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PREFACE 
 
This guide book is the results of the combined efforts of two group of researchers coming from the 
University of Sassari and Siena. The team of researchers from Sassari were concentrated in northern 
and central-western Sardinia while the team from Siena worked in the rest of the areas visited in 
this fieldtrip.  
The researches have been carried out in the framework of several Research Project including the 
geological survey done for the Geological Map of Italy at 1:50000 scale (CARG Project, ISPRA, 
Italian Agency for Protection of the Environment).   
The first part of this booklet has been prepared by the team from Sassari and it is in part extracted 
by the Fieldtrip held during of the 2009 IAS (International Association of Sedimentologists). The 
rest of this book is mostly extracted by the papers of Coltorti et al., (2010) and Thiel et al. (2010). 
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1ST DAY – ALGHERO TO CAPO SAN MARCO (SINIS PENINUSULA, ORISTANO) 

LATE PLEISTOCENE COSTAL SYSTEMS OF NORTHWESTERN SARDINIA (ITALY): 
SANDY BEACHES COLLUVIA AND COASTAL DUNES  

 

Authors: S. Andreucci, D. Sechi,  V. Pascucci 
Leaders: S. Andreucci, V. Pascucci 
 

Introduction  
The objective of this field trip is to analyze the sedimentary deposits and to point out the 

landscape evolution of Northwest Sardinia during the late Quaternary. The selected areas are: (1) 
coasts south of Alghero where the late Quaternary succession crops out along a coast characterized 
by several small pocket beaches and, (2) coast of the Port Palmas (Argentiera) where a varied 
sedimentary coastal apron system has developed along the low coastal hills (Fig. 1). The Upper 
Pleistocene successions will be examined along superb exposures and their paleographic and 
paleoclimatic significance will be discussed. 

This field trip guide shows in its initial part the geomorphologic characteristics and the 
geological settings of the locations based on published papers; this is followed by the sedimentary 
characterization of the marine to continental deposits and by the stratigraphy of the area based on 
new Optically Stimulated Luminescence (OSL) data.  

In this field trip guide the Marine Isotopic Stage stratigraphy (MIS) for the chronology of the 
studied succession has been used: MIS 6 corresponds to the penultimate glacial stage and covers the 
time interval from 190 to 125 ka (Siddal et al., 2007); MIS 5 is the last interglacial stage ranging 
from 125 to 75 ka and it is subdivided in MIS 5e (125-110 ka; Cutler et al., 2003) Eu-Tyrrhenian or 
Eemian sensu strictu period (Shackleton et al., 2003) and, MIS 5c called the Neo-Tyrrhenian, which 
covers the time interval from 100-90 ka (Cutler et al., 2003; Siddal et al., 2007). The time interval 
from 75 to 14 ka corresponds to the last glacial phase and comprises the MIS 4 (75-67 ka), MIS 3 
(67-25 ka) and MIS2 (25-14 ka); that is, the last glacial maximum. The uppermost MIS 1 covers the 
last 14.000 years.  

 

 
 
 
 
 
 

Fig. 1 – Location map 
of the study area. A) 
Satellite view of the 
Mediterranean region. 
B) Satellite view of the 
Sardinia Island with 
indicated Alghero, Cala 
Gonone and S. 
Giovanni di Sinis areas. 
C) Satellite view of the 
Alghero (first days 
stops) and Cala Gonone 
(second day stops). 
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Geomorphology, oceanography, and climate 
The modern coast of Northwest Sardinia is characterized by small cliff-bounded bays with marine 
terraces or sand and/or gravelly pocket beaches. At the average depth of -4 m a sandy submerged 
plain (S) with extensive sea-grass meadows occurs on the shallow shelf (P; Figs 1C, D). The bulk of 
sediment feeding the coastal system is bioclastic sand produced in the sea-grass meadows and 
deposited on the beaches during major storms (Donda et al., 2008). Minor amounts of siliciclastic 
sand and small pebbles are transported to the shore by ephemeral streams. Moreover sand and 
pebbles eroded by waves from the cliffs locally feed the beaches. The average storm wave height is 
5 metres; tidal excursion is small, never exceeding 40 centimetres. 
Wind data collected in 2008 at Porto Torres in the northwest coast of Sardinia is used to 
characterize the wind climate of the study areas. The dominant wind comes from the W–NW sector 
(Mistral wind), but the stronger winds that can generate coastal currents capable to create a sand 
drift (speed > 3m/s) are bi-modal blowing from NW and NE with fairly common intensity stronger 
than 9 m/s (Istituto Idrografico della Marina; Rete Ondametrica Nazionale, APAT; 
www.idromare.com). 

