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e Universitat Rovira i Virgili, Departament d’Història i Història de l’Art, Spain   
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A B S T R A C T   

Leporid bones from Middle Palaeolithic assemblages may result from the contributions of various predators, 
including humans, or natural processes. Although the acquisition, processing, and consumption of small mam
mals by Neanderthal groups has been widely demonstrated, there are still some unresolved issues. Cut marks are 
typically the most reliable indicators of human processing of carcasses. However, animals the size of rabbits often 
pose a challenge in this regard, as the use of stone tools is not always necessary for their consumption, partic
ularly for meat or marrow extraction. Consequently, the quantity of these types of marks, such as cuts or 
hammer-stone percussion damage, indicating human processing, may be limited. Burning is another type of bone 
damage that could be indicative of human action, although both intentional and accidental processes could lead 
to the thermal alteration of remains without necessarily linking them to consumption. Therefore, efforts to 
distinguish the processes resulting in bone burning are of vital importance in determining the origin of these 
animals in archaeological assemblages. In this work, the results of several experimental series designed to 
characterise the roasting and subsequent cleaning of waste on rabbit bones are presented. These results confirm 
most of the characteristics described in previous experimental works on burnt bones, highlighting the differential 
damage between bones with and without meat. The current study aims to contribute new data for characterising 
burned rabbit bones resulting from human actions, which can then be applied to Middle Palaeolithic assemblages 
with this type of thermal alteration bone modifications.   

1. Introduction 

Several zooarchaeological studies have demonstrated that small 
prey, such as rabbits, birds, and tortoises, contributed to Neanderthal 
diets to varying degrees, depending on different variables, such as their 
availability in the environment (Speth and Tchernov, 2002; Blasco, 
2008; Sanchis and Fernández-Peris, 2008; Blasco and Fernández-Peris, 
2009; Bocherens, 2009; Blasco et al., 2011; Hardy and Moncel, 2011; 
Peresani et al., 2011; Blasco and Fernández-Peris, 2012a, 2012b; 
Cochard et al., 2012; Rufà et al., 2014, 2016; Sanchis et al., 2015, 2016; 
Blasco et al., 2016; Laroulandie et al., 2016; Carvalho et al., 2018; Morin 
et al., 2019; Nabais and Zilhão, 2019; Nabais, 2021). Therefore, un
derstanding how these small vertebrates were exploited is essential for 
shedding light on Neanderthal subsistence and their interaction with the 

environment. The taphonomic pattern resulting from human processing 
activities and consumption of these animals is not always like that 
observed in larger ungulates. In the case of cut marks, for example, it is 
important to emphasize that the small size of prey makes the use of stone 
tools unnecessary for direct consumption. After skinning or feather 
removal, the most effective way to remove the meat, grease, and carti
lage from the bones is through the direct use of hands and teeth. 
Consequently, cut marks are not usually abundant (sometimes practi
cally non-existent) in most assemblages (e.g., Hockett and Haws, 2002; 
Cochard and Brugal, 2004; Sanchis and Fernández-Peris, 2008; Blasco 
et al., 2013; Rodríguez-Hidalgo et al., 2013a; Rosado-Méndez et al., 
2019; Real, 2020; Blasco et al., 2022). Similarly, human gnawing marks 
could often be confused with those generated by other small carnivore 
predators, making it a challenge to interpret the origin of their 
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accumulations (e.g., Landt, 2007; Delaney-Rivera et al., 2009; Saladié 
et al., 2013). Thermal alteration could be another taphonomic signal 
that helps us determine the origin of these animal accumulations. 
However, burning damage can result from various processes that are not 
always associated with human activity and, therefore, efforts are 
required to differentiate between natural or accidental causes and 
intentional anthropogenic ones (e.g., roasting meat or cooking; Lloveras 
et al., 2009b). In this context, it is fundamental to identify a cognisable 
taphonomic pattern that can distinguish between anthropogenic fire use 
on bones, such as meat roasting, the use of bones as fuel, or bone discard 
(e.g., Costamagno et al., 2005; Yravedra and Uzquiano, 2013; Yravedra 
et al., 2017). In this study the focus was set on rabbit (Oryctolagus 
cuniculus) bones, as they exemplify this problem well, and they were 
common prey for both nonhuman (Schmitt, 1995; Hockett, 1996; San
chis, 2000; Cochard, 2004a, 2004b; Lloveras et al., 2008, 2009a, 2011, 
2012, 2014,2018a, 2018b; Mallye et al., 2008; De Cupere et al., 2009; 
Sanchis and Pascual Benito, 2011; Rodríguez-Hidalgo et al., 2013b, 
2015; Krajcarz and Krajcarz, 2014; Arriaza et al., 2017; Arilla et al., 
2020) and human predators during the early Late Pleistocene in the 
Iberian Peninsula (e.g., Hockett and Bicho, 2000; Sanchis and Fernán
dez-Peris, 2008; Brown et al., 2011; Blasco and Fernández Peris, 2012a, 
2012b; Hardy and Moncel, 2011; Blasco et al., 2013; Hardy et al., 2013; 
Rufà et al., 2014; Carvalho et al., 2018; Pelletier et al., 2019). 

