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Abstract

The use of fire for the treatment of human remains in funerary rituals characterises Italian prehistory since the Neolithic,
being the dominant funerary practice from the Late Bronze Age to the Early Roman period, with regional differences. New
osteoarchaeological and radiometric data allow us to confirm the occasional use of fire as a transformative element for the
body already in the Early Neolithic. During the excavation of the Early Neolithic settlement of Lugo di Grezzana in 2003
and 2005 (Fiorano Culture — province of Verona, Veneto, northeastern Italy), five pits were discovered, each containing
burnt osteological remains. One pit, interpreted as an oven (ES 541 sector XVI), yielded numerous bones intermingled
with abundant fragments of pottery and flint. Most of the bones were identified as non-human remains. However, the
morphological examination revealed fragments of diaphyses with characteristics consistent with human bone. Subsequent
histomorphological analysis confirmed the taxonomic identification of these fragments as belonging to the genus Homo
and provided insights into the age distribution, indicating that they belonged to individuals spanning different age groups.
The '*C analysis of charcoal and bones suggests that the use of ovens dates from 5400 to 5000 cal BCE. A new radiocar-
bon date of a calcined human bone fragment has been placed between 5024 and 4845 cal BCE, indicating that the oven
was likely reused as funerary structure during the final phase of the site use. This discovery has increased the number
of recent findings of burnt human bones within Neolithic contexts in Italy, prompting us to reflect on the significance of
their presence as possible early evidence of fire rituals involving the treatment of human remains in the Italian Peninsula.
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Introduction

The use of fire for the funeral treatment of a corpse is a
funerary practice that involves burning a deceased body or
skeleton to consume the soft tissues by fire and/or to trans-
form the bones into burnt fragments. The reconstruction and
interpretation of rituals involving the cremation or burning
of bodies, body parts, or already skeletonised remains is a
complex theme that must consider numerous aspects that
may hold symbolic and ideological value, whether arbitrary
or not, and be influenced by a multitude of human and natu-
ral variables that are not fully comprehensible (Gongalves
etal. 2011; Larentis 2023a). The use of fire as a transforma-
tive element for human remains has multiple meanings and
infinite facets, and this practice holds diverse significance
and appears in various forms across numerous cultures and
periods. It has been documented in Italian Prehistory since
the Neolithic (Conati Barbaro 2019) and especially in the
Copper Age (e.g., Barfield 2007; Tecchiati 2014; Quarta
et al. 2014; Salzani et al. 2021), during which secondary
body treatment rituals are documented, becoming predomi-
nant across most of the peninsula during the Late Bronze
Age (e.g., Capuzzo and Barcel6 2022; Cavazzuti et al.
2022; Crivellaro et al. 2022; Masotti et al. 2020) and the
Iron Age (e.g., Larentis 2023a; Minozzi 2015). This ritual
of transforming the human body gained such popularity that
it was the primary choice for body treatment even during the
Early Roman period. A series of findings, subject to varying
degrees of debate regarding their ritual interpretation, has
led to the hypothesis that such funerary practice existed in
Italy since the Early Neolithic (e.g., Conati Barbaro 2019;
Grifoni et al. 1978). In accordance with this interpretation,
new osteoarchaeological and radiometric data support that
fire-related rituals, albeit sporadic, can be traced back to that
period. Insights gained from the study of the site of Lugo
di Grezzana (Fig. la-c) of the Fiorano Culture (Cultura di
Fiorano) (Pedrotti et al. 2015; Pessina and Tiné 2022), have
enabled to enhance our understanding of Neolithic fire-
related funeral treatments, conducting an in-depth review of
the available data for the first time.

The Early Neolithic settlement of Lugo di Grezzana,
“Campagne” locality, in the Monti Lessini area, is well-
known for its prehistoric findings (e.g., Barker 1999).
Since 1991, the site has been the subject of archaeological
research conducted by the Superintendence for Archaeolog-
ical Heritage of Veneto, in collaboration with the University
of Trento from 1996 to 2005 (see Cavulli and Pedrotti 2002;
Cavulli et al. 2002; Pedrotti et al. 2015). Between 2003 and
2005, five combustion pits were excavated in sector XVI
(Cavulli et al. 2023; Costa et al. 2019) and their use was
radiocarbon (C) dated to a time span between 5400 and
5000 cal BCE (Cavulli et al. 2023). Numerous materials,
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Fig.1 The site of Lugo di Grezzana is located in the province of Verona, }
Veneto Region, northeastern Italy (a); Site plan showing archaeologi-
cal findings divided by excavation sectors, sector XVI is highlighted
by the bold orange outline, with the location of ES 541 within the blue
circle. (Costa et al. 2019) (b); Aerial photograph of the archaeological
area with excavation sectors marked in Roman numerals, sector XVI
is highlighted in orange (Pedrotti et al. 2015) (c)

including burnt bones, were recovered from the fill of pit
ES 541 US 540 sector XVI (Fig. 1b). A radiocarbon date
on a wood charcoal fragment from US 565 (DSH6739 C,
6147431 BP) has allowed for interpreting the structure’s
use during the last two centuries of the 6th millennium BCE
(5209-5002 BCE for 2c probability, see Costa et al. 2019).
Morphological analysis of the bone fragments confirmed
their almost exclusive association with non-human sub-
jects (Maccarinelli et al. 2015). However, some elements
exhibited morphological traits typical of humans, subse-
quently confirmed through taxonomic identification (here-
inafter referred to as TI) via histomorphology. Histological
analyses also allowed for the examination of the bone tissue
to estimate age intervals for each analysed fragment. The
Lugo di Grezzana site thus enhances our understanding of
the presence of burnt human bones within Neolithic Ital-
ian sites, contributing to knowledge about the adoption and
spread of cremation and body or skeletal manipulation ritu-
als on the Italian Peninsula.

