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ABSTRACT

The interaction of human dispersal patterns with landscape features can in many cases provide
useful information on the sustenance strategies of past communities. Mapping the present
landscape is a necessary step in recognizing the nature, impact, and diffusion of the
processes which drive the behaviour of past populations and modify palaeolandscapes. We
constructed a map of the land units in the southwestern corner of Sardinia and compared
them with the distribution of known Bronze Age megalithic towers called nuraghes. The
vast majority of nuraghes are near the plains or at mid elevations close to the river network,
in areas with the highest landscape diversity. The occurrence of nuraghes also seems to be
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related to elevated outcrops giving the advantage of a raised position and stable
foundations. Denudation processes, Late Holocene sea level rise, and anthropogenic
disturbance seem to be the most important factors driving changes in the palaeolandscape.

1. Introduction

The spatial organisation of a population is a function
of both socio-economic and environmental causes
(French, 2010). The interaction of these factors has a
major role in defining resource management and
land use practices from local communities to whole
societies (Howey et al., 2016; Kintigh et al., 2014). In
this sense, the geological substrate and its landforms,
as main providers of natural resources, have a clear
influence on landscape management practices. This
aspect becomes of vital importance in the study of
past cultures: the association of human dispersal
with certain landscape features can in many cases pro-
vide useful information on the sustenance strategies of
past communities, as well as on specific adaptations to
local conditions (Brandolini & Carrer, 2020; Carrero-
Pazos, 2019; Costanzo et al., 2021; DiNapoli et al.,
2019; Mariani et al., 2019).

In the reconstruction of spatial patterns of human
settlements, we must consider the role of landscape
also on a temporal level. The evolution of the physical
territory has a potentially profound impact on the
conservation and value of the archaeological record.
Dynamic processes in changing landscapes can con-
ceal or destroy the archaeological evidence and poss-
ibly mislead interpretations. Conversely, the absence
of visible traces might instead stem from coeval
palaeolandscape features which at the time discour-
aged local human exploitation. From this point of

view, the areas showing low site densities can provide
useful information for the creation of accurate disper-
sal models. The reconstruction of palaeolandscape
changes is an effort greatly helped by the detailed
assessment of current land units. Mapping the present
landscape is a necessary step in recognising the nature,
impact, and diffusion of geomorphological processes,
which in turn inform on their action in the past.
Areas of relevant and drastic changes can highlight
cultural heritage losses from erosive processes or the
potential for the investigation of sites buried by sedi-
mentation. Stable areas which underwent only minor
changes in time can instead be a more reliable source
of information on past land management strategies.
Such an approach heavily relies on the use of geomor-
phological and geological data. Landscape features are
in fact strongly linked to the underlying geology,
which must be considered when dealing with the
relationships with human settlements. Many authors
have recently started to adopt similar approaches,
usually following a combination of information from
both the geological bedrock and the geomorphological
setting or selected features (Aucelli et al., 2020; Dall’ A-
glio et al,, 2017; Ghilardi, 2021; Gioia et al., 2019,
2020).

The landscape evolution of the island of Sardinia
(Italy) during the Holocene has strongly influenced
the populations settled there. Among these, the Nura-
gic civilisation, developed between the XVIII and the
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VIII century BCE, is the most interesting case. Despite
the flourishing trade with other Mediterranean cul-
tures, this society heavily relied on the island for
their sustenance and prosperity (Dyson & Rowland,
2007; Lilliu, 1999; Webster, 2015). Not much is
known about the land occupation strategies of the
Nuragic people and how they interacted with a phys-
ical territory high in diversity landscape and charac-
terised by an uneven distribution of resources
(Vanzetti et al., 2013). The purpose of this work is
therefore to construct a map of the land units in the
southwestern corner of Sardinia and compare them
with the distribution of known Nuragic settlements.
The retrieved information will provide valuable
insights on the implications of palaeolandscape
changes when interpreting past occupation patterns.
They will also inform on the role of the physical land-
scape in shaping human-landscape interactions in
Mediterranean Bronze Age.