Northwest Sardinia is characterised by a warm temperate marine climate with average 
temperature ranging from 7 degrees in winter to about 25 degrees in summer. It has a wet season 
(October–April) accounting for 80% of the yearly precipitation (300 mm during 2008), and a dry 
one (May–September) (Delitala et al., 2000).  

 

Geological setting and stratigraphic framework 
Sardinia is one of the largest islands in the Mediterranean Sea (Fig. 1A). It represents a segment of 
the south-European plate that was separated during the Oligocene-early Miocene with an anticlock-
wise rotation (Cherchi and Montardert, 1982; Doglioni et al., 1999). At present, Sardinia and the 
adjacent island of Corsica constitute the eastern continental margin of the Balearic Basin (Fig. 1A). 
This basin formed as the result of rifting that occurred during the Oligocene-early Miocene 
(Carmignani et al., 1995; Casula et al., 2001). Several inland rift basins developed as well, several 
NW-SE oriented such as the Campidano graben and the Porto Torres-Logudoro basin that contain 
more than 600 m of Miocene-lower Pliocene syn-rift deposits (Fig. 1B; Casula et al., 2001). A 
general subsidence occurred during the Quaternary and locally up to100 m of post-rift shallow-
marine to continental sediments were deposited. The tectonic activity ended at the beginning of the 
Pleistocene when alkaline volcanic complexes developed in North Sardinia. Presently, the Island is 
only affected by mild neotectonic activity locally subsiding at a rate of approximately -0.001 mm/a 
(Ferranti et al., 2006). The Upper Pleistocene successions outcrop extensively all around the island, 
and have been studied since the 1950s stratigraphically, sedimentologicaly, and paleontologically 
(Pecorini 1954, 1963; Oppes, 1973; Ozer, 1976; Belluomini et al, 1985; Carboni & Lecca, 1985; 
Ulzega & Hearty, 1986; Davuad et al., 1991; Forti & Orrù, 1995; Kindler et al, 1997; De Muro & 
Orru’, 1998; Andreucci et al., 2006; Chesi et al., 2007; Lecca & Carboni, 2007; Pascucci et al., 
2008; Coltorti et al., 2010; Thiel et al., 2010). However, only scattered and poorly reliable 
radiometric ages are available and the basal shallow-marine deposits are tentatively referred to the 
Marine Isotopic Stage MIS 5 on the basis of the occurrence of the warm” Senegalensis” fauna 
(Strombus bubonius, Patella ferruginea, Conus Testudinarius) (Gignoux, 1913). Commonly these 
marine deposits consist of shallow-marine to beach sandstones and conglomerates. The overlying 
non-marine deposits are formed by coastal aeolian sandstones and alluvial sandy-conglomerates, 
usually attributed to the last glacial regression that started after 75 ka (MIS 4).  
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Geological scheme of Sardinia (from Andreucci et al., 2009) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



INQUA SEQS 2012 MEETING 

AT THE EDGE OF THE SEA: SEDIMENTS, GEOMORPHOLOGY, TECTONICS, AND STRATIGRAPHY IN QUATERNARY STUDIES. 

Fieldtrip 28-30th, September 2012 Sassari, Sardinia, (Italy) 

5 
 

Facies analysis 
Facies analysis has been performed 
on Upper Pleistocene succession at 
Alghero and Porto Palmas.  
Facies have been named according 
to the main lithology (G = 
Conglomerate, S = Sandstone, W = 
reddish Siltstone), grain-size (c = 
cobbles, d = pebbles, e = medium to 
coarse-grained sand, w = reddish 
silty matrix), sedimentary structures 
(l = laminated, p = planar cross-
bedded, t = trough cross-bedded, u 
= low-angle cross-bedded, m = 
massive) and biogenic features (f = 
highly-fossiliferous, r = root traces). 
For example the label Wed stands 
for reddish siltstone (W) with 
medium to coarse-grained sand (e) 
and pebbles (d) layers, and Gem, 
indicates a massive (m), 
conglomerate (G) with medium to 
coarse-grained sand (s). The 
thirteen facies (Gem, Gef, Gwb, 
Gwc, Seur, Sdu, Sep(t), Semr, 
Se(d)l, Se(d)m, Wdl, Wef, Wed; 
Table 1) are briefly described 
below. 
 