Materials and methods
The burnt osteological remains

The site of Lugo di Grezzana (45°33°58” N, 10°59°40” E,
UTM: 32TPR558479) is divided into several areas (I-XVI),
and in twelve of these, burnt bone remains have been
found, numbering a minimum of 6489 fragments, with a
total weight of 3017.7 g (Fig. 1c; Table 1). In sector XVI
(Fig. 1b), five combustion pits and a structure divided into
three areas of different size were excavated. The pits exhibit
heterogeneous characteristics in terms of shape, dimen-
sion, and fill; larger structures, for example, contain few
materials, while smaller pits are rich in pottery, flints, and
burnt bones. One of these pits, interpreted as an oven (ES
541 sector XVI), has an oval shape and small dimensions
(maximum @ = 128 cm; minimum @ = 115 cm; preserved
depth=27 cm) and was filled with a few charred bone frag-
ments, some flint, and exhibited scorched walls and some
fragments of fired clay (Costa et al. 2019) (Fig. 2). The
central fill of the structure yielded 5695 burnt fragments
with very small average dimensions, with a total weight of
2748.6 g (Table 1). From the content of the pit, '“C dated
with a wood charcoal fragment to 5209-5002 cal BCE at
26 (Costa et al. 2019; Maccarinelli et al. 2015), three bone
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Table 1 List of excavation sectors at the Lugo Di Grezzana site where
burnt bones were found; for each sector, the total number of recorded
fragments and their weight in grams (g) are indicated. The data related
to sector X VI, from which the materials analysed in this study origi-
nate, are highlighted in bold

Sector Total number of fragments Weight (g)
I 1 15.7
v 5 1.7
IVA 8 3.1
\Y% 16 11.6
IX 15 4.8
X 8 39.9
XA 1 0.5
XB 8 4.1
XI 5 10.2
XIB 1 0.4
X111 726 177.5
XVI 5695 2748.6
Total 6489 3017.7

fragments, two femora and one tibia, were analysed due to
their suspected human origin. Macroscopic analysis of these
fragments allowed us to identify a sufficiently preserved
external cortical surface (e.g., Fig. 3a). This allowed for ver-
ifying the absence of pathological processes that could have
affected the histological evaluation of the sample. However,
it is important to note that other variables can influence bone
turnover and bone density, especially in relation to the age
of the individuals (Mallorie and Shine 2022).

Morphological analyses

The materials were initially analysed from a zooarchaeolog-
ical perspective. TI can be considered the central technical
issue in the study of ancient osteological material, and it is
based on the morphometric characteristics of the fragment,
and for this reason, a comparative osteological collection of
non-human specimens is necessary. For optimal compari-
son, such a collection should include skeletons of current
and fossilised species, as the dimensional variation within
the same species over time could mislead the researcher.
Additionally, it should represent, for each species, the
degree of interspecific variability, including elements of dif-
ferent ages, sexes (male, female, and possibly castrated), and
breeds. In this work, we employed the zoological and zoo-
archaeological comparative collection housed at the Civic
Museum of Rovereto, Province of Trento, Italy. To acquire
the metric data of the fragments, a digital caliper I-KL-150D
with a steel slide of 150 mm was used, with a precision of
0.01 mm. The weight of the remains was estimated using a
high-precision laboratory scale with a ceramic load sensor,
GRAM FR, with a resolution of 0.001 g.

In support of the comparative collection, the discrimi-
natory osteometric points of each species were referred to
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Fig. 2 Lugo di Grezzana, pit ES 541 sector XVI during excavation,}
with the right portion showing the infill rich in burnt bones (a); burnt
bones are concentrated in the centre of the pit, as indicated by the green
elements in the plan of US 540 (b); the bones, highlighted in green in
the section, mainly originate from US 540 (c); graphical elements are
adapted from Costa et al. 2019

(Barone 1976; Cohen and Serjeantson 1986; Habermehl
1975; Schmid 1972). Given the large number of undeter-
mined fragments, mainly due to the combustion process, the
osteological assemblage was then assessed from an anthro-
pological perspective to verify the presence of possible
remains belonging to the genus Homo.

The TI of cremated human fragments relies on the same
morphological principles used for unburnt bones (France
2021; White et al. 2012) and other features such as bone
section, the ratio of cortical to trabecular bone, and the den-
sity of the latter (Depierre 2014; White et al. 2012). In cases
where the morphological determination of fragments is
uncertain, other diagnostic techniques, including histology,
can be employed (Crowder and Stout 2021).

In this study, we employed the terms diagenesis and
taphonomy to refer to different aspects of post-mortem pro-
cesses. Specifically, diagenesis is used to describe the range
of chemical and physical alterations affecting bone compo-
nents in response to burial conditions, often influenced by
soil chemistry (i.e. Del Valle et al. 2025). Taphonomy, on
the other hand, encompasses all modifications that occur to
bones after the individual’s death (i.e. White et al. 2012;
Buikstra 2019). Although taphonomy, broadly defined,
includes diagenetic processes, we chose to treat these two
aspects separately in our analysis.

Histological analyses

Microscopic analysis of cremated bone has various scien-
tific applications, including determining the human or non-
human origin of the analysed fragment (Caccia et al. 2016;
Cattaneo et al. 2009). Histology is particularly useful in this
regard, but it requires the production of thin sections (here-
after TS) of good quality. Many authors have proposed pro-
cedures for preparing TS of cremated bone, mainly aiming
to facilitate production and reduce costs (De Boer and Maat
2012; Garcia-Donas et al. 2017).

In this study, a TS preparation protocol is proposed for
the histological analysis of bone tissue, focusing on its
structure and measurements such as the diameter of the
Haversian canal, density, and the diameter of the Haversian
system (Hillier and Bell 2007). Additionally, it is used to
estimate the skeletal age of individuals through the osteon
count method applied to the cremated remains (Kerley and
Ubelaker 1978; Wolf et al. 2017). For each fragment, three
sampling points were selected, aiming to avoid the cortical
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{ Fig. 3 Sample ES 541 US 540 sector XVI_1. (a) Transverse section
of the femur taken along the plane represented by the blue line, the
dotted line indicates a fracture probably linked to the burning of the
fragment; (b) Representation of the transverse section of the femur,
with the black area indicating the section of bone present and the blue
rectangles marking the evaluated areas; (c) Transmitted light acquisi-
tion of the TS of the cortical tissue, in which the osteon structure is
clearly visible. Small cracks of the Haversian canal (orange arrows)
related to the heating process and small fractures likely due to diage-
netic and taphonomic events (black zigzag line) are present. The dotted
line indicates a fracture probably linked to the burning of the fragment.
The area shown in image (c) is the one indicated by the blue rectangle
at the bottom left of image (b)

area and those near the /inea aspera (10x magnification, 2.2
mm? area). The acquisition of measurements was performed
using the digital image processing software ImageJ.

