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CHAPTER 10 RESULTS: SHINY DEPOSITS 
 

10.1 Introduction 

 

In 1983, Holmes (1987), first used the term ‘post-depositional surface 

modification’ (PDSM), followed by Levi Sala (1986), to describe a large and 

diverse class of phenomena which represent non-archaeological surface 

alterations on flint artefacts. One of these natural PDSM phenomena appears as 

a shiny polished or glossy surface on the flint, and has been called natural 

surface polishing, soil sheen (Levi Sala, 1986), or soil polish (Kooyman, 1985, p. 

138). Similarly, shiny deposits with a smooth, reflective surface covering all or 

part of an archaeological flint have been described as a ‘gloss patina’ 

(Glauberman and Thorson, 2012, p. 24), with some researchers suggesting it 

originates in peat conditions rich in humic acid (Howard, 2002, 1999; Rottländer, 

1975; van Gijn, 2010, p. 44, 1990, p. 53). It is apparent that a variety of terms 

have been used to describe natural shiny deposits on stone tools: natural surface 

polishing, soil sheen, soil polish, gloss patina, and glossy wear traces. 

Sometimes it seems usewear analysts themselves are unclear in their 

descriptions of natural PDSM. For instance, Van Gijn (1990, p. 53) states: “It 

[gloss patina] concerns a more or less uniform sheen over the surface of the flint”, 

and then three sentences later directly contradicts this with: “Because gloss 

patina does not develop uniformly over the tool, depending as it does on very 

localized groundwater circulation...” (italics added). Adding to the confusion, it is 

difficult to determine if all microwear/usewear analysts have indeed reported the 

same phenomenon, even when the same terminology is used because it is 

recorded and described in subjective terms and the micrographs of what appears 

as polish are not specifically diagnostic.  

 

The mechanism(s) of the formation of natural shiny deposits such as gloss patina 

on flint are unclear, and this has been a long-standing critique in usewear studies 

https://paperpile.com/c/E3gmaI/tE4bt/?noauthor=1
https://paperpile.com/c/E3gmaI/BpoO/?noauthor=1
https://paperpile.com/c/E3gmaI/BpoO
https://paperpile.com/c/E3gmaI/lwac/?locator=138
https://paperpile.com/c/E3gmaI/lwac/?locator=138
https://paperpile.com/c/E3gmaI/Nlk0/?locator=24
https://paperpile.com/c/E3gmaI/goTO+eQOr+exj0+FSr5+Uwxw/?locator=,53,,,44
https://paperpile.com/c/E3gmaI/goTO+eQOr+exj0+FSr5+Uwxw/?locator=,53,,,44
https://paperpile.com/c/E3gmaI/eQOr/?locator=53&noauthor=1
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(Juel Jensen, 1988, p. 81). Both additive deposition and subtractive dissolution 

have been proposed. Slow chemical dissolution of the flint seems to be the 

favoured explanation to account for gloss patina. However, biogenic amorphous 

silica from plants is known to be an important component of soils (Drees et al., 

1989, p. 947), and is also present as dissolved silica in soils (McKeague and 

Cline, 1963a). Thus, it has also been suggested that infilling of the microscopic 

depressions of the flint with dissolved silica in the groundwater or mechanical 

abrasive forces may also be responsible or contributing to gloss patina formation 

(Stapert, 1976, p. 12).  

 

As will be shown in this chapter, using visual clues to differentiate between a real 

anthropogenic usewear polish and a shiny deposit that has formed due to natural 

soil processes and/or post-excavation curation practices can be misleading and 

uncertain.  

 

10.2 Methods 

 

Shiny deposits were observed with reflected VLM, documented with z-stacked 

images, and their chemical composition investigated in a preliminary way with 

confocal Micro-Raman spectroscopy. 

 

10.3 Results 

 

10.3.1 Introduction 

 

During microscopic analysis of lithics, a shiny deposit was defined as a reflective, 

transparent and texturally smooth layer on the flint surface. Shiny deposits were 

observed on many tools, and at the beginning of analysis were initially interpreted 

https://paperpile.com/c/E3gmaI/enHM/?locator=81
https://paperpile.com/c/E3gmaI/QSK1/?locator=947
https://paperpile.com/c/E3gmaI/QSK1/?locator=947
https://paperpile.com/c/E3gmaI/TGAj
https://paperpile.com/c/E3gmaI/TGAj
https://paperpile.com/c/E3gmaI/Bw7x/?locator=12
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as usewear polishes. There were two major types of shiny deposits observed on 

the Star Carr lithic sample, which have been termed ‘tideline’ and ‘dull lustre’. The 

morphology of the tideline deposit was indicative of a non-archaeological deposit, 

primarily because it was associated with the washing process in the lab, and 

secondly because it left a trace similar to the natural process of evaporites 

forming at the edge of a salt lake. The dull-lustre type of shiny deposit was more 

complex to interpret, sometimes clearly associated with washing (polish from lab 

processing), but in other cases appearing to be confined to working edges of the 

tool. Shiny deposits were often found to contain gypsum crystals (identified with 

confocal Micro-Raman in Chapter 9). Any potential relationship between shiny 

deposits and burial context was not examined in this chapter because the 

difference between natural and anthropogenic polishes was not always clear. 
 

10.3.2 Microscopic description 

 

10.3.2.1 Tideline 

The tideline shiny deposit can be described as lines which have transparent and 

reflective surfaces, taking one of two sub-forms: 1) a wavy curvilinear line 

resembling the trail left behind by a slug, sometimes extending several 

millimeters (see Figure 10.1), or 2) a circular outline of a water pool or droplet 

(Figure 10.2). Tideline deposits were often found in conjunction with red-orange 

iron oxide deposits (as identified in Chapter 8), typically as small ‘granules’ within 

the tideline. The co-occurrence of the red-orange deposits with shiny deposits 

may be expected, as natural iron oxides are usually associated with variable 

amounts of other minerals (Cavallo et al., 2015). The tideline morphology was 

always interpreted as a naturally-formed shiny deposit, since it appeared as a 

crust formed at the edge of a salt lake, similar to a line of evaporites.  

 

 

 

 

https://paperpile.com/c/E3gmaI/nYeP
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Figure 10.1. Example of wavy line tideline on blade tool 94066, ventral left mid edge. Approximate 

length of this tideline is 6600 μm (6.6 mm). 

 

 

Figure 10.2. Example of tideline on blade tool 94066, ventral left mid edge. Note pool-like edges.  
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10.3.2.2 Dull lustre 

Some stone tools in the sample displayed shiny deposits macroscopically, which 

appeared greasy or waxy with a dull lustre (Figure 10.3 and 10.4). Unfortunately, 

this deposit was not consistently recognised throughout the assemblage during 

microscopic analysis, since it was first interpreted as a polish, sometimes called 

‘dull polish’, but usually termed generally as ‘polish’. However, the dull lustre 

deposit was noted to contain gypsum crystals (Figures 10.4). It is important to 

note that these crystals are not phytoliths and shiny deposits with such inclusions 

should not be interpreted as evidence of plant-working. Rather, it was found that 

the crystals contained in the dull lustre deposits were identical in shape to 

crystals previously identified as gypsum with Micro-Raman.  

 

 
Figure 10.3. Core preparation flake 85814 with dull lustre deposit (circled). This deposit is likely 

silicon dioxide, originating either as a precipitate of dissolved amorphous silica from the soil from 

or from dissolution of the flint (quartz) itself. 
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Figure 10.4. Left: Blade 109720 showing macroscopically visible deposit which appears greasy 

with a dull lustre. Right: Twinned swallowtail gypsum crystals within the dull lustre deposit. 

 

10.3.2.3 Shiny deposits related to the lithic washing process 

Some shiny deposits observed were connected with the normal wash process for 

lithics (see examples in Figures 10.5-10.12). These shiny deposits were highly 

reflective and contained gypsum crystals. Their borders were often distinct like 

‘islands’ appearing to have some height, suggesting an additive deposit, but clear 

borders were not always present. Shiny deposits were seen on areas of the tool 

that were in direct contact with the cling film drying surface, sometimes with the 

deposit clearly mirroring the folds present in the underlying cling film (Figure 

10.8), which were macroscopically visible.  

 

 
Figure 10.5. This shiny deposit was found on chamfered fragment piece 109735. As with all 

lithics, the tool was washed with water and left to air dry on a cling film-lined tray. The deposit is 

located on the dorsal centre surface – this part of the tool was in contact and adhered to the cling 

film whilst drying and is considered a shiny deposit formed by curation procedures.  
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Figure 10.6. Shiny deposits related to the washing process on blade 99765. A) Fibrous sheet 

formation suggestive of gypsum. Steep edges of this shiny deposit suggests its origin is additive, 

not due to dissolution of the flint. B) A twinned swallowtail crystal embedded in the shiny deposit. 

 

 
Figure 10.7. Examples of shiny deposits documented in relation to the wash process, containing 

different types of gypsum crystal shapes. All images show areas on blade 98855 which were in 

contact with cling film during drying. A) Shiny deposit, exhibiting ‘islands’ with raised edges, and 

containing twinned swallowtail gypsum crystals, dorsal left mid edge. B) Lath and rosette crystals 

embedded within shiny deposit, dorsal left mid edge. C) Rhombus crystal within shiny deposit, 

ventral right mid edge.  

  

 
Figure 10.8. Shiny deposits with lines mirroring the folds present in the cling film drying surface. 

Blade 99765. 
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After washing and drying blade 99516, the lithic was lifted from the cling film-lined 

tray and it was discovered that the cling film underneath the tool adhered strongly 

to the blade. A shiny deposit was observed macroscopically on the tool. This 

deposit was found on the cling film as well, underneath the contact point between 

the tool and the cling film, and the same deposit was seen underneath the 

artefact plastic label (Figure 10.9). The plastic tag was washed in the same way 

as the tool to remove sediment. The shiny deposits on the cling film appeared 

translucent and highly reflective and sparkly, just as the shiny deposit appears on 

the blade. The deposit on the blade and the deposits on the cling film were both 

examined. Micrographs of the deposit on the cling film (Figure 10.10) reveal it 

contains the same shapes of gypsum crystals that were found on the tool (Figure 

10.11). This shows that the deposit on the tool and the cling film were the same, 

and suggests the sediment is the origin.  

 

 
Figure 10.9. Blade 99516 and shiny deposits on the cling film. A) Blade 99516 and associated 

label drying on cling film after first wash with ultrapure water. B) Shiny deposit imprint left on cling 
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film matching the outline of the blade. C) Shiny deposit imprint left on cling film matching the 

outline of the plastic tag. 
 

 
Figure 10.10. Shiny deposit on the cling film left after air drying blade 99516. Circled is the 

formation of a twinned swallowtail gypsum crystal.  
 

 
Figure 10.11. Shiny deposit on blade tool 99516 observed after first wash. Deposit contains 

rhombus and twinned swallowtail gypsum crystals. The deposit was located ventral centre interior 

part of the blade, slightly distal. 
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It was thought likely that the shiny deposit formed after the wash process was 

water soluble. To test this hypothesis, blade 99516 was subject to a second wash 

involving gentle stream of ultrapure water. Drying after the second wash and 

microscopic analysis of the blade showed the deposit was still present, albeit 

fainter, reduced in size, and containing no gypsum crystals (Figure 10.12). No 

shiny deposit imprints were found remaining on the cling film after the second 

wash. These observations show that this type of shiny deposit on lithics is water 

soluble and washing does affect its formation.  

 

 
Figure 10.12. Left: Macroscopically visible shiny deposit on blade 99516 after first wash. Right: 

After the second wash with water, the shiny deposit is still present, but appears to be fainter and 

less shiny. No gypsum crystals were found in the shiny deposit on the tool after the second wash.  
 

The origin of these shiny deposits related to washing, which look like usewear 

polish, was discovered part-way through the reflected VLM analysis. The shiny 

wash deposits might be proposed as originating from the polyvinyl chloride (PVC, 

(C2H3Cl)n) cling film. Another PVC product containing plasticiser bis-(2-

ethylhexyl)phthalate (brand name Mipofolie), was shown to emit damaging 

hydrochloric acid after 29 years in contact with skin parchment (Wouters 1992, 

p.68). The long contact period between the PVC product and the artefact of 

several decades is not, however, comparable to the short contact period of 

several days between the lithics drying on cling film and the microscopic analysis. 

Additionally, a cling film origin of the shiny deposits seem unlikely, since 1) 
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gypsum crystals were found within the shiny deposits on the tool, and 2) PVC 

cling film does not contain the minerals that would form gypsum. 

 

It is unclear exactly how the formation of shiny deposits related to washing occur, 

but it was hypothesised that dissolved amorphous silica in the sediment adhering 

to the tools was mobilised by the wash water, then deposited as precipitate on 

the flint surfaces. It also appears likely that gypsum present in the sediment 

dissolves during artefact washing, followed by recrystallization on the flint 

surface. The pH of the water used to wash lithics was 6.5 to 7, so acidic wash 

water did not influence the dissolution/precipitation of materials on the tool. 

However, many soils at Star Carr are highly acidic, with readings from the peats 

often around pH 2. 

 

10.3.3 Micro-Raman  

10.3.3.1 Blade 99765 

Spots of ~1 μm diameter within a shiny tideline deposit found on blade 99765 

were tested with confocal Micro-Raman to chemically characterise the deposit 

(Figure 10.13). The closest identification for the tideline deposit was α-quartz and 

moganite (Figure 10.14), both polymorphs of silicon dioxide, but further work is 

required to better resolve this tideline type of shiny deposit.  
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Figure 10.13. The spot on blade 99765 where the spectrum in Figure X was collected. The spot 

was within a tideline deposit. 

 

 

 
Figure 10.14. Raman spectrum of a tideline deposit from blade 99765, showing two polymorphs of 

silicon dioxide are present: α-quartz and moganite. 
 

10.3.3.2 Comparison of shiny tideline deposits on archaeological 

flint with α-quartz reference values 

The Raman spectra collected on the shiny tideline deposits were compared to 

silicon dioxide reference values. Silicon dioxide (SiO2) exists in several 

polymorphs, which have different Raman features due to differences in the crystal 

lattice structure. The crystalline polymorphs include quartz (trigonal α-quartz, and 

hexagonal β-quartz), tridymite (orthorhombic α-tridymite and hexagonal β-

tridymite), cristobalite (tetragonal α-cristobalite and cubic β-cristobalite), 

monoclinic moganite, monoclinic coesite, tetragonal stishovite (Götze and 

https://paperpile.com/c/E3gmaI/vqA2+t7ks/?locator=296,3
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Möckel, 2012, p. 3; Wenk and Bulakh, 2016, p. 296). The amorphous polymorphs 

of silicon dioxide are lechatelierite (silica glass), and opal silica (Drees et al., 

1989, p. 913). At surface temperature and pressures, the most crystalline and 

stable polymorph is α-quartz. α-quartz is also the most common of these silicon 

dioxide polymorphs. Opal silica is the least stable polymorph – it has a disordered 

structure that incorporates hydroxyl and water (Weiner, 2010, p. 88). 

 

It was thought that the tideline deposits might be composed of amorphous silica, 

since the subtraction of silicon dioxide within the flint (SiO2) by chemical erosion 

and the addition of dissolved silica from the soil solution have both been 

proposed as mechanisms of natural polish formation (discussed in section 

10.4.1).  

 

However, the Raman spectrum presented in Figure 10.14 and the other spectra 

of the tideline deposit do not support an interpretation of amorphous silica. 

Amorphous (noncrystalline) silica contains a strong broad band at ~57-68 cm-1, a 

strong broad band at ~435-440 cm-1, a strong and characteristic band at ~490-

500 cm-1 (Si–O bending, referred to as ‘defect’ D1), and a weaker band at ~604-

608 cm-1 (referred to as D2) (Alessi et al., 2013; Bates et al., 1974; Brinker et al., 

1988; Colomban et al., 2006; Galeener, 1982; Hibino et al., 1985; Matson et al., 

1983; Sharma et al., 1981). 
 

The closest match with the tideline deposit is mainly α-quartz (SiO2), with 

evidence for inclusion of moganite (SiO2). As can be seen in Figure 10.14, the 

main features of the tideline residue deposit are at 127, 206, 463, and 502 cm-1, 

which generally correspond to α-quartz reference values (see Table 10.1). The 

sharp peak at ~465 cm-1 is the most intense Raman feature in both the tideline 

residue and the α-quartz references (Asell and Nicol, 1968, p. 5396; Gillet et al., 

1990, p. 21640; Kingma and Hemley, 1994, p. 271; Krishnan, 1953, p. 382; 

Nedungadi, 1940, p. 88; Shapiro et al., 1967, p. 362; Sharma et al., 1981; 

Tekippe et al., 1973, p. 711). This strong peak at ~465 cm-1 is attributed to 

symmetric stretching-bending vibrations of SiO2 A1 mode of α-quartz (Olivares et 

al., 2009, p. 494).

https://paperpile.com/c/E3gmaI/vqA2+t7ks/?locator=296,3
https://paperpile.com/c/E3gmaI/QSK1/?locator=913
https://paperpile.com/c/E3gmaI/QSK1/?locator=913
https://paperpile.com/c/E3gmaI/d1Pb/?locator=88
https://paperpile.com/c/E3gmaI/kXkQ+IznP+ze2H+I2nZ+1jbK+Vc1Y+tdvS+Re8F
https://paperpile.com/c/E3gmaI/kXkQ+IznP+ze2H+I2nZ+1jbK+Vc1Y+tdvS+Re8F
https://paperpile.com/c/E3gmaI/kXkQ+IznP+ze2H+I2nZ+1jbK+Vc1Y+tdvS+Re8F
https://paperpile.com/c/E3gmaI/sq2V+jbOH+cnp2+Cydn+G4S4+IznP+dvfa+jkC8/?locator=88,382,362,5396,711,,21640,271
https://paperpile.com/c/E3gmaI/sq2V+jbOH+cnp2+Cydn+G4S4+IznP+dvfa+jkC8/?locator=88,382,362,5396,711,,21640,271
https://paperpile.com/c/E3gmaI/sq2V+jbOH+cnp2+Cydn+G4S4+IznP+dvfa+jkC8/?locator=88,382,362,5396,711,,21640,271
https://paperpile.com/c/E3gmaI/sq2V+jbOH+cnp2+Cydn+G4S4+IznP+dvfa+jkC8/?locator=88,382,362,5396,711,,21640,271
https://paperpile.com/c/E3gmaI/KZTx/?locator=494
https://paperpile.com/c/E3gmaI/KZTx/?locator=494


320 
 

Table 10.1. Correspondence between Raman wavenumbers (cm-1) seen in the tideline shiny deposit and quartz.  

Tideline 
residue on 
tool 99765 

crystalline 
quartz 
Nedungadi 
1940 

crystalline 
quartz 
Krishnan 1953 

α-quartz 
Shapiro et 
al. 1967 

α-quartz 
Asell and 
Nicol 1968 

α-quartz 
Tekippe et 
al. 1973 

α-quartz 
Sharma et 
al. 1981 

α-quartz 
Gillet and Le 
Cléac'h 1990 

α-quartz 
Kingma and 
Hemley 1994 

quartz 
powder 
(SiO2) ENS 
Lyon 

Assignment (Götze et 
al. 1998; Kingma and 
Hemley 1994) 

127 127 128  128 128 128 128 128 128  

   147  ~145      

206 207 207 207 207 205 207 206 206 206  

 263 266  265 263 264 265 265 264  

357 354 356 355  354 356 355 355 354  

 397 394   393 395 394 394 390  

424  403   400  401 401   

 453    450  450 450 450  

463 465 466 466 464 464 465 464 464 464 
symmetric stretching-
bending SiO2 (A1 
mode) 

502 501         
symmetric stretching-
bending SiO2 (A1 
mode) in moganite 

       511 511   
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Mineral quartz is classified into two major groups: macrocrystalline quartz and 

microcrystalline quartz (also known as cryptocrystalline quartz). Microcrystalline 

quartz is further split into two structural types of fine-grained microcrystalline 

quartz: fibrous quartz (e.g. agate and chalcedony) and nonfibrous quartz (e.g. 

chert and flint) (Heaney and Post, 1992). The fibrous quartz varieties are 

aggregates of microscopic parallely grown quartz crystals that can appear 

‘feathery’, and the nonfibrous quartz varieties are composed of fine ‘grainy’ 

crystals that are roughly equant (Nesse, 1986, p. 253). Both the fibrous and 

nonfibrous quartz subgroups can contain variable amounts of moganite, one of 

the polymorphs of silicon dioxide (Flörke et al., 1976; Heaney and Post, 1992; 

Kingma and Hemley, 1994). Moganite has the same chemical composition as α-

quartz (SiO2), but forms a different crystal structure – in this case a monoclinic 

crystal system (Miehe and Graetsch, 1992, p. 693; Polyakova, 2014, p. 214). 

Moganite has not been found to exist as a pure mineral in nature, but rather is 

found associated with quartz in a densely interwoven mixture (Gíslason et al., 

1997, p. 1193).  

 

The peak seen at 502 cm-1 in Figure 10.14 of the tideline shiny deposit spectrum 

is consistent with moganite (Götze et al., 1998; Kingma and Hemley, 1994). 

Since the tideline spectrum contains both the peak found in pure α-quartz (~465 

cm-1, attributed to symmetric stretching-bending vibrations of SiO2 A1 mode) and 

the peak found in moganite (~503 cm-1, attributed to symmetric stretching-

bending vibrations of SiO2 A1 mode), it is possible to say that the sample contains 

both of these polymorphs of silicon dioxide (cf. Götze et al., 1998, p. 99; Rodgers 

and Hampton, 2003 Fig. 1c). 

 

The ratio of moganite to quartz has been proposed as a way to distinguish 

between different sources of microcrystalline quartz (Götze et al., 1998; Schmidt 

et al., 2012), but quantification of the amount of moganite present in varieties of 

microcrystalline quartz using Raman spectra to allow their classification is still a 

developing area of research (Olivares et al., 2009; e.g. Schmidt et al., 2013). The 

finding of both quartz and moganite together in the Raman spectrum of the 

tideline shiny deposit does not allow a specific identification of the material 

https://paperpile.com/c/E3gmaI/6uLu
https://paperpile.com/c/E3gmaI/VN0L/?locator=253
https://paperpile.com/c/E3gmaI/HpCy+6uLu+jkC8
https://paperpile.com/c/E3gmaI/HpCy+6uLu+jkC8
https://paperpile.com/c/E3gmaI/VaHG+fxBG/?locator=693,214
https://paperpile.com/c/E3gmaI/AOOr/?locator=1193
https://paperpile.com/c/E3gmaI/AOOr/?locator=1193
https://paperpile.com/c/E3gmaI/jkC8+Q5CD
https://paperpile.com/c/E3gmaI/Q5CD+HTYI/?locator=99,&prefix=cf.,&suffix=,Fig.%201c
https://paperpile.com/c/E3gmaI/Q5CD+HTYI/?locator=99,&prefix=cf.,&suffix=,Fig.%201c
https://paperpile.com/c/E3gmaI/Q5CD+VUCt
https://paperpile.com/c/E3gmaI/Q5CD+VUCt
https://paperpile.com/c/E3gmaI/JqoA+KZTx/?prefix=e.g.,
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beyond ‘microcrystalline silicon dioxide containing both α-quartz and moganite 

polymorphs’. This is because it is possible to find moganite existing with quartz in 

fibrous quartz varieties (chalcedony and agate), as well as nonfibrous quartz 

varieties (chert and flint) from all over the world (Heaney and Post, 1992, p. 442).  

 

The Raman features seen in Figure 10.14 at 1483 cm-1 and 1542 cm-1 in the 

tideline residue spectrum are carbon related contaminants, perhaps remnants of 

the original adhering soil that was washed away with water. One of the major 

bands in carbon (graphite) is located around ~1575 to 1582 cm-1 (Cesare and 

Maineri, 1999, p. 47; Cuesta et al., 1994, p. 1523; Dresselhaus et al., 2010, p. 

752; Kingma and Hemley, 1994, p. 1521; Tuinstra and Koenig, 1970, p. 1127), 

and this is consistent with the wide band present in the spectrum around 1542 

cm-1. 

 
If we assume that all tideline shiny deposits in the Star Carr lithic assemblage are 

chemically similar based on their similar microscopic appearance, the evidence 

supports an interpretation of tideline deposits as composed of two silicon dioxide 

polymorphs, α-quartz and moganite. The silicon dioxide tideline shiny deposits 

identified in this study are interpreted as natural phenomena, based on their 

irregularly curved line morphology, their presence at random locations on the flint 

surfaces away from edges, and their common association with red-orange iron 

oxide deposits.  

 

10.4 Discussion 

10.4.2 The confusion between natural and cultural shiny 

deposits 

 

Vaughan (1985, p. 42) stated that a general soil sheen is present “...on every 

archaeological flint that has resided in a sedimentary or aqueous matrix” (italics 

added). If this is true, all the flint tools from waterlogged Star Carr should be 

https://paperpile.com/c/E3gmaI/6uLu/?locator=442
https://paperpile.com/c/E3gmaI/zj5O+OHfR+jkC8+4W0O+CHKc/?locator=1127,1523,1521,47,752
https://paperpile.com/c/E3gmaI/zj5O+OHfR+jkC8+4W0O+CHKc/?locator=1127,1523,1521,47,752
https://paperpile.com/c/E3gmaI/zj5O+OHfR+jkC8+4W0O+CHKc/?locator=1127,1523,1521,47,752
https://paperpile.com/c/E3gmaI/NQsn/?locator=42&noauthor=1
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expected to contain a soil sheen polish, which complicates the interpretation of all 

genuine anthropogenic usewear traces. Further regarding soil sheen, Vaughan 

(1985, p. 43) states: “Meat and fresh hide polish can be identical to the lesser 

developed end of soil sheen, just as the polish resulting from very limited plant 

cutting can resemble the generic weak polish of lesser developed soil sheen” 

(italics added). Thus, it would seem that soil polish can be mistakenly identified 

as any one of a variety of types of usewear traces. Even though Vaughan’s book 

(1985) is considered a classic text for the identification of lithic usewear, his 

above statements highlight the inherent subjectivity that characterises the 

interpretations made in lithic usewear analysis. 

 
The gloss patinas which form on flint due to natural soil processes in peat can 

easily be mistaken as polishes resulting from human actions, and Van Gijn (2010, 

p. 44), noted the difficulty in distinguishing natural gloss patina from 

anthropogenic usewear polish. Van Gijn believes the problem of differentiating 

gloss patina from usewear polish can be overcome by viewing the deposit with 

SEM. Van Gijn (2010, p. 44) describes gloss patinas as easy to identify with SEM 

because they are completely ‘recrystallised’, and that gloss patina contains none 

of the original granularity of the underlying flint. The evidence Van Gijn (2010, p. 

44) uses to support this assertion is an SEM image of an archaeological, not 

experimental, stone tool (1990, p. 53 Fig. 35), so it cannot be said whether the 

formation of the shiny gloss on the tool originated from human-working or a 

natural cause. It is also not clear by what criteria one would tell the difference 

between a deposit which has crystallised versus one which has recrystallised. 

Additionally, since Van Gijin states that a lack of granularity is a key factor for 

identifying gloss patina, following this logic the assumptions made are: 1) all 

anthropogenic usewear polishes show some of the underlying granularity of the 

stone (doubtful), and 2) gloss patina presents itself only in the well-developed 

state whereby the granular stone surface microtopography is completely 

obliterated (i.e. the progressive stages of gloss patina development ignored). 

From the evidence presented above regarding stone tool polish, it is considered 

most likely that neither a ‘recrystallised’ appearance or an absence of granularity 

provide a sufficient means to identify with certainty whether the origin of a shiny 

deposit is a natural gloss patina or an anthropogenic polish. 

https://paperpile.com/c/E3gmaI/NQsn/?locator=43&noauthor=1
https://paperpile.com/c/E3gmaI/NQsn/?noauthor=1
https://paperpile.com/c/E3gmaI/Uwxw/?locator=44&noauthor=1
https://paperpile.com/c/E3gmaI/Uwxw/?locator=44&noauthor=1
https://paperpile.com/c/E3gmaI/Uwxw/?locator=44&noauthor=1
https://paperpile.com/c/E3gmaI/Uwxw/?locator=44&noauthor=1
https://paperpile.com/c/E3gmaI/Uwxw/?locator=44&noauthor=1
https://paperpile.com/c/E3gmaI/eQOr/?locator=53&suffix=Fig.%2035&noauthor=1
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10.4.2 Formation mechanisms of shiny deposits 

 

The formation mechanisms responsible for the natural shiny deposits observed in 

the Star Car lithic assemblage merits discussion since their presence can 

confound interpretation of residues and usewear. Firstly, it must be remembered 

that flint weathering and alteration occur continuously – archaeologists do not dig 

up flint tools in the same condition as the moment they were deposited. Thus, we 

should always expect some natural wear and/or natural deposits on prehistoric 

flint artefacts due to general taphonomic and pedogenic processes in the burial 

environment.  

 

That the Raman signature of the tideline is likely similar to the flint substrate is 

fascinating, suggestive of the dissolution of the flint itself. However, dissolution 

does not appear to be the formation mechanism for all shiny deposits, and shiny 

deposit formation processes require further investigation. Preliminarily, it appears 

shiny deposits are forming by both dissolution and additive precipitation. Additive 

shiny deposits were observed with raised edges (Figure 10.5) and containing 

cling film folds after washing (Figure 10.7). The slow dissolution of quartz (i.e. 

flint) is known to occur in water (Kendrick, 2006, p. 1251; McKeague and Cline, 

1963a, 1963b), yielding silicic acid (also called monosilicic acid), according to the 

following hydrolysis equation:  

 

SiO2 + 2 H2O ➝ H4SiO4 

 

Perhaps problematically, silicic acid (H4SiO4) is also the form in which silicon (Si) 

is transported in solution in the soil (Kendrick, 2006, p. 1251; Thiry et al., 2014/9, 

p. 142). Whether there are structural differences in silicic acid originating from the 

flint versus the soil that are detectable with Micro-Raman remains to be explored. 

It can be said that the spectra collected from the tideline deposit are not 

consistent with Raman spectra for silicic acid. The presence and concentration of 

https://paperpile.com/c/E3gmaI/TGAj+JIGR+KqY1/?suffix=a,b,&noauthor=0,1,0&locator=,,1251
https://paperpile.com/c/E3gmaI/TGAj+JIGR+KqY1/?suffix=a,b,&noauthor=0,1,0&locator=,,1251
https://paperpile.com/c/E3gmaI/KqY1+zLBy/?locator=1251,142
https://paperpile.com/c/E3gmaI/KqY1+zLBy/?locator=1251,142
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moganite might prove a useful specific marker that could help determine if a shiny 

deposit originates from the dissolution of the flint.  

 

According to weathering experiments by Burroni et al. (2002, p. 1279), natural 

disturbances in the forms of chemical processes and friction from movement 

(tribological processes), produce polished or glossy surfaces on flint and chert 

artefacts. These chemical and physical weathering processes which cause the 

dissolution and precipitation of silica in the soil are typically slow, low intensity, 

and cumulative (Thiry et al., 2014). There are arguments for natural shiny deposit 

generation as an additive deposit (adsorption) to the flint surface from the soil, as 

well as a subtractive process (by physical abrasion or chemical dissolution) of the 

flint surface. The debate about the additive and/or subtractive origins of polish is 

not a new one in usewear studies (Christensen et al., 1998; Evans and Donahue, 

2005; Fullagar, 1991; Juel Jensen, 1988; Šmit et al., 1999; see Tringham et al., 

1974; Unger-Hamilton, 1984) and is still ongoing.  

 

This unresolved debate is well-illustrated in the specific case of the natural 

formation of gloss patina. Howard (1994, p. 324), drawing on pedological 

literature, suggested that gloss patina formation is an additive process which is 

the result of dissolved silica in the soil precipitating first as an amorphous silica 

gel (a hydrogel), that then solidifies into a dried and hardened xerogel. This 

transformation process has been modelled as soluble silicic acid ➝ hydrosols 

(colloids) ➝ hydrogels (nonrigid gels) ➝ xerogels (rigid gels), with the amorphous 

silica in the sequence progressively losing water (Drees et al., 1989, p. 943). In a 

later publication, Howard (2002) suggested that both additive and subtractive 

processes could to contribute to the formation of gloss patina. Recently, Thiry et 

al. (2014) reviewed the mineralogical and micromorphological literature and high 

resolution petrographic and SEM investigations concerning silica behaviour. 

According to this review, both additive and subtractive processes are at work 

contributing to the formation of silica deposits on flint.  

https://paperpile.com/c/E3gmaI/3zMw/?locator=1279&noauthor=1
https://paperpile.com/c/E3gmaI/zLBy
https://paperpile.com/c/E3gmaI/A9lr+JyZf+enHM+bJEZ+1MtI+eAE2+v8TT/?prefix=see,,,,,,
https://paperpile.com/c/E3gmaI/A9lr+JyZf+enHM+bJEZ+1MtI+eAE2+v8TT/?prefix=see,,,,,,
https://paperpile.com/c/E3gmaI/A9lr+JyZf+enHM+bJEZ+1MtI+eAE2+v8TT/?prefix=see,,,,,,
https://paperpile.com/c/E3gmaI/M06B/?locator=324&noauthor=1
https://paperpile.com/c/E3gmaI/QSK1/?locator=943
https://paperpile.com/c/E3gmaI/FSr5/?noauthor=1
https://paperpile.com/c/E3gmaI/zLBy/?noauthor=1
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Drees et al. (1989, p. 949), Kendrick (2006), and Thiry et al. (2014) note the 

following factors control silica dissolution/precipitation: particle size, soil pH (e.g. 

presence of acids like humic acid), the presence of organic matter, presence of a 

disrupted surface layer, composition of the silica components (types of silica 

polymorphs and their crystallinity), amount of water in soil, flow rate of water 

(including percolation), temperature, and the saturation level of silica in soil (high 

silica content in soil means limited dissolution of flint). The crystallinity of the 

silicon dioxide is an important factor in particular, with experiments by Siffert 

(1967) showing that amorphous silica easily dissolves with water into solution at 

room temperature within a matter of a days, whereas quartz dissolves much more 

slowly due to higher crystallinity. 

 
The general consensus among soil researchers is that silicon (Si) content is 

positively correlated with soil organic matter content (Liang et al., 2015, p. 59), 

and soils that are high in organic matter also have high amounts of soluble silica 

(Jones and Handreck, 1967, p. 113). It has also been shown that experimental 

solutions containing the organic acids (such as citrates and oxalate) accelerate 

quartz dissolution (Bennett, 1991; Evans, 1964). Not only does organic matter 

enhance the dissolution of silicon dioxide, including crystalline quartz and 

noncrystalline amorphous forms, Kendrick (2006, p. 1251) notes organic matter 

also impedes precipitation of silicon dioxide. Thus, the acidic organic-rich 

sediments at Star Carr may be contributing to the dissolution of quartz (flint 

lithics) and also contain high levels of amorphous silicon dioxide. Within the soil, it 

appears precipitation of any silicon dioxide present may be prevented in organic-

rich burial environments. Once an artefact is removed from the sediment and 

organics are washed away however, this may trigger silicon dioxide precipitation 

onto artefact surfaces. 

 

The natural formation of what has been referred to as gloss patina is thought to 

require low energy chemical alteration of the flint interacting with weakly acting 

acidic solvents over long periods of time. However, an experiment by Rottländer 

(1975, p. 108), showed a glossy surface could be produced on flint flakes by 

treatment of the flakes in peat with water (pH 4) at 50°C after only 3 weeks. It was 

https://paperpile.com/c/E3gmaI/QSK1/?locator=949&noauthor=1
https://paperpile.com/c/E3gmaI/zLBy/?noauthor=1
https://paperpile.com/c/E3gmaI/bcKS/?noauthor=1
https://paperpile.com/c/E3gmaI/IfaQ/?locator=59
https://paperpile.com/c/E3gmaI/ATQK/?locator=113
https://paperpile.com/c/E3gmaI/s31d+TLSf
https://paperpile.com/c/E3gmaI/KqY1/?locator=1251&noauthor=1
https://paperpile.com/c/E3gmaI/goTO/?locator=108&noauthor=1
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suggested that the flakes were being dissolved in the peat/water solution, since 

the flakes lost 0.3% of their original weight. Also, Rottländer reported that the 

water contained twice the amount of silica expected for water at pH 4. 

