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Abstract

A new method is described for distinguishing between animal fats preserved in ancient pottery. Analysis of lipid fractions
from two morphologically distinct vessel types (lamps and ‘“‘dripping dishes’) using on-line gas chromatography—
combustion—isotope ratio mass spectrometry (GC—C—IRMS) showed that they could be distinguished by plotting the 8**C
value for n-hexadecanoic acid against that for n-octadecanoic acid. The 8*°C values obtained for modern reference fats from
domesticated animals likely to have been important in antiquity showed the lamp extracts to correlate with ruminant animal
fat, such as sheep or cattle, whereas the *“dripping dishes” had 8**C values similar to those of non-ruminant animal fat, such
as pig. These findings were entirely consistent with distributional information obtained by GC and with positional isomer
information gained from analysis of dimethyldisulphide derivatives of the monounsaturated fatty acids. The results indicate
that GC-C—IRMS has considerable potential for the classification of animal fats absorbed in ancient pottery particularly
where fatty acid distributions have been altered by degradation during vessel use or buria. 8*°C values were also shown to
be of value in detecting the use of vessels in the processing of animal products from more than one source. [0 1999
Published by Elsevier Science BV. All rights reserved.
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1. Introduction

Ceramic objects, such as pottery vessels, are
amongst the most common class of artefacts found at
archaeological sites. Attempts to derive functional
and dietary evidence from these vessels have focused
on the analysis of organic residues preserved in
unglazed pottery, either as charred surface deposits
or, more commonly, absorbed within the ceramic
fabric [1,2]. Investigations of such residues have
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revealed a wide range of commodities associated
with vessel usage in the past, including epicuticular
leaf waxes [3,4], beeswax [5,6] and degraded animal
fats [5,7,8]. These studies have utilised a **biological
marker’” or ‘‘biomarker” approach, attempting to
correlate molecular components, particularly lipids,
preserved within the organic residues with biomole-
cules present in modern-day plant and animal tissues.

Although the composition of anima and plant
lipids in contemporary materials is well established
[9], the effect of degradation, e.g. chemical, mi-
crobiological or physical, on these individual lipids
and their distributions during vessel use and burial

0021-9673/99/$ — see front matter O 1999 Published by Elsevier Science BV. All rights reserved.

PIl: S0021-9673(98)01041-3



210 H.R. Mottram et al. / J. Chromatogr. A 833 (1999) 209-221

(diagenesis) is still poorly understood [7,8,10]. The
complex mixtures which arise from the degradation
of lipids, particularly those containing appreciable
quantities of unsaturated components, are difficult to
interpret and can often lead to the erroneous charac-
terisation of the origin of the residues. Techniques
such as nuclear magnetic resonance spectroscopy
[11], thin-layer chromatography in conjunction with
infrared spectroscopy [12] and high-performance
liquid chromatography [2] are useful for providing
“fingerprints”’ of organic residues. However, gas
chromatography in conjunction with mass spec-
trometry (GC-MS) is the most useful technique for
lipid analysis since it allows structural identification
of individual compounds, providing enhanced oppor-
tunities for the characterisation of the organic residue
[13].

Until recently, most GC and GC-MS studies of
lipid extracts from archaeological ceramics have
involved the analysis of fatty acids, usualy as
methyl ester derivatives [14,15]. Since its application
to archaeological studies [13], the technique of high-
temperature capillary GC, has been routinely used
for the analysis of lipids, e.g. fatty acids, mono-, di-
and triacylglycerols, of different natural product
origin from a range of archaeologica ceramics
[6,14,17].

Within the last two decades, techniques which
make use of the stable isotopes of carbon (**C/*C)
and nitrogen (*°N/**N) have been widely applied to
the investigation of the ancient human diet [18,19].
These studies rely on the fact that the isotopic
composition of an organism’s tissue depends on the
relative contributions of isotopicaly distinct com-
ponents of the individual's diet [20,21]. Clear iso-
topic distinctions are therefore observed between
organisms originating from marine or terrestria
sources, specifically in the latter case due to differ-
ences between the C, (Calvin) and C, (Hatch—Slack)
photosynthetic pathways. Carbon isotope ratios are
expressed relative to the VPDB (Vienna Pee Dee
Belemnite) standard (Bellemnitella americana), $*°C
(in per mll (%)):1000 [(Rsample_Rstandard)/Rstandard]l
where R is *C/**C.