Sample Preparation

The sample undergoes a slow dehydration process in a
series of alcoholic solutions with increasing concentration
until absolute alcohol is reached. Subsequently, it is placed
in a solution composed of 50% absolute alcohol and 50%
photo-polymerisable resin based on methacrylate and,
finally, in pure resin. The impregnated sample is then placed
in a plastic mould filled with resin for polymerisation using
an Exakt polymeriser. The block is later detached from the
mould, glued to a plastic microscope slide, and abraded with
abrasive paper discs mounted on an Exakt grinding machine
to achieve a smooth surface. A cover glass is then attached
to the smooth surface using a glass coverslip. Using the
Exakt 300 CP cutting unit, a section is made near the sec-
ond coverslip. The obtained section undergoes thinning and
vitrification through abrasive discs to achieve a perfectly
smooth section approximately 100 pwm thick. The section is
finally ready for observation under a microscope in normal
transmitted light.

Radiocarbon dating

One sample of fully calcined human bone from pit ES 541
US 540 sector XVI corresponding to a fragment of diaphy-
sis (femur) of 0.85 g, was submitted for radiocarbon dating
at the Royal Institute for Cultural Heritage (KIK-IRPA) in
Brussels, Belgium. The other human bone fragments did
not reach the minimum weight required for '“C dating. The
applied protocol for the pre-treatment of cremated bone
and the subsequent processes (CO, extraction and graphi-
tisation) is described in Wojcieszak and colleagues (2020).
The 'C/'2C ratio in the graphite was measured with the
AMS type MICADAS, mini carbon dating system, at the
KIK-IRPA (Lab-code: RICH) (Boudin et al. 2015) and con-
verted into a radiocarbon age (expressed in years BP), after
correction for isotope fractionation, using the §'3C AMS

measurement. Calibration of this radiocarbon age (BP) and
all dates cited in the text into calendar years (BCE) was per-
formed using the software OxCal 4.4 (Bronk Ramsey 2009)
and the atmospheric calibration curve IntCal20 (Reimer et
al. 2020).

Limitations of the study

From a morphological perspective, the obvious challenge
arises from the difficulty of TI in cases of high fragmenta-
tion (Larentis 2023b). Moreover, heat-induced fractures do
not seem to be, in this case, a decisive factor to determine
the human or non-human TI of the remains (Gongalves et
al. 2011). The colour of the fragments is traditionally attrib-
uted to the temperature reached during combustion (Holck
1986). However, recent literature questions this interpreta-
tion, as the colour of burnt bones is primarily attributed to
the amount of oxygen available in the combustion micro-
environment (Rosa et al. 2023). The coexistence of colours
ranging from black to white, passing through various shades
of grey, does not allow for hypotheses about the treatment of
the remains or the processes that led to the formation of the
deposit. Another limitation is the inability to verify whether
the remains result from a single episode or multiple burning
events (Cavulli et al. 2023; Costa et al. 2019).

From an anthropological perspective, given the high
fragmentation of the bones, the only way to assess the
representativeness of human remains within the total ele-
ments would be to sample a statistically significant number
of pieces and perform histological analysis on all of them.
The long analysis times, costs, and the loss of a significant
portion of the available sample necessitate caution in mak-
ing this choice. Furthermore, as suggested by Wolf and
colleagues (2017), the method used to estimate the age of
cremated individuals encounters substantial difficulties due
to factors such as the degree of tissue shrinkage. Therefore,
histological analysis can be useful to hypothesise the pres-
ence of subjects with a substantial difference in quantitative
values acquired through osteon counting, but not to estimate
an age range with a high degree of confidence. The need to
adopt these methods arose from the impossibility of con-
ducting ZooMS analysis on the fragments, as this technique
cannot be applied to cremated bone (McGrath et al. 2019).

Results
Zooarchaeological analysis was conducted on the 5695
bone fragments recovered from US 540 ES 541 Sector X VI,

of which osteometric evaluation and TI allowed for species
identification of 46 remains (Table 2). Bos taurus appears
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Table 2 List of the number of identified specimens (NISP) from US
540 ES 541 sector XVI at Lugo Di Grezzana

Sector ES US TI NISP

XVI 541 540 Bos taurus 22
Cervus elaphus 3
Sus scrofa 1
Bos taurus/Cervus elaphus 9
Bos taurus/Sus scrofa 1
Capra hircus/Ovis aries 1
Bos taurus (?) 5
Cervus elaphus (?) 1
Homo sapiens 3

Total 46

to be the most well represented species, with one fragment
displaying cut marks on the outer cortical surface.

Among all these, TI of three burnt fragments suggests
they may be human, attributed to the femur in two cases
(Figs. 3a and 4a) and a tibia in another (Fig. 5a). In particular,
a fragment of the femur was identified by the presence of the
linea aspera, which, even from a macroscopic perspective,
suggests a human origin for the specimen. Specifically, this
corresponds to the central portion of the diaphysis, where,
in the human femur, the /inea aspera is flanked by two
ridges: the labium mediale and the labium laterale (Fig. 3a)
(cortical thickness=7.9 mm cortical thickness at the linea
aspera=11.7 mm). Due to fire-induced deformation and the
fragment’s small size, determining the laterality of the ele-
ment was not possible.

A second case is represented by what appears to be
another femoral fragment, originating from the proximal
diaphysis, specifically in the region of the spiral line, which
serves as the attachment site for the vastus medialis muscle
(Fig. 4a) (cortical thickness=7.6 mm). The position of this
feature allows for the identification of the femur as belong-
ing to the right side.

