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Revisiting the Middle Neolithic cremated remains from a 
unique crypt from Stein, the Netherlands

Barbara Veselka

Abstract

 Excavations in the 60s yielded a unique Middle Neolithic crypt in Stein, containing over 30 kg of burnt human bone. New 
osteoarchaeological analysis showed the remains to belong to at least 42 individuals, consisting of all age groups and both sexes, 
and the relatively large number of individuals suggested the repetitive use of the crypt. The total weight of the cremation deposit 
indicated that not all the cremated bone material from each individual was buried in the crypt, and the two bone concentrations 
on the crypt floor combined with the relatively large proportion of cranial fragments suggested selective deposition was practiced. 
This study has shown the value of revisiting cremated skeletal collections that were excavated and partially analysed in the 60s and 
yielded new insights in the Middle Neolithic burial practice in the Netherlands.
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Résumé

 À stein (Pays-Bas), des fouilles menées dans les années 1960 ont livré une chambre funéraire exceptionnelle du 
Néolithique moyen, composée de plus de 30 kg d’ossements humains calcinés. De récentes analyses anthropologiques ont 
montré que ces restes étaient composés d’au moins 42 individus, de sexe masculin et féminin et de différentes classes d’âge. 
le nombre relativement important d’individus suggère un usage répété de la chambre. le poids total des os indique que 
les individus ont été enterrés de façon partielle. les deux concentrations d’ossements sur le sol de la chambre et le nombre 
important de fragments crâniaux suggèrent également un dépôt sélectif rituel. Cet examen a démontré l’intérêt de la ré-étude de 
collections archéologiques anciennement fouillées et a permis d’apporter de nouvelles informations sur les pratiques funéraires 
du Néolithique moyen des Pays-Bas.

Mots-clés : crémation, Néolithique moyen, chambre funéraire, dépôt sélectif.

1. IntroductIon

 During an excavation campaign in 1963 
around stein, the Netherlands (see Figure 1), an 
unusual feature was encountered. a relatively 
large megalithic crypt floor was discovered with 
a relatively large amount of burnt human bone 
fragments, divided in two concentrations as can 
observed on the field drawing from Modderman 
(Verhart & amkreutz, 2017) on Figure 2. 
Based on the typology of the grave goods, such 
as bone arrowheads and a collar neck bottle, 
the grave was classified as Robenhausien, 
which dates to the Middle Neolithic (Beckers 
& Beckers, 1940). In 2001, radiocarbon dating 
confirmed a Middle Neolithic date of 3425 – 
3325 BC (hendrix, 2001).

Fig. 1 - Map of the Netherlands with
the location of stein.
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 Unfortunately, the cremated bone 
material was collected as a whole, thus, hindering 
the analysis of the separate concentrations. One 
of the concentrations was reported to contain 
a relatively large amount of cranial fragments 
(Verhart & amkreutz, 2017). Only a small part 
of the actual remains (about 4 kg) were sent to 
leiden University and analysed, including long 
bones, parts of the axial skeleton, and cranial 
fragments (maat, 1979). It is unclear why only a 
small amount of bone fragments was sent in for 
analysis, but in 2017, the stein burial chamber 
and all the finds were re-evaluated.

 The aim of this paper is to investigate the 
full amount of the burnt human remains. Results 
of the macroscopic osteoarchaeological analysis 
will aid in the reconstruction of the burial ritual 
that was applied in the unique crypt of Middle 
Neolithic stein.

2.  MaterIals and Methods

 The original crypt floor was preserved 
and is currently visible in its reconstructed state 
in the Museum voor Grafcultuur in stein. Figure 3 
shows the reconstructed crypt.

 a total of 33.5 kg of cremated human 
remains were analysed. The remains were sieved 
dividing the cremated bone into three fractions: 
10+ mm, 3–10 mm, and < 3 mm. The total weight 
was noted, consisting of the weights of the 
large fraction (10+ mm) and the small fraction 
(3–10 mm). The residue, < 3 mm, was briefly 
checked, but since this fraction consist mostly of 

soil and stones, the weight of this fraction is not 
part of the total weight of the cremation deposit. 
The total weight can provide information on 
the completeness of the interred individual(s). 
The weight of the fractions can provide infor-
mation on the degree of fragmentation, which 
may improve our understanding of taphonomic 
degradation and other processes affecting the 
quality of the burnt fragments. after sieving, 
the fragments were divided into categories, as 
presented in Table 1.

