
Analysis of organic matter from a cremation urn, Mersea Island. 

Prepared for J. McKinley. 

 

Rhea Brettell 

Archaeological Sciences, University of Bradford, Bradford, West Yorkshire, BD7 1DP, UK 

 

"Shameless Zoilus, empty your dirty pockets of the unguents and the cassia and the 

myrrh smelling of funerals and the half-cremated frankincense you took from the pyre 

and the cinnamon you snatched from the Stygian couch" (Martial, Epigrams 11.54) 

 

 

Figure 1. White amorphous material from the cremation urn, Mersea Island. 
 

Background 

A large round barrow dating to the Roman period (c. AD 100-120) was discovered on 

Mersea Island, Essex, UK (TM060150) in 1912. Excavation revealed an outer 

structure consisting of a single layer of boulders covered by a dome formed of courses 

of roofing tiles. The burial chamber itself extended below ground level with 

foundations built of two rows of boulders and some tiles set in mortar. These 

supported walls built of horizontally laid roofing tiles. Two more flanged tiles acted 

as a floor to the chamber which contained a square lead casket with two wooden 

boards, still in good condition, laid over the top to form a lid. This casket contained an 

intact green glass vessel which had been employed as a cremation urn (Hazzledine 

Warren 1913). On re-examination of this vessel, a quantity of white amorphous 

material was observed floating on the surface of the water which had partly filled the 

urn (Figure 1). A portion of this substance was sent to the University of Bradford for 

molecular analysis (Figure 2). The aim of this investigation was: 

 to ascertain the nature of the sample; 

 to identify any lipids present; 

 to establish the source of these lipids. 



 

Figure 2. Portion of white amorphous material received for analysis. 

 

Sample preparation 

Ensuring that a portion of was retained for future analysis, three sub-samples were 

selected from the material received (Appendix 1). Division of the white amorphous 

masses revealed inner areas of a rich orange colour (Figure 3). The sub-samples were 

solvent extracted (30 min) in ~2 ml dicholoromethane:methanol (DCM:MeOH, 2:1 

v/v) with ultrasonication (3 min) to ensure dissolution and centrifuging at 2000 rpm (5 

min) to obtain the total lipid extract (TLE). This process was repeated three times to 

achieve maximum yield with minimum contamination. The solvent soluble fractions 

were then combined, the volume reduced under a stream of nitrogen gas on a warm 

hotplate (c. 40 °C) and the TLE left to evaporate to dryness overnight. An aliquot of 

N,O-bis(trimethylsilyl)trifluoroacetamide with 1% TMCS (trimethylchlorosilane) was 

added to derivatize each sub-sample. Excess reagent was removed by evaporation at 

room temperature and the derivatized extracts re-diluted with ~0.1 ml of DCM for 

analysis by gas chromatography-mass spectrometry (GC-MS). Disposable screw-

topped glass vials were used to minimise the possibility of cross-contamination and 

all glass and metal wares triple-cleaned with DCM prior to use.  

 

      

Figure 3. White amorphous material, Mersea Island showing inner orange areas 



Gas chromatography-mass spectrometry 

The analysis was carried out by combined GC-MS using an Agilent 7890A GC 

system, fitted with a 15 m x 0.25 mm, 0.25 μm DB-5MS UI 5% phenyl methyl 

siloxane phase fused silica column (Agilent), connected to a 5975C inert XL triple 

axis mass selective detector. The splitless injector and interface were maintained at 

300 °C and 280 °C respectively and the carrier gas, helium, at constant flow. The 

temperature of the oven was programmed to rise from 50 °C (isothermal for 2 min) to 

350 °C (isothermal for 10 min) at a gradient of 10 °C per minute. The column was 

directly inserted into the ion source where electron impact (EI) spectra were obtained 

at 70 eV with full scan from m/z 50 to 800 amu.  

 

Results 

Results are presented as total ion current (TIC) and partial ion current (PIC) 

chromatograms of the silylated solvent extracts (Figures 5-11; Appendix 2). Each 

separated component is shown as a discrete peak with the area beneath representative 

of its relative abundance. The components identified and discussed in the text have 

been labelled. Assignments have been made through mass spectral interpretations 

based on molecular mass, established fragmentation patterns and relative retention 

times (absolute retention times vary over time and with aspects of instrument 

maintenance) in comparison with modern reference samples (Figures 7 & 10; 

Appendix 3) and the mass spectral literature. 

 

       

Figure 4. Total lipid extract of a sub-sample of the amorphous material. 

 

The sub-samples dissolved readily in the organic solvent to produce a golden liquid 

with a strong aroma (Figure 4). All three portions were found to contain traces of the 

most ubiquitous saturated (C16:0 and C18:0) and unsaturated (MUFA C18:1) carboxylic 

acids. These compounds are present most plant and animal tissues, including resinous 

exudates. Molecules characteristic of natural resins of archaeological interest were 



also identified. These consisted of a range of compounds from all of the four main 

terpenic groups: mono-, sesqui-, di- and triterpenes (Figure 5; Table 1). The lower 

molecular weight mono- and sesquiterpenes are of considerable interest as these 

highly volatile components rarely survive in aged resinous materials. Their retention 

in this instance is, presumably, correlated with the waterlogged, restricted oxygen, 

microenvironment maintained within the covered and enclosed cremation urn. These 

conditions also appear to have resulted in the preferential degradation of the higher 

molecular weight triterpenoid resin acids, an absence of any acetyl- and acetoxy- 

oxidation products and the retention of their neutral derivatives.  

 

 

Figure 5. Total ion current chromatogram showing the range of terpenic compounds present. 

 

Table 1. Classification of terpenoids by carbon number, their characteristics and occurrence. 

Terpenoid group Carbon no. Characteristics Occurrence in exudates 

Monoterpenoids 10 Highly volatile and very variable.  

Provide distinctive odour. 

More prevalent in coniferous 

exudates. 

Sesquiterpenoids 15 Provide distinctive odour. 

Volatile and highly variable.  

More prevalent in angiosperm 

exudates. 

Diterpenoids 20 Relatively non-volatile.  

Different skeletal series are 

diagnostic of different families 

Characteristic of conifers and 

Leguminosae resins. 

Sesterterpenoids 25 Very rare. No known significance. 

Triterpenoids 30 Relatively non-volatile. 

Different skeletal series are 

diagnostic of different families. 

Characteristic of angiosperm 

resins. 

Polyisoprenoids (C5)n polymers Non-volatile polymerised fraction. Age/environment related. 