The final fragment has been hypothesised to be part of
the anterior crest of the tibia, based on cortical thickness
(cortical thickness at the cresta=9.4 mm) and the triangu-
lar shape that this structure typically assumes in our species
(Fig. 5a). However, due to fire-induced deformation, it was
not possible to determine the laterality of this bone.

The morphological analysis of bone tissue in TS con-
sistently revealed the presence of osteon banding and the
absence of plexiform structure, as noted by Mulhern and
Ubelaker (2001). Subsequent morphometric evaluation indi-
cated that the osteon measurements fell within the expected
ranges for human tissue reported in the literature (Table 3).

Osteon counting allowed for the estimation of skeletal
ages for the samples under examination. It is possible that
ES 541 US 540 structure XVI 1 is a fragment of femoral
diaphysis of an individual in his/her fifth-seventh decade of
life, ES 541 US 540 structure XVI 2 is a similar anatomical
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Fig.4 Sample ES 541 US 540 sector XVI_2. (a) Transverse section of }
the femur taken along the plane represented by the blue line; (b) Rep-
resentation of the transverse section of the femur, with the black area
indicating the section of bone present and the blue rectangles marking
the evaluated areas; (c) Transmitted light acquisition of the TS of the
cortical tissue, in which the osteon structure is less visible in the lower
portion (orange rectangle). The compact cortical bone is characterised
by small taphonomic fractures (black zigzag lines). The area shown in
image (c) is the one indicated by the blue rectangle at the bottom right
of image (b)

portion of an individual in his/her third-sixth decade, and
ES 541 US 540 structure XVI 3 is a fragment of the tibia of
an individual likely in his/her first-second decade (Table 4).

The fragment of calcined femoral diaphysis from pit ES
541 US 540 sector XVI (Fig. 3a), yielded a radiocarbon date
(RICH-35214) of 6044+26 BP, calibrated to: 4993-4905
BCE (1o) or 50244845 BCE (20) (Fig. 6; Table 5). The
low carbon content (0.18%) and the complete calcination of
the sample (i.e., fully white) confirm the loss of organic car-
bon and the preservation of only bioapatite carbonate (Hiils
et al. 2010; Van Strydonck et al. 2010), thereby ensuring the
reliability of the sample for radiocarbon dating. The result-
ing date corresponds to the end of the Fiorano Culture and
the emergence of the Square-Mouthed Vases Culture (Cul-
tura dei Vasi a Bocca Quadrata) in the Po Valley (Pedrotti
etal. 2015).

Discussion

From a methodological perspective related to osteological
analysis, this study emphasises the importance of interdisci-
plinary analysis of burnt osteological remains, regardless of
the context of their discovery. Macroscopic and microscopic
zooarchaeological and anthropological analyses have high-
lighted the presence of burnt human bones within the pit
ES 541 sector XVI at the Early Neolithic site of Lugo di
Grezzana. Zooarchaeological analysis allowed the TI of
numerous bones, all with traces of burning, among which
those attributable to Bos faurus stood out due to their num-
ber and the presence of cut marks (Maccarinelli et al. 2015).
The higher abundance of Bos taurus compared to other taxa
may be attributed to various factors. The bones of large
animals, such as Bos taurus, may have been less affected
by fire processes due to their greater robustness compared,
for example, to those of caprines. This could have led to
better overall preservation of the more robust bones and, in
particular, of the areas useful for macroscopic taxonomic
identification.

A series of 'C dates obtained on fragments of charcoal
frame the use of these pits and the oven between 5465
and 5007 cal BCE (Costa et al. 2019). On one hand, the
presence of numerous non-human fragments allowed the
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{ Fig.5 Sample ES 541 US 540 sector XVI_3. (a) Transverse section of
the tibia taken along the plane represented by the blue line; (b) Repre-
sentation of the transverse section of the tibia, with the black area indi-
cating the section of bone present and the blue rectangles marking the
evaluated areas; (c) Transmitted light acquisition of the TS of the corti-
cal tissue, in which the osteon structure is clearly visible in its central
portion, while the periosteal and endosteal surfaces are less readable,
as shown in the orange rectangles. The black dashed white line follows
an erosion front due to diagenesis or taphonomy. The sample shows
numerous cracks in the Haversian canals (orange arrows), sometimes
continuing into fractures passing through the osteon structures (orange
zigzag lines). The area shown in image (c) is the one indicated by the
blue rectangle at the top right of image (b)

interpretation of the structure ES 541 sector XVI as an oven
for cooking food containing meat or butchering residues
(Cavulli et al. 2023; Costa et al. 2019; Maccarinelli et al.
2015); on the other hand, the overall study of these pits and
of the oven led to their generic identification as combustion
structures based on morphological criteria, given the diffi-
culty in their functional interpretation (Cavulli et al. 2023;
Costa et al. 2019).

Macroscopic anthropological analysis suggested the pos-
sible TI of three bone fragments within the genus Homo
(Table 2). This was possible thanks to the identification of
specific anatomical landmarks typical of the human skel-
eton, such as the linea aspera (vastus medialis muscle
insertion) and the anterior tibial crest. The hypothesis of T1I
was integrated through the morphometric analysis in TS of
the fragments (Figs. 3a, 4a and 5a). Firstly, the absence of
plexiform tissue, characteristic of non-human bone sample,
was evident (Crescimanno and Stout 2012; Mulhern and
Ubelaker 2001). Further consideration comes from the
average measurements of the Haversian canal diameter, the
Haversian system diameter, and the Haversian system den-
sity (Table 3). These variables are among the most useful
for TI (Hillier and Bell 2007), and even considering a pos-
sible dimensional reduction likely linked to the grey areas
where the tissue is not observable, we can hypothesise a
very advanced stage of the combustion process that resulted
in bone calcination. This is indicated by both the white
colour of the fragments and the poorly preserved periosteal
and endosteal surfaces, a sign that the inversion process
(500/700-1100 °C) was likely underway (Mayne Correia
1997; Thompson 2004, 2005). Even considering a reduc-
tion in bone tissue of about 10%, as proposed by Buikstra

and Swegle (1989), due to the combustion process, the val-
ues still fall within the expected range for unburnt human
bone. The potential overlap between human and non-human
values is observed in the Haversian canal diameter. Human
values typically range from 30 to 175 pum, while goat,
sheep, and cow values partially overlap within these ranges
(goat=15-70 pm, sheep=20-120 um, cow=15-55 pm;
from Hillier and Bell 2007). In our sample, values range
from 115 to 170 um. Even without considering the volu-
metric reduction due to calcination, the overlap is mini-
mal, allowing us to confidently exclude species other than
humans.

