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Many bone fragments have been burned in controlled laboratory conditions but few have

been burned on outdoor pyres. In order to study and understand cremated bone, it is crucial

to conduct experiments in real environmental conditions. In this study several cremations

were carried out outdoors using ‘old’ fuels. Different animal bones and fleshed joints were

burned, including lamb, pig, cow, chicken and fish. Experiments show that very high

temperatures (above 900ºC) can be achieved in outdoor conditions but that it is difficult to

reach full calcination of bone on small pyres: some parts are white (calcined) while others
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remain black (charred). Results indicate that, as expected, bone structure changes drastically

after cremation, and, more importantly, that bone exchanges large amounts of carbon with

its surrounding environment: after burning with manufactured coal, a modern lamb bone

was radiocarbon dated to an age of 4,000 years.

Introduction

Of the various burial practices used by humans, cremation is
one of the most common, both nowadays and in the past,
including the ancient past. For more than forty thousand
years, human bodies have been cremated, leaving calcined
bone fragments behind. The oldest extant, presently known
cremated remains of a human are those of the Mungo Lady in
Australia, which have recently been re-dated to roughly forty
thousand years BP by optically stimulated luminescence (OSL)
dating (Bowler et al. 2003). Across Europe, cremation
dominates in several regions during the Bronze Age and
Roman period (McKinley 1997; Wahl 2008). In Britain, more
particularly, cremation was practised, contemporaneously with
inhumation, from the Early Neolithic until the Saxon period,
and was the dominant burial practice during the Middle
Bronze Age and Roman-British period (Davies & Mates 2005).
In the twenty-first century, the number of funeral cremations
has increased markedly compared to a few centuries ago. In
some areas of the world such as Sweden, Switzerland and
Thailand, today more than 75% of the deceased are
incinerated, and even up to 99% in Japan (The Cremation
Society of Great Britain 2007). 

The widespread use of cremation in the past has resulted in
abundant charred and calcined human remains in the

archaeological record. Their complex structure and chemical composition as well as the
incomplete state of knowledge regarding how bone changes when burned, however, has
meant that cremated bone has often been left out of biomolecular studies, but have a long
history of bioarchaeological investigation (for example McKinley 1997). Nevertheless,
cremated bone fragments have been considered to provide reliable radiocarbon dates since
2001 (Lanting et al. 2001; Naysmith et al. 2007). Much research has since been carried out in
order to try and understand why cremated bone seems to provide reliable radiocarbon dates
(Van Strydonck et al. 2010; Huls et al. 2010; Olsen et al. 2012; Zazzo et al. 2012). None of these
studies, however, have included cremations of modern bone on outdoor fires. Here, modern
animal joints are burned outdoors with ‘old’ fuels (dendrochronologically dated wood and
manufactured coal briquettes) for the first time.

The present
research highlights the
importance of carrying
out outdoor
cremations: because of
the extreme variability
in burning conditions
(wind, types and
amounts of wood used,
size of the body,
position of the body on
the fire, et cetera), it
will be possible to
obtain a reliable and
comprehensive dataset
only by burning a wide
range of bone
fragments on outdoor
pyres of various types
and sizes, and by doing
so on different days
and in different
regions.



Due to the limited amount of dendrochronologically dated wood available, the pyres erected
were much smaller than for a real human cremation, and it was possible to burn only small
animal joints instead of entire animal corpses as undertaken in previous studies (for example
Sheridan, 2010, though this was done for very different purposes). Much information can
nevertheless be obtained from these experiments, not only for radiocarbon dating, but also
to better understand ancient cremation practices, as well as the processes impacting bone
structure when submitted to high temperatures (600ºC and above).

Preparation of the Pyres

Several pyres were prepared, each surrounded by a small brick wall on three sides to protect
it from wind and to minimise CO  cross-contamination (See Figures 1 & 2). Animal remains
obtained from local butchers, fish mongers and supermarkets were burned on different
pyres fuelled with manufactured coal briquettes or dendrochronologically dated wood. The
animal samples included a cow tibia, two pig ribs, a foot and a shoulder, two lamb legs, a
whole chicken, and two fish vertebral columns. The pig foot and shoulder still retained all
flesh and skin and were specially chosen, together with the whole chicken, to represent as
closely as possible the remains of a recently deceased individual.

