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Abstract
Two burial-caves of the Nabão Valley, Gruta do Cadaval and Gruta dos Ossos, each containing the remains 
of circa 30 individuals, were the subject of a GIS assessment, aiming at the definition of spatial dispersion 
patterns for the human skeletal remains. Results indicate that, although there are some general similarities in 
these burials, differing spatial patterns exist among both caves, particularly regarding concentrations of adult 
versus non-adult remains, as well as on the spatial distribution of specific skeletal parts.
Keywords
Collective burials, Geographic Information Systems, North Ribatejo

Resumé
Deux grottes de la Vallée du Nabão, Gruta do Cadaval et Gruta dos Ossos, contenant chacune les restes osseux 
d’environ 30 personnes, ont été soumises à une évaluation par des SIG, visant à la définition de modèles de 
dispersion spatiale des restes humains. Les résultats indiquent que, qu’il y ait certaines similitudes générales 
entre ces sépulcres, différentes configurations spatiales sont visibles entre les deux grottes, en particulier 
sur les concentrations des restes squelettiques d’adultes versus les restes de non-adultes, ainsi que sur la 
distribution spatiale des sections spécifiques du squelette.
Mots-clés
Tombes collectives, Systèmes d’Information Géographique, Haut Ribatejo

Introduction

Geographic Information Systems (GIS) applications in Archaeology represent a dynamic field, rooted 
in the late 1970’s (Wheatley and Gillings, 2002; Chapman, 2006). The use of GIS as a toolkit for the 
storage, visualization, manipulation and analysis of archaeological data became more common up 
until the early 1990’s, especially in Anglo-Saxon countries. Nevertheless, archaeological projects in 
Continental Europe would also take up on the use of GIS, making it a common tool in current-days 
European Archaeology. Nowadays, archaeological GIS covers all sorts of sub-fields and applications, 
being used for such different purposes as the mapping of finds or sites in a Cultural Resource 
Management perspective, the reconstruction and analysis of landscapes and sites (through the use, 
for instance, of visibility assessments, cost-path or site catchment analysis), or the development of 
predictive models for site locations. (Gaffney and Stancic, 1991; Lock and Stancic, 1995; Moscati, 
1998; Djindjian, 1998; Lock, 2000; Wheatley and Gillings, 2002; Katsianis and Tsipidis, 2005; 
García Sanjuan et al., 2009). In a more theoretical point of view, GIS can also be seen as ‘a place to 
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think’, virtual environments in which to test hypothesis of a spatial nature (Gillings and Goodrick, 
1996, in Chapman, 2006).

Similarly, Anthropology has also gradually adopted GIS as part of its toolkit, applying it to such 
diverse fields of inquiry as Social Anthropology, Paleoanthropology, Biological Anthropology or 
Forensic Anthropology (Aldenderfer and Maschner, 1996; Herrmann, 2002; Field et al., 2007; 
Agosto et al., 2008; Herrmann and Devlin, 2008; Dirkmaat et al., 2008; Anemone et al., 2011). 
Diversity of possible applications led to the development of approaches using GIS such as an aid 
to the determination of the Minimum Number of Individuals in North American collective burials 
(Herrmann and Devlin, 2008); in the analysis of spatial dispersion of human remains inside Honduran 
burial-caves (Herrmann, 2002); for the evaluation of potential migratory routes taken by the early 
Homo sapiens in the spread across Southern Asia (Field et al., 2007); in creating and managing an 
inventory of paleoanthropological finds in Ethiopia (Anemone et al., 2011).

Late Prehistory collective burials of Europe are a type of context where we believe GIS may prove 
to be a very important analytical tool. Such contexts often present taphonomical challenges to 
interpretation, due to the disarticulation and fragmentation processes human skeletal remains usually 
undergo. In Portugal, many of these burials were excavated throughout the 19th and 20th centuries. 
Many older excavations displayed little care for a detailed recording of human remains, with many 
bones being discarded, their study deemed useless (Silva, 2002; 2003; Boaventura et al., 2014). 
Indeed, for a long time, it was quite common that only some of the human skeletal remains were 
recovered during excavation of this type of burials, namely cranial remains and larger bones, such 
as the os coxae or long bones, if they were in a good state of preservation. Also, the fact that these 
deposits were usually highly fragmented and disarticulated led, in many cases, to their definition as 
secondary burials. Regardless of these contingencies, recent assessments of Portuguese prehistoric 
collective burial skeletal samples have been able to shed some light on funerary aspects of these 
societies; for instance, several collective burials formerly considered as secondary are currently 
defined as primary burial sites (Silva, 2002; 2003; Tomé, 2011; Boaventura et al., 2014), due to the 
application of methods aimed at assessing the representativeness of skeletal elements in samples 
composed of commingled remains, such as skeletal weight or tooth proportion (Silva, 2002; Silva et 
al., 2009).

