7. Results and discussion

7.1

7.1.i

Ceramic residues

The nature of the absorbed ceramic residues

Seventy-four sherds were examined for this thesis, of which two were too small
to be successfully sampled. The interior and exterior surfaces of 72 sherds
were analysed giving a potential 144 residues. Of these only eight surfaces
yielded no lipids, while 11 of the analyses were of such poor quality due to
equipment malfunction that no useful information could be gained, removing five
sherds completely from the study.

The remaining 125 surfaces all yielded

lipids.

In addition, the interior of six sherds examined for a previous study (Steele,
2004) were re-examined. The original solvent extracts of two residues were reanalysed using GC-MS. Five of the samples were re-extracted from previously
unsampled areas of the sherds and prepared for GC-C-IRMS analysis by
saponification and methylation. The analysis of the non-saponifiable fraction of
three of these residues revealed compounds not previously identified. Analysis
of the methylated samples also yielded additional minor components not
identified in the original analyses, although it is not clear why methylation should
reveal more compounds than silylation. Extracting a larger sample for the GCC-IRMS analysis will have produced a larger concentration of minor
components, allowing them to be identified. It is also possible that saponification
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of the extracted residue affected the results (Stern et al., 2000; Craig et al.,
2004; Higton, 2006).

Seventeen absorbed residues, three from this study and 14 from a previous
study were re-extracted for analysis by HPLC-MS-MS with the aim of detecting
wine residues.

The residues fall into five groups according to their original source material.
These have been identified as beeswax, bitumen, fats/oils, resin and a suite of
compounds not related chemically but which can all be classified as
contaminants. There are also residues which contain mixtures of materials or
mixtures of archaeological materials and contaminants.

The distinction

between fingerprint contamination and a fat or oil which was part of the original
contents of a vessel is particularly important and will be discussed below
(p221ff).

A summary of the results is given in tabular form in Appendix 4 and

includes information on the vessel forms, dates and fabrics.

7.1.i.a Beeswax

When humans first started to exploit the comb wax produced by honey bees is
not clear. GC-MS analysis of a deposit on the surface of a Neolithic pottery
sherd from c.3700-3340BC identified beeswax (Heron et al., 1994). Beeswax
has been used in the arts, both in painting (White, 1978; Mills & White, 1999,
173; Serpico & White, 2000b; Regert et al., 2001a; Bonaduce & Colombini,
2004) and for sculptures/model making at least from time of the 18th Dynasty in
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Egypt (Crane, 1983, 242-243; Serpico & White, 2000b; Regert et al., 2001a;
Bonaduce & Colombini, 2004). It has been identified in Minoan lamps from
Crete c.1600-1450BC (Evershed et al., 1997b) and is documented as an
important illuminant until the development of modern means of illumination
(Crane, 1983, 241). It was also used as a renewable writing medium (Crane,
1983, 243; Regert et al., 2000), as an adhesive (Serpico & White, 2000b;
Regert et al., 2001a; Regert & Rolando, 2002), in medicines and cosmetics
(Serpico & White, 2000b; Regert et al., 2000), by the ancient Egyptians as part
of the mummification process (Colombini et al., 2000; Regert et al., 2001a;
Buckley & Evershed, 2001; Tchapla et al., 2004), as a sealing agent (Regert et
al., 2000), in shipbuilding (Regert et al., 2000) and in lost wax casting of metals
(Crane, 1983, 245-246; Serpico & White, 2000b; Regert et al., 2001a). In the
Medieval period it was considered so valuable it was exchanged as currency
(Hamilton, 1995).

Beeswax has been identified in pottery residues from the Neolithic period to
Mediaeval times (Heron et al., 1994; Charters et al., 1995; Evershed et al.,
1997b; Regert et al., 2001a; Regert et al., 2001b; Garnier et al., 2002; Kimpe et
al., 2002; Copley et al., 2005a-d; Knappett et al., 2005; Steele et al., 2007).
Residues include beeswax in Greek combed ware pottery vessels buried
c.200BC, supporting the theory that these vessels were used as beehives
(Evershed et al., 2003). Apart from the latter case it is not always clear why
beeswax should be present in pottery residues. Processing the wax is a
possibility and it has also been suggested that, in many instances, the wax was
used as a sealant to reduce the permeability of unglazed ceramics (Heron &
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Evershed, 1993; Charters et al., 1995; Steele et al., 2007). This is supported by
ethnographic evidence which shows that potters use many substances,
including beeswax, in this way (Rice, 1987, 163; Heron & Evershed, 1993;
Charters et al., 1995; Bourriau et al., 2000). Rice (1987,163) describes how
Quichua Indians in Ecuador pour melted beeswax into vessels still hot from the
kiln and swirl it around to coat the interior.

Fresh beeswax is a complex mixture of compounds – one study identified more
than 80 separate lipid components (Aichholz & Lorbeer, 2000) while Tulloch
(1980, table 1) and Nelson and Blomquist (1995) document a total of more than
300. Many of these occur in trace amounts and the main constituents of fresh
beeswax are considered to be hydrocarbons, predominantly n-alkanes, (c.
14%), monoesters, mostly of palmitic (C 16:0 hexadecanoic) acid, (c. 35%),
hydroxy monoesters (c. 4%), diesters (c. 14%) and free fatty acids (c. 12%)
(Tulloch, 1971; Tulloch, 1980; Hamilton, 1995; Nelson & Blomquist, 1995;
Garnier et al., 2002). The remaining 31% is made up of triesters, hydroxy
polyesters, acid monoesters, acid polyesters, free alcohols and unidentified
material (Tulloch, 1971; Tulloch, 1980; Hamilton, 1995; Nelson & Blomquist,
1995). In total wax esters of all types comprise up to 70% of fresh beeswax
(Hamilton, 1995; Regert et al., 2001a; Namdar et al., 2007).

Hydrocarbons are predominantly odd carbon numbered n-alkanes from C 21 to
C 35 (Tulloch & Hoffman, 1972; Tulloch, 1980; Aichholz & Lorbeer, 2000; Garnier
et al., 2002). C 27 is usually the most abundant with C 29 , C 30 and C 31 in slightly
smaller concentrations (Tulloch & Hoffman, 1972; Tulloch, 1980).

There is
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some evidence that unrefined beeswax, in particular dark coloured beeswax,
contains a series of even numbered n-alkanes C 22 to C 32 (Tulloch & Hoffman,
1972; Namdar et al., 2007), although Tulloch and Hoffman (1972) consider that
levels greater than 1.9% of the total hydrocarbons for C 26 (1.4% for C 24 ) should
be considered due to adulteration with paraffin. Namdar et al. (2007) however
found significant levels of even numbered n-alkanes in modern beeswax taken
directly from the honey comb by the researchers.

Alkenes are also odd

numbered and in a similar range to n-alkanes with C 31:1 and C 33:1 being the
most abundant (Tulloch, 1980; Garnier et al., 2002).

Long chain saturated fatty acids generally have even numbers of carbon atoms
and range from C 16:0 to C 36:0 . C 24:0 is the most abundant in fresh beeswax
although significant amounts of C 16:0 (palmitic/hexadecanoic acid) can
sometimes be present due to degradation of the wax esters (Tulloch & Hoffman,
1972; Tulloch, 1980; Aichholz & Lorbeer, 2000; Regert et al., 2001a; Garnier et
al., 2002).

The majority of monoesters in fresh beeswax are wax esters containing even
numbers of carbon atoms between 38 and 52, the most abundant being C 46
and C 48 . Hydrolysis reveals that these are mostly esters of C 16:0 (see fig.7.1)
and long chain alcohols in the range C 24 to C 34 (Tulloch, 1971; Tulloch &
Hoffman, 1972; Tulloch, 1980; Hamilton, 1995; Nelson & Blomquist, 1995;
Aichholz & Lorbeer, 2000; Regert et al., 2001a; Garnier et al., 2002). Two main
families of hydroxy wax monoesters have been identified: esters formed by the
esterification of long chain alcohols by a hydroxy acid, usually 15-hydroxy176

hexadecanoic acid, and long chain diols esterified at the primary hydroxyl group
by C 16:0
2002).

(fig. 7.1) (Tulloch, 1970; Aichholz & Lorbeer, 2000; Garnier et al.,
These are present in much smaller amounts than the wax esters

(Tulloch, 1980, table 1) and are usually in the range C 40 to C 50 with C 46 being
the most abundant (Tulloch, 1971). Diesters and triesters are also present in
beeswax but could not be analysed during this project due to their high
molecular weights which prevent them being volatilised in the GC and are
beyond the mass range of the mass spectrometer.

Electrospray-mass

spectrometry and high temperature gas chromatography-chemical ionisation
mass spectrometry using mass spectrometers with a greater mass range have
been used to characterise these compounds (Aichholz & Lorbeer, 2000; Garnier
et al., 2002).

(a)

O
n

O

(b)
OH

O
O

(c)

O

n

OH
O*

n

Figure 7.1: Structures of (a) palmitic wax ester formed from C16:0
fatty acid (palmitic/hexadecanoic acid) and alcohols with n = 11-18;
(b) hydroxy wax ester formed by esterification of 15hydroxyhexadecanoic acid and long chain alcohols with n = 11-18;
(c) hydroxyl wax ester formed by esterification of long chain diols,
with n = 11-18, and hexadecanoic acid.
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Although beeswax is relatively resistant to degradation (Heron & Evershed,
1993; Mills & White, 1999, 49; Pollard et al., 2007, 156), changes in its
composition will occur over time. Hydrolysis of the wax esters, resulting in the
release of significant quantities of long chain alcohols and C 16:0 , is the most
usual mechanism by which degradation occurs, although the ester bond in wax
esters is less susceptible to degradation than that in, for example,
triacylglycerols (Pollard et al., 2007, 156). Despite depletion of wax esters by
degradation their distribution appears to remain stable over long time periods
(Regert et al., 2001a). Depletion in the amounts of n-alkanes has also been
observed (Heron et al., 1994; Charters et al., 1995; Regert et al., 2001a;
Garnier et al., 2002) although it is not clear what mechanisms cause this
depletion (Regert et al. 2001a). Microbial action and heating have both been
suggested and Regert et al. (2001a) found that relatively gentle heating at 60°
to 100°C caused the sublimation of n-alkanes with the shorter chain molecules
being preferentially lost.

Regert et al. (2001a) also discovered that a similar sublimation caused
complete or partial loss of C 16:0 released by the hydrolysis of the wax esters.
This gentle heating formed a characteristic pattern of long chain alcohols of
even carbon number from C 26 to C 34 , with C 30 being the most abundant; odd
numbered n-alkanes between C 23 and C 33 with an increasing loss of the shorter
molecules and a shift of the maximum abundance upwards from C 27 to C 29 or
C 30 depending on the amount of degradation; and reduced amounts of wax
esters and hydroxy wax esters (Regert et al., 2001a). These alkanes and wax
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esters, sometimes combined with the presence of C 16:0 and traces of n-alkenes,
are the accepted biomarkers for ancient beeswax and are routinely used to
identify its presence in residues (Heron et al., 1994; Charters et al., 1995;
Evershed et al., 1997b; Buckley & Evershed, 2001; Regert et al., 2001a; Regert
et al., 2001b; Garnier et al., 2002; Evershed et al., 2003; Roumpou et al., 2003;
Tchapla et al., 2004).

By contrast Namdar et al. (2007) found that only n-alkanes, C 16:0 and C 18:0
(stearic/octadecanoic acid) survived in samples taken from Iron Age beehives
(c.1000 BC). They surmised that this was due to the severe burning of the
destruction layer in which the hives were found (Namdar et al., 2007). The
presence of a series of odd numbered n-alkanes with range and distribution as
above, has been used to identify ancient beeswax (Colombini et al., 2000;
Namdar et al., 2007), as has the presence of wax esters of characteristic
distribution (Maurer et al., 2002). These identifications using only one type of
biomarker with characteristic ranges and distribution patterns have only been
used more recently in the few cases detailed above, and are still exceptions to
the generally accepted criteria for identifying degraded beeswax detailed in the
preceding paragraphs.

Of the 72 sherds studied during this project and the six residues re-examined,
19 yielded at least a trace of beeswax. Fifteen of these sherds came from
Boğazköy (sherds 15, 16, 21, 23, 24, 25, 26, 28, 29, 32, 34, 36, 37, 38, and 40)
and three from Kuşakli (sherds1, 2 and 3), both Hittite sites in central Turkey,
the remaining example coming from Kouklia (sherd 1) in western Cyprus.
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Boğazköy sherds 16, 21, 23, 24, 26 and Kuşakli sherds 1 and 2 were all
identified as spindle bottles, although the identification of Boğazköy 23 and 24 is
not definite (p88-91). Kuşakli sherd 3 may be the body sherd from a pilgrim
flask (p97-98) while Kouklia 1 is an arm-shaped vessel (p82-84).

The rest of

the sherds were identified as body sherds from closed shapes. Sherds 32, 34,
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Figure 7.2: Chromatogram of the beeswax residue from the interior of sherd 34 from Boğazköy.
IS – internal standard; WEx – wax ester with x carbon atoms; HWE – hydroxy wax ester; ●x – nalkane with x carbon atoms; ○x – long chain alcohol with x carbon atoms; Cx:y – fatty acid with
x carbon atoms and y double bonds.
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Figure 7.3: (a) mass spectrum of C27 n-alkane; (b) mass spectrum of C24
alcohol; (c) mass spectrum of C40 palmitic wax ester.

181

In the best examples all the accepted biomarkers for degraded beeswax can be
identified – a combination of long chain alcohols, n-alkanes, wax esters,
hydroxy wax esters, and C 16:0 . In a few cases C 24:0 is also still present. The
example shown in figure 7.2 is the residue extracted from the interior of sherd
34 from Boğazköy.

This sherd is a sample of local pottery from the same

archaeological context used as a comparison to RLWm ware. Although not
RLWm ware it has been used as an example because it yielded the best
residue, containing all the biomarkers for degraded beeswax. The beeswax
components were identified by their very distinctive mass spectra, shown in
figure 7.3. The mass spectra of n-alkanes always exhibit a distinctive shape
and may lack the molecular ion, which is always of low abundance.

They

characteristically show a base peak at m/z 57 with peaks of decreasing
abundance at 71, 85, 99, 113 etc. The example shown in figure 7.3a is for C 27
n-alkane.

Trimethylsilyl (TMS) derivatives of long chain alcohols show a characteristically
strong peak at [M-15]+; they usually do not show a molecular ion but contain
prominent mass fragments at m/z 57 and 75. The example shown in figure 7.3b
is the TMS derivative of C 30 alcohol – usually the most abundant in degraded
beeswax – showing the prominent ion at [M-15]+ (m/z 495).

The mass spectra of wax monoesters of C 16:0 exhibit a base peak at m/z 257,
and a weak molecular ion may be present.

Other mass fragments usually

include m/z 239, representing [RCO]+, and a peak at [C n H 2n ]+ where n is the
number of carbon atoms in the alcohol chain. In the example shown in figure
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7.3c, a C 40 wax ester, the alcohol is C 24 and main mass fragments are 257,
several at lower mass including 57, 71, 83 and 97, fragments at 239 and 336,
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Figure 7.4: Chromatogram of the residue from the interior of Boğazköy sherd 16. IS –
internal standard; Cx:y – fatty acid with x carbon atoms and y double bonds; ○x –
alcohol with x carbon atoms; WEx – palmitic wax ester with x carbon atoms; HWE –
hydroxy wax ester.

Some residues show depletion of n-alkanes, although long chain alcohols, wax
esters and hydroxy wax esters are still present. In the example in figure 7.4, the
residue from the interior of sherd 16 from Boğazköy, n-alkanes are present at
very low levels but the presence of wax esters, hydroxy wax esters, long chain
alcohols and a significant amount of C 16:0 indicates that this residue is beeswax.
The relative abundances of wax esters and alcohols, shown in figure 7.5, are
identical to those in other degraded beeswax residues, both from this study (fig.
7.5) and seen in other research (Charters et al., 1995; Regert et al., 2001a;
Garnier et al., 2002; Evershed et al., 2003).
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Figure 7.5: Bar charts showing the abundances of n-alkanes, alcohols and wax esters
in six archaeological samples and the relative abundances of n-alkanes and wax esters
in modern raw beeswax. Cx alkane – n-alkane with x carbon atoms; CxOH – alcohol
with x carbon atoms; WE x – wax ester with x carbon atoms.
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In particular the pattern of wax esters is identical to that in both fresh and
degraded beeswax and the distribution of alcohols is typical of that seen in
other degraded beeswax. This confirms the identification of this residue as
beeswax.

In four cases (exteriors of sherds 23, 32, 36 and 40 from Boğazköy) only a trace
of beeswax remains (figure 7.6) and only some biomarkers are still present.
However these traces are usually very distinctive, for example C 30 and C 32 long
chain alcohols, and suggest degraded beeswax even though the full range of
biomarkers is not observed.

All these sherds yielded high abundances of

beeswax from their interior surfaces and these traces may be explained by
beeswax seeping through the sherds from the interior surfaces.
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Figure 7.6: Chromatogram of the residue from the exterior of sherd 29 from Boğazköy. IS –
internal standard; p – phthalate; ● – n-alkane; ○x – alcohol with x carbon atoms; Cx:y – fatty
acid with x carbon atoms and y double bonds.
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The abundances of these lipids vary considerably. The sherd with the most
abundant lipids, the interior of Boğazköy sherd 38, yielded a total of 970μg/g ±
87 μg/g for the major beeswax components (n-alkanes, long chain alcohols,
wax esters and hydroxy wax esters).

By contrast the sherd (interior of

Boğazköy 28) containing the least abundant residue which still comprised all
three main biomarkers (wax esters, n-alkanes and long chain alcohols) only
yielded 14 μg/g ± 1 μg/g. The average yield was 163 μg/g. The residues which
showed only traces of one or two beeswax biomarkers were present in much
lower abundances, typically between 2 and 20 μg/g.

Beeswax was identified in 29 lipid extracts from 19 sherds.

Eight sherds

yielded beeswax residues from the interior surfaces while the exterior surfaces
contained no beeswax at all. A further nine sherds have abundant residues on
the interior surface and much lower amounts, sometimes only containing long
chain alcohols and/or wax esters on the exterior surface. For example, one of
the most abundant residues, from the interior of Boğazköy sherd 37, was
present at 930 μg/g ± 84 μg/g, while the exterior of the sherd only contained 40
μg/g ± 4 μg/g of beeswax biomarkers (fig. 7.7). A more typical example is
Boğazköy 29 which yielded an interior residue containing 120
μg/g ± 11 μg/g
and an exterior of 9 μg/g ± 1 μg/g (fig. 7.7). It is reasonable to conclude that the
beeswax in these 17 vessels formed part of the contents of the vessel rather
than being later contamination either from the burial environment or from some
post-excavation process. The small amounts of beeswax extracted from the
exterior of some of these vessels can be explained by seeping of the beeswax
through the vessel wall over time (Stern et al. 2000).
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Figure 7.7: Bar charts showing the abundances of the main beeswax ingredients yielded by
the interior and exterior surfaces of sherds 37 and 29 from Boğazköy. WE – wax ester; HWE –
hydroxy wax ester; OH – alcohol; numbers identify the number of carbon atoms in each
molecule.
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Seven of these sherds yielding more abundant beeswax residues on their
interior surfaces have been identified as body sherds from spindle bottles, one
is from an arm-shaped vessel and the remaining seven, although no specific
shape can be determined, are all from closed vessels (Knappett et al. 2005;
Mielke, pers. comm.). RLWm ware spindle bottles and arm-shaped vessels
have very narrow openings at the neck and it would not be practical to store
solid beeswax in these vessels as it would be impossible to retrieve without
significant heating, for which there is no evidence. Mild heating, for example in
a bath of hot water, would not be an easy procedure as the water would have to
be kept above 60°C while the thickness of the vessel walls (typically 0.5cm to
1cm) warmed through and the heat penetrated through the thickness of the
vessel. Fine fabrics with low porosity, such as that of RLWm ware, do not
respond well to heating as they are inclined to crack due to thermal stresses,
particularly if the form of the vessels incorporates sharp corners (Rice, 1987,
228-230, 366-369).

It seems unlikely on this basis alone that RLWm ware

vessels were designed to undergo regular heating.

This leaves two possible explanations for the presence of beeswax
predominantly on the interior surfaces of these vessels – the contents were a
mixture containing beeswax or the wax was used as a surface sealant as
described above (p175-176), although the very fine fabric of these vessels does
appear to make a surface treatment designed to reduce the porosity unlikely.

In all but two cases, beeswax forms the largest portion of the total lipid residue,
with fatty acids and contaminants being the only other residues present. Where
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fatty acids are present their abundances are significantly lower than those of
beeswax, a typical example being Boğazköy 15 where the sum of beeswax
components is 72 μg/g ± 6 μg/g and total abundance for fatty acids is 8 μg/g ± 1
μg/g. The fact that C 16:0 is released during the degradation of wax esters may
also contribute a significant amount to the total of fatty acids, giving a
misleadingly high concentration of fatty acids in some sherds.

In the two

remaining cases, either fatty acids are more abundant (Kuşakli 1) or at a similar
level to the beeswax (Kuşakli 3).

The sherds from Kuşakli present a complex

picture as they were washed in acid before being sent for analysis (Mielke,
pers. comm.).

On balance, the most likely explanation of the presence of beeswax in these
vessels is that it was used as a surface treatment to reduce the porosity of the
unglazed ceramic. However, the presence of a mixture in these vessels cannot
be eliminated on the evidence available.

The remaining two vessels show either similar amounts of beeswax on both
surfaces (Boğazköy 21) or beeswax only on the exterior surface (Boğazköy 24)
(fig. 7.8). Boğazköy 21 yielded 166 μg/g ± 15 μg/g from the interior and 226
μg/g ± 20 μg/g from the exterior, while Boğazköy 24 yielded 20 μg/g ± 2 μg/g
from the exterior surface only. These occurrences are more difficult to explain,
although as the sherds came directly from the excavation after only dry
brushing (Knappett, pers. comm.), modern contamination is unlikely.
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Figure 7.8: Bar charts showing the abundances of the main beeswax
ingredients yielded by the interior and exterior surfaces of sherds 21 and 24
from Boğazköy. WE – wax ester; HWE – hydroxy wax ester; OH – alcohol;
numbers identify the number of carbon atoms in each molecule.
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Beeswax on an exterior surface could still have been used as a sealant,
although RLWm ware has a burnished exterior surface which would be difficult
to impregnate with wax. It is also possible that the sherd came from an area of
the vessel where beeswax had been dripped down the outside during post firing
treatment, although the probability of this area of the vessel being represented
among the sherds sampled is very low. It is also possible that the surfaces of
the sherds in question have been wrongly assigned, although in this case that is
unlikely due to the curvature of the sherds and/or their lustrous finish.

In

addition the latter point does not explain equal amounts of beeswax on both
sides of the sherd. This could point to contamination, ancient or modern.

7.1.i.b Bitumen

According to Killops and Killops (2005, 128) the term bitumen is usually applied
to “……….naturally occurring solid or liquid hydrocarbon deposits that are
soluble in an organic solvent ………”, although definitions and terminology vary
considerably (Mills & White, 1999, 57; Pollard et al., 2007, 157). Mills and
White (1999) point out that the terms bitumen and asphalt are not
distinguishable as they originate with the Latin and Greek names respectively
for the same material (Mills & White, 1999, 57).

Natural seeps and floating blocks of bituminous material have been exploited
since prehistory (Connan, 1999; Pollard et al., 2007, 158). The earliest use of
bitumen so far discovered is at a Hummalian period site dating to c.180,000 BC
(Connan, 1999). Traces have been identified on flint tools dated to c.40,000 BC
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in Syria (Boëda et al., 1996; Stern et al., 2008a) and many examples of its use
as a hafting material have been recorded on sites from 9,000 BC onwards
(Connan et al., 1992; Connan, 1999; Pollard et al., 2007, 158; Stern et al.,
2008a).

In antiquity bitumen was also used for the waterproofing of baskets, mats,
unglazed pottery vessels, water storage cisterns, bathrooms, water pipes, boats
and sarcophagi (Rullkötter & Nissenbaum, 1988; Connan et al., 1992; Connan,
1999; Pollard et al., 2007, 25,158; Stern et al., 2008a). It was employed as an
adhesive; as paint; as mortar in the construction of buildings; to manufacture
small items such as jewellery, handles for small tools, spindle whorls, dice and
balls; as a medium for sculpture; in weapons and more rarely as a road
covering (Rullkötter & Nissenbaum, 1988; Connan et al., 1992; Connan &
Deschesne, 1996; Connan, 1999; Serpico & White, 2000c; Nieuwenhuyse et
al., 2003; Regert, 2004; Pollard et al., 2007, 25, 158; Stern et al., 2008a). It
was valued as a medicine, in particular as a disinfectant, and used as an
insecticide (Rullkötter & Nissenbaum, 1988; Connan, 1999; Pollard et al., 2007,
158), and was used between approximately 1200BC and 400AD in mixtures
prepared by the Egyptians for mummifying the dead (Rullkötter & Nissenbaum,
1988; Nissenbaum, 1992;).

Bitumen is a complex material containing hundreds of components formed over
millions of years from the remains of living organisms deposited in the
environment (Mills & White, 1999, 57). The processes of diagenesis continue
over time and the exact nature of the compounds present may indicate the
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original depositional environment and degree of maturity of the bitumen deposit,
(Mills & White, 1999, 57-59; Killops & Killops, 2005, 196-234).

