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During archaeological excavations, burned bones are often found as a result of cremation,

cooking or accidental fire. Even though the bones are burned, their elemental composition

might still hold information about diet, habitat and health history in the past. One problem,

however, is diagenesis; a range of processes changing the structure and composition of the

burned bones after burial. In order to study the effects of diagenesis in burned bones, a

modern domestic pig was burned and buried. Samples of the bones and the surrounding soil

were taken after nine months, and again after 21 years of deposition. The samples were

analyzed elemental for Al, Mn, Fe, Pb, Ca, Sr and Ba using ICP-MS, and for Hg using CV-AAS.
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The results indicate that Al, Mn, Fe and Ba are affected by diagenesis, whereas Pb, Hg, Sr and

Ca are not.

Introduction

Bones are comprised of two tissue types, compact and
trabecular. Compact bone is very dense and rigid in its
structure, while trabecular bone is very spongy in appearance
and brings an element of elasticity to the bone. Both types of
bone tissue are composed of water, an organic part and an
inorganic part (Vaughan 1975; Snyder et al. 1975). The
inorganic portion is mostly composed of bioapatite a structure
similar to hydroxyapatite Ca (PO ) (OH) , the difference being
that the phosphate (PO ) and the hydroxyl groups (OH ) are
partly substituted by carbonate groups (CO ) (Skinner 2005).
Trace elements such as Sr, Ba, Pb and Hg can substitute for Ca
in the bioapatite of the bones when they are absorbed by the
body via food, drinks or medicine. Chemical analysis of trace
elements in bones from archaeological samples have been
used by several researchers in the attempt to find information
about diet, provenance, social status and health status of past
human populations (Cucina et al. 2011; Ezzo 1992; Rasmussen
et al. 2008; 2013a; Schutkowski and Hermann, 1999).

In this article, trace elements from bones of a burned pig are studied. When bones are heated
up during the burning process, water evaporates and the organic parts combust leaving only
the inorganic parts of the bones (Snoeck et al. 2014). The remaining parts of bone are usually
completely white indicating that they are fully calcified and have changed in composition and
structure (Stiner et al. 1995). The burning process changes the structure and concentrations
of trace elements in the bones, and these alterations must be taken into consideration when
drawing conclusions. Despite the changes in composition and structure, burned bones might
still hold important information about past cultures.

In pig bone the elements measured can be interpreted as follows:

1. Sr and Ba are present in water and feed, and are therefore dietary in origin. The
concentration of Sr and Ba in the bones depends on the bioavailability of Sr and Ba in the
geographical area where the feed was produced. Sr and Ba measured in the bones have
the potential to provide information about the feed and habitat of the pig (Cucina et al.
2011; Ezzo 1992).

2. Pollution from the environment and constituents from vaccines might contribute
elements such as Pb and Hg to pig bone samples (Bak et al. 1997; EMA, 2014; Geier et al.

This study
shows how Ba, Ca, Al,
Mn, Fe, Hg and Pb are
exchanged between
the soil and burned,
and buried bone.
Unfortunately the
study only includes six
bone samples, all
burned and all from
the same pig. A larger
study including more
pigs, more burial sites
and a longer deposition
period, would provide
us significantly more
information about
diagenesis.

5 4 3 2

4
3- -

3
2-



2007), however high concentrations of Pb and Hg in a modern-, Danish-, domestic pig is
not expected because heavy metals in food stuff are closely monitored in Denmark (EC
2006). Mercury is very volatile and might diminish in the bones due to evaporation during
the cremation process.

One major problem with studying archaeological bone is diagenesis. Diagenesis is
postdepositional processes, which are defined as, “cumulative physical, chemical, and
biological processes that alter all archaeological materials in the burial environment” (Wilson
and Pollard 2002). These processes have been reviewed and will not be described in detail in
this article (Hedges 2002). Research has demonstrated that the burning process itself changes
the composition and structure of the bone (Snoeck and Schulting 2013), however some
researchers claim that these heat induced changes make the bones better for chemical
analysis than unburned bone because it makes them more resistant to diagenesis, (Snoeck et
al. 2014; Zazzo and Saliège 2011).