Many scholars have observed a strong relationship between colour
ation changes and the intensity of burning (Shipman et al., 1984; Stiner 
et al., 1995; Costamagno et al., 2005, 2009; Ellingham et al., 2015). 
Nicholson (1993) documented a colour progression of bones – brown 
through black, grey, bluish white, white– heated to a range of temper
atures between 200 ◦C and 900 ◦C. Bones exposed to lower temperatures 
showed brown colouration, while bones burnt at temperatures of 
700–900 ◦C presented white colourations. More recently, Gallo and 
colleagues (2023) noted that heat-altered bones displayed grey and 
white colourations when exposed to high temperatures. High degrees of 
burning on bones might suggest intentional disposal into the fire, 
whereas carbonised bones would likely result from roasting activities, as 
flesh protects the bone from the heat (Ellingham et al., 2015, 2016). 
Some authors have suggested that the presence of double colourations 
on rabbit bone ends could be an indicator of meat roasting (Lloveras 
et al., 2009b; Sanchis, 2010; Blasco et al., 2013). For instance, burning 
damage on the ends of the bones and not on the shafts could indicate 
that the bones were disarticulated before burning (Gifford-González, 
1989). Consequently, heat would affect more intensely to those parts not 
protected by soft tissues, producing a pattern of different colours 
through the bone. On the other hand, a uniform colouration pattern 
would be expected on de-fleshed elements directly exposed to the fire (e. 
g., Asmussen, 2009). However, burnt bones from archaeological sites 
could also be the result of non-intentional or post-depositional processes 
(Bennett, 1999; Théry- Parisot, 2002; Asmussen, 2009; Yravedra and 
Uzquiano, 2013; Pérez et al., 2017). For example, some works describe 
at experimental level differential burning of bones buried at various 
depths (e.g., Stiner et al., 1995; Bennett, 1999; Férnandez Peris et al., 
2013; Pérez et al., 2017). According to their results, there is a rela
tionship between the degree of burning and the distance from the heat 
source. Thus, those bones in direct contact with the fire typically display 
higher degrees of burning, while buried bones become carbonised, get 
brown colourations, or remain unaltered. Some of the remains also 
display no uniform colouration, which results from the unequal trans
mission of heat by sedimentary particles (Bennett, 1999). 

Regarding natural phenomena, Bellomo (1993, 1994) suggested that 
natural fires do not typically produce temperatures as high as those in a 
campfire. Even if they do, it is only for a brief duration, which is not 
sufficient to burn sediments or bones (Clements, 2010; Gowlett and 
Wrangham, 2013). Due to this fact, bones that are burned as a result of a 
wildfire may become charred, but it is uncommon for them to become 
calcined. However, this is relative since several studies have docu
mented instances of natural fires reaching temperatures up to 900 ◦C 

(David, 1990; Buenger, 2003; Gowlett et al., 2017). Thus, based on 
current knowledge, there seems to be a notable difficulty in determining 
the taphonomic pattern of both natural and anthropogenic fires (Lyman, 
1994). Furthermore, due to the numerous anthropogenic activities 
related to the use of fire, it could be difficult to ascertain the origin of 
burnt bones. In consequence, the study of anthropogenic accumulations 
is sometimes a challenging task, as they are usually the result of the 
superposition of different activities and occupation events–referred to as 
palimpsests. These constraints hinder the correct interpretation of the 
spatial organisation of prehistoric hunter-gatherer groups. Identifying 
the taphonomic signature of intentional burning would, therefore, be of 
utmost importance. Distinguishing between intentional fire-related ac
tivities would help to understand human behaviour based on their di
etary habits and their relationship with the controlled use of fire. In this 
line, experimental archaeology is a useful tool for reproducing past 
phenomena and applying the data obtained to the fossil record (e.g., 
Ingersoll et al., 1977; Coles, 1979; Lyman, 1994; Baena Preysler, 1997; 
Mathieu, 2002; Outram, 2008; Ugan, 2008; Sanchis et al., 2011; Blasco 
et al., 2020). Many researchers have performed experimental combus
tion studies to determine the differential burning of bones (e.g., 
Shipman et al., 1984; Nicholson, 1993; Stiner et al., 1995; Bennett, 
1999; Pérez et al., 2017; Téllez et al., 2022). In this paper, the results of 
an experimental programme involving rabbit bones and combustion 
structures and attempt to determine distinctive taphonomic patterns 
that can be attributed to the intentional use of fire are presented. 

