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Abstract: Differentiating cremated non-human bones from human ones in archaeological contexts is a
challenging task. This analysis aims at proposing a rather solid criterion based on an osteoarchaeologi-
cal sample. In this work, the main issues of taxonomic identification of cremated remains are analysed
and a research methodology tested on an Italian protohistoric sample is proposed. The 314 subjects
composing the sample come from 298 tombs of the Golasecca Civilization (1st millennium BC in
north-eastern Italy). On a morphological basis, 246 bone fragments were selected from which as many
thin sections were obtained for a histomorphological evaluation. From the analyses, we identified
the presence of animals in burials, whereas a mere morphometric analysis was not able to recognize
them. Furthermore, the taxonomic identification has allowed us to propose new hypotheses on the
funerary rite of Golasecca linked to the zooarchaeological remains.

Keywords: cremation; protohistory; taxonomic identification; non-human; Golasecca Civilisation;
thin section; bone tissue; histomorphometry

1. Introduction
1.1. Cremation in Northern Italy during Protohistory

In northern Italy, the first findings of bone remains that have undergone a process of
combustion or heating date back to the Early and Middle Neolithic VBQ culture. They
are fragments coming from Po Valley contexts, whose ritual interpretation is often con-
troversial [1,2]. For example, regarding these debated contexts, five pits containing burnt
remains were excavated between 2003 and 2005 in the Early Neolithic settlement of “Lugo
di Grezzana.” Many bones mixed with other materials come from pit ES 541/03. Most
of the bones were non-human; however, some fragments showed morphological human
features. The histomorphological analysis confirmed the identification of these fragments
as human bones [1]. Sporadic contexts with cremated remains are also attested during the
Copper Age in north-eastern Italy, such as at Vela IX, Velturno and Varna in Trentino-Alto
Adige, and a cremation tomb datable to the early Bronze Age (Tomb 22 of the site of Arano,
Verona) comes from the same area [3].

Testimonies of cremated remains increase during the Middle Bronze Age and the Final
Bronze Age. The cremation rite starts from the Scamozzina facies in southern Piedmont,
and the oldest burial of this type comes from the Alba necropolis [4]. An equally ancient
attestation could be that of the tumulus of Stenico (Trento, Italy), whose data, coming from
the excavation report [5] and from the first archaeological considerations and anthropo-
logical analyses [6], have been recently studied; the archaeological area extends to over
7000 m2, and has over 220 circular combustion pits grouped in defined nuclei containing
cremated human remains [7,8].

During the Late Bronze Age, in the 13th century BC, in the territories north of the Po,
in eastern Piedmont and western Lombardy, the facies of Canegrate developed in which
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cremation was exclusively adopted as a ritual of body treatment [4]. Even in the eastern
area, cremation is a widely attested rite [9].

The Proto-Villanovan and Proto-Venetian facies developed in north-eastern Italy dur-
ing the final Bronze Age, while the Proto-Golasecchian facies developed in the north-west
in direct continuity with the previous one. In north-western Italy, the transition between
the Final Bronze Age (12th–10th century BC) and the Early Iron Age does not present any
break between cultural groups [10].

From the 9th century BC, the Civilization of the Ancient Veneti developed in north-
eastern Italy and that of Golasecca in the north-western regions. In the same period, the
Villanovan culture of Bologna and Romagna emerged in the central-eastern Emilian and
Romagna area [11] and the area between the Po and the Tyrrhenian Sea the Ligurian
one [4,12].

1.2. An Osteoarchaeological Problem

The differentiation between animal and human bones is an analysis of primary im-
portance in archaeological contexts [13,14]. Indeed, animal bones can give us not only
information on the ritual adopted, but also on the economy, the subsistence strategies,
and the breeding and hunting practices [15–17]. By means of laboratory analysis, such
as isotope analysis, they can also give insights on the diet and the mobility of human
and animal groups [18–22]. Animal bones are found in archaeological cremations, often
mixed with human remains [23]. In recent years, the study of archaeological cremations
has seen a significant increase in the number of contexts published and in the reliability
of the collected data. This was mainly due to the development of new interdisciplinary
methods used in archaeology [24,25].

