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READING THE SILHOUETTES OF BURNT DEAD:
USING ELEMENTAL ANALYSIS (PXRF)

TO IDENTIFY LATE BRONZE AND EARLY

IRON AGE URN CENOTAPHS

ABSTRACT: Deposition of empty urns or urns containing only non-representative amounts of bones is highly
sophisticated and enigmatic symbolic act among prehistoric funeral practices. Low presence or absence of bones in
burnt burials can be the result of intentional activity of past populations, or high fragmentation of bones, which are
then likely to be lost. The aim of this study consists in applying analytical methods (pXRF) to determine whether
cremation urn infills contained bone remains, as well as to approach their initial amount. For the purpose of the study
we analysed urn infills, bones and surrounding subsoil (total of 35 samples). Discriminant analyses (DA) were carried
out in order to identify the elements which best separate soil and the elements which separate infills on the basis of
bone amount. Infills of urns without bones differed significantly from those with bones in amounts of P. Al, Ca, and
Pb, and were similar to subsoil samples in some aspects. This indicates there have never been any bones in "empty”
urns. In our study, we were able to distinguish urn cenotaphs from decomposed burnt bodies and showed that burnt
bones chemically affected surrounding soil. The non-destructive pXRF showed itself to be an adequate technique for
the analysis of elemental composition of soil and bone samples.
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INTRODUCTION and appear in diverse contexts (Schmidt, Symes 2015,

Ubelaker 2009). They occur most frequently in
Burnt burials form a substantial component of different ~ subsurface contexts as secondary deposits in pits or
prehistoric archaeological periods within various socio- urns. Such burials, in many cases, contain only non-
economical, environmental and religious conditions, representative amounts of bones or contain no bones
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at all (McKinley 1993, McKinley 2004). Common
explanations for the low presence or total absence of
bones in burnt burials are: a) high fragmentation of
fragile heat-altered bones and their susceptibility to be
lost (Harvig et al. 2012); b) indelicate handling with
bones during excavation (Pankowska ef al. 2014) and
¢) purposeful activity of past populations. The amount
of burnt bones deposited in urns and pits is an
important variable for advanced social investigation of
cremation rites. Poor and empty urns can thus
represent both low status individuals and careless
retrieval process (McKinley 1997), or instead, high
status individuals represented by low amount of bones
as a consequence of bone curation and keeping, or
their circulation away from mortuary site (Cerezo-
Roman 2005). Stating possible explanations, however,
is just the first step to interpretation. In this article, we
are going to show how to distinguish between
intentionally and accidentally empty burnt burials by
analyzing burial contexts from the Late Bronze and
Early Iron Ages in Bohemia (Czech Republic). Using
chemical elements of soil samples and burnt bones, we
identify the originally empty burnt burials.

Context and possible explanation of empty urns

Empty urns from the Late Bronze and Early Iron
Ages are not uncommon in Central European territory
(Nekvasil 1988). Similarly to other forms of secondary
burials, burnt burials are consequences of multi-stage
processes when bone absence or their small amounts
in urns may be caused by deliberate selection of a few
burnt individuals for burying, or by collecting just
symbolic remains from each individual from the pyre.
Also collection of a limited number of bones from
older burial grounds has been evidenced (Smith,
Brickley 2009). Contexts of empty urns are usually
variable. There can be more of them within the pit,
some upside down, other covered with a hollowed cup,
where holes are frequently interpreted as soul-exits
(Nekvasil 1988). Empty burial pits are known as
cenotaphs. Limited amounts and scattering of bones
is sometimes interpreted as deliberate secondary
intrusion connected with ritual activities or looting.
Similar activities are evidenced stratigraphically at
some necropolises as well (Nekvasil 1988). Empty urns
are also evidenced outside Central Europe. McKinley
(1997) terms them foken and (Stutz, Kuijt 2014)
remark that such burials are evidence of the fact that
many European Bronze and Iron Age urns are too
small to contain whole adult human body. As for bone
content in urns, Oestigaard (2013) estimates the
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average to be 10-20% of the adult skeletal weight. The
absence of bones or their reduction seems to be
a cultural marker evidenced across wide areas. Parts of
burnt individuals might have been deposited at
different places or scattered in water, air, and other
hard-to-detect environments. The final archaeological
record of burnt bones thus represents just residual
amounts of bones from long-term and multi-stage
burial processes.