10 15 20 25 30 35 40 

TIC: Mersea Island Roman cremation (MS3) 

Retention time (min)  

R
e
la

ti
v
e
 i
n
te

n
s
it
y
 

Monoterpenes 

Sesquiterpenes 

Diterpenes 

Triterpenes 

C
1
6
:0

 C
1
8
:0

 
C

1
8
:1

 



The monoterpenes and sesquiterpenes identified are listed in Table 2. Unfortunately 

these compounds are largely undiagnostic due to their common occurrence in the 

exudates of many resin-producing botanical families. Nonetheless, as the volatile 

fractions of conifer resins are dominated by monoterpenes while those of angiosperms 

are characterised by sesquiterpenes (Langenheim 2003: 36-38), the occurrence of both 

groups suggested that a mixture of resinous substances could be present in the Mersea 

samples. This was confirmed by the identification of diterpenoids with abieta(e)ne 

and pimara(e)ne skeletons in conjunction with cembrene and verticillane-type 

diterpenic constituents and neutral triterpenic compounds with oleana(e)ne and 

ursa(e)ne skeletons (Appendix 1). This combination does not occur in nature.  

 

Table 2. Range of mono- and sesquiterpenes identified in the Mersea Island, cremation urn samples. 

Retention time Monoterpenes Retention time Sesquiterpenes 

8.7 

9.6 

10.0 

10.2 

10.3 

10.4 

10.5 

10.8 

10.9 

11.4 

11.9 

12.3 

12.6 

12.8 

12.9 

13.3 

α-pinene (1R + 1S) 

β-pinene 

α-phellandrene 

camphene 

menthene 

ο-cymene + β-terpinyl acetate 

β-phellandrene 

δ-3-carene 

γ-terpinene 

cymenene + terpinolene 

ocimene 

dihydrocarvone 

pinocarvone 

isocineole (1,4-cineole) 

α-terpineol 

verbenone (2-pinen-4-one) 

15.6 

15.8 

16.2 

16.6 

16.7 

16.8 

17.0 

17.1 

17.3 

17.4 

17.5 

17.7 

18.1 

18.3 

18.7 

18.8 

α-copaene 

β-elemene 

β-caryophyllene 

α-caryophyllene 

aromadendrene 

γ-muurolene 

eudesma-4(14),11-diene 

α-muurolene + α-selinene 

γ-cadinene 

δ-cadinene 

calamenene 

α-calacorene 

carophyllene oxide 

?longifolene 

?cedrene 

τ-muurolene 

 

The diterpenoid resin acids eluting between 25 and 27 minutes (pimaric (PM), 

sandaracopimaric (SDPM), laevopimaric (LPM), isopimaric (IPM) and abietic (AB) 

acid; Figure 6; Table 3) are biomarkers for coniferous exudates of the Pinaceae 

subfamily which includes pines, firs, spruces, cedars and larches (Colombini & 

Modugno 2009; Langenheim 2003: 37, 54-59). All of these genera contain a similar 

range of compounds whose relative abundances vary with environmental factors. 

Resins from Abies spp. (firs) and Larix spp. (larches) have, however, been found to 

incorporate neutral labdanes which can help distinguish them (Mills & White 1999: 

101). These compounds were not observed in the archaeological materials. 

Nonetheless, due to the homogenising effect of degradation pathways on aged 

materials, classification is best restricted to the level of sub-family, i.e. Pinaceae.  



The presence/absence and relative proportions of certain compounds within 

coniferous materials can be used, however, as indicators of environmental degradation 

and/or anthropogenic pre-treatment processes. For example, the primary resin acids 

are common in fresh Pinaceae resins but are less frequently observed in 

archaeological materials. This is largely the result of oxidation processes, with aged 

Pinaceae resins characterised by increased levels of dehydroabietic (DHA) acid, 7-

oxo-dehydroabietic acid and a range of neutral abietadienes (Colombini et al. 2000, 

2005a; Serpico 1996: 79-80). The Mersea material is, therefore, relatively well 

preserved as it contains the original diterpenoid resin acids together with their initial 

degradation products, DHA and didehydroabietic (DDHA) acid. Traces of neutral 

abietane derivatives are also present but none of the more highly degraded end 

products (e.g. retene and methyl dehydroabietate) could be clearly identified.  

 

 

Figure 6. Diterpenic compounds, Mersea Island Roman cremation. Peak identifiers relate to Table 3. 
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Table 3. Identification of key diterpenic compounds in modern and archaeological Pinaceae samples. 

Code M
+

• BP Fragment ions Identification 

PM 374 73 121, 133, 191, 207, 257, 299, 359 Pimaric acid 

SDPM 374 121 73, 91, 143, 241, 257, 359 Sandaracopimaric acid 

LPM 374 241 73, 105, 143, 157, 256, 257, 359 Laevopimaric acid 

IPM 374 241 73, 105, 143, 256, 257, 359 Isopimaric acid 

DDHA 370 237 73, 103, 143, 195, 209, 252, 355 Didehydroabietic acid 

DHA 372 239 73, 129, 143, 171/3, 185, 240, 255 Dehydroabietic acid 

AB 374 256 73, 105, 185, 213, 241, 257 Abietic acid 

 

 

Figure 7. Diterpenic compounds, modern Pinaceae samples. Peak identifiers relate to Table 3. 

 

Moreover, the absence or low abundance of these more degradation resistant 

compounds suggests that the resin had not been significantly heated. Experimental 

studies have shown that thermal degradation produces a mixture dominated by DHA 

acid and neutral compounds. These changes result from the dehydrogenation, 

decarboxylation and increased aromatisation of the cyclic compounds present 

although, as the degree of alteration is temperature dependent, relative abundances 

tend to be highly variable (Beck et al. 1994; Egenberg et al. 2002). In Pinaceae resin 

tars retene forms the final stable product (Robinson et al. 1987; Mills & White 1999: 

100) whereas significant levels of methyl dehydroabietate indicates the pyrolysis of 

resinous Pinaceae woods (Colombini et al. 2003). Thus, the diterpenoid component of 
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the Mersea samples is consistent with an aged, unheated (with the proviso that gentle 

warming might not be chemically visible) Pinaceae exudates. Further confirmation of 

the botanical nature of this resin was made through comparison with two reference 

resins: Pinus pinaster (REF 065) and Pinus sylvestris (NRKFZ) (Figure 7; Table 3; 

Appendix 3). Evaluation of this data demonstrates that the diterpenoid acids in the 

archaeological samples are identical to those in the modern Pinaceae samples.  

 

 

Figure 8. Triterpenic compounds, Mersea Island Roman cremation. Peak identifiers relate to Table 4. 

