the evacuated chamber through
the end of the capillary GC column (1) and is then bombarded by the electron
beam (4). The beam is generated from the heated cathode (3) and accelerates
towards the anode at 70eV (5). The impact between the electrons and the
sample ionizes the molecules, that are then accelerated by electrostatic lenses
(6) in the ionisation chamber towards the quadrupole (7). These use
electrostatic force to separate the ions: each pair of rods has a fixed and an
alternating voltage which only allows ions with a specific m/z ratio to pass
through them (the other ions are deflected) and through the detector for a given
setting. The mass spectrum is scanned by varying the magnitude of the fixed
and oscillating voltages (adapted from: Pollard et al., 2007 and Wittmann, 2007:
5).
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Figure 3.14: EI+ mass spectra, with molecular structure and fragmentation
patters: a) tetratriacontane (C34), n-alkane (C34H70), and b)
hexadecanoic/palmitic acid methyl ester (C16:0 methyl ester), free fatty acid
(C17H34O2). The fragment m/z 74 results from McLafferty rearrangement. M.+ =
molecular ion; M-29 = first fragment of n-alkanes (loss of CH3CH2); base peak =
highest abundance fragment.
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3.6 Gas chromatography-combustion-isotope ratio mass

spectrometry (GC-C-IRMS)

Gas chromatography-combustion-isotope ratio mass spectrometry is the

combination of a GC and an isotope ratio mass spectrometry (IRMS) capable of

separating and measuring the stable isotope composition of a targeted lipid

(Figure 3.15). Several studies have used this technique to successfully identify

dairy products, to differentiate animal fats from ruminant to nun-ruminant origin

as well as to identify aquatic fats/oils (Dudd and Evershed, 1998, Copley et al.,

2003, Craig et al., 2012, Heron et al., 2015, Robson et al., 2019). This method

resulted in the identification of the earliest use of milk in both the Near East and

in south-eastern Europe (Evershed et al. 2008a), but many other investigations

have also successfully applied this method (e.g. Craig, 2003, Craig et al., 2007,

Craig et al., 2013, Copley et al., 2005b, Copley et al., 2005a, Gregg et al., 2009,

Gregg and Slater, 2010).

The GC-C-IRMS determines the stable isotopic composition of fatty acids from

degraded animal fats present in archaeological samples (Evershed et al., 1994,

Evershed, 2008b). The δ13C values of these fatty acids are then used to

ascertain the origin of the fat (e.g. ruminant from non-ruminant) since fats from

different animals and/or animal products have different δ13C values (see above,

Figure 3.6).

One of the main problems of GC-C-IRMS is the requirement for comparable

know data; this is, δ13C fatty acid values of animals/animal products of the

same/similar location or environmental conditions as the archaeological
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samples. The variation of latitude, temperature and location can affect the δ13C

values of an organism. In many situations, the only option available in

comparison with modern data or data obtained from similar archaeological sites.

This technique is normally only applied to samples that yield a minimum of

1000μg of lipids since it requires a high lipid yield for detection and is also more

expensive due to higher consumable costs.

Figure 3.15: Diagram of a GC-C-IRMS. Once the sample is injected into the
GC (2) it flows through the column (3) that is connected to a split valve (5). This
sends the sample to the flame ionisation detector (4) which monitors the
sample components and establishes the timings for the split valve. The
combustion furnace (7) converts organic compounds into CO2 and H2O and the
reduction reactor converts nitrous oxides into N2 and removes excess O2 (8).
The water generated in the furnace is removed by a water trap (9). A reference
gas is introduced (10) before the sample enters the ion source (11) in the
IRMS. In the mass selector (12), the sample ions are diverted by a
perpendicular magnetic field which affects their path towards the Faraday mass
detectors (m/z 44, 45 and 46) (13).
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3.7 Degradation and contamination of lipids

Post-depositional lipid degradation is common in archaeological materials and

is one of the main problems for the interpretation and comparison of fatty acids

from the archaeological record with modern reference data (Evershed et al.,

1992, Regert, 2011). It is also important to consider that with continuous use of

a ceramic vessel, the amount of absorbed residue is continuously restored. This

assumption implies that lipids absorbed through the ceramic matrix during

cooking or storage are accumulated, that is, absorbed in addition to previously

absorbed lipids which may come from a different source (Charters et al., 1993b).

The ceramic matrix of a vessel partially protects lipids from microorganisms that

would accelerate degradation; however, lipids are still subject to degradation

and contamination from external agents, for example, contamination from other

lipid sources, chemical degradation etc. (Heron et al., 1991, Heron and

Evershed, 1993, Evershed, 2008b, Evershed et al., 2002). Degradation also

affects each lipid differently: it is, for example, much higher on unsaturated fatty

acids than saturated ones, due to the loss of double bonds by natural processes

of degradation (Evershed et al., 1992, Malainey et al., 1999a). Hydrolysis is a

decomposition reaction that can occur with water, an acid or alkaline liquid: e.g.

proteins are decomposed to amino acids and fats to fatty acids, which can turn

triacylglycerols into free fatty acids (Figure 3.16) (Evershed et al., 1992,

Evershed et al., 2002, Skibo, 1992).

Due to this process, it is generally possible to identify the residues as fats or oils,

but more specific techniques of analysis are required to identify them more

specifically (e.g. GC-C-IRMS, lipid biomarkers, etc.). Other factors such as soil
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properties (e.g. pH), environment and geological conditions can affect the

preservation, and degradation, of organic residues (Evershed et al. 1992: 201-

203). The amount and activity of the microorganisms present in the soil are

affected by the properties of that soil. Therefore, artefacts from different burial

conditions will present different levels of microbiological degradation (Evershed

et al. 1992: 201-203).

The analysis of soil from archaeological sites indicates that human activity can

leave chemical traces in the soil profile (Evershed and Tuross, 1996, Crowther,

1997, Holliday and Gartner, 2007). However, previous studies have shown that

lipid transition between soil and ceramic vessels is quite minimal (Heron et al.

1991). Thus, it is believed that the risk of cross-contamination from soil residues

to ceramic vessels is low (Heron et al. 1991).

Degradation of the organic residues within a ceramic vessel does not simply

occur after deposition or discard of the pot, it actually starts during its period of

active use (Figure 3.17) (Davídek et al. 1990; Evershed et al. 1992: 193-203;

Malainey et al. 1999a). The process of heating can lead to the

degradation/transformation of organic components: thermal degradation.
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For example, long-chain ketones are biosynthesized by plants and these

technically could be used as biomarkers for plant products in ceramics vessels;

however, ketones are also produced from the pyrolysis of acyl lipids by heating,

thus, long-chain ketones cannot be used as absolute biomarkers for plants

(Evershed et al. 1995; Evershed et al. 2002; Evershed 2008a). One way of

excluding pyrolysis is to evaluate the δ13C values of the ketones and the major

fatty acids C16:0 and C18:0 (Evershed et al. 1995; Evershed et al. 2002; Evershed

2008a).

Figure 3.17: This flow chart shows the different processes that can affect
preservation, degradation and contamination of organic residues in or on
pottery vessels from production to laboratory analysis (adapted from: Bonfield,
1997, Pollard et al., 2007, Craig et al., 2007).
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Another possible source of degradation during the use of the vessel is oxidation

of the organic product, which can also lead to the loss of lipids (Malainey et al.

1999a; Regert et al. 1998b). For example, dicarboxylic acids (diacids) derive

from the oxidation of unsaturated fatty acids (ibid).

The risk of modern contamination can be high in archaeological samples,

chiefly from handling potsherds with bare hands and from plastics in the form of

finds bags. Human skin contains the fatty acids squalene and cholesterol, and

therefore the presence of these lipids in an archaeological potsherd can be the

result of modern contamination by skin transfer (Evershed et al. 1992, 202). The

identification of squalene and cholesterol in the same vessel can further confirm

contamination, since although squalene is also present in human skin, it rapidly

degrades, and therefore its presence indicates modern handling rather than an

archaeological input. Combining the lipid profile with the stable carbon isotopic

composition of the free fatty acids C16:0 and C18:0, through GC-C-IRMS, is

another method for identifying residues (e.g. milk) and can be used to identify

modern contamination.

The presence of plasticisers from plastic bags used to store potsherds can

preclude the identification of other lipids but can be easily detected and

excluded. Contamination by plasticisers can also occur during laboratory

procedures (e.g. plastic lids or any other plastic tools) and can be minimized

with good laboratory practices, and identified by the use of method blanks, run

with each batch of samples.

Besides contamination and the different types of degradation pathways

discussed above, there is another important factor in the interpretation of lipid
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composition in a ceramic vessel: treatment of the vessel wall prior to and post-

firing (Evershed et al. 1992: 194). Sealants, glues and varnishes added to the

surface of the ceramic walls of the pots can leave their own lipid “fingerprint”

(Evershed et al. 1992: 194; Regert et al. 1998a). One good example is the

identification of waxes and resins in addition to other animal and plant fats and

oils (Evershed et al. 1991; Charters et al. 1995). Although, one hypothesis may

be that the pot was used to store wax for some time and was then was reused

for cooking or storage of another product. It is important to remember that these

waxes/resins may have been used as a sealant for the ceramic vessel and were

not necessarily consumed (Stern et al. 2003). The identification of these types

of treatments can provide significant insight into pottery use and the

quality/durability concerns of ancient potters.

Glazed vessels will not absorb the same amount of organic residues as

unglazed vessels since the porosity of the ceramic wall (which allows the

absorption of lipids) is lowered. Other treatments such as polishing (burnishing),

using a stone or other tool, smooth the vessel walls and makes them less

porous. Just like glazing, this polishing treatment may affect the absorption of

organic residues.
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Chapter 4. Method development

4.1 Introduction

The first research stage of this project was to determine which lipid extraction

method worked best with the pottery from Croatian and Slovenian Iron Age sites.

Therefore, a pilot study was undertaken with thirty potsherds from Croatia that

were sampled and analysed using two different methods (acid extraction and

conventional solvent extraction). The pilot study was designed to better

understand the samples and type of results expected in this project. One of the

main aims of the pilot study was to create a sampling strategy and methodology

suitable for the area and materials being studied. This pilot study comprised

thirty potsherds from Kaptol selected from both settlement and funerary

contexts.

The ceramic powder was collected from each potsherd for two different

methods of lipid extraction, in order to ascertain which was more suitable for the

project: solvent extraction or acid extraction (also known as acidified methanol

extraction). Both methods have been successfully used in archaeological

analysis (e.g. Evershed et al., 1990, Evershed, 2008a, Correa-Ascencio and

Evershed, 2014); however, their potential varies depending on the level of

preservation of organic matter absorbed in the ceramic matrix (Correa-Ascencio

and Evershed, 2014:1334-1335, Correa-Ascencio et al., 2014:14224-14227).

By testing both methods and comparing their results, it was possible to

determine which method produced better results with ceramics from south-east

Europe.
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4.2 Laboratory sample preparation

All glassware, drill bits, and any other tools used were cleaned by rinsing three

times in DCM (dichloromethane). Glassware was rinsed in deionised water, an

acid bath (5% concentration) and heated in an oven at 450°C in 6-hour cycles

for 2 to 3 days. Nitrile gloves and safety goggles were used at all times to avoid

contamination and as safety measures. Fume cupboards were used when

handling hazardous solutions. Both method blanks and instrumental blanks

were run with every batch of samples. The laboratory procedures were

documented daily and each sample was recorded using a number, site and

context code, and a letter associated with the method of lipid extraction.

4.2.1 Solvent extraction and derivatisation

Solvent extraction was the initial method used for lipid extraction in

archaeological pottery (Evershed et al., 1990, Evershed, 2008b, Heron and

Evershed, 1993). Due to the hydrophobic structure of lipids, organic solvents

such as chloroform, alcohols and ethers can be used in order to remove lipids

from the ceramic matrix (see chapter 3) (Gurr et al., 2002, Barnard et al., 2007).

The solvent extraction method applied in this pilot study is an adaptation of the

standard procedure used in the laboratory facilities at the University of Bradford

(Figure 4.1).

To extract lipids by the solvent method, 10ml of dichloromethane:methanol (2:1

v/v) was added to each 2g of ceramic powder and then ultrasonicated for 5

minutes. In order to separate the organic residues from the inorganic powder,
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the samples were centrifuged at 2000rpm for 5 minutes at room temperature.

Due to the different density of the ceramic powder, some samples had to be

centrifuged for 10 minutes to achieve complete separation. The lipid extract was

then transferred to a clean and labelled vial using a clean glass pipette. The

previous steps were repeated twice in order to obtain 30ml of organic extract

per sample.

After this step, each sample was dried to about 2ml under a stream of nitrogen

and moderate heat (40°C) on a hotplate. The extract was transferred to smaller

clean and labelled vials for the addition of 10µg of the internal standard:

tetratriacontane (C34). When samples were not derivatised on the same day,

they were stored in a refrigerator at 4°C for 1 to 2 days. Derivatisation was

achieved by completely drying the total lipid extract, under the same conditions

as stated above, and by adding 100μl of N,O-bis(trimethylsilyl)trifluoracetamide

(BSTFA) with 1% trimethylchlorosilane (TMCS). The samples were heated on a

hotplate for 30 minutes at 40°C and completely dried as before. Finally, about

ten drops of DCM were added to the dried residues and transferred to the GC

vials (clean and labelled) to be analysed by GC-MS.

4.2.2 Acid extraction

Previous studies have demonstrated that acid extraction can successfully

recover higher lipid yields from samples than solvent extraction (e.g. Craig et al.,

2013, Correa-Ascencio and Evershed, 2014). However, in the same studies it

was shown that solvent extraction may be preferential when the sample is rich
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in lipids: if the sample has a complex mixture of fats and oils or high lipid yields,

the results from acid extraction are more difficult to interpret than the results

obtained from solvent extraction, since complex lipids such as triacylglycerols

and wax esters are hydrolysed through this method (Correa-Ascencio and

Evershed, 2014:1335). Since there is little information about organic residue

analysis and lipid preservation in the East Alpine region (the focus area for this

project), it was essential to test both methods of extraction. In order to optimize

the results, the acid method was developed based on the method by Correa-

Ascencio and Evershed (2014) and the method used by BioArch at the

University of York (Figure 4.1).

For this method of extraction, 1g of ceramic powder was weighed into clean and

labelled Hach tubes. With each batch of 18 samples, a blank sample and a

sample of isotopically-measured palmitic acid and stearic acid (C16:0/C18:0)

(100µl) were also prepared. About 4ml of methanol was added to each sample

and then each the sample was ultrasonicated for 15 minutes. In a fume

cupboard, about 800µL of pure sulfuric acid was slowly added, observing any

reactions with the sample to avoid sample loss. The samples were left on a

heating block at 70°C for 4 hours. Afterwards, the pH of each sample was

checked to confirm whether more sulfuric acid was needed. When the pH of all

samples was below or equal to 3, they were placed in a centrifuge at 3000rpm

for 5 minutes. The lipid extract of each sample was then transferred into clean

and labelled Hach tubes.

In order to separate the total lipid extract from the acid solution, 2ml of hexane

was added and vortexed to mix. Pasteur pipettes (previously prepared), packed

with clean potassium carbonate and glass wool, were used to transfer the
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hexane into clean and labelled scintillation vials. This step was repeated three

times to obtain maximum lipids from the acid solution. Activated copper turnings

were placed in the vials and left overnight to remove any remaining sulfuric acid

from the samples. All samples were transferred to clean scintillation vials to be

completely dried under a stream of nitrogen in the same conditions as the

solvent extracted samples (see section 4.2.1). To re-suspend, the sample, 90µl

of hexane was added to the dry residues and then transferred to the auto-

sampling vials for GC-MS, with 10µl of tetratriacontane (C34) alkane standard.



65

Figure 4.1: Flowchart of both methods of extraction. Left: Solvent extraction; right:

acid extraction
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4.3 Pilot study

Some of the thirty potsherds selected had been washed post-excavation, which

is common practice in archaeological projects. Even though lipids are not

soluble in water, cleaning the walls of a vessel can damage their surface

(especially if using an abrasive brush or other cleaning tools), which serves to

increase the risk of modern contamination. For example, cholesterol is

abundant in human skin and can be transferred to the vessel wall during

washing and/or handling of the vessel (Evershed et al., 1992:202). Considering

this, it was relevant for the project to understand the impact of washing of

vessels by comparing washed with unwashed potsherds.

Another aim of this study was to ascertain the impact of the date of excavation

and the storage of potsherds on absorbed organic residue preservation and

degradation. The rate of lipid degradation depends on burial conditions (e.g. soil

type, taphonomy, etc.) and is one of the main problems for the interpretation

and comparison of fatty acids from the archaeological record with modern

reference data (Evershed et al., 1992:203-206, Evershed et al., 2002:663,

Regert, 2011:184-191). However, it is unclear whether degradation or lipid loss

continues after excavation, and if storage conditions affect this process. Thus,

the thirty potsherds analysed were divided according to their date of excavation,

and the amount of lipid extracted per group was compared.
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4.3.1 Results

Thirty potsherds from the settlement (14) and funerary (16) contexts at Kaptol

were selected (Table 4.1). The surface layer of the sherds was removed with a

soft drill bit and discarded in order to minimise any modern contamination, such

as plasticisers from plastic bags and cholesterol from human fingers (Evershed

et al., 1990:1340; Heron et al. 1991:655-657; Heron and Evershed, 1993:225-

256). About 3g of ceramic powder was collected from each potsherd: 2g for

solvent extraction and 1g for acid extraction.

In total, sixty samples should have been successfully extracted (thirty for each

method). However, it was not possible to collect 3g from one of the samples

(KG 4 settlement) because the fragment was too small. During the second

batch of acid extraction, two samples broke inside the centrifuge (KG12

settlement and KC8 funerary) due to faulty adaptors and it was not possible to

collect more ceramic powder from those fragments. Therefore, fifty-six samples,

plus two C16:0/C18:0 standards (part of the acid extraction method) and four

blanks (one per batch of samples) were analysed using GC-MS.
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Context Site and sector Excavat.
date Washed Sample

code
Acid extraction Solvent extraction

Lipid yield C18/C16 ratio Lipid yield C18/C16 ratio
Settlement Kaptol-Gradci 1975 Yes KG1 S 286μg 0.33 0μg -
Settlement Kaptol-Gradci 1975 Yes KG2 S 12μg 1.21 0μg -
Settlement Kaptol-Gradci 1975 Yes KG3 S 14μg 1.21 0μg -
Settlement Kaptol-Gradci 1975 Yes KG4 S - - - -
Settlement Kaptol-Gradci 2004 Yes KG5 S 5μg 2.75 0μg -
Settlement Kaptol-Gradci 2004 Yes KG6 S 1136μg 0.88 50μg 0.54
Settlement Kaptol-Gradci 2004 Yes KG7 S 3μg 2.01 0μg -
Settlement Kaptol-Gradci 2014 No KG8 S 9μg 1.78 0μg -
Settlement Kaptol-Gradci 2014 No KG9 S 674μg 1.14 586μg 0.72
Settlement Kaptol-Gradci 2012 No KG10 S 35μg 1.70 0μg -
Settlement Kaptol-Gradci 2014 Yes KG11 S 15μg 0.03 0μg -
Settlement Kaptol-Gradci 2014 Yes KG12 S - - - -
Settlement Kaptol-Gradci 2014 No KG13 S 125μg 3.63 22μg 3.53
Settlement Kaptol-Gradci 2014 No KG14 S 83μg 1.96 2μg 1.42
Grave Kaptol-Čemernica 1966 Yes KC1 F 7μg 1.09 0μg -
Grave Kaptol-Čemernica 1966 Yes KC2 F 11μg 1.25 4μg 0.91
Grave Kaptol-Čemernica 1966 Yes KC3 F 28μg 1.32 0μg -
Grave Kaptol-Čemernica 1966 Yes KC4 F 13μg 1.73 0μg -
Grave Kaptol-Čemernica 1968 Yes KC5 F 31μg 0.80 0μg -
Grave Kaptol-Čemernica 2007 Yes KC6 F 12μg 1.35 0μg -
Grave Kaptol-Čemernica 2007 Yes KC7 F 4μg 0.79 0μg -
Grave Kaptol-Čemernica 2007 Yes KC8 F - - - -
Grave Kaptol-Čemernica 2007 Yes KC9 F 6μg 1.40 0μg -
Grave Kaptol-Gradci 2004 Yes KG15 F 2μg 1.91 0μg -
Grave Kaptol-Gradci 2004 Yes KG16 F 9μg 0.75 0μg -
Grave Kaptol-Gradci 2005 No KG17 F 14μg 1.18 0μg -
Grave Kaptol-Gradci 2008 No KG18 F 4μg 4.92 0μg -
Grave Kaptol-Gradci 2008 No KG19 F 3μg 3.63 0μg -
Grave Kaptol-Gradci 2008 No KG20 F 1μg 2.62 0μg -
Grave Kaptol-Gradci 2008 No KG21 F 2μg 0.28 0μg -

Table 4.1: Samples used for the pilot study. Samples KG are from Gradci and KC from Čemernica which are two different
sectors within Kaptol. F stands for potsherds from funerary context and S for settlement. Not all potsherds were
successfully extracted: potsherd KG4 S was too small to be sampled (weighted less than 3g); samples from potsherds
KG12 S and KC8 F broke inside the centrifuge due to faulty adaptors. Samples underlined are those that could be used to
compare both extraction methods (both lipid yield and C18/C16 ratio).

68
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Solvent extraction vs. acid extraction

The results from the pilot study demonstrated that higher lipid yields are

obtained using acid extraction method. Of the fifty-four samples that were

successfully extracted with both methods only in five samples did the solvent

method extract any lipids (KC2, KG6, KG9, KG13 and KG14) (Figure 4.2).

Figure 4.2: Comparison of the amount of free fatty acids extracted (µg per 1

gram of potsherd) by conventional solvent extraction and by acid extraction

from five Kaptol potsherds. It was only possible to compare these pottery

fragments since these were the only ones that yielded more than 5µg of lipids

with solvent extraction. The free fatty acids quantified at this stage were: C12,

C14, C15, C16, C17, C18 and C18:1.
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It was also noted that the ratio of the fatty acids C16:0 (palmitic acid) and C18:0

(stearic acid) varied between the extraction methods (Figure 4.3), i.e. the same

samples showed different ratios between methods. A two-related-samples

Wilcoxon test (non-parametric test since the data set is not normally distributed)

revealed that the difference between the ratios obtain via acid extraction

(Mdn=1.25) and solvent extraction (Mdn=0.91) was statistically significant

(Z=2.03, p<0.04 r=0.91).

KC2 KG6 KG9 KG13 KG14

C1

8/
C1

6

rat

Figure 4.3 Variation of C18/C16 ratio between acid and solvent methods of
extraction, using the results obtain from KC2, KG6, KG9, KG13 and KG14. It can
be observed that the ratios from solvent extraction are always lower, showing
that the proportion of C16 is higher in relation to C18 in samples from acid
extraction.
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Since just five samples from solvent extraction yield any lipids for quantification

and identification, only the results from the acid extraction were considered

during the following analyses of the pilot study.

Acid extraction results:

Settlement vs. funerary

Of the potsherds successfully analysed by acid extraction, twelve were from

settlement and fifteen from funerary sites. Preservation was poor across all

samples, and every sample had traces of plasticisers, which was to be

expected since all potsherds had been transported and stored in plastic bags.

One of the method blanks from the solvent extraction method (BPS Blank 1)

also had a broad plasticiser peak, which must have resulted from contamination

during laboratory procedures.

Application of a Mann-Whitney test revealed that settlement potsherds

(Mdn=24.9) had higher lipid yields than funerary potsherds (Mdn=6.4), U=51.5,

p=0.021, r=0.43. The fact that higher lipid yields were extracted from settlement

potsherds might indicate that the pots in funerary contexts had not been

previously used, contained dried products or liquids with low lipid yield. It may

also mean that the types of vessels used in the settlement were not also used

during funerary practices and burial. However, due to the small size of the

potsherd fragment used in the pilot study, it was not possible to identify vessel

types at this stage.
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Washed vs. unwashed

In total, higher lipid yield were obtained from washed potsherds than unwashed

(Figure 4.4), which can be explained by the greater number of washed sherds in

the group analysed for the pilot study (19 washed and only 10 unwashed). A

Mann-Whitney test demonstrated no significant statistical difference between

washed (Mdn=11.9) and unwashed (Mdn=11.4) potsherds, U=87, p=0.735,

r=0.068. This indicates that potsherds cleaned/washed post-excavation do not

undertake further loss or degradation of absorbed residues, compared with

unwashed potsherds. However, it was not possible to perceive the risk of

modern contamination by handling and cleaning the vessels with this study,

thus this possibility was neither proven nor excluded.

Figure 4.4: Comparison of total lipids extracted from washed and unwashed
vessels.
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Long term storage vs. lipid preservation

The potsherds available for this research were excavated between 1966 and

2014. In order to understand if the long term storage of ceramic vessels affects

lipid preservation/degradation, the samples were divided into three year ranges

(corresponding to their excavation dates): those excavated before 2000 (three

from settlement and five from graves); between 2000 and 2010 (three

settlement and ten from graves; and excavated after 2010 (six from settlement)

(Figure 4.5). A Kruskal-Wallis test revealed a significant statistical difference

between the date of the different excavation groups and the amount of lipids

extracted (p=0.015). However, has it was mentioned above, the context of the

vessels is also a factor in lipid yield, therefore, based on this data set, it is not

possible to confirm with certainty that long-term storage affects degradation and

preservation of absorbed lipids.

Figure 4.5: Total lipid yield extracted from the 27 potsherds by acid extracted,

divided by date of excavation.
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4.3.2 Conclusions of pilot study results:

Based on the results obtained by this study, the acidified methanol method for

lipid extraction was selected as the main method for extraction subsequent

analyses, since more lipids (e.g. broad variety of saturated and unsaturated

fatty acids) and higher total lipid yield were obtained from this method (77.8% of

acid samples yield ≥5μg lipids, compared with only 11% of solvent samples).

However, a sub-set of potsherds were selected for separate extraction (both

solvent and acid method) to better understand the impact of different methods

in lipid analysis). Furthermore, more samples from Kaptol from long term and

short term storage were selected in order to observe possible degradation

patterns due to long term storage with a larger data set. Washed vessels were

selected for this project when unwashed vessels were not available since no

significant difference in lipid preservation was observed.

4.4 Instruments

4.4.1 GC-MS

GC-MS analysis was performed on a GC Agilent 7890A series fitted with

electron impact ion source connected to a 5975C Inert XL mass selective

detector. The autosampler inserted 1µl of a sample using a splitless injector at

300°C. The samples were separated by a 30 meter Agilent HP-5ms column

(0.32mm internal diameter and 0.25μm film thickness). The oven temperature

was set at 50°C for 2 minutes and then raised 10°C per minute up to 350°C.
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Helium was the carrier gas used. The data were acquired and analysed using

the computer program MSD ChemStation E.02.00.493.

4.4.2 GC-C-IRMS

In total eight dried sample extracts, plus two C16:0/C18:0 external samples of

known isotopic composition (prepared with each batch of eight samples), were

sent to the School of Environmental Sciences, University of Liverpool, to be

analysed by gas chromatography-combustion-isotope ratio mass spectrometry.

The samples were run in a Delta V Advantage isotope ratio mass spectrometer

(Thermo Fisher) linked to a Trace Ultra gas chromatograph (Thermo Fisher)

with a ConFloIV interface.

The δ13C values obtained were corrected subsequent to analysis to account for

the methylation of the carboxyl group. These corrections were achieved by

comparing the results with known isotope values of standard C16:0 and C18:0 fatty

acids that were treated by acidified methanol extraction parallel to the samples.

4.4.3 Bulk isotope analysis

Visible residues were collected by scraping the potsherd surface with a clean

scalpel and then wrapping the sample in foil for further analysis. The visible

residues collected were foodcrusts (burn charred organic product still preserved

on the interior or exterior wall of a ceramic vessel) and white deposits (possible

dried decoration or remains from organic products) found in ceramic potsherds
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and ceramic blocks (possible construction or decorative bricks). In total 23,

visible residues were collected for bulk isotope analyses.

Around 1/1.5mg of each residue was sampled twice (for double analysis) in a

high-precision balance, placed in a foil capsule and measured at the University

of Bradford Isotope Facility by combustion in a Thermo Flash EA 1112. Internal

and external standards were run alongside the samples, as well as separated

N2 and CO2 references gases, using a Delta plus XL via a Conflo III interface.

The analytical precision of carbon and nitrogen isotope analysis (based on

instrumental error) is ± 0.2‰ at 1 s.d (Vienna PeeDee Belemnite standard).

4.5 Statistical analysis

Statistical analysis was carried out in order to identify and explore trends within

the results obtained. Statistical tests were applied across and between sites and

contexts, comparing lipid yield, type of vessels, type of decoration and type of

residues in Chapters 7 and 8. Non-parametric tests were used instead of

parametric since these do not assume a normal distribution of data (the data set

of this research is not normal distributed, as is common with archaeological

data sets). The tests used were Kruskal-Wallis and Mann-Whitney, with

significance value (asymptotic p-value) set as 0.05. The statistical analysis was

carried out using IBM SPSS Statistics 24.
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Chapter 5. Materials: sites and pottery selection

The samples analysed in this study were mainly potsherds from broken or

restored vessels found in the south-east Alpine region from sites dated between

the Late Bronze and Early Iron Age. In order to obtain a wider scope of each

site, vessels were selected from museum collections, institutions stores

(University of Zagreb, the University of Ljubljana, the Institute for the Protection

of Cultural Heritage of Slovenia; the Archaeological Museum of Zagreb and the

Gradski Museum of Požega) and recent excavations. The majority of potsherds

had been stored in plastics bags and handled without gloves resulting in the

presence of plasticisers and, in some cases, the risk of modern cholesterol

contamination. Information regarding post-excavation treatments or restoration

was not available for all the vessels which could have assisted the selection

process.

The sites selected for this investigation rely on the availability of material and

sites of interest already established by the ENTRANS project. Unfortunately,

some sites have only been recorded as unpublished excavation reports;

therefore contextual information for those sites can be limited. The following

chapter discusses the selection of samples and the sites from which they were

collected.
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5.1 Selection criteria

The vessels and potsherds provided for this researched were selected based

on their context (funerary, settlement and ritual), type of fragment (rim, base or

wall), decoration and wall treatment (e.g. burnished). With this broad scope of

materials, it was hoped to obtain a comprehensive understanding of the vessels

used by the Late Bronze Age and Early Iron Age populations. Furthermore, it

was sought to learn the impact of long-term storage and post-excavation

treatment of the vessels on the preservation and degradation of organic residue

analysis by taking into account the date of excavation of the vessels and if they

were washed/cleaned after excavation.

5.2 Pottery

In order to avoid modern contamination, unwashed and untreated potsherds

were preferred for selection. Since the selection of the vessels took place

across several sites and institutions, there was no cohesive and homogenous

pottery typology that would comprise all of the vessels available for selection.

Therefore, the vessels were divided into seven main categories based on the

shape of the body, form, and size (Table 5.1).

Rim fragments were preferred as the main section to be sampled due to the

results of previous studies that demonstrated, by comparing data from modern

vessels (simulated experiences) with archaeological data, that there is a higher

concentration of lipids in the rim of the vessels in comparison with the base and

middle wall (Charters et al. 1993a; Evershed 2008a). This indicates that (at
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least during the cooking process) more absorption occurs near the surface of

the cooking ingredients resulting in a higher absorption in the rim section

(Charters et al. 1993a; Evershed 2008a).

When rim sherds were not available, base fragments were selected, so that the

shape/form and type of vessel could be ascertained (with wall fragment it is

much harder to determine the shape and type of vessel). Another fact taken into

account when selecting base fragments is that not all potsherds selected are

from vessels used under heat (e.g. cooking vessels), therefore the distribution

of lipid absorption throughout the vessels will not necessarily be higher in the

rim section of all vessel types.

Vessels with and without decoration were selected to be compared, in order to

identify any differences or trend patterns between types of decoration, use of

pot and context. The types of decoration identified in the potsherds selected are

described in Table 5.2.
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Shape Description Illustration
Bowl

with loop

handle/

cups

Open or closed forms with one or more loop handle/s: separate clay piece attached

to the pottery wall leaving a space between the handle and the vessel in order to be

grasped. Shape resembling cups and/or jars.

Height ~10cm – /30cm

Width ~10cm – /20cm

Bowl

type 1

Open or closed forms with a convex or flat base. These can have two knob handles:

small clay pieces or clay ‘pulled’ from the vessel wall, normally placed on opposite

sides of the vessels.

Height ~15cm - 30cm

Width ~15cm - 30cm

Bowl

type 2

Open or slightly closed forms with a convex or flat base. Deeper and larger than

bowl type 1. The curvature of this vessel wall can be minor, appearing almost

straight. They can also have knob handles.