2. Methodology 

All the experimental series were conducted in the Living Palaeolithic 
Natural Reserve (Salgüero de Juarros, Burgos, Castile and Leon, Spain). 
A total of thirteen combustion structures were carried out, divided into 
two separate experimental series sets (see section 2.1 for details). The 
size of the combustion structures ranged between 50–60 cm in diameter, 
as many documented Pleistocene hearths vary between 20 and 120 cm 
in diameter (e.g., Cain, 2005; Gowlett, 2006; Slimak et al., 2010; 
Fernández Peris et al., 2012). A mixture of pine and oak wood was used 
for combustion, as Pinus and Quercus are common genera found at 
Palaeolithic sites (González-Sampériz et al., 2010; Vidal-Matutano et al., 
2019). The amount of firewood used for each hearth was recorded (in 
kg), as were the meteorological conditions. Environmental temperature 
and humidity percentage (%), wind direction, and speed (m/s) were 
documented. All the temperatures were measured in ◦C. A contact 
thermometer was used to measure the temperature of the centre of the 
hearth structure. Nevertheless, a caution note is needed here, as taking 
accurate temperature readings in the context of an open-air fire can be 
challenging. At the conclusion of each combustion process, when the 
hearth was completely cooled down, the number of remains (NR) was 
recorded and all the bones were macroscopically analysed. The bones 
were classified to anatomical level when possible. Numerous bone 
fragments were classified as indeterminate remains, as they could not be 
reliably attributed to any anatomical category. Bones were also grouped 
into “long bones”, “flat bones” and “articular bones”, in order to sum
marise the information for the tables. “Long bones” refers to those bones 
formed by a diaphysis, two metaphysis and two epiphyses; and with a 
well-developed medullary cavity (femur, humerus, radius, ulna, tibia, 
fibula, metacarpus, metatarsus, and phalanges). Flat bones are 
composed of two layers of compact bone, and a variable amount of 
spongy bone between them (vertebrae, ribs, cranium, mandible, scap
ula, and coxal). The “articular bones” category comprises carpal and 
tarsal bones, as well as patellae. 

The primary criterion for identifying burnt bones is the direct 
observation of macroscopic colour changes on the bone surface. Several 
researchers have observed colour changes in bones associated with 
exposure to heat sources (e.g., Shipman et al., 1984; Buikstra and 
Swegle, 1989; Stiner et al., 1995; Bennett, 1999; Asmussen, 2009; 
Ellingham et al., 2015). These colour changes vary based on 
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temperature, exposure time, oxygen availability, the type of wood used 
as fuel, the amount of fat/grease in the bones or the state of the bones 
(fresh, dry or semi-dry) (Shipman et al., 1984; Spennemann and Colley, 
1989; Nicholson, 1993; Stiner et al., 1995; Bennett, 1999; Aldeias et al., 
2016; Reidsma et al., 2016; Van Hoesel et al., 2019). Various colour 
classification methods have been proposed by different authors (see 
Table 1). Based on these classifications, it can be concluded that slightly 
burnt bones show a brown colour, while highly burnt bones display 
white and blue tones. Therefore, in this experimental study, the bones 
were grouped according to the following classification: 0) unburnt; 1) 
light brown; 2) brown; 3) black; 4) grey; 5) white; and 6) blue. Colour 
distribution, size reduction and cracking were also noted, as these could 
be the result of bone exposure to high temperatures (Shipman et al., 
1984; Pérez et al., 2017). Multiple colourations on the same bone sur
face were also recorded. 

2.1. Hearth samples 

2.1.1. First experimental series set (hearths I− VII): Roasting meat 
The first set of trials aimed to describe the combustion damage 

associated with roasting and consisted of replicating seven combustion 
structures (H-I to H-VII) (see Supplementary Figs. 1 and 2) of variable 
duration (see Table 2). The temperature was measured from the moment 
the fire was lit until it was completely cooled down. A total of eight 
European rabbit (Oryctolagus cuniculus) individuals were used (one in
dividual per hearth, except H-VI where two individuals were used), 
purchased from approved butcher shops. All of them corresponded to 
juvenile individuals. They were already skinned and prepared for their 
consumption. It is worth noting that there was some variability in the 
distal appendicular elements. In the case of the hindlimbs, some 
included the metatarsals, while in other cases, they were cut through the 
tibiae. The forelimbs included the radius and the ulna, but not the 
metacarpals or phalanges. A fire was lit for each replica, and when only 
embers remained, the rabbits were placed on the structure (see Fig. 1A). 
When the meat was completely cooked, the rabbit was removed from the 
combustion structure. In the laboratory, all the meat was removed from 
the bones, rinsed in tap water, and left to dry. Once dry, the burning 
pattern of the bones was analysed following the colouration code 
described in the methodology. The length of all the bones was measured, 
and then they were stored for the second experimental series set. 