As a rule of thumb, the analysis on animal bones is more complicated than that
of human remains. This is due to the characteristics of the remains, often deformed,
highly fragmented, and difficult to be recognized anatomically because of the effects of
the combustion process [26]. Moreover, for human remains there are methods of diagnosis
available from the forensic discipline, which, in turn, are absent for animal remains [27,28].

Therefore, a mere macroscopic analysis proves often inadequate for the discrimina-
tion of the human and non-human fragments and for a proper taxonomic identification
(from now TI). As a result, the presence of animals in archaeological cremations is often
underestimated.

In this work, we try to overcome this gap, proposing a methodological procedure
based on a histomorphological approach for the identification of animal bones in samples
of cremated fragments. The sample studied comes from protohistoric cremations in north-
western Italy

1.3. A Methodological Problem

Recognizing the human or non-human nature of cremated archaeological remains and
their TI is a challenging analysis based on the sole morphological criterion [29]. Indeed, the
fragmentation and the modifications induced by the cremation process limit the available
diagnostic criteria [30]. This applies to the distinction of animal fragments from human
ones and above all to TI [31].

In the distinction between man and animal in archaeological contexts, we must con-
sider the possibility of finding bones of animals belonging to fish, reptiles, amphibians,
birds, small and large mammals, wild and/or domesticated ones [32]. Each of these cate-
gories has features that can be identified macroscopically and that can be clearly helpful for
a preliminary analysis [33]. Due to the morphological and structural characteristics of their
bones, fish, reptiles and amphibians are easily distinguishable from those of other taxa, and
therefore, are not treated in detail in this paper. Birds, for example, are distinguished by
light bones, with reduced cortical thicknesses and internal cortical surfaces with rarefied
and thin trabecular tissue [34]. This also applies to small mammals for which, however,
cortical thickness is not always a fully reliable variable for their identification. In the case
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of larger mammals, the cortex is generally thicker than in humans and its higher density
results in a more compact appearance [35]. However, even within the same species, each el-
ement has cortices and bone tissue with variable characteristics. This leads to uncertainties
of determination, especially within archaeological cremations where there may be human
individuals with different skeletal development and various animal species, all reduced to
small fragments. Therefore, the morphological criterion alone is often not sufficient for a
correct determination.

1.4. An Analysis Problem

In the analysis of cremated osteoarchaeological remains, the goal is to distinguish
between human and non-human fragments and, when possible, to perform TI. In doing
that, the researcher may apply different diagnostic techniques, which are briefly discussed
below.

In general, molecular analysis of DNA could be a valuable method as TI is a com-
mon task in genetics [36]. However, DNA extraction from burnt bones is an expensive,
destructive, time-consuming, and complex process that often does not lead to satisfactory re-
sults [37], especially as regards osteoarchaeological material [38]. ZooMS (Zooarchaeology
by Mass Spectrometry) is affected by the denaturation and destruction of proteins caused
by fire. ZooMS is a proteomics-based method used for TI, even with recent non-destructive
sampling methods [39]. These methods must be taken into consideration because some-
times the temperatures reached by the fire are not sufficient to denature and destroy the
proteins and because sometimes among the burnt remains there are also unburned animal
fragments that were part, for example, of the funeral banquet.

Having ruled out the aforementioned analyses, the researcher often has to rely on the
morphometric parameters.

Computed microtomography imaging is a useful method to evaluate compact bone
morphometry for the TI [31]. It is a rapid protocol, in itself cheap and non-destructive.
However, the machinery that allows this type of analysis is expensive and not always
available for research groups. Furthermore, the TC images seem to be affected by signifi-
cant measurement errors, whose entity is still debated today [40]. ESEM (environmental
scanning electron microscope) is a widespread technique for the investigation of bone struc-
ture [41]. It offers a rapid analysis with reduced costs and, in a non-destructive manner, it
exploits an anterior fracture transverse to the cortex, an operation which, however, involves
partial readability of the matrix. To overcome this, it is advisable to abrade the bone on a
transversal plane to the cortex to obtain a smooth surface, which allows a better evaluation
of the osteonic structure. This procedure, despite being cheap and fast, is destructive and
does not allow the verification of morphometric parameters useful for TI, which, on the
other hand, are easily distinguishable in normal or transmitted polarized light microscopy.
TS (Thin Section) analysis of bone tissue, though destructive, is fast, inexpensive, and
feasible with machines that are available in most laboratories. Furthermore, it responds to
both morphological and metric reading needs useful for statistical analyses [31].

