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Chapter Four 

Previous research into the taphonomy of cremation  

 

As biological materials, predominantly composed of water, mineral, protein and lipid 

(Hiller et al. 2003), skeletal tissues are subject to chemical changes when exposed to 

heat which alter their physical appearance. Von Endt and Ortner (1984: 248) explain 

that “after death it [bone] continues to be reactive in response to extrinsic and intrinsic 

conditions”. The extrinsic conditions referred to are “the immediate environment of the 

bone”, exposure to fire for the purposes of this research, and the intrinsic factors 

constitute the “spontaneous rearrangement of the crystalline matrix and the action of 

internal water in the proteins of bone” (Von Endt and Ortner 1984: 248). Inter-

taxonomic and intra-skeletal variation in the organic and inorganic composition of 

skeletal elements can lead to different degrees of change amongst these categories (see 

Reitz and Wing 1999: 40 for examples of variation). The age-at-death of a specimen 

may also affect its change response (Hiller et al. 2003: 5095, Huxley and Kósa 1999).  

 

The process of chemical changes caused by burning skeletal tissues can be seen as a 

having four stages: dehydration (removal of water), decomposition (removal of organic 

components), inversion (removal of carbonates and chemical conversion of bone 

mineral) and fusion (melting and recrystallisation of bone mineral) (Thompson 1999: 6-

9). These stages macroscopically manifest themselves in colour-change, fracturing, 

warping, shrinking and weight loss of bone fragments. Many published experimental 

studies (see Table 4.1) have examined these manifestations. 
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Publication Subject Skeletal elements included Condition of bone Environment Macroscopic changes and fire variables considered 
Metapodials Weathered 

Bennett (1999) Deer 
Miscellaneous Archaeological 

Bones buried 
under fire 

Colour change, warping and fragmentation 

Dog Humerus Fleshed, green and dry Open air fire 
Buikstra & Swegle (1989) 

Cattle Tibia & femur Green Gas incinerator 
Shrinkage, fragmentation, colour change, pre-fire condition, fuel 

type 
Costamagno (pers. comm. 

2002) 
Cattle Humerus Green and dry Laboratory  Proportion of bone burnt, dry versus fresh 

Pig Radii & ulnae Green partially defleshed 
De Gruchy & Rogers (2002) 

Cattle Ribs Fleshed 
Open air fire Fragmentation, identifiability of trauma 

Cattle Tibia, femur, radius & ulna 
Sheep Rib, vertebra, radius, ulna & femur Gilchrist & Mytum (1986) 

Pig Femur 
Green Open air fire Colour change, shrinkage,  

Grupe & Hummel (1991) Pig Femora Green Furnace Shrinkage (weight loss) 
Herrmann & Bennett (1999) Pig Femora and patallae Green, partially defleshed House fire Fragmentation, identifiability of trauma 

McCutcheon (1992) Artiodactyl Tibia Green Furnace   Colour change  
Sheep Phalanges 
Pigeon Tibiotarsus 

Various fish Vertebrae  
Green  

Sheep 
Cattle 
Fish 

‘Bones’ Archaeological  

Sheep Metapodial Weathered  

Nicholson (1993) 

Various fish  Vertebrae  Boiled and weathered 

Laboratory  Fracture patterns, colour change, variation with taxa 

Sheep 
Shipman et al. (1984) 

Goat 
Astragalus & mandible Green Laboratory Colour change, shrinkage 

Rabbit Complete carcass Pyre construction, fuel, intentional fragmentation, shrinkage 
Newborn lamb Complete carcass Fragmentation of neonatal bone, intentional fragmentation Sigvallius (1992, 1994) 

Cattle ‘Head and feet’ 
Fleshed Open air fire 

Fragmentation 
Surgeonfish Complete carcass Fleshed  
Sheep/goat Femur Dry  

Emperor fish Partial skeleton Green  
Femur Boiled 

Spennemann & Colley 
(1989) 

Chicken 
Ulna, radius & carpometacarpus Fleshed  

Open air pit fire  Colour change, fragmentation, condition of bone pre-fire 

Goats 
Stirner et al (1995) 

Cattle 
‘Bones’ Green and archaeological  Open air fire Colour change, fragmentation 

Thompson (1999) Sheep Pelves Green  Open air fire Shrinkage, fuel type  
Goat Complete carcass Fleshed 
Sheep Complete right limbs Green, boiled 