1.1. Geographical and geological setting

The study area includes the portion of Southwestern
Sardinia (39°45'48”"N-38°51'54"N and 8°12'55"E-9°
03'18”E) surrounded by the sea to the West and
South, including the Sant’Antioco and San Pietro
islands, and by the Campidano valley, the largest tec-
tonic valley in Sardinia (Casula et al., 2001), to the East
(Figure 1). Outcrop lithologies vary between sedimen-
tary, magmatic, and metamorphic rocks ranging in
age from the Palaeozoic to the Quaternary (Barca
et al., 2011; Lecca et al., 2017). Most of the landscape
is occupied by metamorphic rocks deformed during
the Variscan orogenesis (Palaeozoic) and by granitic
rocks emplaced between 340 and 280 Ma (Carmignani
et al., 2001, 2004). The Palaeozoic basement is cut into
a northern and southern portion by the Cixerri valley
which runs West to East into the Campidano valley.
Above the metamorphic basement lies a thick Meso-
zoic—Cenozoic sedimentary succession linked to the
evolution of the present-day western Mediterranean
area. The most important lithologies are marine
Mesozoic limestones outcropping to the Southwest
and Paleogene terrigenous conglomerates also to the
Southwest and in the Cixerri valley. The Cenozoic vol-
cano-sedimentary succession relates to the tectonic
rotation and placement of the Corsica-Sardinia block
(Carminati et al., 2012). It is mainly characterised by
rhyolitic-rhyodacitic ignimbrites and by andesitic
and basaltic-andesitic lava flows distributed around
the Palaeozoic basement in many locations (Cioni
et al., 2001; Pioli & Rosi, 2005). Quaternary deposits
are mostly represented by continental and in lesser
quantity by lagoon and marine-littoral successions.
Aeolian deposits mostly attributed to the Last Glacial
Maximum (MIS2) (Andreucci et al., 2009; Coltorti
et al., 2010; 2015) are widespread along the coast

and occasionally interbedded with alluvial deposits
and paleosols. The current climate is Mediterranean
with dry, hot summers and mild winters. The area is
swept by strong winds, particularly the cold Mistral
from the Northwest and the hot Scirocco from the
South. The water network is mainly ephemeral with
a torrential regime.

1.2. Archaeological setting

During the Bronze Age, Sardinia was home to the
Nuragic civilisation settled between the XVIII and
the VII century BCE. For a thousand years the Nuragic
people maintained the hegemony on the whole extent
of the island without relevant interference from outsi-
ders (Lilliu, 1999, 2001; Webster, 2015). During the
Early Iron Age, their control of the land was progress-
ively challenged by Phoenician colonies and then by
the Punic conquest which ended the Nuragic period
in the VI Century BCE. The Nuragic economy was
based on agriculture, animal husbandry, fishing, and
metallurgy, with widespread trade routes with the
eastern and western Mediterranean and Northern
Europe (Camara Serrano & Spanedda, 2014; Freund
& Tykot, 2011; Ling et al., 2014) and especially with
continental Italy, where ore metals and manufactured
products were exchanged on a regular basis (Lo
Schiavo et al., 2005; Russell, 2020; Usai & Lo Schiavo,
2009). Nevertheless, there is still wide uncertainty on
many aspects related to the socio-economic structure
of the Nuragic communities (Camara Serrano & Spa-
nedda, 2014; Perra, 2009; 2014).

The most striking element of the Nuragic culture is
the nuraghe. This structure is a conical, several-stor-
ied, dry-stone tower. Two main types have appeared
in time: the early ‘corridor’ nuraghe or proto-nuraghe
and the later ‘tholos’ nuraghe, the latter built as a
single tower or as the complex union (Figure 2(a))
of multiple towers (Depalmas, 2018; Depalmas &
Melis, 2010). Nuraghes are very widespread on Sardi-
nia: more than 7000 structures and remains have been
identified (Figure 2(b)). In the Final Bronze Age
(1200-1000 BCE) the construction of nuraghes slowly
stopped as the population moved into increasingly
complex villages (Depalmas, 2003; 2009; Dyson &
Rowland, 2007). The function of nuraghes is still a
matter of considerable discussion (Bonzani, 1992;
Depalmas, 2018; Usai, 1995).