 In this stage, animal bone was separated 
from human bone, based on differences in mor-
phology (hillier & Bell, 2007). If the fragments are 
too small, it is not possible to make the distinction 
between human and animal bone macroscopi-
cally, implying that the category ‘Indeterminate’ 
may still contain animal bone fragments.

Fig. 2 - location of the two cremated bone concentrations (see hatched patches) on the stone crypt floor
(Verhart & amkreutz, 2017).

Fig. 3 - Reconstructed original crypt floor (photo : 
Museum voor Grafcultuur).
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Tab. 1 - skeletal categories.

 Dividing the bone fragments into 
skeletal categories will provide information on 
the proportion of the various skeletal parts. 
Combined with the total weight, this may aid 
in the assessment of the completeness of the 
individuals that were buried in the crypt. In this 
phase of the analysis, the Most likely Number of 
Individuals (MlNI) is determined. The presence 
of multiple unique skeletal elements, such as 
the dens axis or the left or right petrous part, 
provides information on the number of indi-
viduals buried together. an additional way to 
determine the MlNI can be the assessment of 
differences in bone robusticity, enabling the dis-
tinction between adult and nonadult bones.

 The combustion degree was assessed 
macroscopically by considering several vari-
ables: colour, texture, fracture, and deformation. 
Figure 4 provides an overview of combustion 

degrees with estimated temperatures, and 
changes in colour and texture. This is an approxi-
mated indication, since especially colour may be 
influenced by other factors, such as the amount 
of oxygen available or the soil in which the 
cremated remains were buried.

 The overall degree of combustion was 
noted as well as the degree of combustion for 
each skeletal category. This way, the homogeneity 
of the burning process can be determined, which 
may provide information on other aspects of 
the cremation process, such as the position of 
the body on the pyre.

 The cremation process alters the bone, 
making it difficult to assess all features used for 
age-at-death and sex estimation in burnt human 
bone. Generally, the same methods are used for 
aging and sexing cremated individuals as inhumed 

Fig. 4 - Combustion degree (Veselka, 2018).
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individuals, although age ranges become 
broader since not all features needed for these 
estimations may be observable. age-at-death in 
nonadults was estimated using a combination 
of several methods: dental development of 
deciduous teeth (demirjian, Goldstein 
& tanner, 1973), dental development of 
permanent teeth (Gustafson & koch, 1974), 
and dental measurements (liVersidGe, herdeG 
& rösinG, 1998). If the nonadult teeth were 
unobservable, age was estimated by measuring 
various cranial parts (fazekas & kosa, 1978), 
and assessing the stage of long-bone epiphyseal 
fusion (schaefer, Black & scheuer, 2009). 
Nonadults were assigned to following age 
categories: < 0 year, 0–6 years, 7–15 years, 15+ 
years, and 15–18 years. If a narrower age range 
could not be applied, the category ‘nonadult’ 
was used.

 adult age-at-death was estimated by 
combining several methods: assessing changes 
to the pubic symphysis (Brooks & suchey, 
1990), and auricular surface (BuckBerry & 
chamBerlain, 2002), and evaluating the degree 
of cranial suture closure (meindl & loVejoy, 
1985). as stated before, the cremation process 
may alter the morphology of skeletal fragments. 
Therefore, also the adults were assigned to 
broader age categories, and either one of the 
following age categories were applied: 18+ years, 
19–40 years, 22+ years, 25+ years, and 40+ 
years. If age could not be assessed, the category 
‘Indeterminate‘ was used.