The main objective of this project was to study the processes of diagenesis in burned, and
buried pig bone. The focus was the essential element Ca and the trace elements Sr, Ba, Hg,
and Pb. In addition, Al, Mn, and Fe were also measured. It is believed that high concentrations
of Al, Mn and Fe in bones are a result of diagenetic processes. The presence of Al might be
the result of clay minerals from the soil contaminating the bones (Rasmussen et al., 2013a).
Manganese and Fe are likely to be deposited by groundwater in pores and cracks of the
bones (López-González et al. 2006; Rasmussen et al. 2013a).

In order to reconstruct and study an Early Bronze Age or Late Iron Age cremation burial, a
modern pig was burned and afterwards buried in 1992 (Henriksen 1993). In addition, the
diagenetic processes in burned, buried bone were studied. Nine months after burial, in 1993,
half of the pig was excavated, and pieces of calcified pig bone were sampled. In 2013, the
other half of the pig was excavated and again fragments of pig bone were sampled. In 2013,
the surrounding soil was sampled as well. The samples were analyzed for Al, Mn, Fe, Ca, Sr,
Ba, Pb using ICP-MS and Hg using CV-AAS.

Methods and Sampling

In 1992 a modern-, Danish-, domestic pig was slaughtered, burned and buried, in as close of a
resemblance as possible to an Early Bronze Age or Late Iron Age cremation burial. The
archaeological experiment was carried out near Odense, Denmark, by the Danish
archaeologist, Morgens Bo Henriksen. A detailed description of the experiment was published
in 1993 (Henriksen 1993). A 30-35 kg pig was placed on a funeral pyre made of wood and
barley straw. The funeral pyre, which was 1 meter in height, was placed on top of an
approximately 60 cm deep pit. At the bottom, the pit was 58 cm x 52 cm.  The pyre was lit,
and after 21 hours, the pyre and the pig were completely combusted. The burned bone
fragments and ashes had fallen into the pit, and the pit was then covered with soil and turf. In



1993, nine months after burial, half of the pig was excavated, and three pieces of the
remaining bone were collected. The rest of the pig was excavated in 2013 and three
additional pieces of bone were sampled (See Figure 1a and 1b).

The pieces of bone were approximately 3-4 cm in length, and due to the heat, were white,
very porous, and brittle in structure. No visual differences were observed between the bones
sampled in 1993 and in 2013. Bone sample AL-1, excavated in 1993, and bone sample AL-4,
excavated in 2013, can be seen in Figure 1. During the excavation in 2013 the surrounding soil
was sampled as well. Sample AL-10 to AL-15 were sampled from the pit and AL-16 to AL-19
were sampled at approximately 1 meter from the pit. The sampling strategy for the soil and
the bones was performed as described by Rasmussen et al. (2013a; 2013f). The bone samples
were taken using a Dremel MultiPro® electric drill equipped with a 2 mm drill bit. During
sampling, gloves and a hairnet were worn to avoid contamination of the sample. The drill was
decontaminated with distilled water and an ethanol flame between each sample. The outer
layer of the bone was mechanically cleaned with the electrical drill before the sample was
taken. The soil samples were taken with an in-house built handheld hollow and sharp drill of
6 mm in diameter, approximately 2 cm in length, and weighing 1–2 gram. The stainless steel
tool was decontaminated with clean paper tissue between each sample. The samples were
transferred to glass vials and stored in a refrigerator at approximately 5 degree C. In order to
homogenize each soil sample, the soil sample was placed along an in-house build aluminium-
shelf and ten subsamples were randomly taken. The ten subsamples were mixed and
homogenized. The utensils were cleaned with distilled water and dried with an ethanol flame
after each sample.The six bone samples and the soil samples, described in Table 1, were
analysed with ICP-MS and CV-AAS.