An alternative explanation of small bone quantity
is their high fragmentation. Larger fragments are less
likely to be lost (Smith, Brickley 2009) whereas the
presence of large fragments also correlates with a large
amount of bones. Furthermore, the strong positive
correlation between the weight of burials, fragment
dimensions and detailed laboratory procedures (micro-
excavation) became obvious in our previous study
(Pankowska et al. 2014). Using micro-excavation, we
eliminate methodological bias as a cause of the low
preservation of burnt bones, and we are left with two
possible explanations of empty urns: 1. taphonomic
factor on one hand, i.e. the decomposition and loss of
bones in the sediment, and 2. cultural bias, i.e. non-
deposition of bones in the urn on the other. To
distinguish which of these two explanations is valid for
any empty burial is the basic problem in this study.

Unburnt body silhouettes and soil chemistry

When an empty grave is found and inhumation is
suspected, phosphate analysis can be conducted in
order to determine whether the body had decomposed
leaving only silhouettes, or had never been interred
(Ernée, Majer 2009, Holliday, Gartner 2007). Hudson
(Hudson 1974) cit. in (Boddington et al. 1987) and
Keeley et al. (Keeley e al. 1977) found that phosphate
concentration in silhouettes is higher than in the
surrounding soil and in some localized areas the
disturbed soil contained more than ten times the
amount of manganese compared to deposited skeleton
(Mn). Hudson (Hudson 1974) further detected positive
correlation of manganese (Mn) with copper (Cu) and
recorded higher concentration of boron (B),
magnesium (Mg), nickel (Ni) and zinc (Zn) in the
silhouette compared to surrounding soil. Keeley et al.
(Keeley etal 1977) found that manganese (Mn)
content was much higher in the silhouette than in fresh
bone. In addition, traces of iron (Fe), aluminum (Al),
sodium (Na), and potassium (K) are sometimes
identified (Miller ef al. 2011). Calcium concentrations
are also frequently higher in the soil under the
decomposed body (Neff 1999).
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The reason for the specific minerals' accumulation
and percolation in soil is their varied solubility, bone
porosity, degree of bone mineral crystallinity, microbial
activity, and soil characteristics (pH, soil texture,
temperature, underground water etc.). All these mentio-
ned factors must be considered when the processes of
body decomposition in soil are studied. Pate and
Hutton (Pate, Hutton 1988) suggested that bone
diagenesis is better detected by exchangeable elements
than by total elemental soil data. Only part of the total
number of soil elements is available to interact with
bone and therefore, when analyzing soil to study body
decomposition, soluble minerals' concentration should
be observed. According to Pate and Hutton's (Pate,
Hutton 1988) research, major exchangeable elements
are calcium (Ca), magnesium (Mg), potassium (K) and
sodium (Na) ((Pate, Hutton 1988) in Table 7). Bones
deposited in soils where environmental conditions are
homogenous, pH neutral, and calcium (Ca) and
phosphorous (P) concentrations relatively high can
survive for a long time.

Microbial activity, bone porosity and bone
crystanillity are other major factors that can influence the
survival of bones. While neutral pH prevents
decomposition of bones, it promotes microbial activity
(Hedges 2002). Activity of microbes is highly affected by
both environmental and pre-burial conditions. Hedges
(Hedges 2002) declares that defleshed, cooked, or
thermally processed bodies (bones) are more immune to
microbial attack and are better preserved than skeletons
buried under standard conditions. Also permanently
waterlogged sites and sites with humic acids show few
microbial attacks (Hedges 2002). Microbial attacks
change elemental concentration in bones, change their
histological structure, and in association with the type
and density of bones, significantly influence the final
preservation of bone tissue.