2.1.2. Second experimental series set (hearths VIII–XIII): Waste cleaning 
For the second set of trials, the aim was to replicate the cleaning of 

waste. To achieve this, all the rabbit bones recovered from the first 
experimental series set were thrown onto the embers (see Fig. 1B). In 
this way, six open hearths were created (H-VIII to H-XIII) (see Table 3). 
Once the combustion structure was built, the fire was lit (see Fig. 2A and 
2B). The temperature was measured from the moment the fire was lit 
until it was completely cooled down. When the flames were extin
guished, previously de-fleshed bones were placed on the embers (see 
Fig. 2C). The bones were set with no specific distribution, to simulate 
waste disposal. Nevertheless, pictures were taken to register the position 
of the bones (see Fig. 1B). Once the fire had cooled down, the com
bustion structure was carefully excavated to recover as many bones as 
possible. The bone remains were taken to the laboratory, submerged in 
distilled water for four hours, rinsed in tap water, and left to dry. When 
dry, the bones were macroscopically analysed. As for the first experi
mental series set, the length of the bones was measured. 

3. Results 

3.1. First experimental series set (hearths I− VII): Roasting meat 

The total amount of firewood was 78 kg, using between 8 kg and 15 
kg for each hearth. The duration of the hearths ranged from one hour 
and fifteen minutes to two hours and twenty-one minutes. The 
maximum temperature was above 900 ◦C in almost all cases, whereas 
the average temperature hardly exceeded 500 ◦C. Both environmental 
temperature and humidity showed high variability, as the experimental 
series were made at different seasons of the year (see Table 2). The 
exposure time varied between thirty minutes and one hour (see Table 2). 

A total of 327 bones were recovered. Long bones represented 28.4% 
(NR = 93) whereas flat bones comprised 71.56% (NR = 234). All the 
bones were complete (except those that were previously cut by the 
butcher) and showed no cracking. For long bones, the average length 
was 51.81 mm, ranging from 35.62 mm to 63.89 mm, while flat bones 
showed an average length of 44.83 mm, from 29.61 mm to 62.75 mm 
(see Table 4). Most of the bones showed no burning damage. The highest 
percentage of burnt bones was registered for combustion structure IV, 
where 33.3% of the bones presented colouration changes (see Table 4). 
Nevertheless, it should be noted that the analysed sample was limited for 
this specific experimental hearth. Overall, burnt bones constituted less 

Table 1 
Colour categories related to temperature ranges proposed by different authors.  

Reference Stage Temperature Bone colour 

Shipman and 
colleagues 
(1984) 

Stage 
1 

20 ◦C–285 ◦C Yellow 

Stage 
2 

285 ◦C–525 ◦C Brown and grey 

Stage 
3 

525 ◦C–645 ◦C Black and blue 

Stage 
4 

645 ◦C–940 ◦C Predominantly white with shades 
of blue and grey 

Stage 
5 

>940 ◦C White  

Nicholson 
(1993) 

Stage 
1 

Up to 200 ◦C Brown 

Stage 
2 

300 ◦C–400 ◦C Black 

Stage 
3 

500 ◦C–700 ◦C Greyish 

Stage 
4 

800 ◦C–900 ◦C White  

Stiner and 
colleagues 
(1995) 

Stage 
1 

− Slightly burned, less than half of 
the bone fragment is charred 

Stage 
2 

− Slightly burned, more than half of 
the bone fragment is charred 

Stage 
3 

− Fully charred (black colour) 

Stage 
4 

− Less than half of the bone 
fragment appears calcined (more 
black than white) 

Stage 
5 

− More than half of the bone 
fragment is calcined (more white 
than black) 

Stage 
6 

− Fully calcined (white colour)  

Kiszely (1973) Stage 
1 

From 220 ◦C Brown 

Stage 
2 

From 380 ◦C Black or greyish 

Stage 
3 

660 ◦C Blueish  

Johnson (1989) Stage 
1 

− Unburnt 

Stage 
2 

− Scorched 

Stage 
3 

− Black burnt 

Stage 
4 

− Charred  
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than 20% of the sample. Regarding colouration changes, brown (type 2) 
and black (type 3) were the only observed colours. Furthermore, 
burning damage appeared concentrated on the distal end of some long 

bones, usually related to the cut made by the butcher. Colouration 
changes related to burning were documented on the distal end of four 
tibiae, one humerus and one ulna. Regarding flat bones, burning damage 

Table 2 
Parameters for the combustion structures of the first experimental series set.  

