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Abstract

The human cranium is probably the most common single anatomical element manip-
ulated after the death of the individual. However, it is not uncommon to find isolated
crania for which it is difficult to unequivocally determine the nature of the deposi-
tion, either intentional or natural. In order to establish whether naturally deposited
and intentionally deposited skulls are characterised by different taphonomic pat-
terns, we evaluated the state of preservation of 75 isolated crania (68 naturally
deposited and 7 intentionally deposited) from sites in Africa, Europe, Near East and
Asia, from approximately 2 million to 20,000 years BP. As a comparative reference,
we evaluated the preservation pattern of further 101 skulls from individuals buried
in primary deposition at two cemeteries. Finally, to determine whether the breakage
pattern of skull-cups (skulls intentionally modified and manufactured into bowls)
mimics a natural skull breakage, we analysed the preservation pattern of 19 skull-
cups from archaeological and ethnographic contexts. Preservation and breakage pat-
terns were evaluated using the Zonation method and the Landmark method. Results
suggest that the intentionally deposited skulls have a pattern of preservation similar
to the skulls found in cemeteries, and for both these categories, skulls were gener-
ally better preserved than naturally deposited skulls. The natural breakage pattern
of isolated skulls also significantly differs from the breakage pattern of skulls modi-
fied into skull-cups, suggesting that it is unlikely that skull-cups were fashioned in a
manner that imitates natural breakage patterns.
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Introduction

Humans have the unique characteristic among organisms of deliberately and cul-
turally disposing of their dead, a behaviour expressed in a variety of ritualistic
and funerary manipulations. The human skull is probably the anatomical ele-
ment most commonly manipulated after the death of an individual, in ways that
include peri- and post-mortem decapitation, skull caching, secondary deposition,
decoration of skulls, and modifications of skulls to make masks and skull-cups
(e.g. Bonogofsky, 2011; Boulestin & Henry-Gambier, 2012, and chapters within;
Gresky et al. 2017; Lichter, 2016; Mendoza, 2007; Schulting, 2013; Wade, 2018).
It is, however, not unusual to find isolated skulls (for the purpose of this work,
isolated human crania are defined as skulls found without association of any post-
cranial bone elements belonging to the same individual(s)), for which is difficult
to unequivocally determine the nature of their deposition, either intentional or
natural.

The discovery of single isolated human crania is often associated with differ-
ential transportation of body parts. For instance, flume experiments have demon-
strated that complete crania are the fastest-moving skeletal elements, and, because
they can float even when saturated, skulls may be transported for long distances
(Boaz & Behrensmeyer, 1976). This long-distance transport may explain the
high number of isolated skulls found in major rivers, such as the River Thames
(Arthur, 2022; Bradley & Gordon, 1988; Kniisel & Carr, 1995; West, 1996).
However, it is also possible to have isolated skulls that were purposefully depos-
ited, as well as cases of a combination of anthropic and natural displacement of
skulls (Belcastro et al. 2021; Boulestin, 1994).

The accumulation of several isolated skulls, on the other hand, is more often
associated with intentional deposition. Skulls retrieved from primary burial and
subsequently re-buried either on their own or, more commonly, with other skulls
or within another individual’s primary burials, is well documented for the Neo-
lithic Near East (Arensburg & Hershkovitz, 1989; Bonogofsky, 2001; Gresky
et al. 2017; Haddow & Kniisel, 2017; Lichter, 2016; Milevski et al. 2008; Stor-
deur and Khawan, 2007). There is growing evidence for the special treatment of
the human head in Mesolithic Europe, which takes the form of secondary depo-
sition of crania and mandibles often in unusual contexts, including cranial ele-
ments deposited as ‘grave goods’ within other burials (Schulting, 2013). Impres-
sive collections of human skulls have been uncovered in Central America, where
hundreds of skulls were mixed with mortar to form towers of skulls that flanked
a tzompantli. A tzompantli (or skull rack) is a type of wooden rack or palisade
which was used for the public display of human skulls, where poles passed
through perforated heads and skulls, typically those of war captives or other sac-
rificial victims (Mendoza, 2007; Wade, 2018).

More difficult to interpret are cases where only few (two or three) skulls are
found together without any associated post-cranial bones. For instance, the depo-
sition of two skulls from Apidima Cave (Greece) has received conflicting inter-
pretations. The Apidima specimens were discovered in a block of breccia during
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excavations by the National Kapodistrian University of Athens, in 1978. In 2019,
Lumley and colleagues described these finds as a pair of Neanderthal skulls (one
male, one female) deposited approximately 160,000 years ago in the cave. The
disposition of the skulls, facing each other and lacking any association with other
post-cranial human remains, was interpreted as an intentional double deposition
(Guipert et al. 2019; Lumley et al. 2020). The same year, Harvati and colleagues
(Harvati et al. 2019) re-analysed three samples from the ‘skull breccia’ using the
uranium-series method and concluded that both crania were older than the solidi-
fication of the matrix, which occurred around 150,000 years ago. Despite their
proximity, the deposition of Apidima 1 (an archaic Homo sapiens individual)
occurred during an accumulation event dated to MIS 7 (around 210 ka), whereas
the uranium-uptake process of Apidima 2 (a Neanderthal individual) took place
during MIS 6 (around 170 ka). Harvati and colleagues (2019) concluded that the
two skulls had probably been trapped on the surface of the talus cone, Apidima 1
at around 210 ka and Apidima 2 at around 170 ka, and were brought to their final
depositional location by natural processes before the cementation and solidifica-
tion of the sedimentary matrix at around 150 ka. This example illustrates how the
depositional context of isolated crania can be particularly difficult to interpret as
either an intentional or a natural process.