Height ~20cm - 30cm
Width ~20cm - 30cm

80
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Large

vessel
Ellipsoid shaped large vessels with open or closed forms and convex or

flat base. The majority of these tend to be burnished with or without a

plastic element decoration (see below).

Height >30cm

Width >30cm

Plate

Open form and shallow in-depth with a convex or flat base.

Height <20cm

Width 25cm - 30cm

81
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Stand
Round shaped and flat ceramic vessel with a hollow base structure or feet. These tend to

have fire marks on the edge section and the base.
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Lid Round shaped and shallow form with a handle on top.

Table 5.1: Description of the different types of vessels based on their shape and size.82
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Decoration/Wall treatment Example

Smoothing:

Achieved with hand, moistened cloth or hard object

(pre-firing).

Uniform, smooth and opaque surface (without

lustre).
Kaptol, (settlement ) 78, plate

Polish:

Friction with a hard or soft object like a pebble or

bone.

Creates a light lustre surface.

It is a non-decorative finishing treatment. Kaptol (settlement) 92-93, plate

Burnished and graphite:

The pre-firing friction of the vessel wall with a hard

object to obtain a sheen/lustre. It gives a metallic

aspect/shine to the vessel.

In some vessels, graphite is added to this process

creating black smooth sheen to the vessel.
Poštela (settlement) 53, bowl type 1

Burnished and red slip:

Similar to the previous decoration, however, in this

case, a red slip is added creating a red/orange

smooth sheen to the vessel (sometimes in the form

of strips).

Kaptol (settlement ) 75, unknown
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Plastic elements:

Addition of clay prior to firing. This could be in the

shape of ropes, beads, animals or animals body

parts (e.g. cattle heads) among others.
Kaptol (funerary) 19, urn

Impression:

Dots or lines impressed to the ceramic walls

creating shapes or patterned decorations. The

impressions can also be applied to the rim section

of the vessel creating a rope or dented effect.

Obrežje
(funerary)
139, plate

Kaptol
(settlement)
76, bowl type 1

Grooving or incision

A sharp tool is used to groove or incise decoration

patterns on the vessel.

Poštela (settlement),
94 plate

Obrežje (funerary)
138, cup

Table 5.2: Types of decorations and wall treatment with descriptions and

examples.

5.3 Sites

In total 377 vessels and vessel, fragments were selected to be analysed. The

first 30 potsherds selected were used as part of a pilot study to better
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understand the potential of organic residue analysis with material from the area

of interest (see chapter 4). The vessels were selected from nine sites dated

from the Late Bronze Age or Early Iron Age across Slovenia and Croatia:

Poštela, Novine, Obrežje, Dolge njive, Vrabče, Štanjel and Kapiteljska njiva

(Slovenia); Kaptol (Gradci and Čemernica) and Vetovo Kagovac (Croatia)

(Figure 5.1). Due to the number of the sites and the variety of vessels available

Kaptol and Poštela become the two main sites of this research from which 165

and 102 potsherds were collected respectively for absorbed residue extraction.

.

Figure 5.1: Map of the research area with the location of the archaeological
sites studied in this project. Map provided by R. Kershaw.
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5.3.1 Croatia

Kaptol

Kaptol is located in south-east Croatia, in the Požega Valley (Figure 5.2). The

first systematic excavations of the site started in 1965 and were undertaken by

a team of archaeologists from the Archaeological Museum of Zagreb (Potrebica,

2016). The aim of this campaign was to protect and investigate the several

tumuli identified on the site. The excavations revealed important information

regarding the occupation of the area during the Early Iron Age, showing a

Figure 5.2: Map of the archaeological sites in Croatia selected for this

research. Map provided by R. Kershaw.
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strong influence from Iron Age cultures of Central Europe and artefacts from

Illyria and Greece.

Two main cemeteries have been excavated: Kaptol Gradci and Kaptol

Čemernica. The excavation of several tumuli identified revealed the existence of

an elite, whose grave goods included weapons, jewellery, sets of ceramic

vessels and various imported goods from the south and north of Europe. The

burial rite of cremation continued from the Late Bronze Age to the Early Iron

Age, with the main difference being the use of large tumuli with central

chambers where the cremated remains of the individual and the grave goods

were placed. This is a clear difference from the flat cemeteries preferred in the

Urnfield culture during the Late Bronze Age.

In Čemernica, fourteen burial mounds were identified and examined, however, it

is believed that more tumuli would have existed in the past but were destroyed

due to cultivation (Potrebica, 2016). Gradci was first identified in 1975 by the

research team excavating the necropolis in Čemernica and later excavated in

2000 by a team of archaeologists from the University of Zagreb (Figure 5.3).

This research identified twenty-five tumuli and excavated sixteen of those. All

sixteen tumuli had wooden chambers in the centre of the mound with some

having been lined with stone. Both necropolises were dated from HaC1 and

HaD1 (Early Iron Age c. 800 to 500 BC), which indicate that their ‘use’ may

have overlapped.

More recently, excavations have been undertaken in the adjacent settlement

area, a hillfort with levels of occupations from the Early Iron Age to the La Tѐne

period (Figure 5.4) (Potrebica, 2016). Findings from this hillfort corroborated the
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economic (and possibly social) prominence of this site in Early Iron Age

Pannonian region, as an important network point between the Hallstatt Culture

of Central Europe and the Mediterranean communities (ibid).

Figure 5.4: Kaptol: excavation campaign 2016 of settlement structures in the

hillfort. Photograph courtesy of L. Büster.

Figure 5.3: LIDAR image of Kaptol hillfort (1) and Kaptol-Gradci cemetery (2)
(adapted from Potrebica, 2016)
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In total, 165 potsherds were analysed from the Kaptol complex: 92 from the

hillfort settlement and 73 from both Gradci and Čemernica cemeteries. Table

5.3 shows the distribution of the potsherds across the type of vessel, following

the criteria established in section 5.2. A soil sample from the bottom of a bronze

situla was also analysed from Kaptol tumulus 6, and six visual residues from the

vessels selected were also sampled for bulk isotope analysis.

Vessel type Settlement Funerary
Total

Hillfort Gradci Čemernica
Bowl type 1 21 21 42

Bowl type 2 17 5 22
Bowl with handle 8 3 11

Large vessel 0 11 11
Plate 13 3 16
Stand 6 0 6

Lid 1 0 1
Unknown 26 30 56

Total 92 73 165

Table 5.3: Number of potsherds selected per context and per type from Kaptol
hillfort and necropolises.

Vetovo Kagovac

The second site from Croatia, Vetovo Kagovac is also located in the Požega

Valley, about 6km from Kaptol (Figure 5.2 and 5.5). The pottery selected from

this site was found in an early Hallstatt grave (late 8th/early 7th century BC).

The funerary pottery set of this particular grave was quite large compared with



91

other similar graves. In the Alpine region during the Early Iron Age, it is common

for graves of high status to have only two pairs of cups and other pots, yet this

particular grave had several pairs.

Cremated human remains were placed inside a bowl, which is rare since large

vessels are normally used as urns. These remains have been identified as

possibly female, however; there is no available publication or study to support

this identification of yet (Potrebica pers comm. 2016). The bowl used to store

the remains was selected for analysis in order to understand if it had been used

before burial (and with what purpose) or if it was particularly made/chosen as an

‘urn’ for this tumulus. In addition, three other potsherds were selected from this

grave: one small bowl (possibly a cup) and two bowls type 1.

Figure 5.5: LIDAR image of Vetovo-Kagovac settlement area (1) and cemetery
(2) (adapted from Potrebica, 2016)
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5.3.2 Slovenia

Poštela

Poštela is an Iron Age hillfort near Maribor, in north-eastern Slovenia, that has

been studied since the 19th century (Figure 5.6 and 5.7). More recent studies

have used remote sensing methods (such as geophysics and airborne laser

scanning) which revealed previously undocumented features of the

archaeological complex (Medarić et al., 2016). Excavations of the hillfort and

the cemetery complexes show activity from Late Bronze Age to Early Iron Age.

The archaeological record has also established the coexistence of both Urnfield

Figure 5.6: Map of the archaeological sites in Slovenia selected for this
research. Map provided by R. Kershaw.
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culture cemeteries (flat cemetery graves) and the emergence of burial mounds

normally associated with the beginning of the Iron Age (Medarić et al., 2016).

Additionally, another area was found and excavated, which had stone structures

resembling an altar and a large amount of broken pottery. The deposit seems to

Figure 5.7 Map covering Poštela and surrounding area of the northern plain of

the river Drava. This map shows the visibility reach from Poštela hillfort from

more visible (blue) to less visible (green) (adapted from Mlekuž and Črešnar,

2014: 198).
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correspond to one event (rather than continue depositions for a long period of

time) and also contains several fragmented animal bones. This indicates a

celebratory event, like a feast, similar to those illustrated in situla art that

included the discard of the ceramic vessels used during the festivities. Thus,

several potsherds were selected from this area, identified as a ritual context, to

better understand this particular deposit and the practice of feasting events,

which are believed to be very important for the Early Iron Age people.

In total 32 potsherds were selected from Poštela hillfort, 18 from immediate

cemetery complex and 52 from the ritual context mentioned above (Table 5.4).

Additionally, nine visible residues were sampled for bulk isotope analysis.

Vessel type Settlement Funerary Ritual Total

Bowl type 1 6 4 12 22
Bowl type 2 3 1 8 12

Bowl with handle 1 0 2 3
Large vessel 2 3 0 5

Plate 2 4 5 11
Stand 1 0 3 4

Lid 3 1 0 4
Unknown 14 5 22 41
Total 32 18 52 102

Table 5.4: Number of potsherds selected per context and per type from Poštela.
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Novine

Novine is located near the northern border between Slovenia and Austria, near

the Pannonian basin, and was established on a mountain ridge (Mušič, 2015)

(Figure 5.6 and 5.8). Excavation of the site took place in 2014 following LIDAR

imaging of the area which identified several structures along the elevation ridge

(Figure 5.8).

Figure 5.8: LIDAR imaging of Novine. The ceramic vessels selected from this site
where excavated in section 6, probe (adapted from Vinazza et al., 2015, Mušič et
al., 2015).
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The first construction phase of the site is dated between the end of Late Bronze

Age and the beginning of the Early Iron Age (Hallstatt B3/C1) and it was

abandoned around Hallstatt C2/D1 (c. 700 to 500 BC) (Vinazza et al., 2015).

For the moment, it is still not clear when the second construction phase took

place, however, it is speculated that could have either started during the late-

Hellenistic period or just before the abandonment of the earlier occupation

during the Early Iron Age (ibid).

The ceramic potsherds selected from this site are from section 6 (probe 5), the

interior section of the southern part of the settlement (Table 5.5). One fragment

was also collected from grave 2 where cremated human remains were identified.

This grave was radiocarbon dated to the 9th century BC, corresponding to one

of the oldest structures dated from this site (Vinazza et al., 2015: 181-182).

Table 5.5: Number of potsherds selected per context and per type from Novine.

Obrežje and Dolge njive

Vessel type Settlement Funerary Total

Bowl type 1 11 0 11
Bowl type 2 3 0 3

Bowl with handle 0 1 1
Large vessel 1 0 1
Plate 0 0 0

Stand 1 0 1
Lid 0 0 0

Unknown 24 0 24
Total 40 1 41
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Obrežje is a Late Bronze Age cemetery site, located by the river Bregana and

the valley Struga (Figure 5.9) (Mason, 2009). The site was discovered during a

field survey of the Krška vas - Obrežje motorway section, an area of the project

Obrežje international border crossing (Mason, 2005b). The cemetery is mainly

composed of flat urnfield graves, with a total of 358 cremations identified, and

only 6 inhumations (Mason, 2005b, Mason, 2009).

A recent study has dated those inhumations (radiocarbon dating of human

remains from the inhumations mentioned above) revealing a chronology span

from the Middle Bronze Age to the Middle Iron Age (Nicholls, 2017). A

settlement, believed to be associated with the cemetery, was found in the

western section of the site, comprising 27 rubbish pits and 155 postholes

forming rectangular buildings (Mason, 2005b). This occupation was dated to the

Middle and Late Bronze Age, which corroborates with the chronology of the flat

Figure 5.9: Obrežje: 1) Middle and Late Bronze Age complex/settlement areas;
2) Late Bronze Age flat cremation cemetery, were the 6 inhumations were also
identified (adapted from Mason, 2009)
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cremation cemetery. A deposit of potsherds and a burnt stone was also

identified on the edge of the settlement dated to the end of the Middle Bronze

Age/beginning of the Late Bronze Age (Mason, 2009).

Dolge njive is a Late Bronze Age and Early Iron Age site, located to the east of

Bela Cerkev (Figure 5.10). The site was located next to the river Krka, which

would seasonally flood the area during the Late Bronze Age (Mason, 2009).

Similar to Obrežje, this site was identified during a field survey associated with

motorway roadworks (Mason, 2005a). Two Late Bronze Age structures were

identified enclosing a large assemblage of potsherds and cremated human

remains. During the Early Iron Age, three barrows were erected on these

structures and a cobbled path was constructed next to a former channel of the

river Krka (Mason and Mlekuz, 2016). The western borrow enclosed six graves

with inhumations which contained several grave goods: bronze and iron fibulas,

bracelets, knives; amber bead necklaces, spindle whorls, and ceramic vessels.

The eastern and central borrows were also inhumation graves, with iron spears

and ceramic vessels.

Ceramic vessels were selected from these sites in order to be compared with

the results obtained by the parallel ENTRANS Project study of human remains

undertaken by Dr Rebecca Nicholls. Overall 27 potsherds were selected from

Obrežje (25) and Dolge njive (2) (Table 5.6).
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Obrežje Dolge njive
Total

Vessel type Settlement Funerary Funerary

Bowl type 1 0 1 2 3

Bowl type 2 0 4 0 4

Bowl with handle 0 3 0 3

Large vessel 1 0 0 1

Plate 0 6 0 6

Stand 0 0 0 0

Lid 0 0 0 0

Unknown 4 6 0 10

Figure 5.10: Areal view of Dolge njive near Bela Cerkev (Google Earth 7.3,
2017).
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Table 5.6: Number of potsherds selected per context and per type from Obrežje
and Dolge njive.

Vrabče, Štanjel and Kapiteljska njiva

In total, four other potsherds were selected for analysis from three other

Slovenian sites, due to their particular size and/or preservation state. Two large

ceramic fragments from Vrabče (BB173V, wall fragment) and Štanjel (BB99S,

rim fragment) were selected due to their distinct size: 5cm and 11cm width

respectively. These potsherds belong to large ceramic containers (silos)

probably used to store large quantities of products or for the preparation of

fermented beverages at a larger scale. Another funerary potsherd was selected

from Vrabče because it was unique within the grave assemblage.

Vrabče was excavated in 2013, due to the construction of a municipal aqueduct,

which revealed Late Bronze Age and the Early Iron Age levels of occupation

(Josipovič and Vinazza, 2014). Štanjel is a hillfort site dated between the 7th and

Total 5 20 2 27
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5th century BC, excavated in 2010 as part of the renovation works of a medieval

castle in the same location (Fabec and Vinazza, 2014).

One fragment from a complete small bowl with two loop handles (from barrow

XXXIII) was selected from Kapiteljska njiva, due to its small size and

preservation state. Kapiteljska njiva is one of the larger cemeteries in Novo

mesto, with both flat and tumulus graves (Križ, 2013). The occupation/use of

this cemetery spans from the Late Bronze Age to the Late Iron Age (Dular and

Hvala, 2007:177-178). This site is located on a wide hill between Novo mesto

and the outskirts of Bršljin (Križ, 2013). It was first excavated in 1894 and more

recently in 2013/2014, when forty-four Early Iron Age barrows with about 800

inhumation graves were excavated (ibid: 9-11).

Ta
ble
5.7:
Nu
mb
er
of

potsherds selected per type from Vrabče, Štanjel and Kapiteljska njiva.

Vessel type Vrabče Štanjel Kapiteljska njiva Total
Bowl with handle 0 0 1 1

Large vessel 1 1 0 2
Unknown 1 0 0 1
Total 2 1 1 4
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Chapter 6. Overall results: lipids and biomarkers

6.1 Introduction

The intention of the following chapter is to present the overall results obtained

during this research. It discusses the lipid and biomarkers composition of all

samples analysed, illustrated with examples from this study.

6.2 Ceramic samples

For this research, 377 ceramic sherds were selected from nine Late Bronze and

Early Iron Age sites across Slovenia and Croatia (including the pilot study

potsherds) (Table 6.1). After the results obtained from the pilot study (see

chapter 4) the absorbed residues were successfully extracted using the acid

extraction method, resulting in a total of 380 lipid extracts (Table and Figure 6.1).

Additionally, nine potsherds were resampled for solvent extraction in order to

further compare the effect of the different methods on the extraction of lipids in

addition to the samples from the pilot study, this time looking at settlement

potsherds (see chapter 4) (Table and Figure 6.1). The loss of two samples from

Kaptol due to equipment failure occurred during the pilot study and the second

extraction phase. From the 102 samples selected from Poštela, three potsherds

were sampled twice, one from the rim section and from the base, making a total

of 105 samples.

Samples with lipid yields of less than 5μg g-1 were not used for interpretation of

residues since origin from contamination cannot be excluded (Evershed, 2008b).

Low lipid yield can be explained by the following: a) the vessel was not used
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prior to deposition; b) the vessel was only used to store or carry liquids, cereals

or another low-lipid content product; c) the wall of the potsherd was too

damaged, having lost the upper layers of the ceramic where the lipids were

deposited; or d) any lipids within the potsherd were lost due to degradation.

Visible residues were also sampled when available (23 samples in total from 19

ceramic fragments) and examined through bulk isotope analysis for δ13C and

δ15N (Table 6.1). Four of the visible residues comprised white deposits found on

wall fragments of possible buildings, believed to be the remains of

paint/coloured plaster used as decoration. The remaining samples were

collected from the inner and/or outer walls of ceramic vessels (representing

either food crusts or decoration deposits).

Figure 6.1: Distribution of sample lipid yields by method of extraction: a) acid

extraction and b) solvent extraction.
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Table 6.1: Number of potsherds selected from each site (including the potsherds selected for the pilot study) against the number of

samples extracted by acid and/or by solvent extraction with analysis by GC-MS. In total, 377 potsherds were selected for acid

extraction, 39 for solvent extraction, 23 for bulk isotope analysis and 11 for GC-C-IRMS (Appendix A).

Sites

Acid extraction samples Solvent extraction samples Isotopic analysis

Potsherds
N° of

extracts

Lipid yield
(μg g-1) Too

small
Equipt.
failure Potsherds

N° of
extracts

Lipid yield
(μg g-1) Too

small
Bulk

isotope
GC-C-
IRMS>5μg <5μg >5μg <5μg

C
ro

at
ia

Pilot study
(Kaptol) 30 27 18 9 1 2 30 29 3 26 1

Kaptol 169 165 145 20 0 4 7 7 2 5 0 14 6
Vetovo Kagovak 4 4 4 0 0 0 - - - - -

Sl
ov

en
ia

Poštela 102 105 99 6 0 0 2 2 2 0 0 9 5
Štanjel 1 1 1 0 0 0 - - - - -
Novine 41 41 40 1 0 0 - - - - -
Obrejže 25 25 25 0 0 0 - - - - -
Dolge njive 2 2 2 0 0 0 - - - - -
Kapiteljska njiva 1 1 1 0 0 0 - - - - -
Vrabče 2 2 2 0 0 0 - - - - -

Total 377 380 337 36 1 6 39 38 7 31 1 23 11

104
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Furthermore, 12 samples were sent for analysis to the University of Liverpool

for isotopic analysis by GC-C-IRMS. The samples selected for GC-C-IRMS

were all from settlement potsherds since their lipid yield (mainly C16:0 and C18:0)

was equal to or higher than the minimum required for the application of this

analytical method (100μg per component) (Table 6.1)(Evershed et al., 1994).

6.3 Acid extraction: types of residue

Several types of residue were identified, based on lipid biomarkers (e.g.

cholesterol, sitosterol, ricinoleic acid, etc.) present in the samples. Other

biomarkers, such as wax esters, MAGs, DAGs and TAGs, which may have

been preserved in the ceramics, were not identified. This can be explained by

the effect of acid extraction on those compounds (it hydrolyses them into free

fatty acids, alkanes and alcohols) and also by the degradation of the residue.

The following section discusses the type of residues found.

6.3.1 Fats and oils

Fresh fats and oils of animal and plant origin are mainly composed of

triacylglycerols, mono- and diacylglycerols, free fatty acids and other minor

components such as phospholipids, sterols, vitamins, chlorophyll and

hydrocarbons including alkanes, squalene, carotenes and polycyclic aromatic

hydrocarbons (Gunstone, 2004, Pollard et al., 2007).
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The identification of fats or oils in archaeological residues is attained by

comparing their distribution and presence with fresh fats and oils of known

animals and plants. Even though all fats and oils have similar compositions,

there are differences between different sources. For example, ruminant animal

fat contains more C18:0 than C16:0, with low amounts of C15:0 and C17:0, while non-

ruminant fat contains more C16:0 than C18:0 and no odd carbon number fatty

acids (Table 6.3) (Regert, 2011).

Plant oils contain large amounts of mono- and polyunsaturated fatty acids,

mostly C18:1, C18:2 and C18:3 (e.g. olive oil is composed of 55-83% C18:1 and 4-8%

C18:2) and more C16:0 than C18:0 (Table 6.2) (Gunstone, 2004). All animal fats

also contain significant amounts of cholesterol, while plant oils have sitosterol.

These are both types of steroids and can be used to differentiate between

animal fat and a plant oil when found within a residue (Pollard et al., 2007: 150-

151).

Type of oil Saturated and unsaturated fatty acids
C16:0 C18:0 C18:1 C18:2 C18:3

Olive 10 2 78 7 1
Palm 44 4 39 11 -
Corn 13 3 31 52 1
Linseed 6 3 17 14 60

Table 6.2: Fatty acid composition (wt%) of four types of oils (Table adapted
from Gunstone, 2004)



Type of fat Triacylglycerols Fatty acids Other lipids δ13C and ∆13C signature

N
on

-r
um

in
an

ta
ni
m
al
s

Porcine adipose
fats

 Narrow distribution C44 to C54
with low abundance of C44, C46
and C54

 Rich in tripalmitin
 Palmitic acid preferentially
located in the 2-position (P:S
ratio in sn-2 position is of ≈95:5)

 C16:0 more abundant than C18:0

 Absence of minor odd carbon number
fatty acids
 Monounsaturated fatty acids: only a
single isomer Z-9-octadecenoic acid

 Odd-numbered ketones
ranging from C29 to C35, with
proliferation of C33

 Monounsaturated ketones with
33 and 35 carbon atoms, resulting
from condensation of fatty acids
during heating of animal fats
 Free or bound oxidised fatty
acids (diacids, hydroxyl-acids)

 C16:0 and C18:0 enriched in
13C compared to ruminant fats
 Δ13C > -1‰

R
um

in
an

ta
di
po

se
fa
ts

Cattle adipose
fats

 Distribution from C42 to C54

 P:S ratio in sn-2 is of ≈60:40

 C16:0 less abundant than C18:0

 Low amount of straight carbon chain
with odd carbon number, specifically C15:0
and C17:0

 Low amount of branched-chain
alkanoic acid (C15:0 and C17:0)
 Mixture of isomers of octadecenoic
acid (double bond at 9, 11, 13, 14, 15 and
16 – positions)

 Same ketones as for porcine
adipose fats  Δ13C from -3 to -1‰

Goat and sheep
adipose fats

 Distribution from C44 (trace) to
C54

 P:S ratio in sn-2 is of ≈60:40

R
um

in
an

td
ai
ry

fa
ts

Cow milk

 Large distribution from C40 to
C54

 In all TAGs, C10:0 is present at
lower abundance than in goat
milk  Same fatty acids as for adipose fats of

ruminant animals
 Same ketones as for porcine
adipose fats

 C18:0 depleted in 13C
compared to adipose animal
fats
 Δ13C < -3.3‰

Goat milk  Large distribution from C40 to
C54

Sheep milk
 Large distribution from C40 to
C54

Table 6.3: Molecular and isotopic criteria that can be used to distinguish between different types of fats extracted from
archaeological ceramics. This data was established by HT-GC–MS, nano-ESI-MS/MS, HPLC–APCI-MS, and GC–C-IRMS
(Table adapted from Regert, 2011, Debono Spiteri, 2012).
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Problems faced with this approach are degradation of fats and oils during use,

burial and storage of the vessel. Experiments focussing on lipid degradation and

alteration during vessel use (e.g. cooking) have been undertaken in order to better

identify residues from ceramic vessels (e.g. Raven et al., 1997, Dudd et al., 1998,

Malainey et al., 1999a, Malainey et al., 1999b, Evershed, 2008a, Evershed et al.,

2008). However, fats and oils from the same source can also vary depending on

diet, environment, soils, temperature and species, for example, residues from two

sheep of the same species but reared in different locations. It is therefore difficult

to identify and differentiate between fats or oils on the basis of fatty acid

composition alone (see section 3.6).

Lipid ratios have also been used in some studies, focusing on the major fatty acids

that survive in the archaeological record (e.g. C16:0 to C18:0) (e.g. Skibo, 1992,

Eerkens, 2005, Malainey, 2007). Identification based on lipid ratios follows the

same principle that different animals and plants have different lipid composition

and that these can be identified by comparison with known modern samples.

However, lipid ratios involve the same problems regarding degradation and

variability as the general composition of fats and oils. For example, C16:0 is

relatively more soluble than C18:0 fatty acid, meaning that the C18:0/C16:0 ratio of the

degraded archaeological residue may not be equal to the original fat/oil (Pollard et

al., 2007).

The likelihood that the residues present in vessels are mixed fats and/or oils from

various sources also compromises the identification of the residue. Research has

been conducted regarding mixed residues, by heating different fats and oils in

ceramic vessels and then extracting the absorbed lipids (e.g. Malainey, 2007,
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Malainey et al., 1999a). Nevertheless, these researchers found that the

identification of a residue by lipid biomarkers, isotopic and fatty acid composition

combined is a more accurate approach to identifying the residue (though not

infallible).

In this study, 377 potsherds analysed, 335 contained residues corresponding to

fats, oils or a mixture of the two. Palmitic and stearic fatty acids (C16:0 and C18:0)

were present in all samples and were also the most abundant. Unsaturated fatty

acids, mainly C18:1, were also present in the majority of samples. No

triacylglycerols, di- and monoacylglycerols were recovered; this could be due to

natural degradation and by the method of extraction used, which can hydrolyse

them into their component fatty acids (Pollard et al., 2007, Correa-Ascencio and

Evershed, 2014).

Short-chain fatty acids, mainly C12:0 and C14:0, and branched fatty acids, like C15:0

and C17:0, were identified in 84% of the samples. Long-chain fatty acids with more

than 18 carbon atoms were also identified; however, they were less represented

within the assemblages (Figure 6.2).

Oxidation and polymerisation products from unsaturated fatty acids like

dicarboxylic acids fatty acids (diacids) were identified in 105 potsherds, ranging

from C9 to C20, however short-chain diacids (C8 to C14) were more common (Figure

6.3). Only traces of hydroxy fatty acids were identified in some samples, together

with dicarboxylic acids. Another oxidation product, 10-oxo-octadecanoic acid, was

detected in 39 samples, which is an oxidation product of C18:1 (Figure 6.4)

(Colonese et al., 2017).
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Overall, 98% of the potsherds yielded at least traces of fat or oil or another organic

residue. The level of degradation of the residues however prevented further

identification of the residue by lipid composition alone when distinctive biomarkers

were not present.

Figure 6.2: Fatty acids identified across the pottery assemblage (377 potsherds in
total). Branched = branched fatty acids C15:0 and C17:0; 10-oxo = 10-oxo-
octadecanoic acid; Diacids = dicarboxylic acids fatty acids

Figure 6.3: EI+ (electronic ionization) mass spectra and chemical structure of

azeleic acid (C9:0 dicarboxylic fatty acid).
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6.3.2 Beeswax and honey

Beeswax and honey are insect products can be very pliable and have documented

healing properties (Regert et al., 2001, Regert, 2004, Gilje, 2015). Due to these

characteristics, bee products have been used by humans since prehistory, of

which the earliest evidence of exploration dates to the Neolithic period: in the form

of rock paintings depicting an individual carrying a container and dipping a hand

into the beehive (Cuevas de la Araña/Spider Caves, Bicorp in Valencia) (Dams,

1978, Crane, 1983, Gilje, 2015).

The applications of beeswax include adhesives, sealants, illumination, casting (e.g.

lost wax metal casting), cosmetic, medicine, embalming (e.g. mummification),

Figure 6.4: EI+ (electronic ionization) mass spectra and chemical structure of

10-oxo-octadecanoic acid.
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painting and sculptures. Honey has been exploited as a food product due to its

sweet taste and the fact that is high in calories (64 calories per tablespoon), and is

thus a nourishing and sustaining food source (Khan et al., 2007, Gilje, 2015).

Honey main compounds are sugars, which unfortunately are undetectable by GC-

MS. Beeswax, on the other hand, is mainly composed wax esters (c. 70%) such

as long-chain palmitate esters (monoesters ranging from C40 to C52) and hydroxy

monoesters. Other characteristic components are odd-numbered n-alkanes (C21 to

C33), of which heptacosane (C27) is the most abundant; even-numbered free fatty

acids (C22-C30), predominantly lignoceric acid (C24); long-chain alcohols; and

hydroxyl esters (Heron et al., 1994, Regert et al., 2001). Archaeological beeswax

has a different composition to fresh beeswax, due to the degradation of its

components through time. These differences occur due to the hydrolysis of wax

esters resulting in palmitic acid and long-chain alcohols (mainly even-numbered).

Sublimation of n-alkanes also occurs, and has been associated with the process of

heating beeswax (e.g. in a cooking vessel) and/or by preservation in a warm/dry

context (Regert et al. 2001) (Figure 6.5).

The earliest molecular evidence of beeswax in ceramic vessels also dates to the

Neolithic, where it has been identified as illumination fuel for lamps (Evershed et

al., 1997b, Heron et al., 1994, Regert et al., 2001, Copley et al., 2005c). Besides

fuel, it has been argued that another use of beeswax in ceramic containers is to

seal the ceramic wall in order to reduce permeability, and reduce the loss of

products (e.g. during cooking or storage). However, we cannot exclude the

possibility that vessels were being used to process/store beeswax, honey or other

bee products, such as cosmetics, medicine and paints, etc. Thus, the type and
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context of the vessels need to be considered when interpreting the use of

beeswax in antiquity (e.g. as mentioned above, if found in lamps it might be

assumed that it was used as fuel).

The method used to extract the residue within the potsherd also affects the

composition of the residue. The acid extraction method can significantly alter lipids

commonly found in archaeological samples. Acylglycerols and wax esters are

hydrolysed to methyl esters and alcohols (e.g. fatty acids) (Figure 6.6), while fatty

acids are esterified to fatty acid methyl esters (FAMEs) (Correa-Ascencio and

Figure 6.5 Degradation pathways and products of beeswax: a) degradation starts
from the moment of use/process of the beeswax and can be accelerated by heat
(e.g. cooking) and from mixing with other products; b) environmental conditions and
microbiological activity (e.g. heat, rain, etc.) are the main factors in the degradation
of lipids; further degradation can occur during the process of extraction for analysis
of the residue (adapted from Regert et al., 2001).
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Evershed, 2014). Therefore, beeswax residues were recognised by identifying the

presence of the hydrolysed and sublimated products expected from natural decay

of their compounds and the effects of the method of extraction used: that is, odd-

numbered n-alkanes C23 to C31; even-numbered alcohols C24 to C32; and long-

chain fatty acids C20:0 to C32:0 (Correa-Ascencio and Evershed, 2014).

Following these criteria, beeswax was identified in sample BB68A, a wall potsherd

fragment from a burnished large vessel found in Kaptol Gradci, tumulus 10. Five

other samples (BB8A, BB46A, BB57A, BB59A and BB167A) presented some

biomarkers for beeswax; however, the residue was not as well preserved as in

sample BB68A (Figure 6.7). Sample BB68A has the best preservation of beeswax

residue; however similar patterns are visible in other samples (high abundance of

C24OH and C24:0 fatty acid). The main exceptions are sample BB8A and BB57A, for

which the n-alkane and alcohol distributions seem to differ from the other samples.

Figure 6.6 The hydrolysis of wax esters results in fatty acids and long-chain
alcohols. The main hydrolysis products from beeswax esters are even-
numbered fatty acids (e.g. C24:0) and even-numbered alcohols (e.g. C24OH).
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All potsherds with evidence of beeswax except BB46A and BB59A are from large

vessels. Potsherd BB46A is a base from a bowl type 1 with heat marks and visible

charcoal residue on the outer wall (e.g. resulting from the cooking process) (Figure

6.8), while potsherd BB59A is a rim fragment from a bowl type 1 with no other

noticeable marks or visible residues. Of these potsherds, only three (BB167A,

BB57A and BB59A) did not have both their internal and external walls burnished.