Hearth Bone state Combustion 
time 

Exposure 
time 

Amount of fuel 
(kg) 

Average 
temperature 
(◦C) 

Maximum 
temperature 
(◦C) 

Minimum 
temperature (◦C) 

Environmental 
temperature 
(◦C) 

Environmental 
humidity (%) 

I Fresh (with 
meat) 

2 h 21 min 36 min 8  498.4 1149 91  3.5 84.6 

II Fresh (with 
meat) 

1 h 30 min 30 min 10  456.3 957.4 30.9  4.6 91.5 

III Fresh (with 
meat) 

1 h 40 min 39 min 10  594.8 924.3 247.7  6.7 80.7 

IV Fresh (with 
meat) 

1 h 15 min 30 min 10  517.5 999.4 119.3  5.3 82.4 

V Fresh (with 
meat) 

1 h 42 min 30 min 10  586.9 960.3 90.1  13.3 53 

VI Fresh (with 
meat) 

2 h 05 min 60 min 15  290.9 691.8 92.1  8.8 77.3 

VII Fresh (with 
meat) 

2 h 04 min 45 min 15  215.21 986.7 34.7  12.9 80  

Fig. 1. A: Reproduction of the roasting of one rabbit individual from experimental hearth III (H-III). B: De-fleshed bones set on the embers of the combustion 
structure from the tenth experimental hearth (H-X). C: Multiple colourations on four bones recovered from the X (C.1, C.2 and C.3) and VIII (C.4) experimental 
hearths. Black and grey colourations (C.1), brown and black colourations (C.2) on two vertebrae, brown, black, and blue colouration on a rib (C.3) and black and grey 
colourations on an epiphysis (C.4). D: Differential burning degree on the inner and outer part of the same bone. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 

Table 3 
Parameters for the combustion structures of the second experimental series set.  

Hearth Bone 
state 

Combustion 
time 

Exposure 
time 

Amount of 
fuel (kg) 

Average 
temperature (◦C) 

Maximum 
temperature (◦C) 

Minimum 
temperature (◦C) 

Environmental 
temperature (◦C) 

Environmental 
humidity (%) 

VIII Fresh 1 h 15 min 45 min 8  656.13  898.8  153.4 15.5 52.6 
IX Fresh 3 h 35 min 2 h and 15 

min 
15  321.9  703.2  126.4 13 90 

X Fresh 1 h 50 min 1 h 15 min 20  492.02  745.1  72.9 24.5 54.2 
XI Fresh 2 h 20 min 1 h 30 min 10  369.5  830.6  202.3 19 53 
XII Fresh 1 h 50 min 60 min 10  238.7  716.2  43.6 22.7 63 
XIII Fresh 2 h 1 h 15 min 10  396.18  541.6  88.4 26.9 58.2  
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appeared on one scapula, two vertebrae, one incisive tooth and one rib. 
Uniform colourations were predominant, while double colourations 
were recorded in just two remains; one humerus and one incisive tooth. 

3.2. Second experimental series set (hearths VIII-XIII): Waste cleaning 

The total amount of firewood was 73 kg, using between 8 kg and 20 
kg for each hearth. The duration ranged from one hour and fifteen mi
nutes to three hours and thirty-five minutes. The maximum temperature 
was between 700 ◦C and 800 ◦C in all cases except in hearth XIII, where a 
maximum temperature of 541.6 ◦C was recorded. Average temperatures 
showed a significant variability. Both environmental temperature and 
humidity showed high variation, as the experimental series were made 
at different seasons of the year (see Table 3). The exposure time varied 
between forty-five minutes and two hours and fifteen minutes (see 
Table 3). 

From the total 327 bones exposed to fire, 1051 bone fragments were 
recovered. Long bones represented 19.31% (NR = 203) whereas flat 
bones comprised 33.4% (NR = 351). 497 bones (47.29%) were classified 
as indeterminate remains. All the bones were highly fragmented. For 
long bones the average length was 24.13 mm, ranging from 16.4 mm to 
29.39 mm, while flat bones showed an average length of 19.73 mm, 

from 16.4 mm to 35.28 mm. For indeterminate bones the average length 
was 9.4 mm (see Table 5). All the bones (100%) showed burning dam
age. For the combustion structure XIII the percentage was 99.7%, very 
close to the entirety of the sample. Regarding colouration changes, the 
most abundant types were type 3 (black) and type 4 (grey). Types 2 
(brown) and 6 (blue) were also relatively common, while types 1 (light 
brown) and 5 (white) were usually scarce (see Table 5). A large pro
portion of the sample showed multiple colourations (NR = 643; 
61.18%). Double colouration was found in 50.3% of the cases (NR =
529), while triple colouration was found in 10.18% (NR = 107). 
Quadruple colouration was documented in only seven cases (0.66%). On 
the other hand, a total of 408 bones (38.82%) showed uniform colour
ation (see Table 6). A brown line was recorded on just two remains, 
which stand for 0.2% of the whole sample. 

4. Discussion 

To determine whether the meat was removed from a bone after 
roasting, numerous works have evaluated the differential burning 
damage of fleshed, de-fleshed and dry bones. For instance, Buikstra and 
Swegle (1989) suggested that a uniform black colour could be associated 
with the burning of de-fleshed green bones, not fleshed or dry bones. It is 

Fig. 2. Progression of the combustion structure of second experimental series. A: combustion structure before burning. B: hearth during burning. C: rabbit bones set 
on the embers. 