Sample name Structure Sample location Sampled year

Bone standard Archaeological bone    

Bone Meal Modern bone    

Apple leaf Apple leaf    

AL-1 Bone from modern pig From area of fire 1993

AL-2 Bone from modern pig From area of fire 1993

AL-3 Bone from modern pig From area of fire 1993

AL-4 Bone from modern pig From area of fire 2013

AL-5 Bone from modern pig From area of fire 2013

AL-6 Bone from modern pig From area of fire 2013

AL-10 Soil From area of fire circa 50 cm in depth 2013

AL-11 Soil From area of fire circa 35 cm in depth 2013

AL-12 Soil From area of fire circa 20 cm in depth 2013

AL-13 Soil From area of fire circa 10 cm in depth 2013

◦



AL-14 Soil From the surface of fire  2013

AL-16 Soil Circa 2 m from fire 2013

AL-17 Soil Circa 2 m from fire 2013

AL-18 Soil Circa 2 m from fire 2013

AL-19 Soil Circa 2 m from fire 2013

TABLE 1. LIST OF THE SAMPLES AL-1 TO AL-19 INCLUDING NAME, DESCRIPTION, SAMPLE LOCATION AND SAMPLE
YEAR.

Analytical Techniques

ICP-MS

Aluminium, Mn, Fe, Ca, Sr, Ba and Pb were measured with ICP-MS (inductively coupled mass
spectrometry) provided by the CHART group at Southern University of Denmark, and
according to methods developed by the group (Skytte and Rasmussen 2013). A sample of
approximately 20 mg was transferred to a new polystyrene container and dissolved in a
mixture of 4 mL HNO  and 2 mL H O  (ICP-MS grade). After shaking for approximately four
hours, the sample was dissolved and to remove excess H O  0.67 mL HCl (ICP-MS grade) was
added. The container was left shaking overnight at room temperature.  Next day, each
sample was halved. One half of the sample was measured with ICP-MS, the other half was
measured with CV-AAS. The sample parts measured with ICP-MS were diluted to 10 mL with
milli-Q water and filtered through a 45 µm PVDF Q-max filter. The analysis was performed on
a Bruker ICP-MS 820 equipped with a frequency-matching RF generator and a Collision
Reaction Interface (CRI), operating with helium or hydrogen. The CRI Reaction System was
activated for Fe56 because of interferences with polyatomic species produced by a
combination of isotopes coming from the argon. Fe56 was measured with hydrogen as
skimmer gas. Al27, Ca44, Mn55, Sr88, Ba137 and a combination of Pb isotopes (Pb206, Pb207
and Pb208) were measured without skimmer gas. The basic parameters were as follows:
radiofrequency power 1.40 kW; plasma gas flow 15.50 L min-1; auxiliary gas flow 1.65 L min-1;
sheath gas flow 0.12 L min-1; nebulizer gas flow 1.00 L min-1. A mixture of Sc45, Y89 and
Tb159 was used as an internal standard added to all analyses. The dwell time on each peak
was 30 ms. For each sample, five replicates were made, and each replicate consisted of 30
mass scans. Multi-element calibration standards were prepared in 1% HNO  at six different
concentrations (0, 1, 10, 20, 100 and 200 μg L-1). For the main element Ca, three standards of
10, 20 and 25 weight percent were run. A certified modern bone meal standard (NIST SRM
1486) and an in-house archaeological human bone standard were measured alongside with
the samples in order to monitor drift in the system. The Limits Of Quantification (LOQ) were
calculated from measurements of the in-house bone standard. The LOQ values are listed in
Table 2.

CV-AAS
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Mercury was measured by CV-AAS (cold vapour atomic absorption spectroscopy) on a Flow
Injection Mercury System (FIMS-400) a dedicated Hg analyzer by PerkinElmer provided by the
CHART group at Southern University of Denmark (Rasmussen et al. 2013a). The sample was
diluted to 19 mL, and 1 mL concentrated KMnO  was added to the sample solution two hours
prior to analysis. KMnO  was added to maintain Hg in solution. The sample was introduced
into the FIMS. In the reaction chamber of the FIMS-400, NaBH  was added to release Hg as
vapour. Three replicates were made for every sample. A certified apple leaf standard (NIST
SRM 1515) and an in-house archaeological human bone standard were measured together
with the samples in order to monitor drift in the system. The LOQ for Hg (Table 2) were
calculated from measurements of the in-house bone standard.

