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ON THE ORIENTATIONS OF SARDINTIAN NURAGHES:
SOME CLUES TO THEIR INTERPRETATION

MAURO ZEDDA, Isili, Sardinia, and
JUAN ANTONIO BELMONTE, Instituto de Astrofisica de Canarias

The nuraghes of Sardinia are dry-stone constructions of cyclopean masonry, belong-
ing in a wider sense to what has been termed “the megalithic phenomenon”, as do
the contemporaneous fombe di gigante.' The name of the people who built them is
still unknown and the nuraghes have given their name to the culture of this ancient
society, the Nuraghic civilization. The towers and ruins of the nuraghes dominate
the Sardinian landscape where the remains of some seven thousand such monuments
have been identified on an island of little more than 24,000 km?. Of these, some five
hundred are in a relatively good state of preservation.

The Nuraghic civilization developed over more than a millennium, between 2000
and 500 B.C., according to one of its most distinguished scholars, Giovanni Lilliu. Two
periods can be identified: a prehistoric phase, between 2000 and 1000 B.C. (during
the Bronze Age); and a proto-historic phase, between 1000 and 500 (during the Iron
Age). Nuraghes and rombe di gigante were built only during the first of these periods,
although they were used until much later times. According to Lilliu and his followers,
the nuraghes were fortresses and defence was their primary purpose. Also, according
to these scholars, the Nuraghic people would have re-used the extant nuraghes as
cultic places during the second phase, which coincided with the arrival in Sardinia
of the first Phoenician colonizers.> However, there have always been discrepancies,
and there are scholars who have argued that these monuments had a sacred function
even during the earlier stages of the Nuraghic civilization.?

Lilliu has classified nuraghes into two typologies, according to certain architec-
tural characteristics of the spaces located in the interior of the buildings. The first
comprises tholos nuraghes, where the dominant feature is a circular chamber (4-5
metres in diameter) covered by a false-cupola some 7 to 10 metres in height. These
are by far the most representative and impressive buildings of the Nuraghic culture,
ranging from very simple single towers to complex nuraghe with several towers
and chambers. The second comprises corridor nuraghes, where the interior space
is basically formed by a long corridor extending right across the structure of the
building, which normally has a subrectangular or elliptical shape and is not circular
as in the previous case.*

When this classification was adopted, Lilliu imagined the tholos nuraghes to be
older than the corridor nuraghes. However, today the latter are interpreted as belong-
ing to an earlier phase of architectural development and are thus classified as proto-
Nuraghic.’ This is not the place to debate this issue, although some information is
relevant for the ensuing discussion. Corridor nuraghes represent a mere 8% of the
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FiG. 1. Nuraghe Santa Sabina, a beautiful example of a simple nuraghe of the AC type in the north of
Sardinia.
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FIG. 2. Nuraghe Is Paras, near [sili, in central Sardinia, a complex nuraghe, with some additional construc-
tions but still dominated by the large central tower (see Figure 3) of the NAC type.
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FIG. 3. The interior of nuraghe Is Paras, one of the finest examples of false-cupola building to be found
anywhere (courtesy of Michael Hoskin).
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total number of nuraghes throughout the island and they usually have an irregular
plan, lacking a standard form and in several cases having more than one entrance
(sometimes as many as four) leading to the interior of the structure. Consequently,
they will not be considered in these study, even though we have measurements of
the entrances of nearly 50 well-preserved monuments of this type, measurements
whose discussion will be postponed to another occasion.®

By contrast, tholos nuraghes, including even the central towers of the complex
examples, always have a single, well-defined entrance whose axis of symmetry can
easily be identified and measured. The presentation and analysis of these data of
these monuments will be the nucleus of this article. Tholos nuraghes (hereafter
simply ‘nuraghes’) can also be divided into simple and complex. A simple nuraghe
consists of a single tower in the form of a truncated cone with a single chamber in
its interior (see Figure 1), and with only one entrance. A complex nuraghe consists
of an entire conjunct of different monuments (further towers, cyclopean walls, cor-
ridors, minor structures, etc.) surrounding a central tower which can be identical to
a simple nuraghe, or be a much more elaborate (and higher) tower with as many
as three chambers located one above another. However, from the evolutional and
structural point of view, the central tower of a complex nuraghe can be considered
identical to the single tower of a simple nuraghe (see Figures 2 and 3).

The planning of the structure leading to the central tower allows us to define a
series of subgroups within the group of complex nuraghes, and these can be clas-
sified as bi-lobulated, tri-lobulated, quadri-lobulated and penta-lobulated (hereafter
together termed poli-lobulated), depending on the external shape and plan of the
monuments, in the form of an elongated building, an irregular triangle, a trapezoid
or an irregular pentagon, respectively (see Figures 4 and 5). As we have said, the
simple nuraghes present similar characteristics to the central towers of complex
nuraghes. Broadly speaking, the outer shape is troncoconical, with an inclination of
some 10° to 15°, while the diameter of the base varies from 10 to 15 metres, and
the height from 10 metres (in the most simple) to 22 metres (in the highest nuraghe
of all, which has three tholos chambers, of decreasing size, one upon the other). The
chambers are circular and they can have none, one, two, or three cells symmetrically
located within the walls (when there is only one, it is located normally in the same
axis of the entrance).

The component that for us is the most important, the gate to the central lower
chamber, consists normally of a corridor of from 3 to 5 metres in length with a
height of from 2 to 4 metres, closed by a massive architrave at the entrance. There
is no evidence that a door was ever present to close the structure. The way up to the
upper levels of the nuraghe (where there were further chambers or a terrace) was
via an helicoidal corridor built within the massive walls of the structure, the access
to it being either at the left in the middle of the entrance corridor or at mid-height
within the wall of the interior chamber. This makes possible a further classification
of the nuraghes that will be relevant to the following discussion, into those whose
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FiG. 4. Nuraghe Losa, near Abbasanta, in the western plain of Sardinia. The central tower is located within
a large tri-lobulated structure. Two of the walls of the triangle are parallel to the solstitial lines.
See text for further discussion.

FIG. 5. Plan of nuraghe Santu Antine, perhaps the most impressive example of these buildings. The central
tower (with no fewer than three chambers one upon the other), the tri-lobulate walled structure,
and some adjacent structures are clearly visible. The double-headed arrows mark the orientations
measured for the study of the plan of poli-lobulated complex nuraghes. The single-headed arrow
marks the direction measured in our study of the orientation of simple nuraghes and of the central
towers of complex ones.
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corridors allow access to the upper levels (AC) and those whose corridors do not
(NACQ). In the NAC group we have also included nuraghes without stairs, which are
not uncommon. There are also several whose poor condition makes classification
difficult if not impossible.

‘We have visited over nine hundred nuraghes (of which some 360 were unmeasur-
able’). One important fact that has emerged is that AC nuraghes are absolutely typical
of the north of the island (although a few examples are to be found in the south);
while the NAC nuraghes are typical of the south and are very rare north of the 40°N
parallel.? This contradicts Lilliu’s opinion that NAC nuraghes are the older, for it
is agreed that the Nuraghic culture originated in the north of the island and spread
later to the south.’

Discussion

In previous years, the first of the authors engaged in an archaeoastronomical study
of the orientation of some of the nuraghes and of the distribution of the monuments
within the landscapes of the island. As a result, he proposed that a number of outer
walls of some of the most complex nuraghes may be astronomically orientated to the
rising sun at the solstices or to the moon at its major standstills (hereafter lunastices).'
Also, it appeared that certain nuraghes could act as reference points (backsites) for
the observation of astronomical phenomena for which distant nuraghes acted as
foresights.!" However, during a visit of the second author to Sardinia in June 2001,
it became clear that the sample was too small to permit definitive conclusions in
either case. On the one hand, only half-a-dozen poli-lobulated complex nuraghes
had been completely measured and analysed; and on the other, there were areas in
Sardinia where a number of nuraghes that might act as backsights and foresights
still awaited study.

It was evident that further fieldwork was required, and in particular that it would
be of interest to measure the orientation of the entrances to the nuraghes, in order
to compare the results with those offered by similar studies of the tombe di giganti
or of the cyclopean monuments of other nearby cultures such as the Talayotic of the
Balearics (talayots, navetas and taulas), islands where links with the Nuraghic culture
had often been proposed.'? It was obvious that to perform an entire intervisibility study
of the Sardinian nuraghes would involve a vast investment of time and resources.
The authors therefore decided to concentrate on two sets of measurements: first, of
the orientations of the entrances to the simple nuraghes and the central towers of
well-preserved complex nuraghes; and second, of the orientations in both senses of
all the outer walls of each of the well-preserved poli-lobulated complex nuraghes.