In archaeological contexts bitumen is usually identified by the presence of an
homologous series of n-alkanes, the isoprenes pristane and phytane (fig. 7.9)
and the presence of a series of pentacylcic triterpenoid compounds known as
hopanes (Rullkötter & Nissenbaum, 1988; Connan, 1999; Mills & White, 1999,
57-59; Pollard et al., 2007, 157-158).

Hopanes are biomarker compounds

whose structure is indicative of the original depositional conditions (Pollard et
al., 2007, 158) and they are frequently used in the study of both archaeological
and contemporary fossil fuels, for example to locate the geological source of
samples (Rullkötter & Nissenbaum, 1988; Connan et al., 1992; Nissenbaum,
1992; Connan, 1999; Maurer et al., 2002; Killops & Killops, 2005; Pollard et al.,
2007, 158).

Hopanoids are formed by bacteria from the acyclic isoprenoid

squalene (C 30 H 50 ) and appear to be an important part of their cell membranes
(Mills & White, 1999, 59; Killops & Killops, 2005, 52). The structure of a typical
hopane is shown in figure 7.9.

Archaeological bitumen typically contains a range of hopanes from C 27 to C 35 ,
along with stereoisomers and related compounds which form during the
diagenesis of bacterial tissues (Mills & White, 1999, 59; Killops & Killops, 2005,
196-234). These large molecules are resistant to degradation and survive even
in weathered bitumen (Connan et al., 1992).

The source of hopanes in

archaeological samples has been questioned because of the possibility that
recent bacterial action during burial might also produce hopanes. However the
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distribution of isomers seen in bitumen samples is not the same as that
produced by active bacteria (Rullkötter & Nissenbaum, 1988; Mills & White,
1999, 59). For example the geothermal heating which is part of the formation
processes of bitumen will produce α stereoisomers at the 17 and 21 carbons,
while only β compounds are produced by bacteria (Mills & White, 1999, 59).

Phytane

Pristane

●

17α,21β-30-norhopane

5α-cholestane

Figure 7.9: The structures of phytane, pristane, 17α,21β-30-norhopane and
the sterane 5α-cholestane.

Also present in some archaeological samples of bitumen are steranes –
tetracyclic compounds derived from steroids (fig.7.9). These are most usually
isomers of C 27 -C 29 , although C 21 -C 22 steranes have also been reported
(Connan et al., 1992).

These have also been used as biomarkers in

determining sources of archaeological samples of bitumen (Connan et al., 1992;
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Connan, 1999), however they are more readily lost due to weathering
processes than the hopanes (Stern et al., 2008a).

In this study residues from only seven sherds (Arpera 6 and 7, Hala Sultan
Tekke sherds 3, 4 and 9, Kalavasos 4) have been definitely identified as
bitumen. Arpera 6 and 7 (p62), Hala Sultan Tekke 9 (p72) are body sherds
from pilgrim flasks, while Hala Sultan Tekke 4 is from a spindle bottle or armshaped vessel and 3 is from a juglet or bowl (p70) and Kalavasos 4 is from the
shoulder of a spindle bottle (p76). A further 11 residues from (four of those from
sherds re-examined during a previous study) contain one or more of the
biomarkers described above in quantities too small to allow definite
identification.
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Figure 7.10: The chromatogram of the residue from the interior of sherd 3 from Hala
Sultan Tekke, Cyprus. IS – internal standard; sq – squalene; ch – cholesterol; p –
phthalate; Cx:y – fatty acid with x carbon atoms and y double bonds.
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Figure 7.11: The partial ion chromatogram for m/z 71 for the residue from the interior of
Hala Sultan Tekke sherd 3. ● n-alkanes, numbers indicate numbers of carbon atoms.

The most obvious feature of an archaeological bitumen chromatogram is an
undifferentiated mass (cf. Pollard et al. 2007, fig. 8.4, 176) not separated by the
GC as shown the residue from the interior of sherd 3 from Hala Sultan Tekke
(figure 7.10). Investigation of this residue using GC-MS revealed a homologous
series of n-alkanes, a series of hopanes and traces of steranes. Alkanes were
identified by their mass spectra as indicated above (p182-183) and the partial
ion chromatogram for m/z 71 clearly shows the presence of series of n-alkanes
between C 18 and C 28 with no odd over even dominance (fig. 7.11). Hopane
mass spectra typically contain a strong mass fragment at m/z 191, as shown in
fig. 7.12, and the partial ion chromatogram reveals a series of hopanes (fig.
7.12) (Peters et al., 2005, 224-225, 236-239). Identifying the exact hopane
molecules present is not easy as there are many isomers of the same formula
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and the differences in the mass spectra are minor. Steranes produce a mass
spectrum with a prominent ion at m/z 217 and the partial ion chromatogram
reveals a series of C 27 -C 29 steranes at low concentrations (fig. 7.13) (Peters et
al., 2005, 223-224).
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Figure 7.12: The partial ion chromatogram for m/z 191 for the residue from the interior of
sherd 3 from Hala Sultan Tekke. Ts - 18α-22,29,30-trisnorneohopane; Tm - 17α22,29,30-trisnorhopane; numbers indicate the number of carbon atoms in the identified
hopane molecules; α and β indicate structures where known. Insert is the mass spectrum
for the 30αβ hopane.

Pristane and phytane could not be identified in any of the samples but the
presence of n-alkanes, hopanes and steranes confirm that this is a bituminous
residue.
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Figure 7.13: The partial ion chromatogram for m/z 217 from the interior residue
yielded by sherd Hala Sultan Tekke sherd 3. Numbers indicate the number of carbon
atoms in the molecules identified as steranes. Insert is the mass spectrum of the
sterane (C29H52) at 22.2 mins.

A second sample was drilled from the same sherd 18 months later for
examination by GC-MS at the British Museum (see p132). This only contained
the series of n-alkanes, along with compounds which probably represent
contamination (see below, p236f). This may be accounted for by the difference
in chromatographic conditions, in particular the type of column being used, by
degradation of the extracted residue in storage or by the drilling of a sample
from a different position on the vessel wall. The apparent difference in residues
on second analysis was also observed in two more samples (residues from the
exterior Arpera sherd 7 and the interior of Hala Sultan Tekke 4) which had been
identified previously as bitumen.
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One further residue showed peaks identifiable as steranes in the m/z 217 partial
ion chromatogram. Three more of the seven residues revealed hopanes and nalkanes. In each of these cases the partial ion chromatograms for m/z 217
revealed a series of very small peaks with the same distribution as the steranes
in Hala Sultan Tekke 3, but the peaks were too small to identify the individual
steranes.

However the presence of n-alkanes and hopanes is generally

considered sufficient to confirm the presence of archaeological bitumen and its
presence has been inferred from the presence of hopanes alone (Mills & White,
1999, 190; Serpico & White, 2000c) or even, in one study, by the presence of nalkanes alone (Regert, 2004). Two of the residues are also depleted in nalkanes, but they are present and show a similar range and distribution to that
generally observed in archaeological bitumen.

Of the other 11 examples (which represent only a further seven sherds), four
were severely depleted in n-alkanes, retaining only very small quantities – too
small to quantify or identify the individual alkanes. One of these residues was
the non-saponifiable fraction produced during the saponification of the residue
from Kouklia sherd 6 (fig. 7.14). The residue from this sherd was originally
analysed by GC during a previous study (Steele, 2004, 53-54) and was
interpreted as a fat or oil, possibly of plant origin. Another, larger sample (0.27
g compared with 0.08 g), was drilled to prepare for GC-C-IRMS analysis by
saponification and methylation and the non-saponifiable fraction was also
analysed, revealing low abundances of hopanes and traces of n-alkanes.
These probably indicate the presence of bitumen, although at low abundance.
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Figure 7.14: (a) Total ion chromatogram for the non-saponifiable fraction of the
residue from the interior of sherd 6 from Kouklia, (b) Partial ion chromatogram for
m/z 71 and (c) Partial ion chromatogram for m/z 191 for the same residue. IS –
internal standard; u – unidentified; sq – squalene; ch – cholesterol; ● – alkane;
numbers are number of carbon atoms in hopane molecules.
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Three residues contained traces of n-alkanes and compounds which show the
characteristic hopane mass fragment at m/z 191 but which are present in such
small quantities that a definite identification is not possible. These residues
probably contain traces of a fossil fuel which is heavily degraded only present in
very low abundance. Two of these residues are from the interior and exterior of
the same sherd and also contain several unidentified compounds.

In addition third residue contains a trace of 1,1,1-trichloro-2,2-bis(pchlorophenyl)ethane (DDT).

The sherd, Kazaphani sherd 10, has been in

storage in the Cyprus Museum since the 1960s and has probably been
contaminated with this modern, anthropogenic compound. The remaining four
residues contain very low levels of both hopanes and alkanes, and in one
example the alkanes are absent completely. This does not provide enough
evidence to identify the presence of bitumen but probably indicates the
presence of a degraded fossil fuel material or contamination, either ancient or
modern.

All the bitumen residues identified during this project are at present in very low
concentrations, the most abundant being that from the interior of Hala Sultan
Tekke sherd 3.

They are impossible to quantify accurately as most of the

components are not chromatographically resolved by the GC. In addition, none
of these residues provided enough material to apply bulk stable isotope analysis
of carbon and hydrogen which could have provided more information on the
possible origin of these residues.
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7.1.i.c Fats or oils

The identification of fats or oils in pottery residues using GC-MS analysis was
first recorded thirty years ago (Condamin et al., 1976) and has since become a
well established procedure (e.g. Evershed et al., 1990; Evershed, 1993;
Evershed et al., 1997; Dudd et al., 1999; Evershed et al., 1999; Mottram et al.,
1999; Kimpe et al., 2002; Copley et al., 2005a; Copley et al., 2005b; Copley et
al., 2005c; Copley et al., 2005d; Spangenberg et al., 2006; Craig et al., 2007).

Fresh oils and fats are largely composed of triacylglycerols (for a typical
structure see p128, fig. 5.3), with some mono- and diacyglycerols, free fatty
acids and a range of other minor components (Gunstone, 2004, 23-32; Pollard
et al., 2007, 150).

Most fresh, unrefined fats and oils contain about 95%

triacylgycerols (Gunstone, 2004, 24), 0 – 2% diacylglycerols, with most of the
remaining constituents being monoacylglycerols and free fatty acids (Gunstone,
2004, 24-25). The di- and monoacylglycerols and fatty acids are present as a
result of incomplete formation or post-harvesting degradation of triacylglycerols
(Gunstone, 2004, 25). The minor constituents will include phospholipids, sterols
(e.g. cholesterol, β-sitosterol), tocols, fat soluble vitamins (e.g. vitamins A, D, E
and K), chlorophyll and hydrocarbons including alkanes, squalene, carotenes
and polycyclic aromatic hydrocarbons (Gunstone, 2004, 23-32).

Triacylglycerols are manufactured from free fatty acids within living organisms
as an easily metabolised, compact form of energy storage (Harwood, 1998;
Killops & Killops, 2005, 44-45) (see fig. 5.3 for structure). A large variety of
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structures are possible, even with only a limited range of fatty acids available,
as up to three different fatty acids in several configurations can be incorporated
into triacylglycerol molecules (Holum, 1995, 336-337; Mills & White, 1999, 33;
Gunstone, 2004, 67).

The composition of fresh fats and oils is usually

expressed in terms of the fatty acid composition of the triacylglycerols,
measured after saponification or hydrolysis (Mills & White, 1999, 33). Although
over 1000 naturally occurring fatty acids have been identified, only a relatively
small number are found in significant amounts (Mills & White, 1999, 31-33;
McMurry, 2000, 1120-1121; Gunstone, 2004, 50, 52). For example in plant
food crops 80% of the fatty acid content is C 16:0 , C 18:1 (oleic) and C 18::2 (linoleic)
and a further 15% is C 12:0 (lauric), C 14:0 (myristic), C 18:0 (stearic) and C 18:3
(linolenic) (Harwood, 1998). Fatty acids with even numbers of carbon atoms
are much more abundant than those with odd carbon numbers (McMurry, 2000,
1120, Gunstone, 2004, 52) as most fatty acids are synthesised in nature by
adding units of two carbon atoms at a time to an acetate precursor (Knutson &
Knauf, 1998; Gunstone, 2004, 89).

Although the general composition of all fresh fats and oils is similar (Mills &
White, 1999, 31; McMurry, 2000, 1119), there are differences between fats and
oils from different sources. For example, dairy fats are characterised by the
presence of short and medium chain fatty acids typically in the range C 4 to C 18
(Mills & White, 1999, 33; Evershed et al., 2001; Gunstone, 2004, 18-20, 53).
Also present are monounsaturated acids, mostly C 18:1 , comprising up to 30% of
the fatty acids present, a proportion of which have the trans configuration
(Gunstone, 2004, 18-20). Animal adipose fats generally contain more saturated
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fatty acids, predominantly C 16:0 and C 18:0 and ruminant animal fat may contain
small amounts of acids with odd numbers of carbon atoms (Gunstone, 2004,
20-21).

All fats from animal sources also contain significant amounts of

cholesterol (Gunstone, 2004, 21). By contrast fresh fish oils are rich in monoand polyunsaturated fatty acids in the range C 16 to C 22 (Gunstone, 2004, 21-22;
Hansel et al., 2004; Craig et al., 2007). Plant oils also contain large amounts of
mono- and polyunsaturated fatty acids. Olive oil contains 55-83% C 18:1 and 421% C 18:2 (Mills & White, 1999, 33; Gunstone, 2004, 6). Linseed or flax oil is
one of the most unsaturated plant oils containing 50-60% of C 18:3 (Gunstone,
2004, 5), while ricinoleic acid (12-hydroxy-9-octadecenoic acid) comprises 8090% of the fatty acid in castor oil (Mills & White, 1999, 33; Gunstone, 2004, 3).

The precise composition, even within fats or oils from the same source, can
vary widely depending on many factors including the diet, lifestyle and species
of animals and the composition and hydration of soils, manuring practices,
temperature and strain or variety of plants (Mills & White, 1999, 32).

In

archaeological samples there is the additional problem of degradation of the
fats and oils during use, burial and post-excavation handling and storage of the
vessel.

Triacylglycerols are broken down by chemical and bacterial hydrolysis into diand monoacylglycerols and ultimately into their component fatty acids and
glycerol (Evershed et al., 1992; Dudd et al., 1998; Regert et al., 1998; Mills &
White, 1999, 34-35; Evershed et al., 2002; Copley et al., 2003; Pollard et al.,
2007, 151). The glycerol is almost always completely removed by dissolution
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(Mills & White, 1999, 34).

Short chain fatty acids, whether released from

acylglycerols by hydrolysis or present as free fatty acids, are much more water
soluble and volatile than longer chain acids and are therefore preferentially
removed by the action of water and heat (Copley et al., 2003; Evershed et al.,
2001). Unsaturated fatty acids are susceptible to oxidation and polymerisation
followed by degradation, producing short chain fatty acids, α,ω-dicarboxylic
acids and hydroxy fatty acids (Passi et al., 1993; Regert et al., 1998; Mills &
White, 1999, 34-40; Evershed et al., 2002; Copley et al., 2005d).
Nonadecanoic acid (C 9:0 ) and azeleic acid (nonadecanedioic acid) are the most
common products observed in pottery residues, although a range of acids may
be produced (Regert et al., 1998, Evershed et al., 2002).

All the short chain

fatty acids may be removed by leaching, so in many cases these degradation
products will not be observed.

The result of these degradation processes is to remove short chain and
unsaturated fatty acids, along with triacylglycerols, leaving residues which are
rich in C 16:0 and C 18:0 regardless of the original composition of the fat or oil
(Stern et al., 2000). In archaeological samples, which are usually degraded, it
therefore becomes difficult to distinguish between different fats or oils on the
basis of their fatty acid composition (Evershed, 1993; Heron & Evershed, 1993;
Stern et al., 2000) despite continuing attempts by some researchers to use this
method (e.g. Aggozzino et al., 2002; Kimpe et al., 2002).

This is further

complicated in residues containing beeswax where degradation of the wax
esters will release significant amounts of C 16:0 altering the total amount present.
There is also some evidence that the extraction method – solvents used, exact
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extraction technique, whether saponification is used – may affect the ratios of
fatty acids observed during the analysis of pottery residues (Stern et al., 2000;
Higton, 2006).

Without the presence of specific biomarkers, identifying the

source of a fat or oil by comparison with modern materials becomes very
difficult and a residue can only be safely classified as a fatty or oily substance.
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Figure 7.15: Mass spectrum and structure of the trimethylsilyl (TMS)
derivative of C16:0 fatty acid.

Sixty-two of the 72 sherds analysed contained at least traces of fatty acids,
some having residues on both surfaces giving 111 residues. These can be
identified from the mass spectra of their TMS derivatives by the presence of a
strong ion at [M-15]+, a weak molecular ion, and a distinctive pattern of peaks at
lower m/z values which contain mass fragments at 73 and 117 (fig. 7.15)
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(Evershed, 1992b). C 16:0 was the most abundant and rarely the only fatty acid
identified. Of the 111 residues containing saturated fatty acids, 88 also
contained at least a trace of unsaturated fatty acids, most commonly C 18:1 .
These were identified from their mass spectra which are very similar to the
mass spectra for saturated fatty acids (fig. 7.16) (Evershed, 1992b).
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Figure 7.16: Mass spectrum and structure of the TMS derivative of oleic
acid, one of the common isomers of C18:1.

In addition to the even carbon numbered fatty acids 23 sherds yielded a trace of
C 17:0 (see fig. 7:17, p210), although only 12 instances were in residues which
were not dismissed as contamination (the interior residues from Boğazköy
sherds 28, 29, 37 and 39; Kuşakli sherd 1; Arpera sherds 4 and 7; Dhenia sherd
1; Hala Sultan Tekke sherds 3, 4 and 9; Kalavasos sherd 8). This acid is
generally considered to be present in ruminant animal fats (Evershed et al.,
1997a; Evershed et al., 1999; Evershed et al., 2002) and its presence in these
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residues could indicate that ruminant fat formed at least a part of these
residues. However small amounts have also been recorded in olive oil and
some other plant oils such as hazelnut, sesame and walnut (Coultate, 1996, 58;
Ministry of Agriculture, 1998, 79).

Shorter chain fatty acids≤ (C

14:0 )

were present in 65 of the residues (47

sherds). The most common were usually C 12:0 and C 14:0 , although in seven
residues C 8:0 and C 9:0 were relatively abundant (>5μg/g where the residue
could be quantified) and traces were identified in a further 24, in all cases C 9:0
being the most abundant. Milk products contain short chain fatty acids but
these are usually dominated by even carbon numbered acids. It is reported that
C 8:0 and C 9:0 , along with lesser amounts of C 7:0 and other short chain acids,
may result from the oxidation of unsaturated longer chain fatty acids, mostly
C 18:1 , and that C 9:0 is usually the most abundant (Regert et al., 1998; Mills &
White, 1999, 39-40; Gunstone, 2004, 275; Copley et al., 2005d). This pattern
was seen in all the eight samples which could be quantified and four examples
are shown in figure 7.17 – three where C 8:0 and C 9:0 are relatively abundant and
one yielding only traces of these two fatty acids.
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Figure 7.17: Fatty acid distributions in four sherds – Kuşakli sherd 1, Boğazköy sherd 28,
Kalavasos sherd 8 and Kazaphani sherd 5 – where C8:0 and C9:0 fatty acids are present.
Kazaphani sherd 5 did contain C18:0 but at an abundance too low to quantify.

Dicarboxylic fatty acids and mono- and di-hydroxy fatty acids are the most
widely reported degradation products from unsaturated fatty acids (Gülaçar et
al., 1990; Passi et al., 1993; Regert et al., 1998; Mills & White, 1999,35, 38-40;
Evershed et al., 2002; Gunstone, 2004; Copley et al., 2005d). In ten of the
residues which yielded at least traces of C 8:0 and C 9:0 , dicarboxylic acids are
also present. The most abundant dicarboxylic acid was always C 9 (azeleic
acid) with smaller amounts of C 8 and sometimes C 7 (fig.7.17). Sebacic acid,
C 10 dicarboxylic acid, is also present in one sample (interior of Boğazköy 28).
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This is used in industry as a raw material for the manufacture of nylon and
lubricants and is manufactured by splitting ricinoleic acid extracted from castor
oil and may be a degradation product of ricinoleic acid.

The mass spectra of the TMS derivatives of dicarboxylic acids are characterised
by abundant ions at [M-15]+ and [M-131]+ (Regert et al., 1998; Copley et al.,
2005d). An example – the mass spectrum of azeleic acid – is shown in figure
7.18. This pattern of dicarboxylic and short-chain fatty acids is usually seen to
be indicative of the degradation of C 18:1 , with the varying chain lengths being
the product of different positional isomers (Gunstone, 2004, 275; Copley et al.,
2005d). The best example (from Kalavasos sherd 8) is shown in figure 7.19.
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Figure 7.18: Mass spectrum and structure of the TMS derivative of azeleic
acid (C9:0 dicarboxylic fatty acid)
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Figure 7.19: The chromatogram produced by the residue extracted from
the interior of sherd 8 from Kalavasos, Cyprus. IS – internal standard; p
– phthalate; Cx:y – fatty acid with x carbon atoms and y double bonds; u
– unidentified.

Hydroxy fatty acids were present in eight residues which also contain both C 8:0
and C 9:0 plus dicarboxylic fatty acids and in a further ten which contain C 8:0 and
C 9:0 , and traces were present in a further four residues. This represents 21
sherds as one sherd yielded residues containing hydroxy fatty acids from both
surfaces.

The mass spectrum for the most frequently occurring example,

present in all instances where hydroxy fatty acids have been identified, is shown
in figure 7.20. This has been identified as 9,10-dihydroxyoctadecanoic acid,
which has been observed in other archaeological fats (Regert et al.,1998;
Buckley et al., 1999; Evershed et al., 2002; Copley et al., 2005d).

In six

samples two peaks eluting very close together exhibit very similar mass spectra
and this can be explained by the presence of threo and erythro sterioisomers of
9,10-dihydroxyoctadecanoic acid (Buckley et al., 1999; Copley et al., 2005d).
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Figure 7.20: Mass spectrum and structure of the tris-TMS derivative of 9,10dihydroxyoctadecanoic acid. Structure shows the fragmentations producing
the prominent mass fragments at m/z 215 and 317.

Relative abundance

73

187

345

147
103

217
418

100

200

300

400

[M-15]+
517

500

m/z
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Two examples were also observed which contained a probable dihydroxy fatty
acid with prominent mass fragments at m/z 187 and 345, shown in figure 7.21.
A proposed structure for this molecule would be 11,12-dihydroxyoctadecanoic
acid (fig. 7.21).

Other probable hydroxy fatty acids were identified in one

sample (Kalavasos sherd 8) most of them unidentified. Further discussion of
hydroxy fatty acids can be found in section 7.1.ii (p253f).

The chromatograms of four residues from two sherds revealed peaks in the
area of the chromatogram where triacylglycerols would be observed. However
GC-MS did not confirm any of these peaks as triacylglycerols. It therefore
seems probable that degradation in the absorbed residues examined for this
project is generally too far advanced for intact triacylglycerols to be present.

By contrast, monoacylglycerols were detected in 15 residues (13 sherds).
These were detected in samples which were analysed by GC-MS at the British
Museum (although not all the 24 sherd samples analysed there contained
acylglycerols).

Two compounds were identified in all 15 residues, and one

residue contained a further two compounds which may be acylglycerols.

The first identifiable compound yielded a mass spectrum with a base peak at
m/z 399, [M-15]+ at 487 and M+ at 502 (fig. 7.22). The GC-MS library identified
this compound as a bis(trimethylsilyl)monostearin in about half the occurrences
with up to 90% quality. The base peak at m/z 399 can be explained by the
fragmentation of the TMS derivative of a C18:0 1-monoacylglycerol as shown in
figure 7.22 (Evershed, 1992b).
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Figure 7.22: Mass spectrum and structure of the bis-TMS derivative of C18:0 1monoacylglycerol. The structure shows the fragmentation producing the base peak at m/z
399.

One residue, extracted from the interior of Arpera sherd 4, also yielded traces of
C18:1 1-monoacylglycerol and C18:0 2-monoacylglycerol.

The unsaturated

monoacylglycerol was not identified by the GC-MS library. However it could be
identified from the similarity of the mass spectrum to that of the saturated 1monoacylglycerol with the base peak, molecular ion and [M-15]+ ions at m/z
397, 485 and 500 (fig. 7.23). The mass spectrum and structure of the C18:0 2monoacylglycerol is shown in figure 7.24. This was identified by the GC-MS
library as a bis(trimethylsilyl)2-monostearin with a 91% confidence rating. It
also shows a strong mass fragment at m/z 218 which is characteristic of TMS
derivatives of 2-monoacylglycerols (Evershed, 1992b)
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Figure 7.23: Mass spectrum of the bis-TMS derivative of C18:1 1-monoacylglycerol
identified in the residue from the interior of Arpera sherd 4.
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Figure 7.24: Mass spectrum and structure of the bis-TMS derivative of C18:0
2-monoacylglycerol identified in the residue from the interior of Arpera sherd
4.
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The mass spectrum of the second compound revealed a base peak at m/z 371,
with the molecular ion at 474 and [M-15]+ at 459. This is indicative of the bisTMS derivative of a C16:0 monoacylglycerol. The mass spectrum, structure
and fragmentation producing the base peak are shown in figure 7.25. The GCMS library fails to identify this compound as a monoacylglycerol, usually giving
a good match to the 2,3-bis[(trimethylsilyl)oxy]propyl ester of C 16:0 with up to
91% confidence. As these two molecules have the same formula with different
structures, this is not unexpected.