Element Al (µg/g) Mn (µg/g) Fe (µg/g) Ca (%) Sr (µg/g) Ba (µg/g) Pb (µg/g) Hg (ng/g)

LOQ 1,56 2,22 15,92 1,37 3,06 3,52 0,94 8,72

TABLE 2.THE LOQ VALUES FOR AL, MN, FE, CA, SR, BA, PB AND HG CALCULATED FROM MEASUREMENTS OF THE IN-
HOUSE BONE STANDARD USING ICP-MS AND CV-AAS.

Results

The results of the ICP-MS and the CV-AAS measurements are listed in Table 3 and graphically
depicted in Figures 2, 3 and 4. Sample AL-1, AL-2 and AL-3 are bones excavated in 1993.
Sample AL-4, AL-5 and AL-6 are bones excavated in 2013. AL-10 to AL-15 are soil samples
from the pit and AL-16 to AL-19 are soil samples from the background. In Table 3 the
concentrations of the elements are listed in µg/g for all the elements except for Ca and Hg,
which are depicted in weight percent of bone and ng/g, respectively. The relative standard
deviations (RSD) at ±1 ơ are expressed in percent of the concentrations. For results below the
Limit Of Quantification (LOQ), the values are not given in the table. In Figures 2, 3 and 4 the
sample names are listed on the x-axis, and on the y-axis the concentrations are depicted.

Sample name Concentrations

  Al (µg/g) Mn
(µg/g)

Fe (µg/g) Ca
(wt%)

Sr (µg/g) Ba (µg/g) Pb
(µg/g)

Hg (ng/g)

AL-1 (bone
1993)

3.78 ±
0.37

67.1 ±
0.49

51.4 ±
13.4

36.2 ±
1.57

194.4 ±
0.67

12.6 ±
1.43

<LOQ <LOQ

AL-2 (bone
1993)

14.7 ±
1.10

103 ±
0.76

59.1 ±
16.1

33.3 ±
0.68

184.5 ±
0.56

17.8 ±
1.13

<LOQ <LOQ

AL-3 (bone
1993)

53.1 ±
0.56

117 ±
0.54

437 ±
5.64

34.2 ±
1.45

190 ±
0.45

16.3 ±
0.84

<LOQ <LOQ

                 

AL-4 (bone
2013)

67.6 ±
0.39

1339 ±
0.27

2524 ±
5.77

35.3 ±
1.60

171.3 ±
0.34

101.7 ±
0.53

<LOQ <LOQ
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AL-5 (bone
2013)

117 ±
0.58

691 ±
0.43

1067 ±
3.81

35.4 ±
0.87

167.9 ±
0.14

40.7 ±
1.16

<LOQ <LOQ

AL-6 (bone
2013)

152 ±
0.41

1638 ±
0.15

1075 ±
3.19

35.6 ±
1.50

185.4 ± 
0.90

62.1 ±
0.98

<LOQ <LOQ

                 

AL-10 (Soil from
pit)

1504 ±
0.46

69.6 ±
0.52

4035 ±
2.32

<LOQ 4.66 ±
0.37

20.8 ±
0.88

6.05 ±
1.13

28.6 ±
8.76

AL-11 (Soil from
pit)

1177 ±
0.75

339 ±
0.55

3087 ±
2.29

<LOQ 21.4 ±
0.30

45.4 ±
1.12

5.25 ±
0.69

22.0 ±
13.7

AL-12 (Soil from
pit)

1127 ±
0.30

213 ±
0.56

3548 ±
0.91

<LOQ 8.07 ±
0.91

32.4 ±
0.43

13.3 ±
0.64

85.9±
2.99

AL-13 (Soil from
pit)

1551 ±
1.59

113 ±
1.08

4056 ±
1.52

<LOQ 6.17 ±
0.31

28.4 ±
1.00

14.2 ±
1.01

122.2 ±
4.15

AL-14 (Soil from
pit)

1339 ±
0.76

332 ±
0.21

5982 ±
1.37

<LOQ 9.14 ±
0.59

54.3 ±
0.50

15.2 ±
1.80

100.4 ±
2.37

                 

AL-16 (Soil 2 m
from pit)

1609 ±
0.67

779 ±
0.38

5073 ±
1.84

<LOQ 10.4 ± 
0.56

94.8 ±
0.62

16.0 ±
0.99

120.7 ±
2.33

AL-17 (Soil 2 m
from pit)