2. Methods

In order to obtain a reliable comparison between the
presence and distribution of Nuragic structures and
the geological features of the landscape (Figure 3),
we decided to use two main parameters: the main
morphological units present in the landscape and the
lithologies of the rock formations. The result is a
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Figure 1. Extent of the study area (in white) with the main landscape features.

land units map of the area which can fully represent
the variability of the territory in a way more suitable
for human land use. The construction of the Main
Map relied mainly on remote sensing elaborations.
Data analysis used several datasets combining the
available topographic, geological, and archaeological
cartographies inside a QGIS geodatabase. Recent (6
August 2020) multispectral images with up to 10 m
spatial resolution (ESA Copernicus Satellite 2A, tiles
T32SMJ, T32SN]J, T32TMK, source: https://scihub.
copernicus.eu/) composed in false colours (visible +
near infrared) and projected to UTM Zone 32N pro-
vided the reference background for remote obser-
vations. The topography of the area and the raw data

used for terrain analysis came from a 10 m Digital
Elevation Model (DEM) retrieved from the Sardinia
region online portal (Regione Autonoma della Sar-
degna, 2021) and reprojected to UTM Zone 32N.
From it we calculated slope and hillshade models
used for the construction of the Main Map. From
the same source, we retrieved the water network
drawn in the Main Map. A 1:25,000 (Regione Auton-
oma della Sardegna, 2021) and a 1:50,000 (CARG pro-
ject: ISPRA, 2021) scale geological maps provided the
lithological data and geological and structural settings
used for remote observations. The comparison
between the terrain and geological data from cartogra-
phy and remote observation allowed to construct the
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Figure 2. (a) The nuraghe Seruci (Gonnesa, SU) an example of well preserved complex nuraghe in the study area; (b) Spatial dis-

tribution of nuraghes in Sardinia (source: nurnet.net).
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Figure 3. Model of the workflow employed in this study.

landscape units drawn in the Main Map. Field surveys
carried out in specific locations allowed to verify the
validity of the mapped units.

A publicly available online database (source:
https://www.nurnet.net/) provided the main archaeo-
logical data: the nature and localisation of all Nuragic
structures in the study area. Of these, we selected only
the information pertaining to nuraghes, excluding
other structures (villages, sacred wells, etc.) and not

Human/palaeolandscape relations

counting for differences between typologies of nur-
aghe. We verified the accuracy of the information
retrieved from the database through comparisons
with literature and the remote observation of the vis-
ible structures via satellite images. We also employed
field validation in selected cases. In all instances
when the database locations did not agree with satellite
and field validations within a 50 m radius, the former
were corrected accordingly. The intensity of the
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Nuraghes sites was explored through the Kernel Den-
sity Estimation (KDE), a nonparametric density-based
approach that creates a visual representation of inten-
sity showing local variations (hotspots and coldspots)
from the mean value of A (Baddeley et al,, 2015). In
spatial statistics, the (homogeneous) intensity A
defines the expected number of points per unit area.
The property of homogeneity in a point process
means that the points have no preference for any
spatial locations, a condition that is very unlikely to
be observed in nature. When the intensity is spatially
varying the number of points per unit area is deter-
mined by the function A(u), where u is the location
observed in the point process (Baddeley et al., 2015).
The standard deviation value (smoothing bandwidth
or sigma) that we adopted to calculate the KDE corre-
sponds to three times the mean distance to the nearest
neighbours, as suggested by Nakoinz and Knitter
(2016).

The digital elevation model was used as a covariate
to perform the univariate analysis of the intensity of
archaeological sites observed through the command
rhohat in the spatstat R package. Assuming that the
intensity of a inhomogeneous point process is a func-
tion of the covariate Z then: AM(u)=p(Z(u)), where p is
the function that explains how the intensity of points
depends on the value of the covariate. The generic R
method plot returns a plot of the nonparametric esti-
mation of the function p(z) against covariate values z,
together with 95% confidence envelope assuming an
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inhomogeneous (Poisson) point process (Baddeley
et al., 2015).

3. Results and discussion
3.1. The many landscapes of SW Sardinia

Mapping the main land units in the area put into light
the complexity of this landscape (Main Map). The lar-
gest land units are the two mountain areas to the
North and the South. Here patterns of narrow valleys
and ridges, often of structural origin, represent the
main landforms. Different lithologies do anyway
have an influence on morphologies. Metamorphic
substrates (purple on the Main Map) tend to form
more incised landscapes with many smaller peaks
and straighter slopes (Figure 4(a)). Granites (red on
the Main Map) instead often develop massif-like
areas with a more convex profile and the characteristic
rougher surface due to differential weathering (Figure
4(b)). Limestones (light blue on the Main Map) gener-
ally show a rugged morphology.