2. Materials and Methods
2.1. Materials—The Archaeological Sample

The sample consists of 298 tombs containing 314 cremated subjects of the Golasecca
Civilization (7th–4th century BC north-eastern Italy) (Figure 1; Table 1).

The anthropological analysis made it possible to select 82 graves based on the probable
or possible animal presence. The tombs have been divided according to the region and
province in which they were found and belong to a chronological range that covers the
entire Golasecca Civilization, which can be divided into the three main periods of the
development of the Civilization in G I (900-625 BC), G II (625-475 BC), G III (475-375 BC). A
total of 44 graves are distributed in G I, 36 in G II, and 2 in G III.
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Figure 1. Location of the area under analysis. In the upper part, a map of Europe shows the territo-
ries of northern Italy in the lower part of the figure. 

Table 1. Human sample from the Golasecca Civilization, subdivided by region, province, and site 
location. For each archaeological site, the number of subjects analysed is reported. 

Region Province Location n Subjects 

Lombardy Varese Golasecca (1954) 1 

Lombardy Varese Golasecca, collezione Cesare da Sesto  2 

Lombardy Varese Golasecca, Monsorino (1985–1986) 6 

Lombardy Varese Sesto Calende, Cascina Bassoni (1958) 1 

Lombardy Varese Sesto Calende, Cascina Stallazzo 1 

Lombardy Varese Sesto Calende, collezione Bellini 13 

Lombardy Varese Sesto Calende, collezione Mattana 2 

Lombardy Varese Sesto Calende, loc. Mambrino (1986) 2 

Lombardy Varese Sesto Calende, loc. Mulini Bellaria (1977–81, 
1995, 2004) 

21 

Figure 1. Location of the area under analysis. In the upper part, a map of Europe shows the territories
of northern Italy in the lower part of the figure.

Table 1. Human sample from the Golasecca Civilization, subdivided by region, province, and site
location. For each archaeological site, the number of subjects analysed is reported.

Region Province Location n Subjects

Lombardy Varese Golasecca (1954) 1

Lombardy Varese Golasecca, collezione Cesare da Sesto 2

Lombardy Varese Golasecca, Monsorino (1985–1986) 6

Lombardy Varese Sesto Calende, Cascina Bassoni (1958) 1

Lombardy Varese Sesto Calende, Cascina Stallazzo 1

Lombardy Varese Sesto Calende, collezione Bellini 13

Lombardy Varese Sesto Calende, collezione Mattana 2

Lombardy Varese Sesto Calende, loc. Mambrino (1986) 2

Lombardy Varese Sesto Calende, loc. Mulini Bellaria (1977–1981, 1995, 2004) 21

Lombardy Varese Sesto Calende, loc. Mulini, via Sempione (2005) 2

Lombardy Varese Sesto Calende, loc. Mulini, via Beltrami (1983) 1

Lombardy Varese Sesto Calende, loc. Presualdo (1983–1986, 1994, 1997) 38

Lombardy Varese Sesto Calende, via Bellaria–via Marconi (1989) 1

Lombardy Varese Sesto Calende, via Moncenisio (1995–1996) 16

Lombardy Varese Sesto Calende, via Montrucco (1995, 2003) 9

Lombardy Varese Sesto Calende, via Motte (1999) 1
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Table 1. Cont.