The analysis of bone tissue via TS was also useful in for-
mulating hypotheses about the age of the individuals. The
chosen method is the one proposed by Kerley and Ubelaker
(1978), which, although presenting some issues related to
burnt remains (such as the degree of bone shrinkage and
areas of poor visibility), allowed the estimation of different
skeletal ages for the three analysed fragments. This evidence
indicates that the oven served as a place where the commu-
nity, or perhaps an individual, chose to deposit the remains
of multiple individuals, whether these were perceived as
remnants of a secondary ritual or as the primary actors
within the ceremony itself. Although the interpretation
remains challenging, given the possibility that the remains
derive from a single ritual event, it is plausible to suggest
that the deposition of multiple individuals within such a
unique context was a common practice within the cultural
sphere of those who carried it out. The radiocarbon analysis
of ES 541 US 540 sector XVI 1 (Fig. 3a) provided a date
between 5024 and 4845 cal BCE, which appears to be later
compared to the use of the pits as ovens. During the burning
process an exchange of carbon, which can be up to 95%,
between the bone bioapatite and the fuel takes place (Hiils et
al. 2010; Olsen et al. 2013; Snoeck et al. 2014; Zazzo et al.
2009, 2012). This implies that radiocarbon dates on calcined
bone might potentially be affected by an old-wood effect. If
the individual was burnt with older wood, it might result in a
14C date older than the actual event. The date on the human
bone fragment from pit ES 541 US 540 sector XVI aligns
with the stratigraphic information. Two radiocarbon mea-
surements, DSH-461 (5959+48 BP, 4984—-4719 cal BCE)
and DSH-462 (5946+24 BP, 4901 —4726 cal BCE), date

Table 3 Measurements obtained from the histological analysis of ES 541 US 540 sector XVI_1-3 (Figs. 3b, 4b and 5b). Expected range in the
human sample (ER, from Hillier and Bell 2007) and mean of the measurements acquired in the Lugo Di Grezzana sample; measurements are

expressed in pm, and density in mm®

ES 541 US 540 structure

ES 541 US 540 structure XVI ES 541 US 540 structure

XVI 1 2 XVI 3
Measure ER 1 2 1 2 3 1 2 3
Haversian canal diameter 30-175 150 125 140 115 135 160 155 170 130
Haversian system diameter 190-320 260 210 285 245 220 275 310 280 295
Haversian system density 540 30 15 35 20 25 30 40 35 40

@ Springer



206 Page 12 of 19

Archaeological and Anthropological Sciences (2025) 17:206

Table 4 The values inserted into the Hillier and Bell regression for-
mulas (2007) are the average number of osteons counted per analysed
area (Figs. 3b, 4b and 5b). The figures are rounded to the second deci-
mal place, and after the estimated age, we have included the values
adjusted by subtracting (RMSR-) or adding (RMSR+) the root mean
square residual value (RMSR)

Regression Equation  Value Estimated Age RMSR- RMSR+
ES 541 US 540 structure XVI 1
(femur)
Osteons 122 58.73 49.54 67.92
Osteon Fragments 50 54.44 47.46 61.42
% Lamellar Bone 63.05 50.53 75.57
Non-haversian 5 44.00 31.88 56.12
ES 541 US 540 structure XVI _2
(femur)
Osteons 89 36.82 27.63 46.01
Osteon Fragments 39 42.05 35.07 49.03
% Lamellar Bone 13 53.67 41.15 66.19
Non-haversian 17 20.64 8.52 32.76
ES 541 US 540 structure XVI 3
(tibia)
Osteons 46 16.94 6.41 27.47
Osteon Fragments 21 19.35 10.93 27.77
% Lamellar Bone 51 14.02 -0.26 28.30
Non-haversian 41 8.33 —1.86 18.52

the last occupation of the site and provide a terminus ante
quem for the colluvium covering the pits (Angelucci 2002;
Cavulli et al. 2002; Pedrotti et al. 2015; Rottoli et al. 2015).
Consequently, an old-wood effect in the radiocarbon date is
unlikely or negligible.

OxCal v4.4.4 Bronk Ramsey (2021): r:5 Atmospheric data from Reimer et al (2020)

Regarding the formation of the archaeological deposit,
several considerations are necessary. First, it would be
important to estimate the deposition timing of human frag-
ments relative to non-human ones. During the excavation
of ES 541 US 540 sector X VI, carried out by the Soprinten-
denza Archeologica per il Veneto, no individual identifica-
tion numbers were assigned to each recovered bone element,
nor were their spatial coordinates or orientation recorded.
Collecting such data is time-consuming and is typically
reserved for contexts that, prior to analysis, appear particu-
larly significant or pose archaeological questions that can
only be addressed through the acquisition of spatial data. In
hindsight, gathering this information would have been cru-
cial for chronologically defining possible deposition events
of the bones, which unfortunately remain unknown. The
combustion patterns, including colour, fractures, and frag-
ment sizes, also do not aid in reconstructing the formation
dynamics of the deposit as during the excavation and recov-
ery much information that would have been useful to create
a microstratigraphy of the context was not acquired. There-
fore, it was not possible to determine whether the deposit
resulted from a single or multiple burning events occurring
in situ, or if the remains were deposited in the oven all at
once or at different times following their combustion else-
where. The fragments are mostly calcined and vary in size,
conditions that leave little room for further hypotheses.