To contribute to this discussion, we analysed 195 human crania from differ-
ent depositional contexts to establish whether naturally deposited crania preserve
or break in distinctive ways compared to intentionally deposited crania. We also
attempted to determine whether the breakage pattern of skull-cups, a particular type
of modified human crania whereby the facial bones and the basicranium have been
purposefully removed and the cranial vault manufactured into a bowl, can mimic
a natural cranial breakage. These results should allow us to evaluate whether the
pattern of humanly induced modifications can be discerned from natural breakage,
which can be important for future studies to avoid misinterpreting cultural and natu-
ral modifications.

Material and Method

With the exception of one child cranium, for this study, we exclusively considered
adult crania, to avoid the potential bias caused by the differential state of preserva-
tion of sub-adult skeletal elements (Bello et al. 2006; Walker et al. 1988). We evalu-
ated the state of preservation (completeness and breakage patterns) of 195 crania.
Of these, 75 were isolated crania, 101 were skulls of complete individual buried in
primary deposition at two cemeteries, and 19 crania were purposefully shaped into
skull-cups.

Among the 75 isolated crania:

- 68 were crania naturally deposited in sediments dating between ~2 million and
20,000 years ago from Europe, Near East, Africa and Asia. The crania were found
either in caves, open-air sites, or riverbeds. For details of the hominin species and
the archaeological context and deposition where they were uncovered, refer to Sup-
plementary Information (SI1, Table 1).
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- 7 were intentionally deposited crania: two crania (BOU-VP-16/1 and BOU-
VP-16/2, from the site of Bouri, Herto member, Ethiopia; Clark et al. 2003; White
et al. 2003) show evidence of cut-marks and human modifications. Two crania
(Wajak 1 and 2, from the site of Wajak in Java) were found in a cave with little asso-
ciated faunal or lithic material. Although the type of deposition is still debated, it has
been suggested that Wajak 1 and 2 could have been purposefully deposited around
10,000 years BP (Storm, 1995). Two skulls (Homo 1 and Homo 2, from the cave site
of Qafzeh in Israel) were found inside a cave chamber associated with Upper Palaeo-
lithic artefacts and have been interpreted as intentionally deposited (Vandermeersch
et al. 2013). Finally, an isolated cranium was purposefully deposited within a human
primary burial (Sunghir 5, from the site of Sunghir in Russia; Trinkaus et al., 2014),
although more recent excavations have suggested the presence of few post-cranial
elements associated with this cranium (Trinkaus & Buzhilova, 2018). For details of
the hominin species and the archaeological context and deposition where they were
uncovered, refer to Supplementary Information (SI1, Table 2).

As comparative reference collections, we evaluate the pattern of preservation of
101 crania of complete individuals buried in primary deposition at two cemeteries.
These cemeteries were selected to represent different taphonomic burial environ-
ments, in terms of soil composition, temperature, humidity, and vegetation coverage:

— 48 skulls come from 18 cemetery sites at Hassi-el-Abiod (Algeria) dating
between 8000 and 5000 BP. These sites were excavated during three archaeo-
logical missions between 1981 and 1983, and details are summarised in Dutour
(1989). Although paleosol analysis suggests a subtropical ecosystem at the time
the cemeteries formed, the areas dried out and, at the time of the excavations, the
sites were found in a desertic environment. The burials were generally shallow
with human skeletons sometimes exposed, or partially exposed to the elements
(Dutour, 1989; Petit-Maire et al. 1983). Although the cortical surfaces still bur-
ied were generally sound, the surface exposed were cracked and altered (Bello,
2001). The shallow burial and the exposure to the harsh desertic environment
caused extensive breakage of the remains, which are very fragmented overall.

— 53 skulls come from the cemetery of Saint-Esteéve-le-Pont (Bouches-du-Rhone,
France), period of formation VII-XII centuries. The site was excavated during
five seasons between 1999 and 2003, and details are presented in multiple reports
and summarised in Bello (2001) and Thomann (2004). The burials were found
on a land used for agriculture. The combination of plant coverage, irrigation and
use of manure caused an increase in soil acidity which produced severe altera-
tions of the cortical bone surfaces of all skeletons. The graves, however, were
deep enough to limit trampling processes, permitting limited breakage of the
skeletal elements.

Finally, to determine whether the breakage pattern of skull-cups mimics natural
skull breakage, as suggested by Fernadndez-Jalvo and Andrews (2021), we analysed
the preservation patterns of 19 crania intentionally broken and shaped into skull-
cups. Of these, 18 skull-cups come from archaeological sites (eight dated to the
Upper Palaeolithic, seven to the Neolithic, and three to the Bronze Age) and one is
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a modern ethnographic example from Australia. For details of the hominin species
and the archaeological context and deposition where they were uncovered, refer to
Supplementary Information (SI1, Table 3).