However, in the context of a

trimethylsilylated residue, the production of a propyl ester is unlikely and the
C16:0 monoacylglycerol is a more probable structure.
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Figure 7.25: Mass spectrum and structure of the bis-TMSl derivative of C16:0
1-monoacylglycerol showing the fragmentation producing the base peak at
m/z 371.
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Glycerol was also detected in five samples analysed at the British Museum.
This is rarely seen in archaeological samples as it is highly soluble in water and
quickly removed by leaching. Only a trace was present in each case. In four of
the five cases the residues also contained monoacylglycerols.

Of the two residues from a previous study (Steele, 2004) re-examined by GCMS (residues from the interior surfaces of Kouklia sherds 1 and 6), one yielded
only a low abundance of fatty acids very similar in nature and abundance to the
residue extracted from the exterior surface of the same sherd. These fatty
acids are therefore considered to be contamination. The other (Kouklia sherd 6)
produced a range of fatty acids between C 9:0 and C 20:0 including saturated and
unsaturated fatty acids even carbon numbered fatty acids, a trace of C 17:0 and
traces of dicarboxylic and hydroxy fatty acids. This range included C 18:2 which
is rarely seen in archaeological samples. Saponification and methylation prior to
GC-C-IRMS yielded traces of longer chain fatty acids up to C 24:0 . The fatty acids
from this interior residue were far greater in abundance than those from the
exterior of the sherd and showed a far greater range of compounds leading to
the conclusion that this residue represents the contents of the vessel.

The other four sherds (Boğazköy sherd 1, Kilise Tepe sherds 205 and 206 and
Saqqara sherd 2), where the residues from the interior surfaces were reextracted for GC-C-IRMS, also contained a range of fatty acids. They had been
selected for further analysis because of the interesting nature of the residues
previously identified (Steele, 2004). Boğazköy sherd 1 contained even carbon
numbered saturated acids in the range C 14:0 to C 18:0 , C 18:1 and a trace of C 17:0
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(Steele, 2004, 57), while the saponified and methylated sample revealed longer
chain saturated fatty acids up to C 24:0 , traces of odd numbered saturated fatty
acids up to C 25:0 , and a significant amount of C 22:1 . However quantification of
the interior and exterior residues from this sherd revealed that the exterior
surface yielded a much more abundant residue which should have been
analysed in preference to the interior.

Kilise Tepe sherds 205 and 206 yielded a range of fatty acids (C 7:0 to C 20:0 ),
including saturated (including C 17:0 ), unsaturated and hydroxy fatty acids, and
both produced a small peak in the chromatogram which was tentatively
identified as a plant sterol (Steele, 2004, 68-70; Knappett et al., 2005).
Saponification and methylation of the two residues yielded C 16:0 , C 18:0 and C 18:1
fatty acids. Although the residues could not be quantified it was evident that
C 18:1 was present in greater abundance than C 18:0 in both residues. Closer
examination of the non-saponifiable fraction of the two residues prepared for
this project revealed traces of what may be a plant sterol. The GC-MS library
gave a better than 90% match for the mass spectrum to stigmasta-4,6,22-trien3β-ol (fig. 7.26) in both residues. The mass spectrum shows a strong molecular
ion at m/z 410 and [M-15]+ at 395, a characteristic pattern for underivatised
sterols (Evershed, 1992).

Stigmasterol (24-ethylcholest-5,22-dien-3β-ol) is

characteristic of higher plants (Killops & Killops, 2005, 57), and is found in plant
oils (Padley et al., 1994, Table 3.163, 125; Gunstone, 2004, 26-27). It has also
been identified in soils, in particular soils to which abundant organic matter has
been added (Bull et al., 1999), and as a result it is impossible to exclude
contamination from the burial environment. However the residues yielded by
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four further sherds from the same area of the site did not contain this compound
and the residues from the exterior surfaces of sherds 205 and 206 contained
very low levels of lipid. However the structure of the molecule present in these
two residues was slightly different to stigmasterol, was underivatised in a
residue which had been prepared using trimethylsilylation and the abundance in
both cases was very low. The sterol was, however, present in residues
extracted and prepared on separate occasions separated by several months,
reducing the possibility that it was introduced during extraction and analysis.
These contradictory factors make it impossible to draw definite conclusions
about the nature of these residues based solely on this evidence.
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Figure 7.26: Mass spectrum and structure of stigmasta-4,6,22-trien-3β-ol identified in the
residue from the interior of sherds 205 and 206 from Kilise Tepe, Turkey.
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The residue from Saqqara sherd 2 was extremely abundant yielding 1.7 mg/g ±
0.2 mg/g of lipid.

Saturated, unsaturated, short chain (C 8:0 and C 9:0 were

particularly abundant), dicarboxylic and hydroxy fatty acids were all present
(Steele, 2004, 80-81; Knappett et al., 2005) and saponification and methylation
revealed longer chain fatty acids up to C 24:0 , traces of odd carbon numbered
fatty acids up to C 25:0 and a series of hydroxy fatty acids.

Although fatty residues have been identified in 62 sherds, fatty acids are
ubiquitous in nature and can easily be introduced into pottery sherds from the
burial environment, from post-excavation handling, cleaning, conservation,
storage, or during processing and analysis in the laboratory. They are present
in skin and can also be present on laboratory surfaces, on tools, in sample vials
and even in reagents. The important question is whether the fatty acids present
in a sherd represent the contents of the vessel or whether they are the result
contamination.

Fatty acids have been identified in Soxhlet extracted modern flower pot used as
control samples at total abundances of between 3 and 12 μg/g depending on
the extraction method employed (Stern et al., 2000). Therefore residues which
yield very low abundances of fatty acids probably cannot be distinguished from
contamination and no conclusions about the contents of vessels should be
based on traces of fatty acids. Residues which yielded a total of less than
10μg/g of fatty acids were excluded from any further consideration as being only
traces and therefore not distinguishable from contamination (Stern et al., 2000).
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This excluded 48 residues and eliminated 13 sherds completely, leaving 49
sherds with residues on interior, exterior or both surfaces.

One method of checking for contamination is to compare the residues present
on the interior and exterior surfaces of each sherd analysed (Stern et al., 2000).
Residues wholly or predominantly present on the interior surface of a sherd
probably represent the contents of the vessel: contamination from burial or postexcavation handling will be present equally on both surfaces (Stern et al.,
2000).

Of the 49 sherds still considered to contain fatty acids, 22 yielded residues
wholly or predominantly from their interior surfaces. Twenty-one had similar
abundances of fatty acids on both surfaces, while six had residues
predominantly on the exterior surfaces. The amount of residue present varied
between 173 μg/g ± 16 μg/g and 10 μg/g ± 1 μg/g. Where quantification was
possible a residue was deemed to be predominantly on one surface if it was at
least twice as abundant as the residue on the other surface and there was least
10 μg/g difference between the abundances. Although these were arbitrary
measures, they allowed two criteria to be determined. Firstly requiring double
the abundance of one residue when compared with the other ensured that there
was a significant difference between the abundances of the interior and exterior
residues.

Secondly, requiring the numerical difference between the

abundances to be at least 10 μg/g took any residue remaining after potential
contamination over the limit at which that residue itself would be dismissed as
contamination. In a few cases quantification was not possible and the decision
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had to be based solely on the presence or absence of fatty acids.

If one

surface yielded abundant fatty acids but these were absent, or present only as
very small peaks, in the residue from the other surface, the residue was
considered to be representative of ancient material rather than contamination.

According to these criteria, 22 sherds yielded fatty acid residues which reflect
the contents of the vessel during use, while in 21 sherds the fatty acid content
was probably due to contamination. In the remaining six sherds the residues
were present on the exterior of the vessel and this is harder to explain. It may
be due to spillage of the contents during use or to re-use of the broken vessel
for another purpose. There is no way to determine which explanation is the
most probable.

A further question is posed by the presence of mixed residues in many of the
sherds, in particular the presence of degraded beeswax as discussed above
(p159-161). Any sherd which contained beeswax residues where C 16:0 was the
only fatty acid present or where C 16:0 made up over half of the total fatty acid
content, was re-examined. Of the remaining 22 sherds with interior residues
four sherds fell into this category. In three cases other fatty acids were only
present in trace amounts (<10 μg/g) and these residues are considered to
consist of beeswax and its degradation products rather than a mixed residue
containing a fat or oil and wax. In the last case C 18:0 is also present at 16 μg/g
± 1 μg/g (cf. 49 μg/g ± 4 μg/g of C 16:0 ), as is C 18:1 (7 μg/g ± 1 μg/g), indicating a
fatty acid residue in addition to beeswax. This further reduced the number of
sherds where fatty acids may reflect the contents of the vessel to 19. None of
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the exterior residues containing beeswax showed this pattern of fatty acids.
This leaves a total of 25 residues – 19 interior and 6 exterior – which potentially
contain information about the use of these vessels.

However in all fatty acid residues the problem of contamination with skin lipids
transferred to pottery sherds by handling is also significant, especially when
sherds have been stored for many years and handled many times.

The

question of contaminants and how to assess the contribution of skin lipids to the
fatty acid content of residues is discussed further below in the section on
contamination (7.1.i.e) (p221f). An assessment of the significance of individual
residues will be discussed in section 7.2 where the results are analysed by site.

When the presence of a fatty acid residue in a vessel has been established,
there is still the question of what original material those fatty acids represent.
As indicated above (p186-187) the composition of most archaeological fats is
very similar due to degradation processes, and the ratios of fatty acids cannot
reliably be used to determine the source material.

The most that can be

concluded is that the vessels contained a fat or oil.

However some tantalising hints can be observed in some of the residues
described here.

The presence of short chain dicarboxylic fatty acids,

predominantly azeleic, and of short chain C 8:0 and C 9:0 fatty acids, together with
hydroxy fatty acids including 9,10-dihydroxyoctadecanoic acid, indicates the
presence of abundant C 18:1 in the original material.

This alone fails to

distinguish between different animal fats and between animal and plant oils, as
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these products have been observed in cooking pots probably used for meat and
in adipocere from bodies (Gülaçar et al., 1990; Evershed, 1992; Regert et al.,
1998; Evershed et al., 2002).

The presence of C 17:0 in some of the residues may indicate the presence of at
least a small proportion of ruminant animal fat in the residues. However this is
by no means conclusive as C 17:0 is also present in small abundances in some
plant oils, including olive oil (Coultate, 1996, 58; Ministry of Agriculture, 1998,
79). Mirabaud (2007, 290-292) only requires that there should be low levels of
C 17:0 , not that it should be absent, as one of her criteria for distinguishing animal
fats from plant oils (see below p228-229).

The presence of C 18:1 in many of the lipid residues may indicate that the original
fatty material was abundant in C 18:1 . Fifty seven of the lipid residues extracted
during this project yielded a greater or equal abundance of C 18:1 compared to
C 18:0 . More normally the abundance of C 18:1 is significantly smaller than that of
C 18:0 , or it is completely absent (eg. Charters et al., 1995; Evershed et al., 1995;
Evershed et al., 1997a; Dudd et al., 1999; Evershed et al., 1999; Mottram et al.,
1999; Regert et al., 2001b; Craig et al., 2004; Copley et al., 2005a; Copley et
al., 2005b; Copley et al., 2005c; Spangenberg et al. 2006; Craig et al., 2007).
There are only a few exceptions to this pattern, one example being the analysis
of experimental and archaeological lamps, where the experimental lamps did
show high levels of C 18:1 , although it appears absent from the archaeological
material (Copley et al., 2005d).
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Because of the preferential degradation of unsaturated fatty acids, their
presence in an ancient residue is probably the result of very good preservation
conditions at the burial site or an abundance of unsaturated fatty acids in the
original material. There is no indication that preservation of lipids in RLWm
ware sherds is particularly good. In addition the material for this study was
excavated from 11 sites across the eastern Mediterranean and much of it has
been stored in museums for many years and extensively handled. This will
have created considerable variation in the conditions to which different sherds
have been exposed and consequently to the degree of preservation.

This leaves the possibility that the original contents of the vessels were
particularly rich in C 18:1 . Plant oils are rich in mono and polyunsaturated C 18
fatty acids (Evershed et al., 2001; Spangenberg & Ogrinc, 2001; Gunstone,
2004, 2-12) when compared with animal fats (Gunstone, 2004, 18-21). Thus
the presence of relatively high abundances of C 18:1 in many of the residues in
this study may indicate that a plant oil was the original material.

This is

supported by the presence of C 18:2 in one residue, although very little weight
can be given to one occurrence.

This cannot be considered a definite

identification due to the possible effects of degradation on the material as
outlined above (p205-207).

It is also interesting to note that the abundances of C 18:0 and C 18:1 in one sherd
(Kazaphani sherd 5) were too low to quantify, while the abundances of C 8:0 ,
C 9:0 and azelaic acid were relatively high (fig. 7.17).

This pattern may be

produced by a highly degraded fatty material which had contained high
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abundances of C 18:0 and low abundances of C 18:0 . This pattern could certainly
be produced by a highly degraded plant oil and meets at least one of
Mirabaud’s criteria (C 16:0 > C 18:0 ).

The presence of a possible plant sterol in two of the residues re-analysed for
this study is also interesting (Steele, 2004, 68-70) as this would be indicative of
plant oil rather than animal fat, but the identification of these sterols is so
tentative that no conclusions should be based on this evidence alone.

In her thesis, Sigrid Mirabaud (2007, 290-292) assembled from the literature a
number of criteria which, when present together, might be used to identify
vegetable oils. These comprise the presence of plant sterols (stigmasterol or βsitosterol), an abundance of C 16:0 greater than C 18:0 , an abundance of C 18:1
greater than C 18:0 and C 12:0 , C 14:0 , C 15:0 and C 17:0 only present in very small
abundances. These criteria are only true for temperate oil crops as seed oils
from tropical plants like oil palm contain a far higher proportion of saturated fatty
acids and some also contain high abundances of shorter chain fatty acids, as
for example in cinnamon seeds where 95% of the fatty acid content is C 12:0
(Pond, 1998, 88-89). Mirabaud does not specify how many of these criteria
should be met to allow the identification of a plant oil in a residue, although the
example given (291, fig. 111) does not appear to contain a phytosterol.
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Sample

C 16:0 > C 18:0

C 18:1 > C 18:0

B24E
AR2E
B28I
B29I
B39I
KU1I
KU3I
AR4I
AR7I
HST11I*
KT205
KT206
KOU6I

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Low C 12:0 , C 14:0 ,
C 15:0 , C 17:0
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Plant sterol
N
N
N
N
N
N
N
N
N
N
?
?
N

Table 7.1: Table of fatty residues which meet at least three of Mirabaud’s criteria for the
presence of plant oils. Key: B – Boğazköy, AR – Arpera, KU – Kuşakli, HST – Hala Sultan
Tekke, KT – Kilise Tepe, KOU – Kouklia, numbers are the sherd number, I – interior, E –
exterior, * � residue unquantified.

Of the residues analysed for this study which could be quantified and were
considered to be of archaeological significance (20), nine (seven interior and
two exterior) fulfilled three of these four criteria: none of them yielded plant
sterols (table 1).

The residues which could not be quantified (five) were

examined by looking at the relative peak heights. While not a very accurate
measure of abundance, it does give an estimate of relative abundances. Of
these only one fulfilled the three criteria relating to fatty acid abundances (table
1). Of the residues which were re-examined during this project, the two from
Kilise Tepe possibly matched in all four criteria and certainly fulfilled three while
the residue from Kouklia sherd 6 met the three criteria related to fatty acid
ratios. These results are inconclusive with less than half the fatty acid residues
meeting three out of the four criteria. Given the effects of degradation on fatty
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acid ratios this is perhaps not surprising, and for a conclusive identification of
these residues other methods will need to be employed.

A further approach to identifying the fatty or oily contents of RLWm ware
vessels is to consider the shape of the vessels. As discussed above (p189), the
majority of these vessels are closed shapes with very restricted openings. It
seems unlikely that a fat which was solid at normal temperatures would have
been stored in such vessels which seem more suited to the storage of a liquid
commodity. However this does not rule out a mixture of fat and oil which would
be more liquid than animal fat alone.

In order to further characterise some of these fatty residues five sherds were reextracted for analysis by GC-C-IRMS together with five samples chosen from a
previous analysis. Four of these samples also yielded beeswax residues and
one aim of the GC-C-IRMS analysis was to assess how much the fatty acid
residues in these sherds were influenced by the presence of C 16:0 from the
degradation of the beeswax.

For this reason these four samples were not

saponified prior to methylation in order to avoid any further degradation of the
wax esters and the release of further C 16:0 with a wax stable isotope signature.

The results of this analysis are discussed below (p248f).
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7.1.i.d Resins

Four of the 72 sherds examined during this study yielded residues containing
traces of diterpenoid biomarkers associated with Pinaceae spp. resins. These
resins have been identified in mummified material (Colombini et al., 2000;
Serpico & White, 2000c; Buckley & Evershed, 2001; Maurer et al., 2002;
Tchapla et al., 2004), perfumes (Manniche, 1999, 29; Serpico & White, 2000c),
adhesives (Mills & White, 1999, 109; Regert, 2004), hafting materials (Evershed
et al., 2001), paints (Mills & White, 1999, 172-174), as a sealant for pottery
vessels (Mills & White, 1999, 109; Evershed et al., 2001), in pottery residues
(Rice, 1987, 234; Serpico & White, 2000c; Regert, 2004), and bulk samples
have been identified at ship wreck sites (Mills & White, 1999, 187-190).

Fresh Pinaceae spp. resins contain diterpenoid acids, predominantly pimaric
and abietic acids and related compounds (Mills & White, 1999, 99; Colombini et
al., 2000; Evershed et al., 2001).

The absence of labdane compounds,

including communic acid and its homologues, distinguishes Pinaceae from
Cupressaceae resins (Mills & White, 1999. 99; Serpico & White, 2000c). In
aged Pinaceae resins, oxidation produces dehydroabietic acid and other
products including 7-oxodehydroabietic acid (Mills & White, 1999, 98; Colombini
et al., 2000; Buckley & Evershed, 2001; Regert, 2004). Fresh Pinacea spp.
resins also contain monoterpenoids, such as α- and β-pinene, limonene, 3carene and α- and β-phellandrene, and sesquiterpenoids, for example
longifolene, α-muurolene, cadinene, cadalene and β-caryophyllene (Colombini
et al., 2000; Eerkens, 2002; Hamm et al., 2004; Otto et al., 2007).
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Three of the examples identified in this study were all from the same site – Hala
Sultan Tekke, Cyprus. All contained dehydroabietic acid and pimaric acid which
were identified from their distinctive mass spectra (Latorre et al., 2003; Regert,
2004; Regert et al., 2005) (fig. 7.27). The mass spectrum of TMS derivative of
dehydroabietic acid is dominated by the base peak at m/z 239 with a weak
molecular ion at 372 and [M-15]+ at 357 (fig. 7.28) (Latorre et al., 2003; Regert,
2004; Regert et al., 2005). Pimaric acid TMS gives weak molecular and [M-15]+
ions at 374 and 359 together with ions at 257 ([M-TMS-CO 2 ]+) and 241 or 238
(Latorre et al., 2003; Regert et al., 2005) (fig. 7.28).

Sandaracopimaric acid

has an almost identical mass spectrum to pimaric acid and can only be
identified because it elutes slightly later (Latorre et al., 2003; Regert et al.,
2005) (figs 7.27 and 7.28).

In one residue 7-oxo-dehydroabietic acid was

identified. The mass spectrum for the TMS derivative of this acid has a base
peak at m/z 268 with another prominent mass fragment at 253 and further
distinctive mass fragments at 187 and 327 (Regert, 2004; Regert et al., 2005)
(fig. 7.28).

No lower tepenoids could be identified in any of the samples,

however the presence of the diterpenoids abietic and pimaric acids and related
compounds is usually considered sufficient to identify a Pinaceae spp. resin
(Mills & White, 1999, 99; Colombini et al., 2000; Buckley & Evershed, 2001;
Evershed et al., 2001; Regert, 2004).

The resin biomarkers were identified in the residues from the interiors of two
sherds (Hala Sultan Tekke 2 and 5) and in the exterior residue from the
remaining sherd (sherd 6). In all cases the abundance of resin present was low
but could not be quantified as the biomarkers were only identified in the GC-MS
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data from the British Museum (see p132). These samples did not contain an
internal standard and the resin components cannot be identified in the GC data.
The samples analysed at the British Museum were prepared using a larger
amount (c.0.4 g cf c.0.1 g) of sherd powder than the original samples. This may
explain why these resin components have not been observed in other RLWm
ware samples as they may be present at concentrations too low to be observed
in the smaller samples which were extracted for the bulk of the analyses. It may
also be that this is a unique occurrence and that the RLWm ware vessels at
Hala Sultan Tekke were used differently to the vessels from other sites.

Sherd 2 did not contain any other residue, while sherds 5 and 6 yielded low
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Figure 7.27: Chromatogram produced by the residue from the exterior of sherd 6 from Hala
Sultan Tekke, Cyprus. Cx:y – fatty acid with x carbon atoms and y double bonds; u –
unidentified; p – phthalate.
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Figure 7.28: Mass spectra and structures of the TMS derivatives of (a) dehydroabietic acid, (b) pimaric acid, (c) sandaracopimaric
acid and (d) 7-oxo-dehydroabietic acid.
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Figure 7.29: Mass spectrum and structure of the TMS derivative of isopimaric acid
identified in the residue from the interior of Kuşakli sherd 4.

The fourth example to yield resin biomarkers was sherd 4 from Kušakli in
Turkey. This is not from an RLWm ware vessel but a brown polished spindle
bottle manufactured in a fine local clay. This sherd yielded traces of isopimaric
acid and dehydroabietic acid from the interior surface at very low abundances,
although the resin biomarker peaks were not identifiable in the chromatogram
obtained by GC with FID and therefore could not be quantified. The mass
spectrum of isopimaric acid displays similar mass fragments to those of pimaric
and sandaracopimaric acid except that the mass fragments at m/z 241 and 256
are present in much greater abundances (Latorre et al., 2003; Regert et al.,
2005) (fig. 7.29). The interior of sherd 4 also yielded a fatty residue.
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The identification of Pinaceae resin on the interior surfaces of three sherds
would be explained by the use of the resin as part of an aromatic or medicinal
mixture (Manniche, 1999, 29; Serpico & White, 2000c), as part of the neck
sealing or as a post firing treatment for the vessel fabric. The small quantities
present however would seem to indicate that one of the first two is more likely,
as, if the vessel walls had been impregnated with resin, it would have been
more abundant in the residue. In addition sherds 2 and 5 are body sherds from
the centre sections of vessels and it seems unlikely that a material used to
stopper the vessel would create a residue at this point in the interior. If this is
the case then the presence of Pinaceae resin as part of a mixture seems the
most likely explanation of its presence.

The residue on the exterior of Hala Sultan Tekke sherd 6 is more difficult to
explain. Pine resin mixed with other lipid constituents has occasionally been
recorded as a varnish in New Kingdom Egyptian funerary contexts (Serpico &
White, 2000c) and a varnish, either decorative or practical, would have been
applied to the exterior of a vessel. Dripping of the contents down the exterior of
the vessel, either during pouring or when filling the container, is also a
possibility. The sherd itself is an unusual shape indicating it is the shoulder of a
closed shape or a body sherd from a juglet (fig. 4.8) and therefore from a part of
the vessel susceptible to catching drips.
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7.1.i.e Contamination

Modern materials

The most abundant contaminants identified in the course of this project were
phthalates. These are modern, synthetic chemicals used in the manufacture of
plastics. They are not chemically bound to the plastic and are volatile, meaning
they can easily be transferred from plastic bags to the porous surfaces of
unglazed pottery (Evershed, 1993; Heron & Evershed, 1993; Mills & White,
1999, 194; Copley et al., 2005b). In addition it is easy to introduce them into a
sample during preparation, storage or analysis from vial tops, nitrile gloves and
contaminated solvents (Evershed, 1993; Grenacher & Guerin, 1994; Mills &
White, 1999, 194). A general structure is shown in figure 7.31.

Ninety nine residues containing phthalates were identified from 53 sherds. In
the quantified sherds the most abundant phthalate residue was 424 μg/g ± 38
μg/g, while the least abundant was just a trace at <5 μg/g, with an average of 60
μg/g ± 5 μg/g,. Only one site (Tell Tweini) did not yield any phthalate residues.
However only one sherd was available from this site and it had arrived directly
from the site for analysis.

Similarly only 7 sherds (10 residues) containing

phthalates were analysed from Boğazköy where the sherd samples had been
freshly excavated when collected in 2001.

In 22 sherds and another eight

individual residues, phthalates were the most abundant component of the
extracted residue.

A further 14 surfaces only yielded phthalates and three
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sherds yielded no lipid except phthalates. An example of a phthalate residue is

u

10

DOP/bis(2-ethylhexyl)phthalate

Relative intensity

DEP
DBP

shown in figure 7.30.