 
 
 
Table 1. Simplified description of the 
facies of the study areas. Facies labels 
are based on the following 
nomenclature: G = conglomerate, S = 
sandstone, W = reddish siltstone, b = 
boulders, c = cobbles, d = pebbles, e = 
medium to coarse-grained sand, w = 
reddish silty matrix, l = laminated, p = 
planar cross-bedded, t = trough cross-
bedded, u = low-angle cross-bedded, 
m = massive, f = highly-fossiliferous, r 
= root traces. 
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Field itinerary 
 

The outcrops around Alghero occur in low-
coastal cliffs (20 m high maximum) along the 
coastal road from Alghero south to Bosa (Fig. 3). 
These are developed in small cliff-bounded 
embayment with a basal marine terrace. Pocket 
gravelly (pebbles and cobbles) beaches 
developed in coves are rare and, the one at Cala 
Burantinu being a good example we will visit 
(Fig. 1C). The Pleistocene succession of Alghero 
is up to 20 m thick and form a 2 kilometres long, 
quasi-continuous outcrops. The succession rests 
unconformably on Mesozoic bedrock. The 
bedrock shows great lithological variability with 
tectonic apposition of Permo-Triassic continental 
quartz-rich sandstones to conglomerates, Triassic 
and Jurassic marine limestones and dolostones, 
and Plio-Quaternary volcanic deposits, such as 
riolithic lava and ignimbrites (Carmignani et al., 
2001). 

 

                                                                         
 
 

                                                                                             Fig. 3 – Map of the first-day stops. 
Stratigraphy of Alghero area 
The unconformity bounded successions of Alghero are here described in term of their main 

sedimentological characteristics and interpreted in a sequence stratigraphic context. A few 
preliminary OSL date of the quartz bearing strata, allow a tentative correlation with the San 
Giovanni di Sinis succession (Andreucci et al., 2009). The most complete succession crops out in 
Cala Burantinu Bay (Fig.1) and it is composed of four unconformity bounded units, that are termed: 
U2, U3a, U3b and U4 (Figs 4 A-B). 

Unit U2, consists of aeolian sandstone. The basal boundary is not outcropping and, U2 is bounded 
at the top by an unconfomity (T2, Fig. 4A). It has been dated at 150 ± 10 ka, therefore it developed 
during a sea-level lowstand during the penultimate glacial stage (Andreucci et al., in press). The 
bounding top unconformity (T2) is interpreted as a transgressive surface related to the postglacial 
sea-level rise. 

Unit 3 can be subdivided into two subunits: U3a and U3b. Unit U3a commonly rests on the 
bedrock, however, at Cala Burantinu bay it overlies uncomfortably (surface T2) unit U2. U3a is 
composed of gravelly beach deposits. They could not be OSL dated because of their coarseness, 
however on the basis of the fossil content (warm “Senegalensis” fauna), they can be assigned to the 
Eemian interglacial sub-stage (MIS 5e). Therefore U3a is interpreted as a highstand unit. U3a is 
deeply eroded, at the top, by an unconformity (T3) and overlaying by unit U3b. 

Unit U3b is characterized by prograding sandy shallow-marine to aeolian sand-sheet deposits. 
Marine shells such as Glycymeris glycymeris, Cantharus cfr. Viverratus and Bolma rugosa, 
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widespread occurred. Locally debris-flow deposits occur as well. On the base of OSL ages (95, 97 
and 98 ka) Subunit U3b is referred to the interglacial sub-stage MIS 5c (Andreucci et al., in press). 
U3b is interpreted as a minor high stand and the basal unconformity (T3) as a minor transgressive 
surface. The absence of a warm fauna in the marine fossils assemblage of these shallow marine 
deposits suggests a cooling of the average temperature since MIS 5e. The unconformity R2 marks 
the boundary between U3b and unit U4 (Figs 4A, B).  

Unit U4 is composed, from the bottom up, by debris-flows deposits composed of silty matrix 
supported conglomerates, and mudflow deposits interpreted to represent alluvial fan system, 
followed by thick sandy coastal sandy dunes (Sep(t)). Unit U4 has OSL dates ranging from 80 ka to 
at least 48 Ka and is therefore placed into the last glacial period (MIS 4-3; Andreucci at al., in 
press). It is interpreted to have been deposited during falling sea-level stage. This surface most 
likely developed during sea-level fall and is considered to be a regressive surface (Figs 4A, B). 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Fig. 4 – Measured 
stratigraphic section of the 
Alghero area. A) Cala 
Burantinu bay, B) South 
Alghero coast( see Fig. 1C 
for location). The black 
squares inside the logs 
indicate the OSL sample 
position. Italic labels 
indicate the facies 
described in the text and 
in Table 1. 
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Stop 1_1: Punta del Lavatoio (Alghero) 
Authors: S. Andreucci, D. Sechi, V. Pascucci 
Leaders: S. Andreucci, V. Pascucci 
Things to do and observe: Introduction to the geology and the coastal morphology of the Alghero area; 
schematic description of the marine deposits (MIS 5) and of continental deposits (MIS 4-3). 
Things to discuss: Colluvial deposits bearing Glycymeris glycymeris marine shells: a stratigraphic keybed.  