BB57A was only burnished on the inside and on the rim section of the outer wall,

and BB59A was only burnished on the exterior wall. The large vessel from which

sample BB8A was collected was the only vessel with impressions (dots and lines)

(Figure 6.9), which is a common decoration on Iron Age funerary urns from Kaptol

(Balen-Letunić et al., 2004).
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Beeswax could have been applied to the wall surfaces of these vessels in order to

reduce the porosity of the ceramic, making the vessel more watertight. It is also

possible that beeswax was a component that could have been relevant during

Figure 6.8: Base fragment of bowl type 1 or 2 number BB46A from Kaptol
Gradci tumulus 13.

Figure 6.9 Relative abundance of n-alkanes, alcohols and FAMEs in five

potsherds from Kaptol. The distribution of these lipid profiles can be used to

identify beeswax residue from archaeological samples. C16FAME is not

displayed, however it was the most abundance FAME is all these samples.

Rel
ativ
e
ab
un
da
ncy
%



117

funerary rituals. Another hypothesis is the presence of honey or honey-based

products as a foodstuff or beverage (e.g. mead or similar fermented beverages)

(Colombini et al., 2000, Regert et al., 2001, Stika, 2011, Moe and Oeggl, 2014).

Other biomarkers were found in these samples such as ricinoleic acid and millet

but in much smaller quantities (this will be further discussed below).

6.3.3 Ricinoleic acid: castor oil or ergot?

Castor oil derives from the plant Ricinus communis, also known as castor bean or

castor oil plant (Gunstone, 2004). In previous studies, it was shown that castor oil

could be used for illumination in lamps, while other authors theorised the

application of this oil for body care, as is mentioned by the Greek geographer

Strabo in his Geography XVII (chapter 2, section 5) (Hamilton and Falconer, 1892,

Copley et al., 2005c). Castor oil has also been identified in Roman amphorae,

mixed in some cases with other vegetable oils and wine biomarkers and as a

component in embalming materials in Egyptian mummies (Tchapla et al., 2004,

Pecci et al., 2010).

The most abundant acid in castor oil is ricinoleic acid (12-hydroxyoleic acid), thus

an adequate biomarker for this product (Figure 6.10). Ricinoleic acid can, due to

degradation, go through acid catalysed hydration and create 9,12-

dihydroxyoctadecanoic acid, which can also be used as a biomarker for ricinoleic

acid (since it is a direct degradation product from this acid) and, therefore, as

another biomarker for castor oil.
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Another possible source for ricinoleic acid is ergot. Ergot is a fungus of the genus

Claviceps that grows in cereals, such as rye, millet, wheat and barley

(Meesapyodsuk and Qiu, 2008, Franzmann et al., 2010, Franzmann et al., 2011).

Previous studies have identified ricinoleic acid as the characteristic fatty acid in

ergot sclerotia (a compact mass of the fungus that can stay dormant and survive

environmental conditions) (Meesapyodsuk and Qiu, 2008, Franzmann et al., 2010,

Franzmann et al., 2011). Ergot sclerotia are composed of alkaloids (70%) and fatty

acids (30%) of which ricinoleic acid is the most abundant (30%). In comparison,

ricinoleic acid corresponds 80-95% of the lipids in castor oil and only 9% of ergot

(Franzmann et al., 2010).

Ricinoleic acid was identified in 39 samples, all funerary potsherds from Kaptol

Gradci and Čemernica tumuli (Table 6.4). Within these samples and four others

(one from Poštela, one from Novine and two from Obrejže) another oil biomarker

was identified: 9,10-dihydroxyoctadecanoic acid (Figure 6.11). This acid is a

degradation product from oleic acid (C18:1Δ9) which is present in several oils
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including castor oil: oleic acid is found as 60-80% olive oil, 60-70% almond oil,

62% in rapeseed oil and only 5-10% in castor oil (Gunstone, 2004). Due to the fact

that oleic acid and its degradation products (e.g. 9,10-dihydroxyoctadecanoic acid)

are common in so many different types of oils, it cannot be used to narrow the

identification of the residue beyond ‘oil’ (Gunstone, 2004, Copley et al., 2005c).

Four of these potsherds, BB8, 9, 45 and 46 A, also yielded millet (see section

6.2.4), which is a cereal that could be affected by ergot. In this case, ricinoleic acid

could be a biomarker for the ergot fungus, thus indicating the presence of cereals

or cereal-based fermented liquids in the ceramic vessels (possibly millet).

Site Lab code Tumulus
Ricinoleic acid

(μg) Type of vessel
Kaptol Čemernica BB2 A tumulus V <0.05μg Bowl type 1
Kaptol Čemernica BB5 A tumulus VI 0.600μg Bowl type 1
Kaptol Čemernica BB6 A tumulus VI <0.05μg Unknown
Kaptol Čemernica BB8 A* tumulus X 0.990μg Large vessel
Kaptol Čemernica BB9 A* tumulus VIII 0.153μg Large vessel
Kaptol Čemernica BB10 A tumulus VIII <0.05μg Bowl type 1
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Kaptol Čemernica BB11 A tumulus XII 0.853μg Unknown
Kaptol Čemernica BB13 A tumulus II 1.739μg Large vessel
Kaptol Čemernica BB15 A tumulus VII 0.326μg Bowl type 1
Kaptol Čemernica BB16 A tumulus VII 0.289μg Bowl type 1
Kaptol Čemernica BB17 A tumulus VII 0.593μg Unknown
Kaptol Gradci BB18 A tumulus 2 2.644μg Large vessel
Kaptol Čemernica BB21 A tumulus XI 0.314μg Large vessel
Kaptol Gradci BB24 A tumulus 14 0.215μg Unknown
Kaptol Gradci BB27 A tumulus 12 0.05μg Unknown
Kaptol Čemernica BB33 A tumulus IV <0.05μg Bowl type 2
Kaptol Čemernica BB34 A tumulus XII <0.05μg Bowl type 2
Kaptol Gradci BB37 A tumulus 16 0.724μg Unknown
Kaptol Gradci BB38 A tumulus 13 0.573μg Bowl type 2
Kaptol Gradci BB39 A tumulus 14 <0.05μg Unknown
Kaptol Gradci BB40 A tumulus 16 0.142μg Unknown
Kaptol Gradci BB41 A tumulus 6 0.600μg Bowl type 1
Kaptol Gradci BB43 A tumulus 14 1.549μg Bowl w/handle
Kaptol Gradci BB44 A tumulus 14 0.440μg Bowl type 1
Kaptol Gradci BB45 A* tumulus 16 <0.05μg Unknown
Kaptol Gradci BB46 A* tumulus 13 <0.05μg Bowl type 1
Kaptol Gradci BB48 A tumulus 16 0.389μg Bowl type 1
Kaptol Gradci BB50 A tumulus 12 0.268μg Unknown
Kaptol Gradci BB51 A tumulus 12 0.790μg Unknown
Kaptol Gradci BB53 A tumulus 16 0.392μg Unknown
Kaptol Gradci BB54 A tumulus 7 <0.05μg Large vessel
Kaptol Gradci BB55 A tumulus 17 1.111μg Unknown
Kaptol Gradci BB56 A tumulus 14 0.151μg Bowl type 1
Kaptol Gradci BB61 B tumulus 16 0.871μg Unknown
Kaptol Gradci BB62 A tumulus 16 0.295μg Unknown
Kaptol Gradci BB169 A tumulus 4 0.558μg Large vessel
Kaptol Gradci BB172 A tumulus 4 0.672μg Large vessel
Kaptol Gradci BB173 A tumulus 4 <0.05μg Large vessel
Kaptol Gradci BB174 A tumulus 4 0.888μg Large vessel

Table 6.4: Samples with ricinoleic acid. Sample numbers with (*) yielded millet
biomarkers (see section 6.2.4) (Appendix A).

At this stage, it is not possible to distinguish between the origin of ricinoleic acid as

either castor oil or ergot. The other lipids identified in the same samples with

ricinoleic acid cannot be used to exclude or confirm the origin of this acid since

they can originate from other sources: fats/oils mixed together with castor oil
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and/or cereals (e.g. millet) infected by ergot; or fats/oils added to a fermented

beverage made with millet or other cereal.

Regarding the 39 samples from Kaptol, even though they were all collected from

grave contexts, there is no correlation between the presence of ricinoleic acid and

vessel type (Figure 6.12, 6.13 and 6.14). A Kruskal-Wallis test confirmed that on

average there is no significant difference between the type of vessel and the

abundance of ricinoleic acid (p=0.076).

R
icinoleic

acid
yield

(μg
g

-1)

Figure 6.12: Distribution of ricinoleic acid yield per ‘potsherd category’. No
correlation between amount of ricinoleic acid and type of vessel was identified.
One outlier samples (BB18A) is the only exceptions.
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Figure 6.13: Partial gas chromatogram of the methylated lipids from one of the 39
samples with castor oil biomarkers: sample BB18A, ‘urn’ from Kaptol Gradci tumulus II.
 = n-alkanes;  = fatty acids; = ricinoleic acid; ▼= 9,10-dihydroxyoctadecanoic

* = diacids; IS = internal standard; P = plasticizers (modern contamination)

Figure 6.14: Sample BB18A, complete vessel found in Kaptol Gradci tumulus 2.
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6.3.4 Millet

The rise of millet as an important crop began in Eurasia and by 6000 BC it was

commonly cultivated across northern China. The species of millet cultivated in this

region were common or broomcorn millet (Panicum miliaceum) and foxtail millet

(Setaria italica). It is believed that has this cereal became more popular its

cultivation expanded from Eurasia across Europe (Valamoti, 2013, Motuzaite-

Matuzeviciute et al., 2013).

The earliest evidence of millet (C4 plant) in Europe dates to the second millennium

BC (direct 14C dating of millet grains), and, based on stable isotope analysis of

human remains that showed a rich diet in C4 plants, it appears to have become an

important crop in eastern and central Europe around 1500 cal BC and in northern

central Europe around 1200 cal BC (Valamoti, 2013, Motuzaite-Matuzeviciute et

al., 2013, Heron et al., 2016).

The presence of millet in archaeological pottery can be identified by the presence

of its biomarker miliacin (Figure 6.15 and 6.18). Miliacin is a pentacyclic triperne

methyl ether (PTME), abundant in broomcorn millet (Bossard et al., 2013, Heron et

al., 2016). It is absent in other species of millet (foxtail millet (Setaria italica), finger

millet (Eleusine coracana) and barnyard millet (Echinochloa esculenta)), and it

occurs in combination with an abundance of other methyl ethers in other Panicum

species (ibid). Previous studies have shown that this biomarker can be used to

confidently identify the presence of millet when found in high abundances and as

the main or only PTMEs present within a sample (Bossard et al., 2013).
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Miliacin was identified in 22 samples from Kaptol, Poštela, Novine, Obrejže and

Dolge njive, across settlement, ritual and funerary contexts (Table 6.5). The fact

that millet was identified in five of the sites studied demonstrates the importance of

this cereal and its proliferation during the Late Bronze/Early Iron Age in the south-

east Alpine region (Figure 6.16 and 6.17).

Millet could have been consumed as gruel or ground into flour to make porridge-

like foods or bread (Valamoti, 2013). Alternatively, this cereal could have been

used in the production of fermented beverages. Millet was used to brew a type of

fermented drink, called boza, across Hungary, Bulgaria and other eastern

European countries from the 16th century onwards (Soukand et al., 2015). This

drink is sour with low alcohol percentage (c.1.5%) and is made without additional

malt (ibid). Currently, other cereals like wheat and maize are used instead of millet

for the confection of this drink (ibid). The origin of this traditional drink is not clear;

Figure 6.15: EI (electronic ionization) mass spectra and chemical structure of
miliacin, broomcorn millet biomarker.
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however, it is plausible that millet was used to make fermented beverages like

boza as early as the Late Bronze Age. Thus, the presence of millet in these

potsherds can also be from fermented beverages.

Site Lab code Context Tumulus/
grave

Miliacin
(μg)

Type of
vessel

Kaptol Čemernica BB8 A Funerary tumulus X 0.12 Large vessel
Kaptol Čemernica BB9 A Funerary tumulus VIII <0.05 Large vessel
Kaptol Čemernica BB21 A Funerary tumulus XI 0.10 Large vessel
Kaptol Gradci BB45 A Funerary tumulus 16 <0.05 Unknown
Kaptol Gradci BB46 A Funerary tumulus 13 0.18 Bowl type 1
Kaptol Gradci Funerary tumulus 13 <0.05 Bowl type 1
Kaptol Gradci BB170A Funerary tumulus 4 0.08 Large vessel
Kaptol BB35 B Settlement - <0.05 Large vessel
Poštela BB 15 Ritual - <0.05 Plate
Poštela BB 30 Funerary grave 19 <0.05 Plate
Poštela BB 32(base) Funerary grave 16 0.08 Large vessel
Poštela BB 53 Settlement - <0.05 Bowl type 1
Poštela BB 60 Settlement - 2.27 Unknown
Poštela BB 87 Ritual - <0.05 Bowl type 1
Poštela BB 95 Funerary - <0.05 Unknown
Novine BB 110 Settlement - <0.05 Bowl type 1
Novine BB 112 Settlement - <0.05 Bowl type 1
Novine BB 126 Settlement - 5.22 Bowl type 1
Novine BB 130 Settlement - <0.05 Bowl type 1
Novine BB 132 Settlement - <0.05 Bowl type 1
Obrejže BB 133 Funerary - <0.05 Bowl type 2
Dolge njive BB 159 Funerary - <0.05 Bowl type 1

Table 6.5: Samples with broomcorn millet biomarker (miliacin).

Figure 6.16: Sample BB53: burnished pottery fragment with impression
decoratio (Poštela settlement context).
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Figure 6.17: Sample BB133: bowl type 2 with two hob handles from Obrejže
funerary context.
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Figure 6.18: Partial gas chromatogram of the methylated lipids from one of the 22 samples
with millet biomarker, miliacin: sample BB46A, bowl type 1 from Kaptol Gradci tumulus 13.
 = fatty acids; = ricinoleic acid; ▼= long-chain alcohols; IS = internal standard;
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6.3.5 Marine and freshwater biomarkers

Animals and plants from both fresh and marine environments have high

abundances of long-chain polyunsaturated fatty acids and isoprenoid fatty acids.

Polyunsaturated fatty acids are highly susceptible to degradation and are thus

rarely recovered in archaeological samples, whilst some isoprenoid fatty acids can

also occur in terrestrial organisms but in a much lower concentration.

When polyunsaturated fatty acids are heated (at a minimum of 270°C) ω-(ο-

alkylphenyl) alkanoic acids (APAAs) are formed that, unlike polyunsaturated fatty

acids, can survive through time in ceramic vessels (Figure 6.19). The formation of

ω-(ο-alkylphenyl) alkanoic acids can occur during cooking and can also be

promoted by the steric effect (nonbonding) of the clay matrix of the ceramic vessel.

Steric

Polyunsaturated fatty acids of C18, C20 and C22 are common in aquatic organisms,

where C18:1 is the most predominant. Therefore ω-(ο-alkylphenyl) alkanoic acids of

those fatty acids can be used in the identification of aquatic resources, however

C18 ω-(ο-alkylphenyl) alkanoic acid are also indicators for heated plant residues.

Isoprenoid fatty acids, such as phytanic acid (3,7,11,15-tetramethylhexadecanoic

acid) pristanic acid (2,6,10,14-tetramethylpentadecanoic acid), and 4,8,12-TMTD

(4,8,12- trimethyltridecanoic acid), are used as lipid biomarkers for aquatic

resources in combination with ω-(ο-alkylphenyl) alkanoic acids.
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Figure 6.19: EI+ (electronic ionization) mass spectra and chemical structure of
three C18 ω-(ο-alkylphenyl) alkanoic acids (n=2, n=3 and n=4 isomers), found
in sample BB130B, Kaptol settlement context.
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Phytanic acid has been identified in low concentration in ruminant fats (e.g.

animal tissue and milk), and is therefore not exclusive to marine organisms,

whereas 4,8,12-TMTD has only been found in aquatic organisms. Consequently,

only when this isoprenoid fatty acid is found with phytanic and/or pristanic acids

the fat/oil can confidently be identified as aquatic (Ackman and Hooper, 1970,

Heron et al., 2015).

Aquatic lipid biomarkers have mainly been used for the identification of marine

residues, while little has been researched regarding specific lipid biomarkers for

freshwater fish (Heron et al., 2015, Heron and Craig, 2015). Studies focusing on

the lipid composition of both marine and freshwater fish have shown differences

between them; such as freshwater fish are richer in C16, with lower abundances

of C20 and C22 fatty acids, and they are also enriched in linoleic and linolenic

fatty acids (C18:2ω6 and C18:3ω3). The differences between freshwater and marine

organisms also vary depending on the temperature of the water, species and

general diet. These differences, however, are not always detectable in

archaeological degraded residues, thus making it very difficult to identify the

origin of the residue beyond aquatic.

Previous research has successfully used compound-specific carbon isotopic

composition (GC-C-IRMS) of the lipid biomarkers and, in some cases, bulk

isotope analyses (carbon and nitrogen), in order to differentiate between marine

and freshwater fish (e.g. Craig et al., 2007, Craig et al., 2011, Craig et al., 2013,

Hart et al., 2013). The δ13C value of C18:0 and C16:0 fatty acids have been used to

differentiate between the two since freshwater fish have lower δ13C values in

comparison with marine fish. Marine organisms are higher in δ13C due to the
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photosynthesis process in the ocean, which begins with dissolved bicarbonates

(which are enriched in 13C) rather than atmospheric CO2 (Brown and Brown,

2011).

For this study, in order to differentiate between marine and freshwater

ecosystems, reference data (both isotopic and lipid composition) from both

marine and freshwater fish from south-east Europe would be required (faunal

archaeological remains or modern specimens). The existing isotopic and lipid

data for these animals is based on specimens from other geographical areas

(mainly northern Europe and the British Isles) and chronological periods, which

will have different δ13C values.

Yet, this identification process also has its downfalls, specifically regarding the

variation in carbon isotope values in different aquatic environments, which in

some cases can overlap with one another and some aquatic specimens move

between different aquatic ecosystems, thus affecting the isotopic composition of

their tissues (Heron and Craig, 2015).

Aquatic lipid biomarkers were identified in seven potsherds in the present study:

four from Kaptol, two from Poštela and one from Novine (summarised in Table

6.6). All these potsherds are from settlement contexts; no aquatic biomarkers

were identified in vessels from graves/tumuli. Potsherd number BB103B, a bowl

type 2 with knob handle from Kaptol, had all four biomarkers for aquatic

products, whilst BB127B, another bowl type 2 with knob handle from Kaptol,

had three out of four. The other five potsherds had only two aquatic biomarkers.
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Site Lab
code

Ph
yt
an
ic

AP
A
A
s

4,8,12-
TMTD

Pr
is
ta
ni
c Total Context Type of

vessel

Kaptol BB73B x x 2 Settlement Bowl type 1
Kaptol BB103B x x x x 4 Settlement Bowl type 2
Kaptol BB127B x x x 3 Settlement Bowl type 2
Kaptol BB157B x x 2 Settlement Bowl type 1
Poštela BB 18 x x 2 Settlement Bowl type1/2
Poštela BB 91 x x 2 Settlement Unknown
Novine BB 114 x x 2 Settlement Bowl type1/2

Table 6.6: Samples with aquatic biomarkers: each sample had at least two

aquatic biomarkers. The Total column shows the number of biomarkers that

each sample presented overall. X=present

Considering lipid degradation and the possibility of mixed fats and oils

(terrestrial and/or aquatic) in these potsherds, it is clear that lipid composition is

not enough to distinguish between freshwater and marine residues. Therefore, it

is not clear at this stage if the aquatic biomarkers found in these seven

potsherds are indeed from marine products or freshwater fish. However,

knowing that all these sites are inland, it can be assumed that these fats and

oils are more likely to be from freshwater organisms than marine. Another

important aspect is the fact that all of these potsherds where found in settlement

areas, which might indicate that aquatic products were not important/relevant

and/or used in funerary practices (Figure 6.20 and 6.21). Though probably used

as a source of food, aquatic products are clearly less well represented than

terrestrial plants and animals. Another important fact is that the most common

ω-(ο-alkylphenyl) alkanoic acids identified across these samples was C18 (which,

as mentioned above, can be a product for heated plant oils) an only small

traces of C20 ω-(ο-alkylphenyl) alkanoic acid was present in said samples.
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Figure 6.21: Sample BB103B: rim fragment with hob handle (from Kaptol
settlement).

Figure 6.20: Sample BB73B: rim fragment with hob handle (from Kaptol
settlement).
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6.4 Solvent vs. extraction

As mentioned in section 6.2, nine vessels were analysed using both methods of

extraction for further assessment due to the results obtained from the pilot study

(chapter 4.3). The following section discusses the results obtained from solvent

extraction and compares them with the results from the acid extraction. Similar

results were obtained from both the pilot study and the extra nine samples

analysed: in six samples higher lipid yields were obtained by the acid method of

extraction; solvent extraction was able to extract more lipids from only three

samples (BB46 A, BB59A, and BB68A) (Table 6.7).

Samples Site Context
Lipid yield (μg) per
method of extraction

Acid Solvent
BB18P Poštela Settlement 18922 2706
BB78 P Poštela Settlement 17701 2717
BB46 A Kaptol Funerary 182 1197
BB59 A Kaptol Funerary 145 280
BB68 A Kaptol Funerary 186 1169
BB105B Kaptol Settlement 194 0.05
BB75B Kaptol Settlement 203 7
BB93B Kaptol Settlement 598 0.05
BB84B Kaptol Settlement 937 6
BBPKC2 Kaptol Funerary 11 4
BBPKG6 Kaptol Settlement 1136 50
BBPKG9 Kaptol Settlement 674 586
BBPKG13 Kaptol Settlement 125 22
BBPKG14 Kaptol Settlement 83 2

Table 6.7: Lipid yield (μg) from each of the nine samples (BB) and the pilot
study samples (BBP) by each method of extraction.
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A non-parametric two-related-sample (Wilcoxon test) test was undertaken in

order to observe if the total lipid yield extracted varied significantly between

methods of extraction. The result obtained showed no statically significant

difference between the methods and lipid yield: p=0.096 > 0.05 (significance

level).

The method of extraction seemed to affect the C18:0/C16:0 lipid ratio of each

sample, which highlights the issues of residue identification, based only lipid

ratios. Another Wilcoxon test was undertaken in order to observe if the lipid

ratios varied significantly between methods. The test produced a p value of

0.005, which is smaller than the significant value 0.05. This means that the lipid

ratio difference is statistically significant (Figure 6.22).

BP KC2BP KG6BP KG9BP KG13BP KG14BB18PBB78 PBB46 ABB59 ABB68 A

Figure 6.22: Lipid ratios C18:0/C16:0 of pilot and extra nine samples extracted
by both acid and solvent methods.
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The results obtained highlighted the issues related to lipid extraction and

residue identification, since the method of extraction can drastically alter the

interpretation of a sample result. Although total lipid yield seems to not

statistically differ from method of extraction, further comparison should be

undertaken when possible to better understand which method of extraction

should be applied or used depending on the preservation/degradation of an

organic residue.
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Chapter 7. Discussion of results

As described in chapter 6.2.1, researchers identify archaeological organic

residues based on thier lipid composition and lipid biomarkers. The majority of

the studies referenced and used for comparison go beyond differentiating

between animal or plant origin, going as far as to identify the species and/or

animal/plant type. They achieved this by comparing fresh fats and oils of local

fauna and flora, expected to have been present during the chronological period

of occupation of the site studied, with the results obtained from the

archaeological samples. In this research a similar approach has been used,

taking into account the different degradation factors discussed in section 6.2.1.

The lipid composition of the samples extracted were analysed and compared

with existing published methods, in an attempt to differentiate between animal,

plant or a mixture. Species identification was only attempted when lipid

biomarkers and/or strong correlation in lipid composition were identified in the

samples. The following chapter discusses these observations, including the

lipid biomarkers.
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7.1 Criteria for residue identification

Table 7.1 shows the lipids used for the identification of the residues. The two

main categories, animal and plant, were expanded to include ruminant, non-

ruminant and dairy under animal, then aquatic, plant and waxes to give seven

categories in total. Some of these categories include the lipid biomarkers

discussed in chapter 6, such as for aquatic and beeswax residues. The

combination of the different lipids and their relative abundance are the main

criteria used for the differentiation of each residue. As mentioned before, some

of the residues may have more than one type of fat or oil, which will affect lipid

abundances (hence lipid proportion) and even lipid composition: e.g. lipid

biomarkers from different sources may be present in the same sample due to

the mixture of the two. Previous research has been conducted regarding lipid

composition of a mixture of different fats and oils, mainly focussing on the

combination of animal and plant products since it is assumed that vessels would

have been used to process both (separately or combined) leaving traces of both

residues in the ceramic walls (e.g.Evershed et al., 2002, Eerkens, 2005,

Malainey, 2007, Debono Spiteri et al., 2011, Dudd and Evershed, 1999, Steele

et al., 2010, Craig et al., 2012). Another important aspect is the difference

between fresh and cooked/heated fats and oils.

In an attempt to identify the residues from the vessel assemblage, the

abundance of short-chain fatty acids (C8 to C12), medium-chain fatty acids (C13

to C18) and long-chain fatty acids (>C19) were measured. The lipid ratios

C18:0/C16:0, C18:1/C16:0, C16:0/C18:0, C16:1/C18:1, (C15:0+C17:0)/C18:0 and C12:0/C14:0

were also calculated and compared with the relative abundance (%) of the fatty
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acids mentioned above. The data obtained was also compared with previous

studies that used lipid composition to identify archaeological residues (e.g.

Craig et al., 2007, Cramp and Evershed, 2015, Copley et al., 2005c, Debono

Spiteri et al., 2011, Evershed et al., 2002, Heron and Craig, 2015, Malainey et

al., 1999a, Malainey, 2007, Regert, 2011, Skibo, 1992, Fraser et al., 2012,

Dudd et al., 1999, Robson et al., 2019). The absence of some of the lipids used

by these previous studies (especially the ones based on lipid ratios), limited the

number of samples that could be compared across several criteria. However,

patterns and result groupings were still observed, as for example, between

contexts and sites.

Non-ruminant fats (from monogastric animals) tend to have more C16:0 than C18:0,

with a monounsaturated fatty acid of a single isomer (Z-9-octadecenoic acid)

and no short-chain odd carbon number fatty acids). Contrarily, ruminant fat (e.g.

sheep/goat and cattle) tends to have higher abundances of C18:0 than C16:0, both

C15:0 and C17:0, branched fatty acids (C15:0br, C17:0br) and octadecenoic acid

isomers with double bonds located at 9-, 11-, 13-, 14-, 15- and 16-positions.

This variety of isomers results from the biohydrogenation of unsaturated dietary

fats in the rumen (first stomach of ruminant animals) (Evershed et al., 2002,

Lock and Bauman, 2004). Dairy fat has a similar lipid composition to ruminant,

the main difference being the additional presence of short-chain fatty acids

(including C12 and C14).

TAG’s are present in all animal fats, however, none were observed in this study

due to degradation and the acid method of extraction which hydrolyses them

into free fatty acids. After extraction, the products left from TAG’s, DAG’s and
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MAG’s are long and short-chain fatty acids and an increase of free fatty acid

abundance (mainly C16) (Correa-Ascencio and Evershed, 2014). Hence, the

presence of long-chain fatty acids and high abundances of free fatty acids can

assist with the identification of animal residues. Identification of ketones can

indicate the presence of plant residues but long-chain ketones can indicate

animal residue: pyrolysis of free fatty acids and TAG’s from long heat exposure

can also generate long-chain ketones. Since most of the funerary pottery

selected for this research was from cremation graves, the presence of long-

chain ketones was expected. Their absence could have result, similarly to

TAG’s, from degradation and or the method of extraction (acidified methanol).
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Fat/oil type Fatty acids with carbon number and degree of saturation

Al
co

ho
ls

D
ia
ci
ds

B
ra
nc

he
d

Ph
yt
an

ic

AP
A
A
s

4,8,12
-

TMTD

Pr
is
ta
ni
c

C
ho

le
st
er
ol

Si
to
st
er
ol

C8-C12 C14 C15 C16 C17 C18 C18:1 C18:2 >C19

An
im

al

Non-ruminant • • 30-40% • 20-30% C18:1ω9  •

Ruminant •  20-30%  30-40%

C18:1ω9

C18:1ω11

C18:1ω13

C18:1ω14

C18:1ω15

C18:1ω16

• • C15:0br

C17:0br
• •

Dairy    20-30%  30-40%

C18:1ω9

C18:1ω11

C18:1ω13

C18:1ω14

C18:1ω15

C18:1ω16

• •
C15:0br

C17:0br
• •

Aquatic •  • 
C18:1ω9

C18:1ω11
      •

Plant • • >30% • <30%  • • • •  •

Beeswax • •  •  • •  

Castor oil • •  •  C18:1∆9 • • •

Table 7.1: Criteria used for the identification of the residues. = lipid needs to be present for positive identification; • = this component can
be present but it is not essential for identification of the residue. *Alkanes and wax esters are also essential compounds for the identification
of beeswax (Craig et al., 2007, Malainey, 2007, Debono Spiteri et al., 2011) (Appendix B).
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One difference between animal and plant residues is the relative abundances of

the C16:0, C18:0 and unsaturated fatty acids. Plant oils are normally more

abundant in C16:0, and with more C18:1 than C18:0. Dicarboxylic and dihydroxy

acids are also common in plant oils (since they are degradation products from

unsaturated fatty acids) and can be used combined with other lipids, to aid in

the identification of a residue as plant oil.

The plant category can be divided into several subcategories, since a wide

variety of natural resources are technically “plants”: seeds, berries, nuts,

vegetables, cereals, etc. Several studies have tried to differentiate between

these (e.g. Skibo, 1992, Malainey et al., 1999b, Evershed et al., 2002), however,

without specific lipid biomarkers, it can be difficult to achieve an accurate

identification. This occurs due to the fact that the criteria used to differentiate

between animal and plant residues focus on unsaturated fatty acids, which are

more susceptible to degradation. Consequently, in this study, plant oils were

only further distinguished if specific lipid biomarkers were present (e.g. ricinoleic

acid).

Some studies have established that fresh fat from mammals is rich in C18:1

(c.40%), and tend to have lower abundances of C16:0 (c.30%) and C18:0 (c.10%)

(Skibo, 1992). When compared with degraded animal residues however, these

results were not confirmed, proving that degradation can drastically affect lipid

ratios. Plant oils are also rich in unsaturated fatty acids, which makes it harder

to differentiate between degraded animal/mammal and plant residues. In this

case, branched, short-chain and long-chain fatty acids need to be present in a

residue in order to identify it as possible animal/mammal origin. The contextual

information of each site, from geographical location and resources available,
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(faunal and flora) can further assist in the identification of the residues by

excluding species of animal/plant that were not available for exploitation.

Aquatic resources also have substantial levels of unsaturated fatty acids,

however, they can be distinguished from other residues by the identification of

specific aquatic lipid biomarkers (namely phytanic acid, APAAs e.g. C20 and C22,

4,8,12-TMTD and pristanic acid) and unsaturated long-chain fatty acids.

Therefore, aquatic residues were only positively identified if these lipid

biomarkers were identified (section 6.2.5).

The complexity of archaeological residues is further aggravated when

considering the mixture of different types of fats and oils. Previous studies have

demonstrated, through experimental archaeology, that the absorbed residues in

a ceramic vessel are not replaced after each use but instead accumulated

(Charters et al., 1993b). Degradation also occurs between each use, from

oxidation and exposure to heat (mainly in “cooking” and illumination vessels

such as lamps), which means that degradation products from different products

and times of use can all be present in the final extracted lipid profile. If both

animal and plant biomarkers are identified in a residue it does not necessarily

mean that both animal and plant products were cooked/stored in a vessel at the

same time; it might only mean that at some point during the use of the vessel

these products were processed in this vessel, either mixed or at separate times.

The majority of samples showed small abundances of C18:1 and high

abundances of C18:0 and C16:0. This can be explained by the preferential

degradation of polyunsaturated and monounsaturated fatty acids, which is

reflected by the lower abundance of C18:1 and much higher abundance of
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saturated fatty acids (Malainey, 2007). This is one of the reasons why the lipid

ratios C18:0/C16:0 and C18:1/C16:0 should not be used to identify archaeological

residues alone, without looking at other factors (such as degradation of

unsaturated fatty acids) and other lipids present within a sample.