 

Identification of the triterpenoid resin proved more difficult due to the absence of the 

resin acids (Figure 8; Table 4). The range of neutral pentacyclic triterpenic 

compounds present were found to have oleana(e)ne and ursa(e)ne skeletons based on 

their characteristic fragmentation patterns. The significant peaks at m/z 189, 203, 218 

and 292 which are formed as a result of a classical retro-Diels Alder rearrangement 

arising from fission of the C ring, are characteristic of olean-12-ene and urs-12-ene 

derivatives (Başar 2005: 117-119; Mahajan et al. 1995; Modugno et al. 2006). The 
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relative abundance of m/z 203 and 189 in conjunction with the elution sequence 

permitted differentiation between the isomers (compounds with the same formula and 

molecular mass but a different arrangement of atoms) present (Budzikiewicz et al. 

1963). Such compounds are diagnostic of exudates from the Burseraceae (Mathe et al. 

2009). This family contains over 600 species (within 17 genera) that are known to 

produce resinous secretions. These include elemi (Canarium spp.), frankincense 

(Boswellia spp.) and myrrh (Commiphora spp.), although precise nomenclature and 

botanical source information is somewhat confused (de la Cruz-Cañazares et al. 2005; 

Howes 1949: 86-87; Thulin & Warfa 1987; Tucker 1986).  

 

Table 4. Identification of key triterpenic compounds in modern and archaeological Boswellia samples. 

Peak M
+

• BP Key fragment ions Name of compound 
1 394 218 379, 323, 257, 229, 203>189, 175, 161, 147, 135, 119 24-norolean-3,12-diene 

2 394 218 379, 341, 281, 203<189, 175, 161, 147, 133, 119, 107 24-norursa-3,12-diene 

3 498 218 483, 393, 327, 279, 257, 203>189/190, 175, 147, 121 3-epi-β-amyrin 

4 498 218 483, 408, 393, 229, 203<189/ 190, 175, 161, 147, 121 3-epi-α-amyrin 

5 408 218 393, 353, 273, 255, 232, 203, 189, 161, 135 24-norursa-3,12-dien-11-one 

6 424 218 409, 391, 367, 313, 257, 203, 189, 175, 161, 135, 109 β-amyrenone  

7 ?498 218 483, 468, 408, 393, 311, 241, 203, 189, 161, 129, 69 β-amyrin  

8 424 218 409, 393, 311, 257, 245, 203, 189, 175, 161, 135, 121 α-amyrenone 

9 498 218 483, 468, 408, 393, 279, 257, 203=189, 175, 135, 119 α-amyrin  

10 ?426 218 411, 393, 379, 257, 203=189, 175, 161, 147, 135, 119 ?an amyrin, acetate 

11 600 218 585, 510, 495, 382, 292, 203, 189, 161, 147, 135, 107 α-boswellic acid 

12 600 218 585, 510, 495, 382, 292, 203, 189, 161, 147, 133 β-boswellic acid 

13 526 73 511, 495, 444, 393, 377, 354, 297, 255, 189, 129, 119 3-oxo-8,9,24,25-tetradehydrotirucallic acid 

14 570 423 555, 495, 377, 327, 281, 203, 187, 161, 133, 105, 73 3-O-acetyl-8,9,24,25-tetradehydrotirucallic acid 

15 568 73 553, 497, 467, 375, 340, 281, 255, 218, 203, 189, 133 3-O-acetoxy-9,11-dehydro-β-boswellic acid 

16 570 218 555, 510, 495, 393, 352, 292, 218, 203 much>189, 161 3-O-acetyl-α-boswellic acid 

17 570 73 555, 510, 495, 393, 352, 292, 203 c.=189, 161, 133, 119 3-O-acetyl-β-boswellic acid 

 

The Burseraceae are found throughout the tropical regions of the globe (Başar 2005: 

35; de la Cruz-Cañazares et al. 2005; Weeks et al. 2005) but possible sources can, in 

this instance, be narrowed down on the basis of geography and chemistry. Those 

native to Australasia and the Americas (e.g. dammar and copal) were not available 

within the Roman Empire. Others such as myrrh (Commiphora spp.) consist 

predominantly of furanosesquiterpenes (Dekebo et al. 2002; Hanuš et al. 2005; Shen 

et al. 2012) which were not present in the Mersea samples while the „Old World‟ 

elemis (generally Canarium spp.) tend to be dominated by the pentacyclic alcohols, α-

amyrin and β-amyrin in conjunction with either lupeol or euphane- and tirucallane- 

group compounds (de la Cruz-Cañazares et al. 2005; Mills & White 1977; Mathe et 

al. 2009; Stacey et al. 2006). Thus, although α- and β-amyrin and their derivatives are 

present in the Mersea samples, their relatively low abundance and reported resistance 

to degradation (Başar 2005: 178; Mathe et al. 2007) suggests that they were only ever 

minor components of the original resin.   



The neutral degradation products 24-noroleana-3,9(11),12-triene (30.3 min), 24-

norursa-3,9(11),12-triene (30.7 min), 24-noroleana-3,12-diene (1), 24-norursa-3,12-

diene (2) and 24-norursa-3,12-dien-11-one (5) (Figure 8; Table 4; Appendix 2) do, 

however, provide an indication as to source. These compounds are distinguished by 

the presence of a methyl group at C-17 which results in a base peak at m/z 218 

(Budzikiewicz et al. 1963) and are characteristic of resins from the genus Boswellia, 

better known as frankincense or olibanum (Başar 2005: passim; Mathe et al. 2007; 

Modugno et al. 2006). Confirmation of this identification would generally require the 

presence of the precursor α- and β-boswellic acids. These have only ever been 

observed in Boswellia spp. resins and so act as definitive biomarkers (Evershed et al. 

1997). In the Mersea samples, however, either as a result of the specific preservation 

conditions or the natural variability noted within this genus, no triterpenoid acids 

could be discerned. Nonetheless, the presence of incensole and other cembrene and 

verticillane-type diterpenes provides corroboration (Hamm et al. 2003; Figure 9; 

Appendix 2). This combination of di- and triterpenic compounds appears to be 

limited to certain Boswellia spp. exudates (Başar 2005: 41-96; Hamm et al. 2005). 

 

Figure 9. Comparison of the diterpenic region in modern Boswellia spp. and the MS3. 
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Confirmation of these observations was made through comparison with a number of 

modern botanically and geographically identified Boswellia spp. resins: B. serrata, 

Sudan (FRKBB009); B. carterii, Ethiopia (FRKBB050) and B. sacra, Oman 

(FRKBB052) obtained from Bristol Botanicals Ltd. (Figure 10; Table 4; Appendix 

3). These results showed that a range of diterpenoids (cembrene isomers, verticilla-

4(20),7,11-triene, incensole and related compounds) were present in the modern 

reference samples from B. carterii (Ethiopia) and B. serrata (Sudan) but not in that 

from B. sacra (Oman) (Figure 9). In conjunction with findings reported in the 

literature this suggests that the frankincense in the Mersea cremation urn may have 

originated in east Africa (Başar 2005: 42-81; Hamm et al. 2003; 2005).  