These new data prompted a holistic interpretation of
the archaeological context and the funerary aspects that
likely characterised its final phase. From the perspective of

ES 541 sector XVI
US 540, RICH-35214 (6(044,26) —
US 565, DSH6739 _C(6147,3

-—

\ —
7
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5000 2900 4800

Calibrated date (calBCE)

Fig. 6 OxCal plot showing the calibrated radiocarbon dates on a fragment of charcoal (DSH6739 C) and on a fragment of calcined human bone

(RICH-35214) from pit ES 541 sector XVI in Lugo di Grezzana

Table 5 Radiocarbon dates on calcined bone from Early Neolithic contexts that yielded burnt bone human remains. The dates have been calibrated

using the atmospheric calibration curve IntCal20 (Reimer et al. 2020)

Site Feature Material 4C Lab-code '*C Age BP+c Agecal BCE (26) Weight % C AMS Refer-
813C% ences
Lugo di Grezzana ES 541 US540  Calcined RICH-35214 6044+26 BP  5024—-4845BCE 0.85g 0.18 -25.8 This
bone study
Lugo di Romagna US 1171, pit US  Calcined  LTL-13471 A 6335+45BP  5468—-5213 BCE - - - Steffé
1170 bone 2019

@ Springer



Archaeological and Anthropological Sciences (2025) 17:206

Page 13 0f 19 206

understanding the ritual use of fire in the past, it is mean-
ingful to remind that its use as a transformative element in
funerary rituals reflects human beliefs about the relation-
ships between body, spirit, and the afterlife across different
cultures (Tartari 1996; Wright 2021). Burnt remains rep-
resent the final discernible event in a series of treatments
given to the corpse, which often leave few traces archaeo-
logically. In both ancient and many contemporary societies,
there is a need to preserve the essence of the deceased in an
indestructible form, such as bones, which are not subject to
visible decomposition. According to Van Gennep, the pur-
pose of destroying the body is to separate the immaterial
from the material (Van Gennep 1909). Fire rituals often aim
to separate the soul and return the bones to the community.
Bones are seen as enduring symbols of life, preserving the
identity of the deceased, and the dead are not merely biolog-
ical remains but retain cultural and emotional significance
(Favole 2003). Cremation transforms rather than eliminates
remains, ensuring the generative potential of bones and
maintaining the connection with ancestors and future gen-
erations (Lévi-Bruhl 1927; Tartari 1996).

In particular, regarding Lugo di Grezzana, it is essential
to note the presence of both human and non-human bones
within the same pit, a feature rare in Neolithic contexts of
the Italian Peninsula. The Serra d’Alto site of Le Macchie
(Bari, Apulia), in southeastern Italy, is one of the few avail-
able comparisons: among the numerous human remains
with evidence of burning, belonging to multiple individuals,
several fragments of caprine bones were identified (Fioren-
tino et al. 2000). However, what stands out at Lugo di Grez-
zana is the absence of human cranial elements—typically
the anatomical components central to ritual attention—and
the exclusive presence of postcranial bones.

Interpretation in this regard can take two main perspec-
tives. On one hand, emphasising fire as the principal element
of ritual activity, the context acquires a ritual significance
centred on the combustion of human bones. On the other
hand, highlighting the absence of the cranium—possibly
removed due to its symbolic value—could suggest that the
pit served as a location for disposing of biological remains
no longer imbued with symbolic significance. Our interpre-
tation leans toward emphasising the transformative role of
fire as a key element in the treatment of human remains. The
ritual linked to fire is, therefore, a multifaceted and com-
plex practice that assumes various forms and variations over
time and space. New archaeological and bioarchaeological
data suggest that the use, albeit sporadic, of this rite in the
Italian Peninsula can be traced back to the Neolithic (Fig. 7;
Table 5). Thus, the cultural context behind this rite must
also be reconsidered, including human perception of corpse
treatment and the use of ritual practices involving multiple
stages of handling and manipulation of human remains.

In northern Italy at Lugo di Romagna (Ravenna, Emilia-
Romagna) (Fig. 7), the role of fire as a transformative ele-
ment of human remains is also attested within the Early
Neolithic Fiorano culture. The cremation deposit from pit
US 1170 of the hut (phase 0) belongs to a non-adult of 3—5
years (Mazzucchi and Fontana 2019), whose radiocarbon
date (LTL13471A) on a calcined bone fragment yielded the
date 6335+45 BP, corresponding to the calibrated interval
5468-5213 BCE at 20 (Steffé 2019) (Table 5). The oval pit
was dug outside the eastern side of the hut, later covered by
the hut floor, suggesting a ritual linked to the building’s con-
struction rather than a consolidated funerary practice (Steffé
and Degasperi 2019).

The Early Neolithic funerary findings at Portonovo
(Ancona, Marche), associated with the Ceramica Impressa
culture, are also noteworthy (Fig. 7), as they are linked to
the discovery of 16 ovens used between 5800 and 5600 cal
BCE (Conati Barbaro 2019). Two of these ovens contain the
remains of three inhumed individuals, while to the southwest,
in a nearby open area, the cremation deposit of a 20-year-old
woman was found in a pit, likely originally placed in a per-
ishable container. The only available '“C date on bone comes
from the inhumed individual 3 from oven 5 (LTL5191A,
6418+50 BP), dated between 5479 and 5235 cal BCE (20)
(Conati Barbaro 2013), confirming the use of the ovens as
burial spaces once their primary function was lost.

The presence of burnt human remains is also known
within the site of Nave (Brescia, Lombardy) (Fig. 7), where
a 1C date (GX-24945; 6440+90 BP) on charcoal places the
cremation deposit Grave 1 between 5611 and 5217 cal BCE
(Baioni et al. 2021). However, this date seems older than
expected and requires further verification, considering that
the settlement context uncovered during the excavations at
Nave appears to be related to the Middle Neolithic archaic
VBQ 1 (Cultura dei Vasi a Bocca Quadrata - Square-
Mouthed Vases Culture) (Pedrotti et al. 2022). From this
site, apparently at the same level, comes the inhumation
burial of a 17-20-year-old woman of the VBQ 1 phase, indi-
rectly radiocarbon dated based on a fragment of charcoal
from a posthole (GX-21306, 5975+70 BP) between 5044
and 4706 cal BCE (Pedrotti et al. 2022; Poggiani Keller
1999), and a second grave containing the burnt remains of
a human skull currently under study by our research group,
which plans to directly date the calcined bone. The two
graves with burnt remains suggest a complex ritual: Grave
1 contained flintworking debris mixed with the bones, while
in Grave 2, the skull fragments were kept inside a figulina
pottery vase; the remains are completely calcined, making it
impossible to determine if the selection of the skull occurred
before or after the burning events. Of particular interest is
the discovery of a menhir with anthropomorphic decoration,
likely serving as a marker for the graves (Baioni et al. 2021).
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Fig. 7 Distribution map of Italian Neolithic sites where human bone
remains with traces of fire-induced transformation have been found.
1 - Lugo di Grezzana (VR); 2 - Nave (BS); 3 - Le Mose (PC); 4 - Ponte
Ghiara (PR); 5 - Gaione-Catena (PR); 6 - Lugo di Romagna (RA);
7 - Portonovo (AN); 8 - Grotta Continenza (AQ); 9 - Casale del Dolce
(FR); 10 - Passo di Corvo (FG); 11 - Masseria Candelaro (FG); 12 - Le