Femur and tibia Roasted & dry 
Whyte (2001) 

Deer 
Tibia, radius, metatarsal Archaeological  

Open air fire Condition of bone pre-fire, fragmentation, warping 

Table 4.1 Published experimental research concerning burnt animal bone. Note: the condition defined as ‘green’ indicates freshly defleshed bone. 
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These experimental studies have primarily investigated the physical changes in bone                            

considering variables such as temperature, fuel source and the state of the bone pre-fire: 

fleshed, recently de-fleshed, dry, archaeological or fractured. Investigations have 

considered skeletal tissues on the scale of single bones to complete skeletons and a 

variety of taxa. Some have been conducted under laboratory conditions and others in the 

open on timber pyres or with campfire-style fires. The following sections consider the 

results of studies which refer to macroscopic changes, as these have the most direct 

influence on the archaeozoological analyses of bone considered in this thesis.  

 

4.1 Colour change 

When exposed to heat, bone changes colour as its organic component is combusted. 

These colour changes have been found to follow a predictable pattern within ranges of 

temperature (Gilchrist and Mytum 1986, Lyman 2001, McKinley 2000a, Nicholson 

1993, Shipman, et al. 1984, Thompson 1999: 20-23). This pattern generally follows 

from the natural buff/tan colour of the bone through grey, black, blue, grey and finally 

to white, although yellows, reds and purples have been recorded. The major colour 

changes coincide with stages of chemical change during combustion (Lyman 2001: 385, 

Shipman, et al. 1984, Thompson 1999). Initial darkening of the surface corresponds to 

smoking or the carbonisation of organic components (Lyman 2001:385, McCutcheon 

1992, Pope, et al. 2004: 432), and is followed by lightening as the carbon is oxidised 

and the bone becomes calcined (Lyman 2001: 385, McKinley and Bond 2001: 282, 

405). 

 

There are several factors that affect the degree of colour change, predominantly length 

of time the bone is exposed to heat, temperature, and the chemical composition of the 

bone at the time it is heated. Variation in these factors mean that while from the colour 
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of a burnt bone it may be possible to deduce a range of temperatures of burning, colour 

alone cannot be used to determine accurate maximum temperatures (Lyman 2001, 

Nicholson 1993, Shipman, et al. 1984); errors in estimated temperatures may be in the 

region of ±200oC (Nicholson 1993: 415). In addition, it has been suggested (Thompson, 

pers. comm. 2002) that a bone burnt for a long time at low temperatures will show the 

same colour changes as a bone in a brief but intense fire. The causation of colour 

changes has been succinctly expressed by Pope et al. (2004: 432) who wrote: “bone 

undergoes a set sequence of color change that signifies stages of organic pyrolysis 

(collagen, proteins, lipids, and water) rather than an indicator of temperature”. 

 

Colour change can vary between the bones of a single skeleton (Heglar 1984, McKinley 

2000a, McKinley and Bond 2001: 282) and even within individual bones, both along 

their surfaces, depending on the proximity of the fire, level of flesh covering and 

availability of oxygen, and through their cortical thickness (Holden, et al. 1995, cited in 

Thompson 1999: 20). As stated above, colour change appears to vary depending on the 

chemical composition of specimens and the amount of organic matter within the bones. 

This can be seen between bones of different taxa such as fish, birds and mammals 

(McKinley and Bond 2001: 288, Nicholson 1993) but also between bones of the same 

taxon burnt in different physical states (i.e. dry or fresh). Buikstra and Swegle (1989) 

investigated colour of burnt bone as an indicator of the condition of the bone prior to 

cremation. They found that when fleshed and recently defleshed bone was calcined it 

turned white, blue and grey, while the cortex of dry bones became light brown or tan, 

although the internal areas of the bone did turn black, grey and white. Conversely, Pope 

et al. (2004: 433) record a light buff colouration as created by the initial organic 

degradation of fresh bone. Without more accurate colour records it is not clear if the 

authors are referring to the same colour. Buikstra and Swegele (1989) also found that 

only defleshed green bones could attain a uniformly smoked (blackened) appearance as 
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dry bones lacked sufficient organic components to carbonise and the surface of fleshed 

bones could only be exposed to heat as the flesh burnt away, exposing different areas of 

the bones at different times. Finally, burial conditions have an effect on the colour of 

archaeological bone (McCutcheon 1992, Nicholson 1993: 423). Colour can leach from 

minerals in the burial medium (McCutcheon 1992, Nicholson 1993, Shipman, et al. 