1548±
0.61

713 ±
0.44

6037 ±
3.14

<LOQ 9.81 ±
0.70

59.5 ±
0.47

18.4 ±
0.41

100.4 ±
3.98

AL-18 (Soil 2 m
from pit)

1328 ±
1.06

182 ±
1.69

4270 ±
1.49

<LOQ 7.02 ±
1.22

30.7 ±
1.26

16.5 ±
1.39

118.5 ±
3.35

AL-19 (Soil 2 m
from pit)

1404 ±
0.9

503 ±
0.54

4415 ±
2.03

<LOQ 7.03 ±
0.59

54.3 ±
0.78

19.1 ±
0.53

200.8 ±
1.62

TABLE 3. RESULTS OF THE AL, MN, FE, CA, SR, BA, PB AND HG MEASUREMENTS MADE ON MODERN-, DOMESTIC-,
DANISH PIG BONE USING ICP-MS AND CV-AAS.

Aluminium, Fe and Mn

The results of Al, Fe and Mn are shown in Figure 2.

Comparing the concentrations of Al and Fe in the bones and in the soil reveal that the
concentrations in the soil are much higher than in the bones. It is also clear that the
concentrations of Al and Fe in the bones sampled in 2013 are higher than the concentrations
in the bones sampled in 1993. No difference in the Al or the Fe concentrations are observed
between the soil from the pit and the background.

The results of the Mn concentrations in the bones and in the soil are different from the
results of Al and Fe. The concentrations of Mn in the soil samples are higher than the
concentrations in the bones sampled in 1993, but lower than the Mn concentrations in the
bones sampled in 2013. As the concentrations of Al and Fe, the Mn concentrations measured



in the bones sampled in 2013 are higher than the Mn concentrations measured in the bones
sampled in 1993. Unlike the concentrations of Al and Fe, a difference is observed in the Mn
concentration between the soil from the background and the soil from the pit. The Mn
concentrations in the soil from the background is higher than in the soil from the pit.

FIG 2. ALUMINIUM, MN AND FE CONCENTRATIONS DETERMINED FOR BONE AND SOIL SAMPLES OF AL-1 TO AL-19. THE
SAMPLE NAMES ARE LISTED ON THE X-AXIS AND THE CONCENTRATIONS ARE DEPICTED ON THE Y-AXIS. ALUMINIUM IS
MARKED IN RED MN IS MARKED IN GREEN AND FE IS MARKED IN BLUE.

Mercury and Pb

The concentrations of Hg and Pb in the modern pig bone are below LOQ (Figure 3). The mean
Hg concentration in the soil is 108 ± 4.33 ng/g, and the mean Pb concentration in the soil is
14.1 ± 0.96 µg/g.The Pb concentrations in soil samples AL-10 and AL-11 from the pit are lower
than in the rest of the soil samples.



FIG 3. HG AND PB CONCENTRATIONS DETERMINED FOR BONE AND SOIL SAMPLES OF AL-1 TO AL-19. THE SAMPLE
NAMES ARE LISTED ON THE X-AXIS AND THE CONCENTRATIONS ARE DEPICTED ON THE Y-AXIS.  MERCURY IS MARKED
IN RED AND PB IS MARKED IN GREEN.

Calcium, Sr and Ba

Figure 4 graphically illustrates the concentrations of Ca, Sr and Ba.

The Ca concentrations in the soil are below LOQ, but in the bones the Ca concentrations are
between 33.3 ± 0.68 wt% and 36.2 ± 1.57 wt% with a mean of 35.0 wt%. No difference in the
Ca concentrations between the samples excavated in 1993 and 2013 was found.

The Sr concentrations are lower in the soil than in the bones sampled in both 1993 and in
2013. No difference is observed between the Sr concentrations in the bones excavated in
1993 and 2013 or between the Sr concentrations in the soil from the pit and the background.

The Ba concentrations in the bone samples increase from 1993 to 2013, and theBa
concentrations in the bones from 1993 are lower than the concentrations in the soil. No
difference between the Ba concentration in the bones from 2013 and the soil was found. The
Ba concentrations in the soil from the area of the pit and the background were not different.