Table 4 
Measurements and surface modifications of bones recovered from the hearths of the first experimental series set.  

Hearth NR Long 
bones 

Flat 
bones 

Average length (mm 
long bones 

Average length (mm) 
flat bones 

Surface 
modifications 

Burnt bone 
(%) 

Burning code Distribution 

I 15 11 4  58.18  62.75 Colour changes 20 2 (brown) Concentrated 
II 29 17 12  44.70*  39.25 Colour changes 0 0 (unburned) −

III 13 9 4  63.89  62.25 Colour changes 7.69 3 (black) Concentrated 
IV 6 4 2  51.25  56.5 Colour changes 33.33 2 and 3 (brown and 

black) 
Concentrated 

V 87 14 73  54.42  33.42 Colour changes 5.74 2 (brown) Concentrated 
VI 67 12 55  55.17  29.61 Colour changes 5.97 2 (brown) Concentrated 
VII 110 24 86  35.62  30.12 Colour changes 2.72 2 and 3 (brown and 

black) 
Concentrated  

* Note that the high number of unfused epiphyses lowers the average. 
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generally accepted that meat protects the bone from heat, so burnt bones 
resulting from cooking activities are expected to display a combination 
of different colours. Through this work, it can be concluded that fleshed 
bones typically do not exhibit colour changes due to burning. However, 
the specific bone parts exposed by the butcher’s cut showed a slight 
brown colour (see Fig. 3). Burning damage primarily occurred on the 
distal shafts and ends of humeri, ulnae, and tibiae. In contrast, the parts 
protected by soft tissues remained unaffected and showed the charac
teristic cream colour of unburnt bones. The results obtained in this 
research align with the suggestion of Gifford-Gonzalez (1989) that flesh 
protects the bone from heat, leading to burn bones only on the articular 
ends. Similar results have been obtained by Medina and Teta (2012). 

Other researchers have also proposed that specific burned areas on the 
extremities of the bones are associated with cooking activities (Hen
shilwood, 1997; Hockett and Bicho, 2000; Laroulandie, 2005; Lloveras 
et al., 2009b; Medina and Teta, 2012). All bones recovered from the first 
experimental series set were complete and did not seem to suffer any 
reduction in size or cracking. As observed, roasting does not appear to 
cause high burning damage to bones, making it challenging to identify 
its taphonomic pattern in archaeological bone remains. The presence of 
“clinker” was also documented, defined by Cain (2005, p.876) as “the 
charred remains of organic material, including meat, marrow, fat, skin and 
hair”. The presence of this material could indicate that the bones were 
likely fleshed during burning. Nevertheless, organic matter is rarely 
preserved in archaeological contexts. For this reason, although the 
presence of clinker could be documented on experimental works, it 
might be improbable to identify it on archaeological bones. 

As mentioned above, the burning of fleshless bones can result from 
various anthropogenic or non-anthropogenic activities. It is essential to 
distinguish between the burning of fresh and dry bones because col
ouration changes and the number of cracks could vary, depending on the 
amount of organic matter present on the bone remains (Pérez et al., 
2017). However, recent experimental works have not found significant 
differences when burning fresh and dry bones (Téllez et al., 2022). Thus, 
there is a clear need for further experimental research on the anthro
pogenic use of fire. In this study, the focus is also on the disposal of waste 
produced after consuming the edible parts attached to bones. An 
important issue to consider is whether fleshless bones were complete or 
fractured when thrown into the embers. According to Knight (1985), 
bones that were complete when burnt should be calcined on the external 
part and carbonised on the internal part. However, as the burning pro
cess progresses, complete bones may fracture, and the heat would affect 
them equally on both the external and internal parts. Nevertheless, it 
should be considered that most experimental works on burnt bones have 
been focused on animals over 20 kg. It would be expected that the 
burning of rabbit bones would be different to that of larger prey. For the 
present experimental work, the rabbit bones were complete when they 
were thrown into the embers. When comparing the burning patterns of 
the external and internal parts of the bones significant differences were 
not found. This might be because the cortical bone of small-sized ani
mals is relatively thin, so heat would affect both sides in a very similar 
way. Moreover, complete bones are likely to fracture during the burning 
process, as documented in the second experimental series set of the 
present work. Consequently, fire can reach those parts of the bones that 
were not previously exposed to the heat source. 