Region Province Location n Subjects

Lombardy Bergamo Brembate Sotto, Strada Provinciale Osio-Trezzo (1888) 1

Lombardy Bergamo Caravaggio, Tangenziale Ovest, via Einaudi (2013) 1

Lombardy Como Como, Ca’ Morta (fino al 1981) 54

Lombardy Como Como, Nuovo Ospedale Sant’Anna (2007) 2

Lombardy Como Como, via Tito Livio (1996) 7

Lombardy Brescia Urago d’Oglio, loc. Cascina Giardina (2009) 4

Lombardy Pavia Garlasco, Madonna delle Bozzole (1994) 3

Piedmont Novara Castelletto Ticino (1959) 16

Piedmont Novara Castelletto Ticino, loc. Motto d’Egro (1984) 1

Piedmont Novara Castelletto Ticino, collezione Cesare da Sesto 1

Piedmont Novara Dorbié Superiore, loc. Cascina Riviera (1987) 5

Piedmont Novara Castelletto Ticino, loc. Cascina Brua, via Ardeatine (2009) 25

Piedmont Novara Castelletto Ticino, loc. Forcetto (1986) 2

Piedmont Novara Castelletto Ticino, via Valloni (2005–2006) 3

Piedmont Novara Castelletto Ticino, proprietà Guenzi, via Beati (2001) 1

Piedmont Novara Castelletto Ticino, proprietà Iacomella, via Valsesia (2002) 5

Piedmont Novara Castelletto Ticino, via Repubblica (2002) 3

Piedmont Novara Castelletto Ticino, via Aronco (1986, 1988–1989) 12

Piedmont Novara Castelletto Ticino, via del Maneggio (2001–2003) 32

Piedmont Novara Castelletto Ticino, via Fermi (2014) 1

Piedmont Novara Castelletto Ticino, via Ramacci (1998–2000) 3

Piedmont Novara Pombia, Cimitero (1987) 2

Piedmont Novara Pombia, loc. Planca, via Veneto (1993) 5

Piedmont Novara Pombia, proprietà Baù, loc. Quara (1994–1995) 8

Total subjects 314

2.2. Methods

The first operation is the dry cleaning of the remains, followed by a double-blind
morphological analysis to distinguish between non-humans and humans. The goal is to
determine the human pieces, those that are non-human, and those that have an uncertain
identification (Figure 2). Thus, a list of tombs with only human remains, with human
and animal remains, and with human remains and possible animal remains is obtained.
Subsequently, for all the graves in which the presence of animal fragments, even on a
possible level, was verified, a sampling of 3 fragments, probably attributable to diaphysis,
was carried out. TSs are prepared from these according to the protocol presented below
(see Section 2.3 Thin section protocol) to verify the presence of animals and, if necessary,
to identify them taxonomically. Sampling and TS analysis of the remains attributable to
diaphysis were also performed for the individual burials that had weights higher than the
estimated average for the Golasecca cremations. In fact, these tombs are more likely to
contain other remains than just human ones.

The histological criteria adopted in this study to distinguish human from non-human
remains are divided into morphological and morphometric ones. A first distinction can
be made on the presence of plexiform tissue that characterizes non-human bones [31].
Subsequently, morphometric parameters related to the Haversian system, which are known
to be helpful for TI, were considered: the maximum diameter of the osteon (DOMax),
the minimum diameter of the osteon (DOMin), the maximum diameter of the Haversian
canal (DCMax), the minimum diameter of the canal (DCMin), the perimeter of the osteon
(PerimO), the perimeter of the Haversian canal (PerimC), the area of the osteon (AreaO),
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and the area of the Haversian canal (AreaO) [31,42]. In particular, following the work of
Hillier and Bell [31], the ranges of Haversian canal and system diameter have been shown to
be useful for TI (Tables 2 and 3). Small mammals have a Haversian canal diameter < 20 µm,
large mammals between 35 and 70 µm, while humans can be recognized with certainty
above 120 µm. Taking into consideration the diameter of the Haversian system, small
mammals fall within measurements < 100 µm, with the exception of the cat and dog taxa
that share the mean values. Above 190 µm, it is possible to determine a large mammal for
which, however, the distinction between human and non-human must be accompanied
by the evaluation of any plexiform tissue (Tables 2 and 3). Given the greater simplicity of
the macroscopic morphological TI for fish, reptiles, amphibians, and birds, the study by
Hillier and Bell [31] focused on the taxa of large and small mammals most frequent in the
European archaeological record.
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Figure 2. Protohistoric cremation of northern Italy (Golasecca Civilization). (a) Anatomically ordered
human bone fragments from the skull (top) to feet (bottom); (b) Animal bone fragments; (c) Taxonom-
ically unidentified fragments. Data were acquired through macroscopic morphological identification
with double-blind analysis.
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Table 2. Ranges of Haversian canal diameter of several small and large mammals [31].

Ranges of Haversian Canal Diameter (µm)

Taxon Min Max Mean

Rat / <10

Deer / / <10

Rabbit / / 10–20

Cat / / 20

Dog 15 50 35

Pig / / 35

Cow 15 55 37

Goat 18 70 42

Sheep 19 120 70

Human 30 175 105

Table 3. Ranges of Haversian system diameter of several small and large mammals. Data are not
available for pig and deer [31].