It is known that temperature, exposure to water and oxygen are important

factors that can affect the degradation of a residue. Experimental research has

been conducted in order to better understand these effects in archaeological

residues (Dudd et al., 1998, Malainey et al., 1999a). However, it is difficult (if not

impossible) to estimate the pattern of degradation of the original residue due to

the number of variables and circumstances that affect lipid preservation:

conditions of the soil and environment (such as the weather and temperature);

how long it was exposed to the element (or not) before burial/deposition; how

the vessel was used (once or several times; under heat or not) amongst others.
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7.2 Croatian sites

Kaptol

Overall, of the 174 potsherds analysed from Kaptol, 107 contained residues

corresponding of a fat or oil, 8 contained traces of millet, 39 contained ricinoleic

acid, 5 degraded beeswaxes, 3 aquatic residues (some of these samples fall in

more than one of the previous categories) and 23 had no quantifiable lipids

(defined as lipid yield less than 0.05μg per 1g of ceramic powder).

7.2.1 Funerary context

From the shape and decoration of the vessels, it was observed that large

vessels with burnished and/or graphite walls were only found in graves. Some

of these vessels were identified as the funerary urns used to contain the

remains of the deceased; however, animal bones were also found mixed with

some of the human remains. This could indicate that during the cremation

process animals were burned with the human remains (maybe even in the

same pyre) and then placed in the urns. The level of oxidation of the animal

bones and the identification of tail bones and teeth suggests that the animals

were fully cremated instead of “cooked” to be consumed during the funeral rites

(Nicholls, 2017). If animals had been burned/cooked for consumption, only

sections of the animals would have been found (such as femurs) and the bones

would most likely have marks associated with dismemberment and excarnation

(butchery marks) (ibid). The animal bones identified in the two Kaptol
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cemeteries included horse, cattle and sheep/goat. Other objects were identified

within the urns, such as grave goods which showed signs of being burned,

mainly pottery fragments and metal objects, possibly personal ornaments of the

deceased or clothes adornments (ibid).

Only one vessel type was not represented within the funerary vessels: the stand;

this vessel type is further discussed in section 7.2.2. Bowl type 1 vessels were

the most common vessel type identified (21 potsherds) followed by large

vessels (including urns) (12 potsherds) (Table 7.2). Due to the size of some of

the fragments, it was not possible to accurately attribute 27 potsherds to one of

the ceramic categories established during this project.

Vessel type Funerary
Gradci Čemernica

Bowl type 1 20
Bowl type 2 5
Bowl with handle 3
Large vessel 12
Plate 5
Stand 0
Lid 1
Unknown 27
Total 73

Table 7.2: Funerary vessel types and the number of identified sherds

Overall the lipid yield of these vessels was much lower than the settlement

potsherds, which suggest: a) these vessels were not previously used; b) they

were not used to cook or process resources under heat (which would release
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more lipids from the resources); or c) the products placed in the vessels were

either dry foodstuff (e.g. cereals) or liquids low in lipids.

Exploring hypothesis

a) If the vessels were not previously used this could mean that a set of

pottery was selected and/or made/purchased to be specifically used in

the funerary rites and/or as grave goods. This would indicate that the

Early Iron Age community of Kaptol used new/unused pottery as part of

their funerary rites.

b) The following hypothesis does not exclude the fact that a specific set of

pottery could have been selected for the grave; however, it suggests that

it might have been used before. Maybe they belonged to the deceased,

were used during the funerary rites or simply not used under heat before

being placed in the grave. This category of vessels could be deemed

tableware vessels, which would include vessels used for serving food

and drinks such as cups, jars, serving plates and bowls.

c) The third hypothesis suggests that the goods placed inside the vessels

were themselves low in lipid yield or dry foodstuff that would not leach

lipids to the vessel walls. It suggests, however, that specific goods were

selected: cereals, fermented beverages or other liquids, salted meats,

uncooked vegetables, etc. This hypothesis does not exclude the

possibility that these were tableware vessels, however, it suggests that

the resources placed in them were themselves low in lipids, excluding

foodstuffs or other resources rich in fats or oils (e.g. cooked

meat/vegetables, plant or animal-based oils, etc.).
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These hypotheses are not necessarily mutually exclusive, yet they can help us

understand the ritual and cultural practices used by the Kaptol population during

the Early Iron Age. It demonstrates that a selection process of the grave goods

(both ceramic and foodstuff) was part of the funerary ritual and that the

deceased was required or merited to have those goods placed with his/her

remains.

Ricinoleic acid

Ricinoleic acid was only detected in funerary contexts which indicates another

difference between settlement and funerary pottery. However, degradation and

pottery use can also explain why this acid was not detected in settlement

samples. As discussed in chapter 6, ricinoleic acid is a biomarker for castor oil,

and potentially for ergot, a fungus that can infect cereals such as millet.

Castor oil could have been used as a wall treatment of the vessels or as part of

the manufacturing process and could have degraded in the vessels that were

used under heat or just by continuous use and ‘scrubbing’ of the vessels

between use. If the settlement vessels had a prolonged used in comparison

with the funerary ones, which is what the data suggests, then castor oil could

have degraded over time and use. Alternatively, castor oil could be part of the

funerary rituals of Kaptol and therefore only present in the grave pottery. It is not

clear why castor oil would have been used; however, it could have been used to

coat the vessels before use or deposition into the grave. It is possible that this

oil had properties that the Kaptol population applied in the funerary practices,

which would explain its absence in settlement samples.
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On the other hand, the presence of ricinoleic acid in funerary potsherds

supports the theory for the relevance of fermented beverages in Early Iron Age

society. Situla art illustrations and other archaeological findings connected with

drinking and the production of fermented beverages (e.g. cups, jars, kraters),

suggest that these types of drinks were very important during this period.

Furthermore, the fact that all funerary potsherds from Kaptol (not only the ones

with ricinoleic acid) seem to either be unused and/or their contents were low in

lipids reinforces the hypothesis that these were tableware vessels, which can

include cups and serving jars for beverages.

From the 39 funerary potsherds with ricinoleic acid, it was possible to classify

23 vessels into shape categories. From these, two are a bowl with loop handles,

either cups or jars, nine bowls type 1 and three bowls type 2, which can be used

as tableware or storage vessels. Ricinoleic acid was also identified in nine large

vessels, of which three were funerary urns. In Kaptol, the cremated remains of

the deceased and pyre goods (which as mentioned above normally included

animal bones) were normally placed inside an urn. Usually, these urns had

burnished and graphited walls decorated with impression patterns and plastic

elements and could also have covers/lids.

From archaeological and anthropological studies, several uses of castor oil

were identified: fuel/illumination, in cosmetics, as a skin ointment, in medicines

and as an embalmment component (Bruneton, 1999, Bevan-Jones, 2009,

Dauncey, 2010, Seegeler, 1983, Weiss, 1971, Salunkhe et al., 1992). The

leaves and seeds of the castor plant are both toxic, which indicates that this

plant is not ideal for consumption (Bruneton, 1999, Bevan-Jones, 2009,

Dauncey, 2010). The seeds contain two toxins, ricin and ricinine and a strong
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allergen known as the castor bean allergen (Serpico & White, 2000). These

components are also strongly emetic and can be used to induce labour,

provoke abortion or as a contraceptive (Serpico & White, 2000, Weiss, 1971).

The highly toxic ricin can be destroyed by heating the seeds in water while the

milder ricinine is lost if the oil is cold-pressed, as it remains in the pressed seed-

cake (ibid). Therefore, the process for extraction of this oil required the skill and

knowledge of the plant properties and the methods of toxicity reductions to

avoid harm.

It has also been suggested that the castor seeds can be consumed if fermented

(Bruneton, 1999, Bevan-Jones, 2009, Dauncey, 2010, Seegeler, 1983, Weiss,

1971, Salunkhe et al., 1992). The fact that six potsherds had both the ricinoleic

acid (castor oil) and miliacin acid (a biomarker for millet) might indicate that

castor seeds were used in the production of fermented beverages with other

seeds and cereals such as millet. On the other hand, these six potsherds can

also be used to strengthen the hypothesis that the ricinoleic acid identified in the

vessels derived from ergot instead, since a cereal (that could be infected by a

fungus) is also present. However, the absence of ergosterol, a steroid first

isolated in ergot, could indicate this fungus was not indeed the source of

ricinoleic acid. Even though traces of other steroids were identified in some

samples, the absence of ergosterol could be explained by degradation of the

residue and/or the effects of the method of extraction (acidified methanol).
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Beeswax

Beeswax residues were identified in six vessels: three large vessels including

two urns (BB8A and BB9A), two bowls type 1 and a wall fragment where the

vessel type could not be ascertained. Previous studies have demonstrated that

beeswax is susceptible to degradation under heat and prolonged use of the

vessel (Heron et al., 1994, Regert et al., 2001). The use of beeswax as a

waterproof sealant for ceramic vessels has been suggested before, however it

would not be very effective in cooking pots or it would have to be reapplied

frequently since the heat would aid its degradation. Considering that these

funerary vessels do not show evidence of being used under heat (except

sample BB46A, see below), the application of beeswax as a waterproofing

agent for the ceramic walls would have been more effective. Furthermore, this

suggests that liquids were placed inside the vessels since their presence would

justify the use of beeswax as a sealant. This would exclude the urns since they

were used for the deposition of human remains. However, beeswax could still

have been used as a sealant or as part of the manufacturing process of these

vessels. Beeswax could have been applied as a wall treatment not just to seal

but also to smooth the interior of the urns. Alternatively, ceramic pots could

have been used as beehives and beekeeping (Evershed et al., 2003, Mazar et

al., 2008, Rageot et al., 2016). Several studies have reported the identification

of such vessels in the Mediterranean region, which shape and size varied

locally (ibed). Even honey and beekeeping are key resources in modern

Slovenia and Croatia, no clear archaeological or ethnographic evidence were

found regarding beekeeping during the Iron Age. Thus, it is unclear how bee



151

products (both wax and honey) were exploited during this period, even though

beekeeping could have been practised.

As mentioned above, sample BB46A, a base potsherd bowl type 1, has heat

marks and a visible burned crust/charcoal residue on the outer wall, suggesting

that this vessel was used to heat/cook resources. The fact that beeswax was

identified in the interior of this vessel could mean that it was not used under

enough heat for the beeswax to completely degrade. Within all Kaptol funerary

potsherds, only six yielded more than 100μg/g of lipids, including sample

BB46A. Thus, it is possible that these six potsherds were used before

deposition as either: a) to cook/heat a resource used during the funerary ritual

or b) to cook/heat resources before deposition and later selected for the grave.

The lack of beeswax biomarkers in the remaining funerary and settlement

potsherds with heat marks and/or lipid yield greater than 100μg/g does not

necessarily prove that beeswax was not used to seal the vessels walls since it

could degrade; neither has it proved its use. The lack of beeswax residues in

both Kaptol settlement pottery and the vessels from the other sites studied

during this research will be further discussed below.

Millet

As mentioned before, millet has been used for the production of fermented

beverages in Eastern Europe since the Late Bronze Age. So, it is plausible to

suggest that fermented liquids could have been placed in funerary vessels,

which were previously coated with beeswax to prevent the leaching of the liquid

through the ceramic walls. The fact that only small amounts of millet were
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detected in these potsherds (0.08μg on average) supports the idea of fermented

beverage: the lipid absorption would be small since it was an aqueous liquid.

Two vessels yielded traces of ricinoleic acid, beeswax, and the millet biomarker:

urn BB8A, and bowl type 1 with heat marks BB46A. Three other vessels had

traces of both ricinoleic acid and millet: urn BB9A, large vessel BB21A, and

unknown pottery fragment BB45A. Lastly, one potsherd BB167A from a large

vessel yields both beeswax residues and millet.

The presence of millet in vessels with ricinoleic acid can arguably mean that the

ricinoleic acid present corresponds to ergot instead of castor oil. This occurs in

five potsherds, including two where traces of beeswax were also identified. The

presence of beeswax reinforces the hypothesis of liquids being stored in those

vessels since it would be a useful sealant. However, those two vessels

correspond to an urn (BB8A) from tumulus X Kaptol Čemernica and bowl type 1

with heat marks (BB46A) from tumulus 13 Kaptol Gradci. Both vessels had

clearly different purposes of use: the urn as a container for the cremated

remains and the bowl to heat/process resources.

Due to the fact that beeswax was only identified in six potsherds (one urn

(BB8A); three bowls type 1 (BB46, 57A and 59A); one large vessel (BB167A)

and one unknown fragment (BB68A)) it is not possible to confidently discern the

reason for its application/use. A similar problem arises from the results obtained

for millet since only eight potsherds yielded miliacin (the biomarker for millet), of

which two were urns (BB8 and 9A), three large vessels (BB21, 167 and 170A),

two bowls type 1 (BB46 and 59A) and one unknown (BB45A).
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Based on the ambiguity of the results and the data collected from other sites it

is not feasible to identify ricinoleic acid as the ergot fungus-based only on the

lipid composition and presence/absence of the biomarker for millet. Additionally,

ricinoleic acid was identified in 33 other potsherds with no other biomarkers, all

from the funerary context.

Exploring hypothesis

a) Ricinoleic acid in these vessels is a biomarker for ergot, therefore

showing the presence of cereals (such as millet) or fermented beverages

made of cereals.

i. If originating from cereals/millet: dried cereals or cereal-based

foods were placed in the funerary potsherds or cereals were

burned with the human or animal remains placed in the urns,

explaining its presence inside urns.

ii. If originating from fermented beverages: as suggested by situla art

and other archaeological evidence, the act of drinking was

important during the Early Iron Age, also present in the funerary

rites by placing fermented liquids in the vessels.

iii. Less likely, ricinoleic acid in the vessels is from ergot, and it was

specifically used as a hallucinogen: It could have been added to

beverages and burned with the remains as part of the funerary

rites and spiritual/religious practises.

b) Ricinoleic acid is a biomarker for castor oil:
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i. Castor oil could have been used as a wall treatment or

manufacture process for the ceramic vessels;

ii. Could be used as a conservative agent to prevent degradation

and rotting;

iii. Or castor seeds were used as an ingredient for the fermented

beverages.

Fats and/or oils

The majority of the funerary ceramic vessels seem to have contained plant oils,

as is indicated by the presence of ricinoleic acid in 53% of the samples. The

lipid composition of some samples possibly contained mixed residues, indicated

by a higher abundance of C18:0, low amount of C18:1 and the presence of

ricinoleic acid. The presence of branched fatty acids, long-chain fatty acids, and

alkanes in these samples supports the presence of animal fat as the other

component.

Five samples (BB23A, BB30A, BB38A, BB61A and BB62A) had high relative

abundances of C18:1 in comparison with C18:0 and C16:0, and at least traces of

linoleic acid (C18:2∆9,12), which can indicate the presence of plant oil. Three of

these samples (BB38A, BB61A and BB62A) also had ricinoleic acid, confirming

the existence of plant oil in the residues. Samples BB23A and BB30A yielded

long-chain fatty acids (from C19 to C30), alkanes, branched and odd carbon

number fatty acids (C15:0, C15:0br, C17:0, C17:0br), suggesting a possible mixture of

residues. Traces of cholesterol and squalene were also identified in these two
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samples, indicating modern contamination, possibly transferred during

excavation or processing of the sample. High C18:1 yield can also suggest fish

residue, however, no aquatic biomarkers were identified in these samples to

support this conclusion. An important observation is the fact that these vessels,

three plates and one bowl type 1, are from the same tumulus (Kaptol Gradci,

tumulus 13), except BB61A, Kaptol Gradci tumulus 16. Even though ricinoleic

acid and plant residues were identified in other samples, no other sample had

the same lipid composition and relative abundances as these five potsherds.

This could indicate that the residue in these vessels is unique to tumulus 13 and

16 or that the preservation conditions of these graves were different, thus aiding

in the preservation of unsaturated fats.

7.2.2 Settlement

All types of vessels, with the exception of urns, were represented in the

settlement, displaying a wide variety of decorative patterns.

Overall, settlement vessels had higher lipid yields, however there were fewer

lipid biomarkers. This could be the result of the degradation of lipid biomarkers

or the saturation of the vessels with the fatty acids from the original resources.

As mentioned before, TAGs, MAGs and DAGs are the main components of fats

and oils that, due to different degradation factors, result in free fatty acids. If a

vessel is saturated in fats/oils from continuing use or from a resource-rich in

fats/oils, it is plausible to assume that other smaller constituents (e.g. lipid

biomarkers) that are also more susceptible to degradation, may not be detected
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by GC-MS. This seems to be the case with settlement potsherds from Kaptol

which showed no lipid biomarkers. Additionally, the resources processed in the

settlement context could have lipid biomarkers that are more susceptible to

degradation due to repeated use and/or the type of use: this applies especially

to cooking pots or other vessels submitted to long heat exposure. For example,

residues such as beeswax would degrade during use and under heat and could

totally dissipate if not maintained or reapplied to the vessel wall. This could

explain the absence of this, and possibly other lipid biomarkers, from the

settlement vessels.

Another possibility is that the resources processed in the settlement vessels

were not the same as the ones processed in funerary vessels (e.g. castor oil,

beeswax, etc.). Regardless of the absence of lipid biomarkers, we can still

conclude that a fat/oil was processed within settlement vessels by the presence

of fatty acids and high lipid yield.

The majority of the residues from settlement potsherds seem to be a mixture of

plant oils and animal fats, supporting the first conclusion based on lipid yield

that more resources were being processed in the settlement and that these

vessels were used more often.

Potential aquatic biomarkers were identified in four ceramic vessels from the

settlement. Since Kaptol is located inland about 350km from the cost, it is more

likely that these residues are from freshwater resources (rivers, streams or

lakes) than from saltwater. Little other evidence (such as fish bones) has been

found regarding the consumption of aquatic resources in the area of study. This

could result from the poor preservation of the remains or from the fact that fish
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bones and scales are harder to identify and recover from archaeological sites

due to their size and fragmentation. However, these four potsherds indicate that

aquatic resources were being consumed in Kaptol, and are the first evidence of

consumption/use of aquatic resources during the Early Iron Age in this region.

Furthermore, the absence of aquatic lipid biomarkers in other vessels does not

exclude the fact that other vessels were used to process these resources.

Degradation and continuous use of the vessels to process other fats or oils can

lead to the loss of any biomarkers from specific products, such as from aquatic

species, preventing the detection of other residues.

The importance of aquatic resources in diet (mainly marine) seems to have

been minor compared with terrestrial resources, demonstrated by the results

obtained from light isotope analysis of human remains from Late Bronze Age

and Early Iron Age sites in south-east Alpine region undertaken by Dr Nicholls

(okNicholls, 2017, Nicholls and Koon, 2016). These analyses showed that

terrestrial animals and a mixture of C3 and C4 plants dominated the dietary input

in this region (ibid). Aquatic resources were probably a secondary source of

nourishment in addition to the main terrestrial input, instead of the main source

of sustenance, reflected in results obtained from both human remains and

ceramic vessels.

7.2.3 Settlement vs. Funerary

The main difference identified between settlement and funerary potsherds is the

yield of extracted lipids: settlement potsherds yielded more lipids. This clearly
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suggests that ceramic vessels were extensively used in the settlement, most

likely to cook and serve foods on regular bases. Alternately, the results from the

pilot study (chapter 4.3) suggested that date of excavation/long term storage

could affect lipid preservation, thus the funerary samples from the pilot study

had lower lipid yields due to the fact that majority of the of them had been

excavated before the 2000s. In order to confirm this, the remaining samples

selected from Kaptol cemeteries were divided into three data of excavation

groups: excavated before the 2000s, excavated between 2000 and 2010 and

excavated after 2010. A Kruskal-Wallis test was applied, comparing the lipid

yield from each group to determine if the date of excavation was a factor for

lipid preservation. The results obtained showed that there is no statistically

significant difference between lipid preservation and date of excavation

(p=0.604). Therefore, further comparison between funerary and settlement

samples from Kaptol does not need to take into account the date of excavation

or long term storage since these do not significantly affect lipid preservation.

Looking at the lipid ratios of C18:0/C16:0 and C18:1/C16:0 fatty acids (the most

common fatty acids preserved in archaeological samples) a clear difference

between funerary and settlement potsherds can be observed (Figure 7.1). The

majority of settlement potsherds (76%) fall within the category of mixed animal

and plant. In comparison, only about 50% of funerary potsherds fall in this

category, however, the biggest difference is observed in the animal category,

where 28% of funerary potsherds and only 8% of settlement potsherds indicate

only animal residue.
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Figure 7.1: Lipid ratio of C18:0/C16:0 and C18:1/C16:0 fatty acids from Kaptol
funerary and settlement potsherds.

Due to the problems related to the use of lipid ratios for identification of residues

(see chapter 6), it is not possible to identify the residues confidently just based

on this criterion. However, the different ratios observed between funerary and

settlement samples can help towards the understanding of pottery use. The fact

that more settlement samples seem to fall in the mixed animal and plant

residues (C18:0/C16:0 < 1.5 and C18:1/C16:0 < 1.5) and the fact that these samples

have higher lipid yields than funerary ones can indicate that either preservation,

pottery use or both can greatly affect the lipid profile of a residue (Figure 7.2).

Vessels saturated in fats and/or oils have a higher percentage of palmitic and

stearic acid (C16:0 and C18:0), which makes the lipid biomarkers present in

different animals and plants in smaller quantities much harder to identify by GC-
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MS. These biomarkers, which in several cases are only found in traces or much

smaller quantities in the original resource in comparison with other lipids (e.g.

triacylglycerols, di- and monoglycerols and free fatty acid), will be present in

much smaller quantities in the degraded sample to be detected by the analytical

instrument. The acid method used to extract these samples can further affect

this, since it hydrolyses triacylglycerols, di- and monoglycerols into free fatty

acids, contributing to their abundance in a sample.

It is clear, however, that settlement potsherds were used more often or to

process more resources than funerary potsherds, under heat for cooking

foodstuff or to process other natural resources more often and frequently than

the funerary vessels.

Figure 7.2: Comparison of the relative abundance of C18:0 and C16:0 of funerary
and settlement potsherds.
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Vetovo Kagovac

From Vetovo Kagovac, four samples from tumulus 1 were analysed (163KV to

166KV): three bowls type 1 and one bowl with handle (possibly a cup). No

distinctive biomarkers were identified from these samples besides the most

common free fatty acids C14:0, C16:0, C18:1 and C18:0. Palmitic acid yield was

higher than stearic acid across all four samples, which suggests the presence of

plant residues. Sample 163KV was the sample that yielded more lipids from the

four Vetovo Kagovac potsherds, however, this was the only difference identified

from the lipid profile. No heat marks were identified, however, that could also be

explained by the fact that 163KV is a rim fragment (heat marks are more

common on the base and lower body of a vessel).

The results from this funeral site fall within 18% of the results from Kaptol

Gradci and Čemernica, regarding lipid ratio (C18:0/C16:0 and C18:1/C16:0) and 12%

regarding lipid yield (above 40μg). Sample 163KV has also the highest lipid

yield in comparison with all the funerary samples from Kaptol (Table 7.3).

No Vessel type Lipid yield (μg)
163KV Bowl type 1 1887
164KV Bowl with handle/cup 96
165KV Bowl type 1 59
166KV Bowl type 1 46

Table 7.3: Samples from Vetovo Kagovac with total lipid yield (μg).
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7.3 Slovenian sites

Poštela

7.3.1 Funerary context

In total, 17 potsherds were selected for lipid analyses from Poštela funerary

context, two of which were sampled twice (once by the rim section and a

second by the base of the vessel/potsherd) making a total of 19 sample extracts

(Table 7.4).

Sample Vessel type Lipid
yield
(μg)

Excav.
sector

Grave
no

Type of
grave

Date of
excavation

BB 1P Bowl type 1 3455 24 25 Cremation 2015
BB 2P Bowl type 1 889 14 18 Cremation 2015
BB 23P Unknown 259 24 - Cremation 2014
BB 27rP Plate 217 24 24 Cremation 2014
BB 27bP Plate 1708 24 24 Cremation 2014
BB 30P Plate/bowl 1 2040 14 19 Cremation 2013
BB 31P Plate 66 24 24 Cremation 2014
BB 32rP Large vessel 116 14 324 Cremation 2014
BB 32bP Large vessel 551 14 324 Cremation 2014
BB 33P Large vessel 243 14 19 Cremation 2013
BB 34P Unknown 15 26 - Inhumation 2015
BB 35P Large vessel 96 24 24 Cremation 2015
BB 41P Lid/Cover 0 26 - Inhumation 2015
BB 45P Unknown 10 24 - Cremation 2014
BB 63P Plate 19 26 - Inhumation 2015
BB 64P Bowl w/handle 2458 14 19 Cremation 2015
BB 65P Bowl type 2 6 24 24 Cremation 2015
BB 93P Unknown 106 26 - Inhumation 2015
BB 95P Bowl type 1 1068 26 - Inhumation 2014

Table 7.4: Funerary samples from Poštela (Appendix A).
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Of the 19 sample extracts, 12 yielded more C16:0 than C18:0 with lower

abundance of C18:1, which could indicate the presence of plant residues. Only

five samples had C18:0>C16:0 yields, followed by the presence of C14:0, C15:0, C19:0

and C20:0 (C22:0 was also identified in one of these samples). The total lipid yield

of these five samples was also higher than the other sample extracts (above

500μg). In theory, because animal products are richer in fat than plants, higher

lipid yield in addition to the lipid profile just described, could indicate the

presence of animal residues. However, this conclusion comes into question

when analysing the sample results obtained from the same vessel but different

ceramic wall location (rim and base).

Two funerary potsherds from Poštela, a plate (BB27) and a large vessel (BB32)

were sampled in both rim and base section. The base sample from BB27

yielded more lipids than the rim sample (rim 217μg; base 1708μg) and was one

of the five samples with higher abundance of C18:0. The same was observed on

the results from sample BB32: rim sample yield 116μg; base sample yield

551μg. As mentioned before, experimental studies have demonstrated that the

rim sections of ceramic vessels that undergo high temperatures (e.g. while

cooking) tend to have higher lipid yields in comparison with other sections

including the base of said vessels. Hypothetically, since plates do not tend to be

used as “cooking” vessels and the vessel in question does not demonstrate any

heat marks, it can be argued that higher absorption of lipids would occur at the

bottom of the container. The large vessel BB32 was identified on-site as an urn,

found in a cremation grave, thus, similar to the plate, would not have been

under long or continuous exposure of heat which would induce higher

absorption of lipids in the rim section. This does not mean that hot/warm
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products were not placed in these vessels, it just indicates that they were not

used to process animal/plant products under heat. In the case of the urn, animal,

plant and human remains from the cremation pyre could have been placed

inside it, although other materials could have also been used as ceramic wall

treatment or funerary practice before or after the cremated remains. The lipid

residue present in sample BB32 seems to indicate a plant residue; however,

this does not mean that other materials (such as the cremated remains) were

also stored/placed in the vessel.

Only one vessel from this context had a lipid yield below 0.05μg, the lid/cover

BB41. A ceramic lid used in a cooking setting would probably absorb some

lipids during use, as the fats and oils are concentrated in the top layer of a

vessel under heat and possible leaking or even splatter over the rim of the

vessel and in contact with a cover if in place over the pot. Thus, the absence of

significant lipid yield in sample BB41 suggests that this cover was not used to

cover vessels under heat.

The five vessels with higher lipid yield (over 1000μg of lipids per 1g of potsherd)

and higher C18:0 abundance than C16:0 were: two bowl types 1 (BB1P and

BB95P), one plate (BB27), one possible plate or bowl type 1 (BB30P), and one

bowl with handle (BB64P). The vessel BB1P is from a cremation grave and was

identified in the site as an urn. The use of large vessels and bowls as urns is not

uncommon in this area during the LBA/EIA, therefore the bowl type 1 BB1P

could have been used as the urn of the said grave. The sample from this vessel

was collected in the rim section, had yielded 3455μg of lipids, which is

considerably higher than amounts extracted from other vessels identified as
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urns from this site. This could be an indicator that some vessels were used

before being deposited in a grave, either during funerary practices or in daily

activities by members of the community or even by the deceased before his/her

death. The second bowl type 1 sample, BB95, is a black burnished bowl with

thin walls and was found in an inhumation burial. The characteristics of this

bowl fit well with the description of tableware or fine wear: decorated containers

possibly used for the consumption of food or storage of resources (instead of

preparation such as cooking). It was not possible to accurately differentiate the

potsherd BB30P as belonging to a plate or a blow type 1 due to the size and

proportions of the fragments. One of the rim fragments corresponding to this

vessel had a small knob handle, which could have been present in both types of

vessels. Lastly, sample BB64P corresponds to a bowl with handle and it was

identified in the site as a cup. The lipid composition of these five samples

possibly indicates the presence of animal residues (see above) however it does

not exclude the possibility of mixed plant and animal material.

7.3.2 Settlement

The 32 potsherds from Poštela’s hillfort were selected from the 2015 excavation.

One bowl type 2 (BB96P) was sampled from both the rim and base section of

the vessel, making a total of 33 samples extracts from the Poštela settlement

(Table 7.5). About 52% of settlement samples showed higher abundances of

C16:0 over C18:0 and C18:1, which could be the consequence of unsaturated fatty

acid degradation, resulting in the increase of palmitic acid. The other 40%

showed the contrary (higher C18:0 over C16:0), however, all samples presented
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lower amounts of C18:1. Branched fatty acids were also identified in 24 of the 33

samples (C15:0br, C17:0br).

Vessel type Settlement
Bowl type 1 5
Bowl type 2 4
Bowl w/ handle 2
Large vessel 2
Plate 2
Stand 1
Lid 3
Unknown 13
Total 32

Table 7.5: Settlement samples from Poštela.

Settlement potsherds also demonstrated higher total lipid yields (in comparison

with the vessels from the other contexts), which can be interpreted as evidence

for “cooking” or other processes were the vessels undergo higher exposure to

heat. The millet biomarker was identified in two vessels: bowl type 1 (BB53P)

and an unknown wall fragment, with rope-like plastic element decoration with

fingerprint impression (BB60P). Marine biomarkers were also identified in two

vessels, a bowl type 1 (BB18P) and an unknown wall fragment (BB91P).

Biomarkers for resin were identified in vessel BB84P, a rim fragment from a

bowl type 1 or a bowl with handle with impression decoration on and below the

rim section, where the beginning of a handle could possibly have existed. The

outer wall of the fragment has a layer of black glossy residue that is also visible,

although, more worn out, in the inner wall by the rim of the vessel. The

biomarkers identified indicate the residue is from plant resin. It seems that the
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vessel was completed covered in a resin (both inner and outer walls), and by

continuing use/cleaning of the vessel it led to the wear of same resin on the

inner wall of the vessel.

The applications of resin have been widely discussed and present in previous

studies: adhesive, dye, beverages, containers, perfumes, embalming materials,

amongst others (Colombini et al., 2000, Regert, 2004, Stern et al., 2008, Dudd

and Evershed, 1999, Buckley and Evershed, 2001). Some of the biomarkers

used for the identification of resins are triterpenoids (e.g. betulin and lupeol) and

diterpenoid acids (e.g. abietic and pimaric acids), oxidation products such as

dehydroabietic acid and other degradation products including 7-

oxodehydroabietic acid. By identifying these compounds, the origin of the resin

can be ascertained, in some cases, to the species of plant/tree.

The residue from sample BB84P had a series of saturated fatty acids (from C9:0

to C22:0), with palmitic and stearic acid as the most prominent. Dicarboxylic

acids were also present, from 7 to 22 carbon atoms, with nonanedioic acid as

the most abundant (Figure 7.3). Between the 20 and 31 minutes retention time,

a series of triterpenoids, diterpenoids and oxidation products characteristic to

plant resins were also identified. The most prominent of these compounds was

retene, which is considered to be a biomarker for Pinaceae pitch. Retene is

formed when the Pinaceae resin is distilled or heated at high temperatures to

obtain pitch from resinous woods (Figure 7.4).



168

8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

1000000

2000000

3000000

4000000

5000000

6000000

7000000

8000000

9000000

Time-->

Abundance

TIC: BB84P.D\ data.ms

10 15 20 25 30

IS

C16:0

C18:0

C18:1

*

*
*

* * * *

* *

*

Retention time (min)

Relative
intensity

Lup
a-
2,2
0(2
9)-
die
n-
28-
ol

Ret
en
e

De
hyd
roa
bie
tic
aci
d

7-
oxo
-
deh
ydr
oab
ieti
c
aci
d

Lup
eol Bet

uli
n

Figure 7.3: Partial gas chromatogram of the methylated lipids and a photograph of sample BB84P, Poštela.