Unfortunately, it was not clear if the amount of silica present in the water/peat 

solution was measured prior to the experiment for comparison. Also, it was not 

considered that a source for the high levels of dissolved silica present in the 

water at the end of the experiment might be accounted for by the contribution of 

amorphous silica from plant tissues (such as phytoliths) in the peat.  

 
The development of gloss patina has been described as the formation of a 

complex containing one silicon atom from the flint (quartz) combined with the 

organic compound catechol (also referred to pyrocatechol, C6H4(OH)2) (Hahn et 

al., 1995; Rottländer, 1975, p. 108; Weiss et al., 1961). Crook (1968) also 

hypothesised the formation of a silica-organic complex to account for the 

rounding and embayments observed in thin sections of quartz grains from several 

organic rich soils, proposing in situ chemical weathering was responsible for their 

eroded appearance. Extensive experiments by Bennett (1991), and Bennett et al. 

(1988) tested the dissolution of pure quartz in a variety of solutions and at 

variable concentrations and pH; they also suggested dissolved silica from quartz 

forms a silica-organic acid complex. 

 
The activity of microbial communities likely also play a part in the chemical 

breakdown of flint (i.e. cryptocrystalline quartz). It is known that heterotrophic 

bacteria, cyanobacteria, and diatoms all cause biological dissolution of three 

types of silica (quartz sand, crystalline (scepter) quartz, and commercial glass), 

as demonstrated experimentally by Brehm et al. (2005). 

 

 

 

 

 

 

 

 

https://paperpile.com/c/E3gmaI/3aq4W+goTO+NTVqC/?locator=,108,
https://paperpile.com/c/E3gmaI/3aq4W+goTO+NTVqC/?locator=,108,
https://paperpile.com/c/E3gmaI/Snz4/?noauthor=1
https://paperpile.com/c/E3gmaI/TLSf/?noauthor=1
https://paperpile.com/c/E3gmaI/jGNU/?noauthor=1
https://paperpile.com/c/E3gmaI/gc0Q/?noauthor=1
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10.4.3 The relationship between shiny deposits and iron 

oxide 

 

It was noted during microscopic analysis that tideline deposits were often 

associated with red-orange deposits identified as iron (III) oxide (see Chapter 8). 

It is known that silica is attracted to adsorb to the surfaces of aluminium and iron 

oxides, and these compounds act as a sink in the soil for the precipitation of silica 

(Carlson and Schwertmann, 1981; Drees et al., 1989; Kendrick, 2006, p. 1251; 

Taylor, 1995). Aluminium and iron oxides have also been shown to lower the 

concentration of silica present in soil solutions experimentally (Jones and 

Handreck, 1967, p. 109). A relationship between iron oxide and silica appears to 

be illustrated at the microscopic scale in Figure 10.2. Iron oxides on flint tools at 

Star Carr might act as a magnet for the adsorption of soluble silica onto flint tools.  

 

10.4.4 The relationship between shiny deposits and gypsum  

 

It appears that the formation processes of gypsum crystals and shiny deposits 

may be related, as they are often found occurring together in direct spatial 

association on the stone tool surface. Furthermore, gypsum crystals were 

observed in various states of partial crystal formation within dull lustre shiny 

deposits and shiny deposits associated with the washing process, suggesting that 

the crystals formed in situ. However, shiny deposits were not always found to 

contain gypsum crystals, and as seen in the previous chapter, gypsum crystals 

also occurred in isolation on stone tool surfaces. The process or mechanism to 

explain if/how gypsum crystals and shiny deposits consisting of silicon dioxide are 

related is not known. However, both gypsum (CaSO4・2H2O) and amorphous 

silica are known to easily dissolve in water, and their formation may be greatly 

influenced by water in the sediment, and post-excavation washing of lithic tools.  

https://paperpile.com/c/E3gmaI/yRwS+QSK1+BSgL+KqY1/?locator=,,,1251
https://paperpile.com/c/E3gmaI/yRwS+QSK1+BSgL+KqY1/?locator=,,,1251
https://paperpile.com/c/E3gmaI/ATQK/?locator=109
https://paperpile.com/c/E3gmaI/ATQK/?locator=109
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10.4.5 Dull lustre shiny deposits are probably not fat or 

protein residues 

 

The dull lustre shiny deposits on lithics might be visually interpreted as evidence 

of ‘fatty meat polish’ from tool contact with animal flesh during hunting and 

butchering activities in the Mesolithic. There have been reports of visually 

identified ‘dull greasy meat polish’ on lithics, such as Clovis bifaces from the USA 

(Bebber et al., 2017, p. 548 Fig. 6), Mousterian bifaces from France (Soressi and 

Hays, 2003, p. 134), Magdalenian backed bladelets from France (Symens, 1986, 

p. 217 Fig. 3), Pleistocene (1.5 Myr ago) implements from Kenya (Keeley and 

Toth, 1981, p. 464), and Upper Paleolithic blades and bladelets from Sinai, Egypt 

(Phillips, 1988, p. 186). Experimentally used stone tools have also been 

described as containing meat polish with a dull greasy lustre (Keeley and 

Newcomer, 1977, p. 42), a bright rough polish, sometimes with a greasy lustre 

from meat cutting (Keeley, 1980, p. 66), and as a dull generic weak polish from 

fresh hide and meat (Vaughan, 1985, p. 38). 

 

However, these ‘dull meat polishes’ are problematic. Butchering experiments by 

Smallwood (2015, p. 23) found that no microscopic usewear was produced after 

using two chert replica Clovis fluted points to cut meat 1,000 times, and this is 

consistent with the findings of previous butchery experiments by Newcomer et al. 

(Newcomer et al., 1986, p. 210) and Levi Sala (1996). Similarly, in Juel Jensen’s 

(1988, p. 55) review of high power usewear analysis, she also found meat polish 

to be an issue because no polish was formed even after 90 min of meat cutting 

with experimental tools. Levi Sala (1996, p. 29) critiqued ‘meat polish’ as 

impossible to identify: “Even if this stage of polish development were to survive 

thousands and millions of years of burial and even if one could distinguish this 

brightness from the subsequent soil sheen, it would be impossible to identify it as 

“meat polish” since, as mentioned earlier, all used material produce this 

generalised brightness in the early stages of use”. Instead, she suggested that 

lithics with ‘meat polish’ are actually evidencing the development of ‘soil sheen’, 

https://paperpile.com/c/E3gmaI/oAGQ/?locator=548&suffix=Fig.%206
https://paperpile.com/c/E3gmaI/LbTn/?locator=134
https://paperpile.com/c/E3gmaI/LbTn/?locator=134
https://paperpile.com/c/E3gmaI/CHRL/?locator=217&suffix=Fig.%203
https://paperpile.com/c/E3gmaI/CHRL/?locator=217&suffix=Fig.%203
https://paperpile.com/c/E3gmaI/Y2oF/?locator=464
https://paperpile.com/c/E3gmaI/Y2oF/?locator=464
https://paperpile.com/c/E3gmaI/3U3f/?locator=186
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https://paperpile.com/c/E3gmaI/3dnv/?locator=23&noauthor=1
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https://paperpile.com/c/E3gmaI/xFtl/?noauthor=1
https://paperpile.com/c/E3gmaI/enHM/?locator=55&noauthor=1
https://paperpile.com/c/E3gmaI/xFtl/?locator=29&noauthor=1
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also known as the gloss patina arising from chemical interactions with the soil 

discussed previously.  

 

The dull lustre shiny deposits are interpreted as a result of soil processes. The 

dull lustre shiny deposits described here were found not only on tools, but also on 

flint pieces which are not tools (see example of core illustrated in Figure 10.15 

from excavations at Star Carr in 2007). The arbitrary locations of these deposits 

are often macroscopically apparent across flint surfaces. The fact that there are 

many lithics in the Star Carr assemblage which contain randomly distributed dull 

lustre shiny deposits, and on pieces which are not tools, questions the utility of 

‘meat polish’ as an identifiable phenomenon.  

 

 
Figure 10.15. Dull lustre deposits (circled) present on core 85009. Flint 85009 is a core piece of 

knapping waste with cortex that contains a dull lustre shiny deposit in the centre of the flint 

surface. This piece is unlikely to have been used. 
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Since biological tissues have been investigated with Micro-Raman and contain 

characteristic peak frequencies attributable to functional groups (De Gelder et al., 

2007; Motoyama, 2012; Movasaghi et al., 2007), it was possible to search for 

protein and fats within the Raman spectra presented in this thesis. The spectra 

obtained on the tideline shiny deposits contained no Raman features that could 

be assigned to protein amide groups or fatty acid groups that are found in lithic 

residues resulting from contact with meat.  

 

De Gelder et al. (2007, p. 136) found that proteins can quickly be identified in a 

Raman spectrum by the presence of amide III (~1300 cm-1) and amide I bands 

(~1655 cm-1). Similarly, in a review of Raman bands relevant to biological tissues, 

Movasaghi et al. (2007) show amide III bands occurring between 1302-1337 cm-1 

and amide I bands 1600-1697 cm-1. Raman features representing amide III and 

amide I were not present in the spectrum of the tideline shiny deposit, nor any 

other Raman spectrum collected on a residue presented in this thesis. Thus, 

there is currently no evidence for the presence of protein residues on the stone 

tools from Star Carr. This is unsurprising, since it is contested that 

archaeologically significant proteins are able to preserve on the exposed surfaces 

of stone tools where they are accessible to microorganisms (Gernaey et al., 

2001). Micro-Raman analysis is also a surficial analysis technique, so any 

proteins trapped and potentially preserved in microcracks or microtopography 

(Shanks et al., 2004, 2001) are unlikely to be detected.  

 

The tideline deposit does not contain plant or animal lipids (saturated/unsaturated 

fatty acids, triacylglycerols, cholesterol, cholesteryl esters, and phospholipids). 

Triacylglycerols (TAGs) in particular are an important group to consider, since 

they are present in animals as the major stores of fat (within adipose tissue), as 

milk fats, and are the major dietary lipid for humans (Garrett and Grisham, 2012, 

p. 762; Hames and Hooper, 2000, p. 328; Pollard and Heron, 2008, p. 390). 

TAGs also occur in plants (Evershed, 1993) and are the main store of energy as 

seed oils for growing embryos. In terms of molecular structure, TAGs are 

composed of three fatty acid chains attached to a glycerol backbone. However, 

free fatty acids (FAs) which have broken away from the backbone as degradation 

products are commonly found in archaeological samples and can evidence the 

https://paperpile.com/c/E3gmaI/O4O2+nxeI+x1Zb
https://paperpile.com/c/E3gmaI/O4O2+nxeI+x1Zb
https://paperpile.com/c/E3gmaI/O4O2/?locator=136&noauthor=1
https://paperpile.com/c/E3gmaI/nxeI/?noauthor=1
https://paperpile.com/c/E3gmaI/yu73
https://paperpile.com/c/E3gmaI/yu73
https://paperpile.com/c/E3gmaI/sNTt+r59m
https://paperpile.com/c/E3gmaI/6uXR+TTjV+AZbF/?locator=328,390,762
https://paperpile.com/c/E3gmaI/6uXR+TTjV+AZbF/?locator=328,390,762
https://paperpile.com/c/E3gmaI/YrTh
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enzymatic hydrolysis of the original TAG molecule (Pollard and Heron, 2008, p. 

394). FAs (as the degradation products of TAGs) are expected to be the lipid type 

in greatest abundance in archaeological samples, since TAGs are the major 

storage fats in living plants and animals. Despite the tendency for TAGs to break 

down, in tact TAGs have been recovered from early Neolithic pottery from sites in 

Anatolia and the northern Mediterranean, dated to the seventh millennium BC 

(Evershed et al., 2008, p. 529; Spiteri et al., 2016, p. 13594), and from early 

Neolithic pottery from sites in northern Europe dated to the sixth millennium BC 

(Salque et al., 2013, p. 523).  

 

For solid fatty acids, the most important band for identification is located at ~1400 

cm-1 to 1440 cm-1 (represents CH2 bending vibrations) (Czamara et al., 2015, p. 

18; De Gelder et al., 2007, p. 1144; Wu et al., 2011, p. 3810). Another strong 

band found in solid fatty acids is located at ~1300 cm-1 (CH2 twisting) (De Gelder 

et al., 2007, p. 1144; Wu et al., 2011, p. 3810). For solid triacylglycerols, the 

doublet band at ~1720 cm-1 to 1750 cm-1 (represents v(C═O) carbonyl stretch), is 

the main marker for TAGs (Czamara et al., 2015, p. 18; Weng et al., 2003, p. 

414). Based on the absence of the above bands, the tideline does not contain 

TAG or FA lipid residues.  

 

10.5 Conclusion 

 

Shiny deposits were observed on many tools during microscopic analysis and 

were originally misinterpreted as usewear polishes. It was also discovered that 

there is a relationship between the washing process and the formation of some 

shiny deposits. Two morphologies were documented within the lithic sample: 

tideline and dull lustre.  

 

The shiny tideline deposit was identified as two polymorphs of silicon dioxide (α-

quartz and moganite) that did not contain proteins or fats. Since only one tideline 

shiny deposit from one tool was chemically characterised, it is difficult to say 

whether the results are representative of the rest of the shiny deposits observed 

https://paperpile.com/c/E3gmaI/TTjV/?locator=394
https://paperpile.com/c/E3gmaI/TTjV/?locator=394
https://paperpile.com/c/E3gmaI/XEHM+Y53w/?locator=529,13594
https://paperpile.com/c/E3gmaI/aBdm/?locator=523
https://paperpile.com/c/E3gmaI/O4O2+9guD+f5Gf/?locator=1144,3810,18
https://paperpile.com/c/E3gmaI/O4O2+9guD+f5Gf/?locator=1144,3810,18
https://paperpile.com/c/E3gmaI/O4O2+9guD/?locator=1144,3810
https://paperpile.com/c/E3gmaI/O4O2+9guD/?locator=1144,3810
https://paperpile.com/c/E3gmaI/IAEQ+f5Gf/?locator=414,18
https://paperpile.com/c/E3gmaI/IAEQ+f5Gf/?locator=414,18
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in the lithic assemblage. However, the Raman data makes it possible to 

preliminarily suggest a dissolution origin of silicon dioxide from the flint, since the 

highly crystalline α-quartz was the main polymorph represented in the tideline 

shiny deposit. Although not specifically characterised with Micro-Raman, the dull 

lustre deposits can be suggested to be of natural origin, since they often 

contained gypsum crystals (identified previously in Chapter 9) from the sediment 

and were randomly distributed on both tools and non-tools. 

 

Shiny deposits on lithics related to washing with ultrapure water were also found. 

These contained gypsum crystals on both tools and in the precipitated shiny 

residue left on the cling film drying surface. Many of these shiny deposits had 

contained imprints mirroring the folds of the cling film drying surface, indicating 

that their formation was directly attributable to interaction with water from 

washing. Further support for the idea that these shiny deposits are additive and 

originate from the sediment and not from the tool was supported by the fact that 

these deposits were also found underneath washed plastic artefact tags. 

 

There are numerous types of reflective surface alterations that are possible to 

find on lithics and there are a multitude of complex chemical, physical, and 

biological taphonomic variables that can contribute to their formation. Some shiny 

deposits are natural surface modifications resulting from interactions between 

artefacts and burial environment, some are due to post-excavation curation 

practices, and some are probably genuine traces of usewear. The results of the 

analyses here have drawn attention to the need to carefully interpret any shiny 

deposits or ‘polish’ encountered on lithic tools, from Star Carr and elsewhere. 
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CHAPTER 11 RESULTS: WHITE ANGULAR 

CRYSTALS 
 

11.1 Introduction 

 
White, cream, and light brown angular crystalline residues were observed 

adhering to 17% of the Star Carr assemblage analysed (Figures 11.1 and 11.2). It 

was thought that these residues could potentially be bone and/or antler flakes, 

especially considering their locations on the edges of the flint. The general 

appearance of this residue type matched the characteristics used for the visual 

identification of bone residues outlined by Lombard (2005, p. 287), Lombard 

(2008, p. 36 Figs. 13, 14) Langejans (2012, p. 1697), and Langejans and 

Lombard (2015, p. 207): amorphous, angular and rigid, opaque, white to light 

yellow. The posited bone/antler residues discovered also appeared similar to 

experimental examples of bone residues in Jahren et al. (1997, p. 248 Fig. 5), 

Rots et al. (2017 Fig. 10), and bone and antler residues in Monnier et al. (2012, p. 

3289 Fig. 5, Fig. 6), and archaeological bone residues illustrated by Babot and 

Apella (2003, p. 125 Fig. 4). Not only were the potential archaeological bone 

residues seen on tools consistent with the descriptions and images present in the 

literature, but were also consistent with the bone and antler residues observed in 

the reference collection.  

 

 

 

https://paperpile.com/c/d2QBGX/zSB8/?locator=287&noauthor=1
https://paperpile.com/c/d2QBGX/l2Ob/?locator=36&suffix=Figs.%2013%2C%2014&noauthor=1
https://paperpile.com/c/d2QBGX/kj06/?locator=1697&noauthor=1
https://paperpile.com/c/d2QBGX/0hEI/?locator=207&noauthor=1
https://paperpile.com/c/d2QBGX/NRV3/?locator=248&suffix=Fig.%205&noauthor=1
https://paperpile.com/c/d2QBGX/DEXo/?suffix=Fig.%2010&noauthor=1
https://paperpile.com/c/d2QBGX/be2e/?locator=3289&suffix=Fig.%205%2C%20Fig.%206&noauthor=1
https://paperpile.com/c/d2QBGX/be2e/?locator=3289&suffix=Fig.%205%2C%20Fig.%206&noauthor=1
https://paperpile.com/c/d2QBGX/vh6y/?locator=125&suffix=Fig.%204&noauthor=1
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Figure 11.1. Examples of opaque angular crystalline material. Left: white angular crystalline 

residue on the ventral right proximal edge of blade 93327. Right: crystalline residue found around 

a microchip on blade 93312, dorsal right mid edge. From microscopic examination, both traces 

were originally interpreted as possible tool attrition or bone residue.  
 

The published literature and observations of the reference bone residues led to 

the hypothesis that the white angular crystals were the remnants of Mesolithic 

bone-working and/or antler-working activities. However, the experimental study 

(see Chapter 6; Croft et al., 2016) showed that even modern bone residues on 

stone tools are not distinct enough morphologically to be identified with reflected 

VLM alone. Further investigation of the potential bone residues by chemical 

characterisation was required for identification, since no osteons (Haversian 

systems), which are diagnostic structures present in bone and antler, were visible 

with VLM examination. The anatomical structures of the osteon unit – concentric 

lamellae, Haversian canals, and osteocytes with branched canaliculi – are 

invisible within crushed bone fragments that are positioned in multiple directions 

on the stone surface. Thus, this residue type was chemically investigated with 

confocal Micro-Raman spectroscopy. 

11.2 Methods 

 

White angular residues were first identified in situ with reflected VLM and residue 

maps and composite z-stacked micrographs were taken. Potential bone/antler 

residues found on awl 109731 and bladelet 110656 were investigated with 

https://paperpile.com/c/d2QBGX/tWN8/?prefix=see%20Chapter%206%3B
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confocal Micro-Raman spectroscopy to determine the chemical nature of these 

residues. 

11.3 Results 

11.3.1 Presence of white angular crystals in relation to 

burial context 

 

White angular crystal were observed on 24 of 138 stone tools examined (17%). 

These  crystals were detected on artefacts from contexts (301), (308), (310), 

(312), and (317) (Table 11.1). 

 
Table 11.1. Contexts containing artefacts with white angular crystals. 
 

Context Number of tools with white 
angular crystals/total 
number of artefacts 
examined from context  

Percentage %  

301 2/3 67 

308 10/27 37 

310 9/46  20 

312 2/38  5 

317 1/11 9 

Total 24/138 17 

 

11.3.2 Microscopic description  

 

It was noted during microscopic observations (Accompanying Material 3) that 

these residues appeared lighter than the flint and thus stood out. Unlike other 

residue deposits described in previous chapters 8-10, this residue had a 

consistent morphology, always appearing as groups of crystalline angular 
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fragments (Figure 11.2). However, this residue did vary from white to cream to 

light brown in colour, but was usually white.  

 

 
Figure 11.2. Residue identified as possible bone or stone attrition from bladelet 98859.  

 

11.3.3 Micro-Raman 

 

White angular crystals on two flint tools were investigated using confocal Micro-

Raman spectroscopy. If bone and/or antler is present on the artefacts, it is 

expected that the Raman spectra collected will contain the same major peaks as 

found in published reference spectra for bone. Raman reference spectra of bone 

show that it contains a characteristic sharp peak at ~958-965 cm-1, representing 

the symmetric stretch between phosphorus and oxygen of apatite v1 PO4
3- in 

bone mineral (Awonusi et al., 2007, p. 47; Chatzipanagis et al., 2016, p. 2; Crane 

et al., 2006, p. 436; Delgado-López et al., 2012, p. 3497; Gamsjaeger et al., 

2010, p. 395; Mandair and Morris, 2015, p. 2; Penel et al., 2005, p. 896; 

Tarnowski et al., 2002, p. 1119). This sharp peak is also found in archaeological 

bone (Edwards et al., 2001, p. 21, 1999, p. 2695; Kerns et al., 2015, p. 518). 

Bone also exhibits strong bands at 430-450 cm-1 (v2 PO4
3-), 584-590 cm-1 (v4 

PO4
3-),1070-1076 cm-1 (v1 CO3

2-, 𝜈3 PO4
3-), 1242-1340 cm-1 (Amide III), 1446 cm-1 

(CH2 deformation), and 1660-1690 cm-1 (Amide I) (Antonakos et al., 2007, p. 

3045; Awonusi et al., 2007, p. 47; Bart et al., 2014, p. 5; Makowski et al., 2013, p. 

https://paperpile.com/c/d2QBGX/ZWFR+y56A+urB3+wY6b+YD4U+MeRz+zWyq+iFF7/?locator=1119,896,436,47,395,3497,2,2
https://paperpile.com/c/d2QBGX/ZWFR+y56A+urB3+wY6b+YD4U+MeRz+zWyq+iFF7/?locator=1119,896,436,47,395,3497,2,2
https://paperpile.com/c/d2QBGX/ZWFR+y56A+urB3+wY6b+YD4U+MeRz+zWyq+iFF7/?locator=1119,896,436,47,395,3497,2,2
https://paperpile.com/c/d2QBGX/ZWFR+y56A+urB3+wY6b+YD4U+MeRz+zWyq+iFF7/?locator=1119,896,436,47,395,3497,2,2
https://paperpile.com/c/d2QBGX/HOAL+qYfH+8dQL/?locator=2695,21,518
https://paperpile.com/c/d2QBGX/y56A+Xuhq+wY6b+Br4J+nn7N+TMTS+FtgP+Dh0P+zWyq/?locator=896,3045,47,5,515,944,3650,5,2
https://paperpile.com/c/d2QBGX/y56A+Xuhq+wY6b+Br4J+nn7N+TMTS+FtgP+Dh0P+zWyq/?locator=896,3045,47,5,515,944,3650,5,2
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515; Mandair and Morris, 2015, p. 2; Movasaghi et al., 2007, p. 5; Penel et al., 

2005, p. 896; Raghavan et al., 2012, p. 944; Takahata et al., 2012, p. 3650). 

 

11.3.3.1 Awl tool 109731 

Several small negative flake scars or microchips along the ventral right middle 

edge of awl 109731 contained white to cream angular material within microchips 

(Figure 11.3). Usewear in the form of a discrete polish along the edge of the tool 

was found in association with the white residue, which seemed to strengthen the 

hypothesis that these residues were bone or antler.  

 

 
Figure 11.3. Left: Non-bone deposit located within microchip scar on awl 109731, ventral right mid 

edge. Right: Spot shows the location investigated with the Micro-Raman laser, corresponding to 

the spectrum below. 
 

The Micro-Raman spectra collected (see example spectrum in Figure 11.4) show 

this residue is not bone, as it lacks the sharp peak at ~960-963 cm-1 (symmetric 

P-O stretching) expected of bone apatite. The spectra collected from this residue 

suggests the residue (or perhaps contaminants from soil organics) contains 

carbon, as indicated by the band at 1570 cm-1, similar to the peak at 1575 cm-1 

originally reported by Tuinstra and Koenig (1970, p. 1126) for single crystal 

graphite (crystalline carbon). This band at ~1575 cm-1 is now referred to as G 

band (after graphite) (Cuesta et al., 1994, p. 1523). 
 

 

https://paperpile.com/c/d2QBGX/y56A+Xuhq+wY6b+Br4J+nn7N+TMTS+FtgP+Dh0P+zWyq/?locator=896,3045,47,5,515,944,3650,5,2
https://paperpile.com/c/d2QBGX/y56A+Xuhq+wY6b+Br4J+nn7N+TMTS+FtgP+Dh0P+zWyq/?locator=896,3045,47,5,515,944,3650,5,2
https://paperpile.com/c/d2QBGX/s11f/?locator=1126&noauthor=1
https://paperpile.com/c/d2QBGX/2SR3/?locator=1523
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Figure 11.4. Raman spectrum of a white crystalline deposit within microchip on awl tool 10973 

(image above). The spectrum illustrates that this residue is not bone.  
 

11.3.3.2 Bladelet 110656 

Bladelet 110565 was excavated as part of a spatial clustering of four bladelets, all 

possibly part of a multi-component tool. White angular crystals were located on 

the dorsal tip of this bladelet, slightly to the right (Figure 11.5). These residues 

were also proposed to be anthropogenic residues from contact with animal bone. 
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Figure 11.5. Bladelet 110656 with potential bone residue present on edge of tool, just right of 

dorsal tip. The red dot in the right image shows the location investigated with the Micro-Raman 

laser, corresponding to the spectrum below. 
 

The Raman spectra collected indicate that the residue is not consistent with bone 

(Figure 11.6). Although the origin of the white angular crystals on tool 110565 

was not completely resolved, this residue is most likely a mineral. The sample is 

related to α-quartz, but this requires further investigation to resolve. The most 

pronounced peak in α-quartz is major peak at 464 cm-1 (Ciupiński et al., 2010, p. 

4943; Kingma and Hemley, 1994, p. 270), which was found in the spectra 

collected. The spectra for this residue also contained a peak at 1570 cm-1, 

consistent with the presence of carbon (see carbon in residue on awl 109731). 

https://paperpile.com/c/d2QBGX/UCvy+FLMI/?locator=270,4943
https://paperpile.com/c/d2QBGX/UCvy+FLMI/?locator=270,4943
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Figure 11.6. The spectrum illustrates that this white crystalline residue on bladelet 110656 (image 

above) is not bone, but possibly a mineral related to α-quartz, based on the peak present at 464 

cm-1. 

11.4 Discussion 

 

This study has shown that the visual microscopic strategy for identification of 

residues, when used as the only method of investigation, can be misleading. If 

the identification of the white angular crystalline residues in question was based 

solely on microscopic appearance, the residue would have been identified 

incorrectly as bone/antler. The Raman spectra collected show that the white 

angular residues investigated on the awl and bladelet are not consistent with 

reference values for bone. 

 

Two explanations have been proposed to account for the presence of white 

angular crystals on the flint tools examined from Star Carr: 1) flint attrition in the 

form of angular pieces of flint dust from tool use by Mesolithic people, or 2) 

natural sediment contaminant that was not removed during gentle washing with 

water. The white crystal residues tested on the bladelet contained a peak 
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associated with quartz, providing tentative support for the attrition explanation. 

Experiments with the use of flint on hard surfaces suggest that attrition of the flint 

may occur and form a fine white powder or dust as a result (Needham 2017, 

pers. comm.). Although the attrition explanation requires further testing within a 

framework that incorporates chemical characterisation techniques such as Micro-

Raman, it appears to be consistent with microscopic observations of thin pieces 

of crystalline dust seen standing out against grey flint. The second plausible 

explanation is the white angular crystals represent the remnants of minerals in 

the sediment, and thus are a form of natural contamination. Perhaps natural 

quartz crystals remained firmly attached to the flint substrate. However, what is 

striking about the white angular deposits is that their distribution is usually 

focused on the edges, not randomly over tool surfaces as would be expected if 

this residue originated from natural contamination.  

 

The diagenesis results of bone and antler from the residue burial experiment 

(Chapter 6; Croft et al., 2016) also make the point that it is unlikely that any bone 

or antler residues would survive in the first place at Star Carr. No microscopic 

traces of bone or antler preserved on flint flakes buried in the dryland or the 

wetland at Star Carr after 11 months of burial.  

 

11.5 Conclusion 

 

White angular crystalline residues resembling bone and/or antler, similar to 

identifications of bone described and illustrated in the literature, were found on 24 

flint implements during microscopic scanning of lithic residue specimens. The 

hypothesis that the white angular deposits were bone and/or antler was falsified. 

The Micro-Raman spectra collected on the posited bone and/or antler residues 

from two stone tools were not consistent with reference values for bone. Rather, 

these crystalline deposits as were of another, likely mineral, origin. In particular, 

the white angular crystalline traces found on the bladelet appear to be related to 

α-quartz, but more work on this residue type may be able to define it more 

precisely.  

https://paperpile.com/c/d2QBGX/tWN8/?prefix=Chapter%206%3B
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CHAPTER 12 RESULTS: ENGRAVED PENDANT 

AND BEADS 

 

12.1 Introduction 

 
This chapter will showcase residue analysis conducted on an engraved shale 

pendant (finds number 115527), and three shale beads from Star Carr. The 

pendant, and two beads (113830, 110671) were excavated in context at Star 

Carr, and one bead was analysed from Clark’s backfill. To date, 30 shale and 

amber beads and at least two perforated animal teeth have been recovered from 

Star Carr (Clark, 1954; Milner et al., 2013a) (see examples of shale beads Figure 

12.1).   

 

 
Figure 12.1. The shale beads from Star Carr (Museum of Archaeology and Anthropology, 

Cambridge, accession number: 1953.72). Image from Milner et al. (2016). 

 

Some Mesolithic amber pendants from Denmark (which particular pendants and 

sites unclear) have been suggested to contain black resin as a filling to enhance 

the contrast of the incised decorations against the surrounding surface (Toft and 

https://paperpile.com/c/fXYA4b/Fbow+zktF
https://paperpile.com/c/0otdhc/khmu/?noauthor=1
https://paperpile.com/c/fXYA4b/xq2T/?locator=205
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Brinch Petersen, 2013, p. 205). Additionally, Late Mesolithic cyprinid tooth 

ornaments from Vlasac, Serbia, have been reported to contain red ochre and 

calcite residues used as red and white pigments (Cristiani et al., 2014b, p. 300). 

Thus, the beads recovered at Star Carr were investigated for any residues of 

colourants or pigments, such as ochre, charcoal, or resin were used. Overall, the 

pendant and beads were investigated for any trace microscopic residues that 

might indicate how they were made and used by Mesolithic people. 

 

12.2 Pendant  

 

The engraved Star Carr pendant is special because it represents the oldest 

example of British Mesolithic art (Figure 12.2): the artefact is an incredibly rare 

finding and was examined in detail by Milner et al. (2016). The pendant was 

found in context (317), which is described as a brown-green moist fine detrital 

mud containing a lower component of reeds but still a high proportion of organic 

material within the matrix, very close to the original trenches excavated by Clark 

in 1949-1950, containing a rich array of material including faunal remains, 

artefacts and flint. 

 

 
Figure 12.2. Left: The engraved side of the pendant. Right: The back of the pendant. 

https://paperpile.com/c/fXYA4b/xq2T/?locator=205
https://paperpile.com/c/fXYA4b/g7cV/?locator=300
https://paperpile.com/c/fXYA4b/7ETf/?noauthor=1
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The shale pendant is extremely fragile. Laminar cracks were seen forming 

between the sheets of the stone material on the bottom and right edges of the 

pendant. Trowel lines were the same colour as the stone microscopically, unlike 

the dark incisions. The shale must have been reasonably easy to shape into 

beads and engrave because the stone material itself is soft.  

 

The line designs on the pendant are very faint and elaborate and cannot be seen 

clearly with the naked eye or traditional photography. Upon microscopic 

inspection, short lines were seen emanating from several of the long lines, like 

the legs of a centipede (Figure 12.3). A needle-sharp implement, likely made from 

flint, was used to make the incisions, as the lines are about .25 mm or less in 

width. The person or people who engraved the fine geometric designs on the 

pendant must have had good eyesight and steady hands, and therefore perhaps 

they were young. 

 

 
Figure 12.3. Finely engraved sub lines, branching from a long main line. SEM, secondary electron 

mode, 50 x. 
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12.2.1 Questions  

 

The pendant was investigated for any microscopic trace residues which might 

indicate how it had been made and used, with a particular focus on whether 

coloured materials, such as ochre, charcoal, or resin had been used to 

emphasise the lines. Four residues were identified: brown staining, gold-coloured 

crystals, biological structures, and white crystals within the perforation hole. In 

addition, two soil samples from the same context as the pendant were tested as 

controls for contamination from the surrounding burial environment.  

 

12.2.2 Methods 

 

The pendant was first analysed using reflected light microscopy A series of z-

stacked micrographs were taken for each microscopic residue. Each engraved 

line on the pendant was systematically examined and the locations of 

microscopic residues were mapped. Soil sample controls were prepared by direct 

mounting on glass slides with double sided tape and examined with reflected light 

microscopy. Located residues and the engraved lines were investigated with a 

VP-SEM (Hitachi TM3030Plus). SEM images were collected in secondary 

electron mode and backscattered electron mode and from 25x to 3000x 

magnification. 

 

Residues were further analysed with Micro-Raman (HORIBA Jobin Yvon Xplora 

confocal Raman microscope). The 100x objective was used to record images of 

the exact locations of laser penetration on each residue. LabSpec 6 software was 

used to collect spectra and conduct peak analysis and OriginPro 2016 was used 

to plot data.  
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12.2.3 Results: brown stains  

 

The depressed area within the engraved lines contained brown deposits (Figure 

12.4). Micro-Raman analysis was conducted to identify the possible presence of 

crystalline phases in these areas that could be associated with the presence of 

pigments. However, the respective spectra showed no evidence for this. Rather, 

spectra collected from the brown deposit within the lines shows that the brown 

material is organic in nature (see sample spectrum in Figure 12.5) and it is very 

likely that this is peat from the burial environment which has become trapped 

within the grooves. 

 

 
Figure 12.4. The engraved lines on the pendant can be seen microscopically as depressed 

grooves with brown infilling.  
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Figure 12.5. Micro-Raman spectra taken of brown deposit from within engraved line 11. Clear 

presence of organic material is indicated, likely peat. Image by Konstantinos Chatzipanagis. 

 

12.2.4 Results: gold structures  

 

A large number of gold structures were seen on the pendant during inspection 

with light microscopy. These structures were located on the surface of the stone, 

in the engraved lines, in the perforated hole, and also within a nick on the back of 

the pendant. Two types of gold structures were found: equilateral triangles (max 

diameter approximately 5.6 µm), and granular spherical crystals (max diameter 

approximately 40 µm) which were located on the non-engraved side of the 

pendant within the nick mark (Figures 12.6 and 12.7).  
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Figure 12.6.  Gold structures with triangular faces.  

 

 

 

 
Figure 12.7. High density of gold granular spherical crystals located within the nick mark on the 

non-engraved side of the pendant.  

 

It was noted that pyrite had previously been found at Star Carr, possibly used as 

firelighters (Clark 1954, p. 20) though none have been found within the museum 

archives (Milner et al., 2013a) for comparison. One hypothesis on discovering the 

pyrite on the shale pendant was that it might have been struck with iron pyrite. A 

reference piece from the nearby coast was pounded on a hard surface and the 

https://paperpile.com/c/fXYA4b/zktF
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resulting residue mounted on a slide for observation. It was clear that this 

produced angular pieces as opposed to the forms found on the pendant (Figure 

12.8).  

 

 
Figure 12.8. Gold angular pyrite from the reference collection.  
 