1984), other fire debris if buried with the bone (Gejvall 1969: 471, Sigvallius 1994) and 

from materials burnt with the bone (McKinley 1994b).   

 

4.2 Shrinkage 

Bone can shrink during burning as water is expelled (McKinley and Bond 2001). This 

shrinkage can be attributed to changes in the crystalline structure of bone related to the 

degree of combustion of the organic component (Buikstra and Swegle 1989, Shipman, 

et al. 1984), which in turn is affected by variations in temperature of burning (McKinley 

2000a: 406, Shipman, et al. 1984). The amount of shrinkage does not seem to be 

significantly affected by whether bones were fleshed, defleshed or dry when burnt 

(Buikstra and Swegle 1989, Thompson 1999: 17). Shrinkage rates can vary between 

skeletons, particularly in open fires where different areas of the skeleton are subjected to 

different levels of heat (McKinley 2000a), and within different elements of the same 

skeleton. A striking experimental example of this was recorded by Sigvallius (1994), 

considering shrinkage of paired bones (left and right humeri and femora) of a single 

fleshed rabbit. It was found that while shrinkage of the greatest length of the burnt 

humeri was fairly consistent (8.2% recorded for the left and 8.5% for the right) the 

shrinkage in breadth of the distal femora varied considerably (3.8% for the left as 

opposed to 15.3% for the right). As proximity to heat and degree of burning must be  

variables affecting shrinkage, it should be noted that the rabbit had been placed on its 

left side but had had layers of wood placed over as well as below the body. Shrinkage 
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can vary within individual bones when measured across different planes (Thompson 

1999: 64-69) due to differing reactions of bone types (for example, cancellous bone 

shrinks more than compact bone (Gilchrist and Mytum 1986, McKinley 1994a: 339)) 

and particulars of bone morphology. 

 

It has been suggested that the biological age of specimens may have an effect on the 

level of shrinkage with the cross-linking of collagen in older individuals providing 

resistance to movement (Holden, et al. 1995, McKinley 2000a, McKinley and Bond 

2001: 282) and the shrinkage of very young and foetal bones being dependant on the 

level of ossification, and therefore increase in inorganic matrix, within the specimen 

(Huxley and Kósa 1999). 

 

An alternative method to measure bone shrinkage is by using bone mass; Hiller et al. 

(2003: 5093) considered the mass of sheep long bones and found that they lost 30-55% 

of their original mass when burnt, while Grupe & Hummel (1991) recorded a weight 

loss of approximately 10-60% for fragments of pig femora, dependant on degree of 

burning.  

 

In conclusion, the amount of shrinkage may vary substantially and so cannot be 

predicted for samples of burnt bone (McKinley and Bond 2001) or even assumed to 

have occurred in all calcined samples (Buikstra and Swegle 1989). In fact, some studies 

have observed a increase in specific measurements after burning (Buikstra and Swegle 

1989, Spennemann and Colley 1989, Thompson 1999), although this has been attributed 

to difficulties in taking consistent measurements due to warping. Inconsistent shrinkage 

precludes metric comparisons between fragments. It therefore also precludes metric sex 

determination (Thompson 1999) or stature estimation during archaeozoological 
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interpretation; however, a minimum stature can be estimated where suitable bone 

fragments survive intact and undistorted.  

 

4.3 Cracking and fracture patterns 

Wells, one of the first analysts of burnt bone, noticed that bones tend to warp, shrink 

and splinter in a consistent way if heated under the same conditions (Wells 1960). He 

concluded that this was linked to the individual morphologies of particular bones, their 

areas of strength and weakness, and relationships to other tissues and structures (Wells 

1960). This has been corroborated more recently (for example McKinley 2000a, 

McKinley and Bond 2001). Cracking and fracture patterns are therefore often specific to 

elements, and their extent is associated with the degree of incineration. Different types 

of bone are more susceptible to fragmentation; compact bone is likely to fissure more 

than cancellous bone (McKinley 1994a, Thompson 1999), which fragments in a 

concentric pattern (McKinley 1994a: 339). Concentric cracks have also been reported in 

metaphyseal bone of unfused deer tibiae and femora which had been roasted prior to 

burning (Whyte 2001). Whyte attributes these cracks to the bones having been roasted 

prior to cremation in his experimental study.  