 = n-alkanes;  = fatty acids; ▼= triterpenoids; *⃰ ⃰ = diacids; IS = internal standard;

168



169

Retene Abietic

Methyl dehydroabietic 7-oxo-dehydroabietic

Lupeol Betulin

Lupa-2,20(29)-dien-28-ol;

Figure 7.4: Biomarkers for plant resins
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Other compounds also formed when the resin is heated in the presence of

wood, of which methyl-dehydroabietic acid and 7-oxo-dehydroabietic acid were

also identified in the sample. These were the second and third most abundant

diterpenoids identified in the sample (Figure 7.4). Between 25 to 32 minutes,

betulin, lupeol, and degradation products from these two compounds were

present, which are commonly in birch bark tar (Figure 7.3 and 7.4) (Urem-

Kotsou et al., 2002). The identification of these di and triterpenoids suggests the

presence of a plant mixture since they are not generally produced by the same

plant.

The presence of biomarkers for both resin, pitch and birch bark tar indicate that

the residue present in vessel BB84P was most likely from Pinaceae spp and

Betulaceae spp. (possible Betula pendula or white birch) . Due to the size of the

fragment, it is not possible to confirm if this was a jar or other type of serving

vessel for liquids/beverages, however, the use of resin as sealant and

waterproofing agent could contribute to this hypothesis. Furthermore, the fact

that the vessel was completely covered by this product suggests the use of

resin as a waterproof agent. Another hypothesis is that this vessel was used as

the container for the resin itself, but if that was the case, the inner wall of the

vessel should have a similar thick layer of the resin as the outer wall. As

mentioned above, the continuous use of the vessel could eventually wear out

the waterproofing resin inside the vessel, leaving the outer ceramic wall almost

intact.
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7.3.3 Ritual

The third context from Poštela was selected for pottery analysis: a ritual context.

As described in chapter 5, this context seems to contain one large deposit of

broken ceramic vessels, possibly from one unique event that took place near

this area. Archaeologists of the site suggested the hypothesis of a feast of

which the action to discard the cooking and tableware vessels were part of the

tradition or custom at the time. In fact as this is one of the larger ceramic

deposits of the area, it is of significant investigative interest and importance.

Thus, 53 potsherds were selected from this context (Table 7.6).

Vessel type Ritual
Bowl type 1 13
Bowl type 2 9
Bowl with handle 2
Plate 6
Stand 2
Lid 1
Unknown 20
Total 53

Table 7.6: Ritual samples from Poštela.

Amongst these samples, the millet biomarker was identified in two samples:

BB15 and BB87. The first, BB15, is a rim fragment which it was not possible to

categorise due to the size of the sherd, while BB87 is a fragment from a bowl

type 1.

Only 11% of these samples showed higher abundances of C18:0 than C16:0 (6

samples in total), of which both BB15 and BB87 are examples. These samples
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also had significant abundances of branched fatty acids (C15:0br and C17:0br) and

unsaturated stearic acid. In fact, five out of this six had two different unsaturated

C18:1. The lipid profile of these samples seems to indicate the presence of

ruminant fat (possible even dairy). The total lipid extract of these samples was

also the highest amongst all 53 ritual samples, which can also be another

indicator for the presence of animal fat since the relative amount of fat present

in animal tissues can be significantly higher than in plants.

The fact that millet was identified in two of these six samples does not annul the

hypothesis of animal residue being present, it only confirms that, at some point,

millet was also introduced into these vessels. If BB15 and BB87 were used for

cooking it could explain the presence of both animal and plant residue, as the

probability of both being present in a stew type meal or even cooked separately

at two different moments is quite high. In fact, this would also explain the high

lipid yield since cooking pots tend to absorb more fats and oils as the contents

are heated.

The sample with the highest total lipid yield was sample BB59, a bowl with

handle, with 27.7mg of lipids per 1 gram of ceramic powder. Bowls with handles

could have also been used for cooking/to warm up food as well as other bowl

types, which could explain both the presence of animal fats and the high lipid

yield. On the other hand, as mentioned above, the lipid profile of these six

samples can indicate the presence of mammal residue, including dairy. The use

of milk during the manufacture of vessels, as a waterproof agent, has been

documented in previous studies (Messing, 1957, Schiffer, 1990, Skibo, 1992).
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Depending on the time of the waterproofing of the pot and its use, it is possible

that the dairy was still strongly present in the ceramic matrix. Another

hypothesis is that milk could have been part of the contents of the bowl/jar,

hence its identification in the sample. Either way, the lipid composition in

addition to the high lipid yield, does seem to indicate the presence of mammal

fat, either from animal tissue or dairy products.

The following two samples, BB66 and BB73, are from two plates and yielded

6.1mg and 5.1mg per 1g of ceramic respectively. Sample BB66, is another of

the six samples in which residue appears to be of ruminant animal origin. This

vessel, as suggested for sample BB59, could have been coated in milk for

waterproofing, or could have been used to serve ruminal meat during a meal.

The average lipid yield for plates from all Poštela contexts is lower than 1.4mg.

This observation implies the plates present in this ritual context were used

differently from settlement and funerary plates. They could have been used to

heat up food which would explain the higher absorption of fats and oils, or

maybe, as suggested by the archaeologists responsible for the site, the plates

were used only once (for that one feasting event) and placed with the other

vessels, without being cleaned. The continuous use of a vessel can lead to the

wear of the first ceramic layers which could have residues from several previous

uses. As a vessel is heated, the absorbed residues from previous uses can be

affected by it and can undergo further degradation. Oxidation and hydrolysis do

not stop after fat or oil are absorbed in the ceramic matrix and even though it is

more “protected” from the elements and microbes, it is still susceptible to them

at some degree. Soil can actually help to preserve the residues by creating an
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anaerobic state which further delays degradation. Hence, if these plates were

only used once and then deposited, this could explain the high lipid yield of

these plates.

Nevertheless, the remaining samples had considerably lower lipid yield, as the

average for the 53 samples was only 1mg of lipids per 1g of ceramic. The type

of residue seems to correlate with the lipid abundance, since the six samples of

possible ruminant fat had higher lipid yields than the average, with the

exception of sample BB43, a bowl type one fragment which yield was 0.199mg.

Four other samples also stand out due to their lipid composition, samples: BB69

(type unknown); BB74 (bowl type 2); BB83 (bowl type 1); and BB86 (bowl type

2). These four samples showed a relatively higher abundance of single and

double unsaturated stearic acid in comparison with all other lipids, followed by

palmitic acid as the most abundant. High abundance of unsaturated acids is

normally associated with plant oil or aquatic resources. Since no aquatic

biomarkers were identified and no other evidence of exploration of aquatic

resources has been identified in Poštela, this hypothesis was rejected. Higher

abundances of palmitic acid associated with high abundances of unsaturated

stearic acid corroborate with degraded plant residues. However, previous

studies have shown that the same lipid composition can indicate the presence

of both mammal and plant residues. The lack of similar studies with samples

from the same area and chronology weaken this hypothesis for the present data.

Yet, these samples are still remarkable for their difference, in other words, as
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the ones with the highest C18:1/C16:0 ratio of all samples (from both Slovenian

and Croatian sites).

The remaining samples show lipid profiles of possible degraded plant residues,

except sample BB49 (a plate), where the lipid yield was below the 0.05μg

threshold, thus it was considered as an empty vessel.

Novine

From the site Novine, 40 settlement potsherds were selected for organic

residue analysis, plus one additional potsherd from grave 2, making a total of 41

vessels (Table 7.7). the majority of Novine samples (73%) showed higher

amounts of palmitic acid followed by stearic acid, similar to Poštela samples.

Vessel type Novine
Settlement Funerary

Bowl type 1 20
Bowl type 2 2
Bowl with handle 2 1(cup)
Large vessel 2
Stand 1
Lid 4
Unknown 9
Total 40 1

Table 7.7: Samples from Novine

Five vessels from Novine had miliacin, indicating the presence of millet, all

bowls type 1. Samples BB126N, BB130N, and BB132N had a total lipid yield
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between 18mg and 27mg, much higher than the site average of 4mg per 1g of

potsherd. The lipid profile of the samples consisted of small amounts of C12:0,

C13:0, C14:0, C15:0, C17:0 (including branched fatty acids), C19:0, C20:0 and C22:0, with

C16:0 and C18:0 as the most abundant fatty acids followed by C18:1. These

samples were collected from rim sherds that exhibited heat marks in the exterior

wall. The high lipid yield and composition in addition with the heat markers,

suggests that these vessels were used to process both plant (confirmed by the

millet biomarker) and animal resources, possible as cooking vessels. Vessels

BB110N and BB112N yielded 9.3mg and 1.5mg respectively and had no heat

marks. Furthermore, vessel BB110N had thinner walls which might suggest that

it was used more as tableware instead of a cooking pot.

Two biomarkers for aquatic residues (phytanic and ω-(ο-alkylphenyl)alkanoic

acids) were identified in sample BB114N, a possible bowl type 2 from the

settlement. No other biomarkers were identified in samples from Novine.

Obrežje and Dolge njive

In total, 25 potsherds were selected from Obrežje: 20 from funerary and 5 from

settlement contexts. Lipid biomarkers were only identified in sample BB133O, a

complete funerary bowl type 2, which had milliacin.

The funerary vessels had smooth or polished walls, with impression, incision

and/or plastic elements for decoration. On the other hand, the settlement pots

had thicker walls and had only been smoothed (mainly on the inner wall

surface), with no decorated elements visible for identification. Settlement
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vessels also had visible cracks in the surface layer, possibly due to extensive

heat exposure under fire, however, it also suggested that these vessels were

not as well manufactured as others analysed during this study from other sites.

The wall percentage of vessels with wall treatments, decorations and state of

preservation (mostly complete or almost complete vessels) of Obrežje funerary

samples differs from the sites previously discussed.

This could be due to high pottery collection during excavation, preservation of

the site or bias selection of materials during this research. Nevertheless, it

seems to indicate the selection of highly decorated/handcrafted vessels for

funerary practices, as observed in Kaptol and Poštela.

From Dolge njive two bowl type 1 funerary potsherds (BB158D and BB159)

were selected for analysis due to their size. Both vessels seem to have plant-

based residues, reinforced in sample BB159D due to the presence of the

biomarker for millet. The Dolge njive potsherds are very similar from Obrežje

vessels, both in pottery type and decoration as well as in residue composition.

Štanjel, Kapiteljska njiva, and Vrabče

As discussed in chapter 5, one or two vessels were selected from each of three

other Slovenian sites (Kapiteljska njiva, Štanjel and Vrabče) due to their

particular type/size or decoration (Table 7.8). Two unusual large vessel

potsherds were selected for analysis, one from Štanjel and one from Vrabče.

The size and wall thickness of these vessels suggest they were large storage

vessels: silos. The high porosity and coarse surface of the inner wall would not
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be ideal to store liquids (as it could leach through the ceramic walls), thus it is

more likely that they were used to store dry foods, such as cereals. The lipid

composition of these samples seems to indicate the presence of a plant residue,

which corroborates with the hypothesis of these vessels being used as silos for

dry foodstuff.

Site Sample Vessel type Context Lipid yield (μg)

Štanjel BB 99S Extra-large vessel Funerary 389

Kapiteljska njiva BB 160KV Bowl w/handle Funerary 491

Vrabče
BB 173V Extra-large vessel Funerary 36

BB 174V Unknown Funerary 6426

Table 7.8: Samples from Štanjel, Kapiteljska njiva, and Vrabče, with sample

code, vessel type, context and total lipid yield in μg.

The second vessel from Vrabče (BB174V) was selected as it was suspected by

a local archaeologist as a vessel used during or as part of the processing of

dairy products such as milk. The lipid profile of this sample was not particularly

different from the other samples discussed in this chapter: high abundances of

C18:0 followed by C16:0; presence of C14:0, C15:0 and C17:0, including branched fatty

acids C15:0br and C17:0br in smaller concentrations; two unsaturated stearic fatty

acids (C18:1); and trace amounts of diacids and short-chain fatty acids (C12:0 and

C13:0). Overall, this sample has some of the lipids present in dairy fat, however,

more data is required in order to confidently identify the residue as dairy (e.g.
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presence of C8:0 to C10:0 free fatty acids, ketones, cholesterol,

DAGs/MAGs/TAGs and or analysis through GC-C-IRMS).

The vessel from Kapiteljska njiva (BB160KV) was a complete small bowl

approximately 9cm high and 6.5cm rim diameter, with two small loop handles

on opposite sides. This bowl was selected due to its particular size, shape and

complete condition of the vessel. The organic residue present in this vessel

showed abnormally high abundance of hexadecenoic acid (palmitoleic acid)

(C16:1), higher abundance of C16:0 than C18:0 with low amounts of C18:1 and other

free fatty acids (C14:0, C15:0, and C17:0) (Figure 7.5). Palmitoleic acid is present in

both animal and plant fats and oils, however it’s characteristically abundant in

macadamia oil (Macadamia integrifolia), and in the oil from sea buckthorn

(Hippophae rhamnoides) berries by comprising about 20% and 16-30% of C16:1

respectively (Gunstone, 2004, Yang and Kallio, 2001).

Since macadamia trees are a natural plant from Australia, it is safe to exclude

macadamia oil as a possible source for a south-east European Iron Age residue.

Sea buckthorn, on the other hand, is a type of plant that can be found in some

parts of Asia and Europe including Slovenia and Croatia (Gunstone, 2004). The

main constituents of the berry pulp oil from the sea buckthorn are palmitoleic

acid and palmitic acid, comprising about 65% of their fatty acid composition

(Yang and Kallio, 2001).
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Even though palmitoleic acid was identified in other samples (from both Croatia

and Slovenia) no other sample had the same concentrations of this unsaturated

fatty acid as sample BB160KV: 240μg per 1g of potsherd. The presence of C16:1

Figure 7.5: Partial gas chromatogram of the methylated lipids from sample

BB166KV, Kapiteljska njiva (Slovenia). EI+ (electronic ionization) mass spectra

of palmitoleic acid (C16:1 9-hexadecenoic acid).
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can also be related to the degradation of TAGs, thus potentially explaining the

presence of palmitoleic acid in this and other samples analysed (Fanti et al.,

2018). Modern contamination is another possibility, since C16:1 is an abundant

lipid in human skin and a common component of cosmetic products (Fanti et al.,

2018, Šoberl and Evershed, 2011). However, it is relevant to mention that when

the sample BB160KV was collected, the soil from the site had not yet been

removed and that the vessel had been sealed in order to avoid modern

contamination. Considering this and the fact that no method blank had traces of

this fatty acid, modern contamination can be excluded as a possible source for

C16:1.

It is impossible to confirm if the residue from sample BB160KV is indeed

degraded oil from a sea buckthorn berry without further analysis (e.g. direct

comparison of lipid composition from a modern sample), however, it suggests

that the original product was a plant oil, possible from a berry or other plant/fruit

with similar fatty acid composition as the sea buckthorn fruit.
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7.4 GC-C-IRMS and bulk isotope results

7.4.1 Bulk isotope analysis of visible residues

As discussed in section 4.4.3, visible residues from 23 samples were selected

for bulk isotope analysis (Table 7.9). Unfortunately, only five samples had the

minimum amount of nitrogen (>0.5) necessary to ensure that the results were

reliable. This can result from the nature of the residue itself: if the composition

of the original source of the residue was low in nitrogen, such as seeds or

cereals, the charred deposits of said products could be low in nitrogen (Table

7.9).

Site Sample Sample type δ15N ‰ Amt%N δ13C ‰ Amt%C C/N

Kaptol

BBKG18 Charred residue 7.2 0.25 -24.4 12.7 3.4
BBKG19-1 Charred residue 6.4 0.23 -24.2 10.7 3.8
BBKG19-2 Charred residue 6.6 0.25 -24.6 9.3 3.7
KG20 Charred residue 4.6 0.21 -25.0 28.9 5.4
KG22 Charred residue 4.9 0.27 -26.8 62.6 5.5
KG26 Charred residue 8.5 0.21 -25.8 26.7 3.0
KGw1 White residue 9.2 0.05 -25.1 0.9 2.7
KGw2 White residue 9.1 0.02 -26.6 0.4 2.9
KGw3 White residue 5.7 0.04 -25.6 0.4 4.5
KGw4 White residue 7.5 0.05 -25.8 0.7 3.5
KG20 Charred residue 5.6 0.18 -24.0 21.9 4.3
KG22 Charred residue 1.2 0.24 -26.6 50.2 22.0
KG26 Charred residue 6.5 0.21 -25.1 24.1 -0.8
KCTXI Charred residue -9.1 0.09 -27.2 7.5 -3.0

Poštela

P35 Charred residue -0.4 0.27 -26.8 45.0 5.5
P36 Charred residue -1.4 0.29 -26.4 66.4 -64.1
P59 Charred residue 2.3 0.40 -27.5 15.2 -19.4
P76 Charred residue 2.2 0.20 -25.0 28.2 12.0
P479 Charred residue 5.7 1.85 -23.7 41.8 11.5
P496 Charred residue 5.0 1.03 -24.1 30.5 8.8
P735 Charred residue 4.6 0.62 -27.2 17.5 4.2
P96 Charred residue 6.3 2.18 -24.5 39.7 4.8

Vrabče Milkpot Charred residue 3.0 0.57 -26.5 51.2 8.8

Table 7.9: Bulk isotope results (δ13C and δ15N) of visible residues. The values
in Italic red fall below the accepted abundance necessary to be reliable results.
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Two types of visible residues were collected: charred residues and white

deposits. Charred residues, depending on preservation, can be found in the

interior and/or exterior wall of a ceramic vessel (e.g. Figure 7.6). This type of

residue results from burning or overheating a product (e.g. during cooking)

creating a dark deposit that still possesses organic evidence from the original

resource. Charred residues were collected from 19 potsherds: 10 from Kaptol, 8

from Poštela and 1 from Vrabče.

White deposits were collected from four Kaptol Gradci materials made of

ceramic: one architectonical element and three ceramic wall fragments (Figure

7.7). This residue was adherent to the ceramic surface of the samples and was

suspected to be some kind of pigment used to decorate or cover those objects.

Figure 7.6: Vessel BB96P with an example of a charred residue
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These deposits were both low in nitrogen and carbon, thus invalidating the bulk

isotope values obtained for interpretation.

In order to identify the residues, the data obtained was compared with the

animal baseline collected and analysed by Rebecca Nicholls during her PhD.

The baseline included domesticated animals (cattle, pig, sheep/goat) and wild

animals (deer and freshwater fish), collected from Late Bronze Age and Early

Iron Age Slovenian sites (Nicholls, 2017). The results from the animal baseline

and the samples from Table 7.9 are shown in Figure 7.8 (all results including

the ones with failed nitrogen) and 7.9.

Figure 7.7: Architectonical element with an example of a white deposit, sample
KGw1.
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Figure 7.8: Bulk isotope results from all the samples analysed, including the ones with failed nitrogen levels, compared with the
animal base line from Nicholls, 2017.
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Figure 7.9: Bulk isotope results from the five samples with valid results compared with the animal base line from Nicholls,
2017.
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The animal baseline suggested that the diet of domesticated animals (cattle,

sheep/goat and pig) was mainly constituted of C4 plants, however, pigs seem to

also have been feed with food scraps or waste from humans (Nicholls, 2017).

From the wild animal group, deer showed a more negative δ13C values

suggesting that they were not eating crops, but wild grasses, mainly C3 plants.

The higher δ15N values detected on the domesticated animals in comparison

with the wild deer suggest the grazing of cultivated land and the use of manure

(Fraser et al., 2011, Nicholls, 2017).

The animal baseline was compared with isotopic data collected from humans

remains, selected from nine Late Bronze and Early Iron Age sites: 25 from

Križna gora; 5 from Obrežje; 7 from Dolge njive; 3 from Grofove njive; 2 from

Metlika; 2 from Zagorje; 2 from Sv Križ; 1 from congress square, Ljubljana; and

1 from Sv Petar (Nicholls, 2017). The results obtained by Nicholls (2017)

plotted the human remains δ13C between -13‰ and -18‰ and the δ15N

between 8‰ and 9‰ (average obtained from dentine, rib and long bone

isotopic data) (ibid). These results showed that terrestrial animals and a mix of

both C3 and C4 plants formed part of the diet across a wide region and

temporally stable region (no significant change between Late Bronze Age and

the Early Iron Age populations). These data and results are further discussed

elsewhere (Nicholls, 2017, Nicholls and Koon, 2016).

Direct comparison of bulk isotope values acquired from bone collagen and

visible residues creates some problems due to their different nature (Craig et al.,

2007). Charred deposits, unlike bone collagen, can be a mixture of fats/oils from

different sources and could have also been thermally altered (ibid). Degradation

and contamination (after disposition or modern) are also more likely to affect



188

visible residues than bone remains. Depending on the type of residue the δ13C

values can vary significantly, for example, a protein-rich residue is more likely

enriched in 13C than a lipid-rich one (even if collected from the same organism)

(ibid). In contrast, δ15N can be more useful when comparing bone collagen and

charred deposits, since nitrogen is present in fewer biomolecules (e.g. proteins)

than carbon (ibid). Thus, δ15N values can be used more efficiently to identify

and compare trophic levels of visible residues. Knowing this, careful

interpretation was taken when comparing the animal baseline with the isotopic

values of the visible residues.

Focusing on the carbon composition of the vessel, of which only the white

deposits failed, a clear shift between the animal baseline and the ceramic

samples can be observed: all-ceramic deposits fall below the C4 plant signal (-

27.2‰ to -23.7‰), while the trophic levels seem to indicate the presence of wild

and domesticated animal products (3‰ - 6.3‰) (Fraser et al., 2013). The

carbon shift can be a clear example of the bone collagen and charred deposits

differences discussed above. Studies looking at charred plant remains (C3 and

C4 plants) have demonstrated that the results can vary in the range of 1 to 3‰

(Turekian et al., 1998, Czimczik et al., 2002, Turney et al., 2006, Ascough et al.,

2008, Fraser et al., 2013).

As mentioned above only five samples produced valid results of which four

were from Poštela (P479, P496, P735, P96) and the fifth from Vrabče. The

vessel from Vrabče was categorised by the archaeologist responsible for the

site as a Milkpot, a vessel used to collect and or process dairy products, thus it

was selected for analysis to confirm if indeed it was used with that purpose. The

Poštela vessels can be divided into two groups: P479, P496, and P96 with δ13C
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between ~-24‰±3‰ and δ15N ~5-6‰; and P735 with δ13C of -27.2‰±3‰ and

δ15N 4.5‰. The first group of samples shows δ13C and δ15N similar to the

values of domesticated animals, mainly sheep/goat, while sample P735 had

light δ13C values, thus more likely to be terrestrial mammal with C3 plant-based

diet. This could possibly be from another wild animal or a mixed product with

animal protein and C3 plants. The δ15N value of sample from Vrabče plots closer

to the deer remains, indicating a possible wild terrestrial animal residue. These

results do not confirm the hypothesis of this vessel being used to process dairy

products, however further analysis should be done.
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7.4.2 GC-C-IRMS

In total, 11 samples were selected for GC-C-IRMS, of which three (BB93K,

BB83K, and BB78P) showed non-reproducible results, excluding them from

analysis (Table 7.10). The samples were selected based on their total lipid yield

and lipid profile since better results are obtained from samples with higher

yields.

Site Samples δ13C‰ Δ13C‰
C16:0 C18:0

Kaptol

BB71K -30.13 -30.36 -0.23
BB73K -28.36 -30.25 -1.90
BB97K -31.13 -28.92 2.20
BB130K -26.62 -29.46 -2.84

Poštela

BB54P -29.08 -31.93 -2.85
BB50P -29.47 -32.08 -2.61
BB53P -26.33 -31.23 -4.90
BB84P -27.96 -28.95 -0.98

Table 7.10: Results obtained from GC-C-IRMS. Samples highlighted in Italic
and red are excluded from the analysis since their values were not reproducible.

The results obtained were plotted and compared with the results from previous

studies in Figure 7.10. In order to correct the results for methylation (to account

for the extra carbon), the values obtained were compared to C16:0 and C18:0 fatty

acid standards of known isotopic values, which were also treated by acidified

methanol extraction.

δ(Freefattyacid) = (n+1) (δ FAME) – X
n

X = δ13C of derivatising carbon; n = number of atoms in fatty acid
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Four samples seem to correspond to ruminant adipose fat: samples BB50P and

BB54P demonstrated carbon isotopic values correspondent of cow/cattle

adipose fat, while samples BB73K and BB84P are closer to the sheep/goat

adipose values. Sample BB84P had lipid biomarkers for Pinaceae spp resins

and pitch; however, this does not exclude the presence of ruminant fats as

indicated by the δ13C values, but instead the presence of both. Sample BB130B

has similar isotopic values to modern C3 plant oils, which corroborates with the

lipid profile obtained by GC-MS that also indicated the presence of plant oil

(Steele et al., 2010). Both isotopic and lipid composition of sample BB71K,

indicate the presence of animal fat and the δ13C results seem to further define

the residue as horse adipose fat. On the contrary, sample BB97K which the

lipid composition strongly indicate the presence of plant oil also shows similar

δ13C values as equine adipose. This could indicate the presence of a mixed

residue (plant and animal oil/fat), explaining the contradictory results.

Only one sample, BB53P, seems to have ruminant dairy adipose. In ruminant

adipose fats C18:0 is more depleted in 13C than C16:0 by 1 to 3‰, and similar,

though more pronounced, depletion is also observed in ruminant dairy fats

(Craig, 2003). Analysis of modern ruminant dairy fats showed a significant

difference between these two free fatty acids, with C18:0 values between 3 to 7‰

more depleted in 13C than C16:0 (Copley et al., 2003, Craig, 2003). This

difference was observed regardless of the diet input, which means that the

δ13C18:0 of ruminant adipose and ruminant dairy fats is not affected by the

animals’ diet (C3 or C4 plant) (ibid). The total lipid extract of sample BB53P was

characteristic of animal fat, however, it also had traces of miliacin, indicating the

presence of at least one plant residue: millet. The total lipid extract combined
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with δ13C values obtained through GC-C-IRMS suggests that both animal,

(possibly just dairy), and plant (millet) products were processed or stored in this

vessel. From the samples successfully analysed by GC-C-IRMS, none seem to

have isotopic values similar to marine and porcine fats. More samples should

be analysed by this technique to further identify and distinguish animal and

plant residues present.
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a)

Figure 7.10: GC-C-IRMS results. a) Carbon isotopic ratios of C16:0 and C18:0 fatty acids of the samples analysed compared with modern and
archaeological material from previous studies; b) Plot of the values ∆13C (δ13C of C18:0-C16:0‰) of all samples (Copley et al., 2003, Dudd and
Evershed, 1998, Dudd et al., 1999, Steele et al., 2010, Fraser et al., 2012, Robson et al., 2019)

b)

192
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Chapter 8. Identity through organic residue analysis: the

implications of the study of pottery in the south-east Alpine

region

8.1 The importance of pottery in ancient Europe

Pottery fragments (or potsherds) are one of the most common finds in

archaeological excavations, due to their resistance to degradation unlike other

artefacts made from perishable materials such as wood or metal, but also

reflecting the extent of their use and importance to past cultures. Pottery

vessels were used during different activities not only for cooking, serving,

storage, and processing food but also as containers for other materials, such as

medicines, illumination oils, cosmetics, craftwork materials, etc. Ceramic

vessels were present in every settlement and in every household as essential

objects for day to day activity. They also appear in different types of graves

across ancient Europe, thus reflecting the profuse and significant use of pottery.

As previously stated (see chapter 7.2.1), ceramic vessels, identified as urns,

were commonly used in Early Iron Age Kaptol to contain the cremated remains

of the deceased. The size and decoration of these vessels reflect their

importance as part of the funerary ritual. In other sites, such as Poštela, pottery

was also used in the funerary practice which is demonstrated by the selection

and deposition of specific sets of vessels within the graves. The presence and

use of pottery vessels in both settlement and funerary contexts reflect the

extensive use and application of these vessels, which were not limited to

usefulness and convenience, going beyond practical objects to gain a more

significant and even possibly a spiritual purpose as urns and containers with
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offers for the afterlife. The following chapter further discusses the importance of

ceramic vessels and how the data obtained and presented in Chapter 7

provides information regarding the social and cultural identity of the Late Bronze

Age/Early Iron Age people.

8.2 What makes us different: different identities in the south-east

alpine region during the LBA/EIA

The search for cultural identity in past populations normally begins with the

study of their material culture, perceived in archaeology as artefacts. These

objects can include pottery, textiles, jewellery, weapons, objects used during

manufacture or process of goods, and any other number of objects or tools

used by past populations. The natural resources exploited are also used to

understand cultural identity since it shows what were the resources available

and which of them were used/consumed when and where (for example, a

deposit in a grave). Accordingly, organic residue analysis of ceramic vessels in

addition to the study of the vessels themselves, from the shape, size and

decoration, can identify the contents of the vessels, thus associating pottery

typology and context of deposition with residue content.

With the objective to observe and identify expressions of cultural identity from

the ceramic vessels analysed, the results obtained through this research are

compared between each site and context in the following section.
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8.2.1 Funerary ceramic vessels

The purpose and use of funerary pottery in LBA/EIA south-east Alpine region

are of great interest. Further comparison between funerary and settlement

potsherds discussed in chapter 7 (within each site) suggested that the vessels

were not used the same way in these two different settings. Overall, funerary

vessels appeared to have been used as tableware or for storage; fewer times

than settlement vessels; and/or their contents were poorer in lipid content.

Statistical analysis of the total lipid yield extracted from funerary contexts per

site revealed a significant difference between sites: Kruskal-Wallis test with

p=0.000 < 0.05 (Table 8.1) showed that Kaptol funerary sites had the lowest

mean rank, meaning that the ceramic vessels from Kaptol had an overall lower

lipid residue than all the other funerary sites. Lower lipid yield could result from

the use or content of these vessels, but it could also be a consequence of

degradation. However, the opposite was observed when analysing settlement

potsherds from the hillfort, as Kaptol had the highest mean rank amongst the

other settlement sites. The hillfort and the two cemeteries from Kaptol, Gradci

and Čemernica, are geographically close to each other and have the same soil

type, thus suggesting that environmental factors were not the reason behind the

lipid yield discrepancy observed in the funerary vessels from these locations.

Comparing the results across all sites raises the problem of sample distribution,

as more samples were collected from Kaptol from both funerary and settlement

contexts. Non-parametric tests were used to address the discrepancy in sample

numbers; however, it is not possible to confirm how sample numbers affect

these results.
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Sites No.of
potsherds

Mean
Rank

Kaptol 73 42
Poštela 19 88
Novine 1 60
Obrejže 20 92
Dolge njive 2 93
Vrabče 2 97
Kapiteljska
njiva

1 108

Štanjel 1 106
Vetovo -
Kagovac

4 91

Table 8.1: Number of samples from the funerary contexts against total lipid
yield mean rank of each site.

It is important to point out that lipid yield is not the only difference observed

between Kaptol cemeteries and the remaining sites: the lipid biomarker for

castor oil (ricinoleic acid) was only identified in Kaptol. Even though the

presence and use of this oil are not yet clear, it is strong evidence of distinctive

and unique use of a plant oil within the cultural practice. In addition to this,

beeswax biomarkers were also only identified in six funerary vessels from

Kaptol. As mentioned in Chapter 7.2.1, beeswax can be applied to the vessel

walls as a waterproofing agent, and it can degrade under long exposure to heat

and overuse of the vessel. However, even when considering degradation, it is of

archaeological interest that beeswax residues were only identified in funerary

vessels and only at this one site. The unique presence of castor oil and

beeswax in ceramic vessels from Kaptol cemeteries further demonstrates the

cultural identity and cultural differences between LBA/EIA people from the

south-east Alpine region. It also brings the question of what other possible

differences and specific resources were being used in other sites, but that could

not be identified due to lipid degradation or limit sample number.
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Further statistical analysis of Kaptol potsherds revealed that total lipid yield was

also significantly different between funerary and settlement contexts: Mann-

Whitney test with p=0.000 significance value. Of the three sites with samples

from both funerary and settlement contexts (Kaptol, Poštela and Obrežje),

statistically significant difference was only identified in Kaptol (Table 8.2).

Table 8.2: Mann-Whitney test results comparing lipid yield mean ranks of
samples from Kaptol, Poštela and Obrežje funerary and settlement contexts
(context as grouping variable).

Novine was not considered for this comparison since it only had one sample

from a grave, as were the other sites with samples from only one context.

These results further highlight the difference between the funerary traditions of

the Kaptol communities and the populations further north.