The framboidal structures seen under the light microscope were confirmed under 

SEM as overall spheroid shapes with individual cubo-octahedral microcrystals 

(Figure 12.9) (Butler and Rickard, 2000; Popa et al., 2004), a typical crystal habit 

of pyrite. The Raman data obtained support the suggestion that the crystal 

structures with triangular faces are also pyrite. Figure 12.10 shows an example 

spectrum obtained from these samples.  
 

https://paperpile.com/c/fXYA4b/90hp+NXBs
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Figure 12.9. Close up of a pyrite framboid with cubo-octahedral microcrystals. SEM, 

backscattered electron mode. 

 

 

 
Figure 12.10. Micro-Raman spectrum collected from the red spot on the framboidal structure. 

Image by Konstantinos Chatzipanagis. 

 

Anisotropic pyrite contains two intense peaks at ~342 cm-1 and 377 cm-1, and one 

minor peak at 428 cm-1 (Mernagh and Trudu, 1993, p. 118). The ENS de Lyon 

Handbook of Minerals Raman Spectra (“ENS de Lyon Handbook of Minerals 

https://paperpile.com/c/fXYA4b/Qfc3I/?locator=118
https://paperpile.com/c/fXYA4b/h0GgU/?noauthor=1
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Raman Spectra,” 2000) quotes three Raman frequencies in anisotropic pyrite: 

two strong peaks at 340-342 and 375-377, as well as a minor peak at 428 cm-1 

(Handbook of mineral spectra, ENS de Lyon). According to Demoisson (2008, p. 

345), pure pyrite shows scattering signals at 340 and 377 cm-1. Both Raman 

spectra from the triangular crystals and framboids are consistent with reference 

spectra for anisotropic pyrite. As can be seen in the spectrum (Figure 12.10), the 

first two prominent bands are present. The third low-intensity peak at 428 cm-1 

noted by Mernagh and Trudu (1993) and ENS de Lyon (“ENS de Lyon Handbook 

of Minerals Raman Spectra,” 2000) is not completely clear. The third peak may 

be present, but it is difficult to resolve due to signal to noise distortion in the 

spectrum. 
 

It is clear that the gold-coloured crystals found on the pendant are natural pyrite, 

not an anthropogenic addition of pigment to the pendant. Pyrite (FeS2) is known 

to form naturally in reducing environments which are rich in decomposing organic 

materials, such as peat bogs and wetlands (Jacobs and Vance, 2014, p. 25; 

López-Buendía et al., 2007). Recently, an analysis of macrobotanical remains 

across Star Carr found that pyrite formed within some of the charcoal, causing 

fragmentation (Radini et al., in press). Examples of pyrite framboids have also 

been found in several sites containing Holocene peat soils in England (Brown et 

al., 2010), and the Netherlands (Miedema et al., 1974). Triangular and framboid 

pyrite crystal formations were also observed within two soil samples taken from 

the context in which the pendant was found, demonstrating pyrite occurs in situ 

within deposits at Star Carr. 

 

12.2.5 Results: biological structures  

 

Several unidentified fragments of what appear to be lacustrine zooplanktonic 

microfauna such as fairy shrimp, copepods, cladocerans, ostracods, or insects, 

were identified within the engraved lines of the pendant (Figures 12.11-12.15). 

One of these fragments, mapped to location 1 within line 1 on the pendant 

surface (Figures 12.11 and 12.12) is probably the remains of a copepod, a very 

https://paperpile.com/c/fXYA4b/h0GgU/?noauthor=1
https://paperpile.com/c/fXYA4b/YD3O/?locator=345&noauthor=1
https://paperpile.com/c/fXYA4b/YD3O/?locator=345&noauthor=1
https://paperpile.com/c/fXYA4b/Qfc3I/?locator_label=book&noauthor=1
https://paperpile.com/c/fXYA4b/h0GgU/?locator_label=book&noauthor=1
https://paperpile.com/c/fXYA4b/h0GgU/?locator_label=book&noauthor=1
https://paperpile.com/c/fXYA4b/ReMZ+Znxy/?locator=,25
https://paperpile.com/c/fXYA4b/ReMZ+Znxy/?locator=,25
https://paperpile.com/c/fXYA4b/nMyV
https://paperpile.com/c/fXYA4b/6Xt6
https://paperpile.com/c/fXYA4b/6Xt6
https://paperpile.com/c/fXYA4b/5OV3
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small crustacean. No microfauna were found within the soil samples analysed, 

although specimens may have been bound up in soil aggregates and thus 

obscured.  

 

 
Figure 12.11. Fragmentary microfaunal remains, likely part of a copepod. Location 1, line 1. 

 

 
Figure 12.12. Fragmentary microfaunal remains, likely part of a copepod. Location 1, Line 1. 

SEM, secondary electron mode.  
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Figure 12.13. Unidentified biological structure, likely microfaunal remains. Loc 17, Line 1.  

 

 
Figure 12.14. Perhaps a chitinous insect structure. Loc 32, Line 26.  
 

There was some question as to whether the putative biological structures were 

perhaps mineral in origin. Thus, one of these structures (at location 9 on the 

pendant, see Figure 12.15) was investigated with Micro-Raman, taking spectra in 

three locations. The presence of carbon in all spectra confirmed the structure was 

organic (Figure 12.16). 
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Figure 12.15. Loc 9. Biological structure, possibly a diatom. Micro-Raman analysis has showed 

the structure is carbon-rich, and thus likely organic. Loc 9, Line 11.  

 

 
Figure 12.16. Raman spectrum collected on suspected microfaunal remain in one of three 

locations demonstrating that this is organic. Image by Konstantinos Chatzipanagis. 

 

The conclusion from the Micro-Raman analysis is that these are biological 

structures but a number of specialists have been unable to identify what they are 

specifically. They are not related to the use or manufacture of the artefact and 

might have adhered within the engravings due to the pendant being placed within 

the lake edge deposits where such microfauna naturally occur.  
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12.2.6 Results: white crystals within the perforation  

 

Clear and white translucent globular crystals were located within the perforation 

of the pendant. These crystals were not angular, but show what appears to be 

weathering as their edges are somewhat rounded (Figures 12.17 and 12.18).  
 

 
Figure 12.17. White crystals within the perforation of the pendant.  

 

 

 
Figure 12.18. SEM image of the perforation and crystals within it (right), 200x magnification. 

Image by Andy Needham. 
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These crystals were investigated with Micro-Raman. Good quality spectra with 

minimal noise and fluorescence were able to be obtained on the smooth surface 

of one of these crystals (Figure 12.19). According to several sources, (Kingma 

and Hemley, 1994, p. 270; Krishnan, 1953, p. 382; Tekippe et al., 1973, p. 711), 

the most prominent Raman band in crystalline α-quartz (SiO2) is located at 464-

466 cm-1, which is detected in spectrum at 464 cm-1. Less intense bands related 

to the Raman assignment of α-quartz were also detected in our spectrum as 

indicated.  

 
 

 
Figure 12.19. Micro-Raman spectrum collected from a crystal grain located within the perforation 

of the pendant. Image by Konstantinos Chatzipanagis. 

 

The Raman spectra collected match closely with reference spectra for α-quartz. 

Clear crystals which were hexagonal in two dimensional outline were also noted 

in one of the soil samples, although no suggestion can be made as to their 

chemical nature. No quartz crystals similar in appearance to those found within 

the hole of the pendant were able to be located in the soil samples. However, it 

should be noted that only two soil samples from the context were analysed. Also, 

no soil samples that were in direct contact with the pendant were taken at the 

time of excavation, and thus it is possible that this surrounding area may have 

contained the same quartz sand as found within the hole. 

https://paperpile.com/c/fXYA4b/Kiv8+KxOV+PtiF/?locator=270,382,711
https://paperpile.com/c/fXYA4b/Kiv8+KxOV+PtiF/?locator=270,382,711
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The reason for the quartz in the perforation is not clear. One possibility is that the 

sand had been used in the manufacture of the hole; however, recent experiments 

on shale have shown that because shale is a soft stone it is very easy to create a 

hole with a flint tool, such as a with a stone drill and that sand would not be 

necessary.  

 

The origin of this sand remains an enigma: quartz crystals were not found 

anywhere else on the pendant and not within the soil samples analysed. 

However, sand is present on the site associated with the lake marls, and in some 

cases within areas of the peat because it has washed down from the dry land. 

Therefore, it may be that fine sand has settled within the hole as part of the 

deposition process, perhaps even because the lake water has filtered through 

this hole. 

 

12.3 Shale beads  

12.3.1 Questions 

 

The questions about the other shale beads examined were similar to those posed 

for the pendant. The beads were examined with high and low power reflected 

visible light microscopes to see if any engraved lines could be located on their 

surfaces, and if any pigments or suspension wear traces were preserved and 

could be detected. 

 
 

 

12.3.2 Methods 
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Three shale beads were washed, handled and analysed in the same fashion as 

lithics for residue analysis, involving a rinse with a fine stream of ultrapure water, 

and handling with non-powdered nitrile gloves. Thereafter they were air dried and 

examined with low and high power reflected light microscopes and residues 

mapped on their surfaces, but no further chemical analyses were carried out. 

 

For the four shale artefacts examined in this chapter, the ‘front’ face of the bead 

is designated as the side which exhibits the wider opening of the perforation – the 

dominantly worked side (Figure 12.20).  

 

 
Figure 12.20. Detail of the perforation of bead 110671. Designation of the ‘front’ face of the bead 

is based on the gradual widening of the hole and the presence of grooves. 
 

12.3.3 Results 

 

Table 12.1 provides a summary of the findings from the pendant and three shale 

beads. Only the lines on the pendant could confidently be assigned to 

anthropogenic origin. The microscopically investigated lines on the beads were 

interpreted natural parts of the shale, for instance as a selectively weathered 
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area, or as white mineral inclusions in the shale. None of the lines on the beads 

displayed the same appearance as those engraved on the pendant, which 

exhibited fine grooves containing a mixed composition of organics infilling the 

grooves. The lack of engraving on the shale beads examined further emphasises 

the importance of the artwork documented on the pendant (Milner et al., 2016); it 

seems the pendant was a particularly special item to the person or people who 

made and used it at Star Carr.  

 
Table 12.1. Comparison of microscopic finds on shale beads and pendant. The ‘very small’ 

designation means the iron oxide pieces encountered were less than 20μm in maximum diameter, 

and also found in very low abundance, with less than ten grains found per artefact. 

 

Artefact Context Anthropogenic 
lines 

Microfauna Plant 
remains 

Gypsum Iron oxide Pyrite 

Pendant 
115527 

317 ✔ ✔ ✔ ❌ very small ✔ 

Bead 
110671 

310 ❌ ❌ ✔ ❌ ✔ ❌ 

Bead 
113830 

310 ❌ ❌ ✔ ✔ ✔ ✔ 

Bead 
Clark’s 

Backfill ❌ ❌ ✔ ✔ very small ✔ 

 

 

12.3.3.1 Bead 110671  

The author excavated this small oblong shale bead 110671 in situ, and collected 

it for residue analysis (Figure 12.21). During cleaning, sand was noted as part of 

the sediment within the perforation of the bead. White lines and two circles on the 

back face of the bead were observed. Microscopically, these white lines and 

circles were flush with the stone, not depressed as would be expected of 

grooves, and not displaying height above the stone, as would be expected of 

residue deposits (Figures 12.22 and 12.23). Thus, the white lines and circles 

were interpreted as part of the natural shale. No pyrite framboids or triangular 

crystals were found during microscopic observation. No evidence for suspension 

wear around the perforation and no anthropogenic residues were found. Plant 

https://paperpile.com/c/fXYA4b/7ETf
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matter that appears to be infiltrated with orange/red iron oxide was located on the 

back of the bead. This plant matter is possibly the remains of reed leaves, based 

on the similarity of its cell wall structure with modern reedmace (Typha latifolia) 

and common reed (Phragmites australis) leaf residues in the microscopic 

reference collection, and originated from the peat deposits surrounding the 

artefact.  

 

 
Figure 12.21. Shale bead 110671 found in situ at Star Carr. 
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Figure 12.22. White line 2 within the shale on the front of the bead. This is part of the natural 

stone material. 
 
 

 
Figure 12.23. White material within the natural shale in a circular formation on the back of the 

bead.  
 

12.3.3.2 Bead 113830  

This small bead 113830 had a relatively wide groove on its front and back 

surfaces (Figure 12.24). When the bead was turned over and examined with a 

low-power stereoscope, it was apparent that the groove was continuous and 

encircling both sides of the bead and the groove was a natural weathering of 

material within the shale. No suspension wear could be located around the 

perforation.  
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Figure 12.24. Bead 113830. Left image shows the front surface. Right image shows the back 

surface. Note groove visible on both sides of the bead. 

 

Crystals suspected to be gypsum were visible macroscopically on both sides of 

the bead. During microscopic analysis, these crystals were clear and present in 

rosette shapes, a crystal habit expected of gypsum. At location 1, iron oxide 

deposits (Figure 12.25) were found and faint traces of what appeared to be 

elongate plant cell walls were also documented at this location. Framboidal and 

triangular pyrite microcrystals (Figure 12.26) were documented at location 3. 

 

 
Figure 12.25. Iron oxide deposit, location 1, front of bead 113830. 
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Figure 12.26. Pyrite framboids and triangular microcrystals, location 3, front of bead 113830. 
 

12.3.3.3 Bead from Clark’s backfill  

This bead was discovered in the 2015 excavation season within the backfill from 

excavations by Grahame Clark in trench 34. Macroscopically, this bead appeared 

to have several parallel lines on the front side (Figure 12.27).  

 

 
Figure 12.27. Clark’s backfill bead. Left: the front surface. Right: the back surface. 

 

Fine striations were seen on the front and back of Clark’s backfill bead during 

microscopic investigation. Since the bead was previously excavated and 

mistakenly redeposited in the backfill of a trench, some scratches are expected 

on the surfaces of the bead due to physical disturbance. Another view, proposed 

by a usewear analyst (see Needham et al., in press), is that the fine lines on the 

https://paperpile.com/c/fXYA4b/bCpd/?suffix=in%20press
https://paperpile.com/c/fXYA4b/bCpd/?suffix=in%20press
https://paperpile.com/c/fXYA4b/bCpd/?suffix=in%20press
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back surface of the bead are evidence of deliberate geometric cross hatching 

marks made during Mesolithic. However, the fine overlapping criss-cross 

striations observed on the back of the bead are only ~ 20 μm wide, contrasting 

with the width of anthropogenic engraved lines on the pendant that are ~ 300 μm. 

This author believes that since this bead comes from a secondary disturbed 

context, the most parsimonious explanation for the ‘cross hatch’ marks is that 

they are incidental, not anthropogenic, scratches (Figure 12.28).  

 

 
Figure 12.28. Comparison of lines on Clark’s Backfill bead with lines on the pendant at the same 

magnification. Left: criss-cross striations on the back of Clark’s backfill bead (location 10). Right: 

wide anthropogenic engraved line with brown sediment infilling (location 1). 
 

Plant material residue, evidenced by the presence of rectangular cell walls (see 

Figure 12.29), was found at location 11 on the back of this bead. Plant cells of 

this morphology are likely to originate from epidermal tissue. Gypsum crystals in 

rosette 1 and lath habits (described in Chapter 9) were also found on the both the 

front and back of the bead (Figure 12.30). Pyrite framboids were also 

encountered on both sides of the bead.  
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Figure 12.29. Elongate rectangular plant cell walls on the back of Clark’s backfill bead (location 

11). 
 

  
Figure 12.30. Gypsum rosette 1 and lath crystals on the back of Clark’s backfill bead (location 12). 

 

12.4 Discussion 

 

None of the shale beads or the pendant examined showed clear wear traces 

around the perforation or elsewhere on their surfaces. Clark’s backfill bead did 

exhibit some shiny areas, however, these were interpreted as plant remains from 
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the depositional environment, since elongate cell walls were embedded in the 

residues. Nevertheless, it is possible that people strung and wore the beads for 

short durations but too short to allow wear traces to develop. 

 

The pendant and three beads collectively seem to display a patterned way of 

making the perforations, with preference for uniconical working of the shale. It 

was observed that one side of each bead exhibited a wider opening of the 

perforation that gradually flares out at an angle to the hole. The opposite face of 

each bead showed a smaller opening of the perforation that did not exhibit 

pronounced signs of circular groove production around the hole. This suggests 

that people manufacturing beads predominantly worked the shale from one side 

to create the hole.  

 

12.5 Conclusion 

 

The addition of the shale pendant and three more shale beads to the existing 

bead assemblage offer us a fascinating glimpse at life beyond simple subsistence 

at Star Carr. Beads can be used for personal ornamentation, talismans, 

ceremonies, special occasions, and as currency and grave goods. It has been 

suggested that fish teeth beads from Late Mesolithic burials at the site of Vlasac, 

Serbia (Cristiani et al., 2014b), and shell beads from Mesolithic El Mazo and El 

Toral III, Spain (Rigaud and Gutiérrez-Zugasti, 2016), were used for personal 

ornamentation and decoration, and it seems likely that the beads from Star Carr 

were also probably decorative items meant to be displayed and seen. 

 

The residue analysis of the pendant showed that there were no discernable 

pigments present on any of the beads or the pendant. Only the lines on the 

pendant can be attributed with certainty to deliberate human actions and not 

natural taphonomic processes or inclusions within the shale. The lacustrine 

microfauna found within the engraved lines of the pendant supports the 

interpretation that people purposefully deposited the artefact into Paleolake 

Flixton.   

https://paperpile.com/c/fXYA4b/g7cV
https://paperpile.com/c/fXYA4b/SQMe
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CHAPTER 13 RESULTS: POTENTIAL RESINOUS 

RESIDUES  
 

 

13.1 Introduction 

 

Several dark-coloured potentially resinous deposits were identified during 

microscopic residue analysis of lithics from Star Carr. Because these deposits 

were amorphous and lacked visually diagnostic characteristics, their chemical 

compositions were investigated.  

 

It was hypothesised that these residues were resinous, thus organic, and GC-MS 

offered a prospective method to test the microscopic observations. More 

specifically, it was thought likely that the residues would be birch bark tar, since 

previous GC-MS results on a lump of resin from a microlith and five ‘resin cakes’ 

from Star Carr (Chapter 3) clearly demonstrate the presence of manufactured 

birch bark tar (Aveling and Heron, 1998). Aveling and Heron’s (1998) 

chromatograms show large and well-defined peaks to which compound identity 

was ascribed based on similarity with modern reference birch bark tar samples 

and ancient bark samples. The findings are also compelling because a suite of 

compounds unique to birch bark were identified together. In addition to Aveling 

and Heron’s (1998) study, birch bark tar has been identified at other Mesolithic 

sites in Northern Europe by simple visual inspection (Bang-Andersen, 1989; 

Bokelmann et al., 1981; Gramsch and Kloss, 1989), and by GC-MS and direct 

temperature resolved mass spectrometry (DTMS) (Aveling, 1998; 2000, 1999; 

Roberts et al., 1998; Van Gijn and Boon, 2006). Thus, the use of birch bark tar 

appears to be a relatively common phenomenon during the Mesolithic in Northern 

Europe.  

 

https://paperpile.com/c/J10e8i/JkHX
https://paperpile.com/c/J10e8i/S7Nd+24ob+4HkT
https://paperpile.com/c/J10e8i/S7Nd+24ob+4HkT
https://paperpile.com/c/J10e8i/EoPL+Ttf2+wNHU+ob9Y+LPt4/?noauthor=0,0,0,1,0
https://paperpile.com/c/J10e8i/EoPL+Ttf2+wNHU+ob9Y+LPt4/?noauthor=0,0,0,1,0
https://paperpile.com/c/J10e8i/EoPL+Ttf2+wNHU+ob9Y+LPt4/?noauthor=0,0,0,1,0
https://paperpile.com/c/J10e8i/EoPL+Ttf2+wNHU+ob9Y+LPt4/?noauthor=0,0,0,1,0
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Solvent extraction and gas chromatography-mass spectrometry (GC-MS) was 

conducted since this technique provides good resolution of individual compounds 

present in a sample and has been successfully employed to identify 

archaeological resins (see review in Chapter 2).  

 

13.2 Methods 

 

Twelve stone tools of the microscopically analysed assemblage (n=138) that 

contained amorphous black residues were selected for further examination with 

GC-MS. The GC-MS procedure used to chemically characterise residues present 

on the flint tools is detailed in Accompanying Material 4.  

 

All tool samples, sediment samples, and reference resins were solvent extracted 

with dichloromethane/methanol (DCM:MeOH, 2:1 v/v) in an ultrasonic bath and 

then analysed with GC-MS. Compounds represented by mass spectra were 

identified by comparison with the NIST Library, published literature, and reference 

resins. Each tool extract total gas chromatogram was analysed first to see if it 

contained any potentially resinous residues. If it did, the sediment sample 

associated with the tool was tested as well and compared to the tool extract. 

Table 13.1 lists all samples from which extracts were obtained and GC-MS 

performed. 
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Table 13.1. Sampled archaeological stone tools, negative controls, and sediment samples. 

 

Number Type Sample type Context Context description 

94554 
Microlith 
fragment Tool with residues 308 Dryland clay grey and orange mottled till 

95828 Burin Tool with residues 310 Wood peat 

94362 Flake Tool with residues 310 Wood peat 

108205 Burin Tool with residues 312 Reed peat with roundwood 

108373 Blade Tool with residues 337 Fill of [336] 

108397 Microlith Tool with residues 325 
Darker siltier feature/not structure, Upper Fill 
of [330] 

109649 Blade Tool with residues 317 Detrital muds underneath peat 

109691 Microlith Tool with residues 415 Small sandy lens in G/F29/30, tree-bowl 

109724 Microlith Tool with residues 466 
Possible fill of feature [467] in F25, fill of 
bioturbation 

110657 Bladelet Tool with residues 301 Oxidised desiccated peat below overburden 

111490 Bladelet Tool with residues 310 Wood peat 

113623 Microlith Tool with residues 310 Wood peat 

93593 Blade Negative control 308 Dryland clay grey and orange mottled till 

98858 Bladelet Negative control 317 Detrital muds underneath peat 

99276 Bladelet Negative control 312 Reed peat with roundwood 

99851 
Blade 
fragment Negative control 312 Reed peat with roundwood 

108206 Scraper Negative control 310 Wood peat 

108205_S – Sediment sample 312 Reed peat with roundwood 

108373_S – Sediment sample 337 Fill of [336] 

108397_S – Sediment sample 325 
Darker siltier feature/not structure, Upper Fill 
of [330] 

109649_S – Sediment sample 317 Detrital muds underneath peat 

109691_S – Sediment sample 415 Small sandy lens in G/F29/30, tree-bowl 

109724_S – Sediment sample 466 
Possible fill of feature [467] in F25, fill of 
bioturbation 

110657_S – Sediment sample 301 Oxidised desiccated peat below overburden 

111490_S – Sediment sample 310 Wood peat 

113623_S – Sediment sample 310 Wood peat 



371 
 

 

13.2.1 Extraction 

 

Previous GC-MS studies on lithics and other artefacts have removed large, 

visible deposits of the proposed resinous material to be characterised. However, 

during recent excavations led by Nicky Milner and examination of every piece of 

flint, no signs of residues were visible at the macroscopic level and no further 

‘resin cakes’ like Clark unearthed (1954) were found. Thus, only microscopic 

quantities of dark-coloured amorphous residues were available for chemical 

analysis. Theoretically, it was thought possible to extract and characterise lipids 

from microscopic amounts of residue on stone tools. Since GC-MS works on a 

molecular level and is a sensitive technique, it should be able to detect minute 

quantities of only a few hundred ng of lipids in an archaeological sample, if 

preserved. However, it was not known if these residues were indeed organic, or if 

GC-MS would be to locate characteristic compounds within such minute samples. 

Successful and conclusive results of GC-MS analysis to date have only been 

obtained on stone tools which contain macroscopically visible deposits. 

 

Application of GC-MS analysis to microscopic lithic residues presented a 

challenge in terms of sample recovery. Specific locations on each lithic containing 

potential resinous residues could not be sampled by scalpel, drilling, or swabbing, 

because they were not practical to extract at a microscopic resolution. To ensure 

the target residues were removed, the lithics were completely immersed in 

solvent and sonicated. Additionally, unlike pottery, the non-porous nature of flint 

precludes the recovery of an internal sample that is protected from the 

surrounding burial environment. Considering this, the sediment surrounding each 

lithic was tested and compared to determine if chemical markers on the lithic 

were also present in the sample of the associated sediment. 

 

13.2.2 Sediment samples 
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The sediment samples were collected directly underneath all tools containing 

pine compounds were also tested. In addition, a negative archaeological control 

group of five stone tools that contained no potentially resinous microscopic 

residues were tested. Blank controls to test for contamination were included as 

standard protocol during preparation of samples and GC-MS.  

13.2.3 Reference resins 

 

Modern reference resins were prepared for comparison with the chemical profiles 

of the archaeological samples. Reference extracts were prepared separately to 

avoid any potential cross contamination with artefacts. Potential sources of resin 

present in Britain during the Mesolithic were chosen as comparative references 

(listed in Table 13.2) based on 1) the previous finding of birch bark tar (Betula 

sp.) at Star Carr (Aveling and Heron, 1998) and other Mesolithic sites (Chapter 

3), and 2) palaeoecological information that indicates that the lake-edge and lake 

centre pollen sequences from Star Carr that indicate that birch, Scots pine (Pinus 

sylvestris), and Common juniper (Juniperus communis) (rare pollen type) were 

present in the area during occupation (Dark, 1998a, pp. 128, 135, 144, 1998b, 

pp. 166, 171). This agrees with the wider European fossil pollen record that 

shows the Mesolithic presence of birch and two Coniferae: Scots pine and 

Common juniper (Huntley and Birks, 1983).  

 
Table 13.2. Reference resins. 

Sample Description 
Oxygen 
condition Age Dilution 

Birch bark (Betula sp.) 
charred, micocharcoal and resinous 
deposits aerobic 1.5 years no dilution 

Birch bark (Betula sp.) 
tar made with an aceramic method, 
contains no additives anaerobic 1.5 years no dilution 

Birch bark (Betula sp.) 

tar made with a vessel to catch the 
distilled resin, contains animal fat 
additive anaerobic 1.5 years no dilution 

Scots pine (Pinus 
sylvestris) fresh resin aerobic 1 years 

dilution 
factor 20x 

Scots pine (Pinus 
sylvestris) fresh resin aerobic 3 days no dilution 
Scots pine (Pinus 
sylvestris) 

fresh resin heated 3h at 70°C in sterile 
glass hatch tube aerobic 3 days no dilution 

https://paperpile.com/c/J10e8i/JkHX
https://paperpile.com/c/J10e8i/1RS1H+kWXnB/?locator=128%2C%20135%2C%20144,166%2C%20171
https://paperpile.com/c/J10e8i/1RS1H+kWXnB/?locator=128%2C%20135%2C%20144,166%2C%20171
https://paperpile.com/c/J10e8i/kLOV
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Common juniper 
(Juniperus communis) fresh resin aerobic 3 days no dilution 
 

 

Three types of birch bark tar (aceramic method, no additives; vessel for 

collection, with animal fat additive; charred birch bark) were prepared. The 

aceramic method produced very little tar, barely visible on one end of the birch 

bark roll placed in an anaerobic environment. The method involving a vessel to 

collect resin was also carried out in anaerobic conditions (Figure 13.1), and 

animal fat was added to improve consistency. Much greater quantities were able 

to be collected with the vessel method. The third way birch bark tar was obtained 

was simply by charring a piece of birch bark in a fire and then rubbing the burned 

end on flint. Any tar produced was not macroscopically on the surface of the flint, 

but what appeared to be tar containing plant fragments and ash were visible 

microscopically (Figure 13.2). All three birch preparations were applied to freshly 

knapped flint prior to extraction. Birch sap, but not the viscous tar used as an 

adhesive, will exude from the tree when the bark is scarred or wounded. 

 

 
Figure 13.1. Making birch bark tar with airtight vessels experimentally at Star Carr.  
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Figure 13.2. Experimental potential birch bark tar containing plant fragments and ash on flint 

substrate, SEM. Birch bark set on fire then rubbed on flint. 
 
Three preparations of reference Scots pine resin were made. During resin 

collection and GC-MS extraction, Scots pine was particularly resinous. Light 

yellow resin was observed copiously exuding from wounds on the tree bark and 

also exuding from branches removed from the tree, and it was easy to collect 

(Figure 13.3). Scots pine it is known to be highly resinous, second only to the 

European Larch (Larix decidua) in resin production across Europe (Godet and 

Mitchell, 1988, p. 60).  

 

https://paperpile.com/c/J10e8i/SY5v6/?locator=60
https://paperpile.com/c/J10e8i/SY5v6/?locator=60
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Figure 13.3. Fresh resin exuding from a Scots pine tree in York, UK. 
 

Pinus spp. trees exude resin from the bark when injured as a defence mechanism 

against attack from pathogens such as insects, fungi, and bacteria. The pitching 

out process not only kills the attacking agent, it also flushes and seals the wound 

(Trapp and Croteau, 2001, p. 690). Monoterpene, sesquiterpene, and diterpene 

compounds found in the resin provide antibacterial and antifungal activity 

(Savluchinske-Feio et al., 2006, p. 433; Vilanova et al., 2014, p. 1). Resin 

exudation can also be promoted by mechanical scarification of the sapwood by 

incising or boring into the bark of the living tree (tapping) (Gale and Cutler, 2000, 

p. 391), possibly with a stone tool.  

 
The common juniper tree sampled did not appear resinous or juicy, in contrast to 

the Scots pine. No resin was seen exuding from the ends of juniper branches, but 

a tiny shiny red resin deposit was noted that had infilled a wound on the branch 

(Figure 13.4); this was sampled.  

 

https://paperpile.com/c/J10e8i/KcxX/?locator=690
https://paperpile.com/c/J10e8i/iLqq+Mt58/?locator=433,1
https://paperpile.com/c/J10e8i/2NsD/?locator=391
https://paperpile.com/c/J10e8i/2NsD/?locator=391
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Figure 13.4. Common juniper branch with only miniscule amounts of red resin exuding. 
 

 

13.3 Results 

13.3.1 Introduction 

 

Nine of the twelve tools (mostly blades) with black amorphous residues were 

found to contain compounds consistent with Pinaceae (pine family) tree resin 

(Figure 13.). The five tools in the negative control group that contained no 

microscopic potentially resinous residues were negative for pine compounds. The 

black amorphous residues found on tools did not exhibit a regular pattern of 

occurrence on tool surfaces. Rather, these deposits were found in several 
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locations on tools, including places not expected to be associated with hafting 

such as the distal ends and middle areas of tools (Figure 13.5, Table 13.4). 

 
Figure 13.5. Macroscopic images showing the location of black residues found on nine flint tools. 

The residue extracts from these tools contained compounds consistent with pine resin. 
 

The nine tools containing compounds consistent with pine resin were recovered 

from both waterlogged and dry areas of Star Carr (Figure 13.6). The tools come 

from a number of different contexts and features potentially spanning the 

occupation of the site. There is no apparent clustering spatially of the tools on the 

site, but three tools were associated with structures on the dry land.  
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Figure 13.6. Location of nine lithics which contained pine compounds in their residue extracts. 

Circles represent housing structures. Image by Becky Knight. 
 

13.3.2 Overview of compounds found  

 

A range of organic compounds were found, including saturated fatty acids and 

dicarboxylic acids (adipic acid, azelaic acid). Some of the saturated fatty acids 

(e.g. C14:0 myristic acid, also called tetradecanoic acid, C16:0 palmitic acid, also 

called hexadecanoic acid, C18:0 stearic acid, also called octadecanoic acid) were 

found in both the tool samples and the sediments. This suggests some 

compounds from the sediment transfer to the stone surfaces during burial and are 

not removed by washing with water.  

 

Nine of the tool samples contained products related to common natural fatty acids 

found in plants and animals, with palmitic acid (C16:0, hexadecanoic acid) at 

about 18.16 min and stearic acid (C18:0, octadecanoic acid) at about 19.94 min, 
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found in tool extract samples from 108205, 108373, 108397, 109649, 109691, 

109724, 110657, 111490, and 113623. These two lipids were present in six of 

nine sediment samples, suggesting that plant lipids are contamination from the 

sediment and are not part of the archaeological residues.  

 

13.3.3 Diterpenoid compounds associated with pine resin 

 

Three altered diterpenoid products of abietic acid were able to be located, all 

eluting between 20-23 min: dehydro-7-dehydroabietic acid (Dehydro-7-DHA), 

dehydroabietic acid (DHA), and 7-oxo-dehydroabietic acid (7-oxo-DHA). Table 

13.3 lists the diterpenoid compounds found in the lithic residue samples and their 

characteristic ions.  

 
Table 13.3. Diterpenoid compounds found in extracts from nine Star Car lithics. TMS stands for 

trimethylsilyl ester. 

 

Biomolecular constituent tR (min) Characteristic ions (m/z) 

Dehydro-7-dehydroabietic acid, TMS 20.904 237, 252, 195, 238, 197, 370, 167, 181, 253, 
209 

Dehydroabietic acid, TMS 21.097 239, 73, 240, 43, 171, 75, 173, 357, 41, 255 

7-oxo-dehydroabietic acid, TMS 22.733 253, 268, 73, 386, 187, 269, 178, 254, 75, 371 

 

 

Five tools contained three diterpenoid compounds (Dehydro-7-DHA, DHA, and 7-

oxo-DHA ), and a further four tools contained two diterpenoids (Dehydro-7-DHA 

and DHA) (Table 13.4). These altered diterpene resin acids have an abietane 

skeleton and have been reported in archaeological and historical samples as 

markers indicative of Pinaceae resin (Andreotti et al., 2006; Colombini et al., 

2005; Evershed et al., 1985; Fox et al., 1995; Helwig et al., 2008; Hjulström et al., 

2006; Mills and White, 1977, 2012; Pastorova et al., 1997; Pérez-Arantegui et al., 

2009; Pollard and Heron, 2008; Proefke and Rinehart, 1992; Regert, 2004; 

Regert et al., 2005, 2003b; Regert and Rolando, 2002; Richardin, 1996; 

https://paperpile.com/c/J10e8i/eU0z+QSMI+4ce5+Nal2+suRC+VSe8+WhJm+za6z+Gs6Z+66Vt+DUS5+0stT+r7hf+eq0A+o9Jk+stC34+pzfg+jf4a+Db9z+4PV3+sH7G
https://paperpile.com/c/J10e8i/eU0z+QSMI+4ce5+Nal2+suRC+VSe8+WhJm+za6z+Gs6Z+66Vt+DUS5+0stT+r7hf+eq0A+o9Jk+stC34+pzfg+jf4a+Db9z+4PV3+sH7G
https://paperpile.com/c/J10e8i/eU0z+QSMI+4ce5+Nal2+suRC+VSe8+WhJm+za6z+Gs6Z+66Vt+DUS5+0stT+r7hf+eq0A+o9Jk+stC34+pzfg+jf4a+Db9z+4PV3+sH7G
https://paperpile.com/c/J10e8i/eU0z+QSMI+4ce5+Nal2+suRC+VSe8+WhJm+za6z+Gs6Z+66Vt+DUS5+0stT+r7hf+eq0A+o9Jk+stC34+pzfg+jf4a+Db9z+4PV3+sH7G
https://paperpile.com/c/J10e8i/eU0z+QSMI+4ce5+Nal2+suRC+VSe8+WhJm+za6z+Gs6Z+66Vt+DUS5+0stT+r7hf+eq0A+o9Jk+stC34+pzfg+jf4a+Db9z+4PV3+sH7G


380 
 

Robinson et al., 1987; Scalarone et al., 2002; Scalarone and Chiantore, 2009; 

van den Berg et al., 2000). 

 

The first pine resin alteration marker identified was DHA. DHA was located at  

retention times of  21.097 and 21.089 min and was found in the extracts of nine 

flint tools. The characteristic base fragment ion found in the mass spectrum of 

trimethylsilylated DHA is m/z 239. None of the sediment samples taken directly 

underneath each of these nine tools contained DHA. In the tool extracts 

examined, DHA was present as a shoulder of another larger chromatographic 

peak (adipic acid, also known as hexanedioic acid).  

 

The second pine resin compound found was 7-oxo-DHA, which is an oxidation 

marker of abietic acid (Regert et al., 2005, p. 131). 7-oxo-DHA was located at  

retention times of 22.733 and 22.741 min and was found in the extracts of five 

flint tools. The mass spectrum of trimethylsilylated 7-oxo-DHA has a 

characteristic base peak of 268, followed in relative abundance by an ion peak of 

m/z 253.   