As observed, more than half of the sample in each of the second-set 
hearth replicas (H-VIII to H-XIII) showed multiple colourations. Thus, 
multiple colourations are not exclusive to cooking, as burnt fresh bones 
can also display double, triple, and even quadruple colourations. Ac
cording to Bennett (1999), multiple colourations on the same bone 
surface could be caused by dramatic temperature fluctuations, which 
would be consistent with an open-air fire context. In the same way, a 
chaotic pattern of multiple colourations on the same bone could also 
appear in buried bones, due to the differential transmission of heat 
through sediment particles. Through an experimental work, Pérez and 

Table 5 
Measurements and surface modifications of bones recovered from the hearths of the second experimental series set.  

Hearth NR Long 
bones 

Flat 
bones 

Indeterminate 
bones 

Average 
length 
(mm) long 
bones 

Average 
length 
(mm) flat 
bones 

Average length 
(mm) 
indeterminate 
bones 

Burnt 
bone 
(%) 

Type1 Type2 Type3 Type4 Type5 Type6 

VIII 81 43 0 38 16.4 − 9.18 100 − 2.5  30.1 79  19.7  32.1 
IX 46 18 7 21 29.39 35.28  9.52 100 − 28.2  67.4 67.4  8.7  32.6 
X 142 44 67 31 19.84 18.8  8.6 100 2.81  28.16  54.22 78.16  10.56  32.39 
XI 92 29 14 49 30 30.5  8.28 100 3.26  14.13  79.34 59.78  6.52  19.56 
XII 352 42 137 173 21.92 16.40  9.19 100 0.28  26.42  57.38 56.25  2.27  16.76 
XIII 338 27 126 185 27.26 17.44  11.6 99.7 0.59  31.65  62.13 53.25  2.66  16.27  

Table 6 
Uniform and multiple colouration percentages.  

Hearth NR Uniform colouration (%) Multiple colourations (%) 

Double Triple Quadruple 

VIII 81  43.2  49.4 7.4 −

IX 46  28.2  41.3 26 4.34 
X 142  19.71  56.33 21.83 2.11 
XI 92  32.6  53.2 11.9 2.17 
XII 352  48.29  44.03 7.67 −

XIII 338  39.05  55.02 5.91 −

Fig. 3. Slight brown colouration on the distal end of an ulna from experimental 
hearth VI. 
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colleagues (2017) demonstrated that the bones most thermally affected 
were those in close contact with the fire. Similarly, the bones recovered 
from the hearths in the second experimental set of the present work were 
heavily burnt, with calcination (white and white blueish colour) 
occurring on those bones or parts of bones closer to the heat source. As a 
general trend, the most common colour types were type 3 (black colour), 
type 4 (grey colour) and type 6 (blue colour), representing high burning 
degrees. Nicholson (1993) suggested that bones should display a wide 
variety of colours depending on their position within the combustion 
structure. In the second experimental series set presented in this work, 
bones were fresh and complete when placed onto the embers. A differ
ential colouration pattern with higher burning colours on those bones 
closer to the centre of the combustion structure would be expected. 
However, it should be considered that the recovered bones were highly 
fragmented, and several remains could not be identified at the 
anatomical level. It was not possible to associate these fragments with an 
exact position inside the combustion structure. In addition, some iden
tifiable bones were showing multiple colourations (see Fig. 1C). In some 
cases, higher burning degrees were recorded on the side of the bone that 
was in direct contact with the embers, while the opposite side presented 
lower burning degrees (see Fig. 1D). The data, therefore, confirm the 
idea of differential combustion based on the proximity to the heat 
source. 

Exposure to high temperatures also increases the fragility of bones 
and makes them susceptible to fracture (e.g., Stiner et al., 1995; Lloveras 
et al., 2009b; Gallo et al., 2021). Bones exposed to high temperatures for 
a relatively long period should appear highly fragmented, due to the loss 
of water and the decomposition of organic matter. Moreover, burning 
generates changes to bioapatite crystal dimensions and structure (Gallo 
et al., 2021). Burnt bones undergo four stages at different temperatures. 
The first stage is characterised by the loss of water, and it occurs between 
100 ◦C and 600 ◦C. The second stage would be the decomposition of 
organic matter between 300 ◦C and 800 ◦C. As a consequence of the 
complete degradation of organic matter, bones usually acquire grey and 
white colourations. Those bones could be classified as calcined bones, 
while blackened bones can be referenced as carbonised. Between 500 ◦C 
and 1100 ◦C some authors documented the growth of bioapatite crystals, 
defined as the inversion stage. The last stage, fusion, occurs above 
700 ◦C and it is related to microstructural changes of bioapatite crystals 
(Thompson, 2004, 2015; Ellingham et al., 2015; Reidsma et al., 2016; 
van Hoesel et al., 2019). As a consequence, burnt bones are more fragile 
than unburnt bones, and they often display cracks and fragmentation 
(Spennemann and Colley, 1989; Costamagno et al., 2005; Hanson and 