At mid elevations, different features drive the evol-
ution of the landscape. The wide extensions of out-
cropping ignimbrites and andesites (light red and
orange on the Main Map) left during past volcanic
activity develop complex irregular landscapes of low
hills and valleys, with different shapes according to
the nature of the volcanic process. The presence of
andesitic lavas such as in the Mt Arcuentu area

Figure 4. (a) landscape of metamorphic mountains with forested, narrow valleys and rugged peaks in the background; (b) granite
mountains showing more convex slopes and denudation processes; (c) a structural cuesta composed of basaltic lavas over less
resistant lithologies; (d) panorama of the Iglesiente and Arburese mountain areas from the Campidano valley; to the front, several

isolated hills.
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produces more regular convex—concave hills, while the
morphology of pyroclastic flows as on Sant’ Antioco
and San Pietro islands is characterised by cuestas
(Figure 4(c)). Basaltic lava flows are less represented
in this part of Sardinia and tend to produce large pla-
teaus such as the Capo Frasca promontory to the
North. Towards the plains, in the areas mostly covered
by later deposits, the past effusive activity left a con-
stellation of smaller, isolated hills (dotted colours
and vertical bars on the Main Map), in many cases
the remains of volcanic domes (Figure 4(d)).

Most of the lower landscape is dominated by fluvial
processes: here, starting from the Pliocene, multiple
generations of alluvial fans (green on the Main Map)
intersect each other and form a continuous low
angle piedmont that fills most of the Campidano and
Cixerri valleys. A proper alluvial plain is not present.
Fluvial activity has repeatedly cut into the oldest fans
multiple times during the Pleistocene, leaving a series
of terraced deposits (dark green on the Main Map) on
the sides of valleys. The western portion of the lowland
is also interested by coastal dynamics, which interact
with fluvial processes along the gulf of Palmas in the
areas closer to the coastline. Sea level changes
impacted deeply on the morphology of the whole
coast during the Quaternary, forming during the
Holocene a diverse landscape of beaches, rocky coasts,
and high cliffs (Figure 5(a)). Numerous coastal
lagoons are also present. Many of these environments
were still in formation during the Bronze Age. The
most visible contribution of aeolian processes is the
deposition of wind-blown sand and dust. Dune fields
and aeolianites (dark yellow on the Main Map) formed
during the Late Pleistocene cover many areas and
spots on the western coast: in the South wide deposits

extended over the open plains, in the North, as for
example near capo Pecora and capo Frasca, smaller
fields are enclosed by mountains (Figure 5(b)).

The most diverse location is the western flatter por-
tion of the Sulcis region, between the cities of Carbo-
nia and Santadi. Here, metamorphic peaks enclose an
area occupied by volcanic hills (light red and orange
on the Main Map) surrounded by different deposits.
At the foot of the mountains, a strip of land is filled
with small alluvial fans (light green in the Main
Map; Figure 5(c)). In front of the hills in the larger
plains, a mix of aeolian and fluvial sediments (vertical
green and yellow bars on the Main Map) changes
towards the sea into a pattern of saltwater lagoons
and beach deposits (light yellow on the Main Map).

3.2. Settlement distribution patterns: a link to
land use?

Provided the limitations due to the changes in land-
scape since the Bronze Age, we can try and describe
the evidence of trends in the settlement distribution
of the Nuragic people and relate them to land occu-
pation strategies and the use of resources.

As highlighted by the KDE, when we look at the
distribution of nuraghes on the territory, there are
some clear patterns corresponding to well-defined
landscape features. The vast majority of nuraghes
are near the plains or, less frequently, at mid
elevations in correspondence with the river network
(Figure 6). Unsurprisingly, the role of water is vital
at site level, and all existing nuraghes are found
within a short distance from rivers, springs and
wells (Depalmas & Melis, 2010; Melis, 1998). Many
settlements stay formally inside high elevation