 

The third oxidation product of abietic acid found was dehydro-7-DHA, located at 

retention times of 20.896 and 20.904 min. Dehydro-7-DHA was found in the 

extracts of nine flint tools, identified based on the correspondence with the mass 

spectrum published by Regert (2004, p. 251). The characteristic base peak found 

in the mass spectrum of trimethylsilylated dehydro-7-DHA is m/z 237. 

 
Table 13.4. Compounds found on each tool. 

 

Number Tool type Context Microscopic description 
of residues Residue location 

Residue 
in a 
possible 
hafting 
location 

Pine resin 
compounds 

108205 Burin 

312 reed 
peat with 
roundwo
od 

black shiny deposits with 
bubbly smooth appearance 

dorsal left mid edge 
and dorsal centre 
distal, slightly left 

✘ 
DHA, Dehydro-
7-DHA, 7-oxo-
DHA 

108373 Blade 337 fill of 
336 

shiny black deposit 
associated with 
microcharcoal, unburnt 
wood fragments, and 
sediment adhering 

dorsal surface, centre ✘ 
DHA, Dehydro-
7-DHA, 7-oxo-
DHA 

https://paperpile.com/c/J10e8i/eU0z+QSMI+4ce5+Nal2+suRC+VSe8+WhJm+za6z+Gs6Z+66Vt+DUS5+0stT+r7hf+eq0A+o9Jk+stC34+pzfg+jf4a+Db9z+4PV3+sH7G
https://paperpile.com/c/J10e8i/eU0z+QSMI+4ce5+Nal2+suRC+VSe8+WhJm+za6z+Gs6Z+66Vt+DUS5+0stT+r7hf+eq0A+o9Jk+stC34+pzfg+jf4a+Db9z+4PV3+sH7G
https://paperpile.com/c/J10e8i/eq0A/?locator=131
https://paperpile.com/c/J10e8i/0stT/?locator=251&noauthor=1
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108397 Microlith 325 
feature black amorphous deposit ventral proximal mid 

edge ✘ 
DHA, Dehydro-
7-DHA, 7-oxo-
DHA 

109649 Blade 
317 
detrital 
muds 

black granular deposits 

on cortex surface, 
ventral left proximal 
edge. Same deposit 
type also along 
reverse edge of tool, 
dorsal right side, mid 
edge 

✔ 
DHA, Dehydro-
7-DHA, 7-oxo-
DHA 

109691 Microlith 
415 
sandy 
lens 

only residue located is 
possible microcharcoal ventral distal tip ✘ DHA, Dehydro-

7-DHA 

109724 Microlith 

466 
possible 
fill of 
feature 
467 

only residue located is 
microcharcoal 

ventral left curved 
edge.Same deposit 
type also along 
reverse edge of tool, 
dorsal right edge 

✔ DHA, Dehydro-
7-DHA 

110657 Bladelet 
301 
desiccate
d peat 

Q black resinous deposit 
associated with white 
crystalline material (Q bone 
or Q mineral?) 

ventral right distal 
edge ✔ 

DHA, Dehydro-
7-DHA, 7-oxo-
DHA 

111490 Bladelet 310 wood 
peat 

black shiny material which 
appears cracked and 
platelike 

large areas of the 
ventral surface 
covered 

✘ DHA, Dehydro-
7-DHA 

113623 Microlith 310 wood 
peat 

adhering black plant 
material, associated with 
iron oxide 

ventral left edge ✔ DHA, Dehydro-
7-DHA 

94362 Flake 310 wood 
peat 

bright sparkly black 
deposits containing 
potential striations (Q tar, 
Q plant remains?) 

dorsal right mid and 
proximal edges ✘ – 

94554 Blade 
fragment 

308 
mottled 
clay till 

black spots, Q tar. 
Translucent residue along 
edge, contains black 
specks, Q charcoal frags? 

ventral distal edge ✘ – 

95828 Burin 310 wood 
peat 

black spots, Q tar, Q 
charcoal. With polariser 
and analyser, bright white 
parts of the residue turn 
black 

dorsal right proximal 
edge ✘ – 

93593 
negative 
control 

Blade 
308 
mottled 
clay till 

No potentially resinous 
residues N/A N/A – 

98858 
negative 
control 

Bladelet 
317 
detrital 
muds 

No potentially resinous 
residues N/A N/A – 

99276 
negative 
control 

Bladelet 

312 reed 
peat with 
roundwo
od 

No potentially resinous 
residues N/A N/A – 

99851 
negative 
control 

Blade 
fragment 

312 reed 
peat with 
roundwo
od 

No potentially resinous 
residues N/A N/A – 



382 
 

108206 
negative 
control 

Scraper 310 wood 
peat 

No potentially resinous 
residues N/A N/A – 

 

 

Retene, a thermal alteration marker resulting from the strong heating of Pinaceae 

resin and degradation of diterpenoids (Font et al., 2007, p. 120; Modugno and 

Ribechini, 2009a, p. 221), was not present in any of the extracts from tool 

residues. Abietic acid was not identified in any tool samples. The most intensive 

peak in the mass spectra of TMS abietic acid is the ion 256, but other important 

ions 241, 185, and 374 were not found (discussed further below). 

13.3.4 Unknown 1 and Unknown 2: diterpene fragments? 

 

Additionally, two distinctive but unidentified compounds (Unknown 1 and 

Unknown 2) were found in all nine tool residue extracts that contained 

compounds consistent with pine resin. Unknown 1 was also found in the 

sediment sample associated with microlith 109691, but the other eight tool 

sediment samples did not contain Unknown 1 and no sediment samples 

contained Unknown 2. Unknown 1 and 2 were not present in the Pinus sylvestris 

fresh reference pine resins. Table 13.5 lists these unknown compounds, their 

time of elution, and characteristic ions. It is noteworthy that the ion composition is 

extremely similar between Unknown 1 and 2, suggesting they are very likely to be 

related. Example mass spectra of Unknown 1 and Unknown 2 are illustrated in 

Figures 13.7 and 13.8, respectively. 

 
Table 13.5. Unknown but consistently present peaks in tool residue extract samples. 

 

Biomolecular constituent tR (min) Characteristic ions (m/z) in order of abundance 

Unknown 1 15.385 256, 73, 91, 257, 149, 75, 59, 65, 180, 258 

Unknown 2 15.955 256, 73, 257, 91, 149, 258, 59, 65, 75, 86 

Comparison with abietic acid 
(Azemard et al. 2016, 

 256, 241, 185, 213, 257, 242, 143, 129, 374, 91 

https://paperpile.com/c/J10e8i/236vL+Aunq/?locator=120,221
https://paperpile.com/c/J10e8i/236vL+Aunq/?locator=120,221
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Supplementary Material) 

 

 

 
Figure 13.7. Example of a mass spectrum of possible diterpene fragment Unknown 1 from blade 

108373. 

 

 
Figure 13.8. Example of a mass spectrum of possible diterpene fragment Unknown 2 from blade 

108373. 
 

 

These interesting peaks may signal the presence of more oxidized diterpenic 

structures, perhaps diterpenoid fragments. For instance, Čukovska et al. (2012, 

https://paperpile.com/c/J10e8i/n3IW/?locator=1692&noauthor=1
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p. 1692) identified four peaks that they ascribed to unknown pine resin-related 

compounds, in addition to the presence of DHA, dehydro-DHA, and 7-oxo-

dehydro-DHA, in five samples of wall paintings from Macedonian churches. 

 

The fragmentation mechanisms of diterpenes in abietanes, pimaranes, and 

labdanes yielding new unknown fragments have been proposed by Azemard et 

al. (2016) using GC-MS-MS. The closest matches able to found with Unknown 1 

and 2, based on the pattern of the most abundant ions seen in mass spectra, was 

abietic acid (trimethylsilylated with BSTFA) (Azemard et al., 2016, p. 2 

supplementary material; cf. Regert et al., 2005, p. 131). Unknown 1 and 2 contain 

ions 256 and 257 in common with the mass spectrum for abietic acid in Azemard 

et al. (2016, p. 2 supplementary material). Although Unknown 1 and 2 share 

similar mass spectral traits with abietic acid as presented in Regert et al. (2005) 

and Azemard (2016), they are not an exact match. For this reason, it is 

suggested that Unknown1 and 2 are perhaps fragments of the Pinaceae 

compound abietic acid. 

 

13.3.5 Results by tool 

 

The tools that contained compounds consistent with pine resin are presented 

sequentially below, with an analysis of each tool. First, the macroscopic and 

microscopic observations are presented together, followed by the GC-MS results. 

Additionally, all tools were revisited microscopically to determine if the target 

residue had been removed by the solvent extraction procedure.  

 

13.3.5.1 Burin 108205 

This tool is an angled burin on a break. On the dorsal side of the burin, 

macroscopically visible deposits varying in colour from black to golden brown 

were present over large areas of the dorsal surface but appearing to concentrate 

at the edges. A black shiny deposit with a bubbly smooth appearance was noted 

on the dorsal left mid edge (Figures 13.9 and 13.10). Plant material and black 

https://paperpile.com/c/J10e8i/n3IW/?locator=1692&noauthor=1
https://paperpile.com/c/J10e8i/7u8w/?noauthor=1
https://paperpile.com/c/J10e8i/eq0A+7u8w/?locator=131,2&prefix=cf.,&suffix=,supplementary%20material
https://paperpile.com/c/J10e8i/eq0A+7u8w/?locator=131,2&prefix=cf.,&suffix=,supplementary%20material
https://paperpile.com/c/J10e8i/7u8w/?locator=2&suffix=supplementary%20material&noauthor=1
https://paperpile.com/c/J10e8i/eq0A/?noauthor=1
https://paperpile.com/c/J10e8i/7u8w/?noauthor=1
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deposits were found together located dorsal centre distal, slightly left. A good 

deal of the black/brown deposit was removed during microscopic analysis, 

sticking to the parafilm. This tool was also suspected of containing iron oxide 

deposits within microchips, along the ventral right distal edge. It appears the tool 

was used, based on the presence of usewear, with polish noted on the dorsal left 

proximal corner, and microchipping found on the ventral right distal edge. 

 

 
Figure 13.9. Black shiny deposit with bubbly smooth appearance, dorsal left mid edge of burin 

108205.  
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Figure 13.10. Black shiny deposit with bubbly smooth appearance, dorsal left mid edge of burin 

108205.  

 

A large portion of the black amorphous deposit was visibly removed by solvent 

extraction (Figure 13.11). Only a few traces remained after solvent extraction, 

perhaps less than 5% of the original deposit. 
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Figure 13.11. Some deposits still remain on burin 108205 after solvent extraction, ventral left mid 

edge. 

 

The gas chromatogram from burin 108205 contained peaks identified as dehydro-

7-DHA, DHA, and 7-oxo-DHA (Figures 13.12 and 13.13). 

 

 
Figure 13.12. Total gas chromatogram of the trimethylsilylated residue extract from burin 108205. 

Inset shows mass spectra of Dehydro-7-DHA, DHA, and 7-oxo-DHA, present in trace amounts. 
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Figure 13.13. Partial gas chromatogram of the trimethylsilylated sample extract from burin 

108205, zoomed in to show altered markers of pine resin. 

 

13.3.5.2 Blade 108373 

Microscopic observations of blade 108373 noted a possible black resinous 

deposit in the dorsal centre of the blade (Figure 13.14).  
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Figure 13.14. Black deposit on blade 108373, dorsal centre. 

 

This blade also contained traces of wood microcharcoal (Figure 13.15), which 

were too small and fragmentary to allow any taxonomic determination. The 

context (337) the blade was retrieved from is described as a fill of a pit that 

contains burnt lithics and bone. Heat exposure on the blade is evident – it is 

cracked in several places and has two pot lids on the ventral distal area. If the 

black deposits on this blade are the remnants of tree resin, they may originate 

from the exudates from the burnt wood in the pit, not necessarily an applied 

hafting residue. For instance, it has been shown experimentally that green wood 

fuel in a hearth exudes resin onto any underlying stone in the vicinity (Schmidt et 

al. 2015).  
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Figure 13.15. Microcharcoal on blade 108373. 
 

The gas chromatogram from blade 108373 contained peaks identified as 

dehydro-7-DHA, DHA, and 7-oxo-DHA (Figures 13.16 and 13.17). 

 

 
Figure 13.16. Total gas chromatogram of the trimethylsilylated sample extract from blade 108373. 

Inset shows mass spectra of Dehydro-7-DHA, DHA, and 7-oxo-DHA, present in trace amounts. 
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Figure 13.17. Partial gas chromatogram of the trimethylsilylated sample extract from blade 

108373, showing derivatives of abietic acid.  

 

13.3.5.3 Microlith 108397 

A black amorphous residue originally posited as birch bark tar was located on the 

ventral proximal mid edge of microlith 108397. Figure 13.18 illustrates this 

residue residue before and after solvent extraction. As can be seen, not all of the 

residue was removed by solvent extraction treatment. 
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Figure 13.18. Left: black amorphous residue located on the ventral proximal mid edge of microlith 

108397, prior to solvent extraction and GC-MS. Right: Black residue deposit after GC-MS. Most of 

the deposit was removed but some residue still remains. 
 

The gas chromatogram from microlith 108397 did not contain any evidence for 

the presence of birch bark tar, but rather contained peaks identified as dehydro-7-

DHA, DHA, and 7-oxo-DHA (Figures 13.19 and 13.20). 
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Figure 13.19. Total gas chromatogram of the trimethylsilylated sample extract from microlith 

108397. Inset shows mass spectra of Dehydro-7-DHA, DHA, and 7-oxo-DHA, present in trace 

amounts. 
 

 

 
Figure 13.20. Partial gas chromatogram of the trimethylsilylated sample extract from microlith 

108397.  

 

13.3.5.4 Blade 109649 

Black granular deposits (Figure 13.21) were found overtop of cortex along the 

dorsal right mid edge and right distal edge on blade SC 14 109649 (317) P7. 

These black granular deposits also continued on the ventral side of the blade. 
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Figure 13.21. Black granular deposits on the right mid edge on blade 109649.  

 

The gas chromatogram from blade 109649 contained dehydro-7-DHA, DHA, and 

7-oxo-DHA (Figures 13.22 and 13.23). 

 

 
Figure 13.22. Total gas chromatogram of the trimethylsilylated sample extract from blade 109649. 

Inset shows mass spectra of Dehydro-7-DHA, DHA, and 7-oxo-DHA, present in trace amounts. 
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Figure 13.23. Partial gas chromatogram of the trimethylsilylated sample extract from blade 

109649.  
 

13.3.5.5 Microlith 109691 

Tool 109691 was a microlith that had the proximal end broken. It contained black 

deposits and microcharcoal on the ventral distal tip (Figure 13.24). 
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Figure 13.24. Black deposits and microcharcoal on the right mid edge on bladelet 109691.  

 

The gas chromatogram from blade 109649 contained dehydro-7-DHA and DHA 

(Figures 13.25 and 13.26). 

 

 

 
Figure 13.25. Total gas chromatogram of the trimethylsilylated sample extract from microlith 

109691. Inset shows mass spectra of Dehydro-7-DHA, and DHA, present in trace amounts. 
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Figure 13.26. Partial gas chromatogram of the trimethylsilylated sample extract from microlith 

109691. 

 

13.3.5.6 Microlith 109724 

Microlith 109724 contained black traces of microcharcoal on the right distal edge 

(Figure 13.27). Only the ‘curved’ long edge of the tool contained microcharcoal, 

other edges did not. 
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Figure 13.27. Black microcharcoal on microlith 109724, right distal edge.  

 

The gas chromatogram from microlith 109724 contained dehydro-7-DHA and 

DHA (Figures 13.28 and 13.29). 

 

 
Figure 13.28. Total gas chromatogram of the trimethylsilylated sample extract from microlith 

109724. Inset shows mass spectra of Dehydro-7-DHA, and DHA, present in trace amounts. 
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Figure 13.29. Partial gas chromatogram of the trimethylsilylated sample extract from microlith 

109724. 

 

13.3.5.7 Bladelet 110657 

Bladelet 110657 was part of a sequence of bladelets (microblades) recovered 

together (110656-110659). A black deposit was found associated with white 

crystalline material on the ventral right distal edge (Figure 13.30). 
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Figure 13.30. Black deposit and white crystalline material, bladelet 110657, ventral right distal 

edge.  

 

The gas chromatogram from microlith 110657 contained dehydro-7-DHA, DHA, 

and 7-oxo-DHA (Figures 13.31 and 13.32). 

 

 
Figure 13.31. Total gas chromatogram of the trimethylsilylated extract from bladelet 110657. Inset 

shows mass spectra of Dehydro-7-DHA, DHA, and 7-oxo-DHA, present in trace amounts.  
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Figure 13.32. Partial gas chromatogram of the trimethylsilylated sample extract from bladelet 

110657.  
 

13.3.5.8 Bladelet 111490 

Large areas of the ventral surface were covered with a black shiny material on 

bladelet 111490 (Figure 13.33).  
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Figure 13.33. Large black shiny deposit on bladelet 111490, ventral proximal right edge.  

 

The gas chromatogram from bladelet 111490 contained dehydro-7-DHA and 

DHA (Figures 13.34 and 13.35). 

 

 
Figure 13.34. Total gas chromatogram of the trimethylsilylated sample extract from bladelet 

111490. Inset shows mass spectra of Dehydro-7-DHA, and DHA, present in trace amounts. 
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Figure 13.35. Partial gas chromatogram of the trimethylsilylated sample extract from bladelet 

111490. 

 

13.3.5.9 Microlith 113623 

The ventral left edge of microlith 113623 contained a black plant material (Figure 

13.36). This tool also contained orange iron oxide deposits in a tideline 

morphology. 

 

 
Figure 13.36. Black deposit showing outlines of plant cells on microlith 113623, ventral left edge.  
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The gas chromatogram from microlith 113623 contained dehydro-7-DHA and 

DHA (Figures 13.37 and 13.38). 

 
Figure 13.37. Total gas chromatogram of the trimethylsilylated sample extract from microlith 

1113623. Inset shows mass spectra of Dehydro-7-DHA, and DHA, present in trace amounts. 

 

 
Figure 13.38. Partial gas chromatogram of the trimethylsilylated sample extract from microlith 

1113623. 
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13.3.6 Comparison with reference resins  

13.3.6.1 Birch  

The reference birch bark tars were characterised by high amounts of betulin. 

Birch bark tar specifically contains the following triterpenoid markers: betulin, 

betulinic aldehyde, betulone, allobetulinol, lupenone, and lupeol (Aveling and 

Heron, 1998; Grünberg, 2002; Hayek et al., 1990, p. 2040; Mills and White, 2012, 

p. 65; Urem-Kotsou et al., 2002, p. 964), but none of these were identified in the 

lithic residue samples.  

13.3.6.2 Scots pine  

The three preparations of reference Scots pine resin contained the following 

compounds: abietic acid, DHA, pimaric acid, and isopimaric acid. Almost all pine 

resin acids have abietane, pimarane, isopimarane, or labdane skeletons (Zinkel 

et al., 1971). As can be seen in Figures 13.39 and 13.40, natural Scots pine resin 

contains abietic acid, DHA, as well as pimaric and isopimaric acid. It was 

originally thought that abietic acid would be an important compound to identify in 

the archaeological samples to find evidence of pine resin, given that abietic acid 

represents the largest peak in the reference Scots pine resin. It was not found in 

any archaeological samples, but this is actually to be expected, since abietic acid 

usually completely disappears in aged samples, degrading to form derivative 

compounds (van den Berg et al., 2000, p. 521). 

 

DHA is only found as a minor component in fresh conifer resins, but during aging 

of the resin, the abundance of DHA increases (Rontani et al., 2015, p. 1606). In 

fact, DHA is the most abundant molecule in aged Pinus samples (Pollard and 

Heron, 2008, p. 242). In the reference Scots pine resin, we see that the altered 

marker compounds dehydro-7-DHA and 7-oxo-DHA, which were found in the 

archaeological samples, were not present. It makes sense that dehydro-7-DHA 

and 7-oxo-DHA are not present in the fresh pine resins, since they are derivative 

compounds arising from the degradative oxidation of the original biomarker 

abietic acid. 

 

https://paperpile.com/c/J10e8i/z2kf+JkHX+s3Uf+gEko+sH7G/?locator=2040,,,964,65
https://paperpile.com/c/J10e8i/z2kf+JkHX+s3Uf+gEko+sH7G/?locator=2040,,,964,65
https://paperpile.com/c/J10e8i/z2kf+JkHX+s3Uf+gEko+sH7G/?locator=2040,,,964,65
https://paperpile.com/c/J10e8i/jRDp
https://paperpile.com/c/J10e8i/jRDp
https://paperpile.com/c/J10e8i/za6z/?locator=521
https://paperpile.com/c/J10e8i/dVBQ/?locator=1606
https://paperpile.com/c/J10e8i/jf4a/?locator=242
https://paperpile.com/c/J10e8i/jf4a/?locator=242
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Figure 13.39. Trimethylsilylated total gas chromatogram of reference Pinus sylvestris resin, one 

year old. The sample was diluted by a factor of 20x. 
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Figure 13.40. Partial gas chromatogram of reference Pinus sylvestris resin, one year old. The 

sample was diluted by a factor of 20x. Two peaks are labelled in Figure 13. as possible diterpene 

fragments. The peak occurring at 19.688 min has ions of 257, 73, 75, 91, similar to unknown 2 

(but occurring at a different retention time), and the peak at 20.057 min has ions of 257, 91, 93, 

79. The closest match to the peak marked as ‘related to isopimaric acid?’ is isopimaric acid TMS, 

with ions of 73, 255, and 241. 
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13.3.5.3 Common juniper 

Common juniper had a different chemical profile to Scots pine as well as the lithic 

residue samples and did not contain abietic acid, DHA, 7-oxo-DHA, Dehydro-7-

DHA, or isopimaric acid.  

 

13.3.7 Sediment samples 

 

It was important to exclude the sediment as a possible contamination source on 

the stone tools. All sediment sample gas chromatograms were searched for DHA, 

7-oxo-DHA, and dehydro-7-DHA – none were found to contain these compounds. 

The fact that DHA, 7-oxo-DHA, and dehydro-7-DHA were found on stone tools 

but not their associated sediment samples indicates they are not contaminants 

from the burial environment. As a group, the sediment samples were typically 

characterised by the presence of saturated fatty acids (C14:0, C15:0, C16:0, 

C18:0, C22:0, C24:0, C25:0, C26:0), as well as benzeneacetic acid and benzoic 

acid (Figures 13.41 and 13.42).  
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Figure 13.41. Example of a sediment sample total gas chromatogram collected underneath tool 

108373 (context 337). Note Dehydro-7-DHA, DHA, and 7-oxo-DHA are not present.  
 

 
Figure 13.42. Partial gas chromatogram of the trimethylsilylated sample extract from sediment 

sample 10873, zoomed in from the previous image to show Dehydro-7-DHA, DHA, and 7-oxo-

DHA are not present. 
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Spectra of tool extracts were compared to their underlying sediment samples. An 

example is presented in Table 13.6. 

 
Table 13.6. Example of comparison of compounds found in a tool extract and its associated 

sediment sample collected directly underneath it, in this case from blade 108737. TMS stands for 

trimethylsilyl ester. 

 

Compound 108737 108737_S 

Pimaric acid, TMS ❌ ❌ 

Isopimaric, TMS ❌ ❌ 

Abietic acid, TMS ❌ ❌ 

Dehydroabietic acid, TMS ✔ ❌ 

7-oxo-dehydroabietic acid, TMS ✔ ❌ 

Dehydro-7-dehydroabietic acid, TMS ✔ ❌ 

Noanoic acid, TMS ✔ ❌ 

Decanoic acid, TMS ✔ ✔ 

Cycloheptasiloxane, tetradecamethyl- ✔ ❌ 

Heneicosanoic acid, TMS ✔ ✔ 

Tetradecanoic acid, TMS ✔ ✔ 

n-Pentadecanoic acid, TMS ✔ ✔ 

Hexadecanoic acid, TMS ✔ ✔ 

Heptadecanoic acid, TMS ✔ ✔ 

Octadecanoic acid, TMS ✔ ✔ 

Nonadecanoic acid, TMS ✔ ❌ 

Eicosanoic acid, TMS ✔ ✔ 

Docosanoic acid, TMS ✔ ✔ 

13-Docosenamide, (Z)- ✔ ❌ 

Tetracosanoic acid, TMS ✔ ✔ 

Pentacosanoic acid, TMS ✔ ✔ 
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Hexacosanoic acid, TMS ✔ ✔ 

 

13.3.8 Controls 

 

The method blanks and lithics with no microscopic traces of potentially resinous 

residues (negative controls) did not contain DHA, 7-oxo-DHA, or dehydro-7-DHA. 

An example of a method blank from a GC-MS run on June 15, 2016 is shown in 

Figure 13.43. 

 

 
Figure 13.43. Partial gas chromatogram of the trimethylsilylated method blank. 
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13.3.9 Tools without resin compounds 

 

Three of the twelve tools that were hypothesised to contain resinous residues 

based on microscopic observations did not contain them. The fact that some of 

the lithics suspected of containing resinous residues were negative highlights that 

microscopic visual observations should be tested by chemical characterisation 

techniques. The importance of objective hypothesis-testing to confirm or refute 

visual observations of amorphous residues is paramount to the methodological 

development of lithic residue analysis. 

13.3.10 Contaminants 

 

Some peaks in the mass spectra from both tools and sediments were identified 

as common modern contaminants. The mass spectral peak seen in nearly all 

samples at 24.0 min in chromatograms containing m/z ion 149 is 

C6H4((CO)OCnH2n+1)2 alkyl ester of phthalic acid, a compound found in plastic (Ji 

et al., 2013; Li et al., 2013). This most likely originates from the plastic zip lock 

bags used to store artefacts and sediment samples. Compounds further 

associated with plastic were found in tool TICs at retention times around 24 min 

(see tool extract chromatograms in Figures illustrated above). It is possible that 

the signal from these contaminant compounds has overlapped or masked 

compounds in archaeological residues. For instance, erucamide (13-

Docosenamide, (Z)-) was a large peak commonly found in tool extracts at 24.1 

min, a compound used as a slip agent in polyethylene products such as plastic 

bags (Lv et al., 2009). Hexanedioic acid, bis(2-ethylhexyl) ester was also found in 

four tool samples at ~ 21.16 min, which is also a plasticizer (Middleditch, 1989, p. 

77). 

 

Also commonly seen in all samples was a mass spectral peak m/z ion value of 

73, which is (CH3)3Si ions, representing the residue from trimethylsilyl derivatising 

reagents, in this case BSTFA. Some samples showed the combination of the 

following peaks: 73, 147, 207, 281, 295, 355, 429, identified as ((—CH2)2SiO)n 

https://paperpile.com/c/J10e8i/BiVB+xuJV
https://paperpile.com/c/J10e8i/BiVB+xuJV
https://paperpile.com/c/J10e8i/OkQF
https://paperpile.com/c/J10e8i/KdNf/?locator=77
https://paperpile.com/c/J10e8i/KdNf/?locator=77
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dimethyl polysiloxane, representing bleed from methyl silicone GC columns and 

septa (Sparkman et al., 2011, p. 514).  

 

13.4 Discussion 

 

13.4.1 Introduction 

 

The context of pine resin residues found on nine stone tools from Star Carr is 

discussed below. Alteration compounds of pine resin, followed by the pathways of 

abietic acid degradation are examined. Concerns about the data obtained are 

appraised, and then a case is made for the intentional presence of archaeological 

pine resin on the stone tools based on the molecular, pollen, and ethnographic 

lines of evidence. 

 

13.4.2 Compounds in fresh and altered Pinaceae resin 

 

Pine tree resins contain several compounds specific to the family Pinaceae 

(Accompanying Material 5). Components of pine resin found in chromatograms 

may be classified into two categories: biomarkers, which are formed naturally in 

the tree resin, and alteration markers, which are formed by human processing 

such as heating and distillation of the resin, or formed by natural degradation 

factors of ageing. The presence and combination of specific compounds can be 

indicative of pine resin in a fresh or aged state, strong heating, and the level of 

degradation that has occurred. Identification of such a suite of diterpenoid 

molecular constituents in a total ion current (TIC) chromatogram is the most 

secure way to the diagnostic assignation of pine resin. 

https://paperpile.com/c/J10e8i/ZiyV/?locator=514
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13.4.3 Alteration of pine resin compounds 

 

The procedure for the identification of terpene resins in a gas chromatogram is 

not the straightforward matching between the chemical signature of fresh 

reference resins and the archaeological samples. Rather, resin compounds are 

altered by degradation and ageing, and the type of processing that took place 

(i.e. heating, distillation) – factors which can change the functional groups (van 

der Doelen and Boon, 1995). The physical properties of a resin residue such as 

volume or quantity of the residue present, its shape and thickness, and surface 

area exposed to light and oxygen will contribute to the chemical signals resulting 

from degradation processes. An additional factor to consider is the natural 

biological variation present in resins across different plant species and 

environmental conditions.  

 

There are three main degradative factors which fragment or chemically alter the 

compounds in a fresh conifer resin: heat, light (photooxidation), and oxidation 

from air (autoxidation) or bacterial metabolic activity (Doménech-Carbó et al., 

2006, p. 1267; Enoki, 1976; Milanova et al., 1995). It is known that molecular 

changes to pine resin occur just a few weeks after the exudation of the fresh resin 

from the tree, but the precise transformation pathways the original compounds 

take due to ageing and degradation processes in Pinus species resins are not yet 

fully described by gas chromatography-mass spectrometry (GC-MS), Fourier 

transform infrared spectroscopy (FTIR), or nuclear magnetic resonance (NMR) 

(Beltran et al., 2016, p. 4073; Enoki, 1976, p. 52; Langenheim, 2003, p. 26). 

However, research has elucidated some of the changes in resin compounds due 

to degradation and heating.  

 

13.4.3.1 Alteration products of abietic acid  

The chemical profile of raw unprocessed resin from Pinaceae trees contains 

levopimaric acid, neoabietic acid, abietic acid, dehydroabietic acid (in trace 

amounts), paulstric acid, and pimaric acid (Enoki, 1976, p. 57). Abietic acid in 

particular is found in abundance in the fresh (bleed) resin, but is transformed in 

https://paperpile.com/c/J10e8i/HdOh
https://paperpile.com/c/J10e8i/HdOh
https://paperpile.com/c/J10e8i/KIsdb+2sGoa+4RCyF/?locator=,,1267
https://paperpile.com/c/J10e8i/KIsdb+2sGoa+4RCyF/?locator=,,1267
https://paperpile.com/c/J10e8i/KIsdb+hNGb+9vSt/?locator=52,26,4073
https://paperpile.com/c/J10e8i/KIsdb/?locator=57
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atmospheric conditions into more oxidised compounds (Beltran et al., 2016, p. 

4073). Diagenetic processes lead to the chemical alteration of pine resin (Regert, 

2004, p. 250). Aging and chemical alteration begins with oxidation of conjugated 

double bonds of abietane diterpenoids (levopimaric, abietic, and neoabietic 

acids), to form DHA, and oxygen is further incorporated to yield several derivative 

products of DHA (Scalarone et al., 2003, p. 615). Oxidation and isomerisation of 

the primary compound abietic acid produces several characteristic altered 

compounds: DHA, 7-hydroxy-DHA, 15-hydroxy-DHA, 3-hydroxy-DHA, 7-oxo-

DHA, and 7-oxo-15-hydroxy-DHA (Pastorova et al., 1997, p. 43).  

 

In addition to being markers for diagenetic ageing and natural oxidation, many 

pine compounds can also be interpreted as signals for heating of pine resin. High 

temperatures applied to pine resin compounds cause acceleration of oxidation 

reactions and the formation of altered derivative compounds, and there are 

examples of archaeological pine resin compounds being interpreted as a result of 

resin processed by heating (Egenberg et al., 2002; Font et al., 2007; Robinson et 

al., 1987). However, as Regert (2004, p. 250) points out, it is difficult to determine 

whether anthropogenic heating of the resin or simple natural decay is the origin of 

some of the derivative pine compounds, in particular DHA, 7-oxo-DHA, and 

dehydro-7-DHA. 

 

Models of the alteration of abietic acid to produce derived compounds have been 

proposed by GC-MS studies (Proefke and Rinehart, 1992, p. 585; Scalarone and 

Chiantore, 2009, p. 333; 2000, p. 514, 1998, p. 565), FTIR (Beltran et al., 2016, 

p. 4081), and NMR (Enoki, 1976, p. 52), but are not yet completely resolved. 

Figure 13 illustrates a simplified version of the proposed oxidation and 

isomerisation reaction pathways of abietic acid, based on Proefke and Rinehart 

(1992, p. 585), Pastorova et al. (1997/8, p. 43), van den Berg et al. (2000, p. 514, 

1998, p. 565) (1998; 2000), Modugno and Ribechini (2009b, p. 221 Fig. 8.5), and 

Lattuati-Derieux et al. (2014, p. 4). The pathways to produce the abietic acid 

alteration products 3,15-dihydroxy-DHA; 7,15-dihydroxy-DHA; and 7-oxo-15-

hydroxy-DHA are not agreed upon in the literature. Additionally, dehydro-7-DHA 

(found in this study) is not present in any published oxidation model of abietic 

https://paperpile.com/c/J10e8i/9vSt/?locator=4073
https://paperpile.com/c/J10e8i/9vSt/?locator=4073
https://paperpile.com/c/J10e8i/0stT/?locator=250
https://paperpile.com/c/J10e8i/0stT/?locator=250
https://paperpile.com/c/J10e8i/ifQ7/?locator=615
https://paperpile.com/c/J10e8i/WhJm/?locator=43
https://paperpile.com/c/J10e8i/4ce5+wVxnu+236vL
https://paperpile.com/c/J10e8i/4ce5+wVxnu+236vL
https://paperpile.com/c/J10e8i/0stT/?locator=250&noauthor=1
https://paperpile.com/c/J10e8i/Nal2+MukE+za6z+4PV3/?locator=585,565,514,333&noauthor=0,0,1,0
https://paperpile.com/c/J10e8i/Nal2+MukE+za6z+4PV3/?locator=585,565,514,333&noauthor=0,0,1,0
https://paperpile.com/c/J10e8i/9vSt/?locator=4081
https://paperpile.com/c/J10e8i/9vSt/?locator=4081
https://paperpile.com/c/J10e8i/KIsdb/?locator=52
https://paperpile.com/c/J10e8i/Nal2/?locator=585&noauthor=1
https://paperpile.com/c/J10e8i/WhJm/?locator=43&noauthor=1
https://paperpile.com/c/J10e8i/MukE+za6z/?locator=565,514&noauthor=1,1
https://paperpile.com/c/J10e8i/MukE+za6z/?locator=565,514&noauthor=1,1
https://paperpile.com/c/J10e8i/3QfRd/?locator=221&suffix=Fig.%208.5&noauthor=1
https://paperpile.com/c/J10e8i/7MuMd/?locator=4&noauthor=1
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acid, but it is clearly a derivative of DHA, so its position is suggested in Figure 

13.44.  

 

 
Figure 13.44. Proposed degradation of abietic acid into derivative compounds by oxidation and 

isomerisation. Compounds identified in this study are circled. Degree of oxidation increases 

moving down the flow chart. Based on Proefke and Rinehart (1992), Pastorova et al. (1997), van 

den Berg et al. (1998; 2000), van den Berg (2003), Modugno and Ribechini (2009), and Lattuati-

Derieux et al. (2014).  
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13.4.4 Incidental or anthropogenic pine diterpenoid 

markers? 

 

It is important to discuss the limitations of the data presented here. Interpretation 

of the results is particularly challenging given that we do not know what results to 

expect – no one else has attempted to use mass spectrometry techniques on 

lithics where the residues were only available in microscopic quantities. However, 

a liquid chromatography-mass spectrometry (LC-MS) analysis by Evans (David, 

1998), reported successful chemical characterisation even when the lithics were 

completely devoid of microscopically-visible residues (discussed further below). 

There are four issues with the data presented here which prevent the definitive 

ascription of the pine compounds dehydro-7-DHA, DHA, 7-oxo-DHA to an 

archaeological pine resin source.  