 

Figure 10. Triterpenic compounds, modern Boswellia spp. samples. Peak identifiers relate to Table 4. 

 

Comparison of the triterpenic region also demonstrated that the compounds present 

were identical to those in the modern samples with the β-isomer (ursa(e)ne skeleton) 

more prominent than the corresponding α-isomer (oleana(e)ne skeleton) (Figure 10; 

Table 4). The relative abundance of the different compound classes varied 

considerably, however, with the boswellic acids and their O-acetyl derivatives which 
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are dominant in the fresh resins, absent in the Mersea samples. A number of 

additional compounds were also observed in the reference resins together with 

significant levels of nor-dienes (Figure 10, Peaks 1 & 2). The latter are degradation 

products of the α- and β-boswellic acids produced by both natural processes and 

anthropogenic activities such as heating (Başar 2005: 129-138; Mathe et al. 2004a; 

2007; Mertens et al. 2009). Thus, the peak patterning in the Mersea samples does not 

match that in modern frankincense resins although it does reflect the reduction in 

triterpenic acid moieties and range of neutral compounds produced as a result of 

experimental pyrolysis (Başar 2005: 151-184; Mathe et al. 2007; van Bergen et al. 

1997). Nonetheless, since examination of the archaeological samples has 

demonstrated the survival of the highly volatile mono- and sesquiterpenes which 

would be lost by heating in excess of 50 °C (Hamm et al. 2003) and absence of any 

markers of heating in the Pinaceae fraction, it appears that this correspondence with 

regards the triterpenic fraction is the result of equifinality. Similar data has been 

obtained from a number of samples collected from two late Roman inhumations at 

Alington Avenue, Dorchester, Dorset, UK (Brettell 2012; Figure 11). This 

emphasises the need for further research into the impact of environmental factors on 

resinous substances in order to map their influence on degradation pathways.  

 

Figure 11. Triterpenic compounds, Alington Avenue, Dorchester. Peak identifiers relate to Table 4. 
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Discussion 

A large number of trees and plants produce exudates which can be categorised as 

gums and resins (Langenheim 2003: 23-47). „True‟ resins (e.g. coniferous exudates, 

elemi and mastic) are predominantly water-insoluble substances which contain 

volatile and non-volatile fractions in varying proportions, whereas gums (e.g. almond, 

gum arabic and tragacanth) consist mainly of water-soluble polysaccharides and the 

(oleo-)gum-resins (e.g. frankincense and myrrh) are a mixture of both (Howes 1949: 

87-89; Serpico & White 2000a). Produced by plants, seemingly as secondary 

metabolites, these sticky, often highly scented, materials have been put to a wide 

variety of anthropogenic uses as adhesives, protective coatings, varnishes and 

illuminants with the more fragrant varieties used in perfumes (the volatile 

components), unguents, medicines, embalming and as incense (Pollard et al. 2007: 

153-156; Serpico & White 2000b). They can also survive well in the archaeological 

record as some molecular components are relatively resistant to decay (Pollard & 

Heron 2008: 235-269).  

 

The main resin producing families are the conifers (Pinaceae, Cupressaceae and 

Araucariaceae) and certain angiosperms (predominantly the Anacardiaceae, 

Burseraceae, Dipterocarpaceae, Leguminosae and Styraceae). Coniferous exudates 

are characterised by a large volatile fraction dominated by monoterpenes and non-

volatile diterpenoid acids with three main skeletal types (abietane, pimarane or 

labdane), depending on family (Langenheim 2003: 36). In contrast, resins produced 

by angiosperms generally have volatile fractions dominated by sesquiterpenes and 

non-volatile fractions by triterpenoids, with the exception of the Leguminosae which 

contain labdadiene-type diterpenic acids (Langenheim 2003: 38). Unfortunately, the 

volatile lower terpenoids (mono- and sesquiterpenoids) are rarely diagnostic and their 

relative proportions been shown to be highly variable, even within a single species, as 

a result of growing conditions, maturation stage and harvesting methods (Hamm et al. 

2003; Mertens et al. 2009; Woolley et al. 2012). They are also more prone to losses 

over archaeological time due to their greater volatility (Scalarone et al. 2003; Serpico 

& White 2000a). Characterisation of ancient resins has, therefore, utilized the 

„biomarker‟ approach, which focuses on identification of the more diagnostic and 

degradation resistant compounds (di- and triterpenoids) using GC-MS to provide the 

necessary level of compositional information (Evershed 2008). 



Using this approach, analysis of amorphous material from within the Roman 

cremation urn, from the round barrow on Mersea Island, Essex, UK provided 

evidence for two different resins. The first, present in lower abundance, was found to 

be a diterpenoid Pinaceae species resin. Resinous exudates are produced by all 

members of this diverse sub-family and many have been „commercially‟ exploited 

since antiquity (Colombini et al. 2005b; Connan & Nissenbaum 2003; Evershed et al. 

1985; Hort 1980: 223-233; Modugno & Ribechini 2009; Rackham 1968: 413-427). Of 

the ten genera, the pines (Pinus spp.) are the largest and have been used most 

extensively although Picea spp. (spruces), Larix spp. (larches) and Cedrus spp. („true‟ 

cedars) have also been employed (Howes 1949: 106-110; Langenheim 2003: 319-

322). The chemistry of this group is characterised by a non-volatile fraction consisting 

of diterpenic compounds, principally with abieta(e)ne and pimara(e)ne forms. As 

lower taxonomic classification is unreliable due to natural variability and the effects 

of degradation, these markers are often simply accepted as indicative of Pinaceae 

products (Colombini et al. 2003; Egenberg et al. 2002; Otto et al. 1997). 

 

The Pinaceae are widespread in the northern hemisphere with pines, in particular, 

believed to have had a special significance in Roman mortuary beliefs. Pinecones, as 

symbols of immortality or mourning, are often found as finials and carvings on 

funerary monuments (Alcock 1980; Mackinder 2000: 14-16; West 1996: 14). This 

preference for pine is supported by a growing body of chemical evidence which has 

shown that coniferous exudates were increasingly employed in embalming processes 

during the Roman period in Egypt (Buckley & Evershed 2001; Colombini et al. 2000; 

Corcoran & Svoboda 2010; Maurer et al. 2002; Proefke & Rinehart 1992). They have 

also been identified in inhumation burials in Italy (Ascenzi et al. 1993; Devièse et al. 