 

The exposed Upper Pleistocene succession rests unconformable on Triassic limestone bedrock and 
it is represented by units U3 and U4 (Fig. 5).  

U3 is characterized by 1 m-thick massive sandy conglomerate deposits discontinuous at outcrop 
scale. Clasts range in size from pebbles to boulders with lithology reflecting the local bedrock 
composition. These deposits are interpreted as gravelly pocket beach systems. The presence of 
“Senegalensis” fauna-like shells indicates warm climatic condition. Thus, U3 is referred to the 
generic interglacial stage MIS 5. Unit U4, at the base, is composed of 1 m-thick, reddish, silty 
matrix supported, poorly sorted, conglomerate (angular pebbles and cobbles of limestone) lenses, 
interpreted as debris-flow deposits. U4, at the top, instead, is characterized by planar cross- to 
locally trough-cross bedded, medium to coarse-grained sandstone in unit up to 3 m-thick. These 
deposits are associated to coastal dunes systems. The unconformity between unit U3 and U4 is 
interpreted as a regressive surface associated to falling of the sea-level occurred probably at the 
beginning of the glacial phase (MIS 4). The regressive event is marked by a thin reddish siltstone 
layer with pebbles (limestone) aligned at the base and reworked marine shells of Glycymeris 
glycymeris, which can be used as stratigraphic key-bed for the study area.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 – Stop 1.1 El Trò-Punta del Lavatoio. A) MIS 5e (U3a) and MIS5c (U3b) raised beaches.  
B) Praemegaceros cazioti deer walking print. C) MIS 4 U4 deposits resting on U3b. W=paleosols rich of 
Glicymeris sp, A=alluvial deposits, E=aeolian deposits. 
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Stop 1_2: Cantaro beach (Alghero) (in collaboration with Zucca C.) 
Authors: S. Andreucci, D. Sechi, V. Pascucci 
Leaders: S. Andreucci, V. Pascucci 
Things to do and observe: Coastal and continental deposits at the boundary between MIS 5 interglacial and 
the following glacial phase (MIS 4-3). 
Things to discuss: Multi-storey palaeosols. 

 

The Upper Pleistocene succession is characterized at the base by massive conglomerates with 
marine shells (facies Gem) that rest on the bedrock. Clasts range in size from pebbles to boulders 
with lithology reflecting the local bedrock composition. Facies Gem corresponds to a gravelly 
beach system developed in a small rocky embayment. The following deposits show a great facies 
variability and therefore there are separately described in to two different logs (Fig. 6). 

Log 1: facies Gem is followed by thin dark-reddish massive siltstone strata with reworked marine 
shells (Wef) interpreted as a colluvial deposits. This layer is overlain by a massive lens of medium- 
to coarse-grained sandstone (Semr) associated to a wind-blown accumulation. Facies Semr is 
followed by reddish siltstone with angular pebbles aligned in layers (Wdl) interpreted as a colluvial 
deposits. The succession is capped by medium- to coarse-grained, planar cross- or locally trough-
cross bedded sandstone (facies Sep(t)) associated to a coastal dune system. 

Log 2: facies Gem is followed by metre-thick massive reddish silty strata (Wed) without any 
pedological features. This strata is tentatively interpreted as flow deposits of soils sediment. Facies 
Wed is overlain by a thin siltstone with angular pebbles aligned in layers (Wdl). This layer is 
interpreted as a colluvial deposits and is capped by coastal dune deposits (Sep(t)). 

Wind-blown Saharan dust may have in part contributed to reddening of the facies Wed. Facies 
Wdl shows pedological features such as grey mottling, carbonate nodules, and an iron pan at the 
base. These features may indicate a warmer condition than the present (sub-tropical climate). 
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Fig. 6 – Stop 1.2 Cantaro Beach. Stratigraphic details and locations of the logs See table 1 for facies 
description. The black or white squares inside the logs and figure indicate the OSL sample position and bold 
numbers the OSL samples code. Person for scale is approximately 1.70 meter. 
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Stop 1_3: Cantaro Quarries (Alghero) 
Authors: S. Andreucci, D. Sechi, V. Pascucci 
Leaders: S. Andreucci, V. Pascucci 
Things to do and observe: Aeolian deposits of the interglacial stage (MIS 5) and of glacial phase (MIS 4).  
Things to discuss: Climate and aeolian deposits; millennium scale sea-level fluctuation. 