This article presents the results of this fieldwork, which was conducted in various
campaigns during most of 2002, with minor checks in the spring of 2003. We meas-
ured the orientation of the entrances of 272 simple nuraghes and of the central towers
of 180 complex nuraghes, using a precision compass and clinometer (average error
of 1°) and corrected for standard magnetic declination (few magnetic anomalies are
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FIiG. 6. Orientation diagram of 452 measurable Sardinian nuraghes (a further unmeasurable 360 were
visited). The distribution is clearly non-random with a maximum centred at an azimuth of 1505°.
Dot-dashed lines indicate the azimuths of sunrise at the two solstices.

to be expected in Sardinia). The data are presented in Tables 1 and 2, respectively,
along with the latitudes of the monuments and their types, both of which will be
relevant to the ensuing discussion. A further 360 nuraghes were visited, but their
bad state of preservation did not permit us to measure them with confidence. At the
same time we measured the orientations of the outer cyclopean walls of as many as
50 poli-lobulated complex nuraghes; we established the azimuths and the angular
heights of the horizon in both senses for every wall (this resulted, for example, in
12 measurements in the case of a tri-lobulated monument like Losa, see Figure 4).
These data are listed in Table 3.

Figure 6 presents the orientation histogram of the entire 452 Sardinian nuraghes
listed in Tables 1 and 2. As can be seen, the distribution is not random: a clear pat-
tern can be identified, with a preference of orientation in the southeast quadrant of
the horizon and a clear maximum of the distribution centred near 1504°. This is,
broadly speaking, the same range of orientation (although somewhat more restricted)
that had been identified for the contemporaneous rombe di giganti,” a result that is
not unexpected given that both monuments belonged to the same Nuraghic culture.
However, this histogram is also similar to the one yielded by the square talayots of
Majorca (and to a lesser extent by the round ones), where almost the same range
of azimuths was found — although the maximum of the distribution was centred at
143° rather than near 150°." This similarity is surprising because the orientation
customs of the burial monuments of the Talayotic and Nuraghic cultures have been
shown to be completely different, an argument that has been used to suggest that
the two cultures had different origins and were not related. As we will see below,
this new result suggests that there might after all have been a relationship between
the two cultures.!
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TABLE 1. Orientations of the entrances of 272 simple nuraghes. The table lists the town where the nuraghe is
located, its name, its latitude, the typology (with or without access stairs in corridor (AC or NAC),
or unknown), and the corresponding azimuth, angular height of the horizon, and declination.

Town

Palau
Aglientu
Bulzi
Bulzi
Bulzi
Perfugas
Perfugas
Perfugas
Perfugas
Berchidda
Nulvi
Chiaramonti
Chiaramonti
Chiaramonti
Chiaramonti
Sassari
Oschiri
Sassari
Sassari
Sassari
Sassari
Ploaghe
Ploaghe
Ploaghe
Ploaghe
Ploaghe
Ploaghe
Ploaghe
Ploaghe
Ploaghe
Ploaghe
Olmedo
Olmedo
Olmedo
Olmedo
Ardara
Ardara
Ardara
Posada
Ozieri
Buddusd
Budduso
Lode
Siligo
Siniscola
Siniscola
Siligo
Alghero
Alghero
Osidda
Bonnanaro
Torralba
Torralba
Torralba
Torralba
Cheremule
Romana
Romana
Nule

Lula
Bultci
Cossoine
Cossoinc
Cossoine

Nuraghe

Barrabisa
Tuttusoni
Bonaggiunta
Figone
Santu Nicola
Tribides
S.Giorgio
Paza

Sa Pria
Pettinaelvoi
Colondrasa
Cuciuciu
Ruiu
Respidu 1
Bantine ‘e pira
Turriculi
Conchedda
Speranza 1
Speranza 2
Liori 2
Cuculagiu
Polcalzos
Sauccos
Idighinzu
Annaju
Figosu
1spinele su Sassu
Eru

Pazza

Serra Ulvine
Ena de Pruna
Lobinu

Talia

Mannu
Masala
Congiari
Frusciu
Ozastu
Tundone
Santu Antiogu
Solteri

Ruiu

Su Nurake
Morette
Paule Luca
Gorropis
Punta Mulinu 2
Monte Siseri 2
Santu Quiricu
S Iscopalzu
Tocanis
Culzu
Bandalza
Fraighcs
Longu
Maiore
Suezzones 2
Suczzones 1
Arile
Sorotza

Sas Prisoncs
Su Truppu
Accas
Biancu

Lat.
o 1

4050
4050
4050
4047
4047
4045
4045
4045
4045
4043
4043
4043
4043
4043
4043
4040
40 40
4040
40 40
4040
4040
4040
4040
4040
4040
4039
4039
4039
4039
4038
4038
4038
4038
4035
4035
4035
4035
4034
40 34
4034
4034
4033
4033
4032
4032
4031
4031
4031
4031
4030
4028
4028
4028
4028
4027
4026
4026
4026

Typology

AC
AC
AC
?
AC
AC
AC
AC
AC
?
?
AC
AC
AC
AC
AC
AC
AC
?
AC
?
AC
AC
AC
AC
AC
AC
?
AC
?
AC
AC
AC
AC
AC
AC
AC
AC
AC
NAC
AC
AC
AC
AC
?
?
?
NAC
NAC
AC

AC
AC
AC
AC
AC
NAC
NAC
AC
AC
AC

AC
AC

a
o

147

127
148
158
158
134
144
145
147
151
152
154
156
157
157

96
125
125
143
136
148
148
167

92
152
168
211
127
134
148
151
106
108
146
152
122
138
139
146
143
105
132
140
192
190
131
132
135

h &

2 374
3 41
1 364
—424
—47
—41
—413
—43
—47}
-39}
—43}
—174
—38}
—44
—474
—224
24
27
—404
—45
—44
—304
—364
-39
-37
—41
—404
—424
—43}
—43}
—424
04
24}
243
-37
—324
-38}
—38}
—47
-01
-383
—46%
-30
24}
321
—38}
—41
—114
-13
-383
—41}
22
-33
-33}
—364
-34
-10
29}
-35
—46%
—45
29}
-30
29
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Town

Cossoine
Bonorva
Bonorva
Bonorva
Esporlatu

Nuraghe Lat.
o
Corru 4026
Spadularzu 4025
Tintinnos 4025
Sambinzu 4025

Sa Figu Nicdda 4024

PozzomaggioreMonte Tumene 40 24

Esporlatu Eris Manzanu 4024
Padria Inzas 4024
Orune Nunnale 4024
Mara Nucddas 4024
Burgos Arvas 4024
PozzomaggiorcOlia 4024
PozzomaggioreRuggiu 4024
Orune Su Pradu 4024
PozzomaggioreFrattu 4024
Mara Pirasta 1 4024
Padria Basciu 4024
Orosei Santa Luxia 1 4023
Orosci Osala 4023
Orosei Rampinu 4023
llorai Luche 4021
Bolotana Tintiriolu 4020
Nuoro Tanca Manna 4019
Nuoro Orizzanne 4019
Sindia Su Crastude N.S. 4018
Sindia Nela 4018
Sindia Serresi 4018
Sindia Santa Brabara 4018
Suni Chirisconis 4017
Silanus S. Sabina 4017
Macomer Monte Sara 4016
Oniferi Scderosu 4016
Macomer Corte 4016
Macomer Sa Pattada 4016
Macomer Tossilo 2 4016
Macomer Tossilo 1 4016
Macomer Cabudebene 2 4016
Macomer Sa Coa de sa Mcla 40 16
Macomer Funtana Ide 4016
Macomer Mandra Puddedros 40 16
Macomer Solene 4016
Macomer Badde Figu 4016
Macomer Columbus 4016
Macomer Pubuttu 4016
Oniferi Murtas 4016
Macomer Sas Cariasas 4016
Macomer Tanca Salighes 40 16
Macomer Paza 4016
Birori Sorolo 40 16
Macomer Succusonis 4016
Birori Orosai 40 16
Macomer Cabudcbene 1 4016
Birori Su Padru 4016
Macomer Crabarza 4016
Oniferi Tstorilo 4016
Oniferi Corodda 4016
Oliena Luduruju 40 16
Macomer Ucchiusura 1 40 16
Oniferi Ola 4016
Macomer Ruiu 40 16
Macomer Ucchiusura 2 4016
Oliena Predu Serra 40 16
Oniferi Brodu 4016
Oliena Biriai 4016

Typology a

AC
AC
AC
AC
AC
NAC
AC
AC
AC
AC
AC
?
AC
AC
?
AC
NAC
?