Burnt body silhouettes and soil chemistry
Decomposition of burnt bodies in soil is usually not
expected (Herrmann ef al. 1990). Perfectly calcined
bones (cremated above circa 700 °C) are supposed to
be more resistant to decomposition in soil because of
their increased mechanical strength, increased crystal
size, change to lattice defects and form of additional
mineral phases of metamorphosed minerals, depletion
of organic components and their transformation to
whitlockite (Beckett et al. 2011, Thompson 2004,
Ubelaker 2009). Burnt bones therefore survive more
often than unburnt ones (McKinley 2016). This
assumption, however, is valid only in the case of

completely calcined bones. A number of prehistoric
funeral pyres in Bohemia and Moravia did not achieve
sufficiently high and stable temperatures, or regular
oxygen enrichment of bones, during the burning
process. Corpse and bone fragments were usually
irregularly burnt according to body position, type of
bones, and amount and distribution of soft tissue
(Walker et al. 2008). Individual parts of a burial could
be completely cremated above 600 °C, however, other
parts of the same burial could be burned incompletely
(Vitesnikova et al. 2008). Completely and incompletely
burnt bones are recognizable by their color (Devlin,
Herrmann 2008), consistency, microstructure
(Absolonova er al. 2012), and indirectly also by their
Ca/P ratio which is around 2.15 in fresh bones and
decreases through burning to 1.11-1.46 (Skinner 2013).
However, the most fundamental factor for preservation
of burnt bones is the presence of organic component.
Only bones burnt above 450-600 °C lose their organic
component (Schurr, Cook 2014) and can survive in
unmodified form. Acidic soils, sandy gravels, and
alluvial silty clays, however, can destroy even perfectly
calcined bones, in concrete their trabecular parts
(McKinley 2016). Assuming imperfect cremation and
deposition of remains with organic content (even with
residues of soft tissues), we can expect decomposition
processes as in unburnt bodies. If the burnt bones had
decomposed in soil, significant increase of phospho-
rous, potassium, calcium, manganese, magnesium,
aluminum and iron would have occurred under the
decomposed body (Miiller et al. 2011).

Portable X-ray fluorescence (pXRF) in archaeology and
forensic anthropology

Recently, non-destructive compositional analyses by
portable X-ray fluorescence (pXRF) have become
increasingly widespread in analyses of material culture
in archaeology (Craig efal. 2007, Frahm, Doonan
2013). Modern pXRF spectrometers have better
resolution than those of past decades though
sometimes requiring more specialized knowledge
(Byrnes, Bush 2016). Portable XRF is inexpensive and
makes it easy to quantify chemical analysis of different
materials (Hunt, Speakman 2015).

pXRF has been also used in non-human osteology
(Buddhachat et al. 2016) and forensic science to
distinguish human individuals (Gonzalez-Rodriguez,
Fowler 2013, Perrone et al. 2014, Vodickova 2017),
determine osseous and unknown materials (Gilpin,
Christensen 2015, Christensen et al. 2012, Zimmerman
etal 2015) and detect post-mortem lead concentration
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in human bones (Rebocho et al. 2006). Soil discrimi-
nation by pXRF was carried out e.g. in Japan (Hiraoka
1994), where selected elements from soil samples
determined nine types of soil. Further research
regarding soil analysis and pXRF was conducted to
locate archaeological sites and define human activity
(Oonk et al. 2009, Wilson et al. 2008, Smejda et al.
2017). The knowledge of soil and bone chemistry can
give social and household archacologists the ability to
observe past population in action (Robin 2002).
Regarding cremation, pXRF scans were performed to
identify and quantify metals on the surface of bones in
Tomb II at Aegae Point (Antikas, Wynn-Antikas 2016).
XRF scans have detected traces of gold, iron and lead.
Furthermore the utility of pXRF as an analytical tool
for forensic odontology in cremated victim identifi-
cation was demonstrated by (Bush ez al. 2007). To our
knowledge, no research using pXRF in association with
body decay in soil or burnt burials has been conducted
up to date.

AIM

The aim of this study is to explain the origin of
empty urns using chemical content of their infills. The
question is whether we can distinguish empty urns as
consequences of intentional action from accidental
postdepositional processes. If burnt bones do not
decompose in the sediment, chemical composition of
the infill and surroundings is assumed to be the same.