Until the relatively recent introduction of on-line
techniques, research in this field involved bulk
isotopic 8*°C measurements of organic matter. Has-
torf and DeNiro [22] applied bulk stable isotope

techniques to the analysis of archaeological pottery
from South America. Charred organic residues on
the surfaces of potsherds retained the isotopic com-
positions of the contributing foodstuffs. Isotopic
analysis of sherds from three historical periods
showed how the proportion of legumes, non-
leguminous C; plants and C, plants varied in the
prehistoric diet over time. Morton and Schwarcz [23]
also used stable carbon isotopes to examine food
residues thought to originate from maize.

With the introduction of on-line gas chromatog-
raphy—combustion—isotope ratio mass spectrometry
(GC-C-IRMS), stable carbon isotope ratios of
individual components in a mixture can now be
measured, providing opportunities to enhance the
isotopic analysis of organic residues from ar-
chaeological ceramics and indeed other classes of
artefact or ecofact [24]. The first application of
GC-C—-IRMS to archaeological materials was car-
ried out by Evershed et a. [25]. $"°C values of
specific leaf wax compounds (n-nonacosane,
nonacosan-15-ol and nonacosan-15-one) extracted
from potsherds were compared with the equivalent
compounds recovered from modern plants. When
utilised in conjunction with structural and distribu-
tional evidence, these results suggested that the lipids
in the potsherds were derived from a Brassica
species, probably cabbage. Compound-specific stable
isotope values have proved to be particularly valu-
able where distributions or structures of compounds
have been altered by human activity in the past, or
natural decay processes during burial. One instance
of this involved the use of 5"°C values to demon-
strate a precursor—product relationship between fatty
acid components of ancient pottery and novel plant
leaf wax-like long-chain ketones formed by pyrolysis
during the use of the vessels [26,27]. Likewise 3*°C
values of individual compounds were essentia in
resolving a question of the presence of beeswax in
ceramic lamps and conical cups from Bronze Age
Crete [6].

Although degraded anima fats are the most
common class of residue observed in archaeological
pottery, often in appreciable quantities, their variable
composition and decay during burial complicates
their identification. The am of this work was to
explore the use of arange of analytical techniques to
determine the origin of the acyl lipids present in
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Table 1

Medieval pottery samples from Causeway Lane, Leicester, UK

Sample ref. Vessdl type Burial context

20802 Lamp Rubbish fills in pit, cess present

21619 Lamp Rubbish fills in pit, no cess present

23006 Lamp Rubbish fills in pit, no cess present

20582 Dripping dish Upper fills of deep pit, no cess present

21449 Dripping dish Rubbish fills in pit, cess present

21823 Dripping dish Mixed rubbish and cess fills of deep pit, cess present
21826 Dripping dish Mixed rubbish and cess fills of deep pit, cess present
21828 Ceramic cauldron Primary fills of deep pit, probably dug as awell in first

instance and later used as a cess pit, cess present

archaeological pottery of medieval date, recovered
from the Causeway Lane excavation, Leicester, UK.
Lipid anaysis was carried out on two types of
potsherd, classified as lamps and ‘‘dripping dishes’
(Table 1). One example of a sherd from a ceramic
cauldron was also studied. The specific objectives of
the study were: (1) to determine whether lipid
residues could be used to differentiate types of
vessel, and (2) to gain insight into the origin of the
lipids by comparison of isotopic (8*°C), structural
and distributional data obtained for individua lipids
with those of modern reference fats.

2. Experimental
2.1. Materials

Modern reference materials were chosen to repre-
sent a range of fat sources which may have been
significant in antiquity. Since the potsherds under
investigation are dated prior to the introduction of C,
plants to Europe, where possible the fats analysed
were obtained from animals raised from birth on C,
diets [28]. Samples of subcutaneous adipose tissue
from three lambs and two cows were chosen to
represent a range of different breeds, ages and other
factors and were obtained from loca farms. All
solvents were of HPLC grade and were obtained
from Rathburn (Walkerburn, UK).

2.2. Apparatus

GC analyses were performed on a Hewlett-Pac-
kard 5890A gas chromatograph (Palo Alto, CA,

USA) coupled to a personal computer equipped with
CHEMSTATION Software. On-column injections were
made manually.

GC-MS was carried out using a Carlo Erba Mega
Series gas chromatograph (Milan, Italy) interfaced to
a Finnigan MAT 4500 mass spectrometer (San Jose,
CA, USA) operated in electron ionisation (EI) mode.
Mass spectra were collected over the range m/z 50 to
650 at a frequency of 1 scan/s.