 

Stop 3 is located in a coastal quarry utilized by the Spanish to obtain sandstone blocks to build up 
the town of Alghero. This outcrop is uniformly composed of medium- to coarse-grained sandstones. 
The sand composition consists mostly of marine bioclastic material (red algae, molluscs, echinoids, 
benthic foraminifera, and bryozoans) and, minor amount of quartz and feldspar. The succession is 
separated by the presence of a well-developed erosive surface (R2) gently dipping seaward (toward 
left of figure 7). The deposits below surface R2 consist of massive (structureless) sandy beds up to 2 
m-thick of facies Semr. Widespread is the presence of root traces (Figs 7A, B). These strata are 
interpreted as a wind blown accumulation of sands (aeolian sand sheet). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 – Stop 1.3 Cantaro Quarry. A) Unit 3 composed of aeolian sand-sheet deposits (facies Semr) and U4 
(facies (Sep(t)) are separated by an unconformity R2 (dashed white line). The grey squares indicate the 
samples position for OSL dating. See table 1 for facies description. B) Detail of root traces in sandstone 
deposit of unit U3. Detail of Praemegaceros cazioti deer: C) track, D) trackways and, E) bones.  
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The deposits above surface R2, instead, are predominately composed of planar cross-bedded 
sandy strata (facies Sep(t)) interpreted as coastal dunes systems. Of particular interest is the rapidly 
disappearing of the root traces towards the top. The R2 surface is marked by a thin 30 cm-thick 
tabular sandstone (Se(d)l). In this deposit the presence of Praemegaceros cazioti vetebrates foot 
print and trackways are common. Footprints are observed as single or compound tracks (Fanelli et 
al., 2007). 

The aeolian sand sheet deposits (facies Semr) has an OSL age of 97±5 ka. Therefore, they are 
associated to unit U3 and referred to the interglacial (MIS 5c) stage.  

The coastal dunes systems show OSL ages of 80±5 ka and 75±5 ka. Therefore, they are associated 
to unit U4 and referred to the beginning of the glacial phase (MIS 4).  

The surface R2 is interpreted as an unconformity developed at the beginning of the regressive 
event. The sediment source for dunes formations, based on the above evidences, has not change 
through time along the Alghero coasts. Therefore, sediment supply rate, wind strength and 
accommodation space have played a predominately role in the dunes formation. During the glacial 
phase (MIS 4) the following of the sea level exposed the shelf and an enormous amount of 
calcareous-rich sands (sediment supply) was transported inland by strong and persistent winds. 
These together with a sparse vegetation led to impressive dune formation.  

This stop gives also the opportunity to observe evidence of possible variation in sea-level rise 
since the 17th century, the time the Spaniards quarried the Cantaro area for building stones. The 
period spanning from 1500 BP to 1800 BP, called the Litle Ice Age, experienced a cooling of the 
average temperature of 1°C below the present. The floor of the Cantaro quarries is now locally 
slightly below the sea-level (Fig. 8). Archeological study report that the floor of the quarries were 
0.40 cm above sea level (Antonioli et al., 2007), and this could be the approximate eustatic 
excursion of the last 400 years.  

 

Fig. 8 – Stop 1.4 Zio Peppino 
Quarry. Detail of unit U4 
characterized by aeolian sandstone 
with well-developed forests dipping 
towards South (right of the figure).  
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Stop 1_4: Zio Peppino Quarries (Alghero) (20 minutes to reach) 
Authors: S. Andreucci, D. Sechi, V. Pascucci 
Leaders: S. Andreucci, V. Pascucci 
Things to do and observe: Spectacular 3D exposure of aeolian deposits of unit U4. 
Things to discuss: Topographic control on dune formation. 
 

The outcrop is composed of 10 m-thick, medium-grained, planar cross-bedded sandstone (Sep(t)) in 
sedimentary bodies up to 3 m-thick. These deposits represent a coastal dune systems developed, 
based on preliminary OSL age, during the last glacial phase (MIS 4) and therefore associated to unit 
U4. The sand grains composition rich in marine bioclastic material (red algae, molluscs, echinoids, 
benthic foraminifera, and bryozoans), and minor siliciclastic material (quartz, volcanic rocks 
fragment, feldspar) indicate a marine origin. Based on the paleogeography of the area only wind 
blowing from NW (Mistral wind) could transports “marine sands” inland to build up a dune system 
(Figs 1C, 3). However, the measurements of the foreset dip direction, indicate a predominant sand 
transport toward South or even SW (S = 60%; SSW = 25%; WSW = 15%). Foreset dipping towards 
S could be explained by NW winds that modified by local topography change the direction toward 
south. Moreover, foreset dipping towards SW should indicate the presence of a secondary wind 
blowing from NE. Therefore this unit represents a “topography influenced” coastal cordon 
developed by by-modal winds (NW-NE).  
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Stop 1_5: S.Giovanni di Sinis (5 minutes to reach) 
Author and Leaders: S. Andreucci, M.Coltorti, V.Pascucci, P.Pieruccini 
Things to do and observe: Marine deposits (MIS 5, 7 or 9) and of continental colluvial and aeolian deposits 
(MIS 4-3 or MIS 3-2), multistored paleosols 
Things to discuss: Nature of sediments: beach, lagoon, wind blown sands, colluvial deposits, storm sedimens, 
ichnofacies, radiometric dating 