 

The cortical bone of articular surfaces appears to crack in distinctive patterns, with 

densely packed small fracture lines, sometimes referred to as ‘reticulations’ (Heglar 

1984: 149) or ‘patina’ (De Gruchy and Rogers 2002, Herrmann and Bennett 1999, 

Pope, et al. 2004) (see Figure 4.1). Nicholson (1993) suggests that reticulations result 

from heating at higher temperatures or more complete calcination. Reticulations occur 

commonly on articular surfaces and facets, and have been reported on the cranial vault 

(Pope, et al. 2004); this may be due to the composition of these bone regions with a thin 

covering of cortical bone, which is prone to fragmentation when burnt, overlying an 
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area of cancellous or diploic bone which fragments less but is prone to greater 

shrinkage. 

 
Figure 4.1  Characteristic articular surface cracking patterns or ‘reticulations’ seen on calcined horse 
bones from a Romano-British cremation burial at Brougham, Cumbria (photo: L. Brown) 
 

Experimental investigation of burnt human specimens have found that delamination, 

where the outer table of cortical bone cracks, shrinks and separates from the inner table, 

is the most common fracture pattern of burnt crania (Heglar 1984: 149, Pope, et al. 

2004). This may be attributed to differential shrinkage of the tables as the inner is kept 

relatively cool due to the presence of brain tissue (Reinhard and Fink 1994: 600). 

Delamination can occur during heating, cooling and handling of calcined remains 

(Pope, et al. 2004). Flat bones such as the ilium may also delaminate (Heglar 1984). 

The skull may also exhibit linear and concentric curvilinear fractures evident in cortical 

bone elsewhere in the body. There was a misconception, in forensic science at least, that 

pressure due to steam release from the burning brain caused skulls to ‘explode’ unless 

there was pre-existing trauma allowing the steam to escape (Pope et al. 2004). However, 

experimental studies have shown that skulls fragment due to their brittleness when 

calcined and by heat fragmentation rather than in an explosive event (Pope et al. 2004). 
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Dental tissues deserve a special mention. While burnt teeth have been found to undergo 

a similar pattern of colour changes to other skeletal tissues (Shipman, et al. 1984), their 

fragmentation is distinctive. Pliny in his Historia Naturalis (VII, 16, 69-71) suggested 

that teeth withstand fire and do not burn. Such opinions have been demonstrated to be 

erroneous. Although at lower temperatures teeth may survive (Brothwell 1972: 18), 

dentine can be destroyed by heat and the tooth subject to random cracking and micro-

fissuring (Thompson 1999). The crown of the tooth often breaks away (Chandler 1987, 

Thompson 1999) and then fragments into smaller pieces. Brothwell (1972: 18) suggests 

that it may still be possible to look at the attrition of occlusal surfaces of fractured 

enamel, although this has not been possible with faunal material in the author’s 

experience. If unerupted teeth are protected from the intensity of the fire by the bones of 

the jaw, their tooth crowns may survive intact (McKinley 2000a: 409, McKinley and 

Bond 2001: 285) and allow eruption-based age-at-death determination. Occasionally, 

tooth roots have been found still embedded in jaw fragments (e.g. at Skeleton Green, 

see Partridge 1981: plate XIII). Experiments by Chandler (1987: 42) have found that, 

when exposed to heat, teeth also shrink (between 0.88 to 16.9% in his experiments) and 

curl, which Chandler attributes to exaggeration of pre-fire morphology and localised 

differences in the structure of dentine and cementum. 

 

Chandler (1987: 44) expresses concern over the potential misidentification of cremated 

human teeth by those without “dental training”. However, animal tooth fragments can 

often be identified to taxon and sometimes specific tooth. Even if identification is not 

possible, the recognition of tooth roots and fragments of enamel in an assemblage 

provides invaluable information regarding the regions of an animal which were burnt in 

cremation deposits.  
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Thermally induced fragmentation of bone elements can be categorised under the 

following five headings (De Gruchy and Rogers 2002, Herrmann and Bennett 1999): 

1. Longitudinal fractures which tend to extend down the axis of a bone but may 

twist slightly; 

2. Straight transverse, or step, fractures which may proceed around the bone or 

intercept longitudinal fractures; 

3. Curved transverse fractures, also known as thumbnail, concentric or curved 

tissue regression fractures, which are a feature of bone burnt while fleshed; 

4. Delamination, where layers of bone peel or fracture away from underlying 

structures;  

5. Patina, reticulations or crazed fractures in thin cortical bone, particularly 

articular surfaces. 