NAC

NAC

142
130
148
163

86
104
135
139
146
154
156
156
156
162
173
184
198
146
148
161
162
185
143
162
146
146
163
172
164
170

82
108
11
114
124
125
127
131
135
135
136
141
150
151
152
153
153
154
156
156
157
159
160
160
162
164
169
173
175
180
196
198
201
355

h &

6 32
8 —23}
5 36
10 -37%
3 405
1 -10
429}
2 33}
2 -37%
3 —40%
1 -43}
143
1-43}
3 —44
6 —43}
11 =38}
2 45
—304
42
—464
—44
—49
-35
—45
-38
-38
—45
—48}
—45%
—47
+05}
-12
—164
-18}
-25
244
24
29
-32
=31}
-33
34
-35%
—413
—41
—424
—41%
43
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Table 1 continued]

Dualchi
Dualchi
Dualchi

Orani

Dualchi

Orani
Nuragugume
Orani

Borore
Borore
Borore
Borore

Scano
Monltiferro
Scano
Montiferro
Orgosolo
Orgosolo
Aidomaggiore
Aidomaggiore
Aidomaggiore
Aidomaggiore
Sedilo

Scdilo

Sedilo

Scdilo
Aidomaggiore
Scdilo
Aidomaggiore
Sedilo
Aidomaggiore
Abbasanta
Abbasanta
Norbello
Cuglicri
Soddi

Fonni
Ghilarza
Fonni

Urzulei
Ovodda
Bonarcado
Ovodda
Bonarcado
Paulilatino
Secncghe
Seneghe
Paulilatino
Seneghe
Sencghe
Paulilatino
San Vero Milis
Bauladu
Bauladu
Sorgono

San Vero Milis
Bauladu

San Vero Milis
Sorgono
Fordongianus
Villanova
Truschedu
Villagrande
Villagrande
Villagrande
Villagrande
Villagrande
Zerfaliu
Samugheo

Su Forrighesu 40 14

Caddaris 40 14
Piddio 40 14
Ludriscas 40 14
Ponte 40 14
S Orighes 40 14
Muresune 40 14
Attethu 4014
Duos Nuraghes 1 40 13
Craba 4013
Duos Nuraghes 2 40 13
Toscono 4013
Nari 4013
Salamattile 4013
Luthuli 4012
Su Oi 4012
Orolo 40 10
Trochesia 4010
Succhiaiu 4010
Loboas 2 4010
Columbos 40 10
Lure 40 10
Lighei 4010
Perras 4010
Loboas 1 4010
Portazd 40 10
Mascalio 4010
Tosinghene 4010
Mura Fratta 2 40 10
lzzi 4008
Zuras 4008
Perdu Cossu 4008
Orattiddo 4008
Aurt 4008
Biaceddu 4007
Madurru 4007

Genna Ventosa 40 07
Domu’esOrcu 4006

Osseli 40 06
Perda de Caddos 40 06
Campos 40 06
Ruiu 40 06
Santa Cristina 4005
Litu 4005
Orzastu 40 05
Forcddos 4005
Oppianu 40 05
Aidu ¢ muru 4005
Codas 4005
Su Cunventu 4001
Crabia 4001
Meddaris 4001
Riu Salighc 4001
S Omu 4001
Mura’c Cresia 40 01
Abili 4001
Orrubiu 1 4001

Corongiu "¢ Pubas 39 59
Santu Millanu 3959

S Arcu de is Forros39 58
Marruscu 3958
Lotzaracesar 3958
Pauli Kosti 3958
Preda Marruscu 39 58
Jana 3957
Acoro 3957

NAC

NAC

115
123
135

156
162
171
184

118
137
137
152

167

142
157

94

98
130
132
132
133
141
142
152
156
160
176
202
131
132
143
157
185
141
148
193

86
132
146
148
166
103
151
154
162
164
169
175
153
155
158
162
163
171
173
176
141
230

132
133
140
161
165
148
152

Cm, O SR —, AR, S ACON R, AR RN SRR NR,RE, 2RO RRNRNRNEN =N RN R

[V I SR S SN )

34
43
-02%

-29
,2%
29}
=30
-35
-35%
—41
43}
746%
—49
44}
20}
20}
-37
-43
—49
-35
—40
—46}
+07
-28
-39
-35}
-47
-09
—42}

-41
—47
—48
—44
—42%
-39
—44}
—46
~46}
—48}
-49
-504
-36
-30

—294
-30

43

40
384

Samugheo Santu Miggianu

Cabras Aniogu Crobis

Cabras Maimone

Siamanna Paba dc soli

TIbono Lovicu

Villaurbana  Frorissa

Mogorella Luas

Laconi Orrubiu

Laconi Crastu

Nureci Santa Brabara

Scui Fundu de
Corongiu

Scui Ardasai

Senis Senis Mannu

Assolo Guduri

Ussassai Domu ’e s Orcu

Ussassai Nurazzolu

Sadali Nurassolu

Sadali Su Nuraxi

Sadali Accodulazzu

Ussassai Su Casteddu

Cardedu Murcu

Sadali Funtana de
Longinu

Nuragus Truxiu

Usellus Santa Luxia 2

Albagiara Cala Piscinas

Usellus Bruncu Brutzu

Isili Molas

Genuri Predi Careddu

Isili Trucciu 1

Nurri Latti ’e Pudda

Uras Santu Giuanni

Orroli Ollasta

Seui § Ollastu Entosu

(Orboredu)

Gergei Preganti

Orroli Funtana e Spidu

Orroli Gasoru

Seui Monti sa Cola

(Orboredu)

Terlenia Brebeis

Orroli Giroxi

Orroli Martingiana

Siddi Liccu

Siddi Genna Maiu 2

Perdasdefogu S Orcu

Perdasdefogu  Santu Perdu

Siddi Corona Arrubia

Mogoro Puisteris

Mogoro Mudegu

Gesico Berrita Furriada

Gesico Cumbidu "e mela

Escalaplano  Fumia

Gesico Posada

Goni Goni

Ballao Siliquas

Armungia Armungia

San Basilio  Domu ’e s Orcu

S.Andrea Frius Domu ’e s Oecu

Villasalto Corrolia

Muravera Bracu

Villaputzu Perda su Luaxiu

San Vito Sant Alena

San Vito Santu lorgi

San Vilo Forada Procaxius

Muravera Campu Circddu

Musei Cuccuru Funtana

Sinnai Monte Croce

NAC
NAC
NAC

NAC
?
AC
NAC
NAC

NAC
NAC

NAC
NAC
NAC
AC
NAC
NAC
NAC
NAC
NAC
NAC
NAC

NAC
AC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC

NAC
NAC
NAC
NAC

NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
AC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC

161
148
165
168
262
180
157
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3916
3914
3910
3910
3910
3908
3907
3907

NAC
NAC
NAC
NAC
NAC
NAC
NAC

119
151
125
138
148
176
123
141
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S.Giovanni
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TABLE 2. Orientations of the entrances of 180 central towers of the complex nuraghes.

Gonnesa Sa Turritta
Castiadas Giba *e Trutturi
Carbonia Garia
Carbonia Monte Sirai
Carbonia Atzoris
Villasimius ~ Columbaras
Villaperuccio  Cristou
Calasctta Scarperino
Town Nuraghe
Arzachcna Prisciona
Castelsardo  Paddahiu
Castelsardo  Cultu
Perfugas Ruia
Perfugas Sa Ruinosa
Nulvi Irru
Nulvi Ara
Sassari Mcla Ruja
Ploaghe Funtana de Pedru
Ploaghc Crabas
Ploaghe Padre Monza
Ploaghc Santu Ainzu
Olmedo Pupalzos
Posada Pitzinnu
Ardara Riu Runaghe
Torpe Santu Perdu
Ozicri Buttule
Ozieri Sa mandra de
sa Jua
Orzieri Burghidu
Siligo Punta Mulinu 1
Alghero Palmavera
Bessude Santu Teodoru
Alghero Flumenc Longu
Alghero Santu Perdu
Osidda Usanisi
Thiesi Sa Mura
Borutta Santu Perdu
Torralba Ruiu
Torralba Cuguronnero
Torralba Santu Antine
Nule Istelai
Nule Voes
Romana Pibirra
Bultei Tiliriga
Cossoine Aidu
Cossoine Alvu
Bono Sas Doppias
Padria Longu
Burgos Chentina
Burgos Costa
Burgos Presoni
Pozzomaggiore Alvu
Burgos S Unighedda
Padria Mesu "e nuraghes
1
Mara Tomaso
Orosci Linn arta
Orosei Portu
Nuoro Noddule
Sindia Serras
Orotelli Orovei
Sindia Friorosu
Sindia Mura Coga
Orotelli Aeddos

Lat.

4105
40 54
40 54
40 50
40 50
40 47
4047
40 43
4040
40 40
40 40
4040
40 39
4038
4038
4038
4035
4035
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4033
4033
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4033
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4031
4031
4031
4031
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Table 2 continued]

Assolo
Esterzili
Cardedu
Genoni
Genoni
Ulassai
Sadali
Cardedu
Ulassai
Nuragus
Villanovatulo
Tsili

Tsili

Isili

Nurri

Nurri
Gesturi
Nurri

Serri

Pompu
Nurri
Tertenia
Tertenia
Orroli
Barumini
Tertenia
Orroli

Uras
Barumini
Ussaramanna
Orroli
Mogoro
Siddi

Siddi
Perdasdefogu
Lunamatrona
Villanovaforru
Lunamatrona
Siurgus
Donigala
Siurgus
Donigala

Santa Luxia
Sa Corti Eccia 1
Musciu
Longu

Biriu
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Istria
Cardedu

S Ulimu
Santu Millanu
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Suelli Piscu 3933
Furtci Comossariu 3933
Segariu Sant Antoni 3933
Scnorbi Su Nuraxi 3932
Barrali Montroxius 3929
Villasalto Is Arremadaus 3929
Muravera S acqua de s Eccis 39 25
Donori Perdu nieddu 3925
San Vito Forrcddu 3925
Muravera Fossu de Piddori 3925
San Vito Asoru 3925
San Vito Is Pilis 3925
San Vito Montc Narbeddu 3925
Dolianova Domu ’es Orcu 3923
Villasor S acqua Cotta 3923
Burcci Domu’es Orcu 3921
Domusnovas  Domu ’cs Orcu 3920
Maracalagonis Umbra Nicdda 3918
Castiadas S Ollastinu 3914
Quartu SE.  Diana 3914
Quartu SE.  Pusceddu 3914
Castiadas Domu’csOrcu 39 14
Perdaxius Camboni 3910
Villasimius ~ Giardoni 3908
Carloforte Polpo 3908
Villaperucciu  Is Pintus 3907
Villaperucciu  Muentinu 3907
Calasetta Piane 3907
Tratalias Scssini 3906
Sarroch Monte Mereu 3904
Giba Rubiu 3904
Sarroch Domu ’es Orcu 3904
Masainas Fais 3903
Sant Anna Sarri 3901
Arrcsi

Pula Santa Margherita 39 01
Sant Anna Panicsu 2 3901
Arresi

Sant Anna Arresi 3901
Arresi

NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
AC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC
NAC

NAC
NAC

AC

148
172
182
153
170
172
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194
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205
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174
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TaBLE 3. Orientations of the tangent lines to the perimeter of the outer towers of poli—lobulated complex

nuraghes.

Town Nuraghe
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Villanovaforru Genna Maria
Uras Maringianu
Uras Maringianu
Uras Maringianu
Uras Maringianu
Uras Maringianu
Uras Maringianu
Uras Maringianu
Uras Maringianu
Uras Domu Bececia
Uras Domu Beccia
Uras Domu Beccia
Uras Domu Beccia

Lat.
3939
3939
3939
3939
3939
3939
3939
3939
3939
3939
3942
3942
3942
3942
3942
3942
3942
3942
3942
3942
3942
3942

Tangent
Line
la
1b
2a
2b
3a
3b
4a
4b
5a
5b
la
1b
2a
2b
3a
3b
4a
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la
1b
2a
2b

a
o

96
276
339
159

40
220

3
183
3m
131

61
241
162
342

60
240
162
342
164
344

88
268

04}
+05
+48
—46
+38
-344
+524
-503
+31

291
+24
213
-463
+474
+2431

-463
+474

+513
+021
-02

Town

Uras

Uras

Uras

Uras

Uras

Uras
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Domusnovas
Villasor
Villasor

Nuraghe

Domu Beccia
Domu Beccia
Domu Beccia
Domu Beccia
Domu Beccia
Domu Beccia
Omu *c¢ s Orcu
Omu *e s Orcu
Omu *¢ s Orcu
Omu *c s Orcu
Omu *e s Orcu
Omu ’c s Orcu
Omu *e s Orcu
Omu ’c s Orcu
Omu *e s Orcu
Omu ’c s Orcu
Omu *¢ s Orcu
Omu *c¢ s Orcu
Omu *¢ s Orcu
Omu *¢ s Orcu
S acqua cotta
S acqua cotta

Lat.
o 1
3942
3942
3942
3942
3942
3942
3920
3920
3920
3920
3920
3920
3920
3920
3920
3920
3920
3920
3920
3920
3923
3923

Tangent
Line
3a
3b
4a
4b
5a
5b
la
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6b
Ta
b
la
1b

a
°

104
284

30
210

45
225

29
209

61
241
106
286
162
342
211

31
296
116
131
311

59
239

h
o

2
0
4
3
4
4
5
4
3
3
2
9
4
2
4
5

—_

1
2
2
11

1
4
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Tuble 3 continued)
Villasor S acqua cotta 3923 2a 130 1 29} Ozieri Burghidu 4035 b 312 1 +31
Villasor S acqua cotta 3923 2b 310 2 +31 Ozieri Burghidu 4035 2a 48 3 4321
Villasor S acqua cotta 3923 3a 171 4 —46 Ozieri Burghidu 40 35 2b 228 2 29
Villasor S acqua cotta 3923 3b 351 1 +504 Ovzieri Burghidu 40 35 3a 138 2 -33
Villasor Sacquacotta 3923 4da 240 4 20 Ozicri Burghidu 4035 3b 318 1 435
Villasor S acqua cotta 3923 4b 60 1 +23 Ovzieri Burghidu 4035 4a 206 1 42}
Villasor S acqua cotta 3923 5a 268 5 +014 Ozieri Burghidu 4035 4b 26 3 +45}
Villasor S acqua cotta 3923 5b 88 1 +02 Quartu SE.  Diana 3914 la 51 8 +344
Villasor S acqua cotta 3923 6a 01 +51 Quartu S.E.  Diana 39 14 b 231 0 29}
Villasor S acqua cotta 3923 6b 180 4 47 Quartu S.E.  Diana 3914 2a 162 0 -48
Paulilatino Lugherras 4005 la 91 1 —00 Quartu S.E. Diana 3914 2b 342 2 +49
Paulilatino Lugherras 40 05 b 271 2 +02 Quartu S.E. Diana 3914 3a 110 6 -11}
Paulilatino Lugherras 4005 2a 165 0 48 Quartu S.E. Diana 3914 3b 290 0 +15
Paulilatino Lughcrras 4005 26 345 3 -17 Tempio Izzana 40 54 la. 132 2 -29
Paulilatino Lugherras 4005 3a 83 1 +054 Tempio Izzana 40 54 b 312 4 +33
Paulilatino Lughcrras 4005 3b 263 1 05 Tempio Izzana 40 54 2a 242 3 -19
Paulilatino Lugherras 4005 4a 343 3 449} Tempio Izzana 40 54 2b 62 2 +22
Paulilatino Lughcrras 4005 4 163 0 47 Tempio Izzana 4054 3a 172 3 45}
Milis Cobulas 40 04 la 77 2 +11 Tempio Izzana 40 54 3b 352 4 +52
Milis Cobulas 40 04 1b 257 3 08 Orgosolo Dovilind 40 12 la 70 4 +17%
Milis Cobulas 40 04 2a 170 2 -47 Orgosolo Dovilino 4012 b 250 2 -14
Milis Cobulas 40 04 2b 350 7 +55% Orgosolo Dovilind 4012 2a 193 4 _44}
Milis Cobulas 4004 3a 221 2 34 Orgosolo Dovilino 4012 2b 13 3 +50%
Milis Cobulas 40 04 3b 41 2 4364 Orgosolo Dovilind 4012 3a 128 3 26
Milis Cobulas 40 04 4a 124 2 24 Orgosolo Dovilino 4012 3b 308 2 +29%
Milis Cobulas 40 04 4b 304 5 +284 Siddi Su Concali 3941 la 59 1 +234
Milis Cobulas 40 04 5a 180 2 48 Siddi Su Concali 3941 b 239 0 -24
Milis Cobulas 4004 5b 07 +57 Siddi Su Concali 3941 2a 165 1 —47}
Orani Urrana 40 14 la 14 2 +49} Siddi Su Concali 3941 2b 345 1 +48}
Orani Utrrana 40 14 b 194 5 43 Siddi Su Concali 3941 3a 114 0 -18%
Orani Utrana 40 14 2a 54 2 +28 Siddi Su Concali 3941 3b 294 1 +18
Orani Urrana 40 14 2b 234 5 23 Nurri Pitzu Cangialis 39 43 la 161 1 -46
Orani Urrana 40 14 3a 109 2 -13 Nurri Pitzu Cangialis 39 43 1b 341 1 +47
Orani Urrana 4014 3b 289 6 +18} Nurri Pitza Cangialis 39 43 2a 122 0 -24%
Macomer Tamuli 4016 la 52 2 +29 Nurri Pitzu Cangialis 39 43 2b 302 0 +23%
Macomer Tamuli 4016 b 232 3 26 Nurri Pitzu Cangialis 39 43 3a 69 4 +18%
Macomer Tamuli 4016 2a 131 1 29§ Nurri Pitzu Cangialis 39 43 3b 249 0 -15%
Macomer Tamuli 4016 26 311 2 431} Aidomaggiore Sa Jua 40 10 la 111 2 -14}
Macomer Tamuli 4016 3a 205 3 414 Aidomaggiore Sa Jua 4010 b 291 1 +16}
Macomer Tamuli 4016 3b 25 2 +45% Aidomaggiore Sa Jua 40 10 2a 136 2 -32
Villanova Santa Brabara 39 59 la 169 1 -48 Aidomaggiore Sa Jua 4010 2b 316 2 +344
Truschedu Siligo Punta Mulinu 1 40 34 la 130 0 -294
Villanova Santa Brabara 39 59 b 349 2 +50} Siligo Punta Mulinu 1 40 34 b 310 1 +29}
Truschedu Siligo Punta Mulinu 1 40 34 2a 75 0 +11
Villanova Santa Brabara 39 59 2a 118 2 20 Siligo Punta Mulina 1 40 34 2b 255 1 -11
Truschedu Siligo PuntaMulinul 4034 3a 190 6 —42{
Villanova Santa Brabara 39 59 2b 298 2 +22 siligo Punta Mulinu 1~ 40 34 3b 10 1 +49
Truschedu Macomer Santa Brabara 40 16 la 130 0 -30
Villanova Santa Brabara 39 59 3a 145 2 -37 Macomer Santa Brabara 40 16 b 310 0 +29
Truschedu Macomer Santa Brabara 40 16 2a 43 6 +38%
Villanova Santa Brabara 3959  3b 325 2 +40} | Macomer Santa Brabara 4016  2b 223 0 -34}
Truschedu Macomer Santa Brabara 40 16 3a 114 0 —18}
Villanova Santa Brabara 39 59 4a 129 3 27 Macomer Santa Brabara 40 16 3b 294 0 +17%
Truschedu Macomer Santa Brabara 40 16 4a 44 6 +37%
¥1‘1])l::§;'5‘u Santa Brabara 39 59 4b 309 2 +30 Macomer Santa Brabara 40 16 4 224 0 -334
Alghero Palmavera 4033 1a 108 1 _13 g:ave Qes 4027 la 320 2 437
ave Oes 4027 b 140 2 34}
Alghero Palmavcera 4033 b 288 2 +144 Giave Oes 4027 2a 105 2 -10
Alghero Palmavera 4033 2a 271 2 +02 Giave Oes 4027 2b 285 4 +14
Alghcro Palmavcra 4033 2b 91 1 —00f Giave Oes 4027 32 16 2 +48}
Alghero Palmavera 4033 3a 170 0 -49 Giave Oes 4027 3b 196 5 424
Alghero Palmavcra 4033 3b 350 10 +58 Giave Oes 4027 42 71 +14
Ozieri San Nicola 4035 la 49 2 +31 Giave Oes 4027 4 252 3 11}
Ozieri San Nicola 4035 b 229 1 290 | oo v Asoru 3925 la 53 3 429
Ozieri SanNicola 4035 22 1153 17 | g yieo Asoru 3925 b 2335 24
Ozieri San Nicola 4035 26 295 0 +18% San Vito Asoru 3995 20 182 3 47
.. . 2
Ozieri San Nicola 4035 3a 170 5 -43} San Vito Asora 3925 2b 2 4 4541
P . 2
Oz%cr% San Ngcola 4035 3b 350 1 +49] San Vito Asoru 3995 32 139 2 _34)
Ozferi Burghidu 4035 la 1322 29 | ganvige Asora 3925  3b 319 5 439}
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Tuble 3 continued)
S Anna Arresi  Arresi 3901 la 172 0 -51 Laconi Genna e Corte 39 51 4a 102 4 —06;
S Anna Arresi  Arresi 3901 1b 352 1 +51 Laconi Genna ’¢ Corte 39 51 4 282 1 +09}
S Anna Arresi  Arresi 3901 2a 186 0 -51 Laconi Genna ’e Corte 39 51 5a 187 1 -49
S Anna Arresi  Arresi 3901 2b 6 1 +51 Laconi Genna ’c Corte 39 51 5b 73 +52
Sarroch Domu ’es Orcu 39 04 la 14 0 +48) Fonni Dronnoro 4007 la 132 2 29}
Sarroch Domu ’cs Orcu 39 04 1b 194 2 47 Fonni Dronnoro 4007 b 312 2 +32
Sarroch Domu e s Orcu 39 04 2a 215 8 -33 Fonni Dronnoro 4007 2a 271 0 +004
Sarroch Domu ’e s Orcu 39 04 2b 35 1 +40 Fonni Dronnoro 4007 2b 91 4 +01}
Sant Antioco  Sega Marteddu 39 04 la 62 2 +22} Fonni Dronnoro 4007 3a 23 0 +44
Sant Antioco  Sega Marteddu 39 04 b 242 2 20 Fonni Dronnoro 4007 3b 203 4 -413
Sant Antioco  Scga Marteddu 39 04 2a 8 0 +04f | Torpe Santu Perdu 4038 la 255 4 -09
Sant Antioco  Sega Marteddu 39 04 2b 264 2 034 Torpé Santu Perdu 4038 1b 75 1 +11%
Sant Antioco  Sega Marteddu 39 04 3a 200 2 —45} Torpe Santu Perdu 4038 2a 284 5 +13}
Sant Antioco  Sega Marteddu 39 04 3b 20 2 +48} Torpé Santu Perdu 4038 26 1041 -10
Sant Antioco  Sega Marteddu 39 04 4a 130 0 304 Torpé Santu Perdu 4038 3a 346 10 +57
Sant Antioco  Sega Marteddu 39 04 4b 310 5 +334 Torpé Santu Perdu 4038 3b 166 7 -40}
Scano Urassala 4013 la. 117 2 -19 Torpé Santu Perdu 4038 4a 272 4 +04
Montiferro Torpé Santu Perdu 4038 4 921 -01
ﬁ:ﬁﬁfem Urassala 4013 16 297 2 21 | Tompe SantuPerdu 4038  Sa 79 4574
Scano Urassala 4013 22 752 w1z | O SanwPords 4038 b 1877 -42
Montiferro 2 | Nuragus Santu Millanu 39 46 la 227 3 -29}
Scano Urassala 40 13 2 255 3 —09} Nuragus Santu M}llanu 3946 1b 47 3 +334
Montiferro Nuragus Santu Millanu 39 46 2a 323 1 +38}
Scano Urassala 4013 3a 197 4 —431 | Nuragus Santu Millanu 39 46 2b 143 3 -35}
Montiferro Nuragus Santu Millanu 3946 3a 227 3 -29)
Scano Urassala 4013 3b 17 2 +48} Nuragus Santu Millanu 3946 3b 47 3 +334
Montiferro Nuragus Santu Millanu 39 46 4a 315 1 +334
Scauqf Nultaddu 4013 la. 124 2 24 Nuragus Santu Millanu 39 46 4b 135 2 -31%
g/lontl ferro Nultadd b 304 0 R Sind_ia Serras 4018 la 74 1 +124
h;s:afem u 4013 +243 | Sindia Serras 4018 1b 254 1 -114
Sindia Serras 4018 2a 52 1 +28%
fggzzfeno Nultaddu 4013 2a 230 0 30 Sindia Serras 4018 2b 2321 274
Sindia Serras 4018 32 110 2 -14
Scano Nultaddu 4013 26 503 431 | gingiy Serras 4018  3b 290 2 +16}
Montiferro .| sindia Serras 4018  4a 25 1 +44
Soan o iadde 4013 3a 61 3 423 | gingia Serras 4018 4b 205 3 _41
Scano Nultaddu 013 3 241 1 _on} Orotellg Aeddos 4018 la 180 1 ~49]
Montiferro 2 Orotelli Acddos 4018 1b 02 +514
Orotelli Aeddos 4018 2a 115 0 -19
Scano Nultaddu 4013 42 180 4 46 | oo Acddos 4018 2b 295 2 +20
Montiferro Orotelli Aeddos 4018 3a 521 +28)
2
S iaddy 4013 4 00 M b Acddos 4018 3b 2321 27
Nule Voes 4028 la 12 2 +49}
Sc Nultaddu 401 5 187 4 45} 2
Mo e TN e % b 1921
c focs a +354
SN e addu 4013 5 T0 ] Ny Voes 4028 2b 138 1 34
Nule Voes 4028 3a 260 2 06}
fﬁﬁﬁfem Nuracale 4013 la 933 00§ | Nue Voes 4028 3b 80 1 +08
Dualchi Biriola 40 14 la 303 2 +25}
fzaﬂgf Nuracale 4013 1b 273 1 402 | Dualchi Biriola 4014 b 1231 24
ontiferro . -
Dualchi Biriola 40 14 2a 238 2 224
Scano Nuracale 4013 2a 190 4 45 Dualchi Biriola 4014 26 58 0 +23}
Montiferro Dualchi Biriola 4014 3a 289 2 +15}
fzan?f Nuracale 4013 2b 10 1 +49 | Dyalchi Biriola 4014 36 109 1 —14
ontiferro
Orune Santa Lulla 4024 la 75 0 +11
f:::&fcm Nuracale 4013 32 933 005 | Orune Santa Lulla 4024 b 255 6 —07
Orune Santa Lulla 4024 2a 342 5 451
1Svfan3f Nuracale 4013 3b 273 1 +02 | Orune Santa Lulla 4024 2b 162 1 -46
ontiferro Orunc Santa Lulla 4024 3a 74 0 +11%
Scano Nuracale 4013 4a 195 4 43 | Orunc Santa Lulla 4024 3b 254 6 —08
Montiferro Orunc Santa Lulla 4024 4 346 5 +52)
f/?auqf Nuracale 4013 4b 151 +48 Orune Santa Lulla 4024 4 166 1 -47
ontiferro Torralba Santu Antinc 4030 la 82 1 +06}
Laconi Genna’cCorte 3951  la 69 3 +18 | Torglha SantuAntine 4030 1b 262 3 -042
Laconi Genna ’e Corte 39 51 b 249 1 -15} Torralba Santu Antinc 4030 2a 227 2 30
Laconi Gemna’cCorte 3951 22 141 1 36 | Torralba SantuAntine 4030  2b 47 1 +31}
Laconi Genna e Corte 39 51 2b 321 1 +37 Torralba Santu Antinc 4030 32 304 2 +26)
Laconi Genna ’c Corte 39 51 3a 41 3 4374 Torralba Santu Antinc 4030 3b 124 2 4
Laconi Genna ’c Corte 39 51 3b 221 5 -313 Torralba Santu Antinc 4030 4a 187 4 _45
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Tuble 3 continued)

Torralba Santu Antine 4030 4b 72 +504 Tortoli Ortali e Montl 39 55 2a 24 1 +45
Villanovatulo  Adoni 3946 la 289 1 +15 Tortoli Ortali ¢ Montl 39 55 2b 204 4 41
Villanovatulo  Adoni 3946 b 109 0 -15 Tortoli Ortali *e MontI 39 55 3a 54 1 +27
Villanovatulo  Adoni 3946 2a 60 1 +23 Tortoli Ortali ¢ MontI 39 55 3b 234 4 24
Villanovatulo  Adoni 3946 2 240 0 -23 Tortoli Ortali e MontI 39 55 4a 130 0 -30
Villanovatulo Adoni 3946 3a 328 0 +40 Tortoli Ortali ’e Montl 39 55 4b 310 3 +31%
Villanovatulo Adoni 3946 3b 148 0 -41 Tortoli Ortali e Montl 39 55 5a 132 0 -314
Villanovatulo ~ Adoni 3946 4a 223 0 -34 Tortoli Ortali ’e Montl 39 55 5b 312 3 433
Villanovatulo  Adoni 39 46 4b 43 1 +34} Tortoli Ortali e Montl 39 55 6a 28 1 +43
Bultei Tiliriga 4027 la 287 0 +124 Tortoli Ortali ’e MontI 39 55 6b 208 4 -39
Bultei Tiliriga 4027 b 107 0 -13 Tortoli Ortali *c MontI 39 55 Ta 51 1 +28}
Bultei Tiliriga 4027 2a 10 +49 Tortoli Ortali e MontI 39 55 76 231 4 25
Bultei Tiliriga 4027 2b 181 0 -49 Suelli Piscu 3933 la 46 1 +33
Bultei Tiliriga 4027 3a 231 0 -29 Suelli Piscu 3933 b 226 2 -31
Bultei Tiliriga 4027 3b 51 0 +28 Suelli Piscu 3933 2a 105 2 -10%
Abbasanta Losa 40 08 la 240 0 -23 Suelli Piscu 3933 2b 285 3 +134
Abbasanta Losa 4008 1b 60 1 +23 Suelli Piscu 3933 3a 4 1 +51
Abbasanta Losa 4008 2a 122 1 -23} Suelli Piscu 3933 3b 184 2 48}
Abbasanta Losa 4008 26 302 1 4244 Suelli Piscu 3933 4a 63 1 +21
Abbasanta Losa 4008 3a 71 +50 Suelli Piscu 3933 4b 243 2 19}
Abbasanta Losa 4008 3b 187 0 50 Isili Is Paras 3944 la 30 2 +43
Birori Miuddu 4016 la 40 6 +40} Isili Is Paras 3944 b 210 4 -38}
Birori Miuddu 4016 b 220 0 -36 Isili Is Paras 3944 2a 170 3 46}
Birori Miuddu 4016 2a 174 0 -50 Isili Is Paras 3944 2b 350 2 +51
Birori Miuddu 4016 2b 354 6 +55 Isili Is Paras 3944 3a 112 1 -16}
Birori Miuddu 4016 3a 74 1 +124 Isili Is Paras 3944 3b 292 2 +18
Birori Miuddu 40 16 3b 254 1 -114 Barumini Su Nuraxi 3942 la 329 6 +46
Birori Miuddu 4016 4a 328 7 +46 Barumini Su Nuraxi 3942 b 149 0 -41
Birori Miuddu 40 16 4b 148 1 —40 Barumini Su Nuraxi 3942 22 230 1 -29
Bortigali Orolo 4017 la 242 2 19} Barumini Su Nuraxi 3942 2b 50 5 433
Bortigali Orolo 4017 1b 62 4 +23} Barumini Su Nuraxi 3942 3a 326 6 +44}
Bortigali Orolo 4017 2a 302 8 4294 Barumini Su Nuraxi 3942 3b 146 0 —40
Bortigali Orolo 4017 2 122 0 -24 Barumini Su Nuraxi 3942 4a 228 1 -30%
Bortigali Orolo 4017 3a 352 7 +56 Barumini Su Nuraxi 3942 4b 48 5 4344
Bortigali Orolo 4017 3b 172 0 49 Meana Sardo  Nolza 3955 la 197 0 —47%
Suni Nuraddeo 4017 la 13 1 448 Meana Sardo  Nolza 3955 1b 17 1 +474
Suni Nuraddeo 4017 b 193 0 48} Meana Sardo  Nolza 3955 2a 121 0 -23}
Suni Nuraddeo 4017 22 248 0 -17 Meana Sardo  Nolza 3955 2b 301 0 +23
Suni Nuraddeo 4017 2b 68 1 +17 Meana Sardo  Nolza 3955 3a 215 0 -39
Suni Nuraddeo 4017 3a 302 0 +23} Meana Sardo  Nolza 3955 3b 35 1 +39
Suni Nuraddeo 4017 3b 122 0 24 Meana Sardo  Nolza 3955 4a 122 0 244
Pompu Santu Miali 3943 la 356 3 +53 Meana Sardo  Nolza 3955 46 302 0 +231
Pompu Santu Miali 3943 b 176 1 494 Orroli Arrubiu 3942 la 16 1 +48}
Pompu Santu Miali 3943 2a 269 6 +03 Orroli Arrubia 3942 b 196 1 -47
Pompu Santu Miali 3943 2b 89 2 +02 Orroli Arrubiu 3942 2a 294 1 +18}
Pompu Santu Miali 3943 3a 257 5 07 Orroli Arrubia 3942 2b 114 0 -18}
Pompu Santu Miali 3943 3b 772 +11 Orroli Arrubiu 3942 32 23 3 MW
Pompu Santu Miali 3943 4a 338 4 +49 Orroli Arrabiu 3942 3b 203 1 444
Pompu Santu Miali 3943 4b 158 2 44 Orroli Arrubin 3942 4a 338 1 +46
Pompu Santu Miali 3943 5a 269 6 +03 Orroli Arrubiu 3942 4b 158 1 -45
Pompu Santu Miali 3943 5b 89 2 +02 Orroli Arrubin 3942 5a 253 1 -—124
Tortoli Ortali e Montl 39 55 la 134 0 -32} Orroli Arrubiu 3942 5b 73 2 +14
Tortoli Ortali ’e MontI 39 55 b 314 3 +34

One important result of our analysis, as shown in Figure 7, is that as regards
orientation, the central towers of complex nuraghes follow a pattern similar to that
of the isolated towers of simple nuraghes. It may be that while most of the complex
nuraghes were planned from the outset as articulated monuments, others began as
simple monuments and had other structures added to them later.

One question immediately arises from our results. What can be the cause of such
a custom, observed throughout Sardinia and thus difficult to explain on simple topo-
graphic or geographic grounds? Part of the answer can be found in Figure 8, where
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Fi1G. 7. Orientation histogram of 272 simple (solid line) and the central towers of 180 complex (dot-dashed
line) nuraghes. As can be seen, both sets of data offer similar patterns, with a maximum centred
at nearly 150°.
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FiG. 8. Declination histogram of the 452 measurable Sardinian nuraghes, showing two peaks almost centred
at the declination of the sun at the winter solstice (—244°) and of the moon at its most southern
rising position (the southern major lunastice, ~294°). The highest peak is at a declination further
to the south, with a maximum at —433°.

the declination histogram of the entire set of data is presented. To our surprise, the
distribution showed two peaks that, within the errors (and considering the nearly 3°
size of the apparent disk of both the sun and the moon), fit perfectly with an orienta-
tion to the rising of the sun at the winter solstice and of the moon at its southernmost
rising position (the major southern lunastice). The evidence in favour of other solar
or lunar orientations was negligible. However, the highest peak of the distribution
was centred at a declination of —431°, and we immediately wondered if this too
might be associated with an astronomical event. It is an extreme southern value of
the declination (near the limit of visibility for Sardinia, which is around -50°) and it
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TABLE 4. Declination, in degrees, of the brightest stars in Centaurus and Crux as a function of time in the
epoch of the Nuraghic civilization.

Star m, 2000BC 1500 BC 1000 BC 500 BC
Rigil Kent 0.0 —40.3 —43.0 —45.6 —48.4
Hadar 0.6 -38.7 —41.3 —44.1 —46.9
Becrux 12 -38.4 —40.8 —43.3 —45.9
Acrux 1.6 —42.1 —44.4 —46.5 —49.4
Gacrux 1.6 -35.9 -38.3 —40.7 —43.3

is unlikely to be solar, lunar or planetary (though it may possibly be another example
of the ‘sun-climbing’ custom identified for other sets of monuments).'®

The only other possibility would be a stellar alignment. For the epoch of maximum
construction of nuraghes, in the mid- and second half of the second millennium B.C.,
the bright pair of stars o and B Centauri (Rigil Kent and Hadar), preceded by the
Southern Cross, had declinations (see Table 4) close to that value; and, other than
Fomalhaut (o PsA), these were for centuries the only conspicuous stars or asterism
crossing that region of the sky. Curiously, Hoskin has claimed that the taula sanctuaries
of Menorca were orientated to exactly the same group of stars, at only a slightly later
epoch and for similar considerations.”” Could this be another parallel between the
two cultures? Might then the vast majority of the Sardinian nuraghes be orientated
to these bright and conspicuous stars?

To shed more light on this possibility, we have performed an analysis of the data,
dividing them into several comparative groups:

(i) First and obvious is the division between simple and complex nuraghes. From
the technical point of view, one would expect the construction of simple nuraghes
to have begun earlier than that of the more elaborated complex nuraghes. Hence, on
average, we could presumably expect the simple nuraghes to be older than complex
nuraghes. Figure 9, in which the declination histograms of both groups are presented,
shows the results of this exercise. We were atonished to discover that while the peaks
associated with the winter solstice and the major lunastice remain much the same for
both groups of monuments, the highest peak of the distribution moved from nearly
—43° for the simple to —454° for the complex. A plausible explanation could be that
the target was a star or asterism whose declination was decreasing with time due
to precession. Rigil Kent varied its declination from —43° to —45%° over the period
1500-1000 B.C., and Acrux, the southernmost star in the Southern Cross, did the
same between 1800 to 1150 B.C., approximately. Consequently, if these large and
wide maximum peaks were to be explained as the result of orientating the nuraghes
to this group of stars for the period of maximum construction (centred around 1400
B.C.), simple nuraghes would show a distribution centred at a slightly more northern
declination, and this is exactly what we have found.

(i1) The second division is also logical from the historical point of view and easy
to perform. It consists simply of dividing the island by the parallel 40°N to give a
southern and a northern group of nuraghes (including both simple and complex). It
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F1G. 9. Declination histogram of the 272 simple and 180 complex nuraghes (solid and dot-dashed lines
respectively). Interestingly, the peaks centred at winter solstice and major southern lunastice
remain in the same positions as in Fig. 8. However, the maximum moves from nearly —-43° for
simple nuraghes to —453° for the central towers of complex nuraghes. By and large the latter are
probably younger than the former. See text for further discussion. Vertical dot-dashed lines are at
declinations —43° and —45%° in Figures 8, 9 and 10.
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FiG. 10. Declination histogram of simple and complex nuraghes located to the north (263 monuments, solid
line) and south (189, dot-dashed) of parallel 40°N (which divides the island roughly in half). The
solstitial and lunastitial peaks again remain more or less at the same declinations. However, the
highest peak moves once more from about —43° in the north to —45° in the south. The Nuraghic
culture originated in the north of Sardinia and so, by and large, a nuraghe in the north is likely
to be older than one in the south.

is a well-accepted fact that Nuraghic civilization originated in the north of the island
and slowly spread to the south. So, once more, the oldest nuraghes are to be expected
in the north of the island and, on average, members of the southern group would
be younger than those of the northern one. The results of the analysis are shown
in Figure 10 where again the declination histograms of the two groups are shown.
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The solstitial and lunastitial peaks remain at much the same declination, while the
maximum of both distributions changes from a value of about —43° for the northern
group to about —45° for the southern group. We seem to have a situation similar to
that discussed in (i), and we can look for the same explanation, stellar precession,
and for exactly the same astronomical targets. Clearly, in the absence of archaeologi-
cal, textual or ethnographic evidence, we cannot be certain that the majority of the
nuraghes were orientated to the asterism formed by o and B Centauri and the stars
of the Southern Cross, but this is a reasonable and indeed plausible explanation of
the behaviour of the data.

(iii) The third exercise is rather more difficult but, at the same time, extremely interest-
ing. Here the two groups are selected on the base of type: nuraghes with the access
to the upper level in the entrance corridor (AC), and those without that architectural
feature (NAC). Lilliu (in private communications) has argued on occasion that AC
nuraghes are younger than NAC nuraghes, but the sample on which he based this
opinion was limited. Now that the vast majority of the nuraghes throughout the
island have been visited, it becomes clear that this idea should be put in quarantine,
because most AC (89%) are located to the north of the island, where the Nuraghic
culture originated, while they are scarce in the south. Also, the proportion of NAC
nuraghes increases from 43% within simple nuraghes to 50% in the presumably
younger complex nuraghes. The debate continues, but we believe that the results
of our exercise are significant. Figure 11 shows the declination histogram of both
groups of data. As in the two previous cases, there are peaks at the winter solstice

Relative Frequency
(=}

40

Declination (degrees)

FiG. 11. Declination histogram of Sardinian nuraghes classified by type (226 AC and 172 NAC, solid and
dot-dashed lines, respectively). Again, the winter solstice and major southern lunastice peaks
remain in much the same places, although the maximum of the distributions moves from —43}°
in the AC monuments to nearly —454° in the NAC. A new peak (only suggested in previous his-
tograms) clearly appears at a declination of ~373° in the case of AC nuraghes. It has not yet been
established on purely archaeological grounds whether the AC nuraghes are older or younger than
the NAC. See text for further discussion.
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sunrise and at the southern major lunastice and they remain in the same position
for both AC and NAC nuraghes. However, the highest peaks of the distribution are
found at nearly —43%° for AC monuments and at —45%° in the case of NAC nuraghes.
Our impression is that the parallelism with cases (i) and (ii) is substantial (which is
not surprising, given the geographical distribution of both groups), and a possible
conclusion of our exercise, provided our previous hypotheses are correct, is that
AC nuraghes are on average earlier than those where the access to upper levels was
located inside the chamber.'® This time, however, there is another clear peak in the
histogram of AC nuraghes at nearly —373°. This peak was present in the previous
distributions of simple and northern nuraghes but was less obvious (see Figures 9 and
10). At the average latitude of Sardinia, this declination corresponds to an azimuth
of 143° for a flat horizon. Curiously, this is exactly the azimuth of the maximum
of the distribution in the orientation histogram of the square talayots of Majorca, as
already mentioned. Perhaps some of the Sardinian nuraghes followed a custom of
orientation also found in monuments of Majorca, a fact that could reinforce the idea
that some sort of communication occurred between the two islands.'” However, it is
worth noting that an orientation in the SE quadrant of the horizon is common in the
western Mediterranean region and that this might be a general pattern of the whole
area and not necessarily the result of mutual influence.?

The final astronomical analysis of data concerns those presented in Table 3, the
orientation of the outer walls in poli-lobulated nuraghes, in an attempt to confirm
previous work of the first author. For this, we will consider the absolute values of the
declination (since we have no way of knowing whether a wall was orientated in one
sense or the other) and the resulting histogram is presented in Figure 12. A glance
at Table 3 shows that, within the errors, a large percentage (76%) of the complex
nuraghes had at least one wall orientated either in one of the solstitial lines (34%),
or in one of the lunastitial (50% for major lunastice). A few (7%), as for example
Santu Antine (see Figure 5), even had one wall solstitially orientated and another
aligned on the major lunastice.

Howeyver, this is better illustrated in Figure 12 where the distribution is dominated
by several peaks. The highest is at a declination of +483°. If we bear in mind the
average latitude of Sardinia (40°N), this is easily interpreted as the point of accu-
mulation at the extreme declinations, when walls are orientated close to either due
south or due north. The second and the third peaks, which are clearly significant,
are located at +233° and +293°, and the most reasonable explanation is in terms of
a set of solstitial alignments in the former case and of a group of alignments to the
major lunastice in the latter case (especially to the southern one with a declination
of —294°, see also the relevant values in Table 3). A fourth peak is found at +183°,
close to the declination of the moon at the minor lunastices; this however is only
marginally significant. We consider that our results suggest that some of the walls of
the poli-lobulated complex nuraghes were astronomically orientated to the solstices
and the lunastices, thus confirming our previous suspicions.
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FiG. 12. Absolute declination histogram of the orientation of the outer cyclopean walls of poli-lobulated
complex nuraghes. There are three clear peaks, one at a declination of +483° (the average latitude
in Sardinia is about 40°), and the two most important at about +234° and +293°, close to the
extreme declinations of the sun at the solstices (+233°) and the moon at the lunastices (around
+283° for northern major and —293° for southern major lunastice, respectively). See text for
further discussion.

Conclusions

We believe that we have established with reasonable certitude that a good percentage
of the nuraghes of Sardinia, of all types and within a wide geographical distribution,
were astronomically orientated. An orientation of the entrances of the simple nuraghes
and of the corridors leading to the central towers of complex nuraghes, either to the
winter solstice sunrise or to the rising of the moon at the major southern lunastice, has
been demonstrated by several independent exercises. This conclusion is reinforced by
the simultaneous orientation of some of the outer walls of the most complex nuraghes
in those same directions (including perhaps the summer solstice). We do not believe
that these orientations had an actual astronomical use (i.e. the nuraghes were not
“observatories” or markers), but rather they had a ritual character, including in the
design of the monument the orientation to one, or various, phenomena that would
have been significant for the builders. Unfortunately, because of the lack of writing
in the Nuraghic civilization and the absence of contemporaneous historic sources
from other peoples (the Phoenicians arrived too late, when most of the nuraghes, if
not all, were already constructed), we have no explanation of why these particular
orientations were relevant.

However, we do believe that this discovery argues against the view that the Sardin-
ian nuraghes were fortresses, for one does not need to orientate a defensive build-
ing astronomically unless it hides at the same time a strong ritual component in its
design.”! Thus, we believe that the Sardinian nuraghes, despite its strong defensive
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aspect, should be considered more as a kind of ritual or cultic complex (a sort of
temple), hiding symbolic orientations, and that the prosaic idea of their sole use as
fortresses must be abandoned. Presumably, nuraghes would have been multi-purpose
buildings.?

Furthermore, we have found evidence that not only some, but the vast majority
of the nuraghes, were astronomically orientated. If the hypotheses resulting from
the analysis of Figures 9, 10 and 11 are correct, a large percentage of the nuraghes
(both throughout all the island and for all types) may well been orientated to the
conspicuous group of stars formed by the members of the Southern Cross followed
by Rigil Kent and Hadar. This orientation pattern would have evolved with time as
the star-rising positions moved further and further south because of precession. This
result would reinforce the idea of the nuraghes as sacred precincts, especially since
this asterism has been claimed as the explanation of the orientations of the taula
sanctuaries of Menorca (see above) and of some of the megalithic temples of Malta,
notably Ggantija.”

Also, our new data oblige us to re-open the old debate as whether the Nuraghic
culture of Sardinia and the Talayotic culture of the Balearics were somehow related.
The well-established difference in the orientation patterns of the cyclopean burial
monuments of both cultures (the fombe di giganti and navetas, respectively) could
be attributed to the persistence of a much older custom, imported by the original
inhabitants of the islands in the Neolithic, that can be traced in the different patterns
of orientation of the Sardinian dolmens and of the megalithic sepulchres of the Bal-
earics.* However, the similarities between the orientation patterns of the nuraghes
and of talayots of one type® cannot be dismissed; nor can what appears to be the
simultaneous interest not only in solstices and lunastices, but also in the stars of
Centaurus and Crux, which at the end of the first millennium B.C., during the decline
of the local cultures under Punic and Roman pressure, were already invisible from
both Sardinia and the Balearics. Indeed, these common patterns and interests could
be related to later innovative contacts between both cultures, and not necessarily the
result of invasions or movements of population.

In an attempt to shed further light on these questions, we are now measuring the
orientations of the domus de janas (‘fairy houses’) of Sardinia. It would be highly
desirable to do the same for the artificial caves of Talayotic Menorca and Majorca.
We hope meanwhile to have offered some new hints for the interpretation of the
beautiful nuraghes, one that obliges us to see them as important reflections of the
way in which the Nuraghic people saw the cosmos, and not as mere fortresses serv-
ing a mundane purpose.
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