FIG 4. CA, SR AND BA CONCENTRATIONS DETERMINED FOR BONE AND SOIL SAMPLES OF AL-1 TO AL-19.THE SAMPLE
NAMES ARE LISTED ON THE X-AXIS AND THE CONCENTRATIONS ARE DEPICTED ON THE Y-AXIS.CALCIUM IS MARKED IN
RED SR IS MARKED IN GREEN AND BA IS MARKED IN BLUE.

Discussion

The results of this study suggest that when bones are buried in soil they become
contaminated with Al, Mn, Fe and Ba from the soil. Strontium, however, seems to diffuse from
the bones into the soil and calcium appears to be unchanged. The Hg and the Pb
concentrations in the bones are below the Limit of Quantification and no transport of Hg or
Pb into the bones was observed.

The Al concentration in the soil is much higher than the Al concentration in the bones. This is
no surprise since the average, global Al concentration in soil is very high (62000 µg/g) (Rauch
and Pacyna 2009), and the normal level of Al in piglet bone is 1.6 ± 0.9µg/g (Sedman et al.
1987). Since the Al concentration increase from 1993 to 2013, and theAl concentration
measured in this study are much higher than reported by Sedman, it seems likely that most
of the measured Al in this study is a result of soil contamination. Studies have shown that Al is
removed to some extent by mechanical cleaning of the bone surface before analysis, but
since Al is situated in the cracks and pores of the bones as well as on the surface, removing all
Al is practically impossible (Skytte and Rasmussen 2013).



The Mn concentrations in the bones measured in this study are also much higher than the
values reported forpig bones (1.59-11.09 µg/g) (Duan et al. 2013; TAO et al. 2005). The
increase in bone Mn concentration during the 21 years, and the higher concentrations as
compared to results reported by others indicates that the changes in Mn in the burned bones
may possibly be diagenetic, for example that Mn is transported into the bones from the
groundwater.

The measured concentrations of Fe are not so far from values of Fe concentrations in pig
bone reported elsewhere (34-290 µg/g) (Duan et al. 2013; de Vernejoul et al. 1984), but the
increase in the Fe concentration in the bones after 20 years of deposit time, still indicates that
a transport of Fe into the bones has taken place. Fe and Mn contamination is reduced by
mechanical cleaning as well as Al (Skytte and Rasmussen 2013), but some Fe and Mn still
remain in the bone structure. The lower concentrations of Mn and Fe in the soil from the pit
(even though not lower for Fe) than in the topsoil from the background, might be caused by a
washout and transport of Mn and Fe from the soil into the burned bone by the groundwater.

The Hg and Pb concentrations measured in the pig bone are all under the limit of detection. It
is theoretically possible that a modern pig could be exposed to Hg and Pb through its food
and via vaccines, but since EU legislation demands very low concentrations of the heavy
metals in foodstuff, and since the Danish National Food Agency has monitored heavy metals
in food for years, concentrations of Pb and Hg below the limit of quantification are expected
(Bak et al., 1997; EC 2006). Mercury in the bones might have evaporated during the burning of
the pig. The Hg and Pb concentrations measured in soil in this study are comparable with
reported average values of the heavy metals in Danish topsoil (Hg: circa 60 ng/g, Pb: circa
12.2µg/g (Bak et al. 1997). The low concentrations of Pb in soil sample AL-10 and AL-11 are
probably due to a decrease in concentration with depth. Since the values of Hg and Pb in the
bones and in the soil are reliable, and no increase in Hg and in Pb from 1993 to 2013 was
observed, Hg and Pb do not seem to be affected by diagenesis.

None of the results in this studyindicate that Ca is affected by diagenesis.The Ca
concentrations measured in the study are very similar to the concentration of 37% Ca in
animal bone ash, including pig bone ash (Field 2000), and the Ca concentrations in the bones
do not change in 20 years of burial.

The measured Sr levels in the pig bones are higher than the Sr concentration of 81.8μg/g
previously reported in pig bone mineral (Pagano et al. 2007). This difference might be
explained by the provenance of the pig.  In this study there is no indication of a transport of
Sr into the bone. Strontium does not seem to be affected by diagenesis.