2010), Greece (Papageorgopoulou et al. 2009), the Rhineland (Reifarth 2009; 2013) 

and, most recently, Britain (Brettell 2012; Brettell 2013). In these cases the resinous 

substances appear to have been sprinkled over the wrapped body or pasted onto the 

textile wrappings as a viscous liquid. Both methods have been observed in 

sarcophagus burials from late Roman Trier where exceptional preservation conditions 

have permitted detailed observation of the techniques utilised (Reifarth 2009; 2013).  

 

Of even greater significance, the more abundant resin present in the Mersea Island 

samples is a Burseraceae exudate which most closely resembles frankincense. In 



contrast to the widespread Pinaceae, Boswellia spp. are predominantly found in the 

arid mountainous regions of east Africa (Eritrea, Somalia, Sudan), southern Arabia 

(Oman, Yemen) and north-west India (Howes 1950; Langenheim 2003: 88; Tucker 

1986). These small deciduous trees produce an aromatic gum-resin characterised by 

the pentacyclic triterpenoid boswellic acids and their derivatives together with low 

levels of tetracyclic triterpenoids with tirucallane skeletons and/or diterpenic 

compounds (Başar et al. 2001; Hamm et al. 2005; Paul et al. 2011). Around 23 

species of Boswellia have been described although misidentification and inaccurate 

nomenclature has created considerable taxonomic confusion, particularly regarding 

the botanical origin of many commercial products (Hamm et al. 2003; Thulin & 

Warfa 1987; Weeks et al. 2005; Woolley et al. 2012). The latter may be derived from 

a mixture of Boswellia species‟ exudates and are often adulterated with pine and other 

less expensive resins (Regert et al. 2008; van Vuuren et al. 2010). As the 'cutting' of 

resins is also reported in Classical texts (Rackham 1968: 47; Gunther 1959: 45), the 

possibility that the Pinaceae contribution to the Mersea sample could be the result of 

this unscrupulous practice cannot be ruled out.  

 

Today, the four main resin-producing species are: B. carterii (eastern Africa); B. 

frereana (northern Somalia); B. sacra (southern Arabia) and B. serrata (NW India 

and eastern Africa) (Mathe et al. 2004b; Paul et al. 2011). Incisions are made in the 

bark which stimulates the release of a white secretion that solidifies into yellow to 

brown „tears‟ (Mertens et al. 2009). These exudates are graded by colour, shape and 

odour rather than botanical source and this may also have been the case in antiquity 

(Mathe et al. 2004b; Regert et al. 2008; Woolley et al. 2012). As a result of interest in 

their medicinal properties and their ritual significance, their chemistry has been 

extensively studied (Başar et al. 2001; Büchele et al. 2003; Culioli et al. 2003; 

Fattorusso et al. 1985; Hamm et al. 2003). This research has shown that, although 

identification of gum-resins from the genus Boswellia can be undertaken with some 

assurance, it is not yet possible to definitively distinguish between different species, 

even in modern samples (Hamm et al. 2005; Mertens et al. 2009; Paul et al. 2011; 

Proietti et al. 1981). Indeed, it seems that the boswellic acids may not always be 

present in all species (e.g. B. frereana) and are preferentially degraded as a result of 

environmental interactions over time and anthropogenic activities such as incense 

burning (Başar 2005: 151-184; Mathe et al. 2004a, 2007; Regert et al. 2008).   



Table 5. Comparison of triterpenic biomarkers reported in the literature in Boswellia spp. (Başar 2005; Culioli et al. 2003; Hamm et al. 2005; Mathe et al. 2004a, 2004b, 

2007; Mertens et al. 2009; Paul et al. 2011; Proietti et al. 1981).  Numbers refer to Table 4. †B. carterii & B. serrata; ‡’Eritrean’ type; *after pyrolysis; ** B. serrata only 

 
A. Ave 

samples 

Modern 

samples 

Name of compound B. carterii 

(E. Africa) 

B. sacra 

(Arabia) 

B. serrata 

(India) 

B. frereana 

(Somalia) 

Pyrolysates† 

(Başar 2005) 

Mathe et al.  2007‡  

Fresh Heated 

X X 24-norolean-3,9(11),12-triene X*  X*  X   

X X 24-norursa-3,9(11),12-triene X*  X*  X   

1 1 24-norolean-3,12-diene X  X  X  I 

2 2 24-norursa-3,12-diene X  X  X  II 

3 3 3-epi-β-amyrin X X  X  IV IV 

4 4 3-epi-α-amyrin X X X X  V V 

  3-epi-lupeol trace trace  MAIN  VI VI 

5 5 24-norursa-3,12-dien-11-one X*  X*  X   

6 6 β-amyrenone  X X X X X** VII VII 

7 7 β-amyrin  X X X X X** VIII VIII 

8 8 α-amyrenone X X X X X** IX IX 

9 9 α-amyrin  X X X X X** X X 

  lupenone trace trace  X    

  lupeol trace trace trace X    

10 10 α-boswellic acid X X X trace  XIII  

11 11 β-boswellic acid MAIN MAIN MAIN trace  XIV  

  lupeolic acid minor minor minor   XV  

 12 3-oxo-8,9,24,25-tetradehydrotirucallic acid X X X trace trace   

 13 3-O-acetyl-8,9,24,25-tetradehydrotirucallic acid X  X  trace   

 14 3-O-acetoxy-9,11-dehydro-β-boswellic acid trace  trace     

 15 3-O-acetyl-α-boswellic acid X X X   XVI  

 16 3-O-acetyl-β-boswellic acid X X X   XVII  

  3α-O-acetyl-lup-20(29)-en-24-oic acid X X X   XVIII  

  11-keto-β-boswellic acid  X X X trace    

  3-O-acetyl-11-keto-β-boswellic acid X X X     
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With this in mind, comparison of the relevant terpenic components in the Mersea Island samples 

with data reported in the literature regarding Boswellia spp. (Table 5) and the reference samples 

from Bristol Botanicals Ltd. (Figure 10; Table 4) demonstrates: 

 the similarities in the range and abundance of compounds in modern resins from B. 

carterii, B. sacra and B. serrata which precludes definitive identification to species based 

on the triterpenic fraction; 

 the predominance of ursa(e)ne skeleton compounds over their oleana(e)ne counterparts in 

the modern resins and the Mersea Island samples; 

 the very different pattern observed in B. frereana which excludes this species as the 

botanical source used in this cremation burial;  

 the presence of diterpenes in modern Boswellia spp. exudates obtained from east African 

sources and in the Mersea materials; 

 the preferential degradation of the resin acids in the archaeological samples which mimics 

the changes produced by experimental pyrolysis. 