GC-C—-IRMS was performed using a Varian gas
chromatograph attached to a Finnigan MAT Delta S
mass spectrometer (Bremen, Germany) via a Fin-
nigan MAT Mark | combustion interface. The com-
bustion interface comprised a ceramic furnace with a
copper oxide and platinum catalyst and was main-
tained at 850°C. A Nafion membrane prevented
water from reaching the ion source. The mass
spectrometer source pressure was 7-10°° Torr (1
Torr 133.322 Pa).

2.3 Lipid extraction

The lipids from the archaeological samples were
extracted using chloroform—methanol (2:1, v/v) as
the extraction solvent, following a procedure de-
veloped by Charters et al. [16]. The lipids from the
modern reference materials were extracted as fol-
lows. Adipose tissue (=2 g) was placed in a conical
flask with chloroform—methanol (50 ml) and soni-
cated (2X15 min). The extract was filtered and the
bulk of the solvent removed using a rotary
evaporator. The remaining solvent was removed
under a gentle stream of nitrogen and the resulting
lipid extract stored at —20°C until required for
analysis.
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2.4. Preparation of fatty acid methyl esters

A portion of the total lipid extract was saponified
with NaOH (2 M in methanol, 2 ml) and heated at
70°C for 1 h. After cooling, the solution was
acidified with agueous HCI (0.5 M) and the free fatty
acid fraction extracted with cyclohexane (3X5 ml).
The solvent was reduced to a small volume by rotary
evaporation before the remaining solvent was re-
moved under a gentle stream of nitrogen. The free
fatty acids were methylated to their corresponding
methyl esters by adding 2 ml of a 14% w/v boron
trifluoride—methanol complex (BDH, Poole, UK) to
the sample which was heated at 70°C for 1 h. After
cooling, water (6 ml) was added and the methyl
esters extracted with diethyl ether (3 ml). The
solvent was removed under a gentle stream of
nitrogen after which the fatty acid methyl esters were
redissolved in hexane for analysis by GC, GC-MS
and GC-C-IRMS.

2.5. Preparation of dimethyldisulphide derivatives

DMDS (100 pl, Aldrich, Gillingham, UK) and
iodine in diethyl ether (6% w/v, 2 drops) were added
to the fatty acid methyl esters and allowed to stand at
room temperature overnight. The solution was then
gquenched with agueous sodium thiosulphate (5%
w/v, 500 pl) and the DMDS derivatives extracted
with hexane (1 ml). The hexane layer was trans-
ferred and used directly for GC-MS analysis.

3. Results and discussion

Since the “‘dripping dishes’ are known from
pictoria records to have been used to collect the fat
form animal carcasses during spit-roasting, the ques-
tion was posed as to whether the fat from these
vessels was used as a fuel for the lamps. A range of
analytical techniques was used to compare the
compositions of the fats from the two vessel types.
Bearing in mind the restricted number of species of
domesticated animal that would have been important
in the medieval period in the UK, these data can also
be used to propose the most likely species of origin
for the ancient fats.

3.1. High temperature—GC analyses

Fig. 1 shows typical high-temperature gas chro-
matograms of the total lipid extracts recovered from
alamp, dripping dish and cauldron. Low abundances
of triacylglycerols can be seen at retention times
around 30 min, but the majority of the lipid has been
hydrolysed, either chemically or enzymatically dur-
ing use or burial, resulting in a high abundance of
free fatty acids. Since di- or monoacylglycerols are
only present in very low abundance, this hydrolysis
appears to be amost complete. The small amount of
triacylglycerol species which remain intact appear to
have been absorbed into the matrix of the pot in such
a way that they are protected from degradation. The
fatty acids present comprise mostly 16:0, 18:0 and
18:1 species and it is possible that shorter chain
compounds or oxygenated degradation products
which may have been present have been removed
through dissolution or are not seen as a result of
polymerisation. The high abundance of saturated
species in al three vessels suggests animal sources
[29]. The distribution of triacylglycerols alone is not
sufficiently distinctive to alow different fats to be
di stingui shed.