IS

20

30

Retention time (mins)
Figure 7.30: Chromatogram of the residue from the interior of sherd 1 from Hala Sultan
Tekke, Cyprus. IS – internal standard; DEP – diethyl phthalate; DBP – dibutyl phthalate;
DOP – dioctyl phthalate; u – unidentified.

Dibutyl phthalate was the most frequently observed with diethyl phthalate also
abundant in many residues and smaller concentrations of another phthalate
identified by the GC-MS library in some cases as dioctyl phthalate and in others
as bis(2-ethylhexyl)phthalate is also present in many samples, the last two
being isomers with the same molecular weight. The mass spectra for these
three compounds are shown in figure 7.31. They all exhibit the distinctive base
peak at m/z 149 which is characteristic of phthalate molecules (Pollard et al.,
2007, 177). The structure producing this distinctive mass fragment at 149
results from a rearrangement of phthalate molecules in the mass spectrometer
and is shown in figure 7.31
.
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Figure 7.31: Mass spectra of (a) diethyl phthalate, (b) dibutly phthalate and (c) dioctyl phthalate. Structures of (d) a generic
phthalate molecule and (e) the fragment formed by rearrangement in the mass spectrometer which produces the distinctive mass
fragment at m/z 149.
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Figure 7.32: Chromatogram produced by the residue from the interior of Kazaphani sherd 4 (a) and the mass spectra and structures
of DDT (b), DDD (c) and DDE (d).
DDT – 1,1,1-trichloro-2,2-di(p-chlorophenly)ethane; DDD – 1,1-dichloro-2,2-di(pchlorophenyl)ethane; DDE – 1,1-dichloro-2,2-di(p-chlorophenyl)ethylene; ● – alkane; p – phthalate; u – unidentified.

Although phthalates are frequently occurring contaminants, they are easy to
identify using GC-MS. In addition, because they are modern materials, they
can easily be eliminated from any consideration of the contents of an ancient
vessel.

A further example of this type of modern contaminant was identified in three
sherds from one site (Kazaphani) where at least a trace of DDT (1,1,1-trichloro2,2-di(p-chlorophenyl)ethane) and its degradation products 1,1-dichloro-2,2di(p-chlorophenyl)ethylene (DDE) and 1,1-dichloro-2.2-di(p-chlorophenyl)ethane
(DDD) were present. These were identified from their mass spectra which the
GC-MS library identified with better than 95% confidence in all cases. A typical
chromatogram and the mass spectra and structures for DDT, DDD and DDE
are shown in figure 7.32. Total abundances for the three compounds ranged
from 3 μg/g ± 0.3 μg/g to 20 μg/g ± 2 μg/g. These compounds are also modern
materials and cannot be part of the original contents of the vessel.

Another possible type of contamination due to modern materials is identified as
a series of alkanes with no odd over even preference. These are often present
in relatively large abundances, although in some cases (for example Hala
Sultan Tekke sherd 1) they are only present as traces. In all occurrences the
residues contain no other biomarkers for fossil fuels. In several examples these
alkanes are present on both surfaces of the sherd, which is indicative of
contamination.

Five examples of this type of contamination were observed

during this study. Arpera sherds 3 and 10 and Enkomi sherd 1 yielded a series
of alkanes on both surfaces, while Enkomi sherd 2 and Hala Sultan Tekke
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sherd 1 yielded an identical series of alkanes from the interior surface. The
example from the interior of Enkomi sherd 1 is shown in figure 7.33.

No

hopanes or steranes were present so these residues were probably not from an
archaeological fossil fuel. One possible source of this type of contamination is a
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Figure 7.33: Chromatogram by the residue from the interior of sherd 1 from Enkomi,
Cyprus. ●x – alkane with a carbon chain of x; Cx:y – fatty acid with x carbon atoms and
y double bonds; HFA – hydroxy fatty acid; CxDAG – diacylglycerol with fatty acids of x
carbons; sq – squalene; ch – cholesterol; p – phthalate.
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Contamination from skin lipids due to handling

Much more difficult to identify and to quantify is the contamination of sherds with
the lipids associated with handling. Skin lipids are easily transferred to any
surface with which the skin comes into contact. Little experimental work has
been carried out on the contamination of ancient pottery, but one study
examined the lipid residue left after holding a piece of filter paper between index
finger and thumb for 3 seconds (Grenacher & Guerin, 1994). The main lipids
extracted from the filter paper were the poly-unsaturated acyclic hydrocarbon
squalene, C 16:0 and the sterol cholesterol. Also present were C 16:1 , C 18:0 , C 18:1 ,
a series of alkanes with no odd over even preference in the range C 20 to C 34 ,
stearyl alcohol (C 18 ) and a series of wax esters (Grenacher & Guerin, 1994). In
a study which examined skin lipids extracted from the scalp squalene again
dominated (Goetz et al., 1982). This study also identified a range of saturated
and unsaturated fatty acids in the range C 14:0 to C 18:0 , including odd carbon
numbered acids at low abundances, cholesterol, wax esters, cholesterol esters
and triacylglycerols (Goetz et al., 1982). The analysis of a sample which had
been handled by rinsing with DCM:methanol and analysing the rinsing solution
by GC-MS also identified squalene, cholesterol, a range of saturated and
unsaturated fatty acids (C 10:0 to C 22:0 ; C 16:0 the most abundant), urea, glycerol
and a range of larger molecules which have not been specifically identified
(Stern, pers. com., unpublished results).

A more recent study which investigated the degradation of fingerprint residues
over time found more variation in the lipids deposited (Archer et al., 2005). The
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exact composition of the lipids deposited varied from person to person and to
some extent with the time of day (Archer et al., 2005). However C 16:0 , C 18:0 and
C 18:1 were the most common fatty acids, with C 16:1 and squalene also present in
the majority of samples (Archer et al., 2005). This study did not, however, find
squalene to be the most abundant lipid present in all cases and it was not
detected in 19 of their 55 samples (Archer et al., 2005).

Squalene (fig. 7.34), because it is a polyunsaturated molecule, is susceptible to
degradation and is unlikely to survive over archaeological time (Evershed,
1993). Analysis of modern fingerprint residues revealed that, when exposed to
the air and light, squalene was significantly depleted after nine days, although
samples stored in the dark still yielded detectable levels after 33 days (Archer et
al., 2005). This situation does not quite reflect that of handling pottery sherds
where residues can be absorbed into the ceramic fabric which provides a
partially protected environment (Evershed et al., 1990; Heron et al., 1991;
Heron & Evershed, 1993; Evershed et al., 1997a; Dudd et al., 1999; Copley et
al., 2005d). However it is clear that the presence of squalene in pottery residues
is likely to reflect recent handling (Evershed, 1993). This also means that a
residue might still contain lipids from handling but that storage of the ceramic
may have caused the degradation or loss of squalene.

Cholesterol (fig. 7.34) is present in all animal tissue and may be indicative of the
presence of animal fats from the original contents of the vessel (Evershed,
1993). It is also a constituent of human skin lipids and may have come from
post-excavation handling of the sherd. Cholesterol is also much more resistant
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to degradation than squalene. Evershed (1993) states that the occurrence of
squalene and cholesterol together in a sample should be considered indicative
of contamination from handling.

Squalene and cholesterol (as its TMS derivative) produce the characteristic
mass spectra shown in figure 7.34. Of the 62 sherds yielding fatty acid residues
19 sherds and a further 14 individual residues showed no trace of squalene or
cholesterol.

Forty-one residues from 28 sherds yielded both squalene and

cholesterol and, according to Evershed (1993), should be considered as
contaminated with fingerprints. Thirteen further residues contained squalene
but not cholesterol, while another eight residues yielded only cholesterol. Of
those sherds where the residues could be quantified, squalene was present at
abundances more than 10 μg/g in only six instances; in all other cases squalene
was only present in trace abundances (<1 μg/g to 10 μg/g). Cholesterol was
not present in any samples at more than trace levels.

Of the 28 sherds where residues yielded both squalene and cholesterol, 19 had
already been dismissed as contaminated with residues only present in trace
amounts or equally on both surfaces of the sherd. Closer examination of the
remaining nine sherds reveals some interesting features. In three of these nine
cases the residue was predominantly on the exterior of the sherd. A closer look
at these nine sherds reveals some interesting features. Two of the sherds
could not be quantified although squalene and cholesterol were identified and
the peaks were small compared to the rest of the lipid extract; in one case the
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data from the exterior of the sherd was too poor to draw any conclusions except
that phthalates appeared to be the only lipid present.
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Figure 7.34: Mass spectra and structures of (a) squalene and (b) the TMS ether of
cholesterol.
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In the case of sherd 39 from Boğazköy squalene and cholesterol were present
on both surfaces of the sherd in similar abundances (between 1 and 2 μg/g ±
0.1 to 0.2 μg/g) while the fatty acid residue from the interior surface yielded 173
μg/g ± 16 μg/g and the exterior only 10 μg/g ± 1 μg/g. Handling should produce
similar levels of all components on both surfaces of the sherd (although see
below, p226). In addition components absorbed into both surfaces will degrade
in similar ways resulting in very similar residues on both surfaces.

In this

particular case, while some of the fatty acid content of the interior residue might
be attributed to handling, this could be assumed to be at the abundances
yielded by the exterior surface of the sherd.

The majority of the fatty acid

residue from the interior surface can therefore still be attributed to the contents
of the vessel. Two further sherds (Arpera 4 and Kuşakli 1) present a similar
picture although the difference in the levels of fatty acids between the interior
and exterior surfaces is less marked. However, in these two cases the same
conclusion can be drawn.

In addition one of the residues classified as

predominantly on the exterior of the sherd (Enkomi 2) presents a similar picture,
although with the exterior fatty acids showing the highest abundance.

Two further sherds present a more complex picture which is harder to explain.
They both have residues predominantly on the exterior. In one sherd, Arpera
sherd 9, the squalene and total fatty acid abundances on the exterior surface
are almost identical (19 μg/g ± 2 μg/g and 22 μg/g ± 2 μg/g respectively) while
cholesterol is only present as a trace (2 μg/g ± 0.2 μg/g). The interior residue
showed significantly lower abundances of all three components (squalene 1
μg/g ± 0.1 μg/g, total fatty acids 9 μg/g ± 1 μg/g, cholesterol not present). A
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similar picture is seen in Kazaphani sherd 7, although in that case all the
abundances are lower (eg. fatty acids 15 μg/g ± 1 μg/g in exterior residue and
absent from interior). Chance sampling of the site of a recent fingerprint on the
exterior surfaces would be one possible explanation. Another might be related
to the way sherds are handled in general and whether archaeologists and
museum curators naturally avoid handling the interior of a sherd.

However

there has been no research on this subject and the evidence available provides
no way to distinguish between plausible scenarios.

However, as the

abundances of squalene in the significant residues from these two sherds are
so high, these two residues should be dismissed as potentially representing
contamination rather than any indication of ancient usage.

Kuşakli 4 yielded squalene and cholesterol from both surfaces of the sherd. The
interior surface yielded a greater abundance of both squalene (5 μg/g ± 0.5
μg/g) and cholesterol (1.4 μg/g ± 0.1 μg/g) than the exterior which yielded only
traces (<1 μg/g) of both.

The fatty acid abundances are generally low but

definitely higher on the interior than the exterior (interior 17 μg/g ± 2 μg/g,
exterior 5 μg/g ± 0.5 μg/g). It is probable that a proportion of the residue is from
fingerprint lipids, however some may reflect a real residue. This residue will be
treated cautiously when drawing conclusions from the data.

Archer et al. (2005) found that cholesterol was absent in a significant number of
fingerprints, although it was difficult to determine exactly how many from the
data provided (Archer et al., 2005, table 4). In the light of this the residues
yielding only squalene should also be considered as potentially contaminated
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with fingerprint lipids. Fifteen residues from 12 sherds contained only squalene.
Of these, residues from five sherds had already been identified as reflecting
contamination rather than any ancient material, and three sherds have already
been discussed as they also yield a residue containing both squalene and
cholesterol. One sherd (Hala Sultan Tekke 9) could not be quantified although
squalene is definitely present at a low abundance.

Of the remaining three sherds Arpera 8 presents perhaps the most
straightforward picture. Here the residue was classified as being on the exterior
of the sherd with total fatty acid concentrations being 23 μg/g ± 2 μg/g on the
interior and 126 μg/g ± 11 μg/g on the exterior. However squalene is present in
very similar abundances on both surfaces (4 μg/g ± 0.4 μg/g). The arguments
applied to Boğazköy 39, Arpera 4 and Kuşakli 1 also seem to apply in this case
and at least part of the fatty acid content of the exterior residue from this sherd
should be considered as reflecting archaeological material.

The two further sherds (Arpera 2 and Arpera 7) present a more mixed picture.
Arpera 2 was classified as having a residue on the exterior of the sherd, and
this is the residue which contains squalene (total fatty acid 42 μg/g ± 4 μg/g;
squalene 4 μg/g ± 0.4 μg/g). The interior surfaces yielded no squalene and
significantly lower abundances of fatty acids (17 μg/g ± 2 μg/g). Arpera 7 was
one of the few sherds where the abundance of squalene was above trace
levels, the interior surface yielding 15 μg/g ± 1 μg/g (exterior 3 μg/g ± 0.3 μg/g).
Total fatty acid abundances were 34 μg/g ± 3 μg/g on the interior and only 16
μg/g ± 1 μg/g on the exterior. Both these cases could represent a case of
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‘differential dissolution’ where squalene has been absorbed more strongly into
surfaces which already contained lipids. It is also possible that, because the
sherds were not sampled in the same position on both sides, that one sample
has been taken from an area recently touched while the other has been taken
from an area exposed to less skin contact. However this is not capable of proof
and without an explanation of the results these two residues will be treated with
caution.

Eight residues yielded cholesterol only.

In general this might be taken to

indicate the presence of an animal fat, but, because any squalene content may
have completely degraded, this may not always be the case and some cases
may be due to contamination with skin lipids. However in all these cases the
abundances of cholesterol were very low at
≤3

μg/g with five being <1 μg/g.

Two of the residues were from a sherd (Kalavasos 10) where the residues were
present at similar abundances on both surfaces so had been dismissed as
possible contamination. Three residues (Boğazköy 28, 29 and Kuşakli 2) were
interior residues from sherds containing large amounts of beeswax which may
account for traces of cholesterol, although no beeswax analysis specifically
reports identifying cholesterol. A further residue from the exterior of Boğazköy
34 is on the opposite surface of the sherd to the main residue which contained
beeswax as well as fatty acids and where the majority of the fatty acid content
was C 16:0 from the degradation of the beeswax.

The remaining residue

containing cholesterol only is from the exterior of Kalavasos sherd 8 and
contained such a small amount of cholesterol that it is only just quantifiable.
The main residue was on the interior of this sherd, contained no cholesterol and
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was at a much higher abundance than the exterior residue.

The exterior

residue only consisted of a trace of C 16:0 while the interior residue yielded a
range of fatty acids. For these reasons it seems reasonable not to attach any
significance to the presence of trace amounts of cholesterol.

In all cases where fatty acid residues are present it is possible that fingerprint
lipids may be present and undetected as the principle biomarker, squalene, has
been removed by degradation. It is also clear from contemporary research that
cholesterol is not always present in fingerprint material and that the composition
of fingerprint lipids varies from person to person and with the time of day
(Archer et al., 2005). The amount of lipid material deposited in one fingerprint
also varies considerably. For example Grenacher and Guerin (1994) found that
100 ng of squalene could be recovered from a filter paper held for just 3
seconds, but if repeated with fingers that had been unwashed for several hours
more than 1 μg could be recovered. Similarly Archer et al. (2005) recovered
abundances between 31 ng and 2 μg of squalene (although the range may
actually be greater as the standard deviations relating to these measurements
are larger than the mean of the results). Fatty acids showed a similar variation
(Archer et al., 2005, table 5).

From this it is apparent that the amount of

handling and the person(s) doing the handling will affect how much skin lipid is
absorbed by a ceramic surface.

In addition these studies were not looking at the absorption of fingerprint lipids
into unglazed pottery which could be further complicated by the presence of
other residues within the ceramic. Further research is needed on how much
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skin lipid is absorbed under different circumstances and how these lipids
degrade over time in different conditions before a systematic analysis of the
presence of fingerprint contamination in archaeological residues can be
attempted. At the present time the presence of possible contamination must be
determined from the biomarkers present and residues that may be questioned
should be excluded from consideration or treated with caution when conclusions
are being drawn from the data.

It is also necessary to consider the possibility of contamination of sherds with
soil lipids. Soil samples are rarely available for analysis with sherds and would
be impossible to collect for samples that have been stored in museums for
many years. The only study on this subject (Heron et al., 1991) examined
sherds and the soil adhering to them. The conclusions were that the soil lipids
were much more complex and of much lower abundance than the lipids within
the sherd and that therefore the migration of soil lipids into sherds was minimal
(Heron et al., 1991).

Sampling both surfaces of a sherd should, in any case,

reveal general contamination from the burial environment as well as other
sources.

Contamination during analysis

A further consideration when using GC-MS analysis is contamination of the
results with material from the column itself. Degradation of the GC column
during analysis can produce unwanted peaks in a chromatogram. These are
due to the coating on the interior of a column breaking away and passing
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through the system and, while not usually a problem with new columns, can
become pronounced as a column ages.

In dimethyl-polysiloxane coated

columns such as those used in this project, any peaks produced by
polysiloxanes from the column are recognisable from their mass spectra which
contain characteristic mass fragments at m/z 147, 207 and 281 (Pollard et al.,
2007, table 8.1, 177; Christie, 2008).

In this study these peaks were also

readily identified by the GC-MS library as polysiloxanes.

Column bleed is a function of all GC columns and does not produce specific
peaks in the chromatogram but is responsible for the rise in baseline as the
column temperature rises towards the end of the run.

This can add a

component from the column into the mass spectra of the eluting peaks,
particularly those eluting at later retention times. This can result in problems
identifying small peaks at long retention times. However the most common
mass fragment introduced as a result of this phenomenon is at m/z 207 (Pollard
et al., 2007, table 8.1, 177) and is usually easily recognised. These ions can be
eliminated by subtracting the background spectrum from that of the peak using
the GC-MS software.

7.1.i.f HPLC-MS-MS analysis of absorbed residues

Seventeen sherds from four sites (Boğazköy, Kilise Tepe, Kouklia and
Kazaphani) were extracted for analysis by HPLC-MS-MS.

These were a

mixture of sherds analysed during previous projects (14) and sherds analysed
during the initial stages of this project (3). Some contained lipid residues (10)
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including beeswax, bitumen and fatty acids, and some had yielded no lipid
residue (7).

The aim of the analysis was to see whether tartaric acid, the

principle biomarker for wine, could be detected.

Although the lowest

concentration of the standard solution could be detected was 0.01 μg/ml,
tartaric acid was not detected in any of the archaeological samples analysed.
This does not mean that wine was never present in any of these vessels as
degradation and dissolution may have removed any tartaric acid that might
have been present. However, no traces of wine could be detected in the course
of this analysis and the conclusion has to be drawn that RLWm ware vessels
are unlikely to have contained wine.

7.1.ii

The nature of the visible residues

The two visible residues examined for this project both exhibited similar
characteristics.

The example provided by the Royal Ontario Museum in Toronto, Canada was a
very small amount of grey-black, sticky solid. This sample had previously been
analysed by McGovern using FT-IR and HPLC and found to contain terebinth
resin and wine (McGovern, 1997) (see p105-107). The sample provided by the
Medelhavsmuseet in Stockholm was a brownish black, crumbly lump of
material.

Neither sample dissolved completely in DCM:methanol, with the

Royal Ontario Museum sample leaving a brownish powder while the
Medelhavsmuseet sample remained in a solid mass. Both produced brown
solvent soluble extracts. Both samples also dissolved completely when subject
252

to saponification. The GC-MS total ion chromatograms for the two samples are
shown in figure 7.35. The sample from the Medelhavsmuseet yielded a more
complex chromatogram than that from the Royal Ontario Museum although the
nature of the residues is similar.

The Royal Ontario Museum sample revealed a range of even carbon number
saturated fatty acids (C 14:0 to C 24:0 ), traces of odd numbered fatty acids (C 15:0 to
C 23:0 ) and a trace of C 18:1 . Also present were a range of dicarboxylic fatty acids
(C 4:0 to C 11:0 ) with the most abundant being C 9:0 and C 8:0 . Traces of 9,10dihydroxyoctadecanoic acids were also identified along with the C16:0 1monoacylglycerol with a prominent mass fragment at m/z 371 observed in some
of the absorbed residues (p217).

Glycerol was also present at very low

abundance.

The Medelhavsmuseet sample contained a range of even numbered, saturated
fatty acids (C 6:0 to C 24:0 ) and odd numbered, saturated fatty acids (C 9:0 to C 25:0 )
with all but C 9:0 being at very low abundances. A trace of C 18:1 was the only
unsaturated fatty acid present. A range of dicarboxylic acids (C 4:0 to C 11:0 ),
9,10-dihydroxyoctadecanoic acid, some methyl esters of short chain fatty acids
(eg. C 9:0 methyl ester and C 8 dicarboxylic acid dimethyl ester), and a trace of
glycerol are also present. 9,10-dihydroxyoctadecanoic acid is also present in
large amounts as its tris-TMS and bis-TMS methyl ester derivatives.
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The non-saponifiable fraction of the Royal Ontario Museum sample contained
almost no lipids with traces of fatty acids and phthalates being the only
identifiable compounds present (fig. 7.36).

The non-saponifiable fraction of the Medelhavsmuseet sample (fig. 7.36)
yielded C 16:0 and C 18:0 with decreasingly smaller abundances of C 20:0 to C 26:0 .
Traces of C 14:0 , C 18:1 , C 8 and C 9 dicarboxylic acids and odd carbon numbered
fatty acids from C 17:0 to C 23:0 were also present. Two peaks were identified as
long chain alcohols (C 26 and C 28 ), and extracting the chromatogram for m/z 57
revealed a series of even numbered long chain alcohols in the range C 22 to C 28 .
Extracting m/z 71 identified a series of n-alkanes at low abundances with an
odd over even dominance in the range C 23 to C 31 as well as showing the range
of long chain alcohols (fig. 7.36). It is possible that these are the remains of
biomarkers for degraded beeswax, although neither the alcohols nor the
alkanes have quite the distribution expected if this were the case. Moreover, as
the residue has been stored in a box at the Medelhavsmuseet for over 40 years,
the possibility that this is contamination is very high.

The saponifiable fraction of the residue from the Royal Ontario Museum yielded
predominantly C 16:0 and C 18:0 , along with traces of C 18:1 , even carbon number
saturated fatty acids from C 14:0 to C 24:0 , odd carbon number fatty acids from
C 13:0 to C 23:0 , C 8 dicarboxylic acid and some fatty acid methyl esters (fig. 7.37).
These methyl esters are present as traces and probably arise from
transesterification during the saponification process (fig. 5.1, p117). A range of
hydroxy fatty acids eluted between 22 and 26 minutes (fig. 7.37 and 7.38).
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The

saponified

Medelhavsmuseet

sample

revealed

a

very

chromatogram to that for the Royal Ontario Museum sample.

similar

The main

difference was in the ranges of short chain fatty acids (C 8:0 to C 14:0 ), odd carbon
number fatty acids (C 9:0 to C 23:0 ) and dicarboxylic acids (C 7:0 to C 9:0 ). Several
methyl esters of fatty acids were also present, again probably produced by
transesterification during the saponification process (fig. 7.37). As in the Royal
Ontario Museum sample a range of hydroxy fatty acids was identified, eluting
between 22 and 26 minutes (fig. 7.37 and 7.38).

Some of these hydroxy fatty acids were readily identified as derivatives of 9,10dihydroxyoctadecanoic acid. For example the bis-TMS methyl ester of 9,10dihydroxyoctadecanoic acid (fig. 7.39) and the tris-TMS derivative of 9,10dihydroxyoctadecanoic acid (fig. 7.20). The occurrence of the methyl esters of
these hydroxy fatty acids in saponified samples is probably due to
transesterification occurring during saponification. Present in both residues but
co-eluting with other compounds in the Royal Ontario Museum residue are the
tris-TMS derivative of 11,12-dihydroxyoctadecanoic acid (fig. 7.21) and the bisTMS methyl ester of the same hydroxy acid (fig. 7.39). A trace of the tris-TMS
derivative of 11,12-dihydroxyeiconsanoic acid is also present in both residues
(fig. 7.39).

Also present in both samples is a small peak eluting just before 22 minutes and
having a mass spectrum with prominent mass fragment at m/z 187 and 73 (fig.
7.40). A mass spectrum with prominent ions at 187 and 73 and very few larger
mass fragments is characteristic of the bis-TMS derivative of ricinoleic acid, the
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biomarker for castor oil. The mass spectrum of this compound also contains a
fragment at m/z 427 at low abundance which is the [M-15]+ ion of ricinoleic acid.
However the GC-MS library only identifies the peak as ricinoleic acid with a very
low confidence factor (25% in the Medelhavesmuseet sample and 38% in the
Royal Ontario Museum residue).