 

This discovery is of considerable importance, as it provides the first chemical confirmation for the 

use of resins in a Roman cremation burial. Moreover, despite the considerable molecular research 

undertaken over the past thirty years (Colombini & Modugno 2009; Evershed 2008), little 

concrete evidence for the exploitation of frankincense has previously come to light (Serpico & 

White 2000a). In fact, prior to this research project, only four studies had demonstrated its 

presence in archaeological sites from Egypt (Mathe et al. 2004a), Nubia (Evershed et al. 1997) 

and Yemen (Mathe et al. 2007; Regert et al. 2008). It is also interesting to note that in the majority 

of these cases the frankincense was accompanied by or mixed with a diterpenoid resin (Table 6).  

 

Table 6. Details of previous molecular identification of frankincense in the archaeological record 

Site Samples Location  Results Reference 

Qasr Ibrîm,  

Nubia  
c. AD 400-500 

Resinous 

fragments 

House cellar Some aged or thermally 

degraded frankincense mingled 
with Pinaceae resin.  

Evershed et al. 1997 

van Bergen et al. 1997 

Dahshour, 

Egypt 

1897-1844 BC 
(12th Dynasty) 

Black 

amorphous 

mass 

Mixture in ointment jar in a 

scent casket. Part of funerary 

equipment of Sat-mer-Hout, 
sister of Amenemhat I. 

A mixture of aged or thermally 

degraded frankincense, 

Pinaceae resin and fatty acids. 

Mathe et al. 2004a 

Port of Qana‟ 

Yemen 
Late 1st-early 

5thC AD 

Resin pieces, 

powder and 
amorphous 

masses 

Resin from a burnt warehouse. 

Powder on incense burners and 
amorphous masses from a 

central sanctuary. 

Aged frankincense from the 

warehouse. Aged and/or 
thermally degraded 

frankincense from the temple. 

Mathe et al. 2007 

Sharma, 

Yemen 
10th-11thC AD 

Resinous 

fragments  

Associated with buildings and 

ceramics from all site levels. 

Pieces of frankincense among 

many diterpenoid-containing 
fragments (?copal). 

Regert et al. 2008 

 

This dearth of finds is surprising given the apparent significance frankincense in antiquity 

(Langenheim 2003: 283; Tucker 1986). The earliest literary reference is found in Herodotus (de 

Sélincourt 2003: 217) who identifies southern Arabia as the source of frankincense in the 5
th
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century BC. A century later, Theophrastus goes on to describe the collection of the highly valued 

resin from small trees growing in a limited mountainous area controlled by the Sabaeans (Hort 

1980: 234-237). This region remained the centre of the frankincense trade in the Roman period 

with large quantities being transported both east to Persia and north to Gaza in Judaea for use as 

incense and as an ingredient in the holy anointing oil of the Jews (Ex. 30:34-38; Lev. 2:1-2, 12-16, 

SEV 2009). Large quantities also reached Alexandria in Egypt where the frankincense was stored 

and sorted in draconian conditions for redistribution around the Mediterranean. The associated 

commercial network was recorded in the Periplus Maris Erythraei (Casson 1989: 66-69) which 

describes the maritime trade routes from Egypt down the coast of East Africa and around the 

Arabian Peninsula to India. The author supplies details of the peoples and places encountered 

which included the „frankincense kingdom‟. Here the best quality resin, described by Dioscorides 

as that which is “white...fat...and burns readily” (Gunther 1959: 45), could be obtained through 

the ports of Sumhuram (Dhofar, Oman) and Qana‟ (modern Bir Ali, Hadramawt, Yemen). Pliny 

the Elder (Rackham 1968: 37-47) states that these riches gained the region the epithet „felix‟ 

(„blessed‟). The frankincense was in such demand that two harvestings were required and, 

although much was burnt as temple incense, far greater quantities were used in Roman funerary 

rituals when: “by the luxury of mankind even in the hour of death...they burn over the departed the 

products which they had originally understood to have been created for the gods” (Rackham 

1968: 61).  

 

Thus, any find of ancient frankincense is significant. Nonetheless, its presence in Yemen, Nubia 

and even Ancient Egypt is not unexpected given the geographical spread of Boswellia spp. and the 

known commercial distribution of their exudates. The logistics and rationale of its transportation 

to Roman Britain is another matter and forms part of a growing corpus of evidence for the 

widespread use of resins as part of Roman mortuary rituals. Although a number of antiquarian and 

more recent excavation reports from Britain refer to the presence of resinous materials in both 

cremation and inhumation burials (Alcock 1980; Dunkin 1844: 91-97; Gage 1834, 1836; Morris 

1986; Taylor 1993; Waugh 1962; Woodward 1993: 215-239), little in the way of chemical 

analysis had previously been undertaken to investigate these claims. In light of this current find, it 

is interesting to note that these reports include descriptions of liquids and organic substances 

associated with the high quality gravegoods found with Roman cremation burials within the 

Bartlow Hills barrows, Cambridgeshire. One material, a white substance with a brown interior 

adhering to some basketwork “when heated,...evolve[d] a fine aroma, somewhat resembling that 

of myrrh or frankincense; and at a higher temperature...burn[t] with a white smoky flame” (Gage 

1834: 17). Unfortunately, much of this collection was subsequently destroyed in a fire. Similarly, 
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an „aromatic‟ white residue from Weston Turville, Buckinghamshire which was reported to be 

frankincense is no longer extant. This substance, together with some leaves, was recovered from a 

Samian ware dish which formed part of the extensive range of gravegoods found with an isolated 

2
nd 

century AD amphora cremation burial (Waugh 1962).  