13.4.4.1 Lack of macrobotanical pine remains at Star Carr 

The literature indicates that at the earliest Mesolithic sites in Britain, such as Star 

Carr and Thatcham, pine existed in relatively open landscapes (Milner and 

Mithen, 2009, p. 53). However, the evidence of pine macrobotanical remains at 

Star Carr is not strong enough to corroborate the chemical findings. In an 

archaeological mud layer at Star Carr, Walker and Godwin (1954, p. 59) identified 

Pinus sylvestris as present, although they state “... only one small piece of pine 

bark was discovered” (1954, p. 60). The presence of pine might also be 

suggested at Star Carr by two pieces of wood excavated in 2008 that were 

identified by Alan Hall to the level of division Coniferae. However, over the last 

excavation seasons (2013-2015), the POSTGLACIAL Project did not find any 

macrobotanical remains of pine wood, needles, or cones during excavations or 

within flotation samples (Radini et al., in press). The analysed wood assemblage 

shows willow (Salix sp.), birch (Betula sp.), and aspen (Populus sp.) were 

common (Bamforth et al., in press a, b). However, the fact that no macrobotanical 

remains have recently been located at Star Carr does not negate the idea that 

pine resin could have been collected when people traveled outside of the 

https://paperpile.com/c/J10e8i/vyeX
https://paperpile.com/c/J10e8i/vyeX
https://paperpile.com/c/J10e8i/Hn6e/?locator=53
https://paperpile.com/c/J10e8i/Hn6e/?locator=53
https://paperpile.com/c/J10e8i/ee7U/?locator=59&noauthor=1
https://paperpile.com/c/J10e8i/ee7U/?locator=60&noauthor=1
https://paperpile.com/c/J10e8i/3uyx+cinn/?suffix=b,a
https://paperpile.com/c/J10e8i/3uyx+cinn/?suffix=b,a
https://paperpile.com/c/J10e8i/3uyx+cinn/?suffix=b,a
https://paperpile.com/c/J10e8i/3uyx+cinn/?suffix=b,a
https://paperpile.com/c/J10e8i/3uyx+cinn/?suffix=b,a
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immediate landscape. It is also possible that tools already containing pine resin 

were brought to site from elsewhere. 

 

It might be posited that the tools found to contain pine resin compounds at Star 

Carr were heat treated in a fire containing embers of pine wood, and hence 

diterpenoid compounds would have transferred to the surfaces of the flint. 

Schmidt et al. (2016, 2015) proposed that heat treatment of silcrete was carried 

out at the Middle Stone Age site of Diepkloof Rock Shelter, South Africa, as 

evidenced by the similar presence and locations of black heat tempering-residues 

on both experimental and archaeological tools. Perhaps it is possible that 

Mesolithic people at Star Carr were heat treating the flint prior to knapping, but 

again there are no pine macrobotanical remains on site, so no evidence of fires 

with pine wood are present.  

 

Terpenoid pine resin compounds can also be found within smoke particulates 

from burning pine wood (Simoneit, 2002). Wood burning experiments by Simoneit 

et al. (2000) and Fine et al. (2002, p. 1448) showed that dehydroabietic acid and 

7-oxo-dehydroabietic acid, among others, were found in smoke residues from two 

pine species (Pinus taeda and Pinus elliottii). The tool samples from Star Carr did 

contain dehydroabietic acid and 7-oxo-dehydroabietic acid, which were also 

found in particulates in smoke from modern pine wood campfires. Other major 

markers reported in pine smoke by Simoneit et al. (2000) (pimaric acid, 

isopimaric acid, sandaracopimaric acid, abietic acids, retene, pimanthrene, 

methylcyclopentenophenanthrene, levoglucosan, and lignin phenolics such as 

vanillic acid) were not found in any of the tool samples or sediment samples. 

Also, dehydro-7-dehydroabietic acid (found in some tool samples), has not been 

reported in pine wood smoke, but has been reported in archaeological resin 

samples (see references in Accompanying Material 5). Additionally, the 

appropriateness of modern woodsmoke for comparison to ancient woodsmoke, 

that may contain compounds which have degraded or transformed over time, has 

not been examined.   

 

Refitting sequences evidence tool manufacture both on and off site (Conneller et 

al., in press), so pine compounds originating from both locations must be 

https://paperpile.com/c/J10e8i/Xcdw+hWB0/?noauthor=1,1
https://paperpile.com/c/J10e8i/o84fq
https://paperpile.com/c/J10e8i/Iq4vf/?noauthor=1
https://paperpile.com/c/J10e8i/vN3Xw/?locator=1448&noauthor=1
https://paperpile.com/c/J10e8i/Iq4vf/?noauthor=1
https://paperpile.com/c/J10e8i/L5MD
https://paperpile.com/c/J10e8i/L5MD
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considered. Because no macrobotanical pine remains have been securely 

identified from Star Carr, there are a number of scenarios which are less likely or 

difficult to support: 1) the tools found to contain pine resin compounds were heat 

treated on site at Star Carr in a fire with pine wood embers, and further 

excavations may recover the pine wood, 2) tools were exposed to pine 

woodsmoke following discard at Star Carr, and further excavations may recover 

the pine wood, 3) people made tools off site using a fire treatment with pine 

wood, although no heat tempering-residues like those Schmidt et al. (2016, 2015) 

reported were found, or 4) people made tools off site that were exposed to pine 

woodsmoke that were brought to Star Carr. 

 

Heat treatment does not make sense as a practical manufacturing choice for the 

flint artefacts found at Star Carr. Heat treatment is a sensible technique to use 

prior to knapping when the raw material is grainy and poor quality, such as 

silcrete. However, the majority of flint tools from the Star Carr are made of a high 

quality cryptocrystalline glacial till flint, so the fracturing properties would not be 

improved significantly by heating. 

13.4.4.2 Variable morphology of posited resinous residues 

Secondly, a clear and consistent connection between the microscopic 

appearance of black deposits and the positive identification of the pine resin 

compounds in tool extracts could not be established. Rather, a variety of black 

residue morphologies were seen on the tools from Star Carr, including granular, 

cracked, shiny and bubbly. Perhaps pine resin residues can exhibit multiple 

morphologies under the microscope; this seems to be supported by observations 

made during the experimental phase of research (Chapters 5 and 6). 

Experimentally buried pine resin residues were found in variable conditions, 

appearing granular, smooth, textured, amorphous, diffuse, shiny, opaque, and 

with colours ranging from white to red to brown/black. Aged Pinaceae residues 

from a wig dated to 895–1123 cal AD from Britain containing DHA (methyl ester), 

Dehydro-DHA (TMS derivative), DHA (TMS derivative), and 7-oxo-DHA (TMS 

derivative), identified with GC-MS were also a black colour (Cameron et al., 2017, 

p. 270). 

https://paperpile.com/c/J10e8i/Xcdw+hWB0/?noauthor=1,1
https://paperpile.com/c/J10e8i/ZIuE/?locator=270
https://paperpile.com/c/J10e8i/ZIuE/?locator=270


420 
 

13.4.4.3 Very small concentrations of pine compounds 

Thirdly, the pine resin-related peaks (alteration markers dehydro-7-DHA, DHA, 

and 7-oxo-DHA) in samples were small, in every case yielding signals lower in 

abundance than other fatty acids and plasticizers present in the chromatograms. 

The quantity of dehydro-7-DHA in tool samples was between 0.013–0.636 μg, 

DHA between 0.120–0.328 μg, and 7-oxo-DHA between 0.028–0.440 μg.  

 

The low abundance of pine resin compounds present might suggest 

contamination of the samples, but lab contamination can be ruled out as the 

source of the diterpenoid markers since none of the pine compounds were found 

in the method blanks. Also, a sediment source of the pine compounds from 

environmental contamination of the flint can also be excluded, since no 

sediments samples contained Dehydro-7-DHA, DHA, or 7-oxo-DHA. Recently, 

Costa et al. (2016) found abietic acid and/or DHA are produced by eight of 15 

types of cyanobacteria from marine, estuarine and inland habitats. Thus, the 

status of abietic acid and DHA as biomarkers specific to conifer plants has been 

called into question, since abietic acid and DHA can be found in a diverse range 

of prokaryotic cyanobacteria. If the abietic acid and DHA found here on stone 

tools originated from cyanobacterial contamination, we would expect it to be 

present in the surrounding burial environment as well, but this was not the case. It 

is important to consider the minimal traces that were available for sampling in this 

study – microscopic residues – which may have contributed to the finding of only 

low concentrations of pine compounds detected in chromatograms. 

 

It might be argued that the quantities of pine compounds present on the artefacts 

are too low to base archaeological interpretations upon. However, relatively low 

concentrations have been reported on other archaeological samples. For 

instance, Giachi et al. (2013, p. 1195) interpreted low concentrations of DHA and 

7-oxo-DHA relative to the internal standard as indicating the presence of pine 

resin in a 2,000-year-old medicine tablet from an Etruscan shipwreck. Similarly, 

Bianchin et al. (2009, p. 444) found dehydro-DHA, DHA, and 7-oxo-DHA from an 

Italian Renaissance altarpiece painting, all in concentrations a tiny fraction of the 

concentration of the internal standards. Bianchin et al. (2009) argue that even 

https://paperpile.com/c/J10e8i/k3NS/?noauthor=1
https://paperpile.com/c/J10e8i/k2iB/?locator=1195&noauthor=1
https://paperpile.com/c/J10e8i/kWQy/?locator=444&noauthor=1
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when pine resin compounds are found in low amounts, like their sample, they 

attest to the presence of Pinaceae resin.  

 

13.4.4.4 Suites of related pine compounds 

Fourthly, just three altered abietic acid marker compounds were able to be found 

in the tool samples. The identification of a full suite (five or more) of pine resin-

related compounds from historical and archaeological samples have been 

described (Bailly et al., 2016; Burger et al., 2013; Egenberg et al., 2002; Fox et 

al., 1995; Helwig et al., 2008; Hjulström et al., 2006; Modugno and Ribechini, 

2009a; Rageot et al., 2016; Regert, 2004; Regert et al., 2005; Ribechini et al., 

2009, 2008), and such reports provide stronger evidence for the interpretation of 

ancient pine resin.  On the other hand, there are also reports which identify pine 

resin on the basis of two (Giachi et al., 2013), three (Bianchin et al., 2009; Pérez-

Arantegui et al., 2009; Proefke and Rinehart, 1992), or four (Čukovska et al., 

2012) altered abietic acid marker compounds.  

 

13.4.5 The case for an anthropogenic origin of pine resin  

 

13.4.5.1 Pollen evidence 

Perhaps the strongest argument for an anthropogenic origin to explain the 

presence of the pine compounds on stone tools from Star Carr is found in pollen 

records. At Star Carr, Scots pine (Pinus sylvestris) pollen is present throughout all 

the sequences taken from both the lake-edge (four monoliths) and from the lake 

centre (one monolith) of Palaeolake Flixton (Dark, 1998a, 1998b) (see examples). 

It likely that there was at least some pine among the predominantly birch 

woodland at Star Carr (Petra Dark 2017, pers. comm.). Dates published from 

‘Star Carr Monolith 1’ (lake-edge), range from 9272–8756 cal BC (95.4% 

probability) to 8295–7789 cal BC (95.4% probability), and ‘Star Carr Clark site’ 

monolith (lake-edge), range from 9151–8629 cal BC (95.4% probability) to 8846–

8423 cal BC (89.3% probability) (14C ages calibrated with OxCal v4.3.2, IntCal 

https://paperpile.com/c/J10e8i/suRC+wVxnu+0stT+eq0A+stC34+pzfg+sHF8+Aunq+5K76+qCke+qb7Y+rYyx
https://paperpile.com/c/J10e8i/suRC+wVxnu+0stT+eq0A+stC34+pzfg+sHF8+Aunq+5K76+qCke+qb7Y+rYyx
https://paperpile.com/c/J10e8i/suRC+wVxnu+0stT+eq0A+stC34+pzfg+sHF8+Aunq+5K76+qCke+qb7Y+rYyx
https://paperpile.com/c/J10e8i/suRC+wVxnu+0stT+eq0A+stC34+pzfg+sHF8+Aunq+5K76+qCke+qb7Y+rYyx
https://paperpile.com/c/J10e8i/k2iB
https://paperpile.com/c/J10e8i/Nal2+kWQy+Db9z
https://paperpile.com/c/J10e8i/Nal2+kWQy+Db9z
https://paperpile.com/c/J10e8i/n3IW
https://paperpile.com/c/J10e8i/n3IW
https://paperpile.com/c/J10e8i/1RS1H+kWXnB/?noauthor=0,1
https://paperpile.com/c/J10e8i/zYQG/?prefix=14C%20ages%20calibrated%20with%20OxCal%20v4.3.2%2C%20IntCal%2013%2C
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13, Bronk Ramsey, 2017). These dates overlap with occupation dates obtained 

from a recent high-resolution dating programme at Star Carr (Bayliss et al., in 

press). The first Mesolithic human activity at Star Carr is modelled with 

radiocarbon dates to start at 9385–9260 cal BC (95% probability), and end at 

8555–8380 cal BC (95% probability) (Bayliss et al., in press Fig. 17.2). Overall, 

the continuous pollen curves for Scots pine, in conjunction with pollen 

percentages of c. 10–20% and concentration curves that also suggest its 

pervasiveness indicate that Scots pine was highly likely to have been present in 

the wider landscape during occupation of Star Carr (Suzi Richer 2017, pers. 

comm.).  

 

 
Example of a pollen percentage diagram of ‘Star Carr Clark site’ monolith (lake-edge), showing 

Pinus sylvestris pollen throughout the sequence. From Dark 2017 Fig. 2. Image for examination 

purposes only, to be removed prior to publication. 

 

 

 

https://paperpile.com/c/J10e8i/zYQG/?prefix=14C%20ages%20calibrated%20with%20OxCal%20v4.3.2%2C%20IntCal%2013%2C
https://paperpile.com/c/J10e8i/EZ43
https://paperpile.com/c/J10e8i/EZ43
https://paperpile.com/c/J10e8i/EZ43/?suffix=Fig.%2017.2
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Example of pollen and spore concentrations from ‘M1’ monolith (lake-edge), showing Pinus 

sylvestris pollen throughout the sequence. From Dark 1998a Fig. 11.3. Image for examination 

purposes only, to be removed prior to publication. 

 

Similarly, analysis of a pollen sequence sampled in 1949 by Donald Walker 

(Dark, 2017, p. 242; Walker and Godwin, 1954, p. 42) noted that Pinus pollen 

densities increased to replace Betula in dominance over the course of occupation 

of Star Carr, but no specific dates are given. Pollen data depicting the local and 

regional Mesolithic environments around Star Carr by Innes et al. (2011, p. 90) 

reports: “The forests of the Early Mesolithic were less variable, predating the 

major spread of oak and with alder and lime hardly present at all, but with pine 

present as a common constituent in specialist ecological niches on favourable 

soils.”  

 

Macrofossil and pollen evidence suggest that Scots pine entered England just 

after 10,000 BP, or c. 9655–9391 cal BC, (95.4% probability) (Bennett 1984) 

(14C age calibrated with OxCal v4.3.2, Bronk Ramsey 2017). Furthermore, 

palynological studies support the notion that pine, specifically Scots pine, was 

present across Europe the times of site occupation. Although all genera within the 

Pinaceae family are resin-producing, such as Abies (fir), Picea (spruce), and 

Larix (larch), the only genus documented in Early Mesolithic pollen records from 

south-east England, deposits spanning c. 9655–9391 cal BC, (95.4% probability) 

to 7580–7541 cal BC (95.4% probability), is Pinus (pine) (Reynier, 2005, p. 73) 

(14C ages calibrated with OxCal v4.3.2, Bronk Ramsey, 2017). At the beginning 

https://paperpile.com/c/J10e8i/gyYF+ee7U/?locator=242,42
https://paperpile.com/c/J10e8i/Htv7/?locator=90&noauthor=1
https://paperpile.com/c/J10e8i/Wwux
https://paperpile.com/c/J10e8i/zYQG/?prefix=14C%20age%20calibrated%20with%20OxCal%20v4.3.2%2C
https://paperpile.com/c/J10e8i/t7m9/?locator=73
https://paperpile.com/c/J10e8i/zYQG/?prefix=14C%20ages%20calibrated%20with%20OxCal%20v4.3.2%2C
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of the Holocene (9655–9391 cal BC (95.4% probability), or ~10,000 BP), 

densities of Pinus pollen indicate that pine forests were extensive in the 

European mountains and the northern European lowlands. Also, refugia of pine 

existed in early Holocene Ireland and Scotland, and may have also been present 

in or near western Britain (Huntley and Birks, 1983, p. 308).  

 

Two factors must be considered about pine pollen: 1) it is produced in great 

quantities, and 2) it can disperse great distances by wind.  

 

Concerning the first factor, plant species differ in the amounts of pollen they 

contribute to sediments, and interpretation of pollen diagrams must take this into 

account (Davis, 1963, p. 897). Pine species are known to be high pollen 

producers – a pine tree can produce up to six million grains of pollen in a season 

(Buhner, 2011) (Figure 13.45). Thus, even though at times Scots pine pollen 

accounts for up to 20% of the total pollen during occupation at Star Carr (Dark, 

1998a, p. 126, 1998b, p. 142), in reality this may mean pine trees were not in the 

immediate vicinity of Star Carr, but present in a few stands the wider landscape 

but still contributing heavily to the pollen assemblage. 

 

 
Figure 13.45. Scots pine tree (Pinus sylvestris) in May releasing large quantities of pollen from the 

male flowers in York, UK. 

https://paperpile.com/c/J10e8i/kLOV/?locator=308
https://paperpile.com/c/J10e8i/wt9e/?locator=897
https://paperpile.com/c/J10e8i/Nioi
https://paperpile.com/c/J10e8i/1RS1H+kWXnB/?locator=126,142&noauthor=0,1
https://paperpile.com/c/J10e8i/1RS1H+kWXnB/?locator=126,142&noauthor=0,1
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In terms of the second factor, pine pollen is bisaccate (two air-filled sacs are 

attached to each pollen grain) and able to travel considerable distances from the 

tree, up to 100+ kilometers (Schuster and Mitton, 2000, p. 348). However, in a 

study of Scots pine pollen dispersal, Robledo-Arnuncio and Gil (2005, p. 13) 

found the tree has an average pollen dispersal distance of 135 m, with only 7% of 

effective pollen moving beyond 200 m of the source tree. Even when the pollen 

evidence is considered in light of the fact that a fraction of pine pollen can 

disperse great distances by wind currents, palynologists have still ascribed Pinus 

as present, although likely restricted to specific habitats, in Early Mesolithic 

environments near Star Carr.  

13.4.5.2 Molecular evidence from a nearby Mesolithic site 

Potentially supporting evidence for an anthropogenic origin of pine resin 

compounds exists from the nearby Mesolithic site of Seamer Carr (about 1.5 km 

northeast of Star Carr). There, Pinus resin, beeswax and traces of proteins 

(glutamic acid and glycine) were identified on one scalene triangle microlith, 

found in Boreal peat deposits (David, 1998). This tool was found within a group of 

microliths thought to be related in a multi-component tool, but no haft survived to 

confirm this idea. Although microscopic analysis of the tool did not detect any 

adhering materials, the organic residues were reportedly identified by differential 

infrared spectroscopy, GC, and high performance liquid chromatography (HPLC) 

by John Evans (David, 1998, p. 200). This scalene triangle was the only microlith 

which yielded organic residues out of 33 microliths analysed from the site. The 

organic residue analysis was described as inconclusive, likely because the 

methods were not very sensitive and no mass spectrometry was carried out. 

Sadly, any specific pine resin compounds that might have been identified were 

not described, the chromatograms were not included, which undermines the 

reported findings. Additionally, the original data from Evans study was not 

possible to obtain for comparison to the results presented here. 

https://paperpile.com/c/J10e8i/dL4z/?locator=348
https://paperpile.com/c/J10e8i/bcjt/?locator=13&noauthor=1
https://paperpile.com/c/J10e8i/vyeX
https://paperpile.com/c/J10e8i/vyeX/?locator=200
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13.4.5.3 Long-term preservation  

Conifer resins are known to preserve long-term, so even miniscule archaeological 

amounts like those found here are possible to trace. The burial conditions at Star 

Carr (in the waterlogged peat and the dry land, along with an additional alkaline 

control burial condition located off site), were experimentally shown to allow 

preservation of pine resin on flint, albeit within a short timeframe of 11 months 

(Croft et al. 2016; Chapters 5 and 6). Indeed, pine tree resin survived extremely 

well microscopically from all burial conditions tested.  

 

Long-term preservation of conifer resin lipid compounds is very good, for instance 

lithified as amber. In fact, pine diterpenoid compounds, including abietic acid, 

dehydroabietic acid, and 15-hydroxy-dehydroabietic acid in conifer remains are 

known to preserve for millions of years. The discovery of diterpenoids by GC-MS 

in Eocene and Miocene deposits and macrobotanical pine fossils attests to their 

longevity (Otto et al., 2002, p. 1544; Otto and Simoneit, 2001, p. 3519; Stefanova 

et al., 2005, p. 96; Životić et al., 2013, p. 20). 

13.4.5.4 Ethnographic evidence 

The case for an anthropogenic origin of pine resin on stone tools from Star Carr is 

further supported in an analogical way by multiple ethnographic sources. Among 

hunter-gatherers, pine resin is universally viewed as a useful resource. Its 

exploitation for utilitarian items, medicines, and even food, is well-documented 

and remains widespread. Simple small incisions made in pine bark cause resin to 

ooze out of the wounds that is then easily collected (Hurcombe, 2014, p. 58).  

 

In British Columbia, Canada, the Saanich and other indigenous nations used pine 

pitch (from Pinus contorta) as a glue to put arrowheads in shafts, and the Sechelt 

used the pitch (Pinus contorta and Pinus monticola) to waterproof canoes and 

baskets (Turner, 1998, p. 91). The Lower Stl’atl’imx used pine pitch to to seal fish 

hooks and mixed it with bear grease as a protective coating on fishing line and to 

glue the joints of harpoons and other tools (Turner, 1998, p. 91). The 

Nlaka’pamux gave stone pipes a glossy finish by using pine pitch with grease as 

a coating (Turner, 1998, p. 91).  

https://paperpile.com/c/J10e8i/c2E1F+GCC1P+cIriE+nPDmm/?locator=3519,1544,96,20
https://paperpile.com/c/J10e8i/c2E1F+GCC1P+cIriE+nPDmm/?locator=3519,1544,96,20
https://paperpile.com/c/J10e8i/HUXz/?locator=58
https://paperpile.com/c/J10e8i/PHWn/?locator=91
https://paperpile.com/c/J10e8i/PHWn/?locator=91
https://paperpile.com/c/J10e8i/PHWn/?locator=91
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Native Americans in California collected great quantities of pinyon pine (Pinus 

edulis) resin for use in a range of medicines. It was applied to the skin for treating 

splinters and boils, cuts, sores, insect bites, plastered hot on cloth for pneumonia, 

sciatica, and muscle soreness, chewed for sore throats, and also ingested in a 

tea as a remedy for colds, rheumatism, tuberculosis, influenza, and chronic 

indigestion. Native Californians also used sugar pine (Pinus lambertiana) resin as 

chewing gum, and applied it to burns and sores to aid healing, ingested as mild 

laxative and used dried and powdered to cure ulcers (Balls, 1962, p. 29). Also in 

California, people used pine resin to fasten flint points to arrow shafts (Laylander, 

2000, p. 133) (originally in Eastwood, 1924), and one tribe (the Wintu) used pine 

resin as a sealant for whistles (Du Bois, 1935, p. 124). Additionally, most species 

of pines were used by some tribes of California for cement or glue (Balls, 1962, p. 

29).  

 

The Tarahumara people in Northern Mexico burned pitch pine sticks as torches 

for use in ceremonies (Bennett and Zingg, 1935, p. 284). The Maya in 

Mesoamerica collected Pinus resin at higher elevations and used it for incense, 

likely in ceremonial contexts (Langenheim, 2003, p. 296). In Malaysia, the 

Semelai people use pine resin (Pinus merkusii) for batik-making (wax-resist 

prepared cloth), paints, and soaps (Gianno, 1990, p. 94). The resinous inner bark 

of Scots pine was used as a food source by the Sami, and the practice of bark 

removal is evidenced by the presence of scarring still visible on culturally 

modified trees in Sweden, Norway, and Finland (Bergman et al., 2004). 

 

The above ethnographic examples show that hunter-gatherers the word over 

view pine resin as a valued resource used it in myriad ways. Thus, it is suggested 

that any pine resin available to Mesolithic people in Britain could have been put to 

many applications.  

 

 

 

 

 

https://paperpile.com/c/J10e8i/tps2A/?locator=29
https://paperpile.com/c/J10e8i/lJGI/?locator=133
https://paperpile.com/c/J10e8i/lJGI/?locator=133
https://paperpile.com/c/J10e8i/ez3N/?prefix=originally%20in
https://paperpile.com/c/J10e8i/D8tk/?locator=124
https://paperpile.com/c/J10e8i/tps2A/?locator=29
https://paperpile.com/c/J10e8i/tps2A/?locator=29
https://paperpile.com/c/J10e8i/2Pve3/?locator=284
https://paperpile.com/c/J10e8i/hNGb/?locator=296
https://paperpile.com/c/J10e8i/tBZa/?locator=94
https://paperpile.com/c/J10e8i/KcWr
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13.5 Conclusion 

 

To the authors knowledge, this was the first attempt to chemically test and 

identify microscopic amounts of lithic residues using GC-MS. Nine tool samples 

contained traces of DHA, 7-oxo-DHA, and Dehydro-7-DHA. These three 

compounds are derivatives of abietic acid – a biomarker found in the resin of 

trees of the Pinaceae family. Although the results should be considered 

preliminary, they are supported by the fact that the pine compounds could not be 

traced to sediments of the burial environment or a modern contaminant source 

from the lab. Additionally, the negative control group that contained no potentially 

resinous residues were negative for pine compounds, as expected, suggesting 

there may be a real link between the black amorphous residues observed and the 

positive identification of pine resin.  

 

As Aveling and Heron (1998) showed, at least one plant-based adhesive, birch 

bark tar, was clearly used by the people visiting Star Carr. Contrary to 

expectation, and particularly considering the shiny black appearance of many 

residue deposits on artefacts, no chemical evidence of birch bark tar was found 

on tools, based on comparison with three different reference birch bark tars and 

the literature. Further research may be able to confirm the results here for pine 

resin at Star Carr. Positive replication for other lithics containing pine compounds 

in tandem with negative findings from their associated sediment samples is 

necessary. However, the finding of compounds consistent with pine resin may 

have significant implications for our understanding of the hunter-gatherers that 

visited Star Carr.  

 

For instance, confirmation of pine resin at Star Carr would demonstrate that early 

Mesolithic people actively curated useful plant resources in the landscape. The 

fact that the only macrobotanical remains to suggest pine was present at Star 

Carr are one unconfirmed piece of Scots pine bark, and two pieces of wood 

identified to conifer (section 13.4.4.1), might suggest that people used pine at off-

site locations, perhaps at higher elevations. Since pine resin naturally exudes 

from the tree, it could have been collected by people casually on an encounter 

https://paperpile.com/c/J10e8i/JkHX/?noauthor=1
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basis, when it was seen during travelling to or from Star Carr. Alternatively, 

perhaps resin production was made more predictable than the naturally occurring 

resin exudation by purposeful scarification of pine trees, as a type of plant 

management practice. The results presented here might also hint that a tradition 

of resin use existed. The radiocarbon dated deposits from which the nine tools 

were recovered range from about 9300-8500 cal BC (Radini et al., in press), 

suggesting the product was being used from the early phases of the site and 

continuing for perhaps about 800 years. It would not be surprising that Mesolithic 

people exploited any pine resin available. Ethnographic accounts of native 

peoples everywhere document the the use of pine resin, and also an intimate 

understanding of botanical resources within a wider network of traditional 

ecological knowledge (Turner, 2014).  

 

On a methodological level, this study has supported the findings of previous 

investigations of residues in this thesis – microscopic observations of amorphous 

or ambiguous residues must be examined chemically. Again, chemical 

characterisation as a test for microscopic observations of lithic residues has 

shown that microscopic observations are not sufficient to identify amorphous 

residues or residues which lack diagnostic structures due to degradation, 

supporting the results of Monnier et al. (2012), Croft et al. (2016), and 

Pedergnana and Blasco (2016).  

 

Improved results for the analysis of potentially resinous microscopic residues on 

stone tools may be possible with the use of highly sensitive chemical 

fingerprinting methodologies. Headspace solid-phase microextraction (HS-SPME) 

and GC-MS, with comprehensive two-dimensional gas chromatography-time-of-

flight mass spectrometry (HS-SPME-GC×GC-TOFMS) was recently tested on 

modern reference residues including ivory, bone, antler, animal tissue, human 

tissue, sediment, and resin (Cnuts et al., 2016; Perrault et al., 2016). HS-SPME-

GC×GC-TOFMS has the advantages of being a technique that 1) provides better 

resolution than traditional GC-MS, 2) is non-destructive to the residue, preserving 

ancient samples for replication or further chemical characterisation, 3) can be 

conducted on residues in their original state, and 4) extraction does not require 

solvents or derivatisation. Currently, it is not known if removal with a simple water 

https://paperpile.com/c/J10e8i/xFze
https://paperpile.com/c/J10e8i/Ldfx
https://paperpile.com/c/J10e8i/OvoQ/?noauthor=1
https://paperpile.com/c/J10e8i/F4Lw/?noauthor=1
https://paperpile.com/c/J10e8i/kY88/?noauthor=1
https://paperpile.com/c/J10e8i/PuM5+hhlt
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extraction like that used by Perrault et al. (2016) and HS-SPME-GC×GC-TOFMS 

would be successful on archaeological tools with resinous residues, especially 

tools that only have degraded microscopic quantities of resin available for testing. 

Perrault et al. (2016, p. 5) found that when tested with HS-SPME-GC×GC-

TOFMS, the modern Norway spruce (Picea abies) resin, and two mixtures of the 

spruce resin and beeswax (one mixture heated only until melting point, the other 

mixture heated for an hour), had the most complex volatile profiles of all 

reference residues tested. Fascinatingly, unique volatile signatures were 

produced for the all spruce resin samples, even between the mixture heated to 

melting point and the mixture heated for an hour. These are exciting results since 

we may be able to gain even more nuanced information than is currently possible 

with GC-MS about ancient adhesive manufacturing methods using HS-SPME-

GC×GC-TOFMS, perhaps differentiating quite sensitively between the time length 

of heating and temperatures used. 

  

https://paperpile.com/c/J10e8i/hhlt/?noauthor=1
https://paperpile.com/c/J10e8i/hhlt/?locator=5&noauthor=1
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CHAPTER 14 DISCUSSION AND CONCLUSION 

 

 

14.1 Introduction 

 

When this project began, it was thought possible to locate and identify 

anthropogenic residues in situ on flint surfaces with relative ease, using only 

reflected visible light microscopy (VLM). This assumption was incorrect; the 

identification of microscopic lithic residues is in fact not usually a straightforward 

task. Archaeological lithic residues are complex, usually heterogeneous materials 

which have undergone degradation and interaction with the burial environment. It 

was proposed in Chapter 1 that a fourth major issue exists in the field of residue 

analysis: residues may be identified incorrectly. This is a substantial problem 

because a number of archaeological interpretations of ancient human and 

neanderthal behaviour, as well as inferences about cognitive abilities, have 

hinged on microscopic results. The findings of the experimental phase of 

research showed that many residue types are actually unidentifiable with 

reflected VLM because no specifically diagnostic structures were present (Croft et 

al., 2016). Thus, previously published claims of the discovery of particular lithic 

residues may need to be re-examined.  

 

The results of this thesis stand as a crucial contribution to the methodological 

development of lithic residue analysis. The results showed that microscopic 

interpretations of residues should not be taken at face-value unless the residue 

being identified contains diagnostic structural characteristics. Ideas about the 

identity of amorphous residues are conjecture and should be formulated as 

hypotheses – serving as a jumping-off point to start further inquiry. Thus, for now, 

lithic residue analysis remains a time-intensive approach, requiring conservative 

microscopic analysis, and usually additional chemical interrogation techniques. 

 

https://paperpile.com/c/7hbCSq/xvD2O
https://paperpile.com/c/7hbCSq/xvD2O
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Many residues encountered on lithics from Star Carr might have been incorrectly 

interpreted as anthropogenic on the basis of the visual microscopic analysis 

alone. However, the testing of the visual observations of residues by application 

of further techniques (SEM-EDS, Micro-Raman, GC-MS) showed that: 

 

● Red-orange deposits that appeared like resin were actually the alpha 

phase of iron (III) oxide (α-Fe2O3).  

● Tiny clear crystal formations that appeared as silica plant phytoliths were 

actually gypsum crystals.  

● Fibrous sheet formations which appeared like elongated articulated wood 

residues were actually gypsum.  

● The white angular crystalline deposits that appeared like bone residues 

and were most likely related to quartz. 

● Shiny gold deposits on the pendant that resembled the remnants of 

pigments were actually framboidal pyrite microcrystals. 

● Brown stains within the lines of the pendant that resembled the remnants 

of pigments were actually organic detritus. 

● Black amorphous residues that appeared like birch bark tar residues were 

not birch bark tar. Some samples contained compounds consistent with 

pine (Pinaceae) tree resin, but the results are considered preliminary. 

 

The identification and minimisation of contaminants on artefacts is an ever-

present issue in residue analysis. In fact, the results from the microscopic 

examination of 138 lithics from Star Carr combined with selected chemical 

characterisation of residues reinforced the importance of the first major issue in 

residue analysis: non-use related residues might contaminate artefacts. Most 

residues seen on stone tools in this study were natural: minerals including iron 

(III) oxide, gypsum, and pyrite were common, likely originating from complex and 

changing chemical interactions within the sediments at Star Carr (Boreham et al., 

2011a, 2011b; Milner et al., 2011). The investigations of residues found on stone 

tools from Star Carr have yielded results which are surprising and of limited use 

in terms of contributing to our understanding of the archaeology. However, 

preliminary microscopic and GC-MS evidence suggested pine (Pinus sp.) 

https://paperpile.com/c/7hbCSq/bZYx+PkNv+z3gj
https://paperpile.com/c/7hbCSq/bZYx+PkNv+z3gj
https://paperpile.com/c/7hbCSq/bZYx+PkNv+z3gj
https://paperpile.com/c/7hbCSq/bZYx+PkNv+z3gj
https://paperpile.com/c/7hbCSq/bZYx+PkNv+z3gj
https://paperpile.com/c/7hbCSq/bZYx+PkNv+z3gj
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compounds were present in trace amounts on nine stone tools, and could be 

related to activities of Early Mesolithic people. 

 

These findings have implications for the practice of lithic residue analysis, 

importantly demonstrating that microscopic identification of residues based on 

visual observations can be misleading. Thus, the use of chemical characterisation 

methods for testing residues is strongly recommended. This is especially true of 

those residues whose structure is non-distinct and nonspecific (e.g. resin, fat, 

bone, muscle, red ochre) and residues that are easily mistakable for other items 

(e.g. red blood cells for fungal spores, starch for bordered pits found on plant 

tracheids and vessel elements).  

 

 

14.2 Research questions revisited 

 

It is important to critically revisit the research questions posed in Chapter 1 of this 

thesis. Below, the extent to which the research questions were answered is 

addressed.  

 

1. Is there potential for residues to survive on lithics at Star Carr?  

 

This question was addressed during the experimental phase of research (Chapter 

5 and 6). The preservation of a variety of plant, animal, and mineral residues on 

flint flakes were tested in two archaeological burial contexts at Star Carr (wetland, 

dryland), and one off-site control context (alkaline). Some experimental residues 

did survive across all burial conditions and over the short time intervals tested 

(one month and eleven months). These surviving residues included bird feathers, 

squirrel hair, softwood tissue, tree resin, and red ochre, although it was noted that 

keratinised remains were unlikely to survive over longer time scales at Star Carr. 

It was surprising that the microscopic remains of bone and antler working – 

expected to exhibit long-term durability – did not survive after 11 months burial in 

the wetland or dryland contexts at Star Carr. 
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2. Which residues can be identified on stone tools from Star Carr and what 

do they tell us about the lives of Early Mesolithic hunter-gatherers?  

 

Given the exploratory nature of the application of lithic residue analysis at Star 

Carr and the techniques used in this project, it was necessary to pose an open-

ended question without prejudgement of potential results. The investigation of the 

modern reference residues showed that not all residue types contained structural 

features which would allow them to be diagnostically identified. Thus, an 

identification guide was devised that grouped residues commonly found in the 

literature into diagnostic, distinct, and non-distinct categories, along with the 

specific structural features which are present/absent in each residue.  

 

In terms what was gained from the residues that informs us about the lives of 

Early Mesolithic people, the results are disappointing, but challenge the discipline 

of residue analysis to build a firmer methodological foundation. The results of this 

study have mainly yielded identification of environmental contaminant residues 

from that originated from the archaeological burial environment. Nevertheless, 

preliminary evidence was presented that suggests pine (Pinus sp.) compounds 

may be present in trace amounts on nine stone tools from Star Carr.  

 

3. What techniques are most useful for the discipline of lithic residue 

analysis?  

 

The techniques that were found to be the most useful for the analysis of lithic 

residues in this study were VP-SEM-EDS, GC-MS, and Micro-Raman. Other 

techniques outside of those used here, such as FTIRM, DESI-MS or MALDI-TOF, 

might also be successfully applied to archaeological residues. VP-SEM-EDS 

makes an excellent screening technique for lithics since organic (carbon-rich) vs 

inorganic residues can be quickly identified. This is especially useful in cases 

where information regarding the soil chemistry and specific burial conditions are 

not available. GC-MS and Micro-Raman were found to provide the most specific, 

and therefore most conclusive, data, yielding identifications made at the 

molecular level. Both GC-MS and Micro-Raman are considered techniques that 
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can provide adequate resolution to be molecularly specific. Structural information 

and identity of the molecule is determined in GC-MS by calculation of the mass 

fragmentation pattern containing the ions from broken up molecules and Micro-

Raman by measurement of the vibrational modes of the molecules detected by 

the movement of atoms and bonds. 

 

Reproducibility is a problem when using GC-MS to investigate microscopic lithic 

organic residues, since the immersive sonication method used here for residue 

extraction usually removes visual traces of the original residues in their entirety. 

On the other hand, replication is not an issue for the application of Micro-Raman 

to investigate in situ lithic residues because it does not require total destruction or 

removal of the residue (the laser burns an area of the residue of only a few 

microns or less). The Micro-Raman technique and its surrounding literature 

appears to be ideally positioned for the identification of items which have a 

crystalline structure, such as mineral components, and not as easily able to 

achieve high specificity when organic residues are tested, but this partly due to 

the usually fluorescent nature of organic residues. 

 

14.3 Implications 

 

14.3.1 Amorphous residues cannot be identified visually 

 

As was established during the experimental phase of research (in Chapter 5 and 

Croft et al. 2016), there are many residues which defy identification because they 

lack diagnostic structural features. These amorphous residues are ambiguous 

even in the unaltered ‘fresh’ state, and require chemical characterisation for 

successful identification. Thus, hypothesis-testing of visual observations with 

specific and sensitive techniques is imperative for amorphous residues. Residue 

analysts need to recognise which residue types are diagnostic, distinct, and non-

distinct (amorphous) (Croft et al., 2016). By acknowledging cases when 

https://paperpile.com/c/7hbCSq/xvD2O
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microscopic residues are actually ambiguous, as recommended by Monnier et al. 

(2012), lithic residue analysis can avoid interpretations built on shaky evidence. 

 

14.3.2 Consideration of the burial environment  

 

The cases presented in this thesis have provided evidence that indicates residue 

and usewear analysts need to understand as much as possible about the 

chemical and physical processes occurring within the burial environment from the 

beginning of the project. The contribution of the burial environment has probably 

led to false positive identifications of archaeological residues. A good 

understanding of the soils and/or sediments from which archaeological material 

was recovered is important so that suspected contaminants can be discounted 

quickly. For instance, it was not expected that mineral deposits would be present 

on top of flint surfaces as both amorphous concretions and crystalline structures. 

These items could have perhaps been identified faster if geochemistry sources 

were consulted first. In the case of the iron oxides, gypsum, and shiny deposits, 

the burial environment can be responsible for non-anthropogenic, false traces on 

flint stone tools. The way to ameliorate this problem is to increase our knowledge 

of sediment chemistry, geochemistry, taphonomy, biological agents, and the 

reactions that can lead to the observed phenomena on stone tools. 

 

The collection of small (~ 5 g) sediment samples with each artefact recovered in 

the field for residue analysis is recommended to assist in the identification of 

contaminants. Sediment sampling has been suggested by other residue analysis 

workers, although no one has applied this measure on the systematic scale as 

was protocol at Star Carr. These sediment samples can be compared both 

microscopically and chemically to results obtained from residues on the stone tool 

surfaces. Here, this evidence was used to rule out the origin of residues as 

contaminants from the burial environment in the case of the Pinaceae resin 

compounds. Additionally, the sediment samples provided the basis to identify 

contaminants. The pyrite framboids and gypsum microcrystals observed on 

several artefacts were also found within their corresponding sediment samples. 

https://paperpile.com/c/7hbCSq/UPLaH/?noauthor=1
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14.3.3 Consideration of post-excavation handling and 

processing 

 

Some traces on flint can appear post-excavation that may be mistaken for 

anthropogenic residues or usewear. It was discovered that the formation of 

several shiny deposits on stone tools (Chapter 10) were linked to simply washing 

tools in ultrapure water. This was evidenced by the presence of macroscopically 

visible shiny deposits mirroring the very locations on the tools where water had 

pooled in contact with the drying tray. Sometimes these deposits were found to 

contain exact impressions of the folds of the clingfilm with which the tool was in 

contact. This confounds the identification of any usewear polish on tools from 

Star Carr, since it is clear that some shiny deposits formed as a result of, or were 

altered significantly altered by, basic washing with water. The following question 

is raised: can the polish and shiny deposits observed on tools from Star Carr 

arising from post-excavation handling, natural, or cultural processes be 

differentiated by microscopic techniques? 

 

14.3.4 Multiple independent lines of evidence 

 

Multiple independent lines of evidence provide more rigorous interpretations that 

can support or refute subjective visual observations of lithic residues. When the 

residue observed is amorphous and cannot be securely identified, these 

additional lines of evidence should include characterisation by chemical means, 

such as energy dispersive x-ray spectroscopy (EDS or EDX), gas 

chromatography–mass spectrometry (GC-MS), confocal Raman 

microspectroscopy, and Fourier transform infrared spectroscopy (FTIR). And 

indeed, several researchers have already chemically characterised amorphous 

residues suspected to be hafting residues (Bleicher et al., 2015; Boëda et al., 

2008, 1996; Cârciumaru et al., 2012; Charrié-Duhaut et al., 2013; Dinnis et al., 

https://paperpile.com/c/7hbCSq/0P3rh+OQSqe+MXbQt+VQLKy+pSQQi+pVrIx+bwcRb+xQmxm+pydSc+EGTh7+CH2dW+ma6Af+leSqI+xL4E2+zO0li+hSzZm
https://paperpile.com/c/7hbCSq/0P3rh+OQSqe+MXbQt+VQLKy+pSQQi+pVrIx+bwcRb+xQmxm+pydSc+EGTh7+CH2dW+ma6Af+leSqI+xL4E2+zO0li+hSzZm
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2009; Grünberg, 2002; Hauck et al., 2013; Helwig et al., 2014; Koller et al., 2001; 

Matheson and McCollum, 2014; Mazza et al., 2006; Monnier et al., 2013; Ollé et 

al., 2014; Pawlik and Thissen, 2011; Villa and Roebroeks, 2014). 

 

Current thought has advocated establishing a connection between usewear and 

residues together to make a case for anthropogenic stone tool use, but this may 

be unjustified, as the locations of usewear and residues may not always be 

closely related spatially. Xhauflair et al. (2017) found random residue distributions 

without apparent links to usewear locations on experimental tools. That residue 

locations can be random agrees with the findings from the experimental phase of 

research presented in Chapter 5. Rather, during the use of experimental flint tools 

on a variety of plant and animal materials, residues were not confined to working 

edges, but occurred all over the tool. It is possible for residues to be concentrated 

on edges, but requiring this pattern to interpret the residue as anthropogenic may 

be unfounded.  

 

 

 

 

14.4 Is lithic residue analysis ‘scientific’? 
 

The trend of recent publications in lithic residue analysis suggests more 

researchers in the discipline are striving to become increasingly scientific. With 

more examples of archaeology in general employing new techniques borrowed 

from chemistry, physics, and biology, increasing availability and decreasing costs 

of sample processing, this development is perhaps not surprising. ‘Scientific’ here 

means employing the scientific method to systematically observe a phenomenon, 

test a hypothesis, collect empirical data using the senses that is measurable, and 

then evaluate the original hypothesis.  

 

That the phenomenon under investigation (in this case residues on stone tools) is 

measurable or quantifiable in some way is an important attribute because it 

removes analyst bias, and allows clear and objective results to be obtained that 

https://paperpile.com/c/7hbCSq/0P3rh+OQSqe+MXbQt+VQLKy+pSQQi+pVrIx+bwcRb+xQmxm+pydSc+EGTh7+CH2dW+ma6Af+leSqI+xL4E2+zO0li+hSzZm
https://paperpile.com/c/7hbCSq/0P3rh+OQSqe+MXbQt+VQLKy+pSQQi+pVrIx+bwcRb+xQmxm+pydSc+EGTh7+CH2dW+ma6Af+leSqI+xL4E2+zO0li+hSzZm
https://paperpile.com/c/7hbCSq/0P3rh+OQSqe+MXbQt+VQLKy+pSQQi+pVrIx+bwcRb+xQmxm+pydSc+EGTh7+CH2dW+ma6Af+leSqI+xL4E2+zO0li+hSzZm
https://paperpile.com/c/7hbCSq/htjFG/?noauthor=1
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can be assessed by other researchers. Measurability of the phenomenon in 

question brings transparency to the process and production of novel findings, and 

demystifies residue identifications. For lithic residue identification, Monnier et al. 

(2017a, p. 159) are proponents of the development of analytical techniques that 

are: “1) preferably less dependent upon analyst expertise, 2) more objective in 

data interpretation, and 3) can help us to understand the processes of alteration 

and degradation.” These considerations are important to address and are integral 

to the development of residue analysis. While no method is completely objective, 

if we aim to strategically use subjective modes of inquiry (such as microscopic 

observations of nondiagnostic residues) as the basis to generate hypotheses for 

testing with objective methods, this will be a solid foundation upon which to move 

forward in the discipline. The adoption of more objective methods will also permit 

independent confirmation of results and better levels of reproducibility to be 

achieved between researchers. This adoption should include a validation process 

for each method used in residue analysis to assess its adequacy to suit its 

intended purpose, its reliability, whether it has suitable operational conditions for 

obtaining results, and its limitations (Hlinka et al., 2009, p. 151). 

 

The results of the investigation of lithic residues at Star Carr have fortified an 

argument that science is well-positioned to provide reliable answers. As Wylie 

(2000, p. 228) and others have pointed out, science of course does not operate in 

a vacuum or transcend the contexts of its production. Rather, it is operated by 

variable human actors, and is subject to the social and political climate in which it 

takes place. The separation between theory and method is considered as a 

central methodological problem in lithic residue studies and has been addressed 

via multiple studies presented in this thesis. If there are a number of competing 

hypotheses to explain the presence and identity of a particular residue, the 

method used must be independent and neutral, rather than predicated on one 

theory being true (Johnson, 2010). Overall, the author supports the recent move 

towards lithic residues being tested by scientifically verifiable means, and 

believes this should become standard practice.  

 

 

https://paperpile.com/c/7hbCSq/bc8O/?locator=159&suffix=a&noauthor=1
https://paperpile.com/c/7hbCSq/5irN/?locator=151
https://paperpile.com/c/7hbCSq/I0N3/?locator=228&noauthor=1
https://paperpile.com/c/7hbCSq/jspx
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14.5 Future residue work recommendations 

 

 

Research is beginning to focus on bringing new techniques into residue analysis 

in addition to microscopy. Residue analysts are working to form closer ties with 

researchers in chemistry, physics, biology, materials science, geology, and other 

areas, and this is certainly a productive direction for the discipline. The formation 

of more interdisciplinary collaborations between archaeologists and scientists is 

not, however, without challenges. For instance, as Nigra (2015, p. 12) point out, 

one stumbling block is the differing backgrounds and research interests between 

anthropological archaeologists and analytical chemists. Another barrier to 

collaboration is communication. Use of language, concepts, and theories which 

are not mutually understood between the parties involved can be an obstacle to 

progress. 
 

In future, the analysis of residues from stone artefacts would be most profitably 

applied to: 1) lithics with visible surface deposits from which micro-samples can 

be retrieved, 2) ground stone objects such as querns, grinding vessels, lamps, 

stone containers, that have pores which absorb and protect residues, as 

recommended by Evershed (2008, p. 915). Targeting artefact types which have a 

porous mineral surface or obviously contain deposits on their surfaces will mean 

residue analysts have a higher chance of recovering residues significant to the 

reconstruction of human behaviours and archaeological interpretations. 

 

This research has built upon current methodological strides that have been made 

in the field of residue analysis. Of most pressing concern, this research has found 

the sole use of visual microscopy as an accepted practice in residue analysis is 

certainly questionable. A healthy level of scientific skepticism is warranted in 

residue analysis and provides a sound base for further technical and 

methodological development. 

 

 

https://paperpile.com/c/7hbCSq/2lDEG/?locator=12&noauthor=1
https://paperpile.com/c/7hbCSq/9k60G/?locator=915&noauthor=1
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APPENDIX 1 DETAILED RESULTS FROM RESIDUE 

BURIAL EXPERIMENT  

 

Introduction 

 

This appendix accompanies Chapter 6. It presents the detailed results from the 

microscopic observation of each experimental tool from each of three 

experimental conditions (n= 78) from the residue burial experiment. Chapter 6 

contains the synthesis of these observations. 

 

Results: detailed 
 

The reference collection containing residues in a ‘fresh’ state was first analysed 

to form the basis to interpret experimentally degraded residues. These 

observations of unaltered residues were compared to residue appearance after 

burial. Then, microscopic analysis was carried out on each buried flake from each 

unit and time interval. VLM and SEM micrographs were collected for the twelve 

residue types in the reference collection, as well as the blank stone material. 

Figure A1.1 is a visual presentation of the results from each individual flake 

included in the experiment. The two left columns of the table show residues from 

the reference collection in the fresh state. The columns to the right show the 

extent of preservation for each residue type in each experimental condition. 

Comments and observations specific to burial unit and time are detailed below.  
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Figure A1.1. Residue preservation by type, burial condition, and burial time. 

 

Bone 

 

Reference collection bone 

The bone residues in the reference collection had no diagnostic traits but 

appeared as white to cream crystalline flakes with jagged angular edges. The 
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max diameter of reference bone residue flakes measured in micrographs was 

500 µm. 

 

Bone 1 Month dry land  

Preservation index rating (0-5): 1 
Very little bone was preserved, and of the natural crystalline pieces were difficult 

to distinguish as bone. A greasy film and associated fat was present on ventral 

side.  

 

Bone 11 Months dryland  

Preservation index rating (0-5): 1 
A translucent light brown residue with no diagnostic features was found restricted 

to working edge on both dorsal and ventral sides of the tool (see Figure A1.2). 

The residue is sometimes associated with white crystal flakes, located at the 

inner boundary of the residue. This translucent brown edge residue possibly 

originated from tissues still attached to bone while it was worked. It can be 

suggested that the white crystal flakes represent flint attrition and damage 

accrued during use, since they are not comparable to the morphology of bone 

flakes seen in the reference collection. 

 

 
Figure A1.2 Residue line present on a flake that was used to work fresh bone with tissues, after 

burial for 11 months in the dry land unit at Star Carr. Note the absence of bone flakes. 
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Bone 1 Month wetland  

Preservation index rating (0-5): 1 
Bone residues were difficult to identify from the wetland. White material, probably 

bone microremains, appeared as lumpy white granular bumps with relatively 

smooth edges and with brown/translucent tissues associated (Figures A1.3 and 

A1.4). In contrast, the bone in the reference collection was greasy, and bone 

crystalline pieces were jagged irregularly shaped with ragged edges.  

 

 
Figure A1.3. Possible bone residue on flint buried in the wetland for 1 month. 

 

 
Figure A1.4. Possible bone residue on flint buried in the wetland for 1 month. 
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In terms of post-depositional alterations, brown/green staining and crystal 

formations were found all over this flake, and crystals were found growing on the 

potential bone residues, complicating identification. In addition, the remains of 

saprophytic fungi with septa were found on top of the potential bone. Jans (2005), 

provides images of histological sections of archaeological bone showing 

tunnelling by microbes and fungi that remove collagen and mineral components 

of bone. According to Jans, bone can be greatly altered due to the nature of the 

burial environment, for instance by crystal formation such as framboidal pyrites 

and microbial action. Extensive microbial alteration and corrosive environments 

with low pH can cause bone microscopic structure to become unrecognisable. 

Calcium-deficient apatite crystals have a granular surface texture (see Legeros 

and Legeros, 2008, p. 385), which is consistent with the visual appearance of the 

putative bone residues. This may suggest that the calcium in the bone has been 

dissolved in the acidic peat sediment by demineralization. 

 

The presence of bone residues on the flint flake could not be confirmed due to 

morphological dissimilarity with the bone from the reference collection. However, 

it is likely that bone residues were present, but unrecognisable due to being 

degraded and smoothed on a microscopic level from the acidic burial condition 

and digestion by fungi and/or bacteria (Figures A1.5, A1.6).  

 

 
Figure A1.5. Possible bone residue and fungal hyphae on flint buried in the wetland unit for 1 

month.  

 

https://paperpile.com/c/JPlKis/1fblU/?locator_label=book&noauthor=1
https://paperpile.com/c/JPlKis/h5z04/?locator=385&prefix=see
https://paperpile.com/c/JPlKis/h5z04/?locator=385&prefix=see
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Figure A1.6. Possible bone residue and fungal hyphae.  

 

Bone 11 Months wetland  

Preservation index rating (0-5): 0 
There were no identifiable bone fragments identified. Macroscopically, white 

crystalline material was present on the edge of the flake. The crystal formations 

are clear lath, rhomboid, and fine rosettes, most likely gypsum. 

 

Bone 1 Month alkaline  

Preservation index rating (0-5): 2 
No residues were visible to the naked eye on the flint. When viewed with the 

microscope, crystalline translucent to yellow fatty bone pieces with irregular 

edges were seen on both dorsal and ventral surfaces (Figure A1.7). Non-bone 

crystal pieces were present as natural parts of the stone (Figure A1.8). These flint 

crystals were always found as rectangular crystals within a rectangular 

depression with brown to amber staining. These non-bone stone crystals are 

larger and more regularly shaped than bone pieces. 
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Figure A1.7. Bone residue on lithic after 1 month burial in the alkaline control condition. 

 

 
Figure A1.8. Natural crystal structure in the flint. 

 

Bone 11 Months alkaline 

Preservation index rating (0-5): 1 
Probable fatty bone residue was located on the ventral side of the flake 

accompanied by yellow fat, but no diagnostic features were present to make a 

secure identification. White patches were visible macroscopically, but these were 

found to be non-bone white mineral inclusions on surface of the flint. The white 

patches were composed of small granular crystals of roughly uniform size, visible 
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with the 50x objective lens. These white granular mineral deposits did not appear 

as individual jagged bone fragments as seen in the reference collection. 

Photographs of tool before and during tool use show the white patches are part of 

the natural stone, not bone residues. 

 

Antler 
 

Reference collection antler 

Similar to the bone residue, antler showed no diagnostic morphological traits. 

This residue had a crystalline flake-like appearance but occasionally an elongate 

crystalline structure, with no discernible substructure, was also seen. Antler 

residues were white to taupe in colour. The largest antler flakes seen in the 

reference residue had a max diameter of about 575 µm. 

 

Antler 1 Month dry land  

Preservation index rating (0-5): 1 

This flake most likely does contain antler, however, no distinctive traits of 

potential antler flakes were found. The morphology of antler residues in the 

reference collection appear as crystalline flakes with ragged edges and variable 

colour. On the dorsal side of the flake, a light brown residue line was present 

representing the extent of penetration of the flake into the antler was discerned. 

Large deposits of cortex were found on this flake, which appear as granular, 

chalky, bright white inclusions that contain sub ovate pieces. 

 

Antler 11 Months dryland  

Preservation index rating (0-5): 1 

Translucent brown residue present on both dorsal and ventral sides of the 

working edge, roughly similar in appearance to the translucent brown residue 

seen on the bone working tool. Again, white crystals were present in association 

with the translucent brown residue, which could arise from flint damage. 
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Antler 1 Month wetland  

Preservation index rating (0-5): 1 

Antler preservation at a microscopic level within the wetland burial context 

appears to be poor, similar to bone. On the ventral side of the flake, one white 

deposit with shiny translucent material associated was found. This might be 

degraded antler, but it is not morphologically similar to the reference collection 

examples. Orange and clear colourless crystal formations were present on this 

flake. 

 

Antler 11 Months wetland  

Preservation index rating (0-5): 0 

No identifiable antler fragments were located. Rosette and lath crystals were 

found on the edges and center of the tool (Figure A1.9).  

 

 
Figure A1.9. Rosette types 1 and 2, and lath crystals on experimental flint piece used on antler, 

buried in the wetland unit for 11 months. 

 

Antler 1 Month alkaline  

Preservation index rating (0-5): 4 

A visible thick white crumbly deposit was present macroscopically on the flint. 

Under the microscope, the antler residues appear as crystalline pieces or 
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irregularly shaped flakes with jagged edges, ranging from white to cream to light 

brown. The morphology of the microscopic residues provide a comparable 

morphological match to antler in the reference collection, although there are no 

specific diagnostic characteristics. Adhesion was not very strong, as a large piece 

of the antler residues detached from the dorsal side of the flake. 

 

Antler 11 Months alkaline 

Preservation index rating (0-5): 1 

Probable yellow crystalline antler residues were found in crevices on both the 

dorsal and ventral sides of the flake, some with hyphal invasion. No diagnostic 

features of this residue but there was general agreement between reference 

collection antler residue and the residues seen on this flake, both have crystals of 

various sizes with jagged edges. 

 

Muscle 
 

Reference collection muscle 

The reference residue for muscle was from beef and during cutting with the flint 

probably contained some fat as well. The muscle residue was dried and 

myofibres with cross striations (also known as ‘banding’) characteristic of striated 

muscle (Kenyon 2012, page 1273), were sometimes visible with reflected VLM 

(see images in Croft et al. 2016). Surprisingly, the distinctive banding seen within 

the myofibre structure with VLM, was not found in the SEM images taken even at 

500x. Identification of muscle tissue residues are not expected in archaeological 

materials, since no beef muscle myofibres with banding were found on any flint 

flakes buried in the experiment. 

  

Muscle 1 Month dry land  

Preservation index rating (0-5): 1 

https://paperpile.com/c/JPlKis/dEeU/?locator=1273
https://paperpile.com/c/JPlKis/4VGZ/?prefix=see%20images%20in
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Possible striated muscle tissue was found remaining on the dorsal edge of the 

flint, appearing as light brown thin translucent residue or stain. The residue was 

not able to be confidently identified visually due to lack of diagnostic structures. 

 

Muscle 11 Months dryland  

Preservation index rating (0-5): 1 

Probable muscle tissue and fat deposits were found on both dorsal and ventral 

sides of the flake. This residue was light brown and translucent, somewhat 

reflective, with small white crystalline pieces sometimes incorporated within it, but 

no diagnostic structural features of muscle (myofibres with banding) could be 

identified. However, the locational restriction of this residue to used edges is 

highly suggestive that this is the remnants of the original muscle tissue. While this 

residue was most likely muscle residue, no distinctive features were present to be 

able to identify the residue as muscle without question. 

 

Muscle 1 Month wetland  

Preservation index rating (0-5): 3 

This piece had a large sheet of white fibrous tissue visible with the naked eye. At 

the edges, jumbled overlapping fibers could be seen, and clear translucent 

muscle fibers stretched out across crevices were also visible. The muscle fibers 

have a morphology which is ragged, irregularly shaped, with pointed and frayed 

at ends. It was determined that these items were not fungal hyphae since they 

lacked septa (cross walls) and smooth outer walls, as would be expected in 

hyphae. 

 

Muscle 11 Months wetland  

Preservation index rating (0-5): 2 

A piece of possible muscle tissue was found with crystal formations overlying it, 

visible macroscopically. The piece of possible muscle appears brown, greasy, 

stringy, however there are no diagnostic characteristics to form a secure 

identification. The fine stringy appearance of the observed residue could have 

been muscle fibers. The possible muscle was found wrapped around the working 
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edge on both the dorsal and ventral sides of the tool. Poor adhesion of possible 

muscle residue to the stone substrate was noted, as most of the piece was 

dislodged during analysis. 

 

Muscle 1 Month alkaline  

Preservation index rating (0-5): 0 

Concentrations of black fungal spores were found on both dorsal and ventral 

surfaces. The spores and hyphae could be evidence of the locations where fungi 

digested the original plant or meat residues (as has been suggested by Haslam, 

2006, p. 120), and perhaps a thin fatty residue remains. A residue that looked like 

possible muscle was found, but it lacked bands of cross striations within 

myofibres, as would be expected in muscle tissue. 

 

Muscle 11 Months alkaline 

Preservation index rating (0-5): 0 

No remnants of muscle residues were found remaining. Fungal hyphae were 

present on the tool.  

 

Fish 

 

Reference collection fish 

The reference collection flakes were used to cut into the integument and muscle 

of a Cyprinid fish. Thus, the fish residues seen in the reference collection 

contained a suite of residues. These were: scales, chromatophores (at least two 

types), and muscle tissue. Scales were the most obvious type of residue, with 

clear concentric ridges (circuli) emanating from around the focus (centre of the 

scale). Fish, crustaceans, cephalopods, amphibians, and reptiles contain 

chromatophores, which are pigment containing or light-reflecting cells. There are 

different types of chromatophores, depending on the hue they display in white 

light. Melanophores (black/brown) and iridophores (reflective/iridescent) were 

https://paperpile.com/c/JPlKis/9rDl4/?locator=120&prefix=as%20has%20been%20suggested%20by
https://paperpile.com/c/JPlKis/9rDl4/?locator=120&prefix=as%20has%20been%20suggested%20by
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observed in the fish residues in the fresh state (see Frohnhöfer et al. 2013). The 

melanophores were observed as tiny dots and gave the fish residue a speckled 

appearance. Melanophores were only visible with the 50x objective, and were 

significantly smaller in size when compared to the iridophores. Iridophores are 

crystals which are birefringent under the microscope (Parker 2012, page 118). 

 

Fish 1 Month dry land  

Preservation index rating (0-5): 1 

No scales were found preserved and no distinctive residues were present after 

one month burial in the dry land at Star Carr. There were light brown, semi-

transparent residue lines on the edges of the flint which lack diagnostic structure 

and were amorphous. 

 

Fish 11 Months dry land  

Preservation index rating (0-5): 1 

No diagnostic residues such as fish scales were identified on the tool. Both dorsal 

and ventral sides of the tool showed an abundance of possible circular brown 

fatty deposits in locations where fish was in contact with the tool (Figure A1.10). 

The dorsal side also had a possible fatty fish tissue residue. The residue remains 

on this piece were so different from the fish residues in the reference collection, it 

was difficult to find congruences apart from the greasy appearance of deposits. 

 

https://paperpile.com/c/JPlKis/pIGo/?prefix=see
https://paperpile.com/c/JPlKis/5JZn/?locator=118
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Figure A1.10. Possible circular fatty fish deposits left after 11 months burial in the dry land at Star 

Carr. Note the absence of diagnostic structural features of this residue.  

 

Fish 1 Month wetland  

Preservation index rating (0-5): 1 

No scales or morphologically distinct residues were present. Perhaps some fat 

and muscle residue remained in a small amount on the flake. 

 

Fish 11 Months wetland  

Preservation index rating (0-5): 3 

A possible greasy fish residue was encountered on the dorsal side of the tool, but 

it lacked distinctive morphological features. On the ventral surface, two large 

scales were found preserved. The scales showed some degradation of the 

annuli, and the lines were not as sharp as when the scales were fresh. Heavy 

crystal formations were present underneath the scales, which were found lifting 

from the stone. In fact, both scales fell off during analysis due to poor adhesion. 

 

Fish 1 Month alkaline  

Preservation index rating (0-5): 3 

Scales and other probable fish residues were visible with bare eyes. The scales, 

which displayed clear circuli, were found on the ventral surface and appeared 
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cracked. The cuticle of a worm was also present overlying one of the fish scales, 

evidence of the high biological activity present in the alkaline burial unit at Star 

Carr.  

 

Fish 11 Months alkaline 

Preservation index rating (0-5): 0 

No fish residues were able to be identified on the surfaces of the tool. Fungal 

hyphae were present. Plumose manganese oxide dendrites were relocated on 

the flint surface, which were present prior to tool use. 

 

Bird 

 

Reference collection bird 

The reference for bird (greylag goose) was a suite of residues including muscle 

tissue, fat, and feather fragments, however, only the downy feather barbules were 

able to be identified as diagnostic with VLM. Downy feather barbules were 

identifiable by the presence of nodes and prongs. Node to node distance, also 

known as the internode length, was 80 μm. Node max width ranged from 9-13 

μm. Downy feather barbules were diagnostically identifiable with VLM, but the 

prongs were also noted with SEM. 

 

Bird 1 Month dry land  

Preservation index rating (0-5): 3 
Feather barbules were found on both dorsal and ventral edges. 

 

Bird 11 Months dryland  

Preservation index rating (0-5): 3 
Feather fragments were visible macroscopically on both dorsal and ventral sides 

of the tool. Prongs on feather barbules were visible with the 20x and 50x 

objective lenses. 
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Bird 1 Month wetland  

Preservation index rating (0-5): 4 

Feathers were visible with the naked eye during recovery after one month burial 

(Figure A1.11). Microscopically, nodes and prongs were visible. White crystal 

formations could be seen all over tool, probably originating from the peat burial 

environment. The crystals could be gypsum. 

 

 
Figure A1.11. Recovery of experimental flakes from the acidic wetland unit after one month. Note 

the preservation of hair and feathers still visible. 

 

Bird 11 Months wetland  

Preservation index rating (0-5): 4 
Feather fragments were still visible on both dorsal and ventral surfaces of the flint 

flake, and a whole intact feather was present on the dorsal side. Possible muscle 

tissue was also located on the ventral side of the tool. Similar to the observations 

of possible cow muscle residue (see above), crystal formations were found on top 

of possible bird muscle tissue. Poor adhesion was noted for the large feather, as 

it appeared that it would easily dislodge from stone surface. 
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Bird 1 Month alkaline  

Preservation index rating (0-5): 3 
A large feather was seen macroscopically on the dorsal surface, and feather 

barbules were visible microscopically on both sides of the flake. On one of the 

ventral edges, a bright black residue was found. This residue was very reflective 

in normal light, and turned black when viewed with the polariser/analyser. It is 

unknown whether the black residue originates from burial in the alkaline unit, 

although this seems unlikely for two reasons. Firstly, the residue is restricted to 

the ventral edge, an edge which was used to butcher the goose. If the black 

residue arose from the sediments of the burial environment, we could expect the 

residue to be seen in randomly distributed locations over the tool surface. 

Secondly, all flakes were washed with a gentle stream of ultrapure water prior to 

analysis, so loose sediments were mainly removed. An interesting bright blue 

residue was present on the flake edge which appears to be a well adhering 

contaminant, perhaps incorporated onto the tool when it was used in the 

laboratory. 

 

Bird 11 Months alkaline 

Preservation index rating (0-5): 2 
Feather fragments of various sizes were seen macroscopically on both sides of 

the tool. Feather barbule prongs were visible with the 20x objective lense, and 

nodes were visible at 50x. Brown shiny globules were associated with feathers, 

which are probably fat. Hyphae were also present on the flint. 

 

Squirrel 

 

Reference collection squirrel 

The squirrel residue suite included dried tissues of muscle, as well as blood and 

hair, but only the hair was found to be diagnostic. The squirrel hairs in the 

reference collection were quite variable in size, with the following hair widths 
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recorded: 13 μm, 19 μm, 20 μm, 48 μm. The presence and pattern of the medulla 

and cuticular scales were captured in VLM. Hair was diagnostically identifiable 

with VLM. SEM imaging shows the scale patterns more clearly than the reflected 

VLM micrographs, but since SEM captures surfaces only, the medullary pattern 

inside the hair is not visible. 

 

Squirrel 1 Month dry land  

Preservation index rating (0-5): 3 

This flake contains hair and associated amorphous residues that appear as thin 

greasy light brown smears. The hairs can be confirmed as originating from a 

rodent or bat due to the presence of coronal scales. Fungal material was also 

present. On the ventral side, there is a band of weak polish and light brown colour 

staining along left edge. 

 

Squirrel 11 Months dryland  

Preservation index rating (0-5): 2 

Squirrel hairs were present macroscopically on dorsal and ventral surfaces. Hairs 

were in association with what appear to be brown fat globules and light brown 

translucent residue, likely from squirrel soft tissue. This piece may represent a 

case in differences in degradation that can occur on the scale of the individual 

artefact. Hairs that were observed on ventral surface were very degraded, and 

the scale pattern was not visible and cuticle not intact, although the medullae 

were still visible. On the reverse side of the tool, the dorsal surface, hairs showed 

a clear and well-defined scale pattern. No hyphae were found on this tool. 

 

Squirrel 1 Month wetland  

Preservation index rating (0-5): 4 

Lots of hair was visible with the naked eye all over the flake, both at the time of 

recovery (Figure A1.11) and after cleaning. The squirrel hairs displayed much 

variation in colour, thickness, and the scale pattern appeared slightly different 

between hair types, and depending on the region of the hair (i.e. basal vs end). 
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Squirrel 11 Months wetland  

Preservation index rating (0-5): 4 

On the dorsal and ventral surfaces, an abundance of hair was visible 

macroscopically. On microscopic inspection, the hairs showed scales and 

pigmentation was intact. Hair was determined to be in excellent condition, with no 

discernable degradation detected. However, adhesion of hairs was poor and 

some hairs were incidentally removed during analysis. 

 

Squirrel 1 Month alkaline  

Preservation index rating (0-5): 3 

Upon inspection with the naked eye, fine hairs were visible. The red blood crusts 

that were present before burial were no longer visible during microscopic 

analysis. Adhesion of the hair was poor and some hairs fell off the flake. 

 

Squirrel 11 Months alkaline 

Preservation index rating (0-5): 1 

On the dorsal side of the piece, there were four hairs with damaged cuticles but 

the scale pattern and medullae were still visible. On the ventral side, one blond 

coloured hair was found with the scale pattern very eroded. All hairs were 

attacked by clear fine fungal hyphae. Possible red ochre was found on the ventral 

right corner edge, indicating potential cross-contamination. 

 

Potato 
 

Reference collection potato 

Large colourless starch granules of Solanum tuberosum were found as expected 

in the potato residue. During reflected VLM observation of the reference potato 

residue on flint, round and ovate granules that displayed partial extinction crosses 

in cross polarised light were found. Eccentric hila within the granules seemed to 

be present, but the granules would require extraction and viewing with 

transmitted VLM to confirm. No lamellae, hila, vacuoles, or other features were 
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visible with SEM. However, the three-dimensional shape of the granules was 

better imaged with SEM. SEM may be helpful in cases where the 3D shape of the 

granules are difficult to capture with reflected and transmitted VLM, for instance 

lenticular shapes that settle on slides in the flat orientation (polar view). The 3D 

shape of starch granules is routinely examined by applying a small amount of 

pressure on the coverslip of the slide with a probe, for example with an 

acupuncture needle or wood skewer. This procedure is only applicable to certain 

types of slide mounting media (e.g. water and glycerol) and thus ineffective with 

in situ starch on stone. 