Site Context No.of
potsherds

Mean
Rank

Sum of
Ranks

Kaptol funerary 73 40.2 2938

settlement 92 116.9 10757

Poštela funerary 19 23.8 452
settlement 33 28.1 927

Obrežje funerary 20 13.7 273
settlement 5 10.4 52

Sites Lipid yield (μg)
Kaptol Mann-Whitney U 237.0

Wilcoxon W 2938.0
Z -10.2
Asymp. Sig. (2-tailed) 0.000

Poštela Mann-Whitney U 261.5
Wilcoxon W 451.5
Z -1.0
Asymp. Sig. (2-tailed) 0.323

Obrežje Mann-Whitney U 37.0
Wilcoxon W 52.0
Z -0.9
Asymp. Sig. (2-tailed) 0.377
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Excluding castor oil and beeswax, the lipid composition of funerary samples

from Kaptol did not differ from other sites. The majority of vessels from this

context (74%) seem to have had plant-based products, characterized by the

presence of C16:0>C18:0; C18:1; C18:2; alcohols and diacids. The lipid biomarker for

millet was also identified in Kaptol, Poštela, Obrežje and Dolge njive grave

vessels, showing that this cereal was used as a grave good across the region.

Here a similar resource and possible purpose are identified across the sites,

proving that some cultural or social habits were shared between different

communities.

Figure 8.1: Distribution of type of residues identified in funerary contexts per
site: aquatic, plant, animal, and unknown. Note that from Novine, Kapiteljska
njiva and Štanjel only one vessel was selected each, thus only plant residues
were identified from these sites (100%).

Although no other type of plant oil was identified besides castor oil and millet,

plant residues were the main residue type identified across all funerary contexts,

with exception of Vrabče which has a 50-50 distribution (Figure 8.1).
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8.2.2 Settlement ceramic vessel

The types of fat and oil present in the ceramic vessels from settlement contexts

did not differ between the sites. In all sites, degraded plant or mixed plant and

animal fats/oils were the most common type of residues identified. Vessels with

degraded animal and/or dairy products were also identified but were not as

frequent. The fact that plant-based products were detected in larger quantities

seems to suggest that plant foodstuffs were the main source of nourishment for

LBA/EIA people (Figure 8.2). Alternatively, this suggests that animal products

were more often processed/cooked using other tools instead of ceramic vessels.

Figure 8.2: Distribution of type of residues identified in settlements contexts per
site: aquatic, plant, animal, and unknown.

The homogeneous results obtained regarding settlement potsherds indicates

that the LBA/EIA diet across the south-east Alpine region did not differ greatly

from site to site. This is further confirmed by the homogeneous results of bulk

isotope analysis of human remains obtained by Nicholls (2017). Regarding diet
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and sources of nutrition, LBA/EIA communities of this region were consuming

and exploring the same or similar resources. Unfortunately, it is impossible to

identify how the resources were prepared, namely the “recipes” or style of

cooking, thus any difference or similarities regarding the processing of

foodstuffs (which could reflect cultural identity) cannot be identified at this stage.

Possible aquatic residues were only identified in settlement potsherds,

suggesting that fish (or another aquatic resource) was not deemed necessary or

appropriate for the funerary practices. The low frequency of this residue also

suggests that this resource was not commonly used or consumed during

LBA/EIA in the south-east Alpine region. As previously mentioned, aquatic

residues were found in three sites: Kaptol, Poštela and Novine (chapter 6.3.5).

All sites are inland, suggesting that the source of the residues was from a lake

or river instead of the sea. The presence of this residue across three different

sites shows that the consumption of aquatic resources, even though rare, might

have been a shared practice across the south-east Alpine region.

Another residue only identified in a settlement potsherd was birch bark tar,

which was present in a bowl type 1/bowl with handle from Poštela (chapter

7.3.2). The absence of more samples with this type of residue might be a result

of degradation of the residue. It is unclear what this vessel was used for,

however, the fact that the layer of birch bark tar in the interior wall was more

worn out than the exterior wall suggests that this resin was used to waterproof

the vessel.

Regarding animal residues, once again, their exploitation seems to be similar

across all sites: predominant ruminant adipose fat and dairy. Cattle, sheep

and/or goats were the main source of animal fat, however wild animals, such as
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deer, also appear in the faunal archaeological record. The presence of non-

ruminant animals, such as pigs, were also identified in some sites, however, it

was not possible to confidently identify pig residues in any of the potsherds

analysed, either by GC-MS, GC-C-IRMS or bulk isotope analysis (see Chapter

7).

8.2.3 Overall observations

 The most common residues identified in funerary potsherds were plant-

based;

 Kaptol was the only site with castor oil and beeswax, which shows the

particular uses of plant and animal resources during funerary practices.

This characteristic use of resources demonstrates specific features of

cultural identity in the Kaptol community;

 On the contrary, results from settlements vessels demonstrated that

similar resources were being used across the south-east Alpine region.

 Millet was the only plant identified by lipid biomarkers in all settlement

sites and in many funerary contexts as well. This shows how widespread

the cultivation and consumption of this crop was across the region;

 Aquatic resources were rarely consumed; however, they were identified

in at least three settlement sites.

 Ruminant animals and millet were identified in the majority of the sites,

demonstrating similar consumption practices in the south-east Alpine

region.

 Through organic residue analysis:

 Unique funerary practices were identified in Kaptol;

 An homogeneous variety of resources were found in settlement

contexts, indicating similar diet/consumption habits.

8.3 Pottery shape, size and decoration: function vs. cultural identity
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It is accepted that ceramic vessels were important objects for the daily activities

of past cultures, the same way plastic and ceramic food containers (from boxes,

cooking pots, plates, etc.) are present in every home today. However, if pottery

vessels were only perceived as practical objects, decoration would have been

redundant. Even though not every single potsherd found in archaeological

contexts is decorated, decoration elements have been identified across all types

of pottery (from storage, cooking pots, tableware and funerary vessels). Late

Bronze Age and Early Iron Age pottery from the south-east Alpine region is no

exception to this observation, though types of decoration were more common

than others depending on their context and site of excavation.

These observations are not exclusive to decoration, the shape and size of

ceramic vessels can also reflect cultural and social characteristics. For example,

larger forms could indicate the practice of communal eating or drinking (such as

in a feast). Small cooking pots might indicate a more varied cuisine, which

would involve more than one cooking pot for the preparation of food or a more

individualistic style of consumption (instead of larger groups, which would

require larger quantities of foodstuff) (Spataro and Villing, 2015:5-6, 104-112).

Specific shapes of pots can also reveal cultural individuality, such as the

funerary urns with bullheads from Kaptol, which are unique to that area. Certain

shapes and decorations could have been favoured by a population and used to

proclaim their individuality. This would be just one example of cultural identity,

as would have been their clothing, adornment objects, weapons, cuisine, culture,

religion and social activities and beliefs, amongst others.
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8.3.1 Type of vessel vs. lipid yield

The shape and size of a vessel can be used to identify how the ceramic pot was

used: open mouths enable access to the food and leads to fast evaporation

ideal for stirring; vessels with same depth and width dimensions lead to low

evaporation of its contents, ideal for stews, broths and soups (Spataro and

Villing, 2015:5-6). The base of the vessel can also be adapted for specific uses,

for example, flat bases can easily be placed on top of hearths or stands;

vessels with curved bases can be placed in ambers and lead to better heat

distribution (ibid).

As described in chapter 5, all vessels were divided into eight types of vessel

categories: bowl type 1; bowl type 2; bowl with handle; large vessel; plate; stand;

lid and unknown. In addition to the eight types, some vessels were identified as

cups, as they were smaller than the bowls and with one single loop handle. Due

to the number of fragmented potsherds, it was impossible to identify all the

selected ceramics vessels. Observing the seven (excluding unknown potsherds)

types of vessel categories, using similar criteria from the ones mentioned above,

the functions of each type are explained in Table 8.3.

Vessel type Use Context found Sites found

Bowl type 1 Cooking;
tableware; storage

Funerary
Settlement
Ritual

Kaptol
Poštela
Novine
Obrežje
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Dolge njive
Kapiteljska njiva
Vetovo - Kagovac

Bowl type 2 Cooking; storage;
tableware

Funerary
Settlement
Ritual

Kaptol
Poštela
Novine
Obrežje

Bowl w/handle Cooking; storage;
tableware

Funerary
Settlement
Ritual

Kaptol
Poštela
Novine
Obrežje
Vetovo - Kagovac

Large vessel Storage; cooking; urns
Funerary
Settlement
Ritual

Kaptol
Poštela
Novine
Obrežje

Plate Tableware
Funerary
Settlement
Ritual

Kaptol
Poštela
Obrežje

Stand Cooking Settlement
Ritual

Kaptol
Poštela

Lid Covering cooking, storage
and/or tableware pots

Funerary
Settlement

Kaptol
Poštela

Table 8.3: Vessel types related to probably application/use, context and sites in
which they were found.

The identification of absorbed or visible residues provides additional information

about the use of the vessels since it can potentially identify the foodstuff that

was processed or stored in the vessels. Lipid composition and lipid yield per

vessel type were tested in order to detect any differences or similarities

between vessels. A Kruskal-Wallis test showed no statistically significant

difference between vessel type and lipid yield in any of the sites, except Kaptol.

Lipid yield means rank of Kaptol vessels are not equally distributed between

vessel type, with significant value p=0.004 inferior to the 0.05 expected

significance value (Table 8.4). Large vessels are the type of vessel with the

lowest mean rank from Kaptol, followed by unknown and bowl type 1 vessels.

As mentioned above in section 8.2.1 of this chapter, Kaptol has very
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characteristic urns present in the graves, which in this study have been

regarded as large vessels.

Kaptol Poštela Novine Obrejže Vrabče Vetovo -
Kagovac

Bowl type 1 75.2 59.6 22.4 16 - 2.3
Bowl type 2 100.4 49.1 28.7 12.5 - -
Bowl w/handle 108.8 89.8 33 14.0 - 3
Large vessel 48 39.3 8 9.0 1 -
Plate 105.2 55.8 - 14.8 - -
Stand 103.2 62.5 11 -
Lid 80.0 33 - - - -
Unknown 75.1 49.3 19.9 11.9 2 -

Sites
Kaptol Chi-Square 20.726

df 7
Asymp. Sig. 0.004

Poštela Chi-Square 11.060
df 7
Asymp. Sig. 0.136

Novine Chi-Square 4.461
df 5
Asymp. Sig. 0.485

Obrejže Chi-Square 1.131
df 5
Asymp. Sig. 0.951

Vrabče Chi-Square 1.000
df 1
Asymp. Sig. 0.317

Vetovo -
Kagovac

Chi-Square 0.200
df 1
Asymp. Sig. 0.655

Table 8.4: Lipid yield (μg) mean rank of each type of vessel per site and Chi-
square results from Kruskal Wallis test. Dolge njive was excluded from this test
since only one type of vessel was selected from this site (Appendix C).

This could explain the low lipid yield since funerary urns largely contained

burned remains, which would be lower in fat and oil content. These results

corroborate the results obtained in section 8.2.1, which demonstrated that the
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lipid yield (μg) from Kaptol potsherds was significantly different between

funerary and settlement potsherds.

8.3.2 Decoration/wall treatment vs. type of vessel

Decoration and wall treatments were described in chapter 5 and were also

identified when present: smoothing; polish; burnished and graphite; burnished

and red slip; plastic elements; impression and grooving or incision (Figure 8.3

and Table 8.5). As demonstrated in Figure 8.2 and Table 8.5, the most common

decorative/wall treatment was the smoothing of the vessel walls, which was

normally identified in both exterior and interior surfaces, with polish as the

second most common. Some differences between types of vessels can also be

inferred: bowls with handle have the highest number of impression decoration;

large vessels seem to have been preferentially decorated with burnishing and

graphite and with two or more decorative techniques; lids have the highest

proportion of plastic element decoration followed by the presence of a

combination of types of decorations; stands are the vessel type with less

decorative elements, with smoothing and polishing of vessel walls as the only

detected wall treatments.
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Figure 8.3: Distribution of decoration/wall treatment per vessel type (%). This
figure shows that smoothing of the ceramic walls was the most common
decoration/wall treatment identified across all vessel types followed by polishing
(Appendix C). The category combination regards vessels with two or more
different decoration elements.

The next step was to understand if the decoration of a vessel was directly

related to the use of the vessel. To achieve this, a Kruskal-Wallis test

comparing the lipid yield means (μg) extracted per type of vessel and

decoration was undertaken (Figure 8.4). No statistical difference was identified

(all asymptotic p-value were higher than 0.05), which suggests that the type of

decoration or wall treatment of a vessel was not related to vessel use or fat/oil
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content. In other words, no particular decoration seems to be associated with a

particular residue or use of the vessels (as cooking for example).

Bowl
type 1

Bowl
type 2

Bowl w/
handle

Large
vessel

Plate Stand Lid Unknown Total

Smoothing 42 20 9 12 17 8 3 57 168
Polish 11 10 4 0 12 1 0 21 59

Burnished
and graphite 14 3 2 5 2 0 0 17 43

Burnished
and red slip 0 2 1 1 0 0 1 2 7

Plastic 4 2 0 0 1 0 1 8 16

Impression 1 0 3 0 3 0 0 3 10

Grooving or
incision 0 0 1 1 0 0 0 2 4

Combination 5 3 0 2 1 0 3 3 17
None 2 1 1 0 1 2 0 13 20
Total 79 41 21 21 36 11 8 126

Table 8.5: Total number of types of vessels analysed with the respective
number of decorated elements identified per vessel. This table shows that
smoothing of the ceramic walls was the most common decoration/wall treatment
identified across all vessel types followed by polishing. The category
combination regards vessels with two or more different decoration elements.

Due to the number of fragments of unknown vessel type and the fact that the

majority of the vessels are only fragmented, some decorative elements may

have not been identified because they were not present in the fragment

selected. Consequently, the conclusions from this test are only relevant to the

data set collected and may not be an accurate representation of the decoration

and type of vessels of the sites studied. Nevertheless, it is interesting that in

377 ceramic vessels, no decoration/wall treatments trends, regarding lipid yield

and type of residue, were identified.
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Figure 8.4: Lipid yield mean (μg) per type of vessels, grouped by decoration

types. This figure demonstrates that the lipid yield extracted per type of vessel

does not differ from type of decoration, in other words, decoration does not

seem to be a factor in the way the vessel was used.
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8.3.3 Decoration/wall treatment vs. context

As mentioned before, some decorative elements have been found in ceramic

vessels from specific contexts. One of the best examples from the sites studied

in this project are the funerary urns from Kaptol grave sites. The most iconic of

these are the large urns with flat bases, burnished and graphite walls with

incision, plastic and grooving decorations (Figure 8.5). Obrežje has the

burnished plates with grooving decoration on the rim, and Poštela the small

bowls with handle with burnished and graphite walls and grooving patterns. To

observe if any decoration/wall treatment was more commonly applied to grave

or settlement vessels, the frequency of decoration per context is demonstrated

in Figure 8.6.

Figure 8.5: Image of reconstructed funerary urns from Kaptol cemeteries.
Photo courtesy of L. Büster
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Figure 8.6: Frequency of types of decoration/wall treatment per contexts (%).
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Smoothing of the ceramic walls was the most common wall treatment identified

in all three contexts. In the funerary context, 20% of vessels had burnishing and

graphite walls, while only 10% and 2% were identified from settlement and ritual

contexts respectively. Polishing of the walls was observed in 23% of settlement

vessels (second most common wall treatment from this context) and in 16% of

funerary potsherds. However, this wall treatment seemed to be absent from the

samples selected from the ritual context, where smoothing of the walls was the

most common decoration/wall treatment, present in 87% of its vessels. Even

though plastic elements are common in funerary urns from Kaptol, overall,

including all the other grave sites, only 3% of funerary vessels had this type of

decoration, with higher representation in settlement vessels (7%). As described

in chapter 5, plastic elements range from a wide variety of forms. In settlement

vessels, plastic elements were mainly observed as small handles and as rope

like design around the ceramic wall.

The seeming lack of decorative elements in the ritual context might indicate that

since the intent of these vessels was to be discarded after use, the vessels

selected or manufactured for the ritual event/s were purposely “plain”. If they

were deliberately manufactured to be used in the one-time-use feast, there

would have been little interest to decorate them since this would extend the

production period.
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8.3.4 Context vs. type of vessel

Similar to the previous section, further comparisons were undertaken this time

considering context and type of vessel (Figure 8.7). Two similar vessel types

have a noticeable presence in the funerary context, large and extra-large

vessels. The extra-large vessel fragments are from Štanjel and Vrabče and are

most likely from a large storage vessel as a silo. It is not clear why silo type

containers would have been placed in a funerary context; however, it is not the

only occurrence of this type. Large containers made of ceramic or metal, have

been excavated from Late Bronze Age, Iron Age and La Tène period. In some

cases, cereal grains were still preserved inside these vessels. Archaeologists

and researchers soon suggested that these containers, especially the metal

ones, could have been used to store large quantities of fermented beverages

instead of just dried cereals. Unfortunately, such conclusions were not

confirmed by analysis of the two silo fragments identified here.

Figure 8.7: Distribution of types of vessels per context (%).
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The smaller large vessels were also more common in the funerary contexts,

due to the number of urns identified and selected for analysis. Stands and lids

were absent from one context each. Stands were not identified in the funerary

contexts, which corroborates the hypothesis that tableware and storage vessels

were the main types deposited in the graves. Stands would have been used to

heat the contents of other vessels as they would be placed above a hearth, or

even to directly heat up some foodstuffs (e.g. a flat type of bread). Lids, on the

other hand, were absent from the ritual context. Some funerary urns and

storage containers have been found with lids, which would explain their

presence in both graves and settlement. The three types of bowls and plates

are fairly distributed between the different contexts, indicating their multifarious

purposes: tableware, containers, cooking pots, etc.
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8.4 Feasting vs. mourning: the living and the dead

Feasting was the celebration of public relations, within a group or between two

different groups: celebrating the identity of the population; joining the high status

with the lower social groups; celebrating a productive season (high crops yield,

plenty of food etc.); celebrating religious/cultural festivities of the population; a

way to entertain the population; between groups to celebrate political or

economic agreements; social or cultural tradition of celebrations between those

groups (Spataro and Villing, 2015: 12-16, Craven, 2007). Food and drinks were

essential for feasts; however, entertainment such as music, parades and sports

would have also been indispensable during Late Bronze/Early Iron Age. The

representations of such events are well documented in situla art (Figure 8.8)

and in the vast archaeological finds associated with feasts: ceramic vessels,

metal skewers, metal vessels, etc (Craven, 2007).

Figure 8.8: Frieze detail of Vače situla, National Museum of Slovenia. Two male
figures seem to be performing some type of sport or exhibition ceremony next to
a helmet on a stand. Image courtesy of the ENTRANS Project and Bradford
Visualisation.
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By observing the contents of Late Bronze Age/Early Iron Age graves, ceramic

vessels are common finds in both Urnfield and tumuli graves. This raises

questions related to the purpose of these objects and their contents: a feast for

the dead; resources for the afterlife; the last celebration; food as a symbol of

prosperity; a necessity and a luxury reserved for the most important or wealthy

individuals (Craven, 2007).

One clear difference observed in this study between funerary and settlement

pottery was the lipid yield, as grave vessels seem to have not been used as the

settlement vessels. This does not necessarily mean that the vessels in the

graves were empty, but that the way they were used or the content itself results

in lower lipid absorption.

Two main hypotheses can be drawn from this difference:

a) Funerary vessels were used as tableware or storage, instead of cooking

vessels, resulting in less continuous absorption of fats and oils from

foodstuffs as observed in cooking vessels, or other vessels that would

undergo heat exposure.

b) The contents of these vessels were low in lipids, such as dry foodstuffs

(e.g. cereals) or beverages/liquids with low fat/oil content, as fermented

beverages.

In fact, these two hypotheses are not mutually exclusive since both scenarios

could have occurred within the same pottery assemblage. Either way, it is clear

that the vessels deposited in the graves were significant and had a purpose.

Another important archaeological find within the funerary contexts of both

Kaptol and Poštela sites was the identification of cremation of complete animals
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and their deposition with the ashes of the deceased. Could this practice mean

the transition of earthly possessions to the afterlife (cattle and other important

animals for a prosperous existence) or the sacrifice of an essential resource as

part of grieving/loss or ritual/religious beliefs? Burnt ceramic fragments have

also been identified in some of the cremations suggesting that some type of

vessel/s were also part of the cremation ritual, but what about the other vessels?

In several cultures across human history, the placement of grave goods as gifts

to the deceased for the afterlife has been observed. If this was the case in the

Late Bronze Age/Early Iron Age, these funerary vessels and their contents were

for spiritual consumption instead of a physical one, possibly with a different role

for the animals and other grave goods that were placed in the cremation pile.

The elaborate graves (e.g. tumuli) and the extensive grave goods (vessels,

foodstuff, jewellery and metal objects) show an elaborate picture of what would

have been part of the funerary ritual. The same can be said of the feasts that

are represented in situla art. Food and drinks are both present in feasting and

funerary practices: essential material for all social interactions, even the ones

with the dead (Craven, 2007). It seems that feasting and or exhibition through

funerary practices was part of the Early Bronze/Late Iron Age people in the

south-east Alpine region. Wells (2012) points out that when studying grave

goods, researchers tend to interpret them mainly as objects of prestige,

reflecting the status of the deceased (Wells, 2012). He instead suggests that

the position and character of the grave goods are physical expressions of the

connection between the deceased and the society that they belonged: the

objects deposited with the remains would actually reflect the community of the

buried/cremated individual (ibid). In this case, funerary practises would act more

as public events and even as an exhibition of the wealth and, possibly, the
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power of the community, which definitely resonates with the display and size of

large tumuli.

Early Iron Age graves tend to be bigger than the ones from Late Bronze Age

(e.g. tumuli compared with Urnfields), suggesting that the display of

power/wealth through funerary practises became more relevant (Wells, 2012).

In Poštela, both Urnfield and tumuli grave types overlap chronologically, which

can suggest that two or more neighbouring cultures had different funerary

rituals, or could simply be an example of two different cultural practises (the old

and the new) being used at the same time, perhaps during a transition period.

Curiously, the pottery assemblage and contents do not seem to drastically

change in this site, indicating that the exterior visual aspects of the ritual were

the main change.

The ritual context found in Poštela has been interpreted as a disposable pit of

material used during a feast or large celebration, filled and closed from one

event (instead of several smaller deposits through a period of time). After the

said event, the vessels used would have been discarded in the pit or deposited

as part of a ritual/ceremonial practice. Animal remains were also found within

this deposit, further supporting the hypothesis of a feast. Even though no direct

isotopic data have been collected from Poštela human remains, the organic

residues analysis of the ceramic vessels indicates a similar diet pattern as the

other sites studied in the ENTRANS project: strong C3 and C4 plant

consumption, with terrestrial animal input. It is then assumed that the

consumption of meat in large quantities, as seems to have happened in this

Poštela ritual context, would not have been the norm. A feast or celebration
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would explain the number of animal bones and ceramic vessels present in this

deposit.

Figure 8.9 shows the distribution of lipid yield per type of vessel from this

context, highlighting the fact that bowls with handles were the vessel type with

higher lipid yield content across the five types of vessels identified. However,

only two bowls with handles were identified in this context: BB43P and BB59P.

Sample BB59P lipid yield is substantially higher than the other samples with

27.7mg of lipids per 1g of potsherd, as the average of all remaining vessels is

only 0.6mg per 1g of potsherd. Excluding this vessel, plates were the vessel

type with higher lipid yield, with average 3.2mg of lipids per 1g of potsherd.

Nevertheless, no statistical significance was identified between the type of

vessel and lipid yield within the vessels from the ritual context (Kruskal-Wallis

test p=0.122) (Figure 8.9).

As discussed in chapter 7.3.3, the majority of samples from this context had

possible plant residues or mixed fats and oils (81%). This might indicate that the

animals butchered during this feast were not cooked by using ceramic vessels,

but maybe with skewers or other containers/tools that were not disposed of in

the pit or that degraded over time, such as wood for example.
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Poštela ritual samples

Poštela funerary samples

Figure 8.9: Boxplot of the ritual (top) and funerary (bottom) samples from
Poštela, demonstrating the distribution of lipid yield (μg) per type of vessel.
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Despite the fact that the types of vessels seems to be equally present in both

contexts (see section 8.3.4 of this chapter) the lipid yield distribution per vessel

type is clearly very different. Bowls with handles from ritual context have a

significantly higher lipid yield than the same vessels from the funerary context,

and the opposite occurs with bowls type 1 and plates (higher lipid yield in the

funerary context).

The funerary customs practised by the LBA/EIA communities from the south-

east Alpine region, indicate the importance and significance of ceramic vessels

and their contents, however it does not seem to suggest that direct feasting

activities were undertaken with said vessels before deposition, as suggested by

the lipid yield, type of residue and vessel type. Food, drinks and other animal

and plant-based products were definitely present in both ritual/feasting and

funerary practises, but their purpose and use were not the same.
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8.5 Late Bronze Age/Early Iron Age millet: food or drink?

(Rageot et al., 2019)

As mentioned before, the stable light isotope study led by Nicholls on human

remains from the ENTRANS project, demonstrated that by the Late Bronze Age

millet was already an important food resource for the south-east European

population (Nicholls, 2017). Millet was identified in 22 samples and across five

sites: Kaptol (hillfort, Čemernica and Gradci cemeteries); Poštela (all contexts);

Novine; Obrežje and Dolge njive. This is the main residue identified across the

sites involved in this research. The presence of millet in vessels from Kaptol

and Novine demonstrates that this cereal was also being consumed/used in

these two sites, information that had not yet been confirmed by previous studies

due to the absence of human inhumations for isotope analysis (Nicholls, 2017).

The data collected by this study and the research by Nicholls (2017), confirms

that the cultivation and consumption of millet were already widespread across

the south-east Alpine region during the LBA/EIA (Figure 8.10).

The earliest evidence of millet cultivation is dated from 8000–7600 cal. BP from

China, most likely spreading westwards to Europe (Valamoti, 2013, Bestel et al.,

2014, Heron et al., 2016). The earliest date of broomcorn millet in Europe dates

back to Neolithic (3200-2800) from two Austrian sites, however, is only from the

3rd millennium BC that this crop seems to have spread across Central and

South Europe, as suggested by archaeological finds and radiocarbon dating

(Valamoti, 2013, Motuzaite-Matuzeviciute et al., 2013, Lightfoot et al., 2013). In

Bulgaria and Greece, archaeobotanical evidence suggests that millet started to

be cultivated during the Middle/Late Bronze Age (Valamoti, 2013). Both

Slovenia and Croatia are geographically closer to Austria than Bulgaria and
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Greece, however, it is not currently clear if millet was introduced before or after

the Bronze Age. From this and Nicholls (2017) study, it is only evident that this

crop was definitely present from the Late Bronze Age onwards in both regions

(Figure 8.10)(Nicholls and Koon, 2016, Nicholls, 2017).

Previous studies have argued that the spread of millet to the Balkans happened

with the introduction and domestication of horses from Asia, as both occur from

= Sites from Nicholls (2017) research with evidence of C4 plant consumption.
= Sites from this study without millet biomarkers.

= Sites from this study with millet biomarkers.
= Sites from both this study and Nicholls (2017) research with millet biomarkers
and isotopic evidence of C4 plant consumption.

Legend key:

Figure 8.10: Map with the sites studied during this research and by Nichols
(2017) that demonstrated lipid and/or isotopic data confirming the presence and
consumption of millet/C4 plants. Map provided by R. Kershaw and adapted from
Nicholls, 2017.
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the Bronze Age onwards (Valamoti, 2013). Horse gear artefacts that have been

found in Kaptol (deposited in graves) and horse bone remains demonstrate that

horses were definitely part of the domesticated animals between the LBA/EIA

(Balen-Letunić et al., 2004:119-121, Potrebica, 2013:76-81). It is plausible that

horse domestication and millet could have been adopted by extended contact or

trade with eastern populations; however, more information regarding horse

domestication (from breeds to chronology) needs to be gathered to better

understand the relation between the two.

The hypothesis of millet being used as a cereal for the production of fermented

beverages was briefly discussed in chapter 7.2.1. The isotopic analyses of

human remains confirmed the consumption of C4 plants, thus it is clear that

cereals, most likely millet, were part of the diet (Nicholls and Koon, 2016,

Nicholls, 2017). However, this does not exclude the consumption of C4 plants

just as a solid food cooked or mixed with another foodstuff. The production of

fermented beverages during the LBA/EIA Europe has been recognised by

numerous archaeological and archaeobotanical findings (Stika, 2011, Moe and

Oeggl, 2014, Steele, 2017, Rageot et al., 2019). The recurrent illustration of

drinking activities in situla art (Figure 8.11) and the extensive amount of pottery

found related to pouring and drinking (e.g. jars and cups) across the south-east

Alpine region, are strong evidence of production and consumption of fermented

beverages in this region as well. The size and general shape of the cups from

the LBA/EIA, which are smaller and more decorated (with incisions, plastic

elements, burnish and graphite) than Early and Middle Bronze Age cups, show

a general tendency for individual use of cups (Wells, 2012). The use of cereals

like millet for the production of fermented drinks has been reported across

Europe (Sauter 1980 and Spindler 1983 in Arnold, 1991:370)(Steele, 2017,
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Soukand et al., 2015); however, it is yet only speculated in the sites discussed

here.

In an attempt to identify how millet was being consumed, the type of vessels

where the biomarker miliacin was identified was tabulated in Figure 8.12. Bowls

type 1 (nine in total) and large vessels (six) are the sample types with greater

occurrence of miliacin. Bowls type 1 could have been used to process foodstuff

and/or cooking, the fact that six of the nine bowls type 1 with millet were

collected from settlement context supports this hypothesis since cooking pots

would more likely be present in this context. In addition, all six seem to have

Figure 8.11: Vače situla, National Museum of Slovenia. The top section (a)
shows two figures next to a vessel on a high stand as the figure on the left lifts
something towards the figure on the right. The bottom section (b) shows two
figures surrounding a third figure playing an instrument, as the figure on the
right offers something from a vessel (possibly a drink). Image courtesy of the
ENTRANS Project and Bradford Visualisation.

a)

b)
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animal fat, possibly ruminant due to the presence of phytanic acid which can be

found in both ruminant adipose and dairy fat (even though they were not all

from the same site, Figure 8.12).

Figure 8.12: Number of vessels with the lipid biomarker miliacin identified per
site and categorised by type of vessel.

Of the large vessels with millet, three were funerary urns (BB8A, 9A and 32P),

two others were possibly also urns however it is not totally clear at this point if

they were used or not as such (BB21A and 170A). The presence of millet (and

possible other cereals) in funerary urns is not entirely surprising since animal

bones have also been identified mixed with human remains in cremations from

Kaptol cemeteries. This being said, it is probable that cereals and other plants

were also added to the cremation pile (during or after the cremation process

itself), thus explaining the presence of millet inside graves.

The presence of millet in two plates from Poštela mixed with possible ruminant

fat, suggests that these vessels were used to serve (tableware) foodstuff: a
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mixture of ruminant animal fat with millet. The plate BB30P was recovered from

a grave, while plate BB15P is from a ritual context, both could have been used

before deposition or plate BB30P could have been placed still with its contents

as a grave good. The contents of both bowls type 2 (BB159D from Dolge njive

and BB133O from Obrežje) display degraded plant residues but no animal fat,

indicating that these vessels were more likely used to store/process only plant

products.

Even though millet was identified across all three contexts (funerary, settlement

and ritual) some tendencies between the type of vessel, residue and context

seem to emerge (Figure 8.13). Bowls type 1 with millet were mainly found in

settlements (Poštela, Kaptol and Novine), while large vessels were

predominantly present in graves/cemeteries (Kaptol Gradci and Čemernica,

Poštela, Obrežje and Dolge njive). A Kruskal-Wallis test revealed a significant

statistical difference between the types of vessel and the presence of millet

biomarkers (p=0.009), but not between contexts with significance value above

0.05 (p=0.153). More samples should be collected and analysed to better

understand and confirm if there is a correlation between vessel type, context

and millet. A recent student consisting of residue analysis of pottery from

Heuneburg (Germany) showed that millet was mainly used a foodstuff resource,

commonly mixed with animal fats and dairy fats (Rageot et al., 2019).
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Figure 8.13: Number of potsherds with millet identified by the type of vessel
and context of provenance.

Even though some of the potsherds discussed here could have been jars or

cups, the size and other elements of the fragments did not permit a definitive

identification of any of them as such. Some cups were indeed selected for

analysis, though none had the lipid biomarker for millet. However, this does not

exclude the possibility that some of the shapes discussed (mainly the bowls

type 2) could have been used to contain/serve liquids such as fermented drinks.

Nevertheless, from the presence of mixed animal residues with millet, the

identification of this cereal in plates (tableware) and possible cooking pots

strongly indicates the process and consumption of millet mainly as a food

product instead of a drink. Its presence in graves places millet at the same level

of importance (ritual or physical) as domesticated animals, which further

reinforces the importance of millet as a food source and as a material with

cultural significance.
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8.6 We are what we eat or what we eat is in the pot?: interpreting

pottery content

Osteological analysis, specifically human collagen bulk isotope analysis, is the

base for the study of paleodiet as it provides food consumption information

directly from the human remains. Unfortunately, human remains in general and

those with intact collagen are not always available for analysis. This could be

due to degradation of the remains, poor preservation conditions, method of

burial/deposition of the dead and funerary practices. Cremation of human

remains is one of the funerary practises used during the LBA/EIA south-east

Alpine region and it also affects the collagen within the remains. Due to this, no

human bulk isotope analysis has yet been successfully accomplished from

many of the sites studied in this project, including Kaptol and Poštela.