Cain, 2007; Mentzer, 2009; Pérez et al., 2017). In the experimental trials 
presented in this work, a significant difference was observed in the 
length of both long and flat bones between the first and the second sets 
(see Fig. 4 and Fig. 5). As shown in the previous paragraphs, the bones 
recovered from the first set were complete and did not show any signs of 
cracking. On the other hand, fleshless bones exposed to high tempera
tures from the second set appeared highly fragmented. In fact, a great 
number of bones could not be identified to anatomical level. As shown in 
Table 7, several bones were classified as long bones, as they were 
diaphyseal fragments that could not be attributed to any particular bone. 
It should be noted that the rabbit individuals used for this experimental 
work were all immature individuals. For this reason, as the epiphyses 
were not completely fused, they were easily separated from the diaph
ysis of the bones due to burning. Concerning dental elements, various 
molars and incisive were de-attached from mandibular and maxillary 
bones. Except for hearth XI, more bones were recovered from the second 
hearth set than from the first one. It can be concluded that burnt bones 
can appear highly fragmented, and they have to be classified in a 
broader anatomical category, or even classified as indeterminate re
mains. Burnt bones are extremely fragile and often have a glassy 
appearance. Some bones also broke during the analysis in the labora
tory. When this occurred, the fragments were kept together in the same 
plastic bag. Additionally, it was observed that a significant number of 
bones from the second set were less than 20 mm in length. Therefore, it 
is important to focus on the small burnt remains from archaeological 
sites, as they could be associated with the use of fire for other anthro
pogenic activities rather than cooking, such as cleaning purposes. 

In summary, the data obtained in this experimental work is consis
tent with the idea that roasted meaty rabbit bones may remain un
burned, as supported also by previous research. It is unlikely that 
archaeological bones showing high burning degrees are the result of 
cooking activities. Instead, they could be the consequence of accidental 
exposure of fleshless bones to the heat source (Shipman et al., 1984; 
Blasco, 2008), the use of bones as fuel or the cleaning of waste (Théry- 
Parisot, 2002; Costamagno et al., 2005; Théry-Parisot et al., 2009; 
Marquer et al., 2010; Yravedra and Uzquiano, 2013). However, dis
tinguishing between these activities may be challenging, as they may 
produce very similar taphonomic patterns, as well as it could potentially 
hide earlier activities related to the roasting of meat before its 
extraction. 

Fig. 4. Length differences (in mm) for long bones of first and second experimental series.  
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5. Conclusions 

The present work contributes to the understanding of small-prey 
processing, particularly in distinguishing preliminary taphonomic pat
terns. In terms of cooking, it can be concluded that flesh protects the 
bone from the heat. Consequently, burning damage is expected to 
appear only on those parts less covered by meat, and cracking or frag
mentation is not commonly observed on these remains. Therefore, 
identifying the burning pattern of cooking on archaeological bones 
might be challenging, as they often appear highly fragmented. On the 
other hand, fresh bones (without flesh) thrown into the embers usually 
show high burning degrees. Additionally, it is probable to find multiple 
colourations on the same bone, and cracking and size reduction are also 
common. To summarize, as proposed by other researchers (e.g., Nich
olson, 1993; Lloveras et al., 2009b), the results shown in this work 
indicate that differential burning of bones depends on the following 
factors: 1) fire intensity; 2) proximity to the heat source; 3) exposure 
time; and 4) the amount of meat protecting the bone from the heat. 
These results are expected to serve as a valuable database that can be 
applied to archaeological burnt bone assemblages. Conducting further 
experimental research on small prey bones is particularly important, as 

burning patterns related to anthropic activities might be interpreted as 
accidental cremations or post-depositional processes. Therefore, the 
significance of experimental archaeology for understanding and 
correctly interpreting archaeological palimpsests should be emphasised. 
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000945-M). R. Blasco and A. Rufà develop their work within the Spanish 
MICINN project PID2022-138590NB-C41, the Generalitat de Catalunya 
project CLT009/22/000045 and the PCR « paléoécologie du Lazaret», 
funded by the Drac Provence-Alpes-Côte d’Azur. R. Blasco is also sup
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Fig. 5. Length differences (in mm) for flat and articular bones of first and second experimental series.  

Table 7 
Comparison between the number of bone fragments exposed to the fire and bone 
fragments recovered after burning.  

Anatomical 
category 

Number of bones 
exposed to the fire 

Number of bone fragments 
recovered from the fire 

Total long bones 87 200 
Femur 21 34 
Humeri 16 39 
Tibiae 16 23 
Ulnae 15 20 
Radii 14 13 
Fibulae 5 3 
Long bones 0 68 
Pelvic girdle 14 28 
Cranium* 13 51 
Vertebrae 99 110 
Ribs 82 117 
Scapulae 11 22 
Articular bones 16 17 
Indeterminate 

bones 
7 493  

* Note that the “cranium” category includes mandibular and maxillary bones. 
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(Doctoral dissertation). Université Sciences et Technologies-Bordeaux I. 
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