MATERIAL

We studied 35 bone and soil samples from 17 burnt
burials from Ostrov u Stfibra site (Czech Republic).
For chemical analysis, we collected: a) burnt bones
(n=10); b) infills directly from around the bones
(n=17) and c) several control samples from the
surrounding subsoil (n = 8). Furthermore, we divided
the infills into three categories based on the presence
of bones and their weight: a) infill with no bones
(n=4); b) infill with bones weighing less than 50 g
(n=15); ¢) infill with bones weighing more than 51 g
(n=8) (Figure I).

Site characterization

The multicultural site Ostrov u Stfibra is situated in
West Bohemia (Figure 2) in the Czech Republic.
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FIGURE 1: Examples of urn cremation burials represent: a)
infill with bones weighing more than 51 g; b) infill with bones
weighing less than 50 g (white arrow shows one of six bone
fragments); ¢) infill with no bones.
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Archaeological excavation took place there in 2014
under the leadership of K. Postranecka from
Zapadocesky institut pro ochranu a dokumentaci pamd-
tek (in Czech only) (Postranecka et al. 2015). This area
has been settled continuously since Middle Bronze Age
(1500 BC) up to today. Traces of both settlement and
funerary activities were evidenced at the site. Funerary
activities are represented by 39 graves dating to Late
Bronze Age and Early Iron Age (1250-450 BC (Jiran
2008)). The site belongs geomorphologically to
Bohemian Highland (480 m a.s.l.), with luvic
cambisol as the predominating soil type. The surface
has been significantly influenced by agricultural

activities here and many graves were damaged by
tillage. Local geological subsoil is formed by
metamorphosed Neo-Proterozoic sediments - phyllite
slates and greywackes (Seifert, Vejlupek 1992) of Tepla-
Barrandian Unit, their Carboniferous cover - mostly
clastic sediments, and uncertainly dated porphyres and
prophyrites of the Borsky pluton. All these rocks had
been intensively weathered, giving rise to bright to
rusty brown clayey to silty soil with clay admixture
which forms the infills of the graves. Subsoil pH is
neutral here (7.5-8.0), rather poor in calcium (Ca) and
phosphorous (P) but richer in arsenic (As), beryllium
(Be), aluminum (Al), and cadmium (Cd).

7.01-750

6.51-7,00

Czech Geological Survey

FIGURE 2: Map of the site Ostrov u Stfibra (Czech Republic).
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METHOD

For the purpose of our research, we used X-ray
fluorescence spectroscopy (pXRF), in concrete the
Olympus Innov-X DELTA portable device. To
minimize the error caused by large particles from out
of the grave or soil, all samples were ground in an agate
mortar prior to the measurement. They were then put
in plastic cups and covered with a thin Mylar film. The
measurements were then conducted in the GeoChem
mode targeting an area of approximately 10 mm. Each
sample was measured just once, using the voltage of 40
and 10 kV for 240 seconds in each case. Sixteen
elements out of 39 tested were detected in the soil and
bone samples (from 0.05 up to 15 weight %): P, Al, Si,
K, Ca, Ti, V, Mn, Fe, Co, Cu, Zn, Rb, Sr, Zr, Pb. Their
concentrations were calculated using fundamental
parameters algorithms.

Prior to the measurement, the pXRF device was
calibrated with a more robust method, the ICP-MS
used at ACME laboratory in Vancouver (Canada). The
specifics of the calibration are presented in (Nechvatal
2017) and are given here just briefly: 52 ground
samples of soils, rocks and slags were analyzed with
ICP-MS. The results were then compared with our
pXRF results so that it was possible to use empirical
calibration values for each element and modify the
calibrations pre-defined in the pXRF device. All
samples were then measured again (for 240 seconds)
with the calibrated pXRF device; the correlation
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(regression) functions along with R? values are
presented in Figure 3 and 4. Not all soil, rock and slag
samples contained all tested elements so that the
number of measurements for both calibration and final
measurement differs accordingly (Figure 3 and 4). The
elements presented in Table 1 were mostly measured
as solid samples, the exception being P and Cu which
were measured in solution. The only element which
correlates poorly between pXRF and ICP-MS is
vanadium. The reasons are explained below. The cases
where just three samples for calibration were used
(Figure 3 and 4) are those where the element was not
present in sufficient amount in the 52 rock samples. In
that case, three samples of known amount of given
element were prepared in laboratory to calibrate the
pXRF device (Nechvatal 2017).