 

The well exposed section of the Phoenicians Tombs of San Giovanni di Sinis (central west side of 
Sardinia; Fig. 1B, 9) has been studied by several authors with different interpretations, also by the 
same authors in different times (Wanet et al., 1981; Ulzega & Hearthy, 1986; Carboni & Lecca, 
1985; Davaud et al., 1991; Kindler et al., 1997; Lecca & Carboni, 2007; Andreucci et al., 2009; 
Coltorti et al., 2010; Thiel et al., 2010). There is also no agreement on the sedimentological 
features. Some layers of the sequence have been recently dated by Andreucci et al. (2009) and Thiel 
et al.(2010) using an Optically Stimulated Luminescence (OSL) method and by Coltorti et al., 
(2010) using radiocarbon. The different methods gave different results with the consequence that 
the geochronology of the section is still debated.  

 
Fig. 9. The stops in the San Giovanni di Sinis peninsula 

 

Lecca & Carboni (1985) distinguished three main transgressive-regressive cycles characterized at 
the base layers containing fossiliferous marine shells (M1, M2, M3 in Fig. 10). The lowermost 
marine unit was associated to the so called “Mindel-Riss” Interglacial. The  sequence has been 
described again in detail by Lecca & Carboni (2007) which detailed the sedimentary sequence but 
did not changed their formal interpretation. 

Capo S.Marco 

S. Giovanni di 
Sinis 
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Fig. 10. The stratigraphic and sedimentological units according to Carboni and Lecca, (1985),  Lecca and 
Carboni (2007) 
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According to Andreucci et al. (2009) five unconformity bounded units (U1, U2, U3a, U3b, U4) 
have been identified, spanning from the penultimate interglacial (MIS 7; 200 ka) to the last glacial 
phase (MIS 4/3; 40 ka). The lower unit (U1) rests on Miocene marlstone substrate and is associated 
with a marine transgression (T1) that occurred during the MIS 7 (~ 200 ka) interglacial period (Fig. 
11). Unit U1 is characterized by sandy beach deposits followed by windblown sandstones. The 
overlaying unit (U2) downlaps on an erosive surface (R1) that is thought to have formed during the 
following regressive phase associated with the penultimate glacial period (MIS 6). The R1 
unconformity is marked by a reddish silty colluvial deposit. Unit U2 is composed of tabular beds of 
sandstone with dispersed pebbles and it is interpreted as a sheetflow deposits developed in the 
alluvial fan zone. The third unit (U3) lays on a transgressive surface (T2) that is landward marked 
by a sitly paleosols. Unit U3 is generally related to the last interglacial phase (MIS 5) and it is 
subdivided in two Subunits (U3a, U3b) on the occurrence of an erosive surface (T3). The Subunit 
U3a is associated to MIS 5e (120 ± 10 ka) and is thought to represent both the transgressive and 
highstand systems. The former characterized by a sandy lag deposit overlain by a shell layer 
interpreted as a condensed succession. The highstand system is composed of sandy shallow-marine 
to coastal dune deposits (Seur, Sep(t)). Subunit U3b correlates to MIS 5c (100 ± 5 ka), consists of 
sandy tabular beds bearing brackish fauna interpreted as open-bay deposits. Subunit U3b represents 
a minor highstand unit. Therefore, T3 is a minor transgressive surface. The uppermost unit (U4) 
downlaps on an erosive surface (R2) and, is probably related to the start of the last glacial phase 
(after 75 ka). Unit U4 is composed of silty paleosols and locally by sand dunes deposits formed in 
coastal plain. 