 

Current research focussed on late Roman inhumation burials from Britain has, however, recently 

provided chemical evidence to support these observations. The molecular analysis of amorphous 

yellow-orange fragments from the burial of a year old infant at Arrington, Cambridgeshire 

revealed key biomarkers denoting the use of a Pistacia species resin (Brettell et al. 2013). This 

apparently isolated inhumation was accompanied by a number of pipe-clay figurines which rested 

on the coffin lid at its foot. Some matted human hair, fragments of dyed wool and a white 

substance, variously reported as lime or lead carbonate, were also present within the coffin (Taylor 

1993: 194). This Pistacia spp. resin, transported from the Mediterranean or the Levant, powdered 

easily but did not appear to have been heated prior to being incorporated within the burial (Brettell 

et al. 2013). A mixture of Pistacia spp. and Pinaceae resins has also been identified in numerous 

samples of the silt from an intact lead coffin placed within a large limestone sarcophagus from the 

northern cemetery of London (Brettell 2013). This young female, dubbed the „Spitalfields Lady‟, 

had been interred during the 4
th

 century AD in a gold-embroidered silk damask garment and wool 

fabric wrappings. She had been supplied with a range of gravegoods including bay leaves in the 

area of the cranium (possibly as a scented pillow), two high quality imported glass phials (one 

between the lead and stone containers), a jet rod, other jet artefacts and a small cylindrical box 

(Museum of London 1999; Thomas 1999). Isotope analysis indicated that the „Spitalfields Lady‟ 

had been born abroad, possibly near Rome, and may have migrated to Britain shortly before her 

death (Montgomery et al. 2010).  

 

Biomarkers for Pinaceae resins have likewise been found in dark residues adhering to the „plaster‟ 

which was used to encase seven individuals interred in lead-lined and stone sarcophagi in the main 

late Roman cemetery at Poundbury, Dorchester, Dorset (Brettell 2012). Moreover, triterpenic 

compounds characteristic of Boswellia spp. resins have been identified in the coffin debris 

associated with two elaborate burials from the rural burial ground at Alington Avenue, near 

Dorchester (Brettell 2012; Figure 11). These were the inhumation of an adult female (B3664) in a 

wooden coffin with a sandstone lid who was accompanied by rich grave goods and that of a child 

aged 4-6 years who had been placed in a lead-lined wooden coffin (B4378) furnished with a Black 

Burnished ware jar (3
rd

 century AD), iron rod and curated coin. In the latter, the microenvironment 

had resulted in the survival of textile fragments which had adhered to the clavicles and scapulae 
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(Davies et al. 2002: 129-135). These proved to be plain-weave (tabby) textiles of undyed wool 

with shellfish („Tyrian‟) purple-dyed wool ornament on both shoulders. This is most likely to 

represent a traditional male tunic with two wide vertical purple stripes, or clavi. The first of its 

kind to be discovered in Britain, this tunic reserved for senators, civilian officials, army officers 

and young boys of high rank must have been imported from the Mediterranean (Crowfoot 2002; 

Walton Rogers 2002).  

 

So how does this latest find in a cremation urn add to our understanding of Roman mortuary rites? 

Although no extant gravegoods were placed with the cremated remains, this individual‟s remains 

had been interred in a high quality glass vessel within a lead casket below a carefully constructed 

barrow (Hazzledine Warren 1913). Certain commonalities in the selection of materials can, 

therefore, be observed with regards to the burials which have also been found to contain resinous 

substances. Moreover, this aspect of mortuary ritual appears to continue across the fundamental 

divide between cremation and inhumation and to the emphasise identity of the deceased in terms 

of status. The mortuary sphere has always provided an opportunity for socio-cultural display with 

certain individuals accorded more elaborate rites than the „norm‟. In late Republican and early 

Imperial Rome this seems to have involved being washed and anointed, crowned with flowers, 

dressed in richly-decorated garments and placed on a bier draped with purple-dyed cloth prior to 

being cremated and the remains gathered for burial (Fowler & Fowler 2007: 511; Nagle 2004: 87). 

In the later Roman period, the preliminary rites continued to be employed but the individual was 

generally interred in a lead-lined coffin or stone sarcophagus and sometimes encased in a white 

calcitic substance (Philpott 1991: 92-94; Sparey Green 1977). It is now clear that natural resinous 

substances formed a significant element of this elite „package‟ and could be employed in a variety 

of ways: in the unguents applied to the body, heaped on the pyre, sprinkled or pasted onto the 

textile wrappings or scattered/poured over the cremated or interred remains (Ascenzi et al. 1993; 

Brettell et al. 2013; Bruni & Guglielmi 2005; Papageorgopoulou et al. 2009, Reifarth 2013). 

These rites, which originated in the eastern Empire, may have been designed to propitiate the gods 

as the scent of burning incense was believed to bear the essence of offerings to the heavens. The 

scented unguents used in embalming and anointing rituals were, likewise, intended to cleanse and 

purify the body in order to facilitate the deceased‟s journey to the underworld (Groom 1981: 1-14; 

Langenheim 2003: 284-5; Philpott 1991: 118). On a more practical note, they would also have 

acted to retard decay and mask the odour of decomposition during the often extended funerary 

rites (up to a week for elite individuals) (Fowler & Fowler 2007: 511; Hope 2009: 71-74).  
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Thus, plant exudates played an important and multi-layered role in Roman mortuary practices 

which appears to be closely correlated with wealth and status. This is supported by details gleaned 

from the primary sources. These speak of various resinous substances being heaped upon funeral 

pyres (Duff 1928: 491; Nagle 2004: 87) and express the desire for their ashes to be “sprinkle[d]... 

with pure wine and fragrant oil of spikenard; bring balsam too” (Evelyn White 1921: 159). There 

is, however, little information regarding the rites accompanying the subsequent burial of the 

cremated remains. We are also have accounts of the embalming of named individuals including 

Poppaea, the Emperor Nero‟s second wife, at whose lavish funeral (AD 65) more than a year‟s 

worth of the produce of Arabia was burnt (Rackham 1968: 61-62; Grant 1971: 384). Indeed, the 

description by Statius (Nagle 2004: 157) of the burial (?embalming) of Priscilla, wife of 

Abascantus, freedman and secretary to the Emperor Domitian closely reflects some of the 

archaeological finds discussed above: “Sabaean frankincense, the Indian crop for burning, 

incense robbed from Palestine’s temples...she reclines on...silk beneath...a purple canopy”.  

 

Conclusion 

Molecular analysis of amorphous materials recovered from a Roman cremation burial (c. AD 100-

120) below a large round barrow on Mersea Island, Essex, UK were undertaken using gas 

chromatography-mass spectrometry. The biomarkers present showed that it consisted of mixture 

of two different resinous plant exudates. These were identified as a combination of a Pinaceae 

resin and a Burseraceae, probably Boswellia spp. gum-resin. While the former could have been 

collected in north-western Europe, including Britain, the latter must have been transported from 

the far south-eastern periphery of Roman influence, and may have been of east African origin. 

These findings are of some significance as they provide the first chemical evidence for the use of 

resinous plant exudates in a Roman cremation burial. They also provide the earliest evidence for 

the importation of an exotic resin into Britain and emphasise the extent of Roman cultural 

influence on mortuary practices within this remote province. These results, in conjunction with 

recent research demonstrating the use of Pinaceae, Pistacia spp. and Boswellia spp. resins in late 

Roman inhumation burials from Britain, provide a new perspective on Roman mortuary practices. 