Statistics

For each sample, the assumption of normality was
tested by the Shapiro-Wilk test. ANOVA tests were
computed to determine which elements are significantly
associated with samples. We used the significance level
of 0.05 (5%). Discriminant analyses (DA) were carried
out in order to identify the elements which best separate
soil samples from surroundings from samples from
infills, and the elements which separate infills on the
basis of bone amount. The power of DA is given by the
Wilks' Lambda (McLachlan 1992) which ranges from
0 (perfect discrimination) to 1 (no discrimination at
all). The posterior probability is the probability, for each
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FIGURE 3: Calibration curves between ICP-MS and pXRF measurements after calibration of the pXRF device and, in the case
of phosphorous, between known concentration of the element in prepared sample and pXRF measurement. Both precision and
accuracy of the used pXRF device are good with the exception of vanadium measurements (see text).
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sample, of belonging to one of the groups; it is

calculated from the Mahalanobis' distance. For group

determination, posterior probability equal or superior
to 0.95 was considered to be the threshold. Therefore,

DA was evaluated by two criteria: a) the percentage of

samples which were correctly classified with p > 0.95,

and b) the accuracy rate (percentage of specimens

correctly determined). Descriptive statistics, explorative
analyses, ANOVA tests and plot of measurements

agreement were done in SPSS 22.

The methodological proceedings included several
steps:

1) Testing of pXRF repeatability and reproducibility.
We conducted an assessment of agreement between
two measurements of soil samples originating from
one urn. We tested two samples of one urn infill,
from the two different levels. For this purpose we
used t-test (at the 0.05 level).

2) Evaluation of Ca/P ratio in burnt bone samples. If
the ratio is the same as in unburnt bones (approx.
2.15), it can be assumed that the temperature of
burning was low and thus fresh bones with parts of
soft tissue had been buried which later decomposed
in the soil. Furthermore, we visually assessed the
color and surface of bone fragments to estimate the
degree of dehydration and oxidation.

3) Differences in soil chemistry depending on
presence of bones. First we present a dataset of
descriptive statistics and F test with elements which
characterize specific soil samples. Furthermore, we
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used DA for classification of: a) control samples of
subsoil vs. all urn infills independently on the
amount of bones; b) three categories of infills (infill
without bones, infill with bone amount less than
50 g and infill with bone amount more than 51 g);
c¢) all soil samples with respect to the amount of
bones in infills.

RESULTS

Testing of pXRF measurements

Agreement between the two measurements of a
single urn infill was high. There weren't any significant
differences between the first and second measurement
(ttest = 0.843; p = 0.41).

Detection of Ca/P ratio in bone samples

The Ca/P ratio was relatively constant in all 10
samples of burnt bone. The mean ratio was 2.21
(Table 1). The ratio corresponds to fresh unburnt
bones (Tzaphlidou, Zaichick 2003). We assume a low
temperature of burning as other factors like diagenetic
alteration resulting in increasing Ca/P ratio due to
secondary calcium deposition or decreasing in acid soil
can be excluded (see below). The color of bones
corresponds to low oxidation and dehydration. Bones
are yellow to light brown. The conclusion is that bones
could have contained organic matrix and could have
left chemical trace in the surrounding soil.
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FIGURE 4: Calibration curves between ICP-MS and pXRF measurements after calibration of the pXRF device and, in the case
of cobalt between known concentration of the element in prepared sample and pXRF measurement.
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Differences in soil chemistry depending
on presence of bones

In the first step, we evaluated the difference between
subsoil samples and all urn infills. The elements that
significantly differed at 0.05 level were P, Ca, Mn, and
Sr (Table I). Concentration of vanadium (V) was
higher in infill samples at 0.055 significance level in the
current data set. All these elements' concentrations
increase in infills when compared to surrounding
subsoil (Figure 5a). Only Si, Cu, Rb, Pb, and
surprisingly Fe were less abundant in surrounding
subsoil than in infill, the decrease, however, was not
significant in any case. Other elements as Al, K, Ti, Zn,
and Zr were represented in greater amounts in infills
but again the differences were not significant (7able 1).
From the total of 25 analyzed subsoil and infill
samples, 94.1% of original cases were correctly
classified. From the total, only 76.1% were correctly
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FIGURE 5: Boxplots of element concentrations with observable
trends across the samples; a) increasing trend; b) decreasing trend.
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classified above or equal to 95% (Table 2). Only one
case was erroneously classified (case 982 with 1 g of
bones), and in cross-validation test one more case (an
empty urn) was erroneously classified.