On the other hand, ceramic vessels are one of the most common artefact types

found in archaeological sites, which can potentially aid researchers on the study

of paleodiet when human bone collagen is absent for analysis. Organic residue

analysis is not completely free of interpretation problems: degradation and

contamination, amongst other factors, can affect organic residues in ceramic

vessels (see chapter 6). Thus, the combination of both human collagen bulk

isotope and organic residue analysis produces a larger depiction of diet in the

past, by comparing data and addressing possible gaps of information when

human remains are not present. This comparison was made possible by the

ENTRANS project as isotope analysis were funded and undertaken over a

series of sites in the south-east Alpine region by Nicholls (2017).
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The isotopic data showed a predominant mix of C4 and C3 plants and terrestrial

animal protein in the diet (Nicholls, 2017). The organic residue analysis

identified millet, plant and animal residues: predominantly terrestrial residues.

Visible residues and GC-C-IRMS samples pointed to a C3 plant terrestrial diet;

however, this does not exclude the importance and significant input of C4 plants

(since the isotopic data of human remains clearly shows its significance) and

identified ruminant adipose fat as the main animal residue input.

Plant-based foodstuffs are more predominant in ceramic vessels, suggesting

that vegetables and cereals were the main source of nutrients as sustenance.

Except for castor oil, beeswax, millet and birch bark tar no other product was

identified beyond plant (based on lipid composition), due to the absence of lipid

biomarkers. Agriculture and harvesting of wild plants and vegetables would

have been some of the most common and required activities for the LBA/EIA

peoples since they were the main food source.

However, animal fats (including ruminant fat and dairy) were also clearly

important for the diet, as can be extrapolated from the absorbed residues and

GC-C-IRMS results, even if in lesser quantities or processed in different ways

as plant products: for example, more often roasted or grilled with skewers

instead of ceramic vessels. This hypothesis is supported by the isotopic results

from human remains since terrestrial animals were being consumed (Nicholls,

2017).

The faunal remains found indicate a wide variety of domesticated animals that

were explored and most likely consumed during the Late Bronze Age and Early

Iron Age: cattle, sheep/goat, horse and pigs. Meat, dairy, leather/wool, transport

and animal traction are some of the ways these animals were likely explored.
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The fact that complete animal remains have been found and identified in graves,

establishes that domesticated animals were more than just resources for food

and work, but that they also played a role in social and spiritual ceremonies.

They could have been seen as sacrifices for the deceased or deity/deities that

were followed, necessary for the passage/mortuary rituals. Alternatively, the

animal sacrifices could reflect mourning or how rich the community, the

deceased or his/her family were, as an ostentatious performance.

Animal fats were identified in all sites and contexts discussed in this study,

however, it was not possible to confidently identify the origin of the animal fats

just by the lipid composition of the residues. Further analysis by GC-C-IRMS

and bulk isotope analysis were used instead for that reason. Cattle and

sheep/goat were identified in five out of the eight samples analysed by GC-C-

IRMS, and one sample had ruminant dairy fats (BB53P). Four bulk isotope

samples also seem to have cattle/sheep/goat animal fats (δ15N values between

6.3‰ and 4.6‰). This could possibly indicate that these ruminant animals were

consumed/processed more often or preferentially than non-ruminants (pig). The

isotopic data collected from the human remains by Nicholls (2017) also seems

to corroborate with these results, as human and pigs shared a similar isotopic

composition, which means that the pigs were more likely eating human

food/scraps but were not being consumed by humans that often (a shift in the

trophic level would be expected if that was the case). This does not mean pigs

were not consumed but does put into question their importance/presence in the

diet of the human population. Nevertheless, more samples from ceramic

vessels should be analysed by GC-C-IRMS to further confirm these results.
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Wild animals, such as deer, were also important for these communities,

possibly hunted for both their meat/leather and their significance in important

social and/or religious activities. The processions illustrations in situla art of

deer and other animals clearly demonstrates their importance beyond diet or

natural resource. Wild animals may have been seen as nature representatives

as well as an extra food source in case of need or when away from the

settlement area.

As discussed in chapter 6.3.5, aquatic biomarkers were identified in four Kaptol

potsherds, two from Poštela and one from Novine, all settlement vessels. Dark

de-colouration and burn marks were identified in all seven potsherds with the

exception of vessel BB114N from Novine, suggesting that these vessels were

used to process foodstuff using heat, in other words, as cooking pots, which is

also corroborated with the shapes of the vessels: with the exception of potsherd

BB91 from Poštela (which vessel type was not discernible), these vessels were

all bowls type 1 and 2 with small hob handles, an ideal form for cooking.

The absence of aquatic faunal remains identified in the sites discussed here

could be wrongly interpreted as evidence for the total exclusion of these

resources in the Late Bronze Age/Early Iron Age diet. It could result from the

fact that aquatic faunal remains such as fish bones and scales are small and

tend to be fragmented, which hampers their identification and collection by

archaeologists on-site during excavation; unless a sieve or other method of

detection is being used. Thus, the identification of aquatic biomarkers in these

seven potsherds sheds light on the use and consumption of aquatic resources

during the Late Bronze Age and Early Iron Age, that even though speculated,

had not been scientifically proved.
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In conclusion, aquatic resources were consumed but in much lesser quantity or

frequency than terrestrial animals and plants, as is suggested by the low

frequency of aquatic biomarkers in pottery and the isotopic values of human

remains. Since the sites studied are not coastal sites, it is more likely that any

aquatic resource was collected from river or lakes near to the settlements and

living spaces. Since the exploration of salt as a food preservation resource

(amongst other uses) becomes more profuse during the Iron Age, it is also

possible, however less likely due to distance, that salted marine resources

could have been exchanged at longer distances around the South-East Alpine

region. Either way, aquatic products seem to have been consumed sporadically,

as supported by both human isotopic data and organic residue analysis of

pottery, but more research regarding the identification of the aquatic resources

should be undertaken in the future.
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Chapter 9. Conclusions and further work

This project accomplished the first extensive application of organic residue

analysis in Late Bronze Age/Early Iron Age south-east Alpine region sites

(Slovenia and Croatia). As part of ENTRANS project, a large endeavour that

combined different investigation techniques to investigate and identify cultural

identities, this research was able to compare results and benefit from parallel

studies of the same region. Organic residue analysis demonstrated that lipid

preservation and degradation were the main limiting factor for residue

identification, which is consistent with previous results obtained from sites with

similar environmental conditions. However, this project demonstrated that

important and relevant information can be obtained from ceramic vessels of the

south-east Alpine region, despite the overall low lipid preservation.

The pilot study carried out at the beginning of this project showed that some

methods of lipid extraction are more efficient than others. In this case, the acid

extraction method was deemed the most suitable method of lipid extraction for

vessels from Slovenia and Croatia LBA/EIA sites. The application of different

analytical methods, specifically bulk isotope analysis and GC-C-IRMS,

produced additional information that was not necessarily obtainable just by GC-

MS (the main analytical method). This was mainly due to the level of

degradation of the samples and the effects of the acid method of extraction,

which contributed to the degradation of lipid biomarkers.

This research demonstrated that LBA/EIA communities of this region explored

and used similar (if not the same) natural resources. Pottery content and use
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from settlement contexts was homogeneous concerning different sites, which

could indicate a common way of life shared between different communities.

Millet and the overall consumption of C4 as well as C3 plants are some of the

similarities identified from these sites. However, the results obtained from

funerary samples revealed the use and presence of different resources,

showing that, at least regarding funerary practices, distinctive cultural and social

identities were very noticeable. The presence of castor oil and beeswax

residues within grave vessels from Kaptol is the best example of heterogeneous

cultural identities. Other differences expressed by the use and processing of

natural resources may have also been present in settlement contexts, but were

not identifiable by organic residue analysis (e.g. textiles, jewellery, cooking

recipes, etc.).

Other aspects of cultural identity were also observed by analysing the size,

shape, and decoration of each ceramic vessel. Similar to the conclusions

obtained from the organic residues, settlement vessels from different sites had

similar characteristics and seemed to share the purpose of use, however,

funerary potsherds showed more distinctive aspects particularly regarding

decoration and wall treatments. A third context was also analysed and provided

further information to feasting activities, that are widely represented in situla art

across south-east Alpine region.

This project was able to demonstrate the potential of organic residue analysis

combined with the study of pottery typology towards the understanding of past

cultures. It established that by identifying the contents of ceramic vessels, it is

possible to view and interpret the resources available and used by past

populations in different settings. It demonstrated that by contextualizing a
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sample and integrating it with other archaeological data, such as human bone

collagen and faunal remains, it is possible to draw informed and consistent

information regarding cultural identity. Direct comparison between the paleo diet

results obtained from bulk isotopic analysis of human remains and the residues

identified within the ceramic vessels, confirmed the importance of C4 plants,

particularly millet, during the LBA/EIA and the absence of continuous

consumption of aquatic resources.

Further work should focus on the application of GC-C-IRMS on more samples

since greater information can be drawn from this analytical method. It would be

interesting to further investigate the individual sites, in order to identify and

study pottery use, resource exploration and cultural identity of their community.

This would eliminate problems that arise from low sample numbers and

environmental conditions, which are normal consequences of the multi-site

research approach. Once the results were obtained, they could be compared

between all sites.

Regarding bulk isotope analysis, more visible residues should be collected and

analysed. Experimental analysis with modern charred remains of animals and

plants of the region could be very useful since it would provide a better

comparison with archaeological visible residues. Similarly, modern samples

from local animal/plants should also be analysed by GC-C-IRMS to provide a

direct comparison of isotopic composition, since it would create a more accurate

and reliable database.

In the future, further comparison between solvent and acid methods of

extraction should be undertaken not just with samples from the south-east

Alpine region but with samples from different locations and chronologies, in
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order to identify and better understand the pros and cons of each method with

different samples. It would also be useful to understand if the results obtained

from the pilot study were just specific to those vessels, or if the acid method of

extraction is indeed the best option for organic residue analysis of vessels from

the south of Europe.

Lastly, aligned with the ENTRANS project and its members, further work should

be undertaken to advance the understanding of past cultural identities of south-

east Alpine region communities, in order to create significant interpretations and

conclusions from cultural evidence. Further comparison of the results obtained

from other researchers within the ENTRANS project is scheduled to be

accomplished, and the results from this study will also be part of this effort.
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Appendix A. Samples catalogue

Kaptol Gradci and Čemernica samples, Croatia

Samples Site Context Tumuli
Lipid
yield
(μg)

Vessel type Decoration Vessel part Excavation date

BB1 A Čemernica Funerary V 8 Bowl type 1 Burnished and graphite Rim 1968
BB2 A Čemernica Funerary V 8 Bowl type 1 Smoothing Rim 1968
BB3 A Čemernica Funerary V 7 Lid Combination Rim 1968
BB4 A Čemernica Funerary V 12 Bowl type 1 Polish Rim 1968
BB5 A Čemernica Funerary VI 4 Bowl type 1 Smoothing Rim 1968
BB6 A Čemernica Funerary VI 3 Unknown None Wall 1968
BB7 A Čemernica Funerary VI 7 Bowl w/handle Polish Rim 1968
BB8 A Čemernica Funerary X 34 Large vessel Combination Rim 1970
BB9 A Čemernica Funerary VIII 13 Large vessel Burnished and graphite Base 1970
BB10 A Čemernica Funerary VIII 13 Bowl type 1 Burnished and graphite Rim 1970
BB11 A Čemernica Funerary XII 19 Unknown Burnished and graphite Rim 1970
BB12 A Čemernica Funerary XII 6 Unknown Burnished and graphite Base 1970
BB13 A Čemernica Funerary II 79 Bowl w/handle Smoothing Rim 1966
BB14 A Čemernica Funerary VII 5 Bowl type 1 Smoothing Rim 1970
BB15 A Čemernica Funerary VII 3 Bowl type 1 Polish Rim 1968
BB16 A Čemernica Funerary VII 4 Bowl type 1 Smoothing Rim 1968
BB17 A Čemernica Funerary VII 7 Unknown Polish Base 1968
BB18 A Gradci Funerary II 51 Large vessel Burnished and red slip Rim 1975
BB21 A Čemernica Funerary XI 9 Large vessel Burnished and red slip Base 2007
BB23 A Gradci Funerary 13 23 Plate Smoothing Rim 2010
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BB24 A Gradci Funerary 14 2 Unknown Burnished and red slip Rim 2008
BB25 A Gradci Funerary 17 5 Unknown Burnished and graphite Base 2014
BB27 A Gradci Funerary 12 4 Unknown Burnished and graphite Base 2008
BB28 A Gradci Funerary 12 1 Bowl type 1 Smoothing Base 2008
BB29 A Gradci Funerary 12 3 Unknown Smoothing Rim 2008
BB30 A Gradci Funerary 13 23 Plate Smoothing Base 2010
BB31 A Gradci Funerary 16 45 Bowl type 2 Burnished and red slip Base 2013
BB32 A Čemernica Funerary V 5 Bowl type 1 Smoothing Rim 1968
BB33 A Čemernica Funerary IV 4 Bowl type 2 Smoothing Rim 1967
BB34 A Čemernica Funerary XII 3 Bowl type 2 Smoothing Rim 1971
BB36 A Gradci Funerary 17 7 Unknown Burnished and graphite Wall 2014
BB37 A Gradci Funerary 16 8 Unknown Smoothing Rim 2013
BB38 A Gradci Funerary 13 51 Bowl type 2 None Rim 2010
BB39 A Gradci Funerary 14 5 Unknown Burnished and graphite Rim 2008
BB40 A Gradci Funerary 16 9 Unknown Polish Rim 2013
BB41 A Gradci Funerary 6 6 Bowl type 1 Burnished and graphite Base 2005
BB42 A Gradci Funerary 16 6 Bowl type 1 None Base 2013
BB43 A Gradci Funerary 14 7 Bowl w/handle Polish Rim 2010
BB44 A Gradci Funerary 14 3 Bowl type 1 Smoothing Rim 2010
BB45 A Gradci Funerary 16 9 Unknown Smoothing Wall 2013
BB46 A Gradci Funerary 13 191 Bowl type 1 Smoothing Base 2010
BB47 A Gradci Funerary 13 19 Bowl type 1 Burnished and graphite Rim 2010
BB48 A Gradci Funerary 16 6 Bowl type 1 Burnished and graphite Rim 2013
BB49 A Gradci Funerary 16 1 Bowl type 2 Burnished and graphite Base 2013
BB50 A Gradci Funerary 12 7 Unknown None/ Wall 2008
BB51 A Gradci Funerary 12 7 Unknown Polish Wall 2008
BB52 A Gradci Funerary 16 1 Plate Smoothing Rim 2013
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BB53 A Gradci Funerary 16 4 Unknown Burnished and graphite Wall 2013
BB54 A Gradci Funerary 7 8 Large vessel Burnished and graphite Wall 2006
BB55 A Gradci Funerary 17 7 Unknown Smoothing Wall 2014
BB56 A Gradci Funerary 14 10 Bowl type 1 Combination Rim 2008
BB57 A Gradci Funerary 6 36 Bowl type 1 Smoothing Rim 2005
BB58 A Gradci Funerary 16 1 Unknown Smoothing Wall 2013
BB59 A Gradci Funerary 13 158 Bowl type 1 Burnished and graphite Rim 2010
BB60 B Gradci Funerary 16 5 Unknown Burnished and graphite Rim 2013
BB61 B Gradci Funerary 16 8 Plate Smoothing Base 2013
BB62 A Gradci Funerary 13 20 Unknown Burnished and graphite Wall 2010
BB63 A Gradci Funerary 16 1 Bowl type 1 Burnished and graphite Base 2013
BB64 B Gradci Funerary 16 250 Unknown None Base 2013
BB65 A Gradci Funerary 14 1 Unknown None Base 2008
BB66 A Gradci Funerary 14 1 Unknown Smoothing Base 2008
BB67 A Gradci Funerary 14 6 Unknown Burnished and graphite Rim 2008
BB68 A Gradci Funerary 10 909 Unknown Burnished and graphite Wall 2007
BB69 A Gradci Funerary 17 131 Unknown Polish Wall 2014
BB70 A Gradci Funerary 16 120 Plate Smoothing Rim 2013
BB167 A Gradci Funerary 1 19 Large vessel Smoothing Wall 2002
BB168 A Gradci Funerary 1 9 Large vessel Smoothing Rim 2002
BB169 A Gradci Funerary 1 9 Large vessel Smoothing Rim 2002
BB170 A Gradci Funerary 1 38 Large vessel Smoothing Rim 2002
BB171 A Gradci Funerary 1 5 Unknown Smoothing Rim 2002
BB172 A Gradci Funerary 1 8 Large vessel Smoothing Base 2002
BB173 A Gradci Funerary 1 5 Large vessel Smoothing Base 2002
BB174 A Gradci Funerary 1 15 Large vessel Smoothing Rim 2002

Table A1: List of samples from Kaptol grave sites.
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Kaptol hillfort samples, Croatia

Samples Context Area of excavation
Lipid
yield
(μg)

Vessel type Decoration Vessel part

BB35 B Settlement SJ03 2.1 Large vessel Burnished and graphite Rim
BB71 B Settlement SJ03 4060.5 Bowl w/handle Smoothing Rim
BB72 B Settlement Foxhole 3 698.4 Bowl type 2 Burnished and graphite Rim
BB73 B Settlement Foxhole 3 35888.4 Bowl type 2 Smoothing Rim
BB74 B Settlement Foxhole 3 128.3 Bowl type 2 Burnished and red slip Rim
BB75 B Settlement Foxhole 3 202.7 Unknown Burnished and red slip Rim
BB76 B Settlement Foxhole 2 54.7 Bowl type 1 Combination Base
BB77 B Settlement / 847.7 Bowl type 1 Burnished and graphite Rim
BB78 B Settlement SJ02 3525.0 Plate Smoothing Rim
BB79 B Settlement SJ02 4563.7 Bowl type 1 Polish Wall
BB81 B Settlement Foxhole 329.3 Bowl type 2 Polish Rim
BB82 B Settlement Foxhole 531.8 Bowl w/handle Burnished and red slip Rim
BB83 B Settlement Foxhole 5256.3 Bowl w/handle Burnished and graphite Rim
BB84 B Settlement SJ05 937.5 Bowl w/handle Smoothing Rim
BB85 B Settlement SJ05 378.2 Bowl type 1 Smoothing Base
BB86 B Settlement SJ20 177.0 Bowl type 1 None Rim
BB87 B Settlement SJ20 79.7 Bowl type 1 Smoothing Rim
BB88 A Settlement Foxhole 425.4 Bowl type 2 Polish Base
BB89 B Settlement SJ02 1087.6 Bowl type 2 Polish Rim
BB90 B Settlement SJ02 372.6 Unknown Polish Rim
BB91 B Settlement SJ02 175.4 Unknown Polish Rim
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BB92 B Settlement Foxhole 403.4 Plate Polish Rim
BB93 B Settlement Foxhole 598.2 Plate Polish Base
BB94 B Settlement Foxhole 1799.0 Stand Polish Wall
BB95 B Settlement SJ20 3099.4 Bowl type 1 Combination Rim
BB96 B Settlement Foxhole 402.5 Bowl type 2 Combination Rim
BB97 B Settlement Foxhole 2770.1 Bowl type 1 Combination Rim
BB98 B Settlement / 535.9 Unknown Burnished and graphite Rim
BB99 B Settlement / 1399.9 Unknown Polish Rim
BB100 B Settlement Foxhole 1182.9 Lid Smoothing Wall
BB101 B Settlement Foxhole 5548.6 Bowl type 2 Combination Rim
BB102 B Settlement Foxhole 534.0 Unknown Polish Rim
BB103 B Settlement Foxhole 12307.6 Bowl type 2 Polish Rim
BB104 B Settlement Foxhole 1634.6 Unknown Burnished and graphite Rim
BB105 B Settlement SJ14 194.4 Bowl type 2 Combination Rim
BB106 B Settlement SJ05 57.3 Bowl type 2 Smoothing Rim
BB107 B Settlement Foxhole 5499.1 Bowl type 1 Smoothing Rim
BB108 B Settlement SJ02 33.1 Unknown None Rim
BB109 B Settlement SJ02 29.1 Unknown Polish Rim
BB110 B Settlement 215.2 Unknown Smoothing Wall
BB111 B Settlement SJ14 175.7 Bowl type 1 Polish Rim
BB112 B Settlement SJ14 107.4 Plate None Rim
BB113 B Settlement SJ14 8368.9 Plate Smoothing Rim
BB114 B Settlement Foxhole 0 70.6 Bowl type 2 Polish Rim
BB115 B Settlement Foxhole 19043.6 Bowl type 2 Polish Rim
BB116 B Settlement sj14 4631.2 Unknown Smoothing Rim
BB117 B Settlement sj14 4765.9 Bowl w/handle Smoothing Rim
BB118 B Settlement SJ2/3 48.1 Unknown Smoothing Rim
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BB119 B Settlement SJ2/3 260.9 Bowl type 1 Burnished and graphite Rim
BB120 B Settlement sj2 44.8 Stand None Wall
BB121 B Settlement Foxhole 3332.2 Bowl type 2 Polish Rim
BB122 B Settlement SJ13 395.9 Bowl w/handle Polish Rim
BB123 B Settlement SJ20 48.0 Bowl w/handle None Rim
BB124 B Settlement Foxhole 3356.7 Plate Burnished and graphite Rim
BB125 B Settlement Foxhole 7792.5 Plate Polish Rim
BB126 B Settlement Foxhole 220.7 Bowl type 1 Polish Rim
BB127 B Settlement Foxhole 4921.5 Bowl w/handle Smoothing Rim
BB128 B Settlement Foxhole 962.0 Bowl type 1 Polish Rim
BB129 B Settlement Foxhole 896.7 Plate Burnished and graphite Rim
BB130 B Settlement SJ02 24814.4 Stand Smoothing Wall
BB131 B Settlement SJ03 226.9 Stand Smoothing Wall
BB132 B Settlement SJ03 81.7 Stand Smoothing Wall
BB133 B Settlement SJ03 89.4 Stand Smoothing Wall
BB134 B Settlement / 228.8 Unknown None/not identifiable Wall
BB135 B Settlement SJ14 2021.6 Bowl type 1 Burnished and graphite Base
BB136 B Settlement SJ13 40.5 Bowl type 1 Smoothing Rim
BB137 B Settlement SJ13 55.6 Plate Smoothing Rim
BB138 B Settlement SJ13 14581.8 Unknown Burnished and graphite Rim
BB139 B Settlement SJ13 2297.0 Plate Smoothing Rim
BB140 B Settlement SJ14 16039.1 Bowl w/handle Impression Rim
BB141 B Settlement SJ14 2258.4 Bowl type 2 Burnished and graphite Rim
BB142 B Settlement SJ14 58.6 Unknown Smoothing Rim
BB143 B Settlement SJ14 4261.9 Unknown Smoothing Rim
BB144 B Settlement SJ14 593.7 Unknown Burnished and graphite Rim
BB145 B Settlement SJ14 6149.0 Plate Polish Rim
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BB146 B Settlement SJ14 2626.6 Unknown Polish Rim
BB147 B Settlement SJ14 1853.3 Plate Smoothing Rim
BB148 B Settlement SJ14 2141.1 Bowl type 1 Polish Rim
BB149 B Settlement SJ14 2280.4 Bowl type 1 Smoothing Base
BB150 B Settlement SJ14 2725.8 Bowl type 2 Smoothing Rim
BB151 B Settlement SJ14 2224.3 Bowl type 1 Smoothing Rim
BB152 B Settlement SJ14 4614.0 Plate Impression Rim
BB153 B Settlement SJ14 154.2 Bowl type 1 Smoothing Rim
BB154 B Settlement SJ14 167.9 Unknown Smoothing Rim
BB155 B Settlement SJ14 8277.9 Unknown Smoothing Rim
BB156 B Settlement SJ14 6546.7 Unknown Smoothing Rim
BB157 B Settlement / 11180.5 Bowl type 1 Smoothing Rim
BB158 B Settlement / 1157.3 Unknown Polish Base
BB159 B Settlement / 4184.6 Unknown Smoothing Base
BB160 B Settlement SJ02 8329.7 Unknown Smoothing Rim
BB161 B Settlement SJ02 3535.8 Unknown Polish Rim
BB162 B Settlement SJ02 1652.5 Unknown Polish Rim

Table A2: List of samples from Kaptol hillfort (settlement context).



260

Poštela funerary vessels, Slovenia

Samples Context Area of excavation Lipid yield
(μg) Vessel type Decoration Vessel part

BB1 P Funerary 24 3455 Bowl type 1 Smoothing Rim
BB2 P Funerary 14 889 Bowl type 1 Smoothing Rim
BB23 P Funerary 24 259 Unknown Smoothing Rim
BB27r P Funerary 24 217 Plate Polished Rim
BB27b P Funerary 24 1708 Plate Polished Base
BB30 P Funerary 14 2040 Plate Impression Rim
BB31 P Funerary 24 66 Plate Smoothing Rim

BB32base P Funerary 14 551 Large vessel Smoothing Base
B32rim P Funerary 14 116 Large vessel Smoothing Rim
BB33 P Funerary 14 243 Large vessel Incision Rim
BB34 P Funerary 24 15 Unknown Smoothing Wall
BB35 P Funerary 24 96 Large vessel Smoothing Base
BB41 P Funerary 14 0.0 Lid Burnished red slip Rim
BB45 P Funerary 24 10 Unknown Smoothing Base
BB63 P Funerary 26 19 Plate Plastic Rim
BB64 P Funerary 26 2458 Bowl with handle Smoothing Rim
BB65 P Funerary 26 6 Bowl type 2 Smoothing Base
BB93 P Funerary 26 106 Unknown Burnishing with graphite Rim
BB95 P Funerary 26 1068 Unknown Smoothing Rim

Table A3: List of samples from Poštela funerary context.
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Poštela ritual vessels, Slovenia

Sample
s Context Area of

excavation
Lipid yield

(μg) Vessel type Decoration Vessel part

BB3 P Ritual 1 196 Bowl type 1 Smoothing
BB4 P Ritual 1 80 Unknown Combination Wall
BB5 P Ritual 1 462 Stand Smoothing Base
BB7 P Ritual 34 108 Unknown Impression Wall
BB8 P Ritual 1 369 Unknown Smoothing Base
BB10 P Ritual 1 114 Unknown Smoothing Wall
BB11 P Ritual 34 659 Unknown Smoothing Wall
BB12 P Ritual 34 126 Bowl type 1 Smoothing Rim
BB13 P Ritual 34 150 Unknown Smoothing
BB14 P Ritual 34 326 Bowl with handle Smoothing
BB15 P Ritual 34 7529 Plate Smoothing
BB16 P Ritual 1 473 Stand Smoothing Rim
BB17 P Ritual 1 250 Unknown Smoothing Rim
BB21 P Ritual 34 231 Unknown Smoothing Rim
BB22 P Ritual 34 20 Plate Smoothing Rim
BB24 P Ritual 34 399 Stand Smoothing Rim
BB25 P Ritual 34 7 Bowl type 1 Smoothing
BB38 P Ritual 1 86 Bowl type 1 Smoothing
BB40 P Ritual 1 59 Bowl type 2 Smoothing
BB42 P Ritual 1 83 Bowl type 2 Smoothing Rim
BB43 P Ritual 34 199 Bowl type 1 Burnished and graphite Base
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BB44 P Ritual 34 396 Bowl type 2 Smoothing Base
BB46 P Ritual 1 72 Unknown Smoothing Rim
BB47 P Ritual 1 400 Unknown Smoothing Rim
BB48 P Ritual 1 36 Bowl type 2 Smoothing Base
BB49 P Ritual 1 0 Plate Smoothing Rim
BB59 P Ritual 34 27676 Bowl with handle Smoothing Rim
BB62 P Ritual 1 89 Unknown Combination Rim
BB66 P Ritual 1 6146 Plate Smoothing Rim
BB67 P Ritual 1 35 Unknown None Rim
BB68 P Ritual 1 180 Unknown Smoothing Rim
BB69 P Ritual 1 173 Unknown Smoothing Rim
BB71 P Ritual 1 21 Bowl type 1 Smoothing Rim
BB72 P Ritual 1 78 Bowl type 2 Smoothing Base
BB73 P Ritual 1 5124 Plate Smoothing Rim
BB74 P Ritual 34 370 Bowl type 2 Plastic (handle) Rim
BB75 P Ritual 1 62 Bowl type 1 Smoothing Base
BB77 P Ritual 1 34 Unknown Smoothing Rim
BB79 P Ritual 1 131 Bowl type 2 Plastic Rim
BB80 P Ritual 34 24 Bowl type 1 Smoothing Base
BB82 P Ritual 34 50 Unknown Smoothing Base
BB83 P Ritual 34 128 Bowl type 1 Smoothing Base
BB86 P Ritual 1 881 Bowl type 2 Smoothing Rim
BB87 P Ritual 34 3662 Bowl type 1 Smoothing Base
BB88 P Ritual 34 132 Bowl type 1 Smoothing Base
BB89 P Ritual 1 318 Unknown Smoothing Rim
BB90 P Ritual 34 53 Unknown Smoothing Rim
BB97 P Ritual 1 1659 Unknown Smoothing Rim
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BB98 P Ritual 1 189 Bowl type 1 Smoothing Rim
BB100
P

Ritual
1 262 Plate Smoothing Rim

BB101
P

Ritual
34 190 Bowl type 1 Smoothing Rim

BB102
P

Ritual
1 336 Unknown Smoothing Rim

BB103
P

Ritual
1 83 Unknown Smoothing Rim

Table A4: List of samples from Poštela ritual context.
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Poštela settlement vessels, Slovenia

Samples Context Area of
excavation

Lipid yield
(μg) Vessel type Decoration Vessel part

BB6 P Settlement 27 67 Unknown Plastic Wall
BB9 P Settlement 27 73 Unknown Impression Wall
BB18 P Settlement 27 18444 Bowl type 1 Smoothing Rim
BB19 P Settlement 27 1792 Unknown Smoothing Rim
BB20 P Settlement 27 822 Unknown Smoothing Rim
BB26 P Settlement 27 34 Unknown Combination Wall
BB28 P Settlement 27 95 Stand Smoothing Wall
BB29 P Settlement 27 1862 Lid Combination Wall
BB36 P Settlement 27 234 Bowl type 1 Smoothing Rim
BB37 P Settlement 32 0 Unknown Smoothing Base
BB39 P Settlement 32 2 Bowl type 2 Smoothing Rim
BB50 P Settlement 27 10583 Bowl with handle Burnished and graphite Rim
BB51 P Settlement 27 3292 Bowl type 1 Smoothing Rim
BB52 P Settlement 27 0 Large vessel Burnished and graphite Wall
BB53 P Settlement 27 18180 Bowl type 1 Combination Rim
BB54 P Settlement 27 15996 Bowl type 2 Smoothing Base
BB55 P Settlement 27 33 Large vessel Combination Rim
BB56 P Settlement 27 1926 Unknown Incision Rim
BB57 P Settlement 27 7 Unknown Smoothing Rim
BB58 P Settlement 27 88 Unknown Incision Rim
BB60 P Settlement 27 74 Unknown Combination Rim
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BB61 P Settlement 27 15 Plate Impression Rim
BB70 P Settlement 27 3210 Unknown Polished Rim
BB76 P Settlement 27 0 Lid Smoothing Wall
BB78 P Settlement 27 17701 Unknown Smoothing Rim
BB81 P Settlement 27 1943 Unknown Burnished and graphite Rim
BB84 P Settlement 27 1594 Bowl type 1 Impression Rim
BB85 P Settlement 27 3462 Bowl type 1 Combination Rim
BB91 P Settlement 27 6268 Unknown Smoothing Rim
BB92 P Settlement 27 96 Lid Combination Rim
BB94 P Settlement 32 762 Plate Combination Rim
BB96base Settlement 27 481 Bowl type 2 Smoothing Base
BB96rim Settlement 27 1195 Bowl type 2 Smoothing Rim

Table A5: List of samples from Poštela settlement context.
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Novine settlement and funerary vessels, Slovenia

Samples Context Area of excavation Lipid yield
(μg) Vessel type Decoration Vessel part