 Only sex of adult individuals was esti-
mated, since the current macroscopic methods 
for nonadult sex information do not provide suffi-
ciently accurate results (lewis, 2007). The sex of 
adult individuals was estimated using methods 

outlined in the Workshop of european anthro-
pologists (Wea, 1980). In addition, the Phenice 
(Phenice, 1969) traits of the os pubis were 
assessed, and metric measurements were taken, 
if present, from the mandible, dens axis, humerus, 
radius, lunate, femur, and patella (GonçalVes, 
2011; caVazzuti et al., 2019). Individuals were 
assigned to the following categories: Female (F), 
Probable Female (PF), Probable Male (PM) and 
Male (M). adult individuals whose sex could not 
be determined were assigned to the category 
‘Indeterminate (I)’.

 all bone fragments were assessed for 
pathological anomalies that may occur in the 
skeleton. Descriptions were based on the standard 
works (see aufderheide & rodriquez-martin, 
1998; ortner, 2003; waldron, 2009).

3. Results

Weight
 Table 2 provides an overview of the 
weights of each skeletal category in grams 
and in percentage of the total weight. The last 
column shows the weight of nonadult remains. 
It was not possible to distinguish all nonadult 
fragments, therefore, no percentage for the 
nonadult remains is provided. The MlNI was 
42, which was based on 36 right adult and 6 left 
nonadult petrous parts.

Combustion degree
 Most fragments were fully calcined, 
which is usually attributed to relatively high 
temperatures and sufficient oxygen. some parts, 
such as cranial fragments and diaphyses, seem 
to have been less well burned, visible as greyish 
and black coloured bone. It was not possible to 
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Tab. 2 - Overview of weight per skeletal category in grams and percentages, and the weight of nonadult remains.
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determine if all the darker coloured fragments 
belonged to the same individual or to determine 
if less well burned bone was related to sex or age. 
Future analysis with more recently developed 
techniques that evaluate the crystallographic 
structure of bone due to temperature, such as 
X-ray powder diffraction or Fourier transform 
infrared spectroscopy FTIR, may improve our 
understanding of the cremation temperature 
(Greiner et al., 2018).

 animal bone was observed among the 
human burnt remains, such calcined bone from 
middle-sized mammals and fish bone, and arrow-
heads made of unidentifiable animal bone. Due to 
financial and time constraints, it was not possible 
to fully analyse all the animal remains. The animal 
bone material displayed a similar combustion 
degree as the human bone, which may be indic-

ative of burning the animal remains together with 
the human remains. The arrowheads (made from 
animal bone) that were included as grave goods 
(Modderman, 1964) were not fully calcined, indic-
ative of being burned at lower temperatures.

Age estimation
 estimating age is preferably based on 
the combination of several skeletal fragments. 
However, the cremation deposit from stein 
consists of at least 42 commingled individuals, 
which impairs combining several skeletal frag-
ments per individual. Table 3 provides an 
overview of age estimations based on specific 
skeletal elements and the minimum number of 
individuals (MNI) that were observed with this 
element. Considering the number of nonadult 
petrous parts (n = 6), the remains of at least six 
nonadults were buried at stein.

Tab. 3 - Observed ages with attributed elements and the stage or size.
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Sex estimation
 sex estimation is also performed by 
combining as many sexually dimorphic elements 
as possible. In the case of stein, it was not 
possible to combine the elements. Instead, in 
Table 4 an overview is provided of all available 
elements that can be sexually dimorphic and 
the number of observable fragments. Based on 
the number of skeletal elements observed, the 
(partial) remains of at least five males and five 
females were buried in the crypt.

Pathologies
 several pathological anomalies were 
observed in some of the skeletal elements. a 
number of skeletal elements showed lesions 
that can be attributed to periods of malnutrition 
and/or disease. In the large fraction, 13 cranial 
fragments displayed diffuse porosity (MNI = 1), 
as displayed in Figure 5. This cribra cranii can 
result from various pathological conditions and/
or inadequate diet, but the rounded edges of the 

Tab. 4 - Overview of sex estimates based on specific skeletal elements.
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pores are indicative of an inactive state of the 
lesion, suggesting the period of disease and/or 
malnutrition was overcome.

 Two nonadults displayed porosity of the 
orbits (cribra orbitalia), as shown in Figure 6, 
another non-specific stress marker, which can 
also result from several pathological conditions 
and/or malnutrition. The lack of woven bone and 
the rounded edges of the pores suggest cribra 
orbitalia was not active at the time of death.