@ Springer

Macchie (BA); 13 - Balsignano (BA); 14 - Rendina (PZ); 15 Grotta
Pavovella (CS). The contexts dating before 5400 BCE are highlighted
in red, those around 5400 BCE in orange, and those after 5400 BCE in
yellow. The dates refer to the context, and only in the cases of Lugo di
Romagna and Lugo di Grezzana the dates were obtained from calcined
human bone (see also Table 5)
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The cremated remains of a woman intermingled with the
similarly burnt remains of a dog and a calcite bead were dis-
covered in Structure 23, Grave 2, at the site of Ponte Ghiara
(Parma, Emilia Romagna) (Fig. 7), above an archaic VBQ
1 inhumation burial '“C dated to 4797 —4554 cal BCE (Dal
Santo and Mazzieri 2010). The treatment of the osteological
remains, the deliberate use of fire, and the location of the
burial pit—positioned at the top of a silo—strongly suggest
a ritual significance for this deposition (Bernabo Brea et al.
2010, 2014, 2016). Other VBQ sites, in Emilia Romagna,
that yielded cremated human remains are Le Mose (Pia-
cenza), with two cremation deposits, and Gaione-Catena
(Parma) (Fig. 7), where four cases were recorded (Bernabo
Brea et al. 2010).

Evidence suggesting the use of fire on human bones also
comes from central and southern Italy. In the Early Neo-
lithic Middle-Adriatic Impressed Ware facies (Cultura della
Ceramica Impressa, 5600—5100 cal BCE), Grotta Con-
tinenza (L’ Aquila, Abruzzo) (Fig. 7) is known for numer-
ous inhumation burials, representing the predominant ritual,
and some cremation deposits. These come from an area
below the rock wall of the cave where vessels with burnt
human remains were recovered. The calcined bone frag-
ments from Grotta Continenza pertain to three individuals:
two children aged four and eight years, contained in two
vases, and an adult woman, whose remains were scattered
over the vases (Grifoni Cremonesi and Mallegni 1978; Ser-
radimigni et al. 2016). Evidence of bone treatment by fire
is also present in Lazio in the pottery with incised lines
(Ceramica a linee incise, 5300—4700 BCE, Pessina and
Tin¢ 2022) site of Casale del Dolce (Fig. 7). In the area E,
pit T11 yielded burnt bone remains likely belonging to a
unique individual along with charcoal fragments and grains
of wheat and barley, within a productive area characterised
by numerous pyrotechnological structures (Bistolfi and
Muntoni 1997; Conati Barbaro and Muntoni 2007). In the
village of Rendina (Potenza, Basilicata), evidence has been
found of human skeletal remains with traces of fire. Dated to
the Early Neolithic, specifically the Rendina I phase, burial
3 was a double grave containing the remains of an adult
woman and an 8-9-year-old child. A tibia and the tempo-
ral bone show clear signs of burning (Conati Barbaro 2008;
Borgognini Tarli 1981).

Numerous burnt individuals were found in Grotta
Pavolella at Cassano allo Ionio (Cosenza, Calabria) (Fig. 7).
During the occupation of the site, which occurred during the
trichrome pottery facies between 5300 and 5000 cal BCE
(Pessina and Tin¢ 2022), above a layer containing Neolithic
inhumation burials, the burnt remains of 20 individuals
were found in a 10—15 cm thick layer, mixed with fineware
pottery, lithic tools, burnt faunal remains, and charcoal, sug-
gesting at least one in situ cremation event. This led some

researchers to interpret this layer not as a cultural variation
of the funeral rite but as the result of a health contingency
that saw fire as a useful element to quickly dispose of numer-
ous individuals who died under unknown circumstances in a
short time frame (Carancini and Guerzoni 1987; Colelli and
Larocca 2018).

In southeastern Italy, the Apulia region is rich in evidence
of human bone funerary treatments using fire. In the Early
Neolithic Ceramica Impressa (Impressed Ware facies)
settlement of Balsignano (Bari, Apulia) (Fig. 7), a parietal
bone, a maxilla, and a mandible belonging to a 21-40-year-
old male were found in a pit outside the perimeter of the
settlement but located a short distance northwest of hut 1.
This is not a traditional cremation deposit but probably a
complex ritual involving at least the skeletonization of
the subject, manipulation of the skeleton, selection of the
skull, and exposure of the pieces to a heat source (Conati
Barbaro 2008; Radina 1996). In the site of Passo di Corvo
(Foggia, Apulia) (Fig. 7), three fragments of the neurocra-
nium exhibiting traces of fire were discovered (Mariotti et
al. 2020). These fragments were found among the scattered
bones. The remains originate from Area f, specifically from
square 19 of the excavation. The spatial distribution of the
scattered bones suggests a possible association with the
findings in the y and f ditches, which are characterised by
pottery painted in white (archaic Passo di Corvo) and thus
can be dated to 5600—5400 BCE (Whitehouse 2014). The
interpretation of these fragments remains uncertain due to
their context of deposition, making it difficult to determine
whether they are linked to ritual practices or simply the
result of incidental processes. Nevertheless, it is intriguing
to note yet another instance of skeletal element selection, in
this case favouring cranial remains.