Ranges of Haversian System Diameter (µm)

Taxon Min Max Mean

Rat / / 70

Deer / / /

Rabbit / / 100

Cat / / 160

Dog 125 175 155

Pig / / /

Cow 155 250 210

Goat 55 320 190

Sheep 80 360 220

Human 180 320 260

TS for which it was possible to perform TI, had a clear and legible osteonic structure.
A change of structure takes place over 600 ◦C and also involves changes in the size and
volume of the bone. However, since the bone structure is clearly legible, it is conceivable
that the changes in volume are not statistically significant [43].

2.3. Thin Section Protocol

After selection (cfr. 2. Methods), the sample was dry cleaned with soft bristle brushes
and then put in demineralized water in an ultrasonic cleaner. Once dried, it was necessary
to properly dehydrate the fragments; the bones were put for 10 days in solutions with
increasing concentration of alcohol, up to a 100%, so as to ensure the best penetration of
the resin, which will be used later. After that, we placed them for 5 days in a solution
composed of 50% absolute alcohol and 50% light-curing resin based on methacrylate, and
finally, in pure resin.

The resin-impregnated sample is then placed into a resin-filled plastic mould and
treated with an Exakt polymerizer to solidify the resin. After solidification, the block
containing the sample is detached from the mould and glued to a plastic slide and abraded
using sandpaper discs mounted on an Exak lapping machine to obtain a smooth surface. A
second coverslip is glued to this surface, creating a sort of sandwich.
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Using the Exakt 300 CP cutting unit, a TS is obtained near the second slide; the section
is made thinner and vitrification, using abrasive discs until a perfectly smooth section with
a thickness of about 100 µm, is obtained. The remaining portion of inclusion adhered to the
first slide will remain in the archive in case one wants to prepare other samples. For TS
evaluation was used a Leica DM4 P polarizing microscope.

3. Results

Out of the 298 tombs analysed morphologically: 250 had remains attributable only to
humans (group A); 216 of these (subgroup A I) were excluded from the analysis, while 34
were selected because they weighed more than the average of the Golasecca cremations
(subgroup AII); 26 had remains of possible non-human origin (group B); 22 had remains of
probable non-human origin (group C) (Figure 3). For the results reported and subsequently
discussed, please refer to Table 4.

Analysis of Subgroup A II (102 TS) showed plexiform tissue in 38 TSs, that of Group B
(78 TS) in 55, and that of Group C (66 TS) in 58 for the 150 preparations in which plexiform
tissue was found. Referring to the data on the graves, in Subgroup A II there are 19 graves
with animal remains, in Group B 21 graves and Group C a total of 22 graves.

From the TI point of view, it was possible to find the presence of human tissue in
13 sections (11 graves), macro mammal in 84 TS (53 graves), of small mammals or deer in
47 TS (36 graves). For 17 TS, it was possible to recognise the plexiform tissue but not to
proceed with the TI due to poor legibility of the tissue (17 burials), for 31 to exclude the
presence of plexiform tissue but not to proceed with the TI (25 burials), while for 54 the
reading of the preparation gave no indications either on the presence of plexiform or on
the TI (39 tombs) (Figures 4 and 5).

Regarding the TI concerning chronology, only macro mammals are counted in 25 prepa-
rations (G I = 24; G II = 1; G III = 0), only small mammals in 10 (G I = 1; G II = 8; G III = 1),
and both macro and small in 27 (G I = 10; G II = 17; G III = 0) (Figure 6).
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Figure 3. Pie chart with groups and subgroups analysed in this study; the identification was carried
out macroscopically and morphologically. Group A = cremation with only human bone remains;
Subgroup A I = cremation with only human bone remains with weights more equal or lower than the
average of the other Golasecca cremations; Subgroup A II = cremation with only human bone remains
with weights higher than the average of the other Golasecca cremations; Group B = cremation with
any remains of non-human origin; Group C = cremation with probable remains of non-human origin.
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Table 4. Taxa taken into consideration: humans, sheep, goats, cows, horses, pigs, dogs, cats, deer,
rabbits, and rats; the taxa are listed in order of size of the osteonic and Haversian systems, from largest
to smallest [31]. Given the recognisability of human tissue and the overlapping of some dimensional
ranges of non-human bone tissue, three main categories have been proposed: (a) Human; (b) Large
mammal species (sheep, goats, cows, horses, pigs and dogs); (c) Species of small mammals (cats, deer,
rabbits, and rats); unfortunately, the histomorphometric method does not allow for the distinction of
deer from small mammals.