 

Potato 1 Month dry land  

Preservation index rating (0-5): 2 

Degraded ovate starch granules appeared to be present in an aggregate of about 

15-29 granules on the ventral side of the flake, on a projection. The granules are 

about 25-60 μm in maximum diameter, within the expected size range for potato 

starch. There was clear fungal attack damage of the potential starch, with hyphae 

and black fungal spores that resembled caviar. Optical features of starch such as 

the three dimensional shape, extinction cross, lamellae, hilum, etc. were not 

visible with reflected light microscopy (metallurgical microscope). These features 

can be observed by mounting on glass slides and use of transmitted light 

microscopy. Extraction, mounting on slides and transmitted light microscopy 

would greatly assist in the identification of starch characteristics, particularly as 

this is a case where granules appear modified.  

 

Potato 11 Months dryland  

Preservation index rating (0-5): 0 

No potato starch granules were able to be identified on this tool. It did contain 

possible potato residue on the dorsal side, which appeared brown to orange and 

rough surfaced, without distinctive borders or edges, similar in appearance to 

possible fat globules. On the ventral side, residues of light brown patches with no 

diagnostic features, probably potato residue, were also found. Some of the light 

brown patches are heavily overlain with fungal spores, perhaps evidence of 
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fungal digestion of the original residue and subsequent fruiting, a hypothesis put 

forth by Haslam (2006, page 120 b). 

 

Potato 1 Month wetland  

Preservation index rating (0-5): 4 

Starch preserved in great abundance on the flake after one month in the peat, 

and also in the sediment directly underneath the flake. Starch granules were in 

excellent condition, as if native starch granules were unmodified by taphonomic 

processes. Faint extinction crosses appeared small and centric within granules 

under polarised light. This was unexpected since the hilum is known to be 

eccentrically located in potato starch. The centric appearance of granule hila may 

be due to the in situ nature of viewing, which appears to distort conventional 

optical properties of starch granules. 

 

Potato 11 Months wetland  

Preservation index rating (0-5): 1 

Nondiagnostic plant residues were located on the dorsal surface. During 

microscopic scanning of the ventral surface, possible degraded starch was 

encountered, however only orange outlines remained. Rosette crystal formations 

were found on the dorsal distal right edge, likely gypsum. A contaminant starch 

granule was present, lying on top of sediment on the tool. This starch granule 

could have originated from air/dust in circulation system. 

 

Potato 1 Month alkaline  

Preservation index rating (0-5): 1 

Some questionable starch was found on the dorsal surface of the flake. Black 

outlines of circular structures could be defining where starch granules were 

located. No residues were identified on the ventral surface. 

 

Potato 11 Months alkaline 

Preservation index rating (0-5): 0 

https://paperpile.com/c/JPlKis/9rDl4/?locator=120&suffix=b&noauthor=1


462 
 

No starch or other residues were found on the tool. 

 

Reeds 
 

Reference collection reeds 

The reference residues from reeds contained cells with an elongate sub-

rectangular structure and well-defined cell walls. Green chlorophyll pigments 

within the reed residue were also still intact at the time of viewing, although these 

would not be expected to survive in archaeological residues. Examination of the 

reed residues with SEM illustrated cell wall structure and also showed the reed 

leaf tissues contained long crystals. 

 

Reeds 1 Month dry land  

Preservation index rating (0-5): 3 

This flake has green staining penetrating deep into the center of the flake from 

the edges, which is visible with the naked eye. There are green stained deposits 

visible on edges, and in cracks and furrows on surface. Chlorophyll must still be 

relatively intact on the flint surface after one month burial in the dry land. Reed 

leaf fibres and leaf epidermal tissue fragments with preserved cellular structure 

present. A well developed polish is also present, probably due to the high-silica 

content of the worked reeds. 

 

Reeds 11 Months dryland  

Preservation index rating (0-5): 3 

Large macroscopic pieces of reed leaves were still present on the dorsal side of 

the tool. Cell walls and stomata in the leaves were visible at 160x magnification. 

Some chlorophyll was preserved within the reed residues on both dorsal and 

ventral surfaces, as the original green colour of reed leaves was apparent. Fine 

black hyphae were seen on the ventral surface. 
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Reeds 1 Month wetland  

Preservation index rating (0-5): 2 

This flake contained a large brown stained area with siliceous reed fragments on 

nearly the whole surface. No green was colour remaining in the reed residues, 

indicating destruction of the chlorophyll pigments. Reed epidermal tissue was 

present with visible double walled cells, comparable with the reed reference 

residue. Clear colourless crystal formations in spiky druse shapes were noted on 

the piece. 

 

Reeds 11 Months wetland  

Preservation index rating (0-5): 2 

Large pieces of reflective loosely adhering yellow brown plant material was visible 

macroscopically on both dorsal and ventral surfaces. Microscopically, double wall 

cell structure diagnostic of plant remains was visible. It appears that no green 

chlorophyll from the original reed leaves preserved on this flake. The plant 

remains were more than likely reed leaves, however, since only one 

nondiagnostic feature (plant cell structure) was visible and no green colour 

indication was present, an absolutely certain identification could not be made. 

 

Reeds 1 Month alkaline  

Preservation index rating (0-5): 3 

On the dorsal and ventral surfaces, silicified tissue with cellular structure in 

sheets and fibres were seen. Some chlorophyll in the reed leaf tissue was 

preserved after a month buried in the alkaline unit. Macroscopically, green 

patches were associated with silicified residues, concentrated on flake edges and 

in central area of flake.  

 

Reeds 11 Months alkaline 

Preservation index rating (0-5): 2 

On the dorsal edges of the tool, what appeared to be macerated silicified reed 

tissue with cell walls was found, well adhering to the stone. This tissue had 

undergone a colour change after 11 months burial in the alkaline unit from bright 
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green to shiny brown/green. On the ventral side of the tool, no individual cells 

from reed leaves were identified, however, likely reed fibrous silicified material 

was found. These pieces are white and reflective, and exhibit a rainbow effect. 

Brown and green staining was also present over distal edge region on the ventral 

side. It was determined that the original reed residue probably had been found, 

based on the combined presence of cell walls and the location of brown/green 

staining. The brown and green staining was visible on edges used to work reed 

leaves, contrasting with clean surface in the interior of the tool. At least three 

types of hyphae were recognised on the flint. 

 

Softwood 
 

Reference collection softwood 

The wood residues from the softwood that were examined in situ on experimental 

flakes with reflected VLM lacked diagnostic anatomical features. However, many 

wood residues were distinctive in appearance to allow tentative, but not secure, 

identification. In particular the presence of bordered pits (structures that assist in 

the movement of water, nutrients and solutes through plants) are likely indicative 

of tool contact with woody plant matter. In the softwood, bordered pits were only 

found with SEM.  

 

Softwood 1 Month dry land  

Preservation index rating (0-5): 3  

This piece has brown staining concentrated at working edges, visible with the 

naked eye. On the right ventral edge, tracheids were present with spiral 

thickening of the secondary walls and bordered pits observed. Wood cells 

associated with resin deposits were also seen. Curiously, circular structures that 

resemble starch granules were found embedded in resinous residue. These items 

are about 10-20 μm in max diameter. 
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Softwood 11 Months dryland  

Preservation index rating (0-5): 1 

Very few woody residues were visible macroscopically on this tool. A tracheid 

with bordered pits was identified on the dorsal left distal edge with the 50x 

objective. On the ventral side of the tool, translucent brown silicified plant tissue 

was present on the edge but no diagnostic features could be identified. The 

translucent brown residues from working wood appears similar to the residue 

seen from working animal muscle, like a thin brown stain restricted along the 

edge with some small angular crystalline pieces incorporated. This occurrence of 

overlapping residue appearance shows that materials which are totally different – 

plant wood and animal muscle – can present extreme difficulty in their distinction 

when examined in situ with reflected light microscopy only. Also observed on the 

tool were plumose manganese oxide dendrites which were present on the flint 

surface before experimental use and burial. No hyphae were located on the tool 

surfaces. 

 

Softwood 1 Month wetland  

Preservation index rating (0-5): 3 

A large piece of wood tissue and wood fibers were easily visible on the flint. 

Tracheids with discernable bordered pits were identified.  

 

Softwood 11 Months wetland  

Preservation index rating (0-5): 3 

On the dorsal surface of the flake, woody tissue was visible macroscopically, 

which was a light tawny colour. Microscopically, this woody tissue revealed 

bordered pits visible with the 50x objective. Similarly, on the ventral surface, 

tracheids with bordered pits were found, which are diagnostic to coniferous trees, 

also identified with the 50x objective. Extensive rosette and lath shaped crystal 

formations were present. These appeared as salty deposits on the stone with the 

naked eye. 
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Softwood 1 Month alkaline  

Preservation index rating (0-5): 2 

Silicified fibrous softwood residues were found to be present but infrequently 

occurring. Bordered pits and spiral secondary wall thickening on xylary elements 

were observed with the 20x microscope objective. Additionally, some likely 

amorphous softwood residues were also present, ranging from flat and patchy to 

granular, although these lacked diagnostic features. 

 

Softwood 11 Months alkaline 

Preservation index rating (0-5): 1 

Vegetative tissues were well adhering to the stone surface, likely softwood 

residues, found on both dorsal and ventral surfaces. Tracheids with well-defined 

bordered pits were identified, which were well-adhering to the stone surface. A 

faint edge staining was visible from working wood on the ventral distal edge. 

Fungal hyphal networks were present on the tool.  

 

Hardwood 

 

Reference collection hardwood 

Reference residues from the hardwood that were examined in situ on 

experimental flakes with reflected VLM lacked anatomical features that would 

allow secure identification, similar to the softwood residues. However, closely 

packed alternate intervessel pits were identified on several vessel elements. 

Each pit was about 10-12 μm in max diameter. That these pits were visible is 

surprising since no light passes through the residue when viewed in situ. SEM 

imaging of the hardwood tissue revealed the presence of crystals, probably 

calcium oxalates, and permitted better visualisation of intervessel pits. 

 

Hardwood 1 Month dry land  

Preservation index rating (0-5): 3 
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Wood fibres and woody tissue fragments are visible. The wood tissues fragments 

appear in a range of colours: clear, amber, and dark brown. The dorsal left distal 

edge contained woody tissue fragments, wood fibres, and vessel elements with 

large intervessel pits. 

 

Hardwood 11 Months dryland  

Preservation index rating (0-5): 1 

Few woody residues were visible macroscopically on this tool. Possible hardwood 

tissue fragments were located on the dorsal and ventral sides, however no 

diagnostic features were identified. Possible hardwood residues appear to have 

undergone a colour change from light brown and amber colour to dark brown. 

Dark brown plant tissue fragments were often found in the soil samples from all 

three burial units in the experiment. 

 

Hardwood 1 Month wetland  

Preservation index rating (0-5): 3 

Hardwood fibers were visible with the microscope on the flint, and perhaps also 

vessel elements, but the presence of pits was unclear. Ambiguous residues were 

associated with the woody tissues which appeared as thin shiny smear of light 

brown, highly reflective material. 

 

Hardwood 11 Months wetland  

Preservation index rating (0-5): 2 

Woody residues were visible macroscopically. Microscopically, intervessel pitting 

was identified with at 320x magnification. Extensive rosette and lath shaped 

crystal formations were present on the tool. 

 

Hardwood 1 Month alkaline  

Preservation index rating (0-5): 4 

On the dorsal left edge, vessel elements with pits were present in broken up 

fibrous clumps. Brown deposit were visible macroscopically on the ventral 
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surface. Also on the ventral side of the tool, silicified vascular tissues including 

vessel elements with pits were associated flat translucent plant exudates.  

 

Hardwood 11 Months alkaline 

Preservation index rating (0-5): 2 

Vegetative tissue, probably hardwood residue was found on the dorsal and 

ventral edges, but no diagnostic morphological features were identified, such as 

individual vessel elements with pitting. There is no way to confidently exclude that 

the vegetative tissue did not originate from the burial environment. It is assumed 

here that hardwood residues were present, due to their location and associated 

staining restricted to edge areas. A clear stain line was present on the ventral left 

edge visible macroscopically, extending about 5 mm inwards. 

 

Resin 
 

Reference collection resin 

The pine tree resin reference residue was amorphous, with no anatomical 

structural units. It appeared granular at low magnifications (160x or less) and 

shiny and orange at higher magnifications (320x or more). It is worth noting that 

while raw pine resin was used in the experiment, other resins will probably exhibit 

different characteristics in terms of colour and texture. With SEM, the resin still 

appeared relatively rough in texture and amorphous. Resin residues that were 

experimentally buried underwent a change in colour from semi-translucent 

reddish-orange to largely opaque grey/white with only small spots of shiny orange 

remaining visible. 

 

Resin 1 Month dry land  

Preservation index rating (0-5): 4 

Large blobs of resin covered in dirt is visible macroscopically on this flake. Much 

of the resin surface occluded by sediment, but some portions still appear amber-

coloured and shiny. 
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Resin 11 Months dryland  

Preservation index rating (0-5): 4 

Large white resin lumps visible macroscopically on both sides of the flint, and 

orange amber shiny areas were visible microscopically. The white surfaces of the 

resin residue were invaded by black hyphae. 

 

Resin 1 Month wetland  

Preservation index rating (0-5): 4 

Outstanding preservation was apparent, as a very large resin deposit was visible 

with the naked eye. The resin now looks mostly greyish white probably due to 

burial debris adhering to the surface, but some of the original amber colour was 

still visible in small patches. 

 

Resin 11 Months wetland  

Preservation index rating (0-5): 4 

The pine resin was abundant, well-preserved, and visible macroscopically, 

covering half or more of the dorsal and ventral surfaces. The resin exhibited an 

orange amber to light honey colour. The texture of the resin was granular to 

relatively smooth and shiny. 

 

Resin 1 Month alkaline  

Preservation index rating (0-5): 4 

An abundance of macroscopically visible and well preserved resin was present 

on both sides of the flake. Interestingly, the resin underwent a change in colour 

from amber orange to mostly a white. Heavy black fungal attack was apparent 

around the resin residues as hyphae. 

 

Resin 11 Months alkaline 

Preservation index rating (0-5): 4 
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A large area of resin was found intact and visible macroscopically on both dorsal 

and ventral surfaces. After 11 months buried in the alkaline unit, the resin residue 

underwent a distinct colour change from orange amber to white with small amber 

patches.  

 

Red ochre 
 

Reference collection red ochre 

The red ochre reference residue can be described as a distinctive red powdery 

material that is granular in texture and has a small grain size, in this case about 

2-3 μm. However, there were no diagnostic characteristics detected using 

reflected VLM and there are a number of iron-based soil contaminants that are 

also red and granular. During SEM imaging, the ochre residue appeared as dark 

accumulations within depressed areas of the flint microtopography. 

 

Red ochre 1 Month dry land  

Preservation index rating (0-5): 4 

Lots of ochre is visible with the naked eye, covering all surfaces of the flake. The 

red ochre changed colour from bright red to a duller red after one month burial, 

indicative of some taphonomic process. The red ochre also appeared less 

granular after one month burial. 

 

Red ochre 11 Months dryland  

Preservation index rating (0-5): 4 

With the naked eye, diffuse ochre deposits were visible covering entire dorsal, 

and especially the ventral, surfaces. The deep red colour and granular 

appearance of the red ochre was maintained at a microscopic level after 11 

months burial in the dry land unit. Authigenic crystal growth not observed on the 

tool, in contrast to crystal abundance on the red ochre, 11 Months piece from the 

wetland unit. 
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Red ochre 1 Month wetland  

Preservation index rating (0-5): 4 

An abundance of red ochre was distributed throughout the flint surface, and 

particularly on the ventral side, apparent with the naked eye. There appears to be 

slight colour change of the ochre to a duller, less bright red, but otherwise 

appears very intact. The flint contained red crystal formations with ochre 

incorporated into their structure. 

 

Red ochre 11 Months wetland  

Preservation index rating (0-5): 4 

Red ochre was visible macroscopically on edges and covering the dorsal surface. 

The red colour was maintained after 11 months burial in acidic wetland 

conditions. Extensive crystal growth on top of the red ochre occluded the original 

granular appearance of the ochre. An abundance of rosette and lath crystals 

were present on this tool. 

 

Red ochre 1 Month alkaline  

Preservation index rating (0-5): 4 

Large amount of macroscopically visible red ochre was found covering entire 

piece, which was dark red and granular. The ochre maintained its original deep 

red colour. 

 

Red ochre 11 Months alkaline 

Preservation index rating (0-5): 4 

A large amount of red ochre was visible with the naked eye on both flake 

surfaces. The ochre maintained its dark red colour and granular appearance after 

burial. The washing treatment with jet bath stream of water removed a portion of 

the ochre. 
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Control flakes 

 

Untreated flint 

Blank flakes of the flint raw material type used in the experiment were examined 

microscopically. The Yorkshire Wolds flint was a light grey colour with white 

powdery chalk cortex and sometimes natural inclusions, such as chalk vesicles, 

mineral crystals, brown to orange discolourations, and foraminifera. Wolds flint is 

one of two flint types found on site at Star Carr, the other is the glacial till flint. 

The Wolds flint is relatively fine-grained, however, the glacial till flint is more fine-

grained. This difference in surface texture is visible with reflected VLM, with the 

Wolds flint appearing rough. 

 

Control 1 Month dry land  

Only natural flint crystals were visible. 

 

Control 11 Months dryland  

On the ventral side of the flake, a light brown translucent material that appears 

similar to animal tissue residue. This material is likely sediment.  

 

Control 1 Month wetland  

Crystals were present on the ventral edge of the control flake in the wetland. 

Some polish was noted on ridges due to possible abrasion with other stone flakes 

prior to use. 

 

Control 11 Months wetland  

No residues were found on the control flake. However, rosette crystal formations 

were located on several dorsal surfaces, likely gypsum. 
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Control 1 Month alkaline  

No residues were found on the control flake. However, green material, possibly 

algae or lichen, was present (Figure A1.12).  

 

 
Figure A1.12. Green growth, possibly algae or lichen on blank flake buried for 1 month in the 

alkaline unit.  

 

Control 11 Months alkaline 

No residues were found on the control flake.  

 

 

Sediment samples 

 

Sediment samples were taken directly underneath each experimental piece and 

were examined microscopically with reflected VLM.  

 

Sediment samples 1 Month dry land  

The sediment samples from the dry land after 1 month burial contained no 

residues. 
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Sediment samples controls 11 Months dryland  

No residues were found in the sediment samples associated with the set of flakes 

buried in the dry land for 11 months. 

 

Sediment samples 1 Month wetland  

Residues from the flake were found in the following instances: hardwood, potato 

starch, and likely muscle. Sediment samples from the wetland have shown that 

some movement occurred, which transferred some of the residue from the tool to 

the underlying sediment. 

 

Sediment samples 11 Months wetland  

The sediment sample taken underneath the flake used to butcher a squirrel 

(Flake 142) contained squirrel hair. Apart from this soil sample, no other soil 

samples yielded residues. 

 

Sediment samples 1 Month alkaline  

All sediment samples examined with each flake in the alkaline burial unit did not 

contain residues. The control sediment sample contained a pink thread, a modern 

contaminant, likely from clothing. 

 

Sediment samples 11 Months alkaline 

The sediment sample taken underneath the red ochre experimental piece was 

found to contain a small amount of what appears to be granular ochre, although 

ochre lacks diagnostic structure (see Figure A1.13). Because the visual 

identification is not sufficient in this case to confirm the suspected ochre in the 

sediment sample originated from the ochre that was placed on the flint surface, it 

would be necessary to chemically characterise both materials and find agreement 

in the chemical signature. If one accepts the visual identification of ochre in the 

sediment sample, it suggests that ochre moved from the flint surface to the 

sediment, perhaps by water movement. This sediment sample also contained 
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contaminant pink and blue threads. All other sediment samples examined 

contained no residues. 

 

 
Figure A1.13. Left: Red ochre on experimental flint flake after 11 months burial in the alkaline unit.  

Right: Likely red ochre recovered in the soil sample taken underneath the flint.  

 

 

Other comments 
 

Nearly all animal related products have left a light brown, shiny, semi-transparent 

residue line on the edges of the flint which lacks diagnostic structure, and were 

thus amorphous. This residue pattern was persistent after one month burial in the 

dry land and found on the tools used to process squirrel, beef muscle, fish, fresh 

bone, and dry antler. However, a similar deposit along the edge of the control 

was also seen (Figure A1.14). 
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Figure A1.14. Non-residue edge deposit on control buried 1 month in the dry land.  

 

Comments on unit 1: Star Carr dry land, 11 months burial 

Interestingly, the probable muscle residue from this unit context (dry land, 11 

months burial) looks more or less identical to the bone and antler residues 

observed from the same burial conditions. When the residues of bone, antler, and 

muscle were compared from the other two unit contexts (alkaline, 11 months and 

wetland, 11 months), the similar shared appearance of the residue seen in the 

dyland, 11 months unit was not observed.  

 

Comments on unit 2: Star Carr wetland 

The experimental flakes that were buried in the acidic peat wetland area of Star 

Carr had crystal formations on the stone surfaces after both one month and 11 

months time intervals of the experiment. Crystal formation was so heavy in the 

wetland unit after 11 months, fine white deposits were visible macroscopically 

over the top of the unit (Figure A1.15) and also on some tools (Figure A1.16). 

These crystals are angular elongate lath and acicular micro-rosette shapes, clear 

and colourless, birefringent, and occur in clumps with pieces jutting out in random 

positions (Figures A1.17, A1.18). Based on investigations with confocal Raman 

microspectroscopy, these crystals are interpreted as authigenic gypsum crystals. 
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Figure A1.15. Heavy crystal formation on the top of the soil of the wetland unit after 11 months. 

 

 
Figure A1.16. Heavy white crystal deposits were visible macroscopically on several experimental 

tools buried in the wetland at Star Carr. Pictured: crystals on the tool used to work fish after 11 

months. 
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Figure A1.17. Colourless rosette shaped crystals that formed after 11 months burial in the wetland 

Unit 2. This tool was used to work reeds leaves.  

 

 
Figure A1.18. Clear lath shaped crystals on the tool used to work reeds, likely gypsum from the 

peat burial environment. Buried 11 Months, wetland.  
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APPENDIX 2 RESIDUE IDENTIFIABILITY RESULTS 
 

Introduction 

 

This appendix accompanies Chapter 6. Specifically, it presents results from the 

analysis of the modern reference residues to assess the visual identifiability of 

residues in situ on flint. These results are published in Croft et al. (2016). 

Reference residues were sorted into three categories based on their microscopic 

structural features: diagnostic, distinct, and non-distinct. 
 

Diagnostic residue types 

 

The residue types that were found to have diagnostic microscopic characteristics 

were fish scales, bird downy feather barbules, and mammal hair. Each residue in 

this group contains enough specific visual traits to diagnostically identify it in situ 

on stone with reflected light microscopy. These residues are not easily mistaken 

for other materials.  

 

Fish Scales 

Fish scales are diagnostic and able to be identified with visible light microscopy 

(Figure A2.1), but no distinctive structures could be located in the fish tissue 

residues. There are four main types of extant fish scales: placoid, cosmoid, 

ganoid, and cycloid and ctenoid, which are considered together (Helfman et al., 

2009, p. 36). Placoid scales found in the cartilaginous fishes (class 

Chondrichthyes) have a rectangular base and spines. Cosmoid scales are found 

in lungfishes and consist of two basal layers of bone (lamellar and cancellous), 

overlain with cosamine. Lamellar bone layers are added to the basal layers 

during growth. Ganoid scales are typically rhomboid and have articulating peg 

https://paperpile.com/c/Y9bbs3/65Jt/?noauthor=1
https://paperpile.com/c/J89Wuu/YyxAH/?locator=36
https://paperpile.com/c/J89Wuu/YyxAH/?locator=36
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and socket joints between them. Fishes with ganoid scales include the bichirs, 

Bowfin, paddlefishes, gars, and sturgeons. The majority of bony fishes 

(superclass Osteichthyes) have cycloid and ctenoid scales (Elliott, 2000, p. 100). 

Cycloid and ctenoid scales contain enough distinct morphological features to be 

used for identification purposes in archaeology (Casteel, 1974, p. 560) and 

comparative reference collections of fish scales are available. The diagnostic 

features of cycloid and ctenoid scales are: focus, calcified concentric ridges 

called circuli, radii grooves radiating from centre focus (Lagler, 1947). Cycloid 

scales are circular, thin and flat. Ctenoid scales are similar to cycloid but 

additionally have posterior projections, such as a stiff-comb, cilia, or tubercles, 

modifications which are collectively called granulation (Elliott, 2000, p. 102).  

 

In an archaeological residue publication, Hardy et al. (2013, p. 30) state that a 

feature of fish scales is that they are birefringent in normal light and non-

birefringent under cross-polarised light. Presumably, this observation is based on 

the reference residues on experimental artefacts used in the study. In terms of 

SEM improving identifiability, fish scales were already diagnostically identifiable 

with VLM, thus did not require SEM. VLM and SEM images of fish tissue were 

amorphous. 

  

https://paperpile.com/c/J89Wuu/onjoc/?locator=100
https://paperpile.com/c/J89Wuu/S7FdW/?locator=560
https://paperpile.com/c/J89Wuu/7pxHi
https://paperpile.com/c/J89Wuu/onjoc/?locator=102
https://paperpile.com/c/J89Wuu/P9U5/?locator=30&noauthor=1
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Figure A2.1. Cycloid scale from a tench (Tinca tinca) present on flint used to descale the fish, 

reference collection. Note radii grooves radiating out from central focus, and concentric circuli. 

Fish scale on flint, reference collection. 

 

Downy feather barbules 

The downy barbule is a long subunit of the feather structure with tiny branches. 

Downy barbules are found in the plumulaceous region at the base of wing, tail, 

contour, and semiplume feather types, and throughout the length of down 

feathers. The characteristics of downy feather barbules can identify bird order, 

family, and sometimes even species (Dove and Koch, 2010; Dove and Peurach, 

2002). The features that can be observed in feather barbule fragments are: shape 

of nodes, distance between nodes, presence and shape of prongs, and 

pigmentation (Figure A2.2). However, experiments by Pedergnana and Blasco 

(2016, page 266) have found that small feather fragments overlap with other 

residue categories, noting this is likely particularly problematic in cases where 

taphonomic damage has occurred, causing obscuring or loss of diagnostic 

feather features. As a cautionary note, modified setae or bristle hairs on the 

larvae of some species of the Carpet Beetle (Family Dermestidae) can also 

appear similar to feather barbule nodes and prongs when viewed with light 

microscopy. There are two main types of Dermestid larval setae: spicisetae 

https://paperpile.com/c/J89Wuu/EQkuo+dQwF8
https://paperpile.com/c/J89Wuu/EQkuo+dQwF8
https://paperpile.com/c/JPlKis/nHgy/?locator=266&noauthor=1
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(occur in most Dermestids) and hastisetae (occur in megatomine Dermestids). 

Both types of setae are segmented, often long, easily detachable, and spinulate 

or barbed to entangle predators (Kingsolver, 2002, p. 228; Lawrence and 

Ślipiński 2013, pp. 67, 91). Hastisetae are found on the posterior tergites of some 

species of Dermestid larvae (Kingsolver, 1991, p. 131) and can be identified as 

insect, not avian, in origin since their distal ends or apex terminations are spear 

or arrow shaped (this is an elaboration of barbed spicisetae) (Kadej, 2012, p. 8), 

termination structures which are not present in avian feathers. Spicisetae can 

also be differentiated based on a fine structure showing numerous spikes (Ma et 

al., 1978, p. 719), which are overlapping and more densely-packed than 

individual nodes of feather downy barbules. Another caution to be aware of in 

terms of potential misidentification of feather downy barbules is rodent and bat 

hair. The coronal scales commonly seen in rodent and bat hair (a feature 

uncommon in humans) might also appear similar on first inspection to the nodes 

and prongs of feathers. However, coronal scales encircle the diameter of the hair 

and appear more closely stacked than the nodes of feather downy barbules 

(Deedrick and Koch, 2004a).  

 

As residues on archaeological lithic artefacts, Hardy et al. (2001), Hardy et al. 

(2008), Hardy et al. (2013) note that the nodes and prongs were used as 

identifying features of feather barbules. Downy feather barbules were 

diagnostically identifiable with VLM, and SEM did not reveal any further structural 

features helpful for identification.  

 

https://paperpile.com/c/J89Wuu/nmm0f+OXEWg/?locator=228,67%2C%2091&noauthor=0,1&prefix=,Lawrence%20and%20%C5%9Alipi%C5%84ski%20
https://paperpile.com/c/J89Wuu/nmm0f+OXEWg/?locator=228,67%2C%2091&noauthor=0,1&prefix=,Lawrence%20and%20%C5%9Alipi%C5%84ski%20
https://paperpile.com/c/J89Wuu/FDyrw/?locator=131&noauthor=0
https://paperpile.com/c/J89Wuu/Z8AdI/?locator=8
https://paperpile.com/c/J89Wuu/20idp/?locator=719
https://paperpile.com/c/J89Wuu/20idp/?locator=719
https://paperpile.com/c/J89Wuu/gIlHG
https://paperpile.com/c/J89Wuu/kpnU/?noauthor=1
https://paperpile.com/c/J89Wuu/gOcE/?noauthor=1
https://paperpile.com/c/J89Wuu/P9U5/?noauthor=1
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Figure A2.2. Feather barbules with visible nodes and prongs. Bird residues on flint, reference 

collection. 
 

Hair 

Mammal overhairs. The two main components of an animal’s coat are the fine 

underhair (fur hairs) and the overhairs (guard hairs), which are longer and 

coarser. The overhairs are preferred for identification, having better taxonomic 

differentiation value than underhairs (Ludwig and Bryce, 1996, p. 166; Teerink, 

1991, p. 6). A hair has three layers: the outer cuticle or cuticula, the cortex, and 

the medulla or central channel. The cuticle contains overlapping keratin scales 

(Figure A2.3), of which different shapes are possible depending on the species. 

The cortex appears as a homogeneous mass with light microscopy, composed of 

longitudinal, cornified, shrunken cells. The cortex also contains pigment 

structures in the form of granules, amorphous masses, or diffuse staining. The 

medulla is the innermost part of the hair and is composed of an arrangement of 

cells surrounded by air spaces (Feldhamer et al., 2015, p. 113), in either a 

unicellular layer or multicellular layers, which form distinctive patterns. The air 

spaces in the medulla appear dark under light microscopy (Brown, 1942, p. 252). 

Each hair also has two main regions along its length: the shaft region (proximal) 

and the thickened shield region (distal). The shield region scale pattern is 

generally not as good as the shaft region scale pattern for differentiating between 

https://paperpile.com/c/J89Wuu/GVzq7+nnEZ/?locator=6,166
https://paperpile.com/c/J89Wuu/GVzq7+nnEZ/?locator=6,166
https://paperpile.com/c/J89Wuu/JbqYD/?locator=113
https://paperpile.com/c/J89Wuu/kfIL1/?locator=252
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taxonomic groups (Teerink, 1991, p. 6). Major hair features that can be used for 

identification include: morphology and pattern of cuticular scales, morphology and 

pattern of cells in the medulla, medullary index, distribution of pigment structures 

in the cortex (colours and patterns of banding), shaft shape, cross-sectional 

shape, and root morphology (Hausman, 1920; Petraco and Kubic, 2003; Titus, 

1980; Tobin, 2005). Taxa identification of guard hairs down to the species level is 

possible (Deedrick and Koch, 2004a, 2004b; Teerink, 1991), if features have 

preserved archaeologically.  

 

Hair has been identified in situ on stone tools by Hardy et al. (2001), Hardy (2004, 

p. 555), Hardy et al. (2008), Hardy and Moncel (2011), Hardy et al. (2013). There 

are several features of hair that must be intact and visible to make an 

identification: cuticle showing scale pattern or medulla showing pattern of cells. 

Hardy et al. (2001, p. 10973) identified hairs on the basis of the presence of 

either a medulla or cuticle with scale patterns. Combination of a number of hair 

features is more secure (Petraco and Kubic, 2003). Hair is diagnostically 

identifiable with reflected VLM. However, SEM did more clearly show the scale 

patterns than the reflected VLM micrographs. 

 

 
Figure A2.3. Hairs with scale patterns visible. Squirrel residues on flint, reference collection. 
 

https://paperpile.com/c/J89Wuu/GVzq7/?locator=6
https://paperpile.com/c/J89Wuu/CUjWA+xSbL7+Ietw6+W6TiK
https://paperpile.com/c/J89Wuu/CUjWA+xSbL7+Ietw6+W6TiK
https://paperpile.com/c/J89Wuu/GVzq7+gIlHG+RhOem/?noauthor=0,0,1&locator_label=page,book,page&suffix=,a,b
https://paperpile.com/c/J89Wuu/kpnU/?noauthor=1
https://paperpile.com/c/J89Wuu/W9oM/?locator=555&noauthor=1
https://paperpile.com/c/J89Wuu/W9oM/?locator=555&noauthor=1
https://paperpile.com/c/J89Wuu/gOcE/?noauthor=1
https://paperpile.com/c/J89Wuu/8qsp/?noauthor=1
https://paperpile.com/c/J89Wuu/P9U5/?noauthor=1
https://paperpile.com/c/J89Wuu/kpnU/?locator=10973&noauthor=1
https://paperpile.com/c/J89Wuu/Ietw6
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Distinct residue types 

 

When viewed with reflected light microscopy, this group of residues appear 

distinctive, but not diagnostic. Thus, it is possible for these residue types to be 

identified incorrectly or mistaken for other materials originating from the soil or 

substrate. Reeds, potato, softwood, and hardwood all contained residues 

belonging to this distinct category. These residue types are potentially 

recognisable, however, identification with reflected light microscopy should be 

considered tentative and preliminary. 
 

Plant cells 

The cell wall in land plants is composed of a primary (growing) cell wall, a middle 

lamella, and a secondary (dead tissue) cell wall, the molecular composition and 

structural arrangement of which differs among species (Carpita et al. 2015, page 

45). From an archaeological standpoint, the durable material examined at a 

cellular level are the secondary cell walls. The structural rigidity and durability of 

the secondary cell wall is due to 1) the fact that it is primarily made of cellulose, 

hemicellulose, and lignin (Noguchi, 2014, p. 137), and 2) the arrangement of 

cellulose microfibrils in three dense layers of different orientations that provide 

strength (Raven et al. 1999, page 65; Evert 2006, page 66, 74). The layered 

substructure of the cell wall and microfibrils are not visible when viewing in situ 

residues with reflected light microscopy, but have been characterised by atomic 

force microscopy (Kirby et al., 1996; Morris et al., 1997; Radotić et al., 2008). 

Evidence suggests cell walls are very strong structures that can survive hostile 

burial environments. For instance, cell walls are sometimes found after a 

palynological processing technique called acetolysis (Moore and Webb, 1978, p. 

24), which is meant to digest and remove cellulose and other organics from 

pollen preparations.  

 

Although there is great diversity in both morphology and size, plant cells appear 

distinct under the microscope: their walls always have a clear bounded structure 

https://paperpile.com/c/JPlKis/X0wf/?locator=45
https://paperpile.com/c/JPlKis/X0wf/?locator=45
https://paperpile.com/c/J89Wuu/N4kRD/?locator=137
https://paperpile.com/c/JPlKis/UCF4+xwtU/?locator=65,66%2C%2074
https://paperpile.com/c/J89Wuu/HAXoJ+x2SAs+Rjzhl
https://paperpile.com/c/J89Wuu/8Fczz/?locator=24
https://paperpile.com/c/J89Wuu/8Fczz/?locator=24
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(Figure A2.4). The reed, softwood, and hardwood tissues all exhibited distinctive 

cell walls. SEM did not improve identification of plant cell walls. 

 

 
Figure A2.4. Rectangular plant cell walls, likely epidermal tissue due to elongate brick-like cell 

arrangement. Reed residues on flint, reference collection. 
 

Starch 

Starch granules are composed of alternating layers of two polysaccharides: 

amylose (unbranched helical chains), and amylopectin (highly branched), 

emanating from an origin point called the hilum (Evert 2006, page 52). The 

layers, or lamellae, of a starch granule are usually visible under a light 

microscope. Amylose is considered crystalline and amylopectin contains 

crystalline and amorphous areas. It is the semi-crystalline nature of starch 

granules that yields the quality of birefringence under cross polarised light. The 

proportion of amylose to amylopectin in the starch granule is under genetic 

control. 