 Two of the mandibles presented dental 
pathologies, such as ante mortem tooth loss and 
a dental abscess. Figure 7 shows a dental abscess 
in the process of healing at the right mandibular 
canine with porosity surrounding the abscess.

 Three vertebrae (MNI = 1) displayed 
osteophyte formation and degenerative 
porosity of the articular facets that can be asso-
ciated with osteoarthritis, a degeneration of 
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Fig. 5 - Cribra cranii of a parietal fragment.

the synovial joints mostly due to age and/or 
activity (waldron, 2009). Other lesions in the 
vertebrae included schmorl’s nodes (sN), which 
was observed in four vertebrae (MNI = 1), and 
degenerative disc disease (DDD), observed 
in two vertebrae (MNI = 1). In both cases, the 
intervertebral disc is affected, whereby DDD 

Fig. 6 - Cribra orbitalia in one of the orbits of a 
nonadult individual (see arrows).

generally results from older age, while sN are 
associated with an increase of pressure on the 
vertebral column, see Figure 8.

4. DIscussIon and conclusIon

 The burial crypt of stein is a unique 
funerary monument in the Netherlands dating 
to the Middle Neolithic (Verhart & amkreutz, 
2017). The total weight of the cremated humans 
remains was 33.5 kg. Considering that the MlNI 
was 42 (at least 36 adults and 6 nonadults), the 

Fig. 7 - Dental abscess with surrounding porosity.
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adult bone material alone should have weighed 
at least 45 kg, since the total weight of an adult 
skeleton after cremation ranges from 1272 grams 
for a female skeleton to 3379 grams for a male 
skeleton (mckinley, 1993; Bass & jantz, 2004; 
chirachariyaVej et al., 2007; GonçalVes 
et al., 2013b). However, this is not the case in 
Middle Neolithic stein, since the total weight of 
all 42 individuals was just 33.5 kg.

 Post-depositional processes and tapho-
nomic factors can influence the total weight 
of a cremation deposit. Generally, cremated 
remains that were buried in an urn have larger 
fragments than burnt skeletons interred without 
an urn. In the case of stein, the cremated 
individuals were buried without an urn, but 
in a crypt. The cremated bone material was 
deposited in two separate concentrations 
on the stone crypt floor, separated by a thin 
layer of soil (see Fig. 2). Wooden walls and 
roof covered the floor, that must have largely 
shielded the cremated bones from taphonomic 
processes, even after the decay of the wood 
and filling in of the crypt with soil, and no signs 
of intrusion of the crypt were observed (see 
Verhart & amkreutz, 2017: 39 for the model 

Fig. 8 - schmorl’s nodes on lumbar vertebra.

of the crypt). Other variables, such as choices in 
the collecting of the cremated fragments from 
the pyre, can further reduce the total weight. 
as shown in Table 2, all skeletal categories 
were represented, implying all types of skeletal 
fragments were collected. It is, however, not 
possible to determine if each skeletal element 
from each individual was collected or whether 
a specific preference in the collection of bone 
material existed, which may have been related 
to factors that are difficult to observe, such as 
social status or gender roles.

 It is clear that the process of cremation 
and post-depositional degradation may destroy 
a portion of the skeleton, whereby, in general, 
bone with a large proportion of cortical bone 
(e.g. diaphyses and cranium) is more likely to 
survive than bone with a large proportion of 
trabecular bone (e.g. vertebrae and os coxa). 
The possibility exists that the process of delib-
erate selection and deposition also contributed 
to the difference in expected and excavated total 
weight of the cremation deposit. some parts may 
be buried outside the grave hills on special loca-
tions (e.g. near rivers or on top of hills), some may 
be kept by family, kin and friends as a means to 
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remember the deceased, and eventually the rest 
could be buried (reBay-salisBury, 2010). With 
the ‘pars pro toto’ or token burial ritual, only a 
small amount of bone or even a single fragment 
is buried. It is commonly observed in many 
different cultures through time (fontijn et al., 
2013; GonçalVes et al., 2010; millaire, 2004; 
stratouli et al., 2010; Veselka & lemmers, 
2014). It is possible that some form of delib-
erate selection of fragments was made in the 
collection of stein before burying the remains.