Group/Subgroup Grave TS 1 TS 2 TS 3 Period

Plexiform TI Plexiform TI Plexiform TI

A II 1 Yes b Yes b Yes b G I

A II 2 No ND Yes c / / G III

A II 3 / / Yes b Yes b G I

A II 4 No ND / / / / G I

A II 5 Yes b Yes b Yes c G II

A II 6 Yes b No ND / / G II

A II 7 No a No a / / G II

A II 8 No a No ND No a G I

A II 9 Yes c Yes / Yes b G II

A II 10 No ND No ND / / G I

A II 11 Yes b Yes b Yes b G I

A II 12 / / / / / / G II

A II 13 No ND / / / / G II

A II 14 Yes c / / Yes c G II

A II 15 No ND Yes b Yes c G I

A II 16 Yes b Yes / / / G I

A II 17 No ND No ND No ND G I

A II 18 Yes c Yes b Yes c G I

A II 19 No ND / / No a G I

A II 20 / / No ND / / G II

A II 21 Yes / Yes b No a G I

A II 22 Yes b / / Yes b G I

A II 23 No ND No ND / / G II

A II 24 / / / / Yes c G II

A II 25 No ND Yes b / / G I

A II 26 No ND No a Yes b G II

A II 27 No ND No ND / / G I

A II 28 / / / / No ND G I

A II 29 Yes c Yes / Yes b G II

A II 30 No ND No a / / G II

A II 31 Yes b Yes b / G I

A II 32 / / No ND Yes b G I

A II 33 No ND No ND No a G II

A II 34 / / / / No ND G I
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Table 4. Cont.

Group/Subgroup Grave TS 1 TS 2 TS 3 Period

Plexiform TI Plexiform TI Plexiform TI

B 1 Yes c Yes c Yes b G II

B 2 No a Yes c Yes c G II

B 3 / / / / No ND G I

B 4 Yes b Yes c Yes b G II

B 5 Yes b Yes / Yes b G I

B 6 Yes b Yes c Yes b G I

B 7 Yes c Yes c Yes b G II

B 8 No ND No a / / G II

B 9 Yes / Yes b / / G I

B 10 Yes b Yes c Yes b G I

B 11 / / / / Yes b G I

B 12 Yes b Yes b Yes c G I

B 13 Yes b Yes c Yes c G II

B 14 / / No a / / G II

B 15 Yes b Yes b Yes b G I

B 16 / / Yes c Yes b G I

B 17 Yes c / / Yes c G II

B 18 Yes b Yes c Yes / G II

B 19 Yes b Yes / Yes b G I

B 20 Yes b Yes c No a G I

B 21 Yes c Yes / Yes b G II

B 22 Yes b Yes b / / G I

B 23 / / / / / / G I

B 24 Yes b Yes c Yes / G II

B 25 No ND / / / / G II

B 26 Yes c Yes b Yes b G I

C 1 Yes / / / Yes c G II

C 2 Yes b Yes c Yes b G II

C 3 Yes b Yes c / / G II

C 4 Yes / Yes b Yes c G I

C 5 No ND Yes c Yes c G II

C 6 Yes b Yes / Yes b G I

C 7 / / Yes c Yes b G II

C 8 Yes / Yes c Yes b G II

C 9 Yes b Yes b Yes b G I

C 10 Yes b Yes b Yes / G I

C 11 Yes b / / Yes b G I

C 12 Yes b Yes b Yes c G I
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Table 4. Cont.