3.2, FAME analyses

Fig. 2 shows typical gas chromatograms of the
FAMEs obtained by saponification and methylation
of the total lipid extracts recovered from a lamp
(sample 20802) and a ‘‘dripping dish” (sample
20582). The two types of vessels were clearly
grouped according to their fatty acid compositions
(Table 2). Although the extracts of al the vessels
contained the same major fatty acid components
(16:0, 18:0 and 18:1) there were clear differencesin
the relative proportions. In the lamps, the 18:0 fatty
acid was more abundant than the 16:0 component. In
contrast, the dripping dishes showed a greater abun-
dance of 16:0. Differences in the minor components
could also be seen. The lamps contained significant
amounts of branched-chain fatty acids which were
only present at low abundance in one of the “‘drip-
ping dishes’ (sample 21449) and also displayed a
higher abundance of odd carbon-numbered, straight-
chain compounds, specifically 17:0 and 19:0. The
digtinctly different fatty acid profiles of the two
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Fig. 1. High-temperature gas chromatograms of the total lipid extracts recovered from alamp (8), dripping dish (b) and cauldron 21828 (c).
Analyses were performed using a 15 mx0.32 mm 1.D. fused-silica capillary column coated with DB1 stationary phase (immobilised
dimethyl polysiloxane, 0.1 pm film thickness, J& W Scientific, Folsom, CA, USA) and the following temperature program: 50°C (2 min); 50
to 350°C at 10°C min~*; 350°C (10 min). Hydrogen was used as a carrier gas at a column head pressure of 10 p.si. (1 p.si.=6894.76 Pa).
Peak identities are: 14:0, 16:0, 18:0 are n-alkanic acids; 18:1 are octadecenoic acids; IS, internal standard of n-tetratricontane added at the
extraction stage; 48, 50, 52, 54 are triacylglycerols bearing 48, 50, 52, 54 acylcarbon atoms, respectively.
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Fig. 2. Gas chromatograms of fatty acid methyl esters recovered from a ‘“dripping dish™” (8); sample 20582) and a lamp (b); sample 20802).
Analyses were performed using a 25 mx0.32 mm |.D. fused-silica capillary column coated with BPX70 stationary phase (immobilised 70%
cyanopropy! equivalent modified siloxane; 0.12 pm film thickness;, SGE, Milton Keynes, UK). The temperature program was as follows:
40°C (2 min); 40-200°C at 4°C min~*; 200°C (10 min). Helium was used as a carrier gas at a column head pressure of 10 p.s.i. Peak
identities are as for Fig. 1 in addition to 15 br and 17 br; i- and & are iso- and anteiso-isomers of branched C,; and C,, akanoic acids.
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Table 2

Fatty acid compositions of the total lipid extracts of archaeological pottery vessels

Fatty acid Archaeological pottery

Lamps Dripping dishes Cauldron

21828

20802 21619 23006 20582 21449 21823 21826
14:.0 6.9 25 0.7 0.5 13 09 0.6 24
15.0 0.7 12 0.6 0.4 0.5 0.7 0.4 10
15br 0.2 0.6 0.2 - 0.2 - - 05
16:0 215 29.9 184 58.6 61.0 574 63.0 425
17.0 32 27 26 0.6 0.7 1.0 0.6 11
17br 15 15 0.8 - 04 - - 1.0
18.0 59.8 51.9 71.0 322 19.5 20.2 26.9 383
181 8.7 6.5 22 33 9.8 16.4 14 838
19:.0 13 0.3 0.7 - - - - 0.2
20:0 0.6 05 11 - 04 05 13 04
21.0 - - 0.2 - - - - 0.2
22:.0 - 0.4 - 04 - - - -
24:0 - 0.8 - - - 03 - -
26:0 - 0.7 - - - - - -

The compositions are expressed as a percentage of the total. Only those components comprising >0.1% of the total have been reported.

Chromatographic conditions as in Fig. 2.

vessel types clearly indicated that the absorbed lipid
residues had different origins. The branched-chain
compounds observed in the lamps could be due to
microbial contamination, but are also characteristic
of the fats of ruminant animals, including sheep and
cattle [30].