 Mckinley (1989: 68) observed the 
following proportions in skeletal elements: 
cranium makes up for 18 %, axial parts for 23 %, 
and extremities for 59 % (upper limbs 23 %; 
lower limbs 36 %). although these proportions 
are based on unburnt, dry bone skeletons, it 
provides a rough estimate of the proportions of 
these skeletal elements within cremation deposits. 
Considering the proportion of cremated bones 
attributed to each skeletal category in stein (see 
Table 2), the weight of the cranial fragments is 
relatively larger than what would be expected, 
26.6 % vs. the expected 18 %. This is a common 
finding, due to cranial fragments being relatively 
robust and easily identifiable. The percentage 
of axial elements is much lower than would be 
expected (12.3 % vs. 23 % respectively). again, 
a common observation, because in general, 
these skeletal parts (e.g. vertebrae and os coxae) 
are more fragile than cranial fragments, and 
collection and movement as well as post-depo-
sitional stress are likely to cause more damage. 
Hence, some of the axial fragments may be too 
small to identify and may be part of the category 
‘Indeterminate’.

 The extremities make up only 38.8 %, 
which should be around 59 %. apart from the 
epiphyses, these skeletal elements generally 
withstand the cremation process well, although 
some of the fragments may be too small to 
identify and are part of the ‘Indeterminate’ 
category. However, the proportion of cranial 
fragments is still higher than what would be 
expected. In the study of Modderman (1964), 
two burnt bone concentrations were observed, 
one of them containing mostly cranial frag-
ments. It is possible that the cranial parts of 
the individuals were deposited separately, but 

the relatively high percentage of the category 
“Cranium” suggests that relatively more cranial 
elements were deposited than other skeletal 
elements. The relatively high percentage of 
cranial elements, as mentioned by Modderman 
(1964) and the relatively low percentage of axial 
elements, and upper and lower extremities may 
suggest that the practice of selective deposition 
contributed to the difference in total weight of 
the cremated remains.

 The large number of individuals seems 
to suggest that the crypt was used repeatedly, 
and throughout the years the remains of other 
deceased individuals were deposited. Due 
to its commingled nature, it is not possible to 
provide an estimate of the proportion of males 
vs. females, but the remains of at least five males 
and 5 females were buried in the crypt. The 
age estimates yielded ages-at-death from about 
26-30 weeks in utero to 40+ years. The observed 
pathological anomalies are considered to be the 
most frequently observed.

 Cribra cranii and cribra orbitalia are 
considered to be non-specific stress markers 
caused by a wide range of pathological condi-
tions (e.g. malaria, vitamin D and iron deficiency) 
and/or periods of malnutrition. especially the 
availability of foods may not have been stable 
during the Middle Neolithic, and likely contrib-
uted to the development of both types of stress 
markers. since these lesions seem to have been 
inactive prior to death, health and/or diet of the 
affected individuals seems to have improved. 
Dental abscesses may have resulted from severe 
caries, whereby not only the tooth was infected 
but also the mandible causing ante mortem 
tooth loss. The pathological anomalies to the 
spine, osteoarthritis, DDD, and sN, are consid-
ered to be among the most commonly observed 
lesions in the human skeleton. Both osteoarthri-
tis and DDD are generally considered to result 
from age, while sN are associated with increased 
pressure on the spinal column (waldron, 
2009). However, not only age contributes to the 
development of osteoarthritis and DDD, also 
repetitive and strenuous activities may exacer-
bate the lesions. It is not possible to determine 
the proportion of influence age and activity had 
on the development of these lesions.
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 The unique site of stein yielded over 
30 kg of burnt human bone material consisting 
of all age groups and both sexes, suggesting a 
large variety of individuals being buried in the 
crypt. The two separate bone concentrations 
combined with the relatively large number of 
cranial fragments seems to imply selective depo-
sition of cremated bone material was part of the 
funerary ritual. It is unclear how many years the 
crypt was being used, but the large number of 
individuals interred in this crypt indicates the 
repetitive use of the burial chamber. This study 
has demonstrated the value of osteoarchaeo-
logical analysis of the burnt human remains 
in understanding the burial rite practiced in 
stein, and aids in our understanding of Middle 
Neolithic funerary rituals in the Netherlands.
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