Group/Subgroup Grave TS 1 TS 2 TS 3 Period

Plexiform TI Plexiform TI Plexiform TI

C 13 Yes b Yes b Yes b G I

C 14 Yes b / / Yes b G I

C 15 / / Yes b Yes c G II

C 16 Yes b Yes c Yes b G II

C 17 Yes c Yes / Yes b G II

C 18 Yes b No ND Yes / G I

C 19 Yes b Yes b / / G I

C 20 No ND Yes c Yes c G II

C 21 Yes c Yes c Yes c G III

C 22 Yes b / / Yes b G IHeritage 2023, 6, FOR PEER REVIEW  12 
 

 

 
Figure 4. Thin section of cremated bone, transmitted by light microscopy. (a) 10× magnification. 
Assessment of bone tissue is made difficult by the burning process. However, it is possible to iden-
tify fractures probably related to alterations induced by cremation or by taphonomic processes (I). 
In the section, a brown-coloured matrix can be seen, which fills the fracture, probably deposition of 
soil that has infiltrated the void of the fracture. The same soil is visible adhering to the Haversian 
canals and on the external bark, which also presents diagenetic phenomena, which have eroded the 
surface (II). (b) Magnification 25×. In the lower portion of the section, it is possible to note the loss 
of the osteonic structure; however, some diagnostic morphological traits for TI, such as the Haver-
sian canal of the osteon, are still clearly visible. 

 
Figure 5. Thin section of cremated bone, polarized light microscopy. (a) 10× magnification. The po-
larized light allows a better observation of the osteonic structure (I), permitting, in some cases, to 
identify the presence of plexiform tissue. Even in areas where the evaluation is particularly compro-
mised (III) the morphology of the Haversian canals is visible (II). (b) Magnification 25×. The obser-
vation of the cortical tissue benefits from the use of polarized light, allowing us to identify with 
certainty the osteonic system (I, III). It is worth noticing that reddish areas in which there are depos-
its of earth infiltrated into the bone (II) can be recognized in some fractures of the bone structure. 

Regarding the TI concerning chronology, only macro mammals are counted in 25 
preparations (G I = 24; G II = 1; G III = 0), only small mammals in 10 (G I = 1; G II = 8; G III 
= 1), and both macro and small in 27 (G I = 10; G II = 17; G III = 0) (Figure 6). 

Figure 4. Thin section of cremated bone, transmitted by light microscopy. (a) 10× magnification.
Assessment of bone tissue is made difficult by the burning process. However, it is possible to identify
fractures probably related to alterations induced by cremation or by taphonomic processes (I). In the
section, a brown-coloured matrix can be seen, which fills the fracture, probably deposition of soil
that has infiltrated the void of the fracture. The same soil is visible adhering to the Haversian canals
and on the external bark, which also presents diagenetic phenomena, which have eroded the surface
(II). (b) Magnification 25×. In the lower portion of the section, it is possible to note the loss of the
osteonic structure; however, some diagnostic morphological traits for TI, such as the Haversian canal
of the osteon, are still clearly visible.
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Figure 5. Thin section of cremated bone, polarized light microscopy. (a) 10× magnification. The
polarized light allows a better observation of the osteonic structure (I), permitting, in some cases,
to identify the presence of plexiform tissue. Even in areas where the evaluation is particularly
compromised (III) the morphology of the Haversian canals is visible (II). (b) Magnification 25×. The
observation of the cortical tissue benefits from the use of polarized light, allowing us to identify with
certainty the osteonic system (I, III). It is worth noticing that reddish areas in which there are deposits
of earth infiltrated into the bone (II) can be recognized in some fractures of the bone structure.
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Figure 6. TI distribution in thin section (according to histomorphological data: large mammals = 
goat; cow, horse, pig, dog; small mammals = cat, deer, rabbit, rat; large and small mammals = at least 
one non-human fragment reconstituted to both previous categories. The TIs have been divided into 
the three main periods of the Golasecca Civilization G I (900-625 BC), G II (625-475 BC), and G III 
(475-375 BC). 

4. Discussion 
The histomorphological analysis of the sample confirmed the efficacy of the non-hu-

man determinations for the whole group C; as regards group B, the presence of non-hu-
mans was verified in 21 out of 26 graves (81%); for this group, the impossibility of reading 
some TS, which belong to the remaining 29%, due to the action of fire does not allow 
excluding non-human TI. As far as the AII subgroup is concerned, the histomorphometric 
analysis allowed us to identify the presence of animal remains in 19 out of 34 graves (56%), 
confirming the usefulness of the histological method in the face of the limitations of the 
morphological one. Furthermore, the histomorphological analysis made it possible to 
identify in 61 cases the belonging of the animal remains to specific groups of taxa, a fact 
that cannot be deduced from the morphological analysis alone. However, it should be 
noted that identifying taxa with certainty is very difficult. The literature proposes more or 
less complex histomorphometric methods [31,42,44,45], which rarely allow TI because 
some animals share the size ranges of the analysed variables. However, it is possible to 
group these animals according to the average size values of the variables, dividing them 
into small and large mammals. Although these determinations do not fully satisfy the 
identification of specific taxa, they allow us to acquire valuable information to better un-
derstand the presence of animals in archaeological contexts. 