The sources we used for this analysis were as follows: direct observation (of orig-
inal specimens or their casts); photos and/or CT-renders of crania (with all sides
included) published in peer-reviewed journals; and images from scientific websites
such as efossils (https://efossils.org) (SI1, Table 1, 2 and 3). Skulls from the cem-
eteries were all assessed by direct observation.

The state of preservation and breakage patterns were evaluated using two meth-
ods. We first used a modified version of the Zonation method (Kniisel & Outram,
2004), which records the presence or absence of 15 cranial zones. We divided Zone
5 (the occipital bone) in two zones: 5S (squama of the occipital) and 5B (basal por-
tion of the occipital) in order to identify and separate a neurocranial zone (5S) from
a basicranial zone (5B). We grouped the zones according to anatomical position
into:

Neurocranium: zones 1, 2, 3, 4, 5S, 6, 7, 8 and 9.

Facial skeleton: zones 10, 11, 12, 13, 14 and 15.

Basicranium: zone 5B (Fig. 1a).

For each cranial zone, we evaluated the state of preservation following Bello
et al. (2006), which considers 6 preservation classes:

® Neurocranium W Facial skeleton W Basicranium

Fig. 1 Detail of a the 15 cranial zones (modified version of the Zonation method; Kniisel & Outram,
2004) and b the 39 cranial landmark points (Landmark method; Krovitz & Shipman, 2007) recorded for
the neurocranium (in red), the facial skeleton (in blue) and the basicranium (in green)
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Fig.2 Preservation patterns of crania found in cemeteries (complete bodies buried in primary deposi- p
tions). Percentage of classes of preservation (classes O to 5) for the different cranial zones (based on the
Zonation method) evaluated for skulls from a Saint Estéve le-Pont and b Hassi-el-Abiod cemeteries, and

¢ percentage of ‘well preserved’ cranial zones (classes 3, 4 and 5 combined) for both cemeteries together.
Percentages of preserved landmark points observed at d Saint Esteve le-Pont and e Hassi-el-Abiod cem-
eteries

Class 0: Bone not preserved.

Class 1: 1-25% of bone preserved.

Class 2: 26-50% of bone preserved.

Class 3: 51-75% of bone preserved.

Class 4: 76-99% of bone preserved.

Class 5: Bone completely preserved.

To refine the identification of the areas of the crania more prone to preserve, we
employed the Landmark method as an additional form of scoring, which records the
presence/absence of 39 cranial landmark points (LP, left and right when possible)
following Krovitz and Shipman (2007). We sub-grouped the landmarks according
to:

- Neurocranium landmarks: 1, 6, 9, 10, 11, 15, 16, 19, 20, 21, 22, 23, 24 and 25.

- Facial landmarks: 2, 3, 4, 5, 7, 8, 12, 13, 14, 17, 18, 26, 27, 28, 29, 38 and 39.

- Basicranium landmarks: 30, 31, 32, 33, 34, 35, 36 and 37 (Fig. 1b).

To determine whether the preservation patterns observed were significantly dif-
ferent between groups, the Fisher’s exact test was computed for each cranial zone
assessed, and for each method used (i.e. Zonation method, and Landmark method),
followed by post hoc pairwise Fisher’s tests (with false discovery rate (FDR) cor-
rection) where relevant (Freeman & Campbell, 2007), (SI1, Tables 4-7). Statistical
tests were performed with R Studio (version 2022.12.0+253; R Core Team, 2022)
using the rstatix package (Kassambara, 2020).

Results
Skulls from Cemeteries: Complete Bodies Buried in Primary Deposition

We first evaluated the state of preservations of the skulls found in the cemeter-
ies (n=101), where complete bodies were buried in primary depositions in indi-
vidual graves, to verify whether different depositional and taphonomic environ-
ments can affect the state of preservation and breakage patterns of the cranium,
and if so to what extent (Fig. 2). The Saint-Esteéve-le-Pont site was characterised
by high soil acidity which caused severe diagenetic alterations of the bone corti-
cal surfaces up to the complete dissolution of the more spongy and less mineral-
ised bones (Bello et al. 2006). The considerable depth of the graves (Thomann,
2004), however, was a limiting factor in physical alterations of the bones, which
were only occasionally fragmented (Bello, 2001). On the other hand, the skele-
tons from the cemetery sites at Hassi-el-Abiod were found in shallow graves, with
human remains sometimes directly exposed to the harsh desertic environment
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Fig. 3 Preservation patterns of crania from cemeteries and isolated crania (Zonation method). Percentage p
of classes of preservation (classes O to 5) for the different cranial zones evaluated for a crania from cem-
eteries, b isolated crania naturally deposited, ¢ isolated crania intentionally deposited and d skull-cups. e
Percentage of ‘well-preserved’ cranial zones (classes 3, 4 and 5 combined) for the crania found in cem-
eteries, in natural or intentional deposits, and for skull-cups

(Dutour, 1989). Both mechanical and diagenetic processes affected the remains,
causing modification of the cortical surfaces as well as extensive fragmentation
(Bello, 2001). As a result, the crania from the Saint-Estéve-le-Pont cemetery
were generally better preserved (with 59.8% of cranial zones preserved between
50 and 100%) compared to the crania from the Hassi-el-Abiod cemeteries, (with
only 32.2% of cranial zones preserved over 50%).