Observations and Results

Starting the fire was relatively easy, and in about 10 minutes, the pyres were burning well,
reaching temperatures above 600ºC. Once the pyres were lit, the animal bone pieces were
placed on the difference fires and left there until full calcination, until it started to rain (a
hazard of outdoor experiments in Britain!) or until the fire went out. The fires were
maintained until no more wood was available. During burning, the flesh and skin became
black before disappearing completely. The colours of the remaining bone fragments gradually
turned from black to white. Black colour indicates that the bone is not fully cremated while
white is characteristic of fully calcined bone (Shipman et al. 1984).

The burning of the whole chicken (See Figure 3) was particularly instructive: it was possible to
observe all the different stages of a cremation (which is not possible with cremation of
partially defleshed bone or cremation in a closed furnace). It took two hours and a half for it
to burn completely. First, the skin turned brown and the chicken looked like a typical Sunday
roast for about ten minutes before starting to turn black. The legs and wings turned black
much faster than the rest of the body (See Figure 4). The skin and flesh then gradually
disappeared and, after two hours and a half, only very small, fully calcined bone fragments
were recovered. It was very difficult to recover these fragments as they were extremely brittle
and many were reduced to powder (ashes) when trying to collect them. At the end of the
cremations, it was the fish vertebrae that were the most recognisable and easiest to recover
from the wood ashes (See Figure 5). Neither the chicken nor the fish vertebrae, however, are
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straightforwardly representative of human remains: the first because of its size, and the
second because of their structure. Therefore, pig, lamb and cow joints were also burned.

One of the interesting results of this study is the extreme variability in the temperatures
recorded during the cremations via a thermocouple: from 600 to 900ºC. Temperatures above
900ºC were also recorded locally, but only for a few seconds at any given time - such
temperatures would be reached and maintained much more readily in a larger pyre of
course. It appeared that the hottest point of the fire shifted over time. This confirms the
importance of carrying out experimental cremations in outdoor conditions since the
temperature will remain relatively constant with time and space in a laboratory furnace, far
from representative of real life conditions. The variability in temperatures, viewed together
with variation in bone thickness, explains why some parts of the bone were only charred
while others were fully calcined. In general, small fragments (for example the phalanges of a
pig foot) were fully calcined, while larger ones (for example the cow tibia) were partially
calcined with their outer parts mostly white and the inner parts partially grey and black.

Cremated (charred and calcined) and unburned bone fragments were analysed by Fourier
Transform Infrared Spectroscopy (FTIR) in order to observe structural and compositional
changes. Figure 6 presents the infrared spectra of an unburned, charred, and calcined cow
tibia. The first main feature of interest is the complete removal of organics once the bone is
calcined. Yet it is still possible to detect a large amount of organic material in the bone when it
is only partially burned, in other words, charred. The second observation is the loss of a large
amount of carbonates during the transformation of unburned into fully calcined bone
fragments. Fortunately, some carbonate remains, and this is of particular importance for
radiocarbon dating. Since all organic material has been destroyed during cremation, the small
amount of carbonate left in the bone after cremation is the only place in which carbon can be
found. It remains unclear, however, whether this carbon is endogenous to the bone or
whether it has been absorbed from elsewhere (for example from the carbon dioxide emitted
by the flesh and skin, or by the fuel used during cremation).

Some of the studied bone fragments were radiocarbon dated and stable carbon isotopic
ratios (δ C) were measured by mass spectrometry (MS). One of the animal joints burned on
the manufactured coal briquettes (dated to ca. 26,000 BC) yielded a result of 4,000 years old
when radiocarbon dated (OxA-24941: 2115 ± 86 BC). Detailed results of these analyses,
alongside suggestions regarding the origin of the carbon that remains in bone after
cremation are to be presented elsewhere (Snoeck et al. in preparation).

Conclusion

When bone is cremated, it is not only its external appearance that changes, but also its
chemical composition and microstructure. These changes do not occur instantaneously, but
gradually as the colour variations already indicate. It nevertheless continues to prove difficult
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to explain exactly what happens during cremation from a chemical and isotopic point of view.
The results presented here and elsewhere (Snoeck et al. in preparation) represent a further
step towards the understanding of cremation processes. Regardless, many more laboratory
experiments and outdoor cremations are needed before all the questions related to
cremation can be answered. The present research highlights the importance of carrying out
outdoor cremations: because of the extreme variability in burning conditions (wind, types and
amounts of wood used, size of the body, position of the body on the fire, et cetera), it will be
possible to obtain a reliable and comprehensive dataset only by burning a wide range of bone
fragments on outdoor pyres of various types and sizes, and by doing so on different days and
in different regions.
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FIG 2. COAL PYRE
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FIG 3. UNBURNED CHICKEN
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FIG 4. ROAST CHICKEN
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FIG 5. CALCINED FISH

FIG 6. FTIR
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