 

The thermally increased fragmentation of cremated bone leads to a higher proportion of 

unidentifiable fragments in burnt bone assemblages than non-burnt assemblages. In 

addition, the different fragmentation of classes of skeletal elements and of elements of 

different taxa introduces a potential identification bias in an assemblage of burnt bone. 

The suggested increased cracking and ultimate fragmentation of bones from larger 

mammals (see 4.5) could lead to their being under-identified in archaeological deposits 

(McKinley and Bond 2001), and collection strategies and complete destruction of 

elements from smaller taxa may lead to their under representation. The rigidity and 

survival of elements which are not always routinely identified to species such as 

vertebrae, carpals and tarsals leads to their becoming much more important to the 

identification of an assemblage than they would be in standard unburnt bone analysis.  

 

Cracking and fracturing becomes more prolific during the course of heating but these 

features are not sufficient to accurately determine temperature of burning (Nicholson 
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1993). Variables other than temperature, such as ferocity of burning (temperature and 

speed) (Wells 1960), pre-fire condition of the bone, body fat content of the carcass, 

manipulation of the pyre and pyre remains also affect the warping, cracking and fracture 

patterns.  

 

Buikstra and Swegle (1989) investigated the effect of pre-fire condition on fracture 

patterns and identified qualitative differences, which they suggest can sometimes be 

used to indicate the pre-fire fleshing levels of calcined bone. In experiments with human 

femora they found distinctive short curved cracks in a concentric pattern on calcined 

fleshed bone which, although rare, did not occur as frequently on defleshed bone and 

were absent from dry bones. Forensic science literature refers to these fractures as 

‘curved tissue regression fractures’, identified on skeletal elements where “retractions 

of bulky soft tissue and periosteum permanently watermark the bone with a series of 

semicircular arcs as exposed bone reacts to heat” (Pope, et al. 2004: 436); they are also 

known as “thumbnail fractures” (De Gruchy and Rogers 2002). 

 

Buikstra and Swegle (1989) also recorded that dry human femora had less extensive 

transverse cracks than fleshed or defleshed femora. A similar fracture pattern has been 

identified on dry, archaeological and pre-roasted bones, as opposed to that on fresh 

bones (Bennett 1999, Whyte 2001). Similarly, transverse cracks have been reported on 

burnt diaphyses of fleshed long bones and ‘longitudinal striae’ on dry bones (Kennedy 

1996: 690, Thompson 1999, Thurman and Willmore 1981). Costamagno (pers. comm. 

2002) reports that the proximal and distal long bones of cattle suffer less extensive  

fragmentation pieces when burnt dry than when burnt fleshed or defleshed. Buikstra and 

Swegle (1989) found no evidence for fracture patterns on smoked bone that they could 

use to distinguish between dry, fleshed and defleshed condition of bones pre-fire. 
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Lastly, it should be considered that the brittle nature of cremated bone causes a high 

frequency of fragmentation due to mechanical damage in addition to that caused by 

intrinsic chemical change (Pope, et al. 2004, Stiner, et al. 1995). Mechanical damage 

through anthropogenic action at the time of cremation, burial, excavation and analysis 

all increase the fragmentation of an assemblage. McKinley (1994a) has suggested that 

post-excavation fragment sizes bear little relation to depositional fragments sizes due to 

fragmentation during excavation and handling. Fragmentation caused during 

archaeological recovery is not readily distinguishable from pre-depositional 

fragmentation by the presence of soil residue on the fragmented surfaces, as 

fragmentation often occurs along fissures formed during cremation that have become 

ingrained during burial (McKinley 1994a). Careful consideration of these factors is 

needed in order to interpret variables such as pre-fire chemical and physical condition as 

well as pre-depositional ritual fragmentation (see section 2.3, page 46). The need for 

thorough collection strategies is also emphasised to increase the likelihood of smaller 

fragments of bone being retrieved. It has been suggested, however, that the fragility of 

burnt fish and bird bone may lead to their destruction beyond a recognisable state if 

sieving is implemented (Spennemann and Colley 1989: 57).  