Materials and Methods

Two burial-caves were considered for GIS assessment, Gruta do Cadaval (CDV) and Gruta dos 
Ossos (GRO), both belonging to the Canteirões Late Prehistoric burial-caves complex located in the 
North Ribatejo, Portugal (Figure 1). Sample choice was determined by several factors: both caves 
share a similar morphology; they were excavated in the 1980’s, with care being taken regarding 
tridimensional coordination of the remains; the samples have a partially overlapping, sequential, 
chronology – thus allowing for a comparative approach. 

CDV contained a highly disturbed collective burial deposit – no organization patterning was 
identifiable during excavation, suggesting either that depositions were performed quite close to the 
surface (facilitating the dispersion of the remains due to posterior animal activity, for instance) or 
the presence of a more complex funerary gestures sequence, leading to a complete disarticulation 
of human remains. Radiocarbon dating from this context indicates a chronology spanning from the 
end of the 5th millennium BC to the mid-4th millennium BC, corresponding to the Middle Neolithic 
(Oosterbeek, 1994; 2003; Cruz, 1997).

GRO, on the other hand, contained a less fragmented skeletal sample, also forming a collective 
burial deposit. Fieldwork suggested that this collective burial was more structured, in terms of the 
reorganization of different types of bones. Radiocarbon dating indicates that this cave was used from 
the mid-4th millennium BC to, at least, the early 3rd millennium BC, placing it in the Late Neolithic 
(Oosterbeek, 1993; Cruz 1997; Tomé, 2006).
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Both CDV and GRO held the commingled remains of circa 30 individuals, including both sexes and 
all age categories (Tomé, 2011; Tomé and Silva, 2013).

A database combining information resulting from the osteological assessment and the original 
field records was assembled. While the osteological assessment represented the majority of the 
information, allowing us to accurately categorize and/or filter the records according to the desired 
analysis, field records were fundamental in providing the spatial information needed for a GIS 
assessment to be performed. The vast majority of human remains exhumed from both these caves 
were spatially referenced, allowing for several approaches to the spatial patterns. In this study we 
decided to develop a strategy that focused specifically on the density of human remains inside each 
burial deposit.

Kernel Density Estimation, when applied to geostatistics and spatial analysis in general, is a method 
used to create a surface from a data plot, allowing for the representation of the density of events in 
a given area (Larmarange, 2013). It is an appropriate technique for point data (Silverman, 1986). 
Density (or intensity) analysis provides a way of estimating the change of frequency of distributions 
for point data over the study area (Sayer and Wienhold, 2013).

This technique is used in many different fields of spatial analysis and has, in recent years, been 
applied to several aspects of archaeological research (see, for instance, Baxter et al., 1997; Keeler, 
2007; Grove, 2011; Cascalheira and Gonçalves, 2012; Sayer and Wienhold, 2013).

The point data files created from this combined dataset were used to analyze spatial dispersion of 
the human remains, attempting to correlate biological parameters determined in the osteological 

Figure 1. Location of CDV and GRO.
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assessment. Kernel Density Estimation was performed on the point data files, generating plots 
representing the spatial dispersion of human remains inside each cave. A first assessment was 
executed using bone count (i.e., the presence of a certain number of bones in each area) as the 
variable for plot generation. After global kernel density maps were available, representing the areas 
of each cave containing human remains concentrations, separate plots were generated for adult and 
non-adult remains, in order to determine whether there were any discernible patterns in the deposition 
of different age-class individuals. Finally, anatomically filtered plots were created, defining the 
deposition areas of cranial remains, vertebrae, long bones, hand and foot bones. 

A second analytical run was performed, using the same approach, this time using bone weight as 
the variable for plot generation, based upon the following reasoning: if we consider a single hand, it 
contains 27 bones. When creating a kernel density map using the number of bones as the variable, 
this will produce a strong concentration in the area where that hand is deposited. On the opposite end, 
we would need for all of the long bones of several individuals to be tightly packed together in order 
to get a similar concentration depicted in that same plot. Additionally, a small fragment of a femur 
would be given the same influence in the density map generation as a complete femur. Thus, bone 
count introduces important deviations in the representation of bone density inside the burial deposit, 
which must be accounted for.

Bone weight, on the other hand, takes into consideration the dimensions of different anatomical 
elements or bone fragments thus seeming more reliable for our assessment. In order to take into 
consideration the smaller, lighter elements and fragments, both bone count and bone weight density 
maps were averaged in a third set of plots, which were then used in the analysis.

All of the data treatment and assessment was performed with Open Source GIS software (QGIS 2.2 
Valmiera).

Results

Our results suggest some general similarities among CDV and GRO regarding spatial dispersion of 
human remains. Both caves exhibit a main depositional cluster in the central part of the room closer 
to the entrance. In both cases there is also a secondary cluster, located in smaller, deeper rooms 
(Figure 2). Thus, easily accessible funerary deposits were formed, allowing for the post-depositional 
manipulation of human remains. Areas of more difficult access inside both caves were, nevertheless, 
used for funerary purposes, although human remains concentration on such regions was clearly less 
intense. 