In the second step, we evaluated only three
categories of infills according to weight of bones
deposited in urns. From all detected elements P, Ca,
Mn, V, Zn and Pb significantly differed at the 0.05 level
(Table 1). Most of these elements' concentrations
increase with weight of bones except for the
concentration of Pb (Figure 5a). Concentrations of Si
and Cu decrease with bones (Figure 5b) the decrease,
however, is not significant. Other elements as Al, K,
and Sr increase with bones but this trend was not
significant (7able 1). Decreasing or increasing trends
of remaining elements' concentrations (Ti, Fe, Co, Rb,
Zr) couldn't be reliably compared between the three
categories of infills. From the total of 17 analyzed urn
infills, 94.1% of original cases were correctly classified.
However, from the total of 17 samples, only 53.0% were
correctly classified above or equal to 95% (Table 3)

In the third step, we put together all categories
(subsoil samples, infills without bones, infills with bone
amounts less than 50 g and infills with bone amounts
more than 51 g). The discrimination was
unsurprisingly low (only 84% of original grouped cases
were correctly classified). The reason for this was close
similarity of subsoil category and infills without bones
(Figure 6). Only 48.9% of samples were correctly
classified above or equal to 95%. This result positively
discriminated subsoil samples and infills of empty urns
from urn infills with bones.
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FIGURE 6: Canonical discriminant functions. First two
function explain 90.8% of variance.
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TABLE 1: Sum of element concentrations (weight %) in the samples with indication of elements increasing in grave infills or
along with the presence of bones in graves. * Differences between subsoil and infill samples; ** differences among infills without

bones, with bones up to 50 g and above 51 g.

Element ](3;) I=lels()) (Stll1 Esgi)l iﬁﬁjll 7 Salue* 210:32;168 (>n5£ § ) (511 f g ) F 5alue**
P mean 7.297 0.092 0.402 3.327 0.053 0.169 0.170 0.527 4.505 0.031
SD  1.958 0.066 0.360 0.065 0.092 0.370
mean 4.407 6.953 7.365 0.100 0.754 6.125 6.888 7.106 2.270 0.140
Al SD  1.215 0.924 0.885 2.066 0.725 2.214
) mean 9.217 16.402 16.174  0.387 0.540 17.290 14.938 15.920 1.874 0.190
Si SD  2.700 1.285 1.183 5.487 1.431 4.887
K mean 1.259 2.037 2.352 0.004 0.948 1.777 2.057 2.205 1.472 0.263
SD  0.451 0.390 0.353 0.612 0.386 0.677
mean 16.116 0.189 1.045 5.752 0.013 0.247 1.169 1.050 2.984 0.053
Ca SD  4.749 0.123 0.741 0.089 0.395 0.765
T mean 0.435 0.517 0.544 0.936 0.343 0.519 0.584 0.543 0.717 0.505
SD  0.104 0.045 0.043 0.158 0.156 0.135
mean 0.048 0.040 0.058 3.617 0.055 0.034 0.065 0.050 9.574 0.020
M SD  0.015 0.006 0.013 0.012 0.009 0.022
Mn mean 0.104 0.046 0.097 5.858 0.012 0.060 0.120 0.083 2.845 0.050
SD  0.073 0.021 0.033 0.014 0.062 0.022
mean 3.420 4.041 4.086 0.117 0.740 3.632 4.503 3.859 0.663 0.531
Fe SD  1.204 0.611 0.682 1.116 1.418 0.931
mean 0.000 0.002 0.002 1.807 0.184 0.002 0.002 0.002 1.235 0.321
co SD  0.000 0.000 0.000 0.001 0.000 0.001
mean 0.005 0.018 0.006 1.656 0.205 0.010 0.008 0.004 1.039 0.380
Cu SD  0.002 0.033 0.001 0.032 0.003 0.002
7n mean 0.018 0.017 0.021 0.981 0.332 0.015 0.023 0.017 4.650 0.028
SD  0.005 0.006 0.004 0.005 0.004 0.008
mean 0.007 0.013 0.015 0.380 0.549 0.011 0.013 0.012 0.275 0.763
Ro SD  0.002 0.002 0.002 0.004 0.003 0.005
mean 0.012 0.005 0.006 5.378 0.017 0.005 0.008 0.007 0.810 0.464
5t SD  0.002 0.001 0.000 0.002 0.002 0.003
mean 0.010 0.021 0.023 0.020 0.891 0.025 0.020 0.019 1.339 0.294
o SD  0.004 0.002 0.002 0.008 0.003 0.008
Pb mean 0.004 0.006 0.005 0.001 0.979 0.011 0.005 0.004 4.850 0.025
SD  0.002 0.004 0.001 0.006 0.001 0.003
Ca/P mean 2.21
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TABLE 2: Predicted group membership of subsoil and infill
samples. * The percentage of samples which were correctly
classified above or equal to p > 0.95;** the accuracy rate
(percentage of specimens correctly determined).
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TABLE 3: Predicted group membership of infill samples. * The
percentage of samples which were correctly classified above or
equal p > 0.95; **the accuracy rate (percentage of specimens
correctly determined).