Nevertheless, although they help to demonstrate hitherto unsuspected links between Britain and 

the wider Roman world, many questions remain. Principally, were these people migrants who had 

brought their ideas and resins with them? Or were they Britons who had travelled abroad (soldiers, 

administrators, traders) and returned home wanting to emphasise their acquired 'romanitas'? Or 

was Roman culture so embedded in Britain that exotic resins were readily available and could be 

purchased in response to the death of a loved one? Only further analysis of organic materials from 

Roman cremation and inhumation burials can help address these issues. 



Amorphous organic material, Roman cremation urn, Mersea Island barrow 

- 22 - 

Recommendations 

1. The amorphous nature of resinous exudates means that they are often overlooked in the 

archaeological record. Their tendency to become increasingly friable over time adds to this 

problem. Thus, it is recommended that samples of any organic materials from cremation and 

inhumation burials and of debris from the base of any stone sarcophagi and/or lead-lined coffins 

should be retained untreated for analysis.  

2. Examination of the amorphous material using Optical Microscopy and Scanning Electron 

Microscopy will be used to compare the white and orange portions and gain high quality images. 
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Appendix 1: table providing details of the Mersea Island barrow sub-samples 
 

Code Mass (g) Description  Compounds present 
MS1 0.2 White material with black 

inclusion 
Carboxylic acids 
SFAs      C16:0; C18:0 

MUFAs  C18:1 

 

Monoterpenes 
8.7       α-pinene (1R + 1S) 

9.6      β-pinene 

10.0    α-phellandrene 

10.2    camphene  

10.3    2-menthene 

10.4    ο-cymene + β-terpinyl acetate 

10.8    δ-3-carene 

10.9    γ-terpinene 

11.5    terpinolene 

11.9    ocimene 

12.3    dihydrocarvone 

12.6    pinocarvone 

12.8    isocineole (1,4-cineole) 

13.3    verbenone (2-pinen-4-one) 

 

Sesquiterpenes 
15.6    α-copaene 

15.8    β-elemene 

16.2    α-caryophyllene 

16.6    β-caryophyllene 

16.7    aromadendrene 

16.8    γ-muurolene 

17.0    eudesma-4(14),11-diene 

17.1    α-muurolene + α-selinene 

17.3    γ-cadinene 

17.4    δ-cadinene 

17.5    calamenene 

17.7    α-calacorene 

18.1    carophyllene oxide 

18.3    ?longifolene   
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18.8    τ-muurolene 

 

Diterpenoids (Pinaceae) 
21.6-22.7 Traces of neutral abietane derivatives 

 

Diterpenoids (Boswellia spp.)  
21.9  cembrene A 

22.2  cembrene C 

22.8  verticilla-4(20),7,11-triene  

24.1 ?isoincensole (underivatised) or „incensene oxide‟       

24.2  incensol 

24.6  incensole oxide 

 

Triterpenoids (Burseraceae) - bp m/z 218 
30.3  392 24-norolenan-3,9(11),12-triene 

30.7  392 24-norursa-3,9(11),12-triene 

30.8  394  24-norolean-3,12-diene (1) 

31.2  394  24-norursa-3,12-diene (2) 

31.3  496  olean-9(11),12-dien-3β-ol 

31.6  496  ursa-9(11),12-dien-3-ol  

31.9  498  3-epi-β-amyrin (3) 

32.0  498  unidentified 
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32.1  498  3-epi-α-amyrin (4) 

32.5  422  ursa-9(11),12-dien-3-one 

32.8  408  24-norursa-3,12-diene-11-one (5) 

32.8  424  β-amyrenone (6) 

32.9  498  3β-hydroxy-olean-12-en-3-ol (β-amyrin) (7) 

33.1  424  α-amyrenone (8) 

33.2  498  3β-hydroxy-urs-12-en-3-ol (α-amyrin) (9) 

33.3  426  ?an amyrin acetate (10) 

33.5  512  5β-hydroxyolean-12-en-11-one 

33.7  512  5β-hydroxyurs-12-en-11-one 

33.8  ?       422, 248, 218, 203<189, 175, 161, 135 

34.5  ?aldehyde 440, 425, 273, 232, 218, 203, 189, 135 

34.9  ?aldehyde 438, 273, 232, 203, 189, 135 

MS2 0.1 Inner portion with dark 

orange inclusions 
Carboxylic acids 
SFAs      C16:0; C18:0 

MUFAs  C18:1 

 

Monoterpenes and sesquiterpenes  -  as above 
 

Diterpenoids (Pinaceae) 
21.6-22.7 Traces of neutral abietane derivatives 

25.3  pimaric acid 

25.5  isopimaric acid 

25.6  didehydroabietic acid 

25.8  dehydroabietic acid 

26.1  abietic acid 

 

Diterpenoids (Boswellia spp.)  
21.9  cembrene A 

22.2  cembrene C 

22.8  verticilla-4(20),7,11-triene  

24.1 ?isoincensole (underivatised) or „incensene oxide‟       

24.2  incensol 

24.6  incensole oxide 

 

Triterpenoids (Burseraceae) - as above 

MS3 0.1 White material that had 

become powdered 
As above - MS2 
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Appendix 2: total ion current (TIC) chromatograms of the silylated sub-

samples of the amorphous material from the cremation urn, Mersea Island 
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Appendix 3: comparative reference samples curated in the reference collection, 

Molecular Chemistry Laboratory, Archaeological Sciences, University or Bradford 

or purchased from Bristol Botanicals Ltd., Bristol, UK 

 
Sample 

reference 

Botanical 

details 

Source Sample 

description 

Image Mass 

(g) 

PIN065 Pinus pinaster 

resin 

Ref: 065 

  

Uni. of Bradford 

Numerous deep 

orange fragments 

 

0.05 

KFZNR Pinus sylvestris 

resin 

 

Donated sample 

 

Nicole Reifarth 

 

Translucent 

yellow-orange 

fragments  

 

0.1 

FRKB009 Boswellia 

serrata 

 

Sudan 

GAW009 

 

Bristol Botanicals 

Small, pale 

yellow-brown 

rounded 

fragments 

 

0.1 

FRKB050 Boswellia 

carterii 

 

Ethiopia 

GAW050 

 

Bristol Botanicals 

Small, orange-

brown rounded 

fragments 

 

0.1 

FRKBB052 Boswellia sacra 

 

Oman 

GAW052 

 

Bristol Botanicals 

Large pale 

cream-yellow 

„tears‟ 

 

0.1 

 

 