 

4.4 Warping 

Warping of long bones when burnt may be due, in part, to heat trapped in the medullary 

cavity (Spennemann and Colley 1989, Thompson 1999). Warping of the fractured edges 

of bones may be due to the bone contracting as it cools (Spennemann and Colley 1989: 

53). Brothwell (1972: 17) cites early experimental studies to suggest that the degree of 

twisting of burnt bones can give an indication of temperature with little distortion at 

lower temperatures. As with colour change and fragmentation, there are, however,  

other factors which effect this distortion. Compact bone warps more than spongy bone 
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(McKinley 1994a: 339, Thompson 1999). Dry bones may warp less than those burnt 

when green or fleshed (Bennett 1999: 7, Kennedy 1996: 690, Thompson 1999, Thurman 

and Willmore 1981, Whyte 2001). The increased warping in fleshed bone may be due to 

tension from attached muscles shrinking (Thompson 1999). 

  

4.5 Effect of physical change in bone between taxa and 

elements  

As fragmentation, colour change and warping are linked to morphology and chemical 

composition of the bone, they affect individual classes of skeletal element and those 

from different taxa by different degrees. For example, combustion of the organic 

component of fish bone appears to take longer than for bird and mammal bone 

(Nicholson 1993). Furthermore, it has been suggested that skeletal elements from larger 

animals show more cracks per unit area and greater fragmentation than the same 

element from a smaller animal (Bond 1996, Buikstra and Swegle 1989, McKinley and 

Bond 2001, Whyte 2001).  These factors cast doubt on the applicability of the results of 

experimental studies on one taxon to specimens of other taxa.  

 

4.6 Survival of evidence for bone modification (butchery and 

pathology) 

The survival of recognisable pathological lesions and trauma on burnt bone has three 

main points of significance to this thesis: 

 
1. Pathological lesions may indicate the health of the animal and therefore the 

burying population’s perceptions regarding the suitability of animals for 

inclusion in funerary rites and the economic value of the sacrifice; 
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2. Certain joint pathologies on animal bone may indicate activity in life such as use 

as draught or riding animals (see subsection 5.3.3); 

3. Survival of signs of butchery on animal bone allows identification of carcass 

processing and can suggest use as meat or method of slaughter (see subsection 

5.3.4). However, it must be emphasised that butchery does not necessarily leave 

scars on bone elements so lack of butchery marks does not prove that an animal 

was not butchered. 

 
Pathological bone is not necessarily destroyed by fire so evidence for disease may 

survive on burnt bone (Brothwell 1972: 18, McKinley 1989a, McKinley 2000a, 

McKinley and Bond 2001, Reinhard and Fink 1994). However, it is unlikely to be 

possible to consider the distribution of lesions across the skeleton in order to diagnose 

specific diseases (McKinley 1989a, McKinley and Bond 2001: 287). Bone wasting 

diseases such as osteoporosis lead to increased fragmentation and more advanced 

destruction during cremation (Christensen 2002, McKinley 1989a, McKinley 2000a, 

McKinley and Bond 2001) and a reduced likelihood of specimen identification 

(McKinley 1989a: 74, McKinley 1993a: 287).   

 

Experimental studies have investigated whether pre-fire modification such as trauma 

through carcass processing or marks of interpersonal violence can be distinguished from 

fragmentation due to exposure to heat (De Gruchy and Rogers 2002, Herrmann and 

Bennett 1999, Pope, et al. 2004, Spennemann and Colley 1989, Whyte 2001). The 

modification can be divided into three classes: sharp force, blunt force and ballistic 

traumas. For the purposes of this research, sharp and blunt force traumas relate to knife 

and cleaver butchery, marrow fracturing and poleaxe slaughter (see subsection 5.3.1.3) 

where the instrument did not puncture the skull. Ballistic trauma is caused by gunshot 
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wounds and modern livestock stunners (see page 262) but is applicable to the first 

millennium AD if a trauma causes bone to be punctured e.g. through poleaxing.  

 

In order to identify signs of trauma on burnt bone, it is necessary to distinguish lesions 

and fractures from thermally induced fractures. Whyte (2001: 441, 444) suggests that 

mechanical fracture surfaces such as those exposed during marrow cracking and other 

butchery techniques are smooth, while those resultant from cremation and subsequent 

breakage are rough with “pronounced directionality”. (Spennemann and Colley (1989: 

57) add that only thermally induced fragments have irregularly jagged edges, but others 

(for example Herrmann and Bennett 1999) have found that the differentiation of these 

fracture types by surface morphology alone can be very difficult.  

