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9. The Analysis of Organic Residues 'n Po Sherds with Pyrolysis Mass 

Spec~rorne ry 

by Don Rob'ns and Colin Gutteridge 

1 . 

Th survival of organic residues in archaeo ogical s1 es depends both upon 

their chem'cal na ure and h ir 'nLerac ion with the environment. 

Chemical and bacter'al a ack, and groundwa er leaching, will often remove 

organic s rue ures leav'ng a residue of insoluble and intractable material 

wi h lit morp. ological con n to aid · entification. The survival of 

such resi ues ~ill be enhanced ur h r by heir inclusion in an inorganic 

matrix such a ceramic or soil. In ~rn, such occlus1on may itself 

irnmobil 'se the residue and so provide a long term marker of previous 

organic con en in erms o both ident' y and location. 

2. Mass Spectrometry 

Th s in ble res1dues may be inves iga ed successfully with the 

~ · ique o yrolysis-mass spec rometry (Py-MS), which has been exploited 

51 cc ss ully in he ana ys's of such r s'du s in other fields such as 

organic och mis ry. In the techniqu s of Py-MS microgram samples taken 

from he sp c'm n, which is of en an inorganic matrix with traces of 

organic material occluded within, are hermally degraded - that is 

compos d by hea as opposed o oxida ion - very rapidly (conventionally, 

by heating from ambien to 770°C in 10 seconds) under conditions of high 

vacuum. Th's causes he large polymeric molecules of the residue to 

p oduce low molecular weigh ragments which are volatilised by the high 

temper ture. The molecular fragments are hen analysed conventionally by 

mass spec rome ry by linking the gaseous ou flow o a sui able machine. 

!h resulting mass spectrum can be regarded as a fingerprint of the 

original organic con en o the sample and can therefore be interpreted 

through the use of suitable calibration and comparative material. 

At 



3. piscriminant Analysis Qt Residue Data 

In prac ice such residues wi l l produce large numbers of volatile molecular 

fragments and their direc characterisation by mass spec rometry is less 

use ul h n discrimi11an ana l ys ' s o he popula ions of fragments 

produce . Such compara ive analysis across carefully constructed sample 

s ites, where each sample is analysed in riplicate, allows samples to be 

diffe en ' a i n terms of their residues as a prel~minary step towards 

identifica on. 

material. 

4 . 

Such analyses were undertaken with the Spong Hill 

from Spong Hill Mater~al 

In s ar in to analyse organic materials from he Spong Hill ceramics, the 

samples were organised into a suite which would optimise the discriminant 

analysis echnique. Thus, the first distinction was drawn between those 

sherds which possessed a visible residue (V) and those that did not (NV) . 

A sui e of such she ds were sampled on both inner (A) and outer (B) 

surfac s. Such sampling ~nvolved the scrapi of microgram amounts as 

detailed above, and a number of subsidiary sampling exercises were 

conducted to explore the optimum sampling me hodology during this study. 

These are not pertinent to this report and are not discussed here apart 

f om the cornmen that the sampling strategy described above was clearly 

demonstrated ~o be replicable. 

5. Results 2f Discriminant Analysis Qf Soong Hill Ceramics 

Th results of the discriminant analysis is shown in Fig.8 (microfiche). 

It iately demonstrates tha the reproduc ibility of samplings in the 

sherd was good, in keepin with the gener l experience of high 

replicab1lity in Py-MS analysis. 

The grouping of the samples does no appear to be random, showing 



that the residues ar distinct chemically and suggesting that the 

fingerprints from the volatile material are at least partially der ' ved 

from prev~ous contents of he pots rather than from background soil or 

residual organic material in the original c l ay which may have survived 

firing. 

6. Qir,cussion 

The grouping of the samples in Fig.B does not de r ive from the presence or 

absence of a v sibl residue. T is in i self is an important observation 

because of its implicat ' ns for sampling and interpret~tional strategies 

which are often based upon the observation of a visible residue. 

Examined in more detail, we note that he outer surface · mples (B) 

also cross he V/NV categories which suggests that org~nic residues have 

permeated the entire sherd. With other sherds the A/B differences may 

indicate sequential use rather than soil varia ions, which would be 

expected o affec the discr'rninant analysis as i dicated abcve. Put 

more simply contamination with soil would be expected to give a noticeable 

clus ering with the B samples and this is not noticeable. 

7. Conclusions 

The preliminary descriminant analysis of this small sample suite 

concentrated upon me hodology of sampling and s ite construction and 

provided very encouraging results. This work can usefully be pursued by 

examining larger sample groups, together with appropriate soil profiles 

from the archaeological, stratigraphy, and by comparative analyses using 

cera ic sherds doped with the appropriate materials. Discrimination can 

also be enhanced by incorporating gas chromatography (GC) within the 

analytical chain to increase the identification level in the analytical 

finish. 
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