Samples Samples of infills
Subsoil Infills Total Nobones <50g >5lg Total
Subsoil 8 (100%) 0(0%) 8 (100%) Without bones 4 (100%) 0 0 4 (100%)
Infills 1(59%)  16(94.1%) 17 (100%) Slg> 0 8(100%) 0 8(100%)
Wilks Lambda 0350 >50¢g 1 (20%) 0 4 (80%) 5(100%)
Wilks " Lambda 0.111
Correct classified 76.1%*
Correctly classified  53.0%*
0/ %%
Accuracy 94.1% Accuracy 94.1%**
Cross-validated 90.5% Cross-validated
Accuracy Accuracy 82.4%
DISCUSSION Costas et al. 2016). Discrimination analysis has reliably

Our research has shown that infills of urns without
bones differed significantly from those with bones in
amounts of P, Ca, Mn, Zn, Pb and V, and were similar
to subsoil samples in some aspects. Subsoil samples
differed from all infill samples in amounts of P, Ca, Mn,
Sr and V. Our results indicate there have never been
any bones in "empty" urns. On the other hand, even
minimal amounts of bones (below 50g) caused
increased values of the elements mentioned above,
indicating deliberate deposition of few bone remains
with organic component, and their gradual decompo-
sition in soil. Soil properties cannot, in this case,
account for the absence of burnt bones in empty
burials.

Our results oppose the statement of (Herrmann
etal. 1990) and (Strand et al. 2008) that burnt bones
do not decay in soil. However, in the strict sense we
can say that only incompletely burnt bones containing
some organic component might have decayed in
surrounding soil. Burials under this study had been
burned at low temperatures. This is suggested by bone
color, consistency, and unchanged Ca/P ratio in the
bones. The Ca/P ratio serves as indirect evidence that
fire temperature wasn't high enough for mineral
transformation. An unchanged Ca/P ratio also serves
as evidence of absence of mineral modification caused
by diagenetic alteration resulting in increasing Ca/P
ratio due to secondary calcite deposition (Zapata et al.
2006), or decreasing, for example in acid soil (Lépez-
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categorized all samples in different categories, the
reliability was slightly lower just when a 95% threshold
was predetermined. The whole discrimination, howe-
ver, is high as regards archaeological investigation.

Investigations focused on elemental changes of
decomposing bodies confirm increased amounts of Ca,
P, Mn, Cu, B, Na, Zn, Mg (Hudson 1974, Keeley et al.
1977) and also Al, Na and K (Miiller efal. 2011)
around the bodies. The reason of the changes is the
substitution of given elements, their accumulation by
microorganisms, and geochemical composition of soil.
We have confirmed significantly higher amounts of P
and Ca in relation with the presence of bones, and
statistically non-significant increase of K and Sr. Lead
(Pb) decreases significantly and is mostly present in
surrounding subsoil. Especially the concentrations of
Al, K and Mn have been shown, in previous studies, to
be more abundant in buried individuals than in living
ones (Lambert ef al. 1985). These elements are those
accumulated by microorganisms during body decom-
position.