 

Starch granules in situ on stone surfaces can sometimes be suggested when 

examined with reflected VLM. Extinction crosses of undamaged starch granules 

are sometimes visible with in situ viewing and cross polarised light, but the 

presence of extinction crosses is not diagnostic to starch. Starch granules show 

https://paperpile.com/c/JPlKis/xwtU/?locator=52
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up most clearly on smooth surfaces, such as fine-grained flint or obsidian 

(Michael Haslam, 2016, pers. comm.). However, starch granules in situ on stone 

surfaces cannot be identified diagnostically with reflected light microscopy. 

Rather, starch is identifiable with transmitted light microscopy combined with 

polarised light, which requires extraction of the putative starch from the artefact 

and mounting on slides to properly see granule features (Kooyman, 2015). Starch 

granule features valuable to taxonomic identification include: size, three 

dimensional shape of the granule, surface texture, position and features of hilum, 

fissures or grooves originating from hilum, lamellae visibility, facets, presentation 

of and rotation of extinction cross under cross polarised light, morphology of 

extinction cross (sharp or diffuse, wavy or straight arms), and presence of facets 

on the margins of granules (Croft, 2012; García-Granero et al., 2016; Torrence 

and Barton, 2006; Zarrillo and Kooyman, 2006).  

 

The degree of specificity that can be attained in terms of taxon identification is 

variable with starch, depending on the quality of the reference collection 

consulted, and how much morphological and size overlap is present between 

species. When distinctive starch granule features are no longer visible, a 

destructive test involving digestion of the starch by a starch specific enzyme, 

such as α-amylase (Hardy et al., 2009) determines that starch is present without 

question. However, a bath in a weak solution of HCl can clarify if the putative 

starch granules are calcium carbonate formations, such as calcareous 

spherulites.  

 

Starch granules must be present in patterned aggregations or in some quantity 

on a stone tool to be considered of anthropogenic origin. This is to take account 

of the fact that the presence of only a few starch granules on an artefact might 

represent ancient incidental contact or modern contamination, particularly since 

starch can be a contaminant in modern environments, including  laboratories 

(Crowther et al., 2014). Items that can potentially be mistaken for starch are: 

mineral or faecal spherulites (Canti, 1999, 1998), and conidia fungal spores 

(Haslam, 2006b). Spherulites are small (5-25 μm) rounded aggregates of 

radiating crystals, which can originate in the soil (mineral spherulites) or within 

faeces from animal dung (coprolitic or faecal spherulites). Like starch granules, 

https://paperpile.com/c/J89Wuu/xfm9U
https://paperpile.com/c/J89Wuu/dWDyC+Mg2X+jY22Q+sJgu
https://paperpile.com/c/J89Wuu/dWDyC+Mg2X+jY22Q+sJgu
https://paperpile.com/c/J89Wuu/tg0U0
https://paperpile.com/c/J89Wuu/hky0v
https://paperpile.com/c/J89Wuu/PcKLP+Q1MtW
https://paperpile.com/c/J89Wuu/FOXC4/?suffix=b
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spherulites also display birefringence, possess lamellae and extinction crosses 

when viewed with a polarising lens under transmitted light. However, the 

extinction cross in spherulites is fixed and does not rotate when the polarising 

lens is rotated, thus confusion with starch can be avoided. Conidia fungal spores 

are common to soils, less than 5 μm in diameter, and have extinction crosses 

which rotate under cross polarised light, they also appear more “transparent” than 

starch granules. 

 

Starch has been a major lithic residue of archaeological interest for dietary 

reconstruction and has been found in variable preservation conditions and dated 

contexts (see Chapter 2, section 2.3.2.3). When reference potato starch was 

viewed in situ with reflected VLM, it appeared distinct, but was not diagnostic. No 

lamellae, hila, vacuoles, or other features were visible with SEM. However, the 

three dimensional shape of the granules was better observed with SEM (Figure 

A2.5). SEM may be helpful in cases where the 3D shape of the granules are 

difficult to capture with reflected and transmitted VLM, for instance lenticular 

shapes which settle on slides in the flat orientation (polar view). 

 

 
Figure A2.5. Starch granules. Potato residues on flint, reference collection. 
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Wood 

Wood is the xylem of a tree or woody plant (Larson 1969, page 2), and is porous 

and fibrous. Different levels of identification can be attained with microscopic 

wood remains, from generic ‘wood’ down to species, depending on the number of 

features that are visible and the microscopic techniques used. An in depth 

description of wood anatomy is beyond the scope of this thesis, but in general 

conifer wood (softwood) has a lower differentiation among cells and simpler 

structure than in dicotyledon wood (hardwoods). That being said, wood residues 

that were examined in situ on experimental flakes with reflected VLM lacked 

diagnostic anatomical features. However, many wood residues were distinctive in 

appearance to allow suggested, but not secure, identification. This is in 

agreement with Hardy and Garufi (1998, p. 180), who found that most 

experimental wood residues on stone tools do not have microscopically visible 

diagnostic features. In particular the presence of bordered pits (structures that 

assist in the movement of water, nutrients and solutes through plants) are likely 

indicative of tool contact with woody plant matter. 

 

In conifers, pits are circular or slightly elliptical in face view, large (usually 10-20 

µm), and have wide borders which are raised above the level of the inner 

secondary wall, with a torus in the center of the pit opening (Evert, 2006b, p. 

260). Across the bordered pit aperture, there is a membrane which has a round 

torus thickening in the center, a feature characteristic of softwoods (Wilson and 

White, 1986, p. 56). Unfortunately, the torus is not visible with reflected light 

microscopy when tracheids are viewed in situ on the artefact, which necessitates 

viewing with SEM. When viewed under transmitted cross polarised light, bordered 

pits display maltese crosses, which will rotate when the polarizing filter is rotated. 

This positive birefringence is due to the arrangement of the cellulose microfibrils 

in the bordered pit (Wayne, 2009, p. 376). 

 

SEM improved the identifiability of wood residues. For instance, in the softwood 

(Picea abies), bordered pits were found with SEM (Figure A2.6). In the hardwood 

(Salix alba), the presence of crystals (likely calcium oxalate crystals, 

calciphytoliths, CaOx) were detected with SEM and better visualisation of the pits 

https://paperpile.com/c/JPlKis/NHlQ/?locator=2
https://paperpile.com/c/J89Wuu/Ef78P/?locator=180&noauthor=1
https://paperpile.com/c/J89Wuu/y07HV/?locator=260
https://paperpile.com/c/J89Wuu/y07HV/?locator=260
https://paperpile.com/c/J89Wuu/uq4DS/?locator=56
https://paperpile.com/c/J89Wuu/uq4DS/?locator=56
https://paperpile.com/c/J89Wuu/B9iyy/?locator=376
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was possible (Figure A2.7). Prismatic CaOx crystals are very abundant in bast 

wood fibres of Salix, Quercus, and Populus and occur in rows of rectangular, thin-

walled cells (Schneider 1901, page 143). 

 

 
Figure A2.6. Pits with borders on a wood cell, perhaps a tracheid. Softwood residues on flint, 

reference collection. Note linear arrangement of pits. 

 

 
Figure A2.7. Crystals (light coloured) and intervessel pits (bottom left). The crystals in the wood 

fibre are likely to be calcium oxalate. Hardwood residues on flint, reference collection. 

 

https://paperpile.com/c/JPlKis/0xiz/?locator=143
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Non-distinct residue types 

 

The residue types that were found to have no diagnostic microscopic 

characteristics were: bone, antler, muscle, resin, and red ochre, or five out of 

twelve residue types examined (42%). Blood and fat, which were observed but 

not specifically tested in the experimental design, are also discussed in this 

group. This group of residues could easily be mistaken for other residue types or 

materials originating from the soil or substrate, since they do not contain any 

specific distinctive traits that can be seen with reflected light microscopy. 

Identification of these residue types with reflected light microscopy should be 

considered tentative and preliminary. 

 

Bone 

Bone is a complex composite material. Mature compact bone is composed of 

approximately 70% carbonate hydroxylapatite (bone mineral) and 30% Type 1 

collagen (protein) (Monnier et al., 2012, p. 3291). Patterning reflective of structure 

is present in different types of bone, and these patterns are potentially 

observable. Patterning which reflects structure is present in different types of 

bone, which are possible to observe. However, these patterns are only visible 

when the sample is prepared and viewed at the correct plane or axis, and viewed 

with transmitted light microscopy or SEM. Currey (2008, pp. 6–8) defines four 

types of bone that display distinctive characteristics visible with SEM: 1) lamellar 

bone, 2) woven bone, 3) fibrolamellar bone, 4) secondary osteons (Haversian 

systems).  

 

On histological transverse thin sections viewed with transmitted light microscope, 

it is possible to differentiate between bone, antler, and ivory (Anderson, 1980, p. 

190). In practice, residue researchers do not tend to make the distinction between 

bone and antler residues if both might be expected within the geographic area of 

the archaeology. In compact bone, distinctive features of osteon units are visible 

only in prepared cross thin sections with a transmitted light microscope or SEM, 

not with the reflected light microscope used in this study. These features of the 

https://paperpile.com/c/J89Wuu/M1oLK/?locator=3291
https://paperpile.com/c/J89Wuu/mU9OO/?locator=6-8&noauthor=1
https://paperpile.com/c/J89Wuu/i2T8/?locator=190
https://paperpile.com/c/J89Wuu/i2T8/?locator=190
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osteon include concentric bone lamellae surrounding Haversian canals, and 

several osteocytes with branched canaliculi (Jans, 2005, p. 7; Rhinelander, 1972, 

p. 7; White and Folkens, 2005, p. 43). Spongy or cancellous bone does not 

contain osteons, however osteocytes composing the bony trabeculae are 

arranged in a lacunar-canalicular system similar to compact bone (Eurell, 2004, 

p. 17). Canaliculi openings on the surface of spongy bone are visible in 

histological preparations. 

 

According to Lombard, bone fragments have sharp jagged edges that may show 

perforations at magnifications over 200x. Langejans and (Langejans, 2009, p. 64) 

Langejans and Lombard (2015, p. 207) describe bone and fatty bone deposits on 

experimental tools as amorphous, opaque, non-birefringent, and having no 

characterising structure, but state that angular bone flakes are identifiable. 

 

Cortical bone is semi-crystalline in structure due to apatite crystals around 

collagen fibrils, and is formed in ordered layers. Well-preserved cortical bone will 

show extinction crosses in transmitted cross polarised light. This has been 

observed in micromorphological thin sections. Bone, and sometimes degraded 

bone, will show distinct extinction crosses when prepared as a histological 

sample on a glass slide, with the osteons cut in cross section and viewed under 

polarised light with a transmitted light microscope (Jans, 2005). However, bone 

fragment residues are never encountered in this particular orientation on lithic 

tools. Even if by chance a cross-sectional cut through osteons and orientation 

was encountered during reflected light examination of in situ residues, maltese 

crosses it would probably fail to be recognised since birefringent qualities of 

anisotropic residues are only weakly visible while they are being viewed in situ. 

 

Fresh scraped bone exhibited a white colour, angular shapes, and had opaque to 

translucent portions, but no features with a distinctive morphology that can be 

used to make a secure identification with reflected VLM. Secure identification of 

tiny bone residue fragments located in situ on a stone tool is not possible, as the 

distinctive morphological features present in cortical bone are invisible with 

reflected light microscopy. Also, extraction and viewing on slides is unlikely to 

orient archaeological cortical bone residues by random chance in such a way as 

https://paperpile.com/c/J89Wuu/5OZ96+mU2NG+PmraK/?locator=7,7,43
https://paperpile.com/c/J89Wuu/5OZ96+mU2NG+PmraK/?locator=7,7,43
https://paperpile.com/c/J89Wuu/XXDt/?locator=17
https://paperpile.com/c/J89Wuu/XXDt/?locator=17
https://paperpile.com/c/J89Wuu/seYTQ/?locator=64
https://paperpile.com/c/J89Wuu/QR5B/?locator=207&noauthor=1
https://paperpile.com/c/J89Wuu/mU2NG
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to allow location of features. A cross-sectional orientation of thin cortical bone 

fragments remaining from tool use is unlikely to occur by chance.  

 

No osteons were observed in the SEM micrographs. Bone fragments appeared 

somewhat angular and jagged (Figure A2.8). SEM viewing of in situ bone 

residues did not improve identifiability; this agrees with SEM observations of 

experimental bone residues on stone by Jahren et al. (1997, p. 248).  

 

 
Figure A2.8. Fresh angular bone fragments. No osteons were able to be located, even at high 

magnifications. Bone residues on flint, reference collection. 
 

Antler 

Antlers are paired cephalic appendages found in the Cervidae family (deer, 

moose, elk, caribou and reindeer) that are periodically shed and regrown 

(Kierdorf et al. 2003, page 741; Hall 2005, page 103). In contrast to horn, which is 

living permanent tissue mostly composed of keratin, antler is dead ossified tissue 

covered with epithelial velvet for part of each year. Prepared histological cross 

sections of antler, like bone, reveal osteons and trabecular bone tissue (Landete-

Castillejos et al., 2012, p. 248). Additionally, a comparative study of antler and 

limb bones showed that they are similar in chemical composition and 

microstructure (Chen et al. 2009). Specifically, “both are primarily composed of 

type I collagen and a mineral phase (carbonated apatite), arranged in osteons in 

compact (cortical bone) sections and a lamellar structure in the cancellous 

https://paperpile.com/c/J89Wuu/MJ0r/?locator=248&noauthor=1
https://paperpile.com/c/JPlKis/gCRX+iXbM/?locator=741,103
https://paperpile.com/c/J89Wuu/fa5t/?locator=248
https://paperpile.com/c/J89Wuu/fa5t/?locator=248
https://paperpile.com/c/JPlKis/RfsL
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(spongy or trabecular bone) sections” (Chen et al. 2009, page 693). Thus, it is not 

surprising that the reference antler residues were indistinguishable to bone 

residues. The reference antler residues appeared as jagged crystalline pieces of 

a light brown to translucent colour, and their edges sometimes appear ‘frayed’. 

Occasionally irregular elongate antler pieces were seen that appeared somewhat 

fibrous. As with bone residues, the structure of the osteons could not be located 

in the reference antler residues on stone tools. Thus, antler residues were 

considered amorphous with no distinct structure. Also like bone, antler residues 

could be mistaken for minerals originating in the sediment. 

 

SEM did not improve the identifiability of antler residues. However, SEM images 

showed that antler residues appeared more fibrous and net like than the bone 

residues, but still contained angular fragments (Figure A2.9).  

 

 
Figure A2.9. Dry antler residues on flint, reference collection. 
 

Muscle tissue 

There are three main types of muscle tissue in animals: smooth, cardiac, and 

skeletal (Martini, 2005, p. 236). Smooth muscle cells are spindle-shaped, 

nonstriated, and uninuclear. Cardiac muscle cells are striated, branched, and 

uninucleated. Skeletal muscle cells are striated, tubular, and multinucleated. 

Skeletal muscle makes up the majority of muscle mass in an animal and is under 

https://paperpile.com/c/JPlKis/RfsL/?locator=693
https://paperpile.com/c/J89Wuu/tkPP/?locator=236
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voluntary control. The muscle fibre, or myofibre, is the basic unit of skeletal 

muscle (Stocum, 2012, p. 127). Myofibres are long and range in size from less 

than 100 μm wide and a few millimeters long to several hundred microns wide 

and a few centimeters long (Lieber, 2009), depending on where the muscle is 

located in the body. A myofibre contains many long smaller structures called 

myofibrils that run the length of the myofibre (Clark, 2005, p. 143). Myofibrils are 

in turn composed of thick, thin, and elastic myofilaments, arranged into repeating 

subunits called sarcomeres. The arrangement of the sarcomeres results in the 

appearance of cross striations on the myofibre, seen as a dark and light banding 

pattern with VLM (Lieber and Fridén, 1991, p. 691). 

 

The individual cells of striated muscle tissue were not visible on any flint pieces 

that were buried. Muscle tissue seen in the reference collection was shiny, fibrous 

and stringy, and ranged in colour from dark brown to translucent. Myofibres with 

cross striations or banding patterns characteristic of striated muscle (Kenyon, 

2012, p. 1273), were sometimes visible with reflected VLM in the reference beef 

muscle residue (Croft et al. 2016 Fig. 40). After burial in the wetland for one 

month, suspected muscle tissue was devoid of colour and appeared as a 

translucent fibrous sheet with holes. However, these traits are not distinctive to 

muscle, since other residues can appear essentially identical. Langejans (2009, 

171, 285, 292, 400) found that gelatinous hyphae can look very similar to muscle 

tissue, both appearing as networks of translucent fibres containing holes, which 

can sometimes display birefringence. When the micrographs of gelatinous 

hyphae and muscle tissue are compared, they are indistinguishable (Langejans 

2009, 285, 292). 

 

No additional structural characteristics were visible with SEM. The muscle 

residue appeared somewhat fibrous (Figure A2.10). Surprisingly, the distinctive 

banding seen within the myofibre structure with VLM, was not found in the SEM 

images taken even at 500 x. 

 

https://paperpile.com/c/J89Wuu/vS2F/?locator=127
https://paperpile.com/c/J89Wuu/Am8x
https://paperpile.com/c/J89Wuu/wcyW/?locator=143
https://paperpile.com/c/J89Wuu/znm7/?locator=691
https://paperpile.com/c/J89Wuu/mKuh/?locator=1273
https://paperpile.com/c/J89Wuu/mKuh/?locator=1273
https://paperpile.com/c/JPlKis/4VGZ/?suffix=Fig.%2040
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Figure A2.10. Muscle residues on flint, reference collection. 
 

Blood cells 

Although isolated blood was not a specific category of residue tested in the 

experiment, it was present on all flakes used on the beef muscle, fish, bird, and 

especially on flakes used to cut the squirrel.  

 

Blood contains 4 major components: red blood cells (erythrocytes), white blood 

cells (leukocytes), platelets (thrombocytes), and plasma (the liquid portion), but it 

is the red blood cells that have been reported as being identifiable 

microscopically on ancient stone tools by a number of archaeologists (see 

discussion in section 2.3.2.2, Chapter 2). The membranes of red blood cells 

(RBCs) contain hemoglobin proteins that transport oxygen and carbon dioxide in 

the body (Larson, 2016, p. 240). Each hemoglobin molecule contains four 

subunits, and each subunit contains a heme group with an iron atom – the 

binding site for O2 molecules (Honig and Adams, 1986, p. 19).  RBCs in fresh 

blood samples from fish, amphibians, reptiles and birds are nucleated (Claver 

and Quaglia, 2009), but mammal RBCs do not have nuclei or any other 

cytoplasmic organelles at maturity (Telen, 2009, p. 126). RBCs vary in shape, 

depending on the animal. Nonmammalian RBCs are oval, whereas the 

morphology of RBCs seen in fresh mammalian blood are flattened biconcave 

https://paperpile.com/c/J89Wuu/b9w8/?locator=240
https://paperpile.com/c/J89Wuu/viFJ/?locator=19
https://paperpile.com/c/J89Wuu/dGWYP
https://paperpile.com/c/J89Wuu/dGWYP
https://paperpile.com/c/J89Wuu/hZKAB/?locator=126
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discs (discocytes). Adult human RBCs have an average diameter of about 7.2-7.4 

µm (Price-Jones, 1933) and a max thickness of 2.2 µm (Smith and Wilson, 2001). 

Most animal RBCs fall within 5-10 µm in diameter (Seaman, 1975, p. 1183). 

 

While the ‘mud-cracked’ appearance of blood films is often used as an identifiable 

feature (Langejans and Lombard, 2015, p. 208), other processes can also create 

a similar effect on stone. Sediment and iron oxide deposits displaying a mud-

cracked appearance can also be found on archaeological stone tools, even after 

washing.  

 

No individual red or white blood cells could be identified among any animal 

residues in the reference collection, which were examined with reflected light 

microscopy and SEM. Additionally, no blood cells were found on any 

experimentally buried flints. On the reference collection flints used to work 

squirrel, large mud-cracked blood stains (without identifiable blood cells) were 

present; these blood stains could not be found on flints from any burial condition. 

No blood cells were possible to securely identify with VLM or SEM on the basis of 

visual characteristics (Figures A2.11-A2.13). 

 

 
Figure A2.11. Dry squirrel blood film encrustation and hair viewed in situ on flint from the 

reference collection. Note lack of recognisable RBCs. 

 

https://paperpile.com/c/J89Wuu/4yEvr
https://paperpile.com/c/J89Wuu/IOp9n
https://paperpile.com/c/J89Wuu/PtJbT/?locator=1183
https://paperpile.com/c/J89Wuu/QR5B/?locator=208
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Figure A2.12. Squirrel blood encrustation and two hairs on flint from the reference collection, 

stored in fridge for 11.5 months prior to imaging. Note lack of recognisable RBCs. Hairs show 

coronal scales which encircle the shaft diameter, a feature common to rodents and bats. Distal 

ends of the hairs towards the top of the image. 

 

 
Figure A2.13. Squirrel blood film on flint from the reference collection. Note amorphous ruptured 

RBC membranes (SEM-BSE). 
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Fat 

In all animals (the Metazoa), long-term lipid storage occurs in specialised cell 

types, but adipose tissue formation is only found in the vertebrates (Birsoy et al., 

2013, p. 1541), including fish, amphibians, reptiles, birds, and mammals. The 

vertebrates store lipids in a semi-liquid state as triacylglycerol and cholesterol 

esters (Birsoy et al., 2013, p. 1543) in fat cells or adipocytes. White adipose 

tissue is found in the abdominal and subcutaneous regions of birds, mammals 

(Azeez et al., 2014, p. 4), and some fish (Pond, 2011a, p. 230). Amphibians, 

reptiles, and most fish, store fat intra-abdominally, and have essentially no 

subcutaneous fat storage (Azeez et al., 2014, p. 4; Birsoy et al., 2013, p. 1544). 

In addition to white adipose tissue, mammals also have brown adipose tissue 

(Pond 2011, page 227). Brown adipose tissue has a thermoregulatory function 

and is found only in mammals (Klingenspor and Fromme, 2011, p. 40). The 

adipocytes that make up the white adipose tissue are unilocular, or composed of 

a single compartment, and brown adipose tissue occurs in a multilocular, or multi-

compartmentalised arrangement (Cinti et al., 2001). In prepared slides, individual 

adipocytes are visible at low magnifications (2.5 x) (Cinti et al., 2001, p. 21). 

 

Even in the fresh, non-degraded reference collection residues, no diagnostic 

features were present to allow identification. No individual adipocytes could be 

isolated from the suites of residues examined (such as the fish, goose, squirrel, 

or beef steak muscle) and identified as white or brown fat cells. Fat residues lack 

diagnostic structure, rather appearing as amorphous globules and shiny smears, 

that are white to yellow to translucent. Examination of potential fat residues with 

SEM did not reveal any micromorphological structures that could be linked with 

the residue. Thus, it is suggested that archaeological fat residues are impossible 

to securely identify visually, but GC-MS might be possible to use to detect lipids. 

 

Resin 

Natural plant resin is a type of plant exudate that is viscous or solid, flammable, 

and non-water soluble, but lipid or spirit soluble (Langenheim, 2003, p. 45). 

https://paperpile.com/c/J89Wuu/nCRL/?locator=1541
https://paperpile.com/c/J89Wuu/nCRL/?locator=1541
https://paperpile.com/c/J89Wuu/nCRL/?locator=1543
https://paperpile.com/c/J89Wuu/wBPh/?locator=4
https://paperpile.com/c/J89Wuu/daJK/?locator=230
https://paperpile.com/c/J89Wuu/nCRL+wBPh/?locator=1544,4
https://paperpile.com/c/J89Wuu/RsMR/?locator=227
https://paperpile.com/c/J89Wuu/tHQf/?locator=40
https://paperpile.com/c/J89Wuu/DzSN
https://paperpile.com/c/J89Wuu/DzSN/?locator=21
https://paperpile.com/c/J89Wuu/aNKou/?locator=45
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Secreted tree resin seals injuries from wind, fire, lightning, and herbivory, and 

prevents invasion of fungi and insects.  

 

Reference pine tree resin appeared granular at low magnifications (160x or less) 

and shiny and orange at higher magnifications (320x or more). Resin residues 

which were experimentally buried underwent a changed colour from semi-

translucent reddish orange to largely opaque grey/white with only small spots of 

shiny orange visible within the deposits. It is worth noting that raw pine resin was 

used in the experiment, and it is expected that other resins display different 

characteristics in terms of colour and texture. 

 

When viewed with SEM, the resin exhibited similar appearance as the VLM 

observations – amorphous with a relatively rough in texture (Figure A2.14). 

 

 
Figure A2.14. Amorphous natural pine resin with a rough texture. Resin on flint, reference 

collection. 
 

Red ochre 

Ochre is a natural earth pigment which is comprised of clay, quartz, and iron 

oxides or oxyhydroxides (Dayet et al., 2013, p. 3492). In archaeology, ochre is 

used in a broader sense to mean any mineral material containing iron oxide 

https://paperpile.com/c/J89Wuu/SVzz/?locator=3492


501 
 

(Mortimore et al., 2004, p. 1179) that can be used for colouring by leaving a red 

or yellow mark when rubbed against a surface. Red ochre takes its reddish colour 

from the mineral hematite (α-Fe2O3), which is dehydrated iron oxide. The 

hematite mineral itself is hexagonal (Rafferty, 2012, p. 267), but red ochre occurs 

as nodules in nature. 

 

Ochre is described by Langejans and Lombard (2015, p. 210) as granular and 

appearing dull in cross-polarised light. Gibson et al. (2004, p. 3), describes ochre 

residues on stone tools as iron oxides which have grain sizes smaller than sand 

and can be dark red to mustard yellow.  

 

Microscopically, the red ochre reference residue can be described as a distinctive 

red powdery material that is granular in texture and has a small grain size, in this 

case about 2-3 µm. However, there were no diagnostic characteristics detected 

using reflected VLM and there are a number of iron-based soil contaminants that 

are also red and granular. During SEM imaging, the ochre residue appeared as 

dark accumulations within depressed areas of the flint microtopography (Figure 

A2.15). 

 

 
Figure A2.15. Red ochre on flint, reference collection. 

  

https://paperpile.com/c/J89Wuu/fk82/?locator=1179
https://paperpile.com/c/J89Wuu/4LT7/?locator=267
https://paperpile.com/c/J89Wuu/QR5B/?locator=210&noauthor=1
https://paperpile.com/c/J89Wuu/H7Ux/?locator=3&noauthor=1
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APPENDIX 3 LIST OF STAR CARR ARTEFACTS 

MICROSCOPICALLY ANALYSED 
  

Artefact number Site and year Trench Context Grid Square Type 

93199 SC13 34 312 A17 Flake fragment 

93312 SC13 34 308 C23 Blade 

93318 SC13 34 308 C26 Flake 

93327 SC13 34 308 C22 Blade 

93338 SC13 34 ?? ?? Bladelet 

93351 SC13 34 308 C26 Blade 

93360 SC13 34 310 C22 Blade fragment 

93368 SC13 34 308 B26 Blade 

93380 SC13 34 308 C26 Flake 

93463 SC13 34 308 F31 Blade 

93593 SC13 34 308 G31 Blade 

93770 SC13 34 308 U30 Blade 

93807 SC13 34 312 A18 Blade 

93823 SC13 34 312 A18 Blade 

93871 SC13 34 308 D25 Blade fragment 

94066 SC13 34 310 A25 Blade 

94067 SC13 34 310 A26 Blade fragment 

94083 SC13 34 310 A25 Blade 

94146 SC13 34 310 B25 Bladelet 

94255 SC13 34 310 A26 Flake 

94362 SC13 34 310 S12 Flake 

94377 SC13 34 310 H12 Bladelet fragment 

94405 SC13 34 308 F31 Bladelet fragment 

94409 SC13 34 308 F31 Shatter fragment 

94445 SC13 34 308 G31 Blade 

94554 SC13 34 308 G29 Blade fragment 

94859 SC13 34 308 A25 Flake 

94878 SC13 34 310 A23 Burin 

94882 SC13 34 308 B25 Flake 
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95076 SC13 34 302 AA21 Blade 

95243 SC13 34 310 V12 Blade 

95301 SC13 34 310 V8 Bladelet fragment 

95308 SC13 34 310 V8 Bladelet 

95310 SC13 34 310 V8 Bladelet 

95431 SC13 34 308 H23 Meche de foret 

95828 SC13 34 310 X13 Burin 

97308 SC13 34 310 T13 Blade fragment 

97331 SC13 34 310 X9 Fragment 

97859 SC13 34 312 V8 Bladelet 

98086 SC13 34 310 T12 Blade 

98305 SC13 34 310 V10 Flake 

98306 SC13 34 312 V9 Blade 

98333 SC13 34 310 K13 Blade 

98375 SC13 34 312 U9 Flake 

98376 SC13 34 312 V12 Wedge 

98433 SC13 34 310 T12 Crested blade 

98638 SC13 34 308 J26 Blade fragment 

98817 SC13 34 310 P14 Blade 

98855 SC13 34 317 B17 Blade 

98857 SC13 34 317 B17 Fragment 

98858 SC13 34 317 C18 Bladelet 

98859 SC13 34 317 A17 Bladelet 

98901 SC13 34 312 W7 Flake 

98902 SC13 34 312 W7 Flake 

98938 SC13 34 312 V12 Bladelet 

98942 SC13 34 312 V12 Blade 

98945 SC13 34 312 U12 Blade 

98950 SC13 34 312 V12 Fragment 

98957 SC13 34 312 X6 Wedge 

99276 SC13 34 312 R8/R9 Bladelet 

99454 SC13 34 312 S10 Axe 

99496 SC13 34 312 R8 Blade 

99516 SC13 34 312 S10 Blade 

99568 SC13 34 312 T9 Microlith 
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99569 SC13 34 312 T9 Blade 

99756 SC13 34 312 O13 Flake 

99765 SC13 34 312 P11 Blade 

99800 SC13 34 312 V9 Blade 

99851 SC13 34 312 Q13 Blade fragment 

107871 SC14 34 310 B6 Burin 

108205 SC14 34 312 N2 Burin 

108206 SC14 34 310 B9 Scraper 

108219 SC14 34 308 I28 Burin 

108220 SC14 34 310 B15 Axe 

108225 SC14 34 308 I26 Burin 

108228 SC14 34 308 I27 Blade 

108229 SC14 34 310 M17 Blade fragment 

108237 SC14 34 317 Q8 Flake 

108244 SC14 34 310 D15 Flake 

108351 SC14 34 326 U18 Microlith 

108360 SC14 34 325 AB19 Fragment 

108363 SC14 34 325 AA19 Scraper 

108371 SC14 34 310 D2 Scraper 

108373 SC14 34 337 Z18 Blade 

108397 SC14 34 325 AB20 Microlith 

109603 SC14 34 326 X21 Burin 

109616 SC14 34 308 T21 Blade fragment 

109641 SC14 34 308 H28 Blade 

109649 SC14 34 317 P7 Blade 

109691 SC14 34 415 G29 Microlith 

109696 SC14 34 312 L15 Scraper and break burin 

109698 SC14 34 312 F13 Blade fragment 

109699 SC14 34 308 R21 Blade 

109720 SC14 34 317 E9 Blade 

109724 SC14 34 466 F25 Microlith 

109731 SC14 34 308 N25 Awl 

109735 SC14 34 320 P8 Chamfered fragment 

109752 SC15 34 312 L5 Microlith, possibly awl 

109757 SC15 34 312 AI6 Scraper 
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109762 SC15 34 317 L11 Blade 

109767 SC15 34 317 L11 Core tablet 

109783 SC15 34 310 AE9 Blade 

109784 SC15 34 310 AD10 Flake 

109798 SC15 34 310 ZS29 Axe 

109808 SC14 34 312 J12 Blade 

109821 SC14 34 308 L28 Hammer stone 

109839 SC14 34 308 S24 Scraper 

109840 SC14 34 312 J14 Bladelet 

110517 SC14 34 320 P6 Flake 

110656 SC15 34 301 AG9 Microlith 

110657 SC15 34 301 AG9 Microlith 

110660 SC15 34 301 AG9 Bladelet 

110662 SC15 34 317 L7 Bladelet 

110664 SC15 34 310 AJ7 Core tablet 

110671 SC15 34 310 ZQ28 Shale bead 

110672 SC15 34 310 AJ8 Flake 

110679 SC15 34 310 ZQ27 Microlith or awl 

110683 SC15 34 310 ZP27 Blade 

110685 SC15 34 310 ZP26 Meche de foret 

110692 SC15 34 310 ZP26 Crested blade 

111456 SC15 34 310 AJ8 Flake 

111458 SC15 34 310 A17 Scaper 

111460 SC15 34 312 AF7 Bladelet 

111467 SC15 34 312 AJ6 Bladelet 

111474 SC15 34 312 AC3 Microlith 

111479 SC15 34 310 ZP26 Meche de foret 

111480 SC15 34 310 ZP26 Meche de foret 

111490 SC15 34 310 ZT28 Bladelet 

111496 SC15 34 310 ZP27 Meche de foret 

113604 SC15 34 312 ZW16 Scraper 

113618 SC15 34 312 ZW20 Flake 

113623 SC15 34 310 ZP26 Microlith 

113624 SC15 34 310 ZP26 Axe, possible 

113641 SC15 34 312 ZW19 Burin 
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113830 SC15 34 310 ZP25 Shale bead 

115527 SC15 34 317 ZV12 Pendant 

117522 SC15 34 312 ZW20 Blade 

Clark's backfill SC15    Shale bead 

     Total= 138 
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ABBREVIATIONS 
 
2ndGS second-generation sequencing 
 
aDNA ancient dehydroabietic acid 
 
ADS Archaeological Data Service 
 
ATR-FTIR attenuated total reflectance Fourier transform infrared spectroscopy  
 
BSE backscattered electrons 
 
CaOx calcium oxalate 
 
CIEP cross-over immunoelectrophoresis 
 
cm centimeter 
 
DAPI 4,6-diamidion-2-phenylindole 
 
DESI-MS desorption electrospray ionisation mass spectrometry 
 
DHA dehydroabietic acid 
 
DNA deoxyribonucleic acid 
 
DTMS direct temperature resolved mass spectrometry 
 
EDS energy dispersive x-ray spectrometry  
 
EDTA ethylenediaminetetraacetic acid 
 
ELISA enzyme linked immunosorbent assay  
 
FTIR fourier transform infrared spectroscopy 
 
FTIRM fourier transform infrared microspectroscopy 
 
g grams 
 
GC gas chromatography 
 
GC-MS gas chromatography-mass spectrometry 
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GC×GC-TOFMS comprehensive two-dimensional gas chromatography-time-of-
flight mass spectrometry 
 
Hb haemoglobin 
 
HPLC high performance liquid chromatography  
 
HS-SPME headspace solid-phase microextraction  
 
HTS High-throughput sequencing 
 
ICP-AES inductively coupled plasma atomic emission spectroscopy 
 
IBA ion beam analysis 
 
IR infrared 
 
LC-MS-MS liquid chromatography tandem-mass spectrometry  
 
LSCM laser scanning confocal microscopy 
 
MALDI-TOF-MS matrix assisted laser desorption/ionisation-time of flight mass 
spectrometry 
 
mm millimeter 
 
mtDNA mitochondrial DNA 
 
NGS next-generation sequencing 
 
PDSM post-depositional surface modification 
 
PIXE particle-induced x-ray emission  
 
PMF peptide mass fingerprinting  
 
PCR polymerase chain reaction 
 
RBC red blood cell 
 
RIA radioimmunoassay  
 
SEM scanning electron microscopy 
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SEM-EDS scanning electron microscopy-energy dispersive x-ray spectrometry  
 
SERS surface enhanced resonance Raman scattering  
 
TIC total ion current 
 
TMS trimethylsilyl ester 
 
µ-XRD – µ-XRF µ-XRF spectroscopy and synchrotron-based 2D µ-XRD coupled 
with µ-XRF 
 
VP-SEM variable pressure SEM  
 
VLM visible light microscopy 
 
MALDI-MS matrix assisted laser desorption ionisation mass spectrometry  
 
Micro-Raman Confocal Raman microspectroscopy 
 
XRF X-ray fluorescence   
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