The Ba concentrations in the bones are higher in 2013 than in 1993 and Ba seems to be
transported into the bone. Values of Ba in pig bone have not been reported by others



however values of 42-87 μg/g have been measured in cow bone (Jaworowski et al. 1985).
These values are not far from the values measured in this study.

Conclusion

This study shows how Ba, Ca, Al, Mn, Fe, Hg and Pb are exchanged between the soil and
burned, and buried bone. Unfortunately the study only includes six bone samples, all burned
and all from the same pig. A larger study including more pigs, more burial sites and a longer
deposition period, would provide us significantly more information about diagenesis.
However, the results of this study do provide some important information about diagenesis
in burned bone.

The results show that Al, Mn, Fe and Ba in the burned bones seem to be affected by
diagenesis in over the 20 years, with the effect expected to increase as burial time increases.
Aluminium is probably a result of clay contamination from the soil, some of which can be
removed during the sample preparation. Manganese and Fe are likely to be transported with
groundwater into the bones. Like Mn and Fe, Ba is also transported into the bones. No
exchange between the bones and the soil was observed for Hg, Pb, Sr or Ca. The heavy
metals in the surrounding soil do not seem to effect the concentrations of Hg and Pb in the
bones. Calcium concentrations do not change over the 20 year period, and the observed Ca
concentrations in the bones are comparable to values reported by others. Even though
observed Sr concentrations in this study are higher than concentrations reported by others,
Sr does not seem to be affected by diagenesis either.  It is uncertain if the results reported
here are valid for unburned bones as well burned bones since the burning process changes
the structure and chemical composition of the bone. A similar study of unburned bone could
perhaps clarify this.
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FIG 1A. IN 1992 A PIG WAS BURNED ON A PYRE AND BURIED IN A PIT. AFTER ONE YEAR, IN 1993, HALF OF THE PIT
WAS EXCAVATED AND BONE FRAGMENTS WERE SAMPLED. THE OTHER HALF OF THE PIT WAS EXCAVATED 21
YEARS AFTER THE BURIAL, IN 2013. DURING THE EXCAVATION IN 2013 SOIL AND BONE FRAGMENTS WERE
SAMPLED. IN THE LEFT PICTURE MARKS WHERE THE SOIL WAS SAMPLED.
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FIG 1B. IN 1992 A PIG WAS BURNED ON A PYRE AND BURIED IN A PIT. AFTER ONE YEAR, IN 1993, HALF OF THE PIT
WAS EXCAVATED AND BONE FRAGMENTS WERE SAMPLED. THE OTHER HALF OF THE PIT WAS EXCAVATED 21
YEARS AFTER THE BURIAL, IN 2013. IN THE PICTURE TWO BONE FRAGMENTS ARE DEPICTED: AL-4 SAMPLED
DURING THE EXCAVATION IN 2013 (TO THE LEFT) AND AL-1 SAMPLED IN 1993 (TO THE RIGHT).
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FIG 2. ALUMINIUM, MN AND FE CONCENTRATIONS DETERMINED FOR BONE AND SOIL SAMPLES OF AL-1 TO AL-19.
THE SAMPLE NAMES ARE LISTED ON THE X-AXIS AND THE CONCENTRATIONS ARE DEPICTED ON THE Y-AXIS.
ALUMINIUM IS MARKED IN RED MN IS MARKED IN GREEN AND FE IS MARKED IN BLUE
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FIG 3. HG AND PB CONCENTRATIONS DETERMINED FOR BONE AND SOIL SAMPLES OF AL-1 TO AL-19. THE SAMPLE
NAMES ARE LISTED ON THE X-AXIS AND THE CONCENTRATIONS ARE DEPICTED ON THE Y-AXIS. MERCURY IS
MARKED IN RED AND PB IS MARKED IN GREEN

FIG 4. CA, SR AND BA CONCENTRATIONS DETERMINED FOR BONE AND SOIL SAMPLES OF AL-1 TO AL-19.THE
SAMPLE NAMES ARE LISTED ON THE X-AXIS AND THE CONCENTRATIONS ARE DEPICTED ON THE Y-AXIS.CALCIUM IS
MARKED IN RED SR IS MARKED IN GREEN AND BA IS MARKED IN BLUE
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