The GC-MS library mass spectrum for ricinoleic acid reveals a similar mass
spectrum to the archaeological samples with the base peak at 187, [M-15]+ at
427 and a prominent peak at 73 (fig. 7.40). The main differences are in the
lower abundance peaks between 73 and 187 and the small but noticeable mass
fragments at 355 and 370 in the mass spectra of the archaeological examples.
The archaeological samples exhibit larger and more abundant peaks between
73 and 187 with a fragment at 129 being the only obvious common fragment.
The fragments at 355 and 370 could be explained by a co-elution of the peak
with a low abundance of C 19:0 (fig. 7.40). These fragments would be the [M-15]+
and M+ ions for this fatty acid and the position of this peak around the midpoint
between C 18:0 and C 20:0 would normally coincide with the retention time for
C 19:0 .

Despite the similarities it is still not possible to absolutely identify this peak in
the archaeological samples as ricinoleic acid. However it is probable that the
low abundance of this compound in the archaeological residues together with
background created by a co-eluting peak, are enough to explain the differences
in the mass spectra and the possibility that this is ricinoleic acid is strong. The
identification of ricinoleic acid in these two residues would indicate that the
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original material contained at least a proportion of castor oil (Mills & White,
1999, 33; Gunstone, 2004, 3). This reinforces the identification of the contents
of these vessels as plant oils rather than animal fats. It would also be of note
that two residues both from spindle bottles but one originating in Cyprus and the
other in Egypt, should contain castor oil. This would support the theory that all
RLWm ware spindle bottles originally contained the same commodity and might
be seen as supporting the theory that they all originated in the same area. It is
interesting to note that this peak is also present in the absorbed residue from
the interior of Kalavasos sherd 8, also identified as being from a spindle bottle
and excavated from a known context on Cyprus.

There are other peaks in the same area of the chromatograms from both visible
residues which remain unidentified but which may be further hydroxy fatty acids.
The mass spectra of these peaks present a similar pattern to those already
identified with one or two strong mass fragments in the range m/z 150 to 450, a
prominent mass fragment at m/z 73 and fragments at 129 and 147. Some may
also represent co-eluting mixtures of compounds.

Both samples revealed the degradation products of unsaturated fatty acids,
which were particularly abundant in the saponified samples. In addition neither
sample dissolved completely in DCM:methanol and could only be fully dissolved
on saponification. The saponification process also released significant amounts
of hydroxy fatty acids, and in the Medelhavsmuseet sample increased amounts
of C 16:0 and C 18:0 . These results could indicate that the original samples have
formed a polymerised mass, some of which is insoluble in DCM:methanol (Mills
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& White, 1999, 34-40; Regert et al., 2001b). It is interesting to note that some
of the reactions which occur during the polymerisation process lead not to larger
molecules but to smaller molecules, in particular short chain dicarboxylic fatty
acids (Mills & White, 1999, 39-40). The degradation of a plant oil, particularly
rich in unsaturated fatty acids, would be a possible explanation of the observed
results.

In general it is impossible to determine by GC-MS whether fatty

residues were the remains of a plant oil or an animal fat or a mixture of the two.
However in this case the probable presence of ricinoleic acid would indicate that
at least part of the contents of these two vessels was an oil rather than an
animal fat. These two samples were saponified and methylated for GC-C-IRMS
to try and determine the original material with more certainty.

In the light of McGovern’s assertion that the Royal Ontario Museum sample
contained tartaric acid (see p105-107) multiple ion extractions were carried out
on the chromatograms of both samples. The TMS derivative of tartaric acid
produces a mass spectrum with prominent peaks at m/z 73 (base peak), 147,
292, and 219 with a weak [M-15]+ peak at 423 (Stern et al., 2008b). This failed
to reveal any peaks identified as tartaric acid. The TMS derivative of syringic
acid produces a very distinctive mass spectrum with a base peak at m/z 327
and prominent peaks at 73, 312, 342, 297 and 253 (Stern et al., 2008b). As in
the case of tartaric acid ion extractions of the chromatograms of both samples
failed to reveal any trace of syringic acid.

The visible residue adhering to a sherd collected at Saqqara in Egypt and
analysed by GC-MS for a previous project (Steele, 2004, 75-79) was also
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saponified and methylated for GC-C-IRMS. The initial GC-MS analysis of this
residue revealed large abundances of C 16:0 , traces of C 18:0 and C 9 dicarboxylic
fatty

acid

and

two

very

abundant

peaks:

one

identified

as

9,10-

dihydroxyoctadecanoic acid and the other, still unidentified, which may be
another hydroxy fatty acid. The non-saponifiable fraction revealed no lipids at
concentrations capable of analysis. The saponifiable fraction yielded a series of
even carbon numbered methylated fatty acids in the range from C 12:0 to C 24:0 ,
probably produced by the use of an aggressive preparation technique not
suitable for archaeological samples. It also yielded some TMS derivatives of
fatty acids, including traces of C 15:0 and C 17:0 , and a large peak of 9,10diydroxyoctadecanoic acid bis-TMS methyl ester. No sterols were present in
this sample. Bulk carbon stable isotope analysis of this residue failed to give a
definitive identification of the original material (see p107f). This residue was
saponified and methylated four times, with three separate batches of samples,
to send for GC-C-IRMS analysis.

The presence of odd carbon numbered fatty acids in all three residues is noted
and the significance of this has been discussed above (p226f).

7.1.ii.a HPLC-MS-MS analysis of a visible residue

The residue from Saqqara was analysed by HPLC-MS-MS to determine
whether it contained tartaric acid. None was detected. The residues from the
Royal Ontario Museum and the Medelhavsmuseet were not analysed by HPLCMS-MS for tartaric or syringic acids.
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7.1.ii.b FT-IR analysis of a visible residue

The residue from Saqqara was analysed by FT-IR to see if any useful
information could be provided by this technique. The result is shown in figure
7.41. The three absorption minima at around 2900 cm-1 are characteristic of OH stretch in carboxylic acids (Pouchert & Chemical Company, 1985, 485;
Furniss et al., 1989, 1418).

However the strong absorption at c.1700 cm-1

which corresponds to C=O stretching is absent (Pouchert & Chemical
Company, 1985, 485; Furniss et al., 1989, 1418), as is the absorption at c.1460
cm-1 normally seen in C 16:0 and C 18:0 (Pouchert & Aldrich Chemical Company,
1985, 485). No other absorption features normally present in carboxylic acids

842.02

1057.96

1257.78

3447.11

2916.11

O – H stretch in
carboxylic acids

are present.

Figure 7.41: The FT-IR absorption spectrum for the residue from Saqqara
sherd 1.
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The other features of the sample spectrum are the series of absorption bands
between 1400 cm-1 and 1700 cm-1 and a broad band at about 1060 cm-1.
These could correspond to a number of possible structures. For example the
series of bands between 1400 cm-1 and 1700 cm-1, in particular the strongest of
these at about 1610 cm-1, could be correlated to any of the following: a strong
absorption by C-C or C-O stretch in aromatic compounds (Furniss et al., 1989;
Aylward & Findlay, 2002); a strong absorption by -COO stretch in acid salts
(Furniss et al., 1989); a medium N-H bend in amines (Furniss et al., 1989;
Aylward & Findlay, 2002); a very weak absorption due to C=N stretch in
unsaturated nitrogen compounds (Furniss et al., 1989); a low intensity
absorption due to NH 3 deformation in amines (Furniss et al., 1989); or a
medium to strong absorption due to N-H deformation in amines (Furniss et al.,
1989). Some of these can be dismissed as during bulk stable isotope analysis
the nitrogen content of this residue was measured and was too low to record.
This series of absorption bands is similar to, for example, the series of
absorptions in syringic acid.

However these span a much larger range of

wavenumbers (1100-1700 cm-1). In addition no tartaric acid was present in the
sample when examined by HPLC-MS-MS. As tartaric acid is a biomarker for
wine in general and syringic acid is a biomarker found only in red wine residues,
the presence of syringic acid alone in the residue seems unlikely (Singleton,
1996; Guasch-Jané et al., 2004). The broad band at 1050-1060 cm-1 could be
due to C-O stretch or O-H deformation in alcohols or C-O stretch in ethers, both
strong (Furniss et al., 1989).
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The analysis by FT-IR provided only very general information about the possible
presence of functional groups in the residue.

In addition, for most of the

absorption bands in the spectrum there was more than one possible
interpretation of the data.

As a result this analysis provided no useful

information other than perhaps the confirmation that the sample contained fatty
acids.

7.1.iii

Compound specific stable isotope analysis of the residues

The results of the GC-C-IRMS analysis of visible and absorbed residues are
shown in figure 7.42. All results are subject to errors of ±0.3‰. The generally
accepted ranges of δ13C for ruminant dairy fats, ruminant adipose fat, pig
adipose fat and fish oils taken from published data in the literature are shown in
figure 7.42 for comparison (Dudd et al., 1999; Craig et al., 2007). The results
shown were from samples sent in two separate batches. Unfortunately the
results for the last batch of samples which comprised the visible residues from
the Royal Ontario Museum and the Medelhavsmuseet, a fourth sample of the
visible residue from Saqqara and an absorbed residue from the interior of
Kalavasos sherd 8 were not available at the time of writing.

The first batch included four absorbed residues and one visible residue
analysed during a previous project, one residue re-examined by GC-MS during
this project and four absorbed residues extracted and analysed during this
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project. All the absorbed residues were from the interior surfaces of the sherds.
This batch of samples was prepared using Method A (p119-120).

The residues from Boğazköy sherd 1, Kilise Tepe sherds 205 and 206, Kouklia
sherd 6 and Saqqara sherd 2 all contained a mixture of fatty acids. The nonsaponifiable fraction Kouklia sherd 6 also yielded traces of hopanes at very low
abundances, squalene and cholesterol. The two sherds from Kilise Tepe had
yielded a trace of a sterol identified as a compound related to stigmasterol
(p200). Boğazköy sherds 21, 28, 29 and 34 all yielded both beeswax and fatty
acids. Sherds 21, 28 and 29 all yielded a range of fatty acids with C 16:0 as the
most abundant, while in the residue from sherd 34 C 16:0 made up most of the
fatty acid residue and was present in high abundances. These samples were
extracted and methylated without saponification to try and determine whether
C 16:0 from the degradation of wax esters in the beeswax was the only or main
contribution to the fatty acid content of these sherds. A sample of the visible
residue from Saqqara was also part of this batch.

The second batch of samples, which consisted mostly of modern plant oils,
included two more samples of the visible residue from Saqqara. The modern
oils were prepared by Method A while the visible residue was prepared using
Method B (p136-138).

The results show a wide range of δ13C values with δ13C 16:0 values between
−29‰ and −19‰ and δ13C 18:0 values between −25‰ to −30‰. Two samples,
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Boğazköy sherds 1 and 34, gave quite extreme values, both very enriched
in 13C.
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Figure 7.42: The results of the GC-C-IRMS analysis of nine absorbed and one visible
archaeological residues. B – Boğazköy; KT – Kilise Tepe; KOU – Kouklia; S – Saqqara;
numbers refer to the number of the sherd; R – visible residue: (2) – analysed in the
second batch of samples. Also shown are the generally accepted values for modern
13
1
reference fats, corrected for post-industrial changes in δ C, taken from Dudd et al.
2
(1999) and Craig et al. (2007).

Also of note are the very different results obtained from three samples taken
from the visible residue from Saqqara. The first (S1R, fig. 7.42) was in the first
batch of samples, while the two that lie close together were both from the
second batch (both S1R(2) in fig. 7.42) . All three have similar δ13C 18:0 values
but the first sample is separated from the other two by between 4 and 5‰ in
δ13C 16:0 , a difference which is outside variation due to errors of ±0.3‰. The
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lack of reproducibility demonstrated by these results may be due to the different
methods used for sample preparation between the two batches of samples.
The rather aggressive saponification process used in Method A may have
created methyl esters by transesterification incorporating carbon of unknown
isotopic signature into the sample.

This was particularly noticeable in the

original GC-MS investigation of this sample where the saponified sample
(saponified using Method A) yielded a far higher abundance of methyl esters
than TMS esters, despite BSTFA being used as the derivatising agent. Such an
extreme situation was not observed in any other samples. This means that it is
also unclear whether this same process affected the other samples in the first
batch, although Boğazköy 21, 28, 29 and 34 were not saponified, so should not
be affected.

In addition to transesterification a further complication involves the method used
as part of Method A for determining the correction needed for the methylating
carbon as described in Chapter 5 (p136-138). This method of determining the
correction is now considered by some analyists to be less than ideal (Stott,
pers. comm.).

In addition, due to circumstances beyond the control of this

project, different batches of BF 3 -methanol complex may have been used for
methylating the standards and the archaeological samples, leading to the wrong
correction being used for the samples and producing systematic errors in the
determination of the δ13C values for the first batch. This would explain the
differences between the results obtained for the visible residue analysed in both
batches.
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It is also possible that the residue from Saqqara is not uniform in its composition
and that two areas of different isotopic signature were sampled on the two
occasions. However this is unlikely as the two samples taken for the second
batch were deliberately taken from different areas of the residue. The fourth
sample from the Saqqara residue would have provided a good check for these
varying results and given a measure of the repeatability of the whole process.
The general point can be made that, if the results in the first batch of samples
were affected by the sample preparation method, the repeated analysis of the
Saqqara residue indicated that the main effect of this would have been to make
the δ13C 16:0 values more positive. The results for δ13C 18:0 seem less affected as
all the samples from the Saqqara residue lie between the values of −27.9‰ and
−29‰. In general the reliability of these results may be less than ideal and the
following discussion must be assessed in the light this.

None of the archaeological residues had stable isotope signatures which
corresponded with any of the commonly occurring animal fats. Six of the results
do not even lie on a potential mixing line between two fats. In addition, in the
light of the shape of the vessels, the presence of large quantities of animal fat
seems unlikely. These results were then compared with the results obtained
from modern oil and wax samples (discussed in detail below, p292f.). The
results are shown in figure 7.43 and in tabular form in Appendix 3.

From this figure it is clear that two samples of the visible residue from Saqqara
and the residue from Kouklia sherd 6 both fell within the area of the graph
occupied by the majority of the modern oils. The residues from Kilise Tepe 205
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and 206, and possibly from Saqqara sherd 2 could be interpreted as a mixture
of oils and wax. Boğazköy 21, 28 and 29 produced isotopic signatures that
might possibly be interpreted as predominantly wax.

A previous study

(Evershed et al., 1997a) which reported the δ13C 16:0 value of 100-year-old wax
as −22.8‰, which would definitely place the isotopic signature of the residues
from these three sherds in the range of beeswax, and give the residues from
the Kilise Tepe and Saqqara sherds a less definite beeswax signature.
However δ13C 18:0 of the wax was not analysed in Evershed’s study and only
one authentic beeswax sample was analysed.
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Figure 7.43: Results of GC-C-IRMS analysis of archaeological residues, modern oils
and modern raw beeswax. Numbers are the numbers of the sherds; R – visible residue.
1
Also shown are accepted ranges for animal fats taken from Dudd et al. (1999) and
2
Craig et al. (2007). All modern materials corrected for post-industrial changes in
13
atmospheric δ C.
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One sample of the Saqqara visible residue and Boğazköy 1 and 34 however
give unusual results, presenting an unusual isotopic signature. The Saqqara
residue has been discussed above and had a high δ13C 16:0 value, the values for
δ13C 18:0 being similar to many of the other archaeological residues. The two
samples from Boğazköy are more widely separated from the rest of the results.
The result from Boğazköy 1 was probably not very reliable as the abundance of
fatty acids in the initial GC analysis was low and in fact most of the fatty acid
residue was on the exterior surface of the sherd. The abundances of squalene
and cholesterol were also high on both surfaces of this sherd and it is possible
that what is being measured by the GC-C-IRMS analysis is the stable isotope
signature of human fingerprint lipids. The result from Boğazköy 34 was more
difficult to explain.

From the GC-MS results this residue should produce a

signature in δ13C 16:0 which is predominantly beeswax. The result for δ13C 18:0
may not be very reliable as this residue yielded a low abundance of all fatty
acids except C 16:0 .

The high values in both C 16:0 and C 18:0 are not easily

correlated with any of the usual fatty materials and does not, with the data
available at present, provide any more information about the nature of this
residue.

The result from sherd 21, although not extreme, also requires close scrutiny.
The beeswax was present on both sides of the sherd in equal abundances and
only the interior of the sherd could be sampled. The fatty acids were also
present on both sides of the sherd in equal abundances and as such were later
dismissed as probably reflecting contamination. However the stable isotope
signature is not unlike that of beeswax and, as the fatty acid residue was
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dominated by C 16:0 , it is probable that the fatty residue is mostly from the
degradation of beeswax rather than being a separate material. In addition the
measurement of δ13C 18:0 may not be very good as the abundance of C 18:0 in the
residue is low.

Another way to assess compound specific stable isotope results of fatty acids is
to plot Δ13C (defined as Δ13C = δ13C 18:0 − δ13C 16:0 ) against δ13C 16:0 . Δ13C gives
a measure of the difference in depletion between C 18:0 and C 16:0 fatty acids,
providing a measure of the different biosynthetic pathways producing C 16:0 and
C 18:0 in different fatty tissues (Copley et al., 2003; Copley et al., 2005a; Copley
et al., 2005b; Craig et al., 2005).

For example, ruminant dairy fats always

exhibit a Δ13C value of less than −3.3‰, ruminant adipose fats −3.3 to −1‰ and
non-ruminant adipose usually between −1 and 3‰ (Copley et al., 2003; Copley
et al., 2005a; Copley et al., 2005b; Craig et al., 2005). By plotting Δ13C against
δ13C 16:0 the incorporation of marine foods into an animal’s diet can also be
detected (Copley et al., 2005a). No results have been published on the nature
of this value in plant oils. The results of this data analysis, including the results
for modern oils and beeswax for comparison, are shown in figure 7.44.

When the data is analysed in this way, it can be seen that the samples cover a
wide range of values. The samples do not contain dairy products or ruminant
adipose fats as the Δ13C values are all above −1‰. However they cover a large
range of values from −0.5 ‰ to +5‰. Nine of the twelve samples lie within the
range of non-ruminant adipose fats, but so do the modern oils. Using this
criterion, four of the archaeological samples have similar signatures to modern
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oils. Interestingly the signature for beeswax is more negative in Δ13C than the
oils, and none of the archaeological samples lie in the same region of the graph.
The very positive values for three samples (Boğazköy sherds 21 and 29 and the
first sample of the visible residue from Saqqara) are not easily explained,
particularly as they are not the same samples which produced extreme results
when plotting δ13C 18:0 against δ13C 16:0 . More work is essential before it is clear
whether this is a useful exercise when trying to distinguish plant oils from animal
fats.
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Figure 7.44: Plot of Δ C against δ C16:0 for the archaeological residues with the
results for modern oils and beeswax. Numbers are sherd numbers; R – visible residue.
The accepted ranges for dairy fats, ruminant and non-ruminant adipose fats are also
shown.
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The conclusions which can be drawn from these results are limited. None of
the samples from RLWm ware vessels have carbon isotope signatures which
correspond with the accepted values for any animal fat.

Comparison with

modern oil samples reveals that two of the residues have isotopic signatures
similar to these modern standards. This reinforces the theory that RLWm ware
vessels contained a plant oil based commodity rather than an animal fat, but the
data is not of sufficiently good quality to give a definitive identification. More
analyses which yield reproducible results would be necessary for a firm
identification to be made.

7.1.iv

7.1.iv.a

A summary of the results by site

Cypriot Sites

Arpera

Sherd
1
2
3
4
5
6
7
8
9
10

Fat or oil
C (I & E)
E (+C)
I
I
C (I & E)
C (I & E)
I (+C)
E
E
C (I & E)

Bitumen
N
I* & E*
N
N
N
I
I
N
N
N

Resin
N
N
N
N
N
N
N
N
N
N

Beeswax
N
N
N
N
N
N
N
N
N
N

Shape
spindle bottle base
spindle bottle base
spindle bottle base
larger base
spindle bottle body
pilgrim flask body
pilgrim flask body
spindle bottle/arm
spindle bottle/arm
spindle bottle/arm

Table 7.2: A summary of the results from the site of Arpera, Cyprus. I – interior residue; E –
exterior residue; N – not detected; C – fatty acid residue(s) attributed to contamination; * residues in trace abundances.
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Ten sherds were analysed from this site and all yielded lipid residues. These
were of two types – fat or oil and bitumen. Sherds 1, 5, 6 and 10 yielded only
fatty acids and these residues had to be dismissed as probably contamination
from handling. Sherds 3, 4, 8 and 9 also yielded only fatty residues. In sherds
8 and 9 the residues were from the exterior of the vessels, while in sherds 3 and
4 they were predominantly from the interior surfaces. Sherd 6 yielded only
bitumen from the interior surface of the sherd. These results are summarised in
table 7.2.

Sherds 2 and 7 contained both fat or oil and bitumen. In sherd 2 the fatty
residue was from the exterior of the sherd while both surfaces yielded traces of
bitumen. Both residues from sherd 7 were from the interior surface. The fatty
residues from both these sherds were also contaminated to some extent by
fingerprint material.

There appears to be no correlation between the shape of the sherds and the
type of residue. There also appears to be no correlation between the presence
of bitumen and fatty residues as they are found both separately and together,
although they appear together more often (twice) than bitumen alone (once).
The number of samples from this site alone is too low to make any statistically
valid assessment of these types of relationship. The occurrence of bitumen
alone would seem to indicate that it was not part of a mixture which formed the
contents of the vessel but was present as a separate material. This would
support the suggestion that bitumen was a post-firing treatment. However the
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occurrence of bitumen and fat together could also indicate the presence of a
mixture while not precluding its use as a post-firing treatment.

Dhenia

Only one fragmentary pilgrim flask (complete rim, neck and part of the shoulder
including the handle) was available for analysis from this site and this yielded a
fatty residue from the interior surface. The GC data for both surfaces of this
sherd is very poor with the result that quantification of the results was
impossible. However the GC data did reveal that only phthalates were present
on the exterior surface. Further GC-MS analysis of the residue from the interior
of the sherd revealed the details of the fatty residue which included traces of
unsaturated, short chain, long chain, dicarboxylic and hydroxy fatty acids and
monacylglycerols as well as the usual C 16:0 and C 18:0 . For a discussion of the
links between vessel shapes and residues see below (p309-310).

Enkomi

Only two sherds were available from this site. Both yielded fatty residues and
both surfaces of Enkomi 1 and the interior of Enkomi 2 yielded a series of
alkanes probably due to modern contamination.

In both sherds the fatty

residues were predominantly on the outside, although in sherd 1 the difference
was not great enough to be classified as an exterior residue and was dismissed
as contamination. Sherd 1 was a body sherd from a spindle bottle at the area
where the neck and body join while sherd 2 was too small to determine the
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shape of the original vessel. Although the residue from the exterior of sherd 1
had to be dismissed as contamination according to the criteria for establishing
whether a residue was predominantly on one surface or the other, it was
relatively abundant. The interior residue yielded a total of 23 μg/g ± 3 μg/g of
fatty acids, while the exterior yielded 44 μg/g ± 4 μg/g. This is very close to the
limits set by the criteria which required one residue to be twice as abundant as
the other. It may be that in this case the criteria were too strict and this residue
should in fact be considered as reflecting the use of the vessel. Part of the
reason for this is that the exact position of the sherd within the original vessel, at
the join between the neck and body, would be a prime site for spillage during
pouring. However this cannot be proved.

Hala Sultan Tekke

Sherd
1
2
3
4
5
6
9
11

Fat or oil
N
N
I
I
C(?) (I)
C (I & E)
I
I

Bitumen
N
N
I
I
N
N
I
N

Resin
N
I
N
N
I
E
N
N

Beeswax
N
N
N
N
N
N
N
N

Shape
undetermined body sherd
undetermined body sherd
bowl/open shape
spindle/arm body
pilgrim flask body
juglet/closed vessel
pilgrim flask body
spindle bottle body

Table 7.3: A summary of the results from Hala Sultan Tekke, Cyprus. I – interior residue; E –
exterior residue; N – not detected; C – fatty acid residue(s) attributed to contamination.

Thirteen sherds were analysed from this site, six had come directly from Cyprus
while the other seven had been stored in the Ashmolean Museum since the
1950s. Unfortunately the GC results for the second batch of samples were of
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very poor quality and only sherds 9 and 11 could be re-analysed by GC-MS.
Only the interiors of the sherds were re-analysed as, although the GC results
were very poor, they were good enough to determine that most of the residue
was on the interior surfaces of these sherds. These results are summarised in
table 7.3.

Of the eight sherds for which data was available, one yielded no residues of
archaeological interest while all the others yielded fat/oil, bitumen or resin
residues. Three sherds (3, 4 and 9) yielded mixed fatty and bituminous residues
from their interior surfaces. Sherd 11 yielded a fatty residue from the interior
surface.

The three sherds which yielded traces of resin from Pinaceae spp. were sherds
2, 5 and 6; 2 and 5 from the interior surfaces and 6 from the exterior. Sherd 2
had yielded only traces of fatty acids in similar amounts on both surfaces which
were dismissed as contamination. Sherds 5 and 6 also yielded only traces of
fatty acids, which although not sufficiently different to be considered as
significant residues, were more abundant on the interior and exterior surfaces
respectively – the same surfaces where the resin was identified.