Increased values of vanadium (V) in our study
remain problematic. Biological significance of vana-
dium hasn't been demonstrated so far, it is probable,
howeyver, it is not regulated by organisms, similarly to
manganese (Darrah 2009). According to (Hunt, Speak-
man 2015), pXRF spectrometer cannot accurately
quantify vanadium in archaeological sediment matrix
at the concentrations in which they are typically
present. Higher concentration of vanadium may be due
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to spectral interference of different elements (Ferret
et al. 2003). Significant overlap of the spectra of Ti, V
and Cr may result in vanadium data variation. After
adjusting the pXRF with calibration factors, the
standard deviation of elemental values remained high
when compared to ICP-MS. As stated by (Bertin 1978),
the precision and accuracy of vanadium XRF
measurements depend also on titanium concentration
in the sample as their spectral peaks (V Kf = 4.931
KeV vs. Ti Ka = 4.952 KeV) may coincide due to their
interference.

Symbolism of empty graves

On the basis of the analysed data, four of the empty
urns can be classified as cenotaphs, i. ¢. intentionally
empty graves without human remains. None of them
contained any grave goods, just remnants of funeral
pyre in the form of charcoal and pottery fragments. In
one case, the empty grave was equipped with three
cups, one of them with a hole in its bottom. Empty
perforated urns were also discovered in other
necropolises in Central Europe (Nekvasil 1988). The
function of such vessels is unclear but the holes are
often identified as soul-exits used by the soul at the
moment of final transformation of an individual from
peri-mortem to final post-mortem stage.

Cenotaphs are a common phenomenon throughout
the world. They are symbolic graves with the body
missing due to its loss, destruction, or death in distant
lands. In prehistoric finds, the reasons might be similar,
or there might occur distribution of body remains
among members of a given community, dispersing of
remains at different places etc. Burnt bones could be
also removed from urns and redeposited, as well as
reintegrated at different place. Analogies were
evidenced in contemporary Bali where cemeteries
serve as temporary repositories for cremated remains
which are later exhumed and scattered (Downes 1999).
Depositions of empty urns, as labor-intensive and
complex processes, were probably carefully prepared
and planned. Small deposits of bones and even empty
urns provide evidence for complex post-pyre, long-term
processing.

Although the absence of body in a cenotaph doesn't
necessarily mean the absence of "personhood" (i. e.
grave was made for a concrete individual) in the grave
or urn (Chapman 2000), the question remains why
some were more subject to fragmentation or
circulation after death than others. This may be the
result of one's individual position, gender division, and

experience in Bronze Age system of kinship. For the
Scandinavian Iron Age, (Frisberg 2005) suggests
different primary function of empty graves, such as cult
buildings, altars, or simply sites where religious rituals
took place. The absence of grave goods could also be
a product of a multistage process. Grave goods might
be displayed alongside the corpse before burning but
were not later deposited with burnt bones, or they
might be passed down across generations rather than
buried, similarly to body fragments.

CONCLUSION

Our study suggests that decomposing burnt remains
can affect the surrounding environment. We were able
to distinguish intentionally empty urns using chemical
analyses of soil and burnt bones. We may conclude that
urns without bones were deposited in this way
deliberatedly. Post-depositional processes do not
appear to account for this pattern. Individuals carrying
out the funerals did not bury burnt remains in four of
the thirteen urns explored by us. Our research has also
amassed evidence that burnt, charred bones are
decomposable in soil similarly to inhumations. Finally,
we can confirm that pXRF, when properly calibrated,
is a reliable method of elemental analysis of soil
samples in forensic and archaeological contexts.
Portable XRF is a nondestructive, easy to use tool with
the possibility of repetitive measurements. Its drawback
are relatively higher detection limits and inaccuracy in
the quantification of some elements so that it can't be
considered a full-fledged substitute for laboratory
quantitative analysis in forensic science. However, we
assume that pXRF is an appropriate analytical device
in field forensic anthropology and archaeology.
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