3.3, GC-C—IRMS analyses

Results obtained from duplicate injections were
corrected to alow for the extra carbon atom intro-
duced to the molecule during methylation. A correc-
tion factor, specific to the batch of reagent, was
obtained by comparison of the 8*°*C values obtained
for standard fatty acids of known isotopic com-
position (palmitic acid, Sigma, Sigma grade 99%;
stearic acid, Aldrich, 99+9%) with those of their
methyl esters, using the equation of Jones et al. [31].
Fig. 3 shows typicad data for the GC—-C-IRMS
analysis of degraded animal fats from archaeological
ceramics. The inset shows the region in which the
major fatty acids elute expanded to reveal the
resolution that is attained. Since polyunsaturated
fatty acids are absent and 8™°C values were only
required for the 16:0 and 18:0 components a di-
methylpolysiloxane stationary phase was deemed

appropriate for this type of analysis. For GC-C—
IRMS analyses of fresh animal fats (and plant oils)
polar stationary phases, e.g. polyethylene glycol or
cyanopropyl polysiloxane phases, are essential to
achieve the baseline resolution required for deriving
reliable 3*°C values from more complex mixtures
[32-35]. It is clear from the high quality of the GC
resolution shown in Fig. 3 that high precision 8**C
values are readily obtainable. All our GC-C-IRMS
data are manually edited with the result that preci-
sions of better than =0.3%. are routinely obtained.
Fig. 4 shows a plot of the 8**C values of the 16:0
fatty acid versus those of the 18:0 fatty acid. The
values show a distinct grouping of the vessels,
reflecting that indicated by the fatty acid distributions
(Table 2). In the lamps the 16:0 was enriched in **C
relative to the 18:0, whereas in the dripping dishes it
was relatively depleted. The discrete groupings indi-
cated by the isotope ratios provide further evidence
for the different origins of the lipids absorbed in the
pottery. The 8'°C values obtained for sheep and
cattle (grass fed ruminants) correlated well with the
data obtained for the lamps and were consistent with
the fatty acid distributions obtained by GC analysis.
The isotope values obtained for the pig fat (non-
ruminant) coincided very closely with those obtained
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Fig. 3. Partial m/z 44 chromatogram obtained for the GC—C—IRMS analysis of the fatty acid methyl esters recovered from a medieva lamp
(sample 21619). Analyses were performed using a 50 mx0.32 mm |.D. fused-silica capillary column coated with CPSil-5CB stationary
phase (immobilised dimethyl polysiloxane; 0.12 pwm film thickness, Chrompack, Middelburg, The Netherlands), using a SPI injector. The
temperature program was as follows: 40°C (2 min); 40-200°C at 10°C min~*; 200-300°C at 3°C min~*; 300°C (15 min). Helium was used
as the carrier gas at a column head pressure of 10 p.s.i. The groups of three signals at the beginning and end of the analytica run are
replicate samples of reference CO, gas used for standardisation purposes. The inset shows an expansion of the region of elution of the fatty
acid methyl esters emphasising the baseline resolution required for obtaining reliable 8**C values. The upper chromatogram in the inset
shows the instantaneous ratio of m/z 45/44. 1.S. is n-tetratricontane, the internal standard used for quantification in standalone GC analyses.

The peak identities are as given in Figs. 1 and 2.

for the **dripping dishes’. Again this was consistent
with the fatty acid composition data obtained by GC
and GC-MS analysis.

3.4. Analysis of dimethyldisulphide derivatives

Addition of DMDS across the double bonds of
monounsaturated fatty acid methyl esters results in

bis-methylthio compounds, which when analysed by
GC-MS give rise to fragment ions corresponding to
cleavage of the molecule between the two methylthio
groups. These fragment ions allow the position of the
methylthio groups to be determined and hence give
information on the position of the double bonds in
the original fatty acids (Table 3) [36].

Analysis of the DMDS derivatives of the monoun-
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Fig. 4. Plot showing the 8*°C values of the 16:0 and 18:0 fatty acids from archaeological vessels [lamps (O), ““dripping dishes” (1) and
cauldron (A)] and from modern reference fats [cattle (¢), sheep (@) and pig (M)]. Analyses of pottery lipid extracts were carried out using
the chromatographic conditions described in Fig. 3. The modern reference fats were analysed according to the chromatographic conditions

given in the caption to Fig. 2.

Table 3
Diagnostic fragment ions arising from DMDS derivatives of
octadecenoic acid positional isomers

Positional Fragment ions
isomer (m/2)

A° 173, 217

A" 159, 231

AY 145, 245

A" 131, 259

A" 117, 273

A 103, 287

A" 89, 301

A" 75, 315

saturated fatty acids extracted from the lamps (Fig.
5a) showed a complex mixture of positional isomers
(18:1A% 101113141516y 'Tha same mixture of isomers
is found in the fats of ruminant animals, such as
sheep and cattle, due to biohydrogenation of unsatu-
rated dietary fats in the rumen [29]. Such mixtures of
monounsaturated fatty acids are not found in the fats
of monogastric animals, such as pigs, where a single
isomer (18:1A°) is observed. The presence of this
isomer aone in the dripping dishes (Fig. 5b) implies
a monogastric or non-ruminant animal origin, where-
as the mixture of isomers observed in the lamps