From the point of view of the funerary rite, we note the greater presence of tombs 
containing exclusively macro mammals during the first phase of the Golasecca Civiliza-
tion, while in the G II the number of tombs containing exclusively the remains of small 
mammals or deer increases. The latter taxon should perhaps be excluded, as the consistent 
presence of this animal in archaeological contexts is to be referred to earlier periods. Sim-
ilarly, it is possible to exclude the presence of rats, as the bone fragments analysed were, 
in terms of size, all outside the intraspecific variability. Furthermore, the increase in small 
mammals during the G II could also be verified in graves that contained remains of both 
macro and small mammals. What emerges, therefore, seems to be the practice of burning 
large mammals in the first period and small mammals in the second period; this may sug-
gest that animals were buried together with the deceased in the form of a food offering or 
ritual offering. The archaeological data show how during the GI Castelletto Ticino, Sesto 

Figure 6. TI distribution in thin section (according to histomorphological data: large mammals = goat;
cow, horse, pig, dog; small mammals = cat, deer, rabbit, rat; large and small mammals = at least one
non-human fragment reconstituted to both previous categories). The TIs have been divided into
the three main periods of the Golasecca Civilization G I (900-625 BC), G II (625-475 BC), and G III
(475-375 BC).

4. Discussion

The histomorphological analysis of the sample confirmed the efficacy of the non-
human determinations for the whole group C; as regards group B, the presence of non-
humans was verified in 21 out of 26 graves (81%); for this group, the impossibility of
reading some TS, which belong to the remaining 29%, due to the action of fire does not allow
excluding non-human TI. As far as the AII subgroup is concerned, the histomorphometric
analysis allowed us to identify the presence of animal remains in 19 out of 34 graves (56%),
confirming the usefulness of the histological method in the face of the limitations of the
morphological one. Furthermore, the histomorphological analysis made it possible to
identify in 61 cases the belonging of the animal remains to specific groups of taxa, a fact that
cannot be deduced from the morphological analysis alone. However, it should be noted
that identifying taxa with certainty is very difficult. The literature proposes more or less
complex histomorphometric methods [31,42,44,45], which rarely allow TI because some
animals share the size ranges of the analysed variables. However, it is possible to group
these animals according to the average size values of the variables, dividing them into small
and large mammals. Although these determinations do not fully satisfy the identification
of specific taxa, they allow us to acquire valuable information to better understand the
presence of animals in archaeological contexts.

From the point of view of the funerary rite, we note the greater presence of tombs
containing exclusively macro mammals during the first phase of the Golasecca Civilization,
while in the G II the number of tombs containing exclusively the remains of small mammals
or deer increases. The latter taxon should perhaps be excluded, as the consistent presence
of this animal in archaeological contexts is to be referred to earlier periods. Similarly,
it is possible to exclude the presence of rats, as the bone fragments analysed were, in
terms of size, all outside the intraspecific variability. Furthermore, the increase in small
mammals during the G II could also be verified in graves that contained remains of both
macro and small mammals. What emerges, therefore, seems to be the practice of burning
large mammals in the first period and small mammals in the second period; this may
suggest that animals were buried together with the deceased in the form of a food offering
or ritual offering. The archaeological data show how during the GI Castelletto Ticino,
Sesto Calende, Golasecca, and Como began to acquire importance as main centres of the
Golasecca Civilization [46]. The qualitative and quantitative differences between the grave
goods make it possible to identify forms of top-down social stratification, which could be
reflected in the choice of animals used during the ritual.
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This study allowed us to verify the efficacy of the histomorphological approach in the
analysis of the TI of cremated archaeological remains. This has allowed the verification
of the morphological attributions, the recognition of non-human fragments, where the
morphological approach had not found any, and the TI in most cases. This type of analysis is
of fundamental importance in the study of protohistoric cremations, as it has demonstrated
how the morphological approach alone leads to an underestimation of the non-human
sample compared to the human one to which the remains are usually referred in the absence
of more in-depth analyses.
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