Besides the overall resemblances, our results reveal that each burial context displays its particular 
features regarding the spatial dispersion of human remains. When comparing adult versus non-adult 

Figure 2. Global 
spatial dispersion 

of skeletal remains 
(A – CDV; B – GRO).
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remains distribution (Figure 3), density maps for CDV indicate that, although both clusters contained 
elements from both age-groups, adult remains were concentrated mostly in the main cluster, closer 
to the cave entrance, whilst the majority of non-adult skeletal remains were located in the secondary 
cluster. It would seem, then, that non-adult remains were mostly being deposited on a different area 
inside the cave than adult remains. The same comparison applied to GRO does not yield the same 
results, since both adult and non-adult skeletal remains cluster strongly close to the cave entrance; 
additionally, non-adult remains appear to be absent in the secondary accumulation at the deeper area 
of the cave. 

Regarding specific skeletal regions, particular spatial patterns also arise. CDV shows a concentration 
of cranial and axial remains in the main cluster. Although we can attest their presence also in the 
secondary cluster, this smaller concentration of human remains is mostly composed of appendicular 
bones from both upper and lower limbs (Figure 4).

As for GRO, kernel density maps indicate that the secondary cluster is composed mostly of hand and 
foot bones (it is worth noting that cranial remains appear to be completely absent from this cluster). 
The remaining skeletal categories are much more clearly concentrated in the main cluster but, still, 
differential distributions of bone categories seem visible within it. First, cranial remains appear 
tightly packed in the central area of the cluster. Second, long bones also seem to have a particular 
distribution inside this cluster, with upper limb bones displaying a stronger concentration at its core, 
while lower limb bones appear to be more peripheral – the matrix corresponding to the latter shows 
them closer to the cave walls, besides revealing the presence of a clear concentration of lower limb 
bones inside a small niche, located to the left of the main entrance (Figures 5 and 6).

Final Remarks

Our results indicate that, although both of these burial-caves of the Nabão valley share some traits in 
terms of the distribution of human remains, they also exhibit several differences among them. 

Figure 3. Adults versus 
non-adults skeletal 

remains distribution. Top 
row: CDV (A – Adults; 

B – Non-adults); Bottom 
row: GRO (C – Adults;  

D – Non-adults).
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Figure 6. 
Differential 

dispersion patterns 
for upper and lower 

limb bones at GRO 
(A – Upper limb; B – 
Lower limb; Arrow 
indicates cluster of 

lower limb bones 
on lateral niche 
close to the cave 

entrance).

Figure 4. Spatial dispersion 
by skeletal region at CDV 
(A – Cranial remains; B – 

Vertebrae; C – Long bones; 
D – Hand and foot bones).

Figure 5. Spatial 
dispersion by skeletal 

region at GRO (A – Cranial 
remains; B – Vertebrae; 

C – Long bones; D – Hand 
and foot bones).
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It is not clear how different depositional areas correlate on each cave – did the smaller, secondary 
clusters correspond to areas where some bones were discarded during the manipulation processes 
occurring on the larger clusters? The fact that during osteological assessment very few secondary 
anatomical connections were identified further hinders the clarification of this issue.

Differences among both caves dispersion patterns may be revealing of discrete shifts in the  
funerary practices – and social/ideological rules governing them – performed by Late Prehistoric 
communities of the North Ribatejo. Two aspects could relate to this idea: (I) the apparent  
segregation of non-adults in CDV at the secondary cluster, seemingly non-existent at a later stage 
in GRO, which may indicate a change in the way younger individuals were regarded inside the 
community, as far as funerary treatment goes. Could it be that non-adults were being given a funerary 
treatment more similar to the one being performed for adult individuals in the late 4th millennium 
BC, when compared to its late 5th-early 4th millennia counterparts?; (II) the differing pattern of upper 
versus lower limb bones spatial dispersion in GRO, possibly reflecting specific post-depositional 
manipulation sequences which do not seem to be at play in CDV. A very clear case of this is the small 
niche, to the left of the cave entrance, almost exclusively dedicated to the deposition of lower limb 
bones.

This interpretation would converge with the hypothesis of a long lasting cultural tradition in the 
Nabão valley bearing a relation to the coastal Neolithic spread, which would be gradually impacted 
by the contacts with another tradition, further inland, related to the megaliths complex (Cruz 1997; 
Oosterbeek 1994, 2003; Tomé and Oosterbeek 2011). The slightly younger chronology of GRO, 
placing it closer to such proposed impact, suggests that the differential consideration of non-
adults could correspond to times of intercultural relations, either as a consequence of new cultural 
approaches intake (in case the other tradition had no such segregation) or as a social adaptation 
mechanism (symbolic enlargement of the group through the ‘emancipation’ of non-adults, in order to 
resist to the outer influence that, as we know, ultimately would prevail).

The results presented here are, nevertheless, quite partial and further analytical developments should 
be considered. Statistical analysis may provide a deeper insight into the spatial dispersion patterns 
that became apparent from the present assessment.

GIS are certainly an important tool for the study of collective burials. Furthermore, the use of Open 
Source software allows for an inexpensive approach. This study demonstrates that, in the vast realm 
of analytical techniques allowed by GIS, the use of kernel density estimates may be a viable path in 
the study of prehistoric collective burials.
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