Fig. 11 – Measured stratigraphic section (not in horizontal scale) at San Giovanni di Sinis. Key to symbols 
in Table 1. Facies ‘Self’ (not in Table 1) is composed of fining upward dm-thick medium-to coarse grained 
tabular sandy layer with marine to brackish fossils and is interpreted as a open bay deposits. The white 
squares inside the logs indicate the sample position for OSL analysis and bold numbers indicate the OSL age 
(after Andreucci et al., 2009). 
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Coltorti et al. (2010) describing the Quaternary deposits in different part of Sardinia distinguished 
15 lithofacies (LA) that have been grouped to constitute 7 facies associations (FA)(Table 2). These 
subdivision will be used to describe the different stops in the rest of the field trip. 3 LA are related 
to beach deposition and constitute FA B; 1 LA is related to deposition in back-shore lagoon and 
swamps and constitute FA L ; 2 LA are related to interdunal ponds and generated FA PO;  4 LA of 
alluvial deposition generate FA G (see Miall (1985; 1996 and references therein); 2 LA are related 
to aeolian deposition and constitute FA E; 2 LA are related to the development of soil horizons and 
create FA P; only 1 LA of slope deposition is related to FA D. 

 
Table 2 - Facies associations according to Coltorti et al., 2010 

 

According to Coltorti et al., (2010) bioclastic marine sandstones (Bs) lying on an unconformity 
modelled over the Messinian bedrock crop out in the northernmost section of the sequence 
(Fig.12A). In this sector, these sediments are buried under aeolian deposits (E1 and E2) interlayered 
with a series of weakly developed buried soil (Pb) characterized by an A1 horizon containing 
carbonate nodules and veins. The lower part of the sections in the southern sector (Fig. 12B e C) is 
characterized by sandy clays and clayey sands containing at least two main layers made almost 
exclusively with shell fragments (Mitilus galloprovensalis, Clamys sp., Ostrea sp., etc.). In the finer 
sediments a number of micro and macro mammals bones have been described in the past including 
the tooth of an Elephas (Ambrosetti, 1972; Caloi et al., 1980; Carboni & Lecca, 1985; Melis et al., 
2001). The upper part of the sequence also in the southern sector is made of large scale planar cross 
bedded aeolian dunes (E1). The boundary between the fine sediments and the aeolian sands is 
erosive and concave upward, at the transition between the northern and the southern sector, when 
the upper dune lie directly over the lower dunes. In the transition area the unconformity is marked 
by a stone line that contains rodolites, small gravels and fragments of marine shells. The boundary 
is transitional, with a clear interfingering between clays and sands in the southern section. In the 
sandy layers foot-print of Megacerous cazioti (Fanelli et al., 2007) are found that were previously 
attributed to ichnofacies “skolitos”, typically found in the beach environment (Carboni & Lecca, 
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1985; Lecca & Carboni, 2007;  Andreucci e al., 2009). In the interpretation of Coltorti et al. (2010) 
the basal unconformity is connected with the ravinement surface generated during the MIS5 
transgression and the bioclastic sands represent beach deposits of the MIS 5 high stand, possibly the 
MIS 5e. The overlying deposits are aeolian dunes that were mostly deposited during the MIS 4, 3 
and 2. The clay layers are associated with the filling of interdune ponds progressively covered by 
aeolian deposits. The layers of marine shells have been transported in the interdunal ponds by the 
wind. The erosive boundary corresponds to a reactivation surface of the dune system while the 
interlayers indicate the advancing dunes over the ponds.  The weakly developed soils are usually 
associated to a steppe environment and have been associated with the Interstadial of the Last 
Glaciation.  

 
Fig. 21. Stratigraphy and sedimentary facies at S.Goivanni di Sinis according to Coltorti et al., 2010 

 
The different interpretation were based on A series of radiometric dating have been performed on 

the different layers of the sequence. Conventional radiocarbon dating have been obtained at the 
Liepzig Laboratory in Hannover (Frechen, personal communication; Coltorti et al., 2010) while 
AMS dating were carried out at the Beta Analytic Lab in Miami. OSL have been performed by 
Andreucci et al. (2009) and by Thiel et al. (2010). The results (Fig.13) show a major discrepancy 
between OSL and radiocarbon and, to a minor extent, also between conventional and AMS dating 
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 Fig. 13. Problematic chronology based on different dating methods 

 

Stop 1_6: Capo San Marco (30 minutes to reach) 
Author and Leaders: M.Coltorti, P.Montagna, P.Pieruccini 
Things to do and observe: Marine deposits (MIS 5,1?), aeolian deposits (MIS 4-3, MIS 3-2 or older?), 
marine terraces 
Things to discuss: Stratigraphy, chronology and sea level models  

 

Capo (Cape) S.Marco constitute the southernmost part of the Sinis Peninsula, in the northern part 
of the Oristano Gulf (West Sardinia) (Fig. 9).   