Regardless of the overall poorer preservation of crania from the Hassi-el-
Abiod, the pattern of preservation among the cemeteries is remarkably similar.
The neurocranium preserves generally well, with 72% of crania at Saint-Esteve-
le-Pont cemetery and 39.1% at Hassi-el-Abiod cemeteries having these cranial
zones preserved between 50 and 100%. An exception is the sphenoid (zones 8
and 9), with only ~45% of Saint-Estéve-le-Pont crania and 14% of Hassi-el-Abiod
crania having these cranial zones preserved between 50 and 100%. The cranial
vault (zones 1-5S) and the temporal bones (zones 6 and 7) are consistently well
preserved. The facial bones preserve generally less well, with 40.3% of Saint-
Estéve-le-Pont crania and 19.2% of Hassi-el-Abiod crania having these cranial
zones preserved between 50 and 100%. The nasal bones (zones 14 and 15) are the
least well-preserved portion of the cranium (less than 10% of the crania from both
set of cemeteries having these bone zones preserved between 50 and 100%). The
basicranium preserved better than the facial bones, with 66.0% of Saint-Esteve-
le-Pont and 43.8% of Hassi-el-Abiod crania having this cranial zone preserved
between 50 and 100% (zone 5B; Fig. 2a—c).

The Landmarks method offers some additional details. The parietal bones (par-
ticularly along the midline, Land Points (LPs) 21-24) and the squamous portion of
the occipital (LP 25) are generally well-preserved, with these LPs present between
83 and 89% of the crania from Saint-Estéve-le-Pont, and between 54 and 83% of the
crania from Hassi-el-Abiod. On the facial bones, the areas surrounding the orbits
(zygomatic, nasal and maxillary; LPs 10, 11, 13) are the portions that preserved bet-
ter, with percentages comparable to the landmark points on the neurocranium in the
case of crania from Saint-Estéve-le-Pont (LPs present between 73.5-90.6% of the
crania from Saint-Estéve-le-Pont, but only present between 33.3 and 58.3% of the
crania from Hassi-el-Abiod). On the basicranium, the area surrounding the external
acoustic meatus (LP 19), and the areas surrounding the stylomastoid foramen (LPs
33, 34) on the petrous portion of the temporal bones are particularly well-preserved
(LPs 33, 34 present on over 70% of the crania from Saint-Estéve-le-Pont, and over
40% of the crania from Hassi-el-Abiod). Similarly, LP 36 (the opisthion, posterior
portion of the foramen magnum) and LP 37 (the posterior border of the occipital
condyle with the foramen magnum) were found to be well-preserved, being present
on over 60% of the crania from Saint-Estéve-le-Pont, and on about 40% of the crania
from Hassi-el-Abiod (Fig. 2 d, e).
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Despite the differing taphonomic contexts between cemeteries, the overall
observed similarity in preservation patterns of crania from both cemeteries allowed
us to pool all crania into a ‘crania from cemeteries’ category. All of these skulls
were found intentionally buried in association with their post-crania which allowed
us to use them as ‘baseline’ for evaluating the state of preservation of isolated crania
that were either naturally or intentionally deposited (Fig. 3).

Isolated Crania: Naturally or Intentionally Deposited

Naturally deposited crania found in isolation show a better preservation of the cra-
nial vault (zones 1-4 and 5S) compared to intentionally deposited isolated crania
(69.4% of naturally deposited isolated crania preserve these cranial vault zones
between 50 and 100%; compared to 40% of intentionally deposited isolated crania;
this difference is confirmed statistically, with p=1.56E-03, SI1 Table 5a). However,
the intentionally deposited crania, both from cemeteries and isolated contexts, show
a more homogeneous preservation of all other cranial elements, with a better pres-
ervation of the facial skeleton (zones 10-15) (30.5% of crania from cemeteries pre-
serve the facial bones between 50 and 100%, compared to 35.7% of the intentionally
deposited crania, and only 23.3% of the naturally deposited crania). This difference
in preservation of the facial skeleton is confirmed statistically when comparing cem-
eteries to natural deposits (p=0.0183, SI1 Table 5a). The differences are particu-
larly noticeable for the zygomatic bones (zones 10 and 11; 44.5% of skulls from
cemeteries preserve the zygomatic bones between 50 and 100%, compared to 28.6%
of the intentionally deposited crania, and only 18.4% of the naturally deposited cra-
nia; SI1 Tables 4a, 5a) and the maxillae (zones 12 and 13; 37.65% of crania from
cemeteries preserve the maxillary bones between 50 and 100%, compared to 50% of
the intentionally deposited crania, and only 21.3% of the naturally deposited crania;
SI1 Tables 4a, 5a). Intriguingly, the nasal bones appear better preserved in the iso-
lated crania than in the non-isolated crania found in cemeteries: zones 14 and 15 are
well preserved in only 9.4% of crania from cemeteries, while they are well preserved
on 28.5% of intentional deposited crania and 30.1% of naturally deposited crania,
which is statistically significantly different when comparing crania from cemeteries
to naturally deposited isolated crania (p = 1.20E-05***%*; SI1 Tables 4a, 5a).