 

Sharp force trauma such as knife cuts and chops inflicted during butchery practices (see 

subsection 5.3.1.3 for butchery marks and 5.3.4 for butchery practices) can be readily 

identified on calcined bone and distinguished from thermally induced fragmentation 

(De Gruchy and Rogers 2002, Herrmann and Bennett 1999, McKinley and Bond 2001: 

287, Pope, et al. 2004, Spennemann and Colley 1989). In addition, post-fire sharp force 

trauma cannot replicate that inflicted before the fire (Pope, et al. 2004).  

 

The ballistic trauma scar or puncture defect from a modern livestock stunner has been 

found to survive full calcination and extensive heat-induced fragmentation in a 

recognisable state (Bohnert, et al. 2002). Bohnert et al. (2002) observed the trauma on 

human cranial bones in a forensic context. Radiating fractures from the puncture 

characteristic of pre-fire trauma helped Bohnert et al. (2002) differentiate the scar from 

heat-induced fractures.   
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The presence of trauma affects the degree of thermal alteration undergone by bone. If 

fleshed bones are burnt, the presence of trauma and overlying soft tissue damage 

prematurely exposes affected areas of bone to thermal alteration and the pre-fire fracture 

or cut surfaces may be eroded, blunted and deformed due to prolonged thermal exposure 

relative to unexposed surfaces (Pope, et al. 2004). Trauma such as chop marks may 

weaken affected areas of bone making it prone to further fragmentation when exposed 

to heat (De Gruchy and Rogers 2002) and fragmentation such as delamination may 

prevent recognition of trauma (Pope, et al. 2004).  

 

4.7 The use of physical change as an indicator for pyre 

technology and ritual  

The degree of fragmentation and warping, colour, and distribution of these variables 

amongst burnt skeletal elements have been used to indicate features of pyre technology 

and ritual. Such features include the condition of the bone before it was burnt, the 

temperature attained by the pyre, the position of the deceased and grave goods in 

relation to the pyre and the occurrence of post-fire treatments, such as quenching with 

liquid and grinding the bone.  

 

4.7.1 Condition of bone pre-fire 

The condition of skeletal elements when they are burnt (whether fleshed, recently 

defleshed, pre-cooked or degreased, old and dry bone) has implications for the 

interpretation of crematory events. A period of temporary burial, body storage or 

excarnation prior to cremation might result in dry (degreased) human and animal bones 

being burnt on the pyre.  The burning of dry animal bones may also indicate that they 

had been curated prior to cremation. Evidence of the fleshing level of animal pyre goods 

could also indicate whether any meat had been removed prior to cremation.   
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Fleshed and recently defleshed (green) bone appear to react similarly to heat, but they 

may be distinguished by a uniformly blackened appearance in the earlier stages of 

colour change when defleshed bones are burnt (Buikstra and Swegle 1989). The 

taphonomic effect of burning dry rather than fresh bones appears to be more distinctive, 

identifiable through colour change (Buikstra and Swegle 1989), degree of warping 

(Bennett 1999, Kennedy 1996, Thompson 1999, Thurman and Willmore 1981, Whyte 

2001) and fracture patterns (Bennett 1999, Buikstra and Swegle 1989, Costamagno 

pers. comm. 2002, Kennedy 1996, McKinley and Bond 2001, Thompson 1999, 

Thurman and Willmore 1981, Whyte 2001). However, these changes are often 

qualitative (McKinley and Bond 2001: 282) and dependant on minimal post- 

depositional and post-excavation fragmentation and staining from the burial medium. 

 

4.7.2 Temperature of burning 

While temperature of burning has been proved to have an effect on the colour attained 

and degree of warping and fragmentation of burnt bone when it is the only variable, 

other factors such as length of burning have been shown to have an equifinal result (see 

4.1 to 4.4). The value of determining maximum temperatures to the interpretation of 

pyre technology is questionable, particularly as different areas of a corpse may be 

exposed to different ferocities of burning (McKinley 2000a: 405-6). Incompletely 

cremated animal bone fragments cannot be used to indicate that the overall pyre only 

achieved low temperatures, although this is more likely if the entire grave assemblage is 

incompletely calcined. It is perhaps more useful to consider whether particular 

populations thought it necessary for the remains to be completely calcined, and this 

could be interpreted from the level of pyrolysis evident on the bones.  
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4.7.3 Position of body in relation to the pyre 

There are many designs of pyre and positions in which human corpses can be placed 

when burnt (see pages 38-41). Some scholars have used the distribution and degree of 

pyrolysis across skeletons as evidence for the position of body in relation the pyre 

(Buikstra & Goldstein 1973, McCutcheon 1992, Pfeiffer 1977, Reinhard and Fink 1994, 

Wells 1960); these are sometimes referred to as provenience studies (for example 

McCutcheon 1992). The methodology depends on incomplete combustion of elements 

insulated from the heat of the fire (Reinhard and Fink 1994, Wells 1960) to determine 

which areas of the skeleton were furthest from the fire.  