As the resin

in present in very low abundances, too small to have been a post-firing
treatment or a major proportion of the contents, it is possible that the fatty
residues from sherds 5 and 6 are in fact representative of an archaeological use
of the sherds and the resin traces were part of a mixture which formed the
contents of the vessels.
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It is interesting to note that in this sample group bitumen was only present in
residues which also contained fatty acid residues. This is in contrast to the
samples from Arpera where bitumen was the only residue detected in one
sherd. This could be seen to support the theory that bitumen was present as
part of a mixture in these vessels but does not negate the theory that it may
have been a post-firing treatment. The number of samples is too small to draw
any significant conclusions on this point. There are no apparent correlations
between the shapes of the vessels, where known, and the residues present.

Phthalates were present at high abundances in all the sherds from the first
batch of samples (1 – 6), with abundances between 70 μg/g and 410 μg/g.
Although no details are available about the storage conditions for these sherds
it is clear that they have been stored in plastic containers for some time.

Kalavasos

Sherd
1
2
3
4
5
6
7
8
9$
10

Fat or oil
C (I & E)
C (I & E)
C (I & E)
N
N
N
N
I
C (I & E)
C (I & E)

Bitumen
N
N
E
I
N
N
N
N
N
N

Resin
N
N
N
N
N
N
N
N
N
N

Beeswax
N
N
N
N
N
N
N
N
N
N

Shape
pilgrim flask
pilgrim flask
pilgrim flask
spindle bottle shoulder
pilgrim flask
pilgrim flask
spindle bottle body
spindle bottle body
not RLWm
spindle bottle body

Table 7.4: A summary of the results from Kalavasos, Cyprus. $ - not RLWm ware; I – interior
residue; E – exterior residue; N – not detected; C – fatty acid residue considered to be
contamination.
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Preservation of residues was not good in the sherds from this site. Of the ten
sherds analysed three yielded no archaeological residues at all (sherds 5, 6 and
7) and a further four (sherds 1, 2, 9 and 10) yielded only fatty residues which
were considered to be due to contamination. Of the three remaining sherds,
two revealed bitumen residues and one contained a fat or oil. Sherd 3 yielded
bitumen from the exterior surface and low levels of fatty acids from both
surfaces which were probably contamination. Sherd 4 yielded bitumen from the
interior surface.

Sherd 8 contained a fat or oil on the interior surface in

relatively large abundance (32 μg/g). This was one of the more informative fatty
residues yielding a full range of saturated, unsaturated, short chain, long chain,
dicarboxylic and hydroxy fatty acids. A trace of ricinoleic acid was also present
in this residue indicating the presence of castor oil in the original material.
Sherds from this site also contained large abundances of phthalates (between
14 μg/g ± 1 μg/g and 420 μg/g ± 38 μg/g) with a mean of 119 μg/g ± 21 μg/g.
The results are summarised in table 7.4.

The two bitumen residues from this site were both from sherds where no other
residues were present. This would seem to support the idea that the bitumen
was used independently of any fat or oil which may have formed the contents of
the vessel, and could have been used as a post-firing treatment. There is no
apparent correlation between the type of residue and the shape of the original
vessel.

With only three residues remaining from 10 sherds this is a lower level of
preservation than is generally observed in RLWm ware. Although this material
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was excavated quite recently some of the sherds were in poor condition and
this may explain the relatively poor preservation of residues at this site.

Kazaphani

Sherd
4
5
6
7
10

Fat or oil
C (I)
I
C (I)
E
I

Bitumen
I* & E*
N
N
N
I*

Resin
N
N
N
N
N

Beeswax
N
N
N
N
N

Shape
Bowl/open shape
bottle, flask, juglet, bowl?
closed shape
Bowl/open shape
not RLWm?

Table 7.5: A summary of the results from Kazaphani, Cyprus. I – interior residue; E – exterior
residue; N – not detected; C – fatty acid residue(s) considered to be contamination; * - these
residues yielded traces of alkanes and hopane-like compounds at very low concentrations and
are probably not bitumen but a degraded fossil fuel compound of modern origin. Sherds 4, 6
and 10 also contained DDT and its degradation products.

Only five sherds were analysed from this site during this study. Sherd 6 yielded
only contamination. Sherd 5 and sherd 7 yielded fatty residues, one on the
interior (sherd 5) and one on the exterior of the sherd. Sherd 4 yielded faint
traces of a fossil fuel material on both surfaces, while the sherd 10 yielded a
fatty residue on the interior of the sherd and traces of fossil fuel from both
surfaces although predominantly on the interior. Two of the sherds (4 and 6)
also yielded DDT and its derivatives and sherd 10 yielded traces of the same
compounds. The results are summarised in table 7.5.

As the traces of fossil fuel material found in sherd 4 were found equally on both
surfaces of the sherd it is reasonable to assume that this is probably some kind
of contamination. Whether this is ancient or modern is impossible to determine
from the evidence. It is interesting to note that this sherd is possibly from an
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open shape like a bowl, rather than from one of the more usual closed shapes.
The similar material in sherd 10 consisted of a series of alkanes and traces of
hopane-like compounds at abundances too low to allow precise identification.
The alkanes were present in relatively large abundance on the interior of the
sherd (32 μg/g ± 2 μg/g) and much lower abundance on the exterior (11 μg/g ±
1 μg/g) while hopane-like compounds have only been identified on the interior
surface. Whether this residue is the remnant of an archaeological material or
modern contamination is open to question. It was predominantly a residue from
the interior of the sherd which may indicate an archaeological origin. However
the prominent series of alkanes might also be indicative of modern
contamination with, for example, paraffin wax.

This leaves three fatty residues which are definitely of archaeological interest,
one exterior and two interior residues. There is no correlation between the
shape of the vessel and the type of residues. In fact most of the sherds come
from unidentified shapes and three are unusual in the context of this project.
Although the sherds were all originally identified as coming from pilgrim flasks
(Knappett et al., 2005), a close examination of the sherds before sampling
revealed inconsistencies which make this improbable. Sherds 4 and 7 show
signs of burnishing on both surfaces and may be from open shapes while sherd
5 is unusual in shape and may be from a juglet (p80, fig. 4.17). Sherd 6 is could
be from any closed shape and there is no evidence to identify it as a pilgrim
flask fragment. It is interesting to note that the two interior fatty residues were
extracted from closed shapes (sherds 5 and 10), while one of the open shapes
(sherd 7) yielded an exterior residue. Sherd 10 was originally identified as not
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being RLWm ware as it was not considered to be wheelmade. However the
NAA results from an earlier project (Knappett et al., 2005) show that it is in fact
identical in elemental composition to the RLWm ware (see p81 and p331f).

Kouklia

Sherd
1#
2
3
5
6#

Fat/oil
N
N
N
I

Bitumen Resin Beeswax
Shape
N
N
I
arm shaped vessel
unable to sample as sherd was too small
N
N
N
spindle bottle body
N
N
N
spindle bottle body
I*
N
N
spindle bottle body?

δ C 18:0
-27.1‰
13

δ C 16:0
-27.5‰
13

Table 7.6: A summary of the results from Kouklia, Cyprus. I – interior residue; E – exterior
residue; * – residue present in trace amounts; N – not detected; # � sherds from a previous
study re-analysed.

One sherd received for analysis (sherd 2) proved too small to sample. Two
sherds (3 and 5) from this site were analysed and two (1 and 6) were reexamined for this project. Sherds 3 and 5 yielded only contamination. Sherds 1
and 6 yielded very different residues. Sherd 1 yielded beeswax predominantly
from the interior surface in low abundance (18 μg/g ± 1 μg/g). This is the only
sherd excavated outside Hittite Turkey to contain a beeswax residue.

The

results are summarised in table 7.6.

Sherd 6 yielded a fatty residue from the interior surface. The non-saponifiable
fraction of this residue also yielded traces of bitumen.
residue gave results consistent with a plant oil.

GC-C-IRMS of this

Although the GC-C-IRMS

results were not very reliable in general the result for this residue does place it
well within the range of δ13C values of modern plant oils. In addition any
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systematic error in the results appears to have moved them towards more
positive δ13C 16:0 while leaving the δ13C 18:0 relatively unaffected and this would
still leave this residue within the range for oils. The characteristics of the fatty
residue – the presence of high abundance of C 18:1 , the presence of traces of C 8
and C 9 dicarboxylic acids and C 9:0 – certainly indicate the presence of a
material rich in unsaturated fatty acids. Taking all the evidence together it is
quite probable that this vessel originally contained a commodity which was
based on a plant oil. This may have been mixed with small amounts of bitumen
as the bitumen residue is only present in very low abundance, far too low to
have been a post-firing treatment.

It is also possible that the bitumen-like

residue is the degraded remains of modern contamination with a fossil fuel
material.

As with the other Cypriot sites there appears to be no correlation between the
vessel shape and the contents of the vessel.

Myrtou-Pigahdes

The one sherd analysed from Myrtou-Pigadhes yielded fatty residues and
alkanes in equal abundances from both surfaces of the sherd. The fatty residue
was dismissed as probable contamination and the alkanes must also be
considered to be contamination. This large body sherd of a spindle bottle had
been repaired after excavation and, although the area around the repair was
avoided when drilling the samples, the glue cannot be ruled out as a possible
source of at least some of the contamination.
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Cypriot visible residue

This residue, supplied by the Medelhavsmuseet in Stockholm, has been
discussed above (p253f.). Although it cannot be traced to a particular site on
Cyprus, the importance of this residue lies in the fact that it does represent the
contents of an RLWm ware spindle bottle from Cyprus. The residue consists of
a polymerised, degraded fat or oil which was rich in unsaturated fatty acids.
This may possibly point to the original source material being a plant oil rather
than an animal fat but no definite identification can be made at this time.

7.1.iv.b

Turkish sites

Boğazköy

Twenty-four sherds were analysed from Boğazköy during this project of which
15 were RLWm ware (sherds 11 to 29 and 41) and nine were local wares from
the same context (sherds 32 to 40).

Of the RLWm ware sherds only four yielded no residues – sherds 11, 18, 20
and 22. The striking feature of the residues from this site is the abundance of
beeswax residues with nine RLWm ware sherds yielding beeswax residues at
abundances up to 194 μg/g ± 18 μg/g. The lowest abundance was 20 μg/g ± 2
μg/g while the average abundance was 100 μg/g ± 9 μg/g.

Beeswax was
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present in sherds 15, 16, 21, 23, 24, 25, 26, 28 and 29. In all cases except
sherds 21 and 24 the residues were predominantly from the interior surfaces.
In sherd 21 the abundances on the interior and exterior surfaces were very
similar, while in sherd 24 the beeswax was on the exterior surfaces.

The

possible explanations for this have been discussed above (p192).

Sherd

Fat/oil

Bitumen

Resin

Beeswax

Shape

δ C 18:0

δ C 16:0

1#

C?(I & E)

N

N

N

-20.8‰

-20.1‰

11

N

N

N

N

large spindle bottle
small spindle
bottle/arm

-

-

12
15

C (I & E)
N

N
N

N
N

N
I

large vessel
spindle bottle

16
18

I
N

N
N

N
N

I
N

unidentifie
spindle bottle

20
21

N
C (I & E)

N
N

N
N

N
I&E

spindle bottle
large spindle bottle

22
23

N
C (I & E)

N
N

N
N

N
I

spindle bottle?
spindle bottle?

24
25

E
N

N
N

N
N

E
tr

spindle bottle?
unidentified

26
28

N
I

N
N

N
N

I
I

spindle bottle
unidentified

29
32$

I
C (I & E)

N
N

N
N

I
I

unidentified
closed shape

33$
34$

N
N

N
N

N
N

N
I

large closed shape
large closed shape

35$
36$

C (I & E)
C (I & E)

N
N

N
N

N
I

large closed shape
large closed shape

37$
38$

I
N

N
N

N
N

I
I

large closed shape
large closed shape

39$
40$

I
N

N
N

N
N

N
I

-24.1‰
-24.1‰
-23.5‰
-20.5‰
-

41

C (I & E)

N

N

N

large closed shape
large closed shape
foot of lge spindle
bottle

-28.7‰
-25.5‰
-27.3‰
-22.8‰
-

-

13

13

Table 7.7: A summary of the results from Boğazköy, Turkey. $ - not RLWm ware; I – interior
residue; E – exterior residue; B – residue present on both surfaces of the sherd; N – not
detected; C – fatty acid residue(s) attributed to contamination; tr – trace residue; # � sherds
from previous study re-analysed.
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In addition to the beeswax residues, four RLWm ware sherds (sherds 16, 24,
28, and 29) yielded fatty residues not attributable to contamination. In all four
sherds the fatty acid residues were dominated by C 16:0 and, as all yielded
beeswax, the probability is that at least part of the C 16:0 came from the
degradation of wax esters. In sherd 16 the abundance of C 16:0 was so great
compared to other fatty acids that this residue can be considered as primarily
beeswax. This leaves sherds 28 and 29 which, although C 16:0 was present in
relatively large abundances, all yielded a mixture of other fatty acids. Sherd 28
contained traces of short chain (C 7:0 to C 14:0 ), dicarboxylic (C 7 to C 9 ) and
hydroxy fatty acids along with C 18:1 in greater abundance than C 18:0 . Sherd 29
was also rich in C 18:1 although there is a more restricted range of fatty acids.
Sherd 24 yielded relatively low abundances of fatty acids (all individually <10
μg/g, 15 μg/g in total) but revealed a range of these from C 12:0 to C 18:0 including
C 16:1 and C 18:1 . In these cases the fatty residues were considered to be at least
partly due to the contents of the vessels.

The GC-C-IRMS analysis of the fatty residue from sherds 21, 28 and 29,
together with the analysis of the fatty residue from sherd 1 has been discussed
above (p270f.). The results, although not very reliable, definitely do not fall
within the range of any of the generally accepted ranges for animal fats (figs.
7.42 and 7.43).

The residue from sherd 21 had to be dismissed as

contamination, probably from modern handling, subsequent to the GC-C-IRMS
analysis. The δ13C 16:0 results for the residues from sherds 28 and 29 probably
reflect a contribution to C 16:0 from degradation of the beeswax in addition to the
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signature of fat or oil residue from another source.
signature enriched in

Sherd 1 produced a

13

C for both C 16:0 and C 18:0 which may be due to

contamination with human skin lipids.

Of the local sherds only one sherd (33) yielded no residue of any kind. Apart
from that the pattern was very similar to that found in the RLWm sherds. Six
sherds yielded beeswax residues (32, 34, 36, 37, 38, and 40), in all cases from
the interior surfaces. The most abundant residue was present at 973 μg/g ± 88
μg/g while the least abundant was present at 102 μg/g ± 9 μg/g with an average
abundance of 450 μg/g ± 41 μg/g. These abundances reveal that the local
sherds yielded significantly higher abundances of beeswax when compared
with the RLWm ware sherds. What this signifies is difficult to determine. It may
reflect a difference in treatment of the RLWm ware and local sherds or merely
reflect the capacity of the different fabrics to absorb and retain the wax.

Fatty acids were present in four sherds (34, 37, 38 and 39), sherd 39 being the
only sherd to yield a fatty residue alone. However in sherds 34 and 38 the fatty
acid residues were almost entirely composed of C 16:0 , with any other fatty acids
only present in trace amounts (<10μg/g) and therefore indistinguishable from
contamination. These two residues were therefore considered to be degraded
beeswax. In sherd 37, although the fatty acid residue is dominated by C 16:0 and
contained C 24:0 , showing a contribution from beeswax, it also yielded significant
abundances of C 18:0 and C 18:1 together with C 16:1 , C 14:0 and C 12:0 . Sherd 39
yielded C 8:0 to C 14:0 as well as C 16:0 , C 16:1 , C 18:0 and C 18:1 . The residue from
sherd 34 was sent for GC-C-IRMS analysis. As with sherd 1 the isotopic signal
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for both C 16:0 and C 18:0 was highly enriched in

13

C and no explanation can be

offered for these results as discussed on p270ff.

A summary of the results is given in table 7.7.

The residues from this site are predominantly beeswax, although five sherds
(24, 28, 29, 37 and 39) produced fatty residues which probably reflect use of the
vessels rather than contamination or degradation of the beeswax.

No

difference could be observed with the shape of the vessels, nor between RLWm
ware and local vessels. Whatever their use, they have all been treated in a
similar fashion. The high abundances of beeswax in these vessels, combined
with the vessel shapes, indicate that the beeswax might be a post-firing
treatment.

However it is interesting to note that in sherd 24 both the fatty

residue and beeswax are present on the exterior of the vessel.

For both

materials to be present at the same location on the exterior of the vessel might
indicate that they were originally a mixture rather than two separate
components.

As RLWm ware was not produced in Boğazköy, the presence of local wares
with beeswax residues must raise questions about when and where the
beeswax was put into the vessels.

Does this represent a re-use of RLWm

ware vessels for some purpose to which the local vessels were also put? Or
does it represent a treatment of the pottery at its original site of manufacture for
a particular market? There is no way to determine which of these scenarios is
correct.
292

Kuşakli

Sherd
1
2
3
4$

Fat or oil
I
I
C (I)
I

Bitumen
N
N
N
N

Resin
N
N
N
I

Beeswax
I
I
I
N

Shape
spindle bottle base
spindle bottle body
pilgrim flask/spindle bottle
spindle bottle not RLWm

Table 7.8: A summary of the results for the site of Kuşakli, Turkey. $ - not RLWm ware; I –
interior residue; C – fatty acid residue(s) considered to be contamination; N – not detected.

Only four sherds were analysed from Kuşakli: three RLWm ware sherds (sherds
1, 2 and 3) and one sherd from a spindle bottle in a local fabric (sherd 4). Again
beeswax residues dominated with the three RLWm ware sherds all yielding
beeswax from their interior surfaces. Sherds 1, 2 and 4 yielded fatty residues
from their interior surfaces. Sherds 3 also contained fatty residues but these
were of equal abundances on both surfaces and were considered to be
contamination.

The fatty residue from sherd 2 was barely above trace

abundance but contained both C 16:0 and C 18:0 in nearly equal abundances (5
μg/g ± 0.5 μg/g). The fatty residue from sherd 1 yielded a range of fatty acids
including short chain acids (C 7:0 to C 14:0 ) and a higher abundance of C 18:1 (9
μg/g ± 1 μg/g) than C 18:0 (7 μg/g ± 0.5 μg/g). Sherd 4 included a range of fatty
acids – short chain (C 8:0 to C 14:0 ) and C 16:1 , C 16:0 , C 18:1 and C 18:0 . The interior
of sherd 4 also yielded squalene and cholesterol and in consequence the fatty
residue should be regarded with caution as at least part of the residue
originated with skin lipids. A summary of the results is given in table 7.8.
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Sherd 4 also yielded traces of two biomarkers for Pinaceae spp. resins from the
interior surface. This is one of only four occurrences of resin discovered during
this project. In this case, because sherd 4 is not RLWm ware, the result has
little bearing on the research questions posed at the start of the project.
However it is an interesting result and indicates that resin was in use in the area
although not in RLWm ware vessels.

The yields from this site do not seem particularly low, despite the fact that these
sherds had all been washed in acid before coming for analysis.

Beeswax

yielded lower abundances than the sherds from Boğazköy with a maximum of
91 μg/g ± 8 μg/g and an average of 58 μg/g ± 5 μg/g. Fatty acid residues range
in abundance from <10 μg/g ± 1 μg/g to 78 μg/g ± 7 μg/g with an average of 41
μg/g ± 7 μg/g. It is interesting to note that the process of acid washing did not
destroy the residues completely and that beeswax, fatty residues and traces of
resin survived.

The type of residue does not seem to bear any relationship to the shape of the
vessel. However, sherd 4 was the only non-RLWm ware sherd and was also
the only sherd yielded the only resin biomarkers.

Kilise Tepe

Sherd

Fat/oil

Bitumen

Resin

Beeswax

Shape

δ C 18:0

δ C 16:0

205#

I

tr?

N

N

storage jar

-27.3‰

-26.2‰

206#

I

tr?

N

N

unidentified

-27.4‰

-25.5‰

13

13
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Table 7.9: A summary of the results for the site of Kilise Tepe, Turkey. I – interior residue; N –
not detected; tr – trace of degraded fossil fuel, possibly bitumen; # - sherds from a previous
study re-analysed.

No sherds from this site were examined by GC-MS for this project. However
two sherds (sherds 205 and 206) examined during a previous project were reextracted and the residues saponified and methylated before sending for GC-CIRMS analysis. These two sherds had both yielded fat or oil residues and a
trace of a possible plant sterol from their interior surfaces.

The non-saponifiable fractions of both sherds gave a far better identification for
the sterol, the GC-MS library matching it with 90% confidence to the mass
spectrum for stigma-4,6,22-trien-3β-ol in both sherds. Sherd 205 also yielded
traces of hopanes and very small traces of alkanes. These may indicate the
presence of a highly degraded fossil fuel material although the traces are so
small that contamination is a possibility.

Sherd 206 also yielded hopanes,

although in larger abundances, but no alkanes. The saponified and methylated
samples yielded C 16:0 , C 18:0 and C 18:1 with traces of C 20:0 , C 22:0 and C 24:0 .

GC-C-IRMS results (figs. 7.42 and 7.43) for both samples gave δ13C 18:0 values
within the range of the modern oil samples while the δ13C 16:0 values were more
enriched in

C. Sherd 205 gave a value for δ13C 16:0 of −27.8‰, between the

13

modern oil samples and the two examples of modern wax. Sherd 206 had a
δ13C 16:0 value of −27.2‰, almost identical to the second wax sample. There is
no evidence for the presence of wax in these samples, so these results are not
easy to explain. The GC-C-IRMS results are not considered reliable and so the
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most concrete conclusion that may be drawn from these results is that these
two samples do not contain any of the usual animal fats.

7.1.iv.c

Syrian sites

Unfortunately only one sherd from one site was available for analysis during this
project. This is not a representative sample of RLWm ware from the area of
Syria-Palestine and any further work should concentrate on analysing more
samples from this area of the eastern Mediterranean.

Tell Tweini

Only one sherd was available for analysis from this site and, due to its small
size, the sherd could not be sampled again for GC-C-IRMS. The GC results for
this sherd were so poor that no quantification was possible although it is clear
from the results that the exterior of the sherd yielded no lipids. However GCMS analysis of the interior surface residue revealed a fat or oil residue
dominated by C 16:0 . C 18:1 and C 18:0 were also present, with traces of C 20:0 , C 9:0 ,
C 14:0 , C 15:0 and C 16:1 . C 8 and C 9 dicarboxylic acids were also present along
with two isomers of 9,10-dihydroxyoctadecanoic acid.

The sherd was identified as being a body sherd from a spindle bottle but was so
small that it was difficult to assign a shape to the vessel from inspection of the
sherd.
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7.1.iv.d

Egyptian material

Saqqara

Sample

Fat/oil

Bitumen

Resin

Beeswax

Sherd 2#

I

?

N

?

Residue#

Y

N

N

N

Shape

δ C 18:0

δ C 16:0

spindle bottle

-28.6‰

-25.7‰

-28.0‰

-22.9‰

-29.0‰

-28.3‰

-28.8‰

-27.6‰

unidentified

13

13

Table 7.10: A summary of the results for the site of Saqqara, Egypt. # - samples from a
previous study re-analysed; I – interior residue; Y – residue present; N – not detected; ? – very
small traces of biomarkers detected.

No new samples were available for analysis from this site. Two samples – one
absorbed and one visible residue (sampled three times) – were re-examined by
GC-C-IRMS. The non-saponifiable fractions of both residues were examined by
GC-MS. In addition the saponified and methylated samples of the absorbed
residue and the first of the visible residue samples were also examined by GCMS. The visible residue had already been analysed by GC-MS, both before
and after saponification, and the results from this project produced no new
information. The absorbed residue revealed traces of hopane-like compounds,
n-alkanes and long chain alcohols in the range C 24 to C 30 . The hopane-like
compounds and n-alkanes could indicate the presence of a much degraded
fossil fuel material.

The long chain alcohols are in the range which would

normally be associated with beeswax. In addition the n-alkanes show an odd
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over even preference which could also indicate that that a proportion of the nalkane content was derived from beeswax.

However, with such low

concentrations of biomarkers, no definite identification of either beeswax or a
fossil fuel material can be made.

The GC-C-IRMS results (fig. 7.42 and 7.43) for these samples have been
discussed in some detail above (p248f.) due to the inconsistent nature of the
results for the visible residue. Two samples from this residue give results within
the range of the modern oil samples tested, which would indicate that this is a
plant oil rather than an animal fat. This is consistent with the composition of the
residue which has the characteristics of a polymerised fatty material which
originally contained a high proportion of unsaturated fatty acids.

The other

sample from this residue gave a result which is not consistent with any fat or oil.
The implications of this result have been discussed above (p248f.). The sample
from the absorbed residue lies in the area of the graph close to the modern wax
samples. However there is potentially only a trace of beeswax in the sample –
probably not enough to influence the isotopic signature of the residue to any
significant degree. This result is considered to be unreliable and no conclusions
can be drawn on the basis of this evidence.

The Egyptian visible residue

As with the Cypriot residue, the residue from the Royal Ontario Museum in
Canada cannot be connected with a specific site. However it is known to be
from Egypt and, as for the Cypriot residue, its importance lies in the knowledge
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that it formed the contents of the vessel. Again it is a polymerised, degraded fat
or oil.

This residue had previously been identified by IR spectroscopy as containing a
resin (McGovern, 1997) (see p105-106), but in this study no trace of any
biomarkers for resins of any kind could be detected.