The site of Le Macchie (Bari, Apulia) (Fig. 7), in which
numerous cremations were found, was dated to the Middle
Neolithic Serra d’Alto facies between 4845 and 4556 cal
BCE (Radina and Torre 2022). Around a central rectangular
area delimited by five postholes, several stone circles, one
to one and a half meters in diameter, were found, with four
symmetrically arranged around the structure (Radina 2002).
The stone circles contained the remains of a complete adult
and numerous non-adults, including both skull and post-
cranial elements; in two cases, human remains were mixed
with those of sheep and goats (Fiorentino et al. 2000). Sev-
eral portions of the cranium bearing traces of fire damage
were recovered from Structure Q at Masseria Candelaro
(Foggia, Apulia) (Fig. 7). This structure encompasses a vast
area of more than 200 m?, where, between 5500 and 5400
BCE, over 400 bone fragments were found, all belonging to
the cranium and mandible. Some of these fragments exhib-
ited traces of fire exposure, while others did not. In this con-
text, the prominence of the cranial region as a significant
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element in ritual practices is evident, as is the use of fire as
a transformative agent in certain cases (Marconi et al. 2004;
Thompson et al. 2024).

To sum up, Italian Neolithic funerary rituals involving
cremation, or more generally, the treatment of a human
body or skeleton using fire as a transformative element,
are well documented. However, the situation is far from
uniform, with each context having specific characteristics
and ritual variations. This lack of uniformity is also evident
in inhumation burials, which display considerable hetero-
geneity in grave types and burial practices in central and
southern Italy. Meanwhile, Early Neolithic inhumation
burials in northern Italy remain poorly documented (Pes-
sina and Tin¢ 2022).

At Lugo di Grezzana, the absence of the skull is partic-
ularly notable, as it is one of the most recognisable parts
among assemblages of burnt bones from various species.
Regarding the other postcranial bones, it is possible that
they are mixed with non-human remains. However, the
lack of macroscopic morphological criteria has hindered
their identification, and comprehensive histological analy-
ses were not conducted to preserve the integrity of the bone
assemblage. The reuse of domestic structures for funerary
purposes might be connected to the communal value of the
site, transforming the settlement of the living into a “house
of the dead.” At Portonovo, the deceased were placed in the
ovens while the vaults were still present, but their original
function had already been lost. Usually, hearths and ovens
symbolise a domestic context, but in this case, where these
structures are standalone production centres and not imme-
diately connected to a house or village, they might represent
something else (Conati Barbaro 2019).

The connection between the community, the spiritual
world, combustion structures, and fire is made even more
evident by the choice to use fire as a transformative element
of the corpse or bones. As shown, the connection between
fire and ritual seems quite widespread in the Neolithic.
The abandonment of a domestic or productive structure is
sealed with a funerary ritual that, in the case of Portonovo
or Lugo di Grezzana, likely symbolises the end of a cycle of
the structure’s use as confirmed by radiocarbon data. Aban-
doned huts, silos, and trenches can also be used as resting
places because they still hold a strong communal memory,
making them significant landmarks in the territory. These
practices likely reflect a complex relationship between the
living and the dead, where domestic and productive struc-
tures, once abandoned, assume new significance as places of
memory and funerary rituality. The choice to use ovens and
other fire-related structures for burials can be seen as part of
a broader symbolic system that connects daily life, produc-
tion, and the sacred, emphasising the continuity between the
world of the living and the dead.

@ Springer

Conclusions

This study presents new data on rituals using fire as a trans-
formative element for human remains during the Early
Neolithic period in Italy. The analysis also considered other
Early and Middle Neolithic archaeological evidence where
bone remains with traces of fire were found, discussing their
ritual and cultural significance. It highlighted how fire was
not part of a funerary practice but rather a component of
complex rituals whose effect on human remains we still do
not fully understand. If we define cremation as the transfor-
mation of a body through fire, resulting in fully cremated
bones after the loss of soft tissues, Neolithic contexts in
Italy suggest the presence of additional variables that may
indicate alternative types of ritual activities. In the Neo-
lithic, the archaeological record presents a heterogeneous
situation, likely reflecting a wider range of ritual variables
within complex mortuary practices.

The presence of cracks within the Haversian canals of the
di Grezzana sample could suggest combustion of the entire
body. However, it is also possible that such features form
when skeletal elements, already skeletonised but still rich
in collagen, are burned. Thus, at Lugo di Grezzana, only
postcranial elements may have been burned. Considering
the dimensions of the pit, it is possible that the burning
— whether partial or complete — of the corpse or skeleton
occurred elsewhere, and that selected remains were sub-
sequently deposited in the oven, where they were found
together with non-human remains. However, it is also pos-
sible that the oven was the place where the remains of the
individuals were burned, if not properly cremated, and that
the fragments recovered represent what was left behind after
the bones were collected from the pyre.

Considering the present data, the presence of cremated
human bones, radiocarbon dated to 5024 —4845 cal BCE,
within ES 541 US 540 sector XVI suggests the use of the
oven as a burial site, analogous to findings in Portonovo
(Ancona), Italy. This simultaneously confirms the prac-
tice of manipulating and transforming skeletonised or in
flesh human remains through fire, recently evidenced in
the Impressed Ware culture at Portonovo (Conati Bar-
baro 2019) and in the Fiorano culture at Lugo di Romagna
(Steffé and Degasperi 2019). Finally, at the current state
of research, the review work suggests the spread of fire as
a transformative element for human bones and/or human
bodies, following a diffusion model that originates in Apu-
lia and then expands across the Italian peninsula, eventu-
ally reaching the Po Valley.

This study also confirms the utility of histological
methods in the analysis of cremated human osteological
remains, particularly for verifying and supplementing mac-
roscopic analysis when it does not provide sufficient data
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for satisfactory interpretation. Additionally, this study high-
lights the importance of checking for the presence of human
skeletal material within bone assemblages that might other-
wise be identified solely as faunal elements. This is particu-
larly relevant for burnt remains, as the process of burning
causes changes in colour, fragmentation, and size that make
morphological species determination more difficult, if not
impossible (Nicholson 1993).
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