 

Although provenience studies usually aim to determine the position of human bodies in 

relation to fire, the same hypothesis is applicable to faunal material. The position of 

faunal grave goods may be more variable than that of the human deceased as they may 

not be the primary subject of the cremation, but may hold ritual significance. Studies of 

inhumations have shown that grave goods are often placed in particular positions in the 

grave. Iron Age inhumations in Britain are rare, but there is evidence for the 

structured/intentional positioning of faunal material in the grave. Examples include the 

positioning of side-specific pig and sheep elements in Arras burials, positioning of pig 

and sheep elements next to particular human anatomical regions in Durotrigian burials 

(McKinley et al. 1997: 77) and the positioning of dog skeletons in some pit graves (see 

Whimster 1981). 

 

Linked to body position, some authors have suggested that the pre-cremation level of 

articulation (McCutcheon 1992, Pfeiffer 1977) and post-cremation movement of body 

parts (Buikstra and Goldstein 1973: 19) may be ascertainable from heterogeneous 

pyrolysis. Buikstra and Goldstein (1973: 19) suggest that articular facets of elements 

burnt whilst articulated will be protected from fire and therefore suffer a lesser degree of 
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damage. Evidence of articulation would be of particular significance for faunal pyre 

goods as it could indicate dismemberment and distribution of body parts across a pyre 

(such as that described in some historical sources, see page 41). However, such 

evidence from pyrolysis requires incomplete calcination and little disturbance during 

cremation. This is commented upon, in the light of the experimental research, in section 

6.13.  

 

4.7.4 Presence and position of material culture pyre goods 

Coloured staining on bones may indicate the presence of metal pyre goods where they 

have not been identified in the burial and materials such as copper alloy and glass may 

fuse to the bone (McKinley and Roberts 1993: 10). The distribution of staining on the 

human and animal bone may indicate their position relative to the pyre goods and each 

other on the pyre (McKinley 1994b, 2000a). However, this conclusion does not take 

into account the movement of objects and bones during the pyre collapse process.  

 

4.7.5 Post-fire treatment 

Although fragmented, experimentally-derived burnt bone is often found in larger pieces 

than that recovered from archaeological crematory deposits. Post-fire treatments such as 

quenching hot debris with cool liquid or grinding and crushing burnt bone are 

sometimes interpreted from the level of fragmentation of osseous material (Gejvall 

1969: 470). Manipulation of the pyre during burning often increases fragmentation 

(Reinhard and Fink 1994) which may be intentional (for example see Downes 1999). 

These treatments can increase the fragmentation of bone to resemble that found in 

archaeological cremation burials (Reinhard and Fink 1994, Sigvallius 1994: 15-32), but 

it is important to recognise that depositional environment and post-excavation handling 

will also increase the fragmentation of the assemblage (McKinley 1994a).  
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4.8 Summary  

This chapter has considered previous research into how skeletal materials respond to 

fire. Exposure of bone to fire has been shown to affect its chemical and physical nature, 

which in turn, affects the likelihood of it being identifiable to specific taxonomic levels 

through macroscopic archaeozoological analysis, and also the survival of evidence for 

age-at-death, pathology and butchery; important data for the interpretation of faunal 

pyre goods. Macroscopic archaeozoological techniques for obtaining this information 

rely upon distinctive morphological features on specimens. A characteristic of burnt, as 

opposed to unburnt, bone assemblages is an increase in the proportion of fragments 

which do not retain distinctive features. Finally, this chapter presented how previous 

research has attempted to interpret pyre technology from burnt bones, suggesting that 

the condition of the bone when burnt can be ascertained from fracture patterns, colour 

and degree of warping. Colour and level of pyrolysis have been suggested to be 

indicative of fire temperature and position of the body on the pyre, although the validity 

of these interpretations is questioned by this research.   