The crania modified into skull-cups have a distinctive breakage pattern that
emphasises the good preservation of the cranial vault (zones 1-4 and 5S), with
89.5% of skull-cups having the frontal, parietal and the squamous portions of the
occipital bones preserved at over 50% (classes 3, 4 and 5). This good preservation
rate of the cranial vault is statistically significantly different to the cranial vault pres-
ervation patterns recorded for all other groups of crania included in this study (SI1
Table 5a). Conversely, skull-cups are characterised by the almost complete absence
of facial bones (with only 3 skull-cups (15.8%) preserving between 1 and 25% of the
nasal bones), and by the poor preservation of the temporal bones (only one skull-cup
having the temporal bones preserved at over 50%) and of the basicranial portion of
the occipital bones (with only eight skull-cups preserving some portion, less than
50%, of the temporal bones) (Fig. 3). The poor preservation rate of the facial and
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temporal portions of the cranium observed for skull-cups is statistically significantly
different from the preservation patterns observed for these cranial zones in all other
groups of crania studied (SI1 Table 5a).

Results from the Landmarks method confirm that the naturally deposited isolated
crania have a better preservation pattern of the neurocranium compared to intention-
ally deposited crania, regardless of whether they are isolated or found in cemeteries
(Fig. 4a—c). However, intentionally deposited crania (isolated or within cemeteries),
show a better preservation of the facial skeleton, particularly for LPs on the maxil-
lary (LPs 2, 3, 8 and 12 respectively preserved in 55.5%, 57.5%, 48% and 48.5% of
crania from cemeteries; 57.1%, 57.1%, 57.2% and 70% of intentionally deposited

Neurocranium Facial Skeleton Basicranium

a Cemeteries
100

d Skull-cups

Fig. 4 Preservation patterns of crania from cemeteries and isolated crania (Landmark method). Frequen-
cies of preserved landmark points observed on crania from a cemeteries, b isolated crania found in natu-
ral or ¢ intentional deposits and d skull-cups
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isolated crania; as opposed to only in 26.4%, 20.6%, 29% and 21% of naturally
deposited isolated crania). This difference in preservation of the facial skeleton is
confirmed statistically when comparing crania from cemeteries to naturally depos-
ited crania (p=38.46E-210), and when comparing intentionally deposited isolated
crania to naturally deposited crania (p=4.98E-45; SII Tables 6a, 7a). The LPs on
the zygomatic generally preserved better in intentionally deposited crania with the
zygomatic-maxillary sutures preserving generally better (LPs 13 and 14, respec-
tively preserved in 55.4% and 52% of crania from cemeteries; 57.1% and 57.1%
of intentionally deposited isolated crania; but only in 27.8% and 25% of naturally
deposited isolated crania) than the superior and inferior temporal-zygomatic junc-
tion of the zygomatic arch (LPs 17 and 18, respectively, preserved in 45% and 43%
of crania from cemeteries; 28.6% and 14.2% of intentionally deposited isolated cra-
nia; and in 17.6% and 16.2% of naturally deposited isolated crania).

Crania from cemeteries and naturally deposited isolated crania, on the other
hand, score higher frequencies of the landmark points located on the basicranium
(LPs 33-34 are respectively present on 64.5% and 69.3% of crania from cemeter-
ies, and on 54.4% and 58.8% of naturally deposited crania), compared to the lower
frequencies evaluated for intentionally deposited isolated crania (28.5% and 42.8%).
When all basicranial landmarks are assessed together, the differences in preservation
observed are confirmed to be statistically significant when comparing crania from
cemeteries to naturally deposited crania (p =3.94E-08) and intentionally deposited
crania (p=1.09E-02), (SI1 Table 7a), with crania from cemeteries showing a better
preservation of the basicranium overall.

The preservation pattern of skull-cups stands out for its dissimilarity with both
naturally and intentionally deposited crania as well as crania recovered from the
cemeteries (Fig. 4d; SI1 Table 7a). Although all skull-cups preserved the midline
portions of the parietal bones (LPs 22, 23 and 24) and the upper portion of the fron-
tal bone (90% of skull-cups preserved LP 21), they completely lack the facial skel-
eton and the basicranium (none of the LPS on the facial bones or the basicranium
were preserved). Results from statistical analyses confirm that skull-cups differ in
their preservation patterns from all cranial remains, most particularly when consid-
ering the basicranium, facial skeleton, and maxillary portions of the specimens (SI1
Table 7).

Discussion

The differential degree of mineralisation of skeletal elements has a direct effect on
the preservation and representation of bones, teeth, tusks and antler in zooarchaeo-
logical assemblages (e.g., Behrensmeyer, 1975; Binford & Bertram, 1977; Grayson,
1989; Klein, 1989; Klein & Cruz-Uribe, 1984; Lyman, 1984; Marean, 1991). Simi-
lar studies applied to the analysis of human collections have also identified a direct
correlation between bone density and preservation of human remains. In the case
of human collections where complete bodies had been buried, it has been demon-
strated that the state of preservation and representation is determined by the intrinsic
morphometric characteristics of the skeletal elements (shape and dimensions), their
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different degrees of mineralisation, and by the characteristics of the depositional
environment (Bello & Andrews, 2006; Bello et al. 2006; Willey et al. 1997). By
determining the state of preservation of human collections from cemeteries with dif-
ferent taphonomic depositional properties, these studies have proposed a ‘survival’
or ‘theoretical profile of bone survival’ (Bello et al. 2002; Willey et al. 1997) that
can be used as ‘baseline’ to compare human assemblages for which the taphonomic
history is less well known. For instance, Willey and colleagues (1997, p.527) sug-
gested that ‘the absence of certain segments, where bone mineral density is low,
should be expected as the post-mortem interval increases or where environmental
conditions are particularly destructive. The absence of bone that is more densely
constructed, however, suggests that some form of selection, perhaps by opportun-
istic scavenging or deliberate human modification of the remains, such as mortuary
processing or suspected acts of cannibalism, has occurred.’

Natural agents as well as the post-mortem manipulation of the cadaver and the
funerary behaviour involved in its deposition can greatly influence the relative abun-
dance and the state of preservation of human remains, as it has been exemplified
in several anthropological studies (e.g. Bello & Andrews, 2006; Bello et al. 2016;
Boulestin et al. 1996; Duday, 2009; Duday & Sellier, 1990; Gnoli & Vernant, 1982;
Trinkaus, 1984). The human cranium is probably the anatomical element most com-
monly manipulated after the death of an individual. Several studies have highlighted
the importance of the human head in past and present societies, as it is often seen as
‘the seat of personhood, ancestorhood, or the soul’ (Bonogofsky, 2011, p. 3). This
perception is reflected in funerary traditions involving the manipulation of the skull
where ‘the head may serve as a trophy taken by victorious warriors, as a memento
of the deceased recovered by kin, as a political symbol of power and terror, or as a
modified object for daily or ritual use’ (Bonogofsky, 2011, p. 3). The removal of the
skull from the burial after decomposition of the body is one of the main examples
of such mortuary ritual, often for later use by relatives or by members of the same
group. The removal can be associated with minimal or no alteration of the skull, but
in other cases, skulls can be engraved or shaped, plastered, painted or adorned with
a variety of materials such as ochre, shells or clay (Bonogofsky, 2011 and references
therein).

Isolated skulls, headless skeletons and caches of skulls dating to the Natufian and
Early Neolithic have been found in several settlements across the Levant and Ana-
tolia, suggesting that cranial removal after decomposition of the body was a com-
mon feature of funerary practices in those cultures, sometimes involving decora-
tion of the skulls and plastering of the facial skeleton (Bonogofsky, 2001; Croucher
& Bonogofsky, 2006; Goren and Bar-Yosef, 1973). Biocultural modifications can
also occur during life, with some cultural practices known to drastically reshape the
skull, such as in vivo cranial deformation to elongate the skull as observed for exam-
ple among the Iron Age Sargat people (Sharapova & Razhev, 2011), during the Neo-
lithic in the Near-Eastern settlement of Jericho (Kurth & Rohrer-Ertl, 1981), or in
the pre-Columbian Andes (Torres-Rouff, 2003, 2020a, 2020b).

Despite the many ways skulls can be intentionally deposited and manipulated,
few studies have specifically focused on the way crania preserve or naturally
break after deposition. The application of the Zonation and Landmark methods to
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the analysis of human crania from cemetery sites developed in this study (Saint-
Esteve-le-Pont and Hassi-el-Abiod) has allowed us to determine more precisely
the preservation pattern of crania when complete bodies were purposefully bur-
ied. For these collections, we observed a consistent pattern of preservation, char-
acterised by a good preservation of the neurocranium (vault/calotte of the skull),
and in particular, the upper portion of the frontal bone and the parietal bones. We
also observed a fairly good preservation of the temporal bones, in particular the
mastoid and the petrous processes. The squama of the occipital also preserves
generally well, with LP 25 being the best-preserved cranial landmark among all
samples. The base of the occipital, however, does not preserve equally well and
is often underrepresented (Zone 5B). Likewise, the facial bones are more prone
to poor preservation, breakage and loss by natural causes, probably due to the
fragile nature of these bones. This pattern of preservation is likely to be fairly
consistent for human remains when complete bodies are buried, regardless of the
taphonomic depositional environment, and can be used as ‘baseline’ or intrin-
sic preservation patterns of human crania (i.e. the ‘theoretical profile of cranial
survival’).

Our results suggest that, similarly to the crania deposited in cemeteries, the inten-
tionally deposited isolated crania are more homogeneously and better preserved than
naturally deposited crania. In particular, intentionally deposited isolated crania show
overall a better preservation of the bones of the face. Facial bones are particularly
fragile and prone to fragment or break away from the rest of the skull due to move-
ments in the sediment, rolling or trampling (Bello, 2001). It is possible that an inten-
tional placement of isolated skulls in alcoves, small pits or protected natural recesses
was made with the intent to protect the head in general, and the more fragile and
‘human-like-facial-features’ of the deceased in particular. The importance of facial
bones is well documented in the archaeological record, with facial bones being
used to make facemasks as early as~9000 BC in the Near East (Bocquentin, 2013;
Kodas, 2015; Strouhal, 1973). For many ancient groups in Central America (Wade,
2018) or across Oceania (Meyer, 1995), wearing or displaying skull masks with the
facial bones intact was an integral part of their culture and funerary behaviour. It is
a plausible hypothesis, although speculative, that the intentional deposition of skulls
was meant to preserve the integrity of the cranium, particularly their facial portions
as they are the most recognisable skeletal element of an individual (Fig. 5).

Although our results showed that intentionally deposited crania preserved facial
bones generally better than naturally deposited crania, we hesitate to suggest that
the analysis of the state of preservation and breakage pattern of crania can be used
alone to determine the nature of the deposition, either by natural causes or by human
actions. This challenge arises from the difficulty of discriminating among different
taphonomic agents and the issue of equifinality in taphonomic modifications. For
instance, the analysis of the crania from cemeteries, despite showing a general com-
mon pattern in the state of preservation of the different cranial zones, also shows
how diverse taphonomic environments can result in various degrees of modification
of crania buried in similar ways (in these cases, the primary deposition of complete
bodies in individual burials). Therefore, although the presence and good preserva-
tion of facial bones could be an indication of the intentional deposition of a cranium,
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Fig.5 Visual representation of the percentages of ‘well-preserved’ cranial zones (classes 3, 4 and 5 com-
bined) evaluated for crania recovered in cemeteries, in natural or intentional deposits, and for skull-cups

only a comprehensive analysis of the archaeological context in which the cranium
was uncovered can ultimately determine the nature of a deposition.

Our analysis also attempted to determine whether the breakage pattern of skull-
cups mimics a natural skull breakage. Human skull-cups have been found at several
archaeological sites with evidence of cannibalism and manipulation of human bod-
ies, and their presence has been used to support the hypothesis of ritualistic practices
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Fig.6 Comparisons of the morphology of crania defined as skull-cups, calvaria and skullcaps. a Skull-
cup from Gough’s Cave, UK (NHMUK PA EM 54143), b calvaria from Ngandong, Java-Indonesia
(Ngandong I) and ¢ skullcap from Trinil, Java, Indonesia (Trinil skull). Photographs of casts © The Trus-
tee of the Natural History Museum, London

(Bello et al. 2011, 2015; Boulestin & Coupey, 2015; Boulestin & Henry-Gambier,
2019; Breuil & Obermaier, 1909; Caceres et al. 2007; Marginedas et al. 2020; Marsh
& Bello, 2023; Orschiedt & Haidle, 2006; Santana et al. 2012). A different hypoth-
esis has been proposed by Fernandez-Jalvo and Andrews (2021, page 389) who sug-
gested that ‘Homo sapiens could see the practical bowl-like shape for domestic use
and perhaps tried to imitate natural skull breakage processing the skulls to preserve
them complete’. According to Fernidndez-Jalvo and Andrews’ hypothesis (2021,
Fig. 3, p. 389), skull-cups should present a preservation pattern similar to natu-
rally broken skulls. However, our results have shown that the preservation pattern
of skull-cups stands out for its dissimilarity with both naturally and intentionally
deposited crania (Fig. 5). Although, similarly to intentionally and naturally depos-
ited crania, skull-cups better preserve the upper (vault) portion of the cranium (the
parietals and part of the frontal and occipital bones), they almost completely lack the
facial skeleton and the basicranium, which contrasts with the preservation patterns
observed in intentionally and naturally deposited isolated crania (Fig. 5).

To bolster our analysis, we compared archaeological isolated crania that, due to
their state of preservation, have been described either as ‘calvaria’ or ‘skullcaps’
(i.e. terms used to identify skulls that almost exclusively preserved the cranial vault),
and are therefore morphologically similar to the humanly modified skull-cups (SI1
Tables 1 and 3, SI1 Tables 4a and 6a; Fig. 6). We are aware that these terms have
not been used consistently, and several cranial remains which could classify as ‘cal-
varia’ or ‘skullcap’ in reason of their preservation pattern have not been described
with these terms (e.g. the Grogol Wetan and Skull IX skulls from Sangiran, Indone-
sia (Kaifu et al. 2011; Widianto and Grimaud Hervé, 2000), or Hexian 1—PA 830
skull, from Hexian in China (Wu et al. 2006), to mention a few examples).

Our review of the literature has failed to identify any intentionally deposited iso-
lated ‘calvaria’ or ‘skullcap’ (i.e. calottes). Among the 68 naturally deposited iso-
lated crania, however, 25 have been described as calvaria (n=18; 26.5%) or skull-
caps (n=7; 10.3%). These samples have almost exclusively been found in fluvial
deposits (SI1, Table 1), where a continuous or continual rolling in the water resulted
in the breakage of the delicate elements of the facial skeleton and basicranium (Boaz
& Behrensmeyer, 1976; Day, 1965). The rarity of calvaria and skullcaps in other
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depositional contexts such as open air or cave sites is, in itself, a limitation to the
hypothesis that hominins could have imitated a ‘common’ natural breakage pattern
to shape human skulls into skull-cups.

From the preservation point of view and as expected, calvaria, skullcaps and
skull-cups have neurocranial zones present and generally well preserved, while
the facial skeleton and the basicranium are absent or generally poorly preserved.
There are, however, some noticeable differences. The skulls defined as calvaria
and skullcaps are generally better preserved than the intentionally shaped skull-
cups. Calvaria often preserve the temporal and sphenoid bones and display a
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Fig. 8 Preservation patterns of ‘calvaria’, ‘skullcaps’ and skull-cups (Landmark method). Frequencies of
preserved landmark points on isolated skulls recorded as a calvaria, b skullcaps and ¢ skull-cups

generally better preservation of the basicranium. Skullcaps preserve better some
few elements of the facial bones, and some portions of the temporal (i.e. the
petrous and mastoid portion of the temporals) are also generally well preserved.
On the contrary, temporals, sphenoid, facial bones and basicranium are absent or
minimally preserved in the case of skull-cups (Figs. 7 and 8). Statistical analyses
confirmed that preservation patterns significantly differ when comparing skull-
cups to calvaria or skullcaps (SI1 Tables 5b and 7b).

The hypothesis that skull-cups were broken in ways that imitate a natural
breakage is further contradicted by lower frequencies of LP 25 (the mid-point
of the occipital squama) compared to naturally and intentionally deposited cra-
nia. This cranial point is one of the thickest portions of the occipital, as it cor-
responds to the crossing point between the two rami of the eminentia cruciformis
on its endocranial surface, and because of its association with the external occipi-
tal protuberance along the superior nuchal line, to which the neck muscles and
nuchal ligaments are attached. The combination of these bone structures makes
this portion of the cranium particularly robust and difficult to break (naturally
or otherwise). For this reason, LP 25 is present on over 85% of crania found in
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cemeteries, on 77.9% of naturally deposited isolated crania and on 57.1% of
intentionally deposited isolated crania. It is also present on over 70% of naturally
deposited isolated crania defined as ‘calvaria’ or ‘skullcap’. However, this por-
tion of the squama of the occipital is more often intentionally broken in skull-
cups, where LP 25 is only present on 47.4% of the sample (Fig. 8). This pattern
would suggest that the intention to deliberately break the skull halfway between
the lambda and the opisthion on a particularly thick portion of bone was not dic-
tated by imitation of natural fractures, but by the desire to create a specific shape.

Conclusions

The combination of the Zonation and Landmark methods offers a valid methodol-
ogy to distinguish preservation and breakage patterns of naturally deposited crania
from intentionally deposited and humanly modified crania. These methodologies
have allowed us to recognise that the ‘natural’ breakage pattern of a cranium (a ‘the-
oretical profile of cranial survival’), regardless of the context of their deposition, is
generally characterised by a good preservation of the neurocranium (vault/calotte of
the cranium), and a poor preservation of the facial bones, which are the more prone
to breakage and loss. This general pattern masks some differences among intention-
ally and naturally deposited isolated crania. Crania from cemeteries and intention-
ally deposited isolated crania are more homogenously preserved and, overall, show
a better preservation of the facial bones than naturally deposited crania. Although
the presence and good preservation of facial bones could be an indication of the
intentional deposition of a skull, we cannot suggest that the analysis of the state of
preservation and breakage pattern of crania can be used on its own to determine
the nature of the deposition. Only in-depth analysis of the archaeological context in
which crania are uncovered can ultimately determine the nature of their deposition,
either due to natural causes or to human action.

The Zonation and the Landmark methods have also highlighted that the preser-
vation pattern of skull-cups (i.e. skulls humanly modified and manufactured into
bowls) stands out for its dissimilarity to both naturally and intentionally deposited
crania. Even when compared with crania naturally broken into ‘calvaria’ or ‘skull-
caps’, which share a similar morphology with skull-cups, our analysis shows that
the breakage pattern of skull-cups is different, and skull-cups were manufactured by
intentional percussion and breakage of thick, robust portions of the cranium which
do not easily naturally fracture. This pattern would suggest that skull-cups were
fashioned to produce a bowl-like shape that does not imitate a common natural cra-
nial breakage.

Further studies should attempt to determine how and in which way intentional
positioning of bodies, such as in lateral decubitus burials, or prone burials, or seated
burials, as well as the collective deposition and manipulation of skulls, such as in
skull ‘caches’, can affect the state of preservation of human crania. These analyses
will extend our knowledge on how different depositional contexts impact on the way
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human crania preserve and break, enabling a more informed distinction between
intentional and natural modifications.
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