BB104 N Settlement A2 101 Unknown Impression Wall
BB105 N Settlement 6/S0002 150 Unknown Smoothing Wall
BB106 N Settlement 6/s5/A4 35 Unknown Plastic element Wall
BB107 N Settlement 6/s5/A1 6088 Bowl with handle Impression Wall
BB108 N Settlement 6/s5/A1 14760 Unknown Plastic element Wall
BB109 N Settlement 6/005/A1 51 Large vessel Smoothing Rim
BB110 N Settlement 6/s5/A2 9292 Unknown Polished Rim
BB111 N Settlement 6/A4 39 Unknown Plastic element Rim
BB112 N Settlement 6/S002/A2-3 1465 Bowl type 1 Smoothing Rim
BB113 N Settlement 6/s5/A2 9674 Lid Smoothing Wall
BB114 N Settlement 6/s5/A2 3595 Unknown Smoothing Rim
BB115 N Settlement 6/s5/A1 74 Bowl type 1 Polished Rim
BB116 N Settlement 6/s5/A3 68 Bowl type 1 Smoothing Base
BB117 N Settlement 6/s5/A1 104 Bowl type 1 Smoothing Base
BB118 N Settlement 6/s5/A1 2066 Bowl type 1 Burnished and graphite Rim
BB119 N Settlement 6/s5/A4 132 Bowl type 1 Smoothing Base
BB120 N Settlement 6/s5/A4 97 Bowl type 2 Polished Rim
BB121 N Settlement 6/s5/A1 19151 Bowl type 1 Plastic element Rim
BB122 N Settlement 6/s5/A4 97 Bowl type 1 Smoothing Rim
BB123 N Settlement 6/s5/A4 492 Bowl type 1 Plastic element Rim
BB124 N Settlement 6/s5/A4 33 Bowl type 1 Polished Rim
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BB125 N Settlement 6/s5/A4 0 Unknown Smoothing Rim
BB126 N Settlement 6/s5/A4 21195 Bowl type 1 Smoothing Rim
BB127 N Settlement A4 137 Lid Plastic element Rim
BB128 N Settlement 6/s5/A4 126 Bowl type 1 Smoothing Rim
BB129 N Settlement 6/s5/A2 3152 Bowl type 1 Polished Rim
BB130 N Settlement 6/s5/A3 18507 Bowl type 2 Polished Rim
BB131 N Settlement P0006 7498 Bowl type 2 Smoothing Rim
BB132 N Settlement 6/s5/A1 27239 Bowl type 1 Polished Rim
BB161 N Settlement A4 209 Unknown Polished Wall
BB162 N Settlement A3 59 Stand None Wall
BB163 N Settlement A4 58 Unknown None Wall
BB164 N Settlement 6/s5/A4 51 Large vessel Smoothing Rim
BB165 N Settlement A3 325 Bowl type 1 Smoothing Wall
BB166 N Settlement / 609 Bowl type 1 Smoothing Rim
BB167 N Funerary Grave 2 16 Bowl with handle Smoothing Wall
BB168 N Settlement / 314 Bowl type 1 Polished Rim
BB169 N Settlement A2 30 Unknown Polished Wall
BB170 N Settlement A4 45 Unknown Plastic element Wall
BB171 N Settlement A4 243 Unknown Plastic element Wall
BB172 N Settlement A2 130 Unknown Polished Wall

Table A6: List of samples from Novine settlement and funerary context.
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Obrežje and Dolge njive settlement and funerary vessels, Slovenia

Samples Context Area of excavation Lipid yield
(μg) Vessel type Decoration Vessel part

BB133 O Funerary 30 3836 Bowl type 2 Smoothing Rim
BB134 O Funerary 33 169 Plate Polished Rim
BB135 O Funerary 33 99 Plate Polished Rim
BB136 O Funerary 34 1555 Plate Polished Rim
BB137 O Funerary 33 222 Plate Polished Rim
BB138 O Funerary 33 434 Bowl with handle Incision Rim
BB139 O Funerary 33 28 Plate Polished Rim
BB140 O Funerary 33 29 Bowl type 2 Smoothing Rim
BB141 O Funerary 33 58 Bowl type 2 Polished Rim
BB142 O Funerary 34 41 Bowl with handle Polished Rim
BB143 O Funerary 30 185 Bowl type 1 Polished Rim
BB144 O Funerary 30 114 Bowl with handle Impression Rim
BB145 O Funerary 30 16540 Bowl type 2 Smoothing Rim
BB146 O Funerary 33 17 Bowl type 1 Polished Rim
BB147 O Funerary 30 29361 Lid Combination Rim
BB148 O Settlement 14 2710 Unknown Smoothing Rim
BB149 O Funerary 30 13 Unknown Smoothing Rim
BB150 O Settlement 14 25 Lid None Rim
BB151 O Settlement 14 44 Large vessel Smoothing Rim
BB152 O Settlement 14 39 Lid None Rim
BB153 O Settlement 14 77 Bowl type 1 Smoothing Rim
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BB154 O Funerary 33 377 Plate Polished Rim
BB155 O Funerary 31 99 Bowl type 2 Smoothing Rim
BB156 O Funerary 33 38 Unknown Smoothing Rim
BB157 O Funerary 33 330 Unknown None Rim
BB158 D Funerary 17 38 Bowl type 1 Plastic element Rim
BB159 D Funerary 17 506 Bowl type 1 Smoothing Rim

Table A7: List of samples from Obrežje and Dolge njive settlement and funerary contexts.
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Štanjel, Kapiteljska njiva and Vrabče vessels from funerary context (Slovenia)

Samples Site Context Lipid yield
(μg) Vessel type Decoration Vessel part

BB 99 S Štanjel Funerary 389 Extra-large vessel Plastic element Rim
BB 160 KN Kapiteljska njiva Funerary 491 Bowl type 1 Burnished and graphite Rim
BB 173 V Vrabče Funerary 35 Extra-large vessel None Wall
BB 174 V Vrabče Funerary 6426 Unknown None Wall

Vetovo – Kagovac vessels from funerary context (Croatia)

BB163 KV Vetovo - Kagovac Funerary 1886.62 Bowl type 1 Burnished and graphite Rim
BB164 KV Vetovo - Kagovac Funerary 95.62 Bowl with handle/cup Smoothing Rim
BB165 KV Vetovo - Kagovac Funerary 58.99 Bowl type 1 Smoothing Rim
BB166 KV Vetovo - Kagovac Funerary 46.42 Bowl type 1 Smoothing Rim

Table A8: List of samples from Štanjel, Kapiteljska njiva, Vrabče and Vetovo – Kagovac funerary contexts.



271

Appendix B. Samples lipid composition

Abbreviations:

4,8,12-TMTD: 4,8,12- trimethyltridecanoic acid

APAAs: ω-(ο-alkylpheyl) alkanoic acid

Kaptol Gradci and Čemernica samples, Croatia

Samples Context
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BB1 A Funerary 8.2 x x x x x 0.29 0.43
BB2 A Funerary 8.1 x x x x x x x x x x 0.55 0.64
BB3 A Funerary 7.2 x x x x x x x x 0.38 0.72
BB4 A Funerary 12.2 x x x x x x x x 0.48 0.48
BB5 A Funerary 3.9 x x x x 0.83 0.58
BB6 A Funerary 3.1 x x x x x x 0.60
BB7 A Funerary 7.3 x x x x x x x x 0.26 0.77
BB8 A Funerary 34.0 x x x x x x x x x x x x 0.51 1.04
BB9 A Funerary 12.9 x x x x x x x x x x x 0.16 4.37
BB10 A Funerary 12.9 x x x x x x x x x 0.36 0.80
BB11 A Funerary 18.9 x x x x x x x x 0.14 0.85
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BB12 A Funerary 5.8 x x x x x x 0.19 0.37
BB13 A Funerary 78.6 x x x x x x x x x x 0.26 1.20
BB14 A Funerary 4.7 x x x x x x 0.22 0.51
BB15 A Funerary 3.2 x x x x x x 0.58 0.70
BB16 A Funerary 4.0 x x x x x 0.41 0.85
BB17 A Funerary 6.6 x x x x x 0.90 0.95
BB18 A Funerary 50.6 x x x x x x x x x x 0.49 0.34
BB21 A Funerary 9.2 x x x x x x x x x 0.67 0.34
BB23 A Funerary 22.5 x x x x x x x x x x 2.76 0.39
BB24 A Funerary 2.0 x x x x 0.40 1.13
BB25 A Funerary 4.7 x x x x 1.03 0.60
BB27 A Funerary 4.1 x x x x x 1.10 0.68
BB28 A Funerary 1.0 x x x 0.26 0.99
BB29 A Funerary 3.4 x x x x 1.30 0.37
BB30 A Funerary 23.2 x x x x x x x x 3.57 0.27
BB31 A Funerary 45.2 x x x x x x x 0.05 0.68
BB32 A Funerary 4.5 x x x x x 0.75 0.49
BB33 A Funerary 4.2 x x x x x x x x x 0.30 0.41
BB34 A Funerary 3.2 x x x x x 0.51
BB36 A Funerary 7.1 x x x x x x x x 1.23 0.54
BB37 A Funerary 8.3 x x x x x x x x x x 0.60 1.53
BB38 A Funerary 50.6 x x x x x x x x x 2.89 0.25
BB39 A Funerary 5.1 x x x x x x x x x x 0.91 0.98
BB40 A Funerary 8.5 x x x x x 2.69 1.07
BB41 A Funerary 5.6 x x x x x x x x x 0.80 0.76
BB42 A Funerary 6.2 x x x x x x x x 1.07 0.60
BB43 A Funerary 6.7 x x x x x x x x x 1.87 1.03
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BB44 A Funerary 3.2 x x x x x x x 0.42 1.22
BB45 A Funerary 9.2 x x x x x x x x x x 0.35 1.20
BB46 A Funerary 190.9 x x x x x x x x x x 0.16 0.92
BB47 A Funerary 18.7 x x x x x x x x x 1.32 0.99
BB48 A Funerary 5.5 x x x x x x x x 0.46 1.39
BB49 A Funerary 1.3 x x x x 0.25 1.24
BB50 A Funerary 6.9 x x x x x x x x x x 0.56 1.06
BB51 A Funerary 7.2 x x x x x x 1.00 1.25
BB52 A Funerary 0.8 x x x x 1.05
BB53 A Funerary 4.1 x x x x x x x x 0.64 1.18
BB54 A Funerary 8.0 x x x x x x x x x 1.03 0.59
BB55 A Funerary 6.6 x x x x x x x x x 1.11 1.08
BB56 A Funerary 10.2 x x x x x x x x x 0.18 1.35
BB57 A Funerary 36.2 x x x x x x x x x x 0.14 0.15
BB58 A Funerary 0.9 x x x x 0.63
BB59 A Funerary 158.1 x x x x x x x x x x x 0.69 1.02
BB60 B Funerary 5.3 x x x x x x x x 0.32 1.31
BB61 B Funerary 7.9 x x x x x x x x x 3.36 0.62
BB62 A Funerary 20.0 x x x x x x x x 3.29 0.20
BB63 A Funerary 0.8 x x x 0.67 0.59
BB64 B Funerary 250.4 x x x x 0.01 0.68
BB65 A Funerary 1.1 x x x x 0.24 0.84
BB66 A Funerary 1.1 x x x x x x 1.00
BB67 A Funerary 6.4 x x x x x x x 0.41 0.30
BB68 A Funerary 909.0 x x x x x x x x x x x 0.07 0.13
BB69 B Funerary 130.8 x x x 0.35
BB70 B Funerary 119.9 x x x x x x 0.28 0.18



274

BB167 A Funerary 19.3 x x x x x x x x x 0.04 0.15
BB168 A Funerary 9.0 x x x x x x x 0.04 0.61
BB169 A Funerary 8.7 x x x x x x x x 0.06 0.37
BB170 A Funerary 38.0 x x x x x x x x 0.12 0.49
BB171 A Funerary 5.1 x x x x x x x 0.07 0.71
BB172 A Funerary 7.8 x x x x x x x x x x 0.23 0.86
BB173 A Funerary 4.5 x x x x x x x 0.61 0.68
BB174 A Funerary 14.7 x x x x x x x x 0.07 1.47

Table B1: Lipids identified per samples from Kaptol funerary context.
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Kaptol settlement samples, Croatia

Samples Context
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BB35 B Settlement 2.1 x x x x 0.34 0.50
BB71 B Settlement 4060.5 x x x x x x x x x 0.06 1.06
BB72 B Settlement 698.4 x x x x x x x 0.24
BB73 B Settlement 35888.4 x x x x x x x x x x x x 0.27 0.85
BB74 B Settlement 128.3 x x x x x x x x x 0.58 0.80
BB75 B Settlement 202.7 x x x x x x x x x 1.90 0.54
BB76 B Settlement 54.7 x x x x x x 0.14 0.55
BB77 B Settlement 847.7 x x x x x x x x 0.35 0.68
BB78 B Settlement 3525.0 x x x x x x x x x 0.11 1.07
BB79 B Settlement 4563.7 x x x x x x x x x 0.17 0.47
BB81 B Settlement 329.3 x x x x x x x x 0.11 0.85
BB82 B Settlement 531.8 x x x x x x x x 0.71 0.98
BB83 B Settlement 5256.3 x x x x x x x x x 0.21 0.92
BB84 B Settlement 937.5 x x x x x x x x 0.93 0.83
BB85 B Settlement 378.2 x x x x x x x 1.52 0.57
BB86 B Settlement 177.0 x x x x x x x x 0.12 1.02
BB87 B Settlement 79.7 x x x x x x x 0.16 0.94
BB88 A Settlement 425.4 x x x x x x x 0.08 1.95
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BB89 B Settlement 1087.6 x x x x x x x 0.16 0.94
BB90 B Settlement 372.6 x x x x x x x x x 0.12 1.82
BB91 B Settlement 175.4 x x x x x x x x 0.13 1.04
BB92 B Settlement 403.4 x x x x x x x x 0.64 0.49
BB93 B Settlement 598.2 x x x x x x x x 2.61 0.46
BB94 B Settlement 1799.0 x x x x x x x x x 0.08 0.37
BB95 B Settlement 3099.4 x x x x x x x x 0.17 0.75
BB96 B Settlement 402.5 x x x x x x x x 0.09 1.02
BB97 B Settlement 2770.1 x x x x x x x x x 0.11 0.63
BB98 B Settlement 535.9 x x x x x x x 0.15 1.06
BB99 B Settlement 1399.9 x x x x x x x x 0.12 1.03
BB100 B Settlement 1182.9 x x x x x x x x x 0.14 1.23
BB101 B Settlement 5548.6 x x x x x x x x x x 0.26 1.05
BB102 B Settlement 534.0 x x x x x x x x 0.06 1.14
BB103 B Settlement 12307.6 x x x x x x x x x x x x x x 0.18 1.27
BB104 B Settlement 1634.6 x x x x x x x 0.06 1.84
BB105 B Settlement 194.4 x x x x x x x x 1.42 0.65
BB106 B Settlement 57.3 x x x x x x x 0.56 0.81
BB107 B Settlement 5499.1 x x x x x x x x x 0.23 1.50
BB108 B Settlement 33.1 x x x x x x 1.01
BB109 B Settlement 29.1 x x x x x 0.17 0.79
BB110 B Settlement 215.2 x x x x x x x x 0.45 0.91
BB111 B Settlement 175.7 x x x x x x x 0.19 0.95
BB112 B Settlement 107.4 x x x x x x 0.11 0.84
BB113 B Settlement 8368.9 x x x x x x x x x x 0.13 1.02
BB114 B Settlement 70.6 x x x x x x 0.80 0.64
BB115 B Settlement 19043.6 x x x x x x x x 0.10 1.75
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BB116 B Settlement 4631.2 x x x x x x x x x 0.18 1.20
BB117 B Settlement 4765.9 x x x x x x x x x 0.13 1.74
BB118 B Settlement 48.1 x x x x x x 1.21 0.58
BB119 B Settlement 260.9 x x x x x x x x x 0.37 0.75
BB120 B Settlement 44.8 x x x x x x x 0.23 0.80
BB121 B Settlement 3332.2 x x x x x x x x x 0.12 0.75
BB122 B Settlement 395.9 x x x x x x x x 0.40 0.86
BB123 B Settlement 48.0 x x x x x x 0.76 0.79
BB124 B Settlement 3356.7 x x x x x x x x x 0.15 1.17
BB125 B Settlement 7792.5 x x x x x x x x x 0.15 1.01
BB126 B Settlement 220.7 x x x x x x x 0.15 1.04
BB127 B Settlement 4921.5 x x x x x x x x x x x x x 0.06 1.70
BB128 B Settlement 962.0 x x x x x x x x 0.09 1.33
BB129 B Settlement 896.7 x x x x x x x x 0.03 0.51
BB130 B Settlement 24814.4 x x x x x x x x x 0.06 0.59
BB131 B Settlement 226.9 x x x x x x 0.19 0.73
BB132 B Settlement 81.7 x x x x x 0.16 0.36
BB133 B Settlement 89.4 x x x x x 0.21 0.47
BB134 B Settlement 228.8 x x x x x x x 0.31 0.53
BB135 B Settlement 2021.6 x x x x x x x x 0.11 0.42
BB136 B Settlement 40.5 x x x x x x 0.03 0.38
BB137 B Settlement 55.6 x x x x x x 0.03 0.52
BB138 B Settlement 14581.8 x x x x x x x x x x 0.32 0.90
BB139 B Settlement 2297.0 x x x x x x x x x 0.13 1.01
BB140 B Settlement 16039.1 x x x x x x x x x 0.13 1.08
BB141 B Settlement 2258.4 x x x x x x x x 0.33 1.17
BB142 B Settlement 58.6 x x x x x x x 0.04 0.98
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Poštela, funerary context (Slovenia)

BB143 B Settlement 4261.9 x x x x x x x x x 0.06 1.06
BB144 B Settlement 593.7 x x x x x x x 0.10 0.84
BB145 B Settlement 6149.0 x x x x x x x x 0.15 1.48
BB146 B Settlement 2626.6 x x x x x x x 0.02 0.65
BB147 B Settlement 1853.3 x x x x x x x x x 0.06 1.01
BB148 B Settlement 2141.1 x x x x x x x x 0.17 1.05
BB149 B Settlement 2280.4 x x x x x x x x 0.08 0.85
BB150 B Settlement 2725.8 x x x x x x x x 0.55 0.75
BB151 B Settlement 2224.3 x x x x x x x x 0.09 0.85
BB152 B Settlement 4614.0 x x x x x x x x 0.15 0.79
BB153 B Settlement 154.2 x x x x x x 0.03 0.49
BB154 B Settlement 167.9 x x x x x x 0.05 0.18
BB155 B Settlement 8277.9 x x x x x x x 0.03 0.85
BB156 B Settlement 6546.7 x x x x x x x 0.03 0.78
BB157 B Settlement 11180.5 x x x x x x x x x x x 0.11 0.99
BB158 B Settlement 1157.3 x x x x x x 0.20 0.70
BB159 B Settlement 4184.6 x x x x x x x x 0.31 0.74
BB160 B Settlement 8329.7 x x x x x x x x x x 0.27 0.59
BB161 B Settlement 3535.8 x x x x x x x 0.04 0.96
BB162 B Settlement 1652.5 x x x x x x x x 0.05 0.83

Table B2: Lipids identified per samples from Kaptol settlement context.
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Samples Context

Li
pi

d
yi

el
d

(μ
g) Fatty acids

ph
yt

an
ic

AP
AA

s

4,
8,

12
-T

M
TD

pr
is

ta
ni

c

M
ilia

ci
n

Lipid ratio

≥C12 C13-C15
C15br

C17br
C16:0 C17:0 C18:2 C18:1 C18:0 ≥C19

D
ia

ci
ds

C
18

:1
/C

16
:0

C
18

:0
/C

16
:0

BB1 P funerary 3455 x x x x x x x x x 0.15 1.76
BB2 P funerary 889 x x x x x x x x 0.02 0.88
BB23 P funerary 259 x x x x x x x 0.04 0.63
BB27r P funerary 217 x x x x x x x x 0.16 0.55
BB27b P funerary 1708 x x x x x x x 0.36 1.13
BB30 P funerary 2040 x x x x x x x x x 0.10 1.69
BB31 P funerary 66 x x x x x x 0.43 0.17

BB32base P funerary 551 x x x x x x x x x 0.06 0.46
B32rim P funerary 116 x x x x x x 0.12 0.57
BB33 P funerary 243 x x x x x x x 0.11 0.44
BB34 P funerary 15 x x x x x x 0.09 0.21
BB35 P funerary 96 x x x x x x 0.74 0.26
BB41 P funerary 0.0
BB45 P funerary 10 x x x x x 0.13 0.19
BB63 P funerary 19 x x x x 0.20
BB64 P funerary 2458 x x x x x x x 0.19 1.18
BB65 P funerary 6 x
BB93 P funerary 106 x x x x x 0.06 0.38
BB95 P funerary 1068 x x x x x x x x x 0.06 1.10

Table B3: Lipids identified per samples from Poštela funerary context.

.
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Poštela, settlement context (Slovenia)

Samples Context
Li
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d

yi
el

d
(μ
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Fatty acids
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s

4,
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Lipid ratio

≥C12
C13-
C15

C15br

C17br
C16:0 C17:0 C18:2 C18:1 C18:0 ≥C19

D
ia

ci
ds

C
18

:1
/C

16
:0

C
18

:0
/C

16
:0

BB6 P settlement 67 x x x x x x x 0.27 0.63
BB9 P settlement 73 x x x x x x 0.25 0.25
BB18 P settlement 18444 x x x x x x x x x x x x 0.22 1.01
BB19 P settlement 1792 x x x x x x x x 0.08 1.02
BB20 P settlement 822 x x x x x x x 0.08 0.88
BB26 P settlement 34 x x x x 0.11 0.23
BB28 P settlement 95 x x x x x x 0.39
BB29 P settlement 1862 x x x x x x x 0.09 0.95
BB36 P settlement 234 x x x x x x x x 0.19
BB37 P settlement 0
BB39 P settlement 2 x x
BB50 P settlement 10583 x x x x x x x x 0.11 1.11
BB51 P settlement 3292 x x x x x x x x 0.23 1.12
BB52 P settlement 0
BB53 P settlement 18180 x x x x x x x x x x x 0.21 1.41
BB54 P settlement 15996 x x x x x x x x x x 0.11 1.36
BB55 P settlement 33 x x x x 0.05 0.41
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BB56 P settlement 1926 x x x x x x x x 0.08 1.21
BB57 P settlement 7 x x 0.28
BB58 P settlement 88 x x x x x 0.58
BB60 P settlement 74 x x x x x x x x 0.14 0.32
BB61 P settlement 15 x x x 0.16
BB70 P settlement 3210 x x x x x x x 0.08 1.72
BB76 P settlement 0
BB78 P settlement 17701 x x x x x x x x x 0.33 2.10
BB81 P settlement 1943 x x x x x x x 0.22 1.43
BB84 P settlement 1594 x x x x x x x x x x 0.64 1.08
BB85 P settlement 3462 x x x x x x x x 0.03 0.98
BB91 P settlement 6268 x x x x x x x x x x x 0.09 1.36
BB92 P settlement 96 x x x x x x 0.05 0.44
BB94 P settlement 762 x x x x x x x x 0.18 0.81
BB96base settlement 481 x x x x x x x 0.22 0.65
BB96rim settlement 1195 x x x x x x x x x 0.18 0.81

Poštela, ritual context (Slovenia)
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Samples Context
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C16:0 C17:0 C18:2 C18:1 C18:0 ≥C19
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16
:0

C
18

:0
/C

16
:0

BB3 P ritual 196 x x x x x x x 0.06 0.33
BB4 P ritual 80 x x x x x x x 0.83 0.30
BB5 P ritual 462 x x x x x x x x 0.87 0.34
BB7 P ritual 108 x x x x x x x x x 0.57 0.37
BB8 P ritual 369 x x x x x x x 0.34 0.40
BB10 P ritual 114 x x x x x x x 0.19 0.17
BB11 P ritual 659 x x x x x x x x x 0.64 0.31
BB12 P ritual 126 x x x x x x x x x 0.07 0.47
BB13 P ritual 150 x x x x x x x x 0.22 0.33
BB14 P ritual 326 x x x x x x x x 0.02 0.87
BB15 P ritual 7529 x x x x x x x x x 0.15 1.63
BB16 P ritual 473 x x x x x x x x 0.35 0.46
BB17 P ritual 250 x x x x x x x x x 0.29 0.63
BB21 P ritual 231 x x x x x x x x 0.25 0.52
BB22 P ritual 20 x x x x x 0.22 0.33
BB24 P ritual 399 x x x x x x x 0.03 0.18
BB25 P ritual 7 x x 0.47
BB38 P ritual 86 x x x x x x 0.40 0.26
BB40 P ritual 59 x x x x x x 0.21 0.25
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BB42 P ritual 83 x x x x x x 0.52 0.24
BB43 P ritual 199 x x x x x x x x 0.36 1.36
BB44 P ritual 396 x x x x x x x x x 0.77 0.24
BB46 P ritual 72 x x x x x x 0.62 0.11
BB47 P ritual 400 x x x x x x 0.48 0.42
BB48 P ritual 36 x x x x x 0.08 0.12
BB49 P ritual 0
BB59 P ritual 27676 x x x x x x x x x 0.05 2.18
BB62 P ritual 89 x x x x x 0.41 0.18
BB66 P ritual 6146 x x x x x x x x 0.15 1.19
BB67 P ritual 35 x x x x 0.06 0.26
BB68 P ritual 180 x x x x 0.83 0.27
BB69 P ritual 173 x x x x 1.39 0.21
BB71 P ritual 21 x x x x 0.28 0.12
BB72 P ritual 78 x x x x x 0.79 0.12
BB73 P ritual 5124 x x x x x x x x 0.17 0.83
BB74 P ritual 370 x x x x x x x 1.20 0.15
BB75 P ritual 62 x x x x x x 0.23 0.32
BB77 P ritual 34 x x x x x 0.10 0.34
BB79 P ritual 131 x x x x x x 0.77 0.37
BB80 P ritual 24 x x x x x 0.13 0.50
BB82 P ritual 50 x x x x x 0.26 0.41
BB83 P ritual 128 x x x x x x x x 1.21 0.32
BB86 P ritual 881 x x x x x x x 2.00 0.33
BB87 P ritual 3662 x x x x x x x x x x 0.20 1.25
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BB88 P ritual 132 x x x x x x x 0.18 0.52
BB89 P ritual 318 x x x x x x x 0.29 0.48
BB90 P ritual 53 x x x x x x x 0.12 0.36
BB97 P ritual 1659 x x x x x x x x 0.16 1.04
BB98 P ritual 189 x x x x x x x 0.41 0.42
BB100 P ritual 262 x x x x x x x 0.90 0.44
BB101 P ritual 190 x x x x x x x 0.85 0.36
BB102 P ritual 336 x x x x 0.59 0.11
BB103 P ritual 83 x x x x 0.23 0.30

.
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Novine, settlement and funerary context (Slovenia)

Samples Context
Li
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16
:0

C
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:0
/C

16
:0

BB104 N Settlement 101 x x x x x x 0.12 0.44
BB105 N Settlement 150 x x x x x x x 0.36 0.30
BB106 N Settlement 35 x x x x x x 0.18 0.25
BB107 N Settlement 6088 x x x x x x x x x x 0.09 0.95
BB108 N Settlement 14760 x x x x x x x x x 0.38 1.04
BB109 N Settlement 51 x x x x x x x 0.22 0.25
BB110 N Settlement 9292 x x x x x x x x x x x 0.18 1.31
BB111 N Settlement 39 x x x x x x x x 0.19 0.22
BB112 N Settlement 1465 x x x x x x x x x 0.19 1.11
BB113 N Settlement 9674 x x x x x x x x x 0.18 1.41
BB114 N Settlement 3595 x x x x x x x x x x x x 0.06 1.04
BB115 N Settlement 74 x x x x x x 0.10 0.19
BB116 N Settlement 68 x x x x x x x 0.27 0.24
BB117 N Settlement 104 x x x x x x x 0.26 0.38
BB118 N Settlement 2066 x x x x x x x x x 0.05 1.14
BB119 N Settlement 132 x x x x x x x 0.18 0.19
BB120 N Settlement 97 x x x x x x x 0.37 0.15
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BB121 N Settlement 19151 x x x x x x x x x 0.09 0.86
BB122 N Settlement 97 x x x x x x x 0.20 0.40
BB123 N Settlement 492 x x x x x x x x x 0.45 0.42
BB124 N Settlement 33 x x x x x x 0.19 0.11
BB125 N Settlement 0
BB126 N Settlement 21195 x x x x x x x x x x 0.05 1.17
BB127 N Settlement 137 x x x x x x 0.15 0.18
BB128 N Settlement 126 x x x x x x x 0.07 0.26
BB129 N Settlement 3152 x x x x x x x x x x 0.11 0.48
BB130 N Settlement 18507 x x x x x x x x x x 0.05 1.35
BB131 N Settlement 7498 x x x x x x x x x 0.09 3.75
BB132 N Settlement 27239 x x x x x x x x x x 0.03 0.64
BB161 N Settlement 209 x x x x x x x 0.12 0.51
BB162 N Settlement 59 x x x x x x x 0.38 0.29
BB163 N Settlement 58 x x x x x x x x 0.06 1.47
BB164 N Settlement 51 x x x x x x x x 0.13 0.37
BB165 N Settlement 325 x x x x x x x x 0.19 1.62
BB166 N Settlement 609 x x x x x x x x 0.19 0.73
BB167 N Funerary 16 x x x x x 0.16 0.14
BB168 N Settlement 314 x x x x x x x x 0.54 0.68
BB169 N Settlement 30 x x x x x x 0.10 0.20
BB170 N Settlement 45 x x x x x x 0.08 0.16
BB171 N Settlement 243 x x x x x x x 0.22 0.28
BB172 N Settlement 130 x x x x x x x x 0.10 0.87



287

Obrežje and Dolge njive, settlement and funerary context (Slovenia)

Samples Context
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:0
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C17br

BB133 O Funerary 3836 x x x x x x x x x 0.13 1.00
BB134 O Funerary 169 x x x x x x x 0.08 0.39
BB135 O Funerary 99 x x x x x x x 0.14 0.21
BB136 O Funerary 1555 x x x x x x x x 0.15 1.61
BB137 O Funerary 222 x x x x x x x x 0.14 0.88
BB138 O Funerary 434 x x x x x x x 0.25
BB139 O Funerary 28 x x x 0.21
BB140 O Funerary 29 x x x x x x 0.18
BB141 O Funerary 58 x x x x x x 0.13
BB142 O Funerary 41 x x x x x 0.13
BB143 O Funerary 185 x x x x x x x x 0.14 1.03
BB144 O Funerary 114 x x x x x 0.41 0.44
BB145 O Funerary 16540 x x x x x x x x x 0.16 1.03
BB146 O Funerary 17 x x x x 0.32
BB147 O Funerary 29361 x x x x x x x x x 0.07 1.10
BB148 O Settlement 2710 x x x x x x x x 0.03 4.14
BB149 O Funerary 13 x x x 0.21
BB150 O Settlement 25 x x x 0.14
BB151 O Settlement 44 x x x 0.21
BB152 O Settlement 39 x x x x 0.06 0.11
BB153 O Settlement 77 x x x 0.15Table B6: Lipids identified per samples from Novine funerary and settlement contexts.
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BB154 O Funerary 377 x x x x x x 0.15 2.92
BB155 O Funerary 99 x x x x 0.10 0.30
BB156 O Funerary 38 x x x x x 0.15 0.15
BB157 O Funerary 330 x x x x x x x 0.12 0.20
BB158 D Funerary 38 x x x 0.25
BB159 D Funerary 506 x x x x x x x x x x 0.10 0.85

Table B7: Lipids identified per samples from Obrežje and Dolge njive funerary and settlement contexts.
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Štanjel, Kapiteljska njiva and Vrabče, funerary context (Slovenia)

Samples Site Context
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16
:0

C
18

:0
/C

16
:0

BB 99 S Štanjel Funerary 389 x x x x x x 0.25 0.48
BB 160 KN Kapiteljska njiva Funerary 491 x x x x x x 0.03 0.05
BB 173 V Vrabče Funerary 35 x x x x x 0.15 0.25
BB 174 V Vrabče Funerary 6426 x x x x x x x x x 0.05 1.18

Vetovo – Kagovac funerary context (Croatia)

BB163 KV Vetovo - Kagovac Funerary 1886.62 x x x x x 0.04 0.15
BB164 KV Vetovo - Kagovac Funerary 95.62 x x x x 0.04 0.61
BB165 KV Vetovo - Kagovac Funerary 58.99 x x x x 0.06 0.37
BB166 KV Vetovo - Kagovac Funerary 46.42 x x x x 0.12 0.49

Table B8: Lipids identified per samples from Štanjel, Kapiteljska njiva, Vrabče and Vetovo – Kagovac funerary contexts.
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