Marine and aeolian deposits (Fig14) crop out along the slope and seal a marine escarpment that 
delimit a straath terrace at ca. 40 a.s.l. The terrace is modelled over basaltic flows attributed to the 
Middle Pliocene (K/Ar dating, Beccaluva et al., 1985).  At lower elevation there are marine deposits 
made by rounded blocks and boulders in a fine gravel and sand matrix that includes fragments of 
marine shells. The deposits that reach ca.4 m asl are locally cemented. The best outcrops is located 
in the south-western sector (S 19, Fig 15) where it creates a marine terrace. Laterally it cuts a small 
marine erosional platform and fill a tidal notch modelled on cemented aeolian sediments . This 
section was firstly described by Comaschi Caria (1954) who did not noted the notch and claimed 
that the beach sediments were buried under the aeolian sediments. This misinterpretation together 
with the high elevation of the sediments above the sea level led the author to attribute the deposit to 
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the Last Interglacial high stand.  Similar deposits have been observed in other part of the 
promontory.  

 

Fig.14: Geomorphological map  the 
S.Marco promontory: 1,active beach; 2 
rockfalls; 3 landslides; 4 Holocene 
beach deposits; 5 Holocene aeolian 
deposits; 6 Late Pleistocene aeolian 
and debris deposits; 7 Messinian and 
Pliocene sedimentary units; 8 Pliocene 
basalts; 9 marine terrace; 10 landslide 
scarp; 11selective erosion scarp; 12 
active cliff; 13 unactive cliff; 14 
logs/sections.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.15 S19 (A) bioclastic gravels and boulders 
filling a notch carved in the aeolianites and (B) 
laterally generating a marine terrace at ca. 4 m asl. 
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In some outcrops the deposits is made by bioclastic gravelly sands that are frequently found at the 
base of the sequence. Bioclastic sands and gravels, and sometimes boulders are also find in tidal 
notches carved in the aeolianites at lower elevations. In some notches Cladocora caespitosa corals 
in living position have also been found. Cladocora corals in living position have been discovered 
also inside few decimetre thick erosional hollows that rest over the aeolian sands (S 7, Fig.16). One 
of these occurrence has been observed in the southernmost part of the San Giovanni di Sinis outcrop 
and it will be visited at the end of the 1_5 stop. 

The first radiometric date of the sequence of Capo San Marco is due to Thiel et al. (2010) that 
reported a 173 ka OSL age for the quartz of the aeolian sediments.  More recently D’Orefice et al., 
(2012) investigated one section of the promontory (S 18, Fig.17) and erroneously established that 
the marine deposits rest below the aeolianites. Clearer stratigraphical setting is observed at S18 
(Fig. 18). They obtained a U/Th dating of Cladocora found close to S7 at 70 ka.  

 

Fig. 16 Pockets carved within aeolian sediments and filled with beach sediments, containing also Cladocora 
caespitosa  

 

Fig. 17 Section 18 (see map for location). Beach sediments filling a notch carved within aeolian sediment.  
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Fig. 18 Section 17 (see map for location). Beach sediments filling a notch carved within aeolian sediment.  
 

We collected two new samples of Cladocora nearby and dated by multi-collector ICPMS. The 
ages are 152ka and 149ka, respectively. If corrected using the Thomson et al. (2003) method for 
open-system the ages become younger (140ka and 136ka, respectively). These ages are significantly 
different from the one obtained by D’Orefice et al. (2012) and this is likely related to the different 
amount of material analysed (3g for alpha counting compared to 50mg for multi-collector ICPMS) 
and hence to the presence of contamination phases (e.g. calcite and/or diagenetic aragonite). This 
age difference poses some questions regarding the radiometric dating that need to be addressed. An 
AMS 14C dating of the same coral sample gave an age of 42860±860 BP, which is very close to the 
analytical limit and should be taken with caution. However, the stratigraphic position of the 
sediments on top of the previous aeolian deposits that in the rest of Sardinia have been radiocarbon 
dated to the MIS 2, the absence of palaeosoils of the last Interglacial and the freshness of the marine 
terrace and tidal notches would allow some of us (MC and PP) to suggest an Holocene age for the 
deposits.  This would open many questions regarding the curve of post glacial sea level rising that 
in the opinion of many authors during the Holocene never exceeded the present day sea level 
(Lambeck et al., 2004, Antonioli, 2012). If an Holocene age will be confirmed in the future an 
alternative explanation could be that the area is tectonically active  
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2ND DAY – OROSEI GULF 
MIS 5 SEA LEVEL  

 

 
 

Introduction 
The Orosei Gulf is located in central east Sardinia. