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The submerged neolithic burials of the Grotta Verde at Capo
Caccia (Sardinia, Italy). Implication for the Holocene sea-level rise

I reperti neolitici sommersi vinvenuti presso la Grotta Verde ( Capo
Caccia, Sardegna). Implicagioni sulla risalita del mare olocenica

ANTONIOLI F. (¥), FERRANTI L. (*¥), LO SCHIAVO E.(**¥)

Riassunto — Le ricerche sulle oscillazioni del livello ma-
rino nel corso dell’Olocene nell’area tirrenica, effettuate me-
diante osservazioni dirette lungo le fasce costiere emerse e som-
merse, sono state favorite nel settore di Capo Caccia (Sardegna
nord-occidentale) dal contributo dei dati archeologici prove-
nienti dal sito sommerso della Grotta Verde dove ricerche
¢ scavi archeologici effettuati dalla Soprintendenza Archeologica
per le provincie di Sassari e Nuoro hanno rivelato I'esistenza
di una necropoli neolitica attualmente sommersa dal mare.

La necropoli & ubicata in una piccola camera alla profon-
dita di —8.5 m, raggiungibile da un “lago™ terminale (in diretto
contatto con il mare) posto nella porzione pil bassa della
Grotta Verde. All'interno delle sepolture, collocate in nicchie
naturali o parzialmente ricavate nella roccia, sono stati recupe-
rati reperti ceramici ed alcune ossa appartenenti a scheletri
umani. L'ornamentazione di tipo “cardiale” presente sul vasel-
lame ha consentito di accertare che la necropoli ¢ stata fre-
quentara a partire da una fase avanzata del Neolitico inferiore
5300-4700 cal. BC (1).

Le implicazioni paleoclimatiche legate al daro archeologico,
in seguito ad una attenta valutazione geomorfologica, hanno
fornito la possibilita di discriminare fra la componente eustatica
e la subsidenza durante la risalita del mare nel corso dell’Olo-
cene. Per ottenere informazioni sulla stabilita tettonica di Capo
Caccia sono state effettuate numerose indagini sia di superficie
che sottomarine. Forme e depositi marini, che per la loro
continuitd e rilevanza sono riferibili al periodo Eutirreniano,
5000 stati rinvenuti in 4 localita ad un’altezza costante di 3.8
metri s.l.m., che risulta comparabile ad uno dei substadi dello
stadio 5 della curva isotopica dell’ossigeno. )

L’accertamento della stabilita tettonica nell’area di Capo
Caccia a partire dall’Eutirreniano (125 ka) consente di fissare il
livello marino di 7300-6700 anni fa ad una profondita inferiore
210 m, corrispondente ad una finestra-pozzo nella parte piu
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bassa della camera sepolcrale. Questo dato ¢ in ottimo accordo
con le curve di oscillazione del livello marino, ed in particolare
con quella calibrata sulla regione tirrenica.

ParoLE cHiave: necropoli Neolitica sommersa, geomorfolo-
gia costiera e subacquea, risalita olocenica del livello del mare,
Sardegna.

Asstract — In the Grotta Verde at Capo Caccia, located
on the western flank of Sardinia (Italy), archeological underwater
surveying by the Soprintendenza Archeologica per le provincie
di Sassari e Nuoro revealed the existence of submerged Neolithic
burials at —8.5 m depth, including pottery with “cardiale” or-
namentation (5.300-4700 cal. BC corresponding to 7300-6700
vears BP). Submersion of such burials, previously related to
a marked and very recent subsidence of Capo Caccia, was studied
by means of coastal and scuba-diving surveys in order to collect
data on the long-term geomorphological evolution and tectonic
stability of the area. Marine forms and deposits referred to the
Eutyrrhenian and chronologically corrisponding to the stage Se
(125 ky) of the oxygen isotopic curve, were found in different
localities at Capo Caccia to occur at an altitude of +3.80 m as.l,
broadly comparable to the Eutyrrhenian worldwide sea-level.
By demostrating a quite final tectonic stability of the Capo Caccia
area at least from the Eutyrrhenian time, we were able to achieve
7300-6700 BP sea level at least — 10 m lower than present one.
This information is in good agreement with curves of Holocene
sea-level rise in Tyrrhenian area and documents the “normal™
tectonic behaviour of Capo Caccia.

Key worps: submerged Neolithic burials, coastal and un-
derwater geomorphology, Holocenic sea level rise, Sardinia.

larese 301, 1-00060 Rome,
di Napoli



330 ANTONIOLL F FERRANTI L

1. = INTRODUCTION

In the frame of a research project on the Qua-
ternary geology of Capo Caceia, located on the we-
stern flank of Sardinia, Italy (fig. 1), we carried out
a survey along both the coastal and the underwater
belt. Underwater research, by means of direct inve-
stigations of submerged morphostructures and de-
posits, allowed to enlarge our field area and to gain
further insights into events eventually not recorded
on land. Our research, dealing with late Pleistoce-
ne-Holocene sea level oscillations and paleoenviron-
mental variations in this sector of Sardinia, has been
greatly aided by the availability of archeological data
from the Grotta Verde, which provided sound con-
straints on the timing and amplitude of quoted
sea-level oscillations.

Capo Caccia, located about 12 km west of Al-
ghero, is a N-S elongated promontory bounded by
steep cliffs (fig. 1). The rugged physiography, subject
to fast-modeling morphogenetic processes, has allo-
wed preservation of morphologic and stratigraphic
records of past sea-levels only in conservative settings
like caves and small inlets, where we concentrated
our research.
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5 GEOLOGICAL AND GEOMORPHOL(.
GICAL SETTING

The geological setting of Capo Caccia is charac-
terized by the abundance of carbonate rocks mostly
of Cretaceous age, deposited in wide platform do-
mains placed on the north-western side of Tethys
along the European continental margin (CHERcH],
1985). A weak deformation reached the seclimf:nmr}-
successions of Capo Caccia during alpine tectonogesis
(TREMOLIERS &f alii, 1984), when Sardinia was the
foreland to the western Alpine belt. Later extensional
deformation occurred during the opening of western
Mediterranean basins in the Paleogene-early Neogene,
and minor block-faulting occurred until recently.

Carbonate rocks are mostly affected by high
angle normal faults which downthrow towards the
western continental margin. Normal faults and as-
sociated fractures pivoted the late Neogene-Quater-
nary morphogenesis, which modeled the present
configuration of the promontory and individuated
karst systems along structural discontinuities.

Stratigraphic successions at Capo Caccia show
a southward-younging trend. More in detail, a Vaa-
langinian-Campanian sequence (CHERCHI e¢f alir, 1987)
outcrop south of the saddle formed by Cala Drago-
nara and Cala d’Inferno (fig. 1), which has formed
on a WNW-ESE trending fault and separates the
promontory proper from the mainland. The succes-
sions dip toward S, and the Grotta Verde is formed
within younger beds (Coniacian-Santonian in age).
Prevailing lithofacies are represented by bioclastic
limestones with scattered rudistid mounds.

The Cretaceous sequence is affected by NW-SE
trending normal faults which displace toward 5W,
and by N-S normal faults which displace toward
E into the Porto Conte bay.

The promontory is characterized by a steeper
profile on the western side, which faces the open
Mediterranean Sea, with sheer cliffs at places 300
m high that continues underwater down to depths
of 50 m b.s.l.; easterly, the slope is less steep toward
Porto Conte bay and the sea-bottom along the cod-
stline does not reach great depths.

Quaternary marine and transitional deposits 4
Capo Caccia have been studied by MALATESTA
(1953; 1954) and by Pecorini (1963), who described
the paleontological contents of Tyrrhenian beaches
in particular in the Grotta di Nettuno (fig .1); 8¢
cording to cited Authors, in the surroundings of
the town of Alghero (east of Capo Caccia) Tyt the-
nian deposits with Strombus bubonins lay berween
T2and +5ma. s L., locally more, and are cOVE-
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red by several generations of eolianites. AnToNiOL
_“.'I,I.'. (1994) putlined the gcrmunrphr.lr.gh.ﬂ evolu
rion of the Grotta delle Alghe, located less than
| km north of the Grotta Verde: the Authors point
sut the existence of a notch at + 3.8 m a.s.l. related
to the Eutyrrhenian, and of lithic industry and meal
cemains (Patella sp. and Trochus sp. shells mainly)
of likely mesolithic age. '

;. _ SPELEOLOGICAL ASPECTS OF THE
GROTTA VERDE

Inside the carbonate successions several caves,
presently located both below and above sea level,
were formed during the late MNeogene-Quaternary.

Among those, the Grotta Verde represents one of

the most relevant due its remarkable dimensions
fig. 2). It is located on the bayward side of the
nromontory, facing the Porto Conte bay, named
Portus Nimpharum by the Romans (fig. 1).

The entrance is at + 83 m a.s.l., and leads to
an Imprl.:ﬂﬂ'l\'t: 11:1[f—v:_:r:rlcr,t_n:d vaulted room about 30
m high. Huge columns decorate the foyer of the
cave and are covered by green mosses and lichens,
to which the cave owes its name (verde=green).
The lens-shaped room depeens westward, becoming
than a narrow descending meander that leads,
among other lateral branches, to a terminal room
occupied by a lake, The submerged part of the cave
below the lake is formed by a subvertical hole dip-
ping into a small room at —8.5 m depth. From
there, a narrow tunnel leads to a window at 10}
m depth, which faces a larger room with bottom at
-40 m. From there, other galleries branches and
develop toward still partly unexplored systems and
possibly to the open sea. Along the walls of the
main toom. a decimetric-thick black band is conti
nuosly observed at a depth of —10 m b.s.l. (FODDAI
¢t alif, 1975). It is mostly formed by Fe and
Mn-oxides as revealed by analysis [)::rfﬂn‘:‘lcx{ on
1 similar crust covering a spelothem, which has
been sampled in the nearby Grotta Dragunara (2).

The upper part of the Grotta Verde has formed
along an anthitetic NW-SE normal faults dipping
60° toward NE, and similar fracture systems have
been pivoting the speleogenesis also in the lower
part of the cave. Deeper part formed probably du-
ring a first stage, when the lateral extension of the
promontory was likely larger than presently. An-
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ancient larger Capo Caccia could have provided
a more significant water supply than what can be
done today, leading to the development of the large
cave system and huge speleothem coneretions. Also
the present localization of the cave, hanging over
a sheer cliff, document that the promontory has
been modified in space and dimensions after the
early formation of the cave. Thus, early speleoge-
netic phases date back before last significant episo-
des of block-faulting, and can be attributed to the
early Quaternary if not earlier.

Subsequently, during the upwards development
of the karst system, the entrance room t:n|:1rgtd and
the cave came to the light due to a combinatién of
progressive rockfall and dissolution along the fault.

4. — THE SUBMERGED NEOLITHIC BURTALS

In the small room at —8.5 m depth (fig. 2),
archeological underwater surveying and excavations

carried out by the Soprintendenza Archeologica per

orhems near the entrance of Grotta Yerde
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