The sample was not

analysed for tartaric and syringic acids using HPLC-MS-MS although ion
extractions of the GC-MS results failed to reveal the presence of tartaric acid
(see p265). McGovern’s analyses were performed using FT-IR and HPLC with
UV detection. These methods are not sufficiently diagnostic to determine the
presence of specific compounds.

FT-IR produces maxima which relate to

specific functional groups which may be present in many compounds and the
identification of specific compounds using HPLC with UV detection relies on
matching the retention times with those of standards run under the same
conditions. In McGovern’s analysis neither the FT-IR spectra nor the HPLC
results matched the modern standards analysed (McGovern, 1997) (see p105106). In fact a close inspection of the data shown in McGovern’s figure 3 reveal
that he has shifted the results for the Royal Ontario Museum residue slightly to
make them match the rest of the data.

This study has therefore failed to

replicate McGovern’s results and a close examination of his data shows there to
be serious flaws in the analyses and in his interpretation of the results.
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7.1.v

7.1.v.a

Discussion of the ceramic residues

The nature of the residues

In summary, of the 72 sherds analysed and the six sherds re-analysed in the
course of this project, 47 yielded residues which were not considered to be due
to contamination, 26 yielded no residues of archaeological significance and five
produced results too poor to provide any reliable information. Looking at RLWm
ware vessels 38 yielded residues (eight of which were exterior residues), 23
yielded no residues of archaeological significance and five analyses were too
poor to use. This indicates that, in general, preservation of organic residues in
RLWm ware vessels is quite good with 62% of the successfully analysed sherds
yielding residues which may be interpreted to some degree. This is particularly
interesting as many of the samples for this project came from museums where
they had been stored for considerable periods of time and many had also been
washed, some in acid. It is interesting to note that the most recently excavated
material from Kalavasos showed very poor preservation of residues with 70% of
the sherds yielding no residues (fig. 7.49). However many of the sherds from
this site were in poor condition – soft and flaky or powdery – compared with
those from other sites. By contrast the collection from Arpera had been in the
Ashmolean Museum since the 1950s with no records available concerning its
treatment either immediately post excavation or in the museum. In this case
only 30% of the sherds yielded no residues of archaeological significance. It
would appear from this that, at least in some cases, the state of preservation at
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the excavation site has more influence on the survival of residues that the post
excavation storage and handling.

The residues found in RLWm ware sherds were of four types: beeswax,
bitumen, a fat or oil and resin from Pinaceae spp..

Seven sherds yielded

beeswax alone, three contained bitumen alone, 16 produced only a fatty
residue and three yielded resin only. Nine sherds contained mixed residues:
five beeswax and fat and four bitumen with fat (fig. 7.45). Two visible residues
analysed for this project and the one re-examined consisted of an oil or fat.

From the evidence available, including the shapes of the vessels in which it is
found, it seems that beeswax was probably used as a post-firing treatment,
although a mixture with fat/oil cannot be ruled out (see above p189-190).
Bitumen may have been used in a similar way but could also have been part of
a mixture containing bitumen and fat. In the case of bitumen there is evidence
for both arguments although it was found more often with fat (four instances)
than alone (three instances) (fig. 7.45). The presence of Pinaceae resin, which
occurs in very low abundances, is covered by the same arguments and it was
identified three times as the sole residue in a sherd (fig. 7.45).
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Figure 7.45: The numbers of RLWm ware sherds yielding each
residue alone, those with mixed residues, the total number of
sherds yielding interior and exterior residues and the total with
no residue; trace residues not included.

Figure 7.46: The total numbers of RLWm ware
sherds yielding each of the four types of residue
and no residue. Trace residues not included.

302

Fat or oil was the most common residue and was found in some sherds from all
but one site (fig. 7.49) and was present in 25 sherds (fig. 7.46), in six instances
on the exterior of the sherd. However it has not been possible to identify this fat
or oil unambiguously, and indeed more than one fatty material may be
represented within these residues. Eight examples of absorbed residues and
the two visible residues exhibited many of the characteristics of a polymerised,
degraded oil rich in unsaturated fatty acids. This was also true of the visible
residue analysed by GC-C-IRMS during this project. Taking the shape of the
vessels into account the most probable commodity is a plant oil of some kind.
This is supported by the discovery of plant sterols in two sherds from Kilise
Tepe analysed by GC-C-IRMS for this project.

It is also reinforced by the

possible identification of ricinoleic acid in the two visible residues and one
absorbed residue showing the probable presence of castor oil in these three
residues. The GC-C-IRMS results, which might have given some insight into
this question, were disappointingly unreliable although three samples did
possess an isotopic signature the same as that of modern plant oils. However
the results did exclude dairy products, ruminant animal fats and fish oils as
possible contents for RLWm ware vessels. It is interesting to note that 15 of the
absorbed residues and all three visible residues did contain trace abundances
of C 17:0 (p208-209) which is normally considered to indicate the presence of
ruminant animal fats. However it can be present in olive and other plant oils
(Coultate, 1996, 58; Ministry of Agriculture, 1998, 79; Mirabaud, 2007, 290-292)
and the presence of ruminant animal fat in high abundances is ruled out by the
isotopic evidence in those samples which were submitted for GC-C-IRMS.
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Olive oil was used extensively across the eastern Mediterranean at this time
and archaeological evidence for processing of olives for oil has been found on
Cyprus and in Syria and the Aegean (Hadjisavvas, 2003). However olive oil on
its own was generally transported in amphorae or stirrup jars (Shelmerdine,
1985, 25; Negbi & Negbi, 1993; Palmer, 2003) and could be stored in huge
pithoi such as those found in Building X at Kalavasos each of which held
between 600 and 1000 litres (Karageorghis, 2002, 63; South, 2006, pers.
comm.). The Canaanite amphorae found at the site of the Ulu Burun shipwreck
containing resin deposits ranged in volume from small, with a capacity of about
7 litres, to large at about 27 litres (Pulak, 1997; Serpico, 2003). Estimates of
the volumes of RLWm ware vessels (see below, p320) give volumes for spindle
bottles between 250 cm3 and 3.1 litres, for pilgrim flasks 240 cm3 to 300 cm3
and for arm-shaped vessels 300 cm3 to 600 cm3 (see p320-321). Very large
pilgrim flasks have been measured at 5.5 litres (p321). From this it can be seen
that typical RLWm ware vessels were generally smaller those used for the
transport of for example olive oil. However, it is also interesting to note that one
of the vessels from Tutankhamun’s tomb which was identified as containing
perfumed oil had a capacity of 14 litres (Hepper, 1990, 19). From this it seems
that even valuable commodities such as perfumed oils might be stored in
relatively large containers, although the burial of a pharaoh is an exceptional
event and probably should be regarded in that light.

The question of what was being transported in RLWm ware vessels still remains
unanswered.

Was it a “value added” commodity such as a perfumed oil,

medicinal compound or cosmetic?

Perfumed oils were manufactured and
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traded or exchanged widely around the eastern Mediterranean during the LBA
(Shelmerdine, 1985; Knapp, 1991; Haldane, 1993; Negbi & Negbi, 1993;
Palmer, 2003). Was the commodity traded across large areas of the eastern
Mediterranean in RLWm ware vessels one or more varieties of perfumed oil?
There seems little possibility of being able to prove or disprove this theory using
conventional GC-MS analysis, especially in the light of experiments with
modern perfumed oils (see below, p299f.).

Some kind of medicine or cosmetic is also a possibility although some of the
larger RLWm ware vessels seem rather large for medicine bottles. However
the presence of castor oil in two of the visible residues and one absorbed
residue may indicate a medicinal product rather than a scented oil. Seeds of
the castor oil plant (Ricinus communis L.) have been found in Predynastic
graves in Egypt suggesting that castor oil may have been used by the
Egyptians from an early date (Serpico & White, 2000b). The leaves and seeds
of the plant are toxic and the seeds contain two toxins, ricin and ricinine, and a
powerful allergen (castor bean allergen) (Serpico & White, 2000b). The seeds
are extremely emetic and can be used to induce labour, to precipitate abortion
or as a contraceptive (Serpico & White, 2000b). The oil has an unpleasant
taste and is unlikely to have been used for cooking. The method used to extract
the oil from the seeds and for further processing affects the amounts of ricin and
ricinine in the finished product. The extremely toxic ricin is destroyed by heating
in water, while the milder ricinine will not be present if the oil is cold pressed
(Serpico & White, 2000b). The danger inherent in the production of a potentially
toxic oil implies a degree of skill and knowledge among workers involved in
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extraction and processing. The oil could be used in medicinal preparations, in
cosmetics such as skin emollients and as an illuminant (Serpico & White,
2000b).

Another possibility is that RLWm ware vessels were used to transport another
oil of greater value than olive oil.

Other oils were in use during the LBA

probably including not only castor oil but also sesame oil, almond oil, linseed oil
and moringa oil (Fletcher, 1998, 14-16; Manniche, 1999, 30-31; Serpico &
White, 2000b). However it is difficult to determine whether one or more of these
oils was more highly valued than others. The exact nature of the contents of
RLWm ware vessels remains undetermined.

Whatever the contents of RLWm ware vessels, it is possible to argue that their
use may have been connected with some kind of ritual.

Their frequent

presence in funerary or cultic contexts supports this argument.

7.1.v.b

Variation in the residues

For this analysis only interior residues have been included as the exterior
residues may not relate to the contents of the vessels and it is not always easy
to determine what significance, if any, to attach to them.

There is no apparent connection between the coarseness of the ceramic fabric
and the type of residue, although the majority of the examples analysed for this
project are from the canonical, very fine RLWm ware fabric.
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It is difficult to establish whether there is a variation in residues with the date of
the context where the sherd was found.

Many of the contexts have been

disturbed, either in antiquity or in more recent times, and many are poorly
stratified. In addition some of the RLWm sherds analysed for this project were
surface finds or came from unstratified fills, and could not easily be dated.
According to Eriksson, finds of RLWm ware from Egypt can be assumed to be
earlier than those from Turkey (Eriksson, 1993, 97-98, 117-118, 149-151). If
this is the case then the use of beeswax could be seen as a later development.
However the presence of late finds from Cyprus which do not yield beeswax
residues does not support this general correlation and the assumption that
RLWm ware appears later in Turkey than in Egypt is in any case under question
(see p18).

The only other variation which might correlate to date is the

appearance of resin in three sherds which are from a context at Hala Sultan
Tekke dated to LCIIIA.1. Only one other sherd (Kouklia sherd 5) has been
securely dated to such a late context. It is therefore possible that the use of
resin as an ingredient in the contents of RLWm ware vessels was a later
development. However, as all three samples come from the same site, this
could also be local variation, and in addition the sample size is not large enough
to draw any statistically valid conclusions.

It is not easy to see any correlation between the context where the vessels were
buried and the content of the vessels. The majority of the contexts are funerary
with much of the material coming either directly from tombs or from disturbed
tomb material. The main exceptions to this are the sherds from Boğazköy,
found in the Temple area of the upper city, the non-RLWm ware sherd from
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Kuşakli excavated from a store-room attached to a temple, the three RLWm
ware sherds from Kuşakli excavated from domestic contexts and the two Kilise
Tepe sherds which may have come from domestic contexts. It is interesting to
note that the most common residue yielded by both the RLWm ware sherds and
sherds in local fabrics from Boğazköy is beeswax and that this is the only large
collection of sherds from a temple context analysed during this project.
However no conclusion can be drawn from this without further analysis of
sherds from other temple sites and from all contexts at other Hittite sites.

There is no statistically significant correlation between the form of the vessel
and the type of residue it yielded as the data set is too small to perform
meaningful statistical analysis. However bitumen does seem to appear more
often in pilgrim flasks than might be expected from the overall proportion of
pilgrim flasks in the assemblage as a whole.

In this study, unambiguously

identified pilgrim flask sherds account for about 14% of the total sherds.
However, of the six interior bitumen residues from this project, three (50%) were
extracted from pilgrim flasks (fig. 7.47 and 7.48). Although the numbers of
residues involved are not large enough to provide a basis for statistical analysis
this is still an interesting observation.
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Figure 7.47: Number of residues of each type yielded by each RLWm
ware vessel form. Trace residues and exterior residues excluded.

Figure 7.48: Percentage of residues of each type yielded by each
RLWm ware form. Trace residues and exterior residues excluded
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Figure 7.49: The number of RLWm ware sherds from each site yielding each of the four
residues and no residue.

The most obvious correlation can be seen when examining the residues by
geographical area (fig. 7.49). With one exception, beeswax was only positively
identified in sherds from Hittite sites in Turkey (Boğazköy and Kuşakli), that one
exception being sherd 6 from Kouklia in Cyprus. It is interesting to note that of
the nine local sherds found in the same context as the RLWm sherds at
Boğazköy, five also contained beeswax.

Bitumen has only been positively

identified in sherds from Cypriot sites (Arpera, Hala Sultan Tekke, Kalavasos
and Kazaphani), although biomarkers for highly degraded fossil fuels were
found in two sherds from Kilise Tepe in Turkey re-examined during this project.
Similarly resin has only been found in RLWm ware from one Cypriot site (Hala
310

Sultan Tekke) (the other example from Kuşakli is not RLWm ware). Fat or oil
has been found at been found in sherds from every site except for MyrtouPigadhes and for this site only one sherd was available for sampling which
yielded only contamination.

If the results from this study are combined with the results from a previous study
(Steele, 2004) the observed pattern of variation with area rather than with the
shape of the vessel or the date is reinforced. The earlier study analysed 40
sherds from five sites (Boğazköy and Kilise Tepe in Turkey, Kazaphani and
Kouklia on Cyprus and Saqqara in Egypt) and one visible residue, analysed by
GC-C-IRMS for this project, from Saqqara.

Only one sherd, from Boğazköy,

was not RLWm ware. In this earlier study 11 of the 17 sherds from Boğazköy
yielded beeswax residues, two out of five sherds from Kazaphani yielded
bitumen and fourteen sherds (two from Kouklia, two from Boğazköy, six from
Kilise Tepe and four from Saqqara) yielded a fat or oil. The visible residue from
Saqqara was also a degraded fat or oil as discussed above (p244-245).

Combining the results of the two studies gives a very similar distribution of
vessel forms (fig. 7.50a). Fat or oil is still the most frequently occurring residue,
with beeswax also being relatively frequent and bitumen and resin occurring in
small numbers (fig. 7.50b). The possible association of bitumen with pilgrim
flasks is even more apparent when the two sets of data are combined (fig.
7.51). Fifty-seven percent of the bitumen residues were extracted from pilgrim
flasks which made up only 14% of the total assemblage. However this

311

association is still not statistically significant as only seven interior bitumen
residues were identified in total.

(a)

(b)

Figure 7.50: (a) the percentage of sherds of each form present in the combined assemblage
containing material from this and a previous project (Steele, 2004) and (b) the number of RLWm
ware sherds in the combined assemblage yielding each of the four residues and no residue

A further feature which stood out when the two sets of data were combined is
the distribution of beeswax residues.

These were much more frequent in

spindle bottles than in any other form with 65% coming from that form (fig.
7.51). However spindle bottles were the most common form – about 43% of the
assemblage so this is not an unexpected result.

In addition most of the

beeswax residues were present in sherds from Boğazköy in Turkey where the
majority of the sherds were from spindle bottles and other shapes were rare. It
is therefore unlikely that this relationship is significant.
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Figure 7.51: The percentages of each residue yielded by each vessel form for the
combined assemblage.

In the combined results the pattern described above of a variation with site was
reinforced (fig. 7.52).

With one exception (sherd 6 from Kouklia, Cyprus)

beeswax was still confined to Hittite sites in Turkey, bitumen to Cyprus and fat
or oil was present at all sites which yielded residues.

A further exception to the pattern is the site of Kilise Tepe, which is within the
sphere of Hittite influence for much of the LBA. Here no beeswax was found,
only fatty residues and faint traces of a fossil fuel type substance. However, the
RLWm ware samples from this site are unusual in that they are all from
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domestic contexts. Most of the other RLWm ware material studied has come
from tombs, disturbed tomb material or contexts associated with temples. The
vessel forms and coarseness of the fabric show more variation at this site
(Knappett et al., 2005) although there was no correlation between residues and
the form or coarseness of the ceramic fabric (Steele, 2004, 82; Knappett et al.,
2005).

Figure 7.52: The numbers of RLWm ware sherds from each site yielding each
residue and no residue for the combined assemblage.

The pattern of variation with geographical location, rather than vessel form,
fabric, date or context raises several questions. Were the vessels specially
treated for different markets, for example were they treated with beeswax for
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Hittite customers, and if they were why are there no beeswax residues in the
sherds from Kilise Tepe? Or do these variations represent the diverse practices
of different workshops or even individual potters?

It is also possible these

different residues might represent local re-use of the vessels. This possibility is
reinforced by the identification of similar beeswax residues in local fabrics from
Boğazköy. However the likelihood of anyone wanting to re-use a vessel which
had contained bitumen is remote as bitumen would taint any other liquid placed
in the container. What is clear is that the residues from the two sites in the
central Hittite area of Turkey represent a different scenario to those from other
areas. It will prove very difficult to answer any of these questions satisfactorily,
even should site(s) where RLWm ware was manufactured be discovered.

Despite the variation with geographical area it is interesting to note that all
residues have been found on Cyprus – although beeswax is only represented
by one residue. If Cyprus were the source of RLWm ware and the commodities
transported within RLWm ware vessels, this would be an expected result.
However, due to the very small numbers of bitumen and resin residues, and the
occurrence of beeswax in only one residue from Cyprus, it would not be wise to
draw any conclusions from this without further results for comparison. This is
particularly true if beeswax was a post-firing treatment usually applied to all
vessels (rather than selected vessels intended for a particular market) at the
place of manufacture as many more examples of beeswax residues would be
expected from Cyprus if this was the situation.
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It is also possible to interpret this variation with geographical area in quite a
different way. RLWm ware vessels were merely manufactured in one area, eg.
Cyprus, and traded for their own sake, being filled at their place of use, or even
at a third location with a medicinal, cosmetic or fragrant commodity as required.

The presence of a few open shapes in the assemblage would indicate that at
least some RLWm ware may have been traded as vessels in their own right
(Knappett et al., 2005), and the question of whether arm-shaped vessels could
be used as storage or transport vessels has not been satisfactorily addressed.
However only three (or possibly four – see table 4.1) open shapes were present
in the assemblage and all of these came from Cypriot sites (Hala Sultan Tekke
and Kazaphani). This does not support a widespread trade in open shapes. In
general the occurrence of open shapes is low (Eriksson, 1993, 21-210;
Knappett et al., 2005) and all of them (bowls, hemispherical bowls and jars)
appear to have been manufactured for quite a limited time during LC IIA
(Eriksson, 1993, 140). Interestingly one of the three sherds definitely identified
as open shapes yielded residues on the interior surface (Hala Sultan Tekke 3 –
fat/oil and bitumen) and one yielded fat/oil from the exterior surface (Kazaphani
7).

The sherd tentatively identified as an open shape (Kazaphani 6) also

yielded fat or oil from the interior.

Residues in open vessels do not relate

directly to trade or storage of commodities, but rather to use of the vessels. As
the majority of these vessels came from Tomb 2b at Kazaphani it might be
tempting to see them as being used in some kind of funerary ritual but there is
no direct evidence to support this.
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The one residue which seems to characterise RLWm ware is fat or oil.

This

has been identified in over 40% of the sherds and is present in some sherds
from all sites with only one exception. The three visible residues, by definition
the contents of the vessels in which they were found, are composed of a similar
fat or oil. It seems that some commodity or commodities based probably on
plant oil were the main or usual contents of RLWm ware vessels, wherever they
were in use. The possible preferential occurrence of bitumen in pilgrim flasks
may also indicate that different forms of RLWm ware vessels contained different
commodities, all with an oil base but with different added ingredients.

7.2

Results of experiments with modern materials

7.2.i

GC-C-IRMS of modern oils and waxes

7.2.i.a Plant oils

The results of the GC-C-IRMS analysis described in Chapter 6 are shown in
figure 7.53 and in tabulated form in Appendix 3. As can be seen from this figure
neither the modern oils nor the two wax samples had the same isotopic
signature as any of the modern animal fats shown in the same figure. It is
noticeable that seven of the eight oil samples had very similar values. For
these seven samples, which comprised almond oil, argan oil, three different
samples of olive oil, sesame oil and walnut oil, the range of δ13C 18:0 values was
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−27.3‰ to −29.6‰, with a mean at−28.1‰. The δ

13

C 16:0 values lay in the

range −27.3‰ to −28.4‰ with a mean at −27.9‰. The outlier from this group
was the moringa oil with values of δ13C 18:0 of −25.5‰ and δ13C 16:0 of −25.9‰.
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Figure 7.53: Results of the compound specific stable isotope results for modern oils and
modern raw beeswax. Also shown are the generally accepted ranges for modern animal fats
1
2
as reported in Dudd et al. (1999) and Craig et al. (2007). All modern figures corrected for
13
post-industrial changes in atmospheric δ C to allow comparison with archaeological data.

The very similar values for all but one of the modern oils appear to provide a
range of stable isotopic values within which most plant oils might be expected to
lie.

However seven samples is not a big database on which to base this

assumption and the eighth sample lies outside this range of values. To provide
a really good comparison for archaeological material more oil samples would
need to be analysed, both increased numbers and a wider range of oils. A
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further three samples of modern oils, including a further sample of moringa oil,
castor oil and flax oil were submitted for GC-C-IRMS analysis. The results are
unavailable at this time.

One of the few previous investigations of δ13C values of modern oils using C 16:0
and C 18:0 , as opposed to C 18:1 , was published by Spangenberg & Ogrinc, (2001)
and the results compared with archaeological samples in Spangenberg et al.
(2005). However, the δ13C values published in the latter paper are numerically
different to other work in the field. For example the values for pre-industrial
dairy fats cover a large range of δ13C 18:0 values from c.−40‰ to −27.5‰ and
δ13C 16:0 from −33‰ to −25‰, while more generally accepted values have been
reported as δ13C 18:0 c.−35‰ to −32.5‰ and δ13C 16:0 c.−31.5‰ to −27‰
(Evershed et al., 1999; Evershed et al., 2001). The results for pre-industrial C 3
plants have similar values to cattle adipose fats but with a larger range (preindustrial plants δ13C 18:0 c.−33‰ to −29‰, δ13C 16:0 c.−32.5‰ to −28‰ cf. preindustrial cattle adipose δ13C 18:0 c.−33‰ to −29.5‰ and δ13C 16:0 c.−27‰ to
−32‰) (Spangenberg et al., 2006, fig. 5). Pre-industrial in this paper indicates
modern reference materials with their δ13C values corrected by +1.6‰
(Spangenberg et al., 2006). The results reported by Spangenberg and Ogrinc
(2001) are not supported by the results from this study. However the results for
animal fats published by Spangenberg et al. (2006) do not agree with other
published data and more work is needed before the importance of this
disagreement can be assessed.
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It is interesting to note that in the results reported here the modern plant oils lie
across the proposed mixing line between ruminant adipose fats and pork fat
(Dudd & Evershed, 1998; Evershed et al., 1999; Evershed et al., 2001). In this
case the results do not pose a problem as it seems unlikely that animal fats
form a large proportion of the residues in RLWm ware vessels. However in
other Mediterranean contexts, where both plant oils and animal fats could
potentially be present, this could cause difficulties in interpreting the results of
GC-C-IRMS analysis. This potentially includes vessels used for cooking and
those used in the storage, transport or use of scented cosmetics, ritual mixtures
and medicines.

An examination of the plot of Δ13C against δ13C 16:0 (fig. 7.54) shows seven of
the eight modern oils form a cluster between Δ13C −1‰ and +1‰, which covers
the higher end of the range for ruminant adipose fats and the lower end of the
range for non-ruminant adipose. This method of analysing the data reveals a
difference in the values for Δ13C for almond oil, which has a more negative
value at −2‰. This again shows the similarity of many plant oils but also shows
the difficulty of distinguishing them from animal fats using this method.

Despite the small size of the sample set, this analysis does provide the
beginnings of a database of modern oil samples against which to compare
archaeological fats and has been used for this purpose during this project. This
is an important advance in the use of GC-C-IRMS analysis as a tool for the
analysis of archaeological fats and oils.
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Figure 7.54: Graph showing the results for Δ C against δ C16:0 for
modern oils and modern raw beeswax. All results corrected for post13
industrial changes in atmospheric δ C by +1.6 ‰ to allow comparison
with archaeological samples.
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7.2.i.b Modern beeswax

The results of the analysis of the two modern beeswax samples are shown in
figure 7.53. The two wax samples were generally more enriched in 13C for C 16:0
but have similar values to the oils for C 18:0 . Wax 1 gave values for δ13C 18:0 of
−27.4‰ and for δ13C 16:0 of −24.6‰, while wax 2 gave values for δ 13C 18:0 of
−27.8‰ and δ13C 16:0 of −25.5‰. Most of the variation between the two results
comes from C 16:0 , the difference in δ13C 18:0 values is only just higher than the
analytical error (±0.3‰). Therefore these two samples have isotopic signatures
which separate them from the generally accepted values for animal fats and
values for plant oils recorded during this project.
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Plotting Δ13C against δ13C 16:0 (fig. 7.54) reveals that the beeswax samples have
a different signature to the modern oils and the archaeological samples, with
Δ13C values of−2.8‰ and −2.3‰.