218 H.R. Mottram et al. / J. Chromatogr. A 833 (1999) 209-221

A“

850
14:10

800
13:20

ilTilll]
950 Scan

15:00 15:50 Time

Fig. 5. Partial ion chromatograms from the GC-MS analysis (70 €/ electron ionisation) of the dimethyldisulphide derivatives of
octadecenoic acid obtained from lamp (&) and dripping dish (b). Analyses performed under the conditions given the caption to Fig. 2.

indicates a ruminant origin. The geometry of the
positional isomers of the octadecenoic acid was
deduced from the elution orders of the erythro- and
threo-forms of the bis-methylthio derivative [37].
The presence of appreciable abundances of the E-
isomers is consistent with an origin  from
biohydrogenated dietary unsaturated fatty acids, i.e.
18:2 and 18:3 [29,30]. These data fully corroborate

the information gained from the 8'*C measurements
and from the fatty acid analyses.

3.5. Analysis of lipids extracted from the cauldron
Since the lamps and the ““dripping dishes’ had

specific purposes in antiquity it is not surprising that
they were found to contain residues which originate
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from a single fat source. However, general purpose
cooking vessels, such as cauldrons, would have been
used to process a variety of foodstuffs, so would
contain lipid residues of mixed origin. This is
confirmed by the HT-GC trace (Fig. 1) in which the
fatty acid composition appears to be intermediate
between that of the lamps, with the 18:0 fatty acid
dominant, and that of the “‘dripping dishes’. The
assignment of residues of mixed origin by GC alone
would be a complex task due to the incomplete
knowledge of the effects of long term degradation
processes which occur, however the use of 8'°C
values provides another criteria for their detection.
The gas chromatogram of the fatty acid methyl
esters obtained from the cauldron is shown in Fig. 6.
Both branched chain and odd-numbered straight
chain fatty acids were detected, in abundances lower
than those observed in the lamps (Table 2). Analysis
of the DMDS derivatives of the fatty acids from the
cauldron showed that the unsaturated fatty acids

were present as a mixture of positional isomers
(A%, Initially, these results could be indicative
of ruminant fat. However, when the isotope values
obtained for the 16:0 and 18:0 fatty acids were
plotted in Fig. 4, they were clearly distinct from
those representing ruminant fat. This could be due to
the lipid residue originating from a lipid source
which has not been included in this study. More
likely in the case of a general purpose cooking
vessdl, the lipid residue appears to have derived from
more than one source, since the mixing of fats would
cause the 8"*C values of the resulting lipid residue to
be different from those of pure end members. This
demonstrates that the stable isotope technique pro-
vides a valuable means of detecting mixed origin
lipid residues in archaeological pottery.

In summary, GC—C—-IRMS has been used to
obtain $*C values for individual lipid components
obtained from a range of archaeological pottery
types. Comparison of these values with those from

16:0

Relative intensity

17:0 br
14:0

|-

18:0

18:1

10 20

30 40 50

Retention time (min )

Fig. 6. Gas chromatogram of fatty acid methyl esters recovered from the cauldron (sample 21828). Chromatographic conditions as in Fig. 2.
Slight differences in retention times arise from the analyses not being performed on the same day and using a different column of similar
dimensions. Peak identities are as given in the captions to Figs. 1 and 2.
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modern reference samples has alowed conclusions
to be drawn about the function of the vessels in
antiquity. These conclusions are substantiated by the
use of fatty acid profiling and by determination of
the positional isomers of the unsaturated components
in the lipid extracts. The data are consistent with the
expectation that the fuel burned in the ancient lamps
was a ruminant tallow, whilst the **dripping dishes”’
had been used for the collection of fat(s) from non-
ruminant animals. The results support the hypothesis
that fat collected in the “dripping dishes’ was not
recycled into the lamps as fuel. The compound-
specific isotope analyses of fats from a genera
purpose cooking vessel points to the usefulness of
this approach for detecting the use of ancient vessels
in the processing of a range of different animal
products. A recent development has been the appli-
cation of this approach in detecting the use of pottery
vessels in connection with the processing of dairy
products thus providing for the first time a direct
means of detecting the exploitation of domesticated
animals for milk by early farmers [38,39].
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