Figure 5. (a) rocky cliffs of ignimbrites on the Western coast of Sant’Antioco island; (b) coastal dune field south of Frasca cape; (c)
landscape of flat alluvial deposits and low hills in the Southwestern part of the map; in the background to the right the outer part

of the Sulcis mountains.
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Figure 6. Univariate analysis of intensity of archaeological sites with elevation. X represents elevation, p(X) is the function that
explains how the intensity of points depends on the elevation value. In grey the 95% confidence interval. Notice the strong cor-
relation with lower elevations, especially between 100 and 200 m a.s.l.

areas, but at the boundary between the plains and the
mountains, which are instead almost completely
empty of sites. Mountain environments during the
Bronze age were likely a difficult terrain to navigate,
covered by forests (Beffa et al., 2016; Pedrotta et al.,
2021) and even now subject to widespread erosive
processes which prevent the formation of fertile
soil. It is likely that these populations overwhel-
mingly preferred living down below where resources
were more available, and that later denudation events
destroyed the evidence of an already small presence
of settlements. Conversely, the KDE shows how the

area most densely settled is also the most diverse in
terms of landscapes and potential resources
(Figure 7(a)). Here the presence of gentle slopes
and valleys allows thicker and more developed soils
and a higher potential for agriculture and pastures.
The proximity to the coast brings many advantages
for fishing communities, but also for long-range
ship transport and trade. It is possible to assume
how the variety of substrates and physical environ-
ments could allow the exploitation of different
resources and in turn allow more resilient and effec-
tive survival strategies (Zerboni et al., 2020).

Figure 7 . Extracts of the Main Map highlighting the relations of different nuraghes with the landscape: (a) high concentration of
nuraghes along hillslopes (vertical bars) and elevated positions (reds and oranges) in the Southwestern side of the map; (b) groups
of nuraghes at the borders of the Gulf of Palmas coastal plain (yellow and green vertical bars). Inside the latter only isolated nur-
aghes appear on elevated mounds (brown and red vertical bars); (c) scattered nuraghes on the most stable terraced alluvial fans
(dark green) along the Campidano valley; (d) clusters and isolated nuraghes on volcanic outcrops (orange) along the Gulf of

Cagliari.
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The occurrence of nuraghes also seems to be related
to the presence of a stable rock surface. Most struc-
tures are located above outcrops and stable lithologies,
often directly around the sediments of the plains and
lowlands. In the most densely settled areas around
the coastal plains most structures are built on volcanic
outcrops or directly around them. The larger hills can
group many towers, often around their sides or on sec-
ondary peaks and plateaus. Smaller hills and isolated
outcrops also often host a single tower. Alluvial and
coastal deposits are instead completely avoided. In
fact, the coastal plains themselves are completely
empty except for the nuraghes over higher and more
stable positions (Figure 7(b)). In Southern Sardinia
nuraghes along the coast are rare and not well investi-
gated (Spanedda et al., 2007). The coastline itself is in a
more retrograde position compared to the Bronze
Age, now submerged (Antonioli et al., 2007; Vacchi
et al., 2018). Along the Campidano valley to the
Northeast and inside the Cixerri valley the scarcity
of outcropping rock led the Nuragic people to use
the higher platforms produced by the erosion of the
oldest and most stable alluvial fans (Figure 7(c)).
Slightly different is the situation to the West. The
area occupied by ignimbrites inland and on the islands
(light red on the Main Map) does not host significant
unconsolidated deposits; it is anyway possible to see
how small summits and platforms still host the
majority of nuraghes, though in a less strict pattern.

The choice of building on elevated outcrops gives
the advantage of both a raised position and usually a
more stable ground, at least where most of the lower
lands are made by unconsolidated deposits. Usually,
the most invoked reason for this behaviour is land
control (Cicilloni et al., 2015; De Montis & Caschili,
2012; De Reu et al.,, 2011): the higher visibility and
possibly defence advantage over the surrounding pas-
tures and crops provided by reaching the higher
ground is certainly a strong motivation (Creighton,
2012; Jaeger, 2016; Zarifis & Brokou, 2002). Another
possible reason is instead related to building tech-
nique: nuraghes are very heavy megalithic structures
and need to sit on a substrate strong enough to bear
their weight without risking ground failures. The
unconsolidated loose deposits of the plains are not
the most suitable choice, hence the preference for
compact rock instead. Also, the occurrence of clusters
of towers around certain landmarks, such as Mt Arru-
biu along the gulf of Cagliari in the Southeast (Figure 7
(d)) can be related to the source of the building
materials. In fact, the majority of nuraghes are made
by local stone blocks quarried in the vicinity and
transported for very short distances. Logistic con-
straints would push for the exploitation of building
spots around available quarries. In any case, the
absence of clearly unstable substrates does not change
the preference for raised positions, so it is possibly a

matter of adaptation and flexibility of the Nuragic
populations to different landscape settings.