These values lie within the range for

ruminant adipose fats, again raising the question of whether this is a useful
analysis for determining the differences between fatty acids from animal fats
and those from waxes or plant oils.

There is little published data for the carbon stable isotope values of fatty acids
in beeswax, as the alkanes are usually the compounds of choice for GC-CIRMS.

One analysis of δ13C 16:0 values for both archaeological samples

containing beeswax and a 100-year-old beeswax sample is recorded (Evershed
et al., 1997; Evershed et al., 1999). The archaeological samples had δ13C 16:0
values of −21.1‰ to −23.7‰, while the 100-year-old beeswax yielded a value of
−22.8‰. These samples are more enriched than the two examples analysed
for this study, but only four samples were analysed, three of which were
archaeological samples. Only one authentic beeswax sample was included.

It is interesting to note that the more depleted sample (wax 2) from this study
may have been adulterated. GC analysis of the two waxes revealed a typical
beeswax pattern of wax esters and n-alkanes for wax 1 (fig. 7.55). However
wax 2 revealed a series of both odd and even numbered n-alkanes which
continue beyond the normal range of alkanes for beeswax (fig. 7.56). This may
indicate adulteration with a mineral wax like paraffin, even though the wax was
obtained from a food product sold for human consumption.
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Figure 7.55: Chromatogram produced by the TMS derivative of beeswax 1. a –
artefact of the GC; ●x – n-alkane with x carbon atoms; Cx:y – fatty acid with x carbon
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Figure 7.56: Chromatogram produced by the TMS derivative of beeswax 2. ●x – nalkane with x carbon atoms; WEx – wax ester with x carbon atoms.
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GC-C-IRMS may provide a way to determine whether the fatty acid content of
vessels containing beeswax is derived solely from the beeswax or represents a
mixed residue. If C 16:0 alone is present it is usually assumed that the fatty acid
is the result of the degradation of wax esters. However, if a range of fatty acids
is present the situation is not straightforward and this type of analysis may
provide a tool for further analysis of these types of mixed residues.

Two samples were not sufficient for a database of modern beeswax samples.
Beeswax is a very variable material, the exact composition of which will reflect
the type of plants visited by the bees.

In addition, little C 18:0 is present in

beeswax, even after degradation of wax esters by saponification. The small
abundance of C 18:0 is not easy to analyse and may introduce errors into any
determination of δ13C. In this case the two values for δ13C 18:0 are very close,
but careful attention should be given to this problem in any further analyses.

7.2.ii

GC-MS analysis of experimental perfumed oils

Generally the results of these experiments were disappointing. After the first
infusion with aromatic materials, GC-MS analysis of the oils revealed no
additional components which were not present in the original oil (fig. 7.57). This
was despite the oils being aromatic to the human nose.

After three infusions, four in the case of rose oil, only the two oils which had
been infused with resins revealed any compounds which were not present in
the untreated oil (fig. 7.57) (p169f). The control samples of oil processed by
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methods 1 and 2 with the first steep of the perfumed oils did not reveal any
differences at all from the fresh oils (p169f). However it would have been useful
to continue processing these samples with the perfumed oils to identify what
changes were being produced in the oils themselves by the processing.

Analysis of the two resin scented oils revealed some interesting features. The
frankincense oil yielded boswellic acids and related compounds which are its
characteristic biomarkers. Boswellic acids have a prominent mass fragments at
m/z 218 and 292 (Evershed et al., 1997c; Mathe et al., 2004) and extracting the
partial ion chromatogram for m/z 218 allowed several of these acids to be
identified (fig. 7.58). The myrrh oil produced a very similar chromatogram to the
frankincense oil, yielding α- and β-amyrins and unidentified compounds with
similar mass spectra to boswellic acids. Myrrh usually contains commic acids
which are structurally very similar to boswellic acids and little data is available
on their mass spectra. One paper (Colombini et al., 2000) indicates that the
triterpenoids in myrrh will contain mass fragments at m/z 189, 203, 410, 424
and 426, some of which (189, 203, 410, 424) are also present in boswellic acid
mass spectra. However from this analysis it is not clear whether boswellic acids
or commic acids are present and consequently whether the sample of myrrh
purchased was indeed pure myrrh or has been adulterated with frankincense. It
does have a strikingly different aroma to the frankincense sample but further
analysis would be needed to determine the composition of this sample of myrrh.

No lower terpenoids could be detected in any of the oils. These should be
present in modern preparations using aromatic plants and there may be several
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explanations for this. These compounds, which are responsible for the aroma
of many plants, may be present but not in sufficient abundances to be detected
by the GC-MS, especially against the high background of the olive oil. They
may also be too volatile to survive the sample preparation and analysis, being
lost by evaporation before they enter the GC column. It is also possible that
these compounds are thermally degraded during injection into the GC-MS. In
recent experiments α-pinene was used as a part of a standard mixture designed
to test the loss of different types of compound during preparation for and
analysis by GC-MS. The aim of this was to determine effects on quantification
of residues of loss during sample preparation and analysis and also the effects
of differential responses of the GC-MS to different classes of compound.
During these analyses the α-pinene was never seen in the GC-MS results, even
at the highest concentration of the standard mixture.

The most probable

explanation for this is that it is too volatile to survive the preparation and
analysis (Stern, 2009, unpublished results). This may explain why, although all
these oils smelled strongly of the aromatic ingredient, only the resinous
infusions, which contain higher terpenoids, yielded any compounds not related
to the oil base.
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Figure 7.57: Chromatograms produced by the TMS derivative of (a)
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(c) coriander oil after three steepings. Cx:y – fatty acids with x
carbon atoms and y double bonds.
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(c) Mass spectrum of O-acetyl-β-boswellic acid TMS ether showing the
fragmentations producing peaks at m/z 352 and 292 and the structure
of the 218 mass fragment.

The results of this experiment do not provide much hope of finding perfume
ingredients, other than resins, in archaeological material using conventional
GC-MS techniques. Resins have been detected in mummified material and in
ceramic residues (Mills & White, 1989; Serpico & White, 2000c; Buckley &
Evershed, 2001; Maurer et al., 2002; Charrié-Duhaut et al., 2007). However
reliable reports of other aromatic ingredients are rare.

Degradation and

evaporation are likely to have destroyed most of the material originally present
and, with no database to link what might be present in different types of
perfumed material, it will be almost impossible to link small traces of
compounds with any source material. Perfumed oils create an even greater
problem due to the abundance of the oil ingredients which mask any traces of
more volatile components. The use of different preparation techniques and/or
headspace analysis may allow GC-MS to detect these compounds. HPLC-MS
combined with preparative thin layer chromatography (TLC) will probably offer
the best method of analysing degraded perfumes from antiquity.

However the

use of TLC combined with HPLC-MS requires extensive method development
and was certainly beyond the scope of this project.
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7.3

7.3.i

Ceramic fabrics

Re-examination of the Neutron Activation Analysis data

Seventy four RLWm ware sherds from seven sites and 11 local sherds from 3
sites were previously analysed by neutron activation analysis (NAA) (Knappett
et al., 2005). These included 36 RLWm ware and 11 local sherds which were
analysed for residues during this project, plus two RLWm ware sherds which
were too small for residue analysis. Also included were 35 RLWm ware sherds
and one local sherd analysed during a previous project (Knappett et al., 2005;
Steele, 2004). The local sherds included 10 sherds in two local fabrics from
Boğazköy which are similar in appearance to RLWm ware and from vessels of
similar form. Also included were two sherds, one from Kazaphani and one from
Kalavasos, which appear to be imitations of RLWm ware. Although the data
from the NAA analysis have been published, the data has never been analysed
as whole. Principal component analysis (PCA) was carried out on data from the
Boğazköy sherds and a scatter plot of the results for scandium and chromium
had been produced for the Kilise Tepe sherds (Knappett et al., 2005, fig. 16 and
fig. 9).

In order to provide a better overall picture of the results, and to confirm the
theory that RLWm ware fabric is extremely consistent, principal component
analysis was carried out on the complete data set. The first attempt is shown in
figure 7.59. This produced a plot where the RLWm ware samples are very
closely clustered, and the local fabrics from Boğazköy were clearly
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distinguished. In addition the local sample from Kalavasos, identified by thin
section analysis, also lay further from the main cluster than most of the RLWm
ware samples. Sherd 26 from Boğazköy is the only RLWm ware sample to plot
well away from the main body group. The Kazaphani samples appear to form
their own cluster and it is not obvious why this should be the case. The local
sample from Kazaphani plots on the edge of this cluster, closer to the main
group than any other local samples.

Figure 7.59: A principal component analysis of the NAA data for 74 RLWm ware sherds
and 11 local sherds. Elements used for this analysis were arsenic, caesium, calcium,
chromium, rubidium and sodium. Data point label is sherd number mentioned in the text.
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The elements included in this principal component analysis were arsenic (As),
sodium (Na), calcium (Ca), chromium (Cr), caesium (Cs) and rubidium (Rb).
These elements were chosen by examining the data for those elements which
seemed the most variable to the eye. Unfortunately these are not the elements
with the highest variation in the data set and also contain sodium (Na) and
calcium (Ca), neither of which is reliable in the context of pottery fabric analysis.
Both elements are subject to exchange with the soil elements and calcium
content can be altered by secondary deposition from ground water meaning that
variation in these elements cannot be securely attributed to variation in the
original ceramic (Jones, 1986, 33-38; Pollard & Heron, 2008, 126-129).

Therefore a further analysis was carried out using As, Cr, Rb, lanthanum (La),
cerium (Ce) and cobalt (Co), which have the highest measured variance and
which are also considered reliable in NAA analysis of pottery fabrics. (Jones,
1986, 33-38) (fig. 7.60). This produced a slightly looser cluster of results which
encompasses most of the RLWm ware samples. However one RLWm ware
sample, sherd 7 from Kalavasos, lay well outside the cluster of RLWm ware
samples. Sherd 26 from Boğazköy was now on the outer edge of the RLWm
ware group, although still unusual when compared with the bulk of samples.
The Kazaphani samples again appeared to form their own cluster on the edge
of the main RLWm ware group.

Although one group of local fabrics from

Boğazköy lay away from the RLWm ware cluster, the other non-RLWm ware
samples were closer to the main group, with three samples plotting within the
main RLWm ware area. Without thin section analysis some of these samples
would have been considered to be RLWm ware.
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Figure 7.60: Principal component analysis of the NAA data for 74 RLWm ware sherds
and 11 local sherds. Elements used in the analysis were arsenic, cerium, chromium,
cobalt, lanthanum and rubidium. Data point labels are sherd numbers mentioned in the
text.

Also of some interest are the scatter plots of rubidium against chromium (the
two most variable elements) and scandium against chromium (fig. 7.61). On
both of these graphs most of the classic RLWm ware samples cluster in a very
narrow range of chromium (85 – 119 ppm) and scandium (14.4 – 23.1 ppm)
values, although with a wider spread in rubidium (91.6 – 180 ppm). The silty
RLWm ware samples also cluster within a very narrow range of chromium
values (174 – 180 ppm) which is different from the classic samples. One group
of local wares from Boğazköy are clearly distinguished from the RLWm wares
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by their much higher chromium content (230 – 726 ppm). The local imitation of
RLWm ware from Kalavasos has similar chromium content to the silty RLWm
samples at 164ppm but contains significantly less rubidium (36.8ppm), although
its scandium content is within the range of RLWm ware samples. In both cases
the presumed copy of RLWm ware from Kazaphani in Cyprus is within the area
occupied by the classic RLWm ware samples. In addition one group of local
fabrics from Boğazköy is not distinguished by these three elements.

Combining all the data has confirmed that the RLWm ware fabric is very
consistent. The material includes samples from Turkey, Cyprus and Egypt,
from seven sites which yield material from the 15th to the 12th centuries BC. It
also represents 74 vessels. Despite this, several different analyses of the data
produce a cluster of RLWm ware samples with only one or two samples lying
outside that cluster. This indicates that, in general, the elemental composition
of RLWm ware remains extremely consistent regardless of geographical origin
or date.

The opinion has been expressed that these results are more

characteristic of the analysis of different samples from one vessel rather than a
collection of 74 sherds from seven different sites (Kilikoglou, pers. comm.).
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Figure 7.61: Scatter plots showing the variation of (a) rubidium vs chromium
and (b) scandium vs chromium for the 74 RLWm ware and 11 local samples.
Ellipses mark the silty samples of RLWm ware from Boğazköy.
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7.3.ii

LA-ICP-MS analysis of some ceramic samples

Although many of the samples analysed during this study had been examined
by NAA and thin section analysis the fabric of a significant proportion had not
been examined. RLWm ware was widely copied during the LBA and in addition
other fabrics may have a very similar appearance.

In order to check the

identification of some sherds which appeared different macroscopically from the
RWLm ware samples, eleven sherds, five of which had already been analysed
by NAA and thin section analysis and known to be RLWm ware, were examined
using LA-ICP-MS.

The results of this analysis are shown in figure 7.62.

This is a principal

component analysis of all the samples and the NIST613 standard using the
same six elements used in the second principal component analysis of the NAA
results. From this plot it is evident that the repeated sample Boğazköy sherd 6
did not give a very consistent result. Despite this the samples form a definite
cluster with all but the second sample of Boğazköy sherd 6 lying within a small
area of the graph. Figure 7.63 shows the principal component analysis of the
same data but using the statistically most variable elements in the data set (Ce,
Cr, La, Rb, cobalt (Co) and thorium (Th).

Both of these plots fail to show any significant differences between any of the
samples analysed. It is therefore assumed that all the sherds are very similar in
elemental composition and are all RLWm ware.
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Figure 7.62: Principal component analysis of the LA-ICP-MS data for 5 RLWm ware
sherds and 6 test sherds. Principal component analysis was carried out using As, Ce,
Co, Cr, La, and Rb. The NIST 613 standard is included as a comparison. Sherds
previously identified as RLWm ware are Boğazköy sherd 6 (B6), Hala Sultan Tekke sherd
2 (HST2), Kalavasos sherd 3 (KAL3), Kazaphani sherd 2 (K2) and Kouklia sherd
1(KOU1). The sherds under test were sherds 7, 9 and 10 from Arpera (A7, A9 and A10),
sherd 1 from Dhenia (D1) and sherd 1 from Myrtou-Pighades (MP1).
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Figure 7.63: Second principal component analysis of the LA-ICP-MS results for 5 RLWm
ware sherds and 6 test sherds. Principal component analysis was carried out using the
most variable elements determined from their standard deviations (Ce, Co, Cr, La, Rb and
Th). NIST 613 standard is included for comparison. Sherd identities are as in figure 7.62.
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7.3.iii

Re-examination of ceramic thin sections

Ceramic thin sections were available for all the RLWm ware sherds from
Boğazköy except sherds 41 and 42, all the sherds from Kalavasos, Kazaphani,
Kouklia, sherds 1 to 6 from Hala Sultan Tekke, sherds 2 to 5 from Saqqara and
sherds 201 to 208, 1428, 4211 and 5502 from Kilise Tepe.

The results of thin section analysis of these sherds have already been
published (Knappett et al., 2005) and are described in Chapter 2. The aim of
the re-examination was not to repeat this analysis but to look for other features
which might be of interest.

In six examples (Boğazköy sherds 2 and 4, Hala Sultan Tekke sherd 6,
Kazaphani sherds 8 and 9 and Kilise Tepe sherd 203) the self-slip can be
observed (fig. 7.64), usually because the optical activity of the clay mix used for
the slip is slightly different to that of the body clay. In a few sherds there is also
a variation in either the colour and/or the optical activity of the clay which
produces a textural feature which might have been due to deliberate mixing of
clays by the potter. Sometimes this can be seen in plane-polarised light (PPL)
as well between crossed polarisers (XPL) (fig. 7.65). Although this may be
indicative of deliberate clay mixing, it could equally be a natural feature of the
clay.
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(a)

(b)

(c)

(d)

Figure 7.64: Photographs of thin sections showing the presence of the self slip. (a) Kilise
Tepe sherd 203; (b) Kazaphani sherd 8; (c) Kazaphani sherd 9; (d) Hala Sultan Tekke sherd
6. All photographs taken in cross polarised light.
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(a)

(b)

(c)

(d)

(e)

Figure 7.65: Photographs of thin sections showing textural features. (a) and (b) Boğazköy
sherd 9 showing the same area in plane polarised light (a) and between crossed polarisers;
(c) and (d) Hala Sultan Tekke sherd 6 showing the same area in plane polarised (c) and
between crossed polarisers; (e) Boğazköy sherd 18 between crossed polarisers.
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7.3.iv

Comparison of results with those from a previous study

A comparison of the data above with that published by Schubert and Kozal
(2007) was also carried out. This was an analysis of 42 pottery sherds from
Boğazköy which included 27 examples of RLWm ware spindle bottles and armshaped vessels from the Southern Ponds at Boğazköy and from other parts of
the site (the Northwest Slope, Büyükkaya and Büyükkale). The collection also
included two examples of Black Lustrous Wheelmade ware (BLWm), one
RLWm ware imitation, six standard Hittite ware (Drab ware), one redbrownslipped Hittite ware, one red-slipped bichrome ware spindle bottle, one example
of a local cooking ware and one unknown ware similar to Cypriot Bucchero
ware. Three clay samples were also analysed – two from the plaster lining one
of the Southern ponds and the other from a drill core taken below the site.
Sixteen sherds from Kuşakli were also analysed and included 10 RLWm ware
sherds, three of which were those analysed for residues during this project
(Mielke, pers. comm.). Local brown-slipped ware (one example analysed for
residues during this project), local standard wares and two clay samples were
also included in this analysis. Schubert and Kozal also examined RLWm ware
samples from Porsuk, Korucutepe and Ališar, all Hittite sites in Turkey. Five
samples of RLWm ware and five examples of Base Ring Ware II (BR II) were
analysed from Hala Sultan Tekke in Cyprus (Schubert & Kozal, 2007).

NAA, petrography, X-ray diffractometry (XRD) and Scanning Electron
Microscopy (SEM) were used as part of this analysis (Schubert & Kozal, 2007).
The results are of interest because the sample set includes further material from
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the same context (Southern Ponds, Bogazköy), from the same site (Hala Sultan
Tekke and Kuşakli) or the same material (three RLWm ware and one brownslipped ware sherds from Kuşakli) as that examined during this project, as well
as RLWm ware from other Hittite sites (Schubert & Kozal, 2007).

A comparison of the NAA data is particularly interesting.

The results are

presented as a principal component analysis (fig. 7.66) and as a scatter plot of
scandium against chromium (fig. 7.67). It is not clear whether all the elements
measured were used for the principal component analysis but the graph
presents a similar picture to that produced by the analysis of data from this
project (fig. 7.59 and 7.60). The RLWm ware samples form a tight cluster with
the BLWm ware sample being the only other sample in this area of the plot.

Figure 7.66: From Schubert and Kozal (2007), figure 2 – a principal component analysis
plot of NAA results. BL – Black Lustrous Wheelmade ware; BR – Base Ring ware; RL –
Red Lustrous Wheelmade ware; SW – Standard Hittite ware (Drab ware)
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Figure 7.67: From Schubert and Kozal (2007), figure 3 – a scatterplot of scandium vs
chromium from the NAA results. Key as in figure 7.66.

The scandium against chromium scatter plot produced a graph which is
remarkably similar to the results obtained from the data in this study (fig. 7.61).
The RLWm ware forms a cluster which covers a larger range of scandium
values (approx. 17-27 ppm) and an identical range of chromium values (100200 ppm) although an assumption had to be made that the measurements on
the graph are in ppm as that is not specified. This cluster also includes the BR
II samples, the BLWm ware samples, the RLWm ware imitation and one of the
clays from Boğazköy, although all these except the BLWm ware sample are
separated by the principal component analysis.

The NAA was carried out at the reactor in Freiberg whereas the analysis of
samples reported in Knappett et al. (2005) was performed in Athens. Given the
difficulties in comparing data coming from different reactors these two sets of
results show a remarkable agreement. This serves to reinforce the thesis that
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RLWm ware fabric is remarkably consistent, wherever it is found. In turn this
supports the thesis that RLWm ware was all manufactured in the same area.
The study by Schubert and Kozal (2007) claims to support the theory that this
area was somewhere on Cyprus. Due to the similarity with the BLWm ware,
both chemically and petrographically, they conclude that these two wares have
a common provenance. BLWm ware probably originates on Cyprus and this
would give RLWm ware a Cypriot provenance. One sample of BLWm ware was
found to be of eastern Cypriot clay (Åstrom, 2007) but the ware is rarer that
RLWm ware and its origins are by no means certain (Åstrom, 2007). In the
scandium against chromium plot the BR II samples also plot in the same area of
the graph as the RLWm ware. BR II was manufactured in Cyprus and the
similarities are said to support the Cypriot origin for RLWm ware although
elsewhere in the text the differences in chemistry (as shown by the principal
component analysis) and petrography are acknowledged.

What is clear from combining different analyses of RLWm ware is that the fabric
shows remarkable consistency in its chemistry. This supports the idea that,
wherever it was manufactured, it was all made in the same area. What is
lacking so far is a definitive match to clay from a particular area of Cyprus or
anywhere else in the eastern Mediterranean.

Although the combination of

petrography and chemistry can produce suggestions as to where this might
have been and eliminate some possibilities, without a kiln site or an exact match
to a local clay or clays the exact source of RLWm ware will remain elusive.
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7.4

Vessel volume calculations

7.4.i

Spindle bottles

The three illustrated spindle bottles from Eriksson’s catalogue (Eriksson, 1993,
fig. 5a) which were considered to be accurate scale drawings were catalogue
numbers 215, 216 and 542. 215 and 216 are the among the smallest spindle
bottles in the catalogue while 542 is the tallest. Number 215 is from the site of
Pella in Jordan and is now in the Nicholson Museum at the University of Sydney
(inventory number 89.49).

Eriksson records it as coming from Tomb

62(1C):1128 and gives a registration number (72725) and a catalogue number
(5739) (Eriksson, 1993, 195). Vessel 216 is recorded as purchased by the
Museum of Jordanian Heritage, Yamouk University, Irbid (Inventory number A
759) and may also come from Pella (Eriksson, 1993, 195). Number 542 is from
Enkomi Tomb 2 (French excavation) and is now in the Musée de Louvre, Paris
(Inventory number AM 2269) (Eriksson, 1993, 221). The calculated volumes
were 316 cm3, 510 cm3 and 3.1 litres respectively.

Two spindle bottles

(numbers 804 and 130) were measured from the 1:4 scale diagram in South
and Steel (2007, figure 4). Number 804 is the smallest and 130 the tallest bottle
illustrated although there is no indication of whether larger or smaller spindle
bottles were present in the assemblage. The volumes for these were calculated
at 278 cm3 and 326 cm3 respectively. The spindle bottle from the Royal Albert
Memorial Museum in Exeter (see p25 for details) had an estimated volume of
477 cm3.
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This gives a range for the volumes of spindle bottles of between 300 cm3 and
3.1litres.

7.4.ii

Pilgrim flasks

The only examples of pilgrim flasks which could be used for volume estimation
came from Eriksson’s catalogue as her illustrations are the only ones which
show a side profile of pilgrim flasks (Eriksson, 1993, fig. 5b). This view is
needed to measure the heights of the two spherical segments which were taken
as a proxy for the shape of a pilgrim flask. The two flasks were catalogue
numbers 866 and 818 – 866 being the smallest pilgrim flask illustrated while is
818 larger. Unfortunately the largest example illustrated, number 915, could not
be used as no actual measurements are supplied in the catalogue so no scale
could be calculated. Both vessels are from Enkomi; vessel 866 is from Enkomi
Tomb 35 (British excavation) now in the British Museum (Inventory number 97
4-1 910 35, C189) (Eriksson, 1993, 241) while 818 is from Tomb 1336:250-1
(French excavation) (Eriksson, 1993, 246). The smallest pilgrim flask (866) had
an estimated volume of 242 cm3 while volume of the larger flask (818) was
calculated at 277 cm3.

Of interest is also the report in South and Steel (2007) that the volume of their
large pilgrim flasks was 5.5 litres which is considerably larger than the examples
from Eriksson’s catalogue.
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7.4.iii

Arm-shaped vessels

Two of the examples illustrated by Eriksson (1993, fig. 7) were used to calculate
volumes. Catalogue number 1011 is the only example of the short form of armshaped vessel in the catalogue. This vessel is from Enkomi Tomb 57 (British
excavation) and is now in the British Museum in London (Inventory number 97
4-1 1301, A 33) (Eriksson, 1993, 258). Catalogue number 1021 is the longer
form and is also from Enkomi (French excavation, Tomb 2:7) and is now in the
Musée de Louvre in Paris (Inventory number AM 2355) (Eriksson, 1993, 259).
The volumes were calculated to be 299 cm3 and 569 cm3 respectively. The one
example illustrated by South and Steel (2007, fig. 4, no. 1980) is also a long
form arm-shaped vessel and gave a calculated volume of 808 cm3.

7.4.iv

Discussion

Although it was only possible to calculate the volume of 11 vessels, there is no
reason to assume that these are not typical. Indeed it could be argued that,
precisely because these examples were illustrated by the authors concerned,
they were typical. Although actual measurements of the capacities of RLWm
ware vessels would give more accurate results these calculations do give an
approximate range of volumes for each of the main forms of RLWm ware
vessels, particularly when combined with the measurements from Kalavasos.
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