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gc-ms analysis of sample c116-6 (Kat. 111) from Tarquinia (Warrior Tomb)
P. E. McGovern, G. R. Hall

After the visual examination of the residues sent to the Biomolecular Archaeology Project (University of 
Pennsylvania Museum of Archaeology and Anthropology) from two bronze cauldrons / vases in the Warrior 
Tomb at Tarquinia, only no. C116-6 (Kat. 111) was deemed to be likely uncontaminated and sufficiently 
large for the standard liquid-injection gas chromatography-mass spectrometry (GC-MS) analysis 698.
The extracted sample was taken up in a 1:1 mixture of chloroform and methanol, heated for 1 hr at 60 °C, 
centrifuged, concentrated down, and derivatised by methylation with Alltech II Me-Prep. A 1 μL sample was 
injected splitless onto a 30 m × 250 μ × 0.25 μ film thickness HP-5MS column (5 % phenyl methyl siloxane) of 
an Agilent HP-6890 gas chromatograph, run at a 1.5 ml / min flow rate. A 5973 mass selective detector was 
used with the injector port at 325 °C. The oven temperature was held at 50 °C for 2 min, then programmed 
to increase at 10 °C / min to 325 °C where it was held for 10.5 min for a total run time of 40 min. The trans-
fer line to the mass spectrometer was at 300 °C. Compound identification was made by retention time and 
mass spectrum using NIST 05.
Of the detected compounds (fig. 108), the abietic acid family (viz., abietic acid and its oxidation products 
when aged or heat-treated) predominates, and is best explained as originating from pine (Pinaceae) resin 699. 
The presence of tetradecanoic, palmitic, stearic, and oleic fatty acids provides no additional information for 
the original contents of the cauldron / vase, as these occur in many animals and plants. 

698 We would like to thank W. Christian Petersen of the Scientific 
Research and Analysis Laboratory of Winterthur Museum and 
Country Estate for having advised on chemical matters.

699 Beck et al. 2008; Ribechini et al. 2008; Jerković et al. 2011. 

Fig. 108 GC-MS chromatogram for Tar-
quinia sample no. C116-6: 1 C14 saturated 
fatty acid (tetradecanoic). – 2 C16 saturated 
fatty acid (palmitic). – 3 mono-unsaturated 
C18 fatty acid (oleic). – 4 C18 saturated 
fatty acid (stearic). – 5 pimaric acid. –  
6 Methyl-6-dehydrodehydroabietic acid. – 
7 dehydroabietic acid. – 8 hexadehydro-
abietic acid. – 9 tetradehydroabietic acid, 
7-methoxy-. – 10 7-oxodehydroabietic 
acid. – x unidentified pine resin com-
pounds. – (Illustration P. E. McGovern /  
G. R. Hall; computer graphic A. Babbi).
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