3.3. Landscape evolution as a threat to the
archaeological record

While in general land units at this scale remain mostly
the ones we see today, many processes have in time
produced significant changes that must be considered
in the reconstruction of palaeolandscapes. In this
sense, it is useful to look at the areas there the scarcity
of nuraghes is most significant and recognise possible
factors which could have not only kept settlers away,
but also destroyed the evidence of their presence.

The most impactful is probably the action of slope
processes. This area of Sardinia clearly bears the marks
of highly active denudation processes concentrated in
the mountain areas. Slopes typically show very thin
and poorly developed soil covers with widespread
bare rock especially on higher elevations. Erosion
was likely helped by several human-driven deforesta-
tion events, which happened multiple times since pre-
history to the Modern Age (Beffa et al., 2016; Di Rita &
Melis, 2013; Pedrotta et al., 2021). The current preva-
lence in mountain plant cover of open forests and
macchia formations still preserve the soils only par-
tially. In these conditions, the threat to the archaeolo-
gical record is evident. It is quite possible that existing
structures disappeared because of landslide events and
general transport from erosion, thus impairing our
understanding of their settlement strategies.

The other major threat to archaeological structures
is, at the opposite, at the lowest elevations. Here, along
the coast, sea level changes during the Holocene heav-
ily impacted the landscape and caused a drastic redefi-
nition of the coastline and surrounding environments.
From the Bronze Age to the present this process was
not as dramatic, but still relevant (Vacchi et al,
2016). Sea levels in Southwestern Sardinia during the
Bronze age have been measured between —6.8+
1.0 m and —2.2+1.0 m (Vacchi et al., 2016), which
affected both structures potentially located along the
shoreline and settlements further inland. The inter-
action between marine transgression and fluvial depo-
sition caused many fragile coastal environments, such
as saltwater lagoons, to shift and disappear (Melis
et al.,, 2017, 2018). This, together with the burial or
submersion of at least a part of the Bronze Age settle-
ments (Berlinghieri et al., 2020; Del Vais et al., 2006;
Depalmas, 2002), influences our view of human-land-
scape interactions.

Last, there is the matter of human activity. The con-
scious destruction and reuse of structures by later
populations is a common and sometimes institutiona-
lised process, especially in Roman times (Barker &
Marano, 2017), and this area makes no exception,
especially in the flatter areas. The needs of local



farmers and city dwellers required clear spaces, infra-
structures and building materials, and it is not unlikely
that many nuraghes were lost in the past for these
reasons (Russu, 2012; Webster, 1991).

4, Conclusions

The features of the physical landscape seem to drive
Nuragic human dispersal in different and sometimes
unexpected ways. The close relation of settlement den-
sity with landscape diversity, and in turn with the var-
iety and availability of natural resources, is another
confirmation of how land use diversification can be
a successful strategy for complex societies. It can
therefore be interesting to consider the effect of geodi-
versity and landscape diversity on past sustenance
strategies to build more accurate dispersal models.
The interaction with the terrain also plays a complex
role. The search for the higher ground is usually dic-
tated by social and strategic reasons. Nevertheless,
the presence of available building materials and of
safe foundations is vital to host heavy dry-stone mega-
lithic structures. This glimpse of the interplay between
social and environmental factors in settlement choice
highlights another topic worthy of consideration.
More studies would be needed to provide rigorous
comparisons to disentangle their effects in guiding
survival strategies and land use.

While often difficult and necessarily approximate,
the identification and mapping of the main processes
pushing palaeolandscapes towards change can greatly
support the study of human-landscape interactions.
Their help in interpreting settlement density and
locations can characterise natural interferences with
the conservation of the archaeological record, as well
as where and how our reconstructions can be the
most accurate.

Software

The software used for all elaborations and the con-
struction of the Main Map is QGIS, versions 3.14
and 3.16. GoogleEarthPro™ was also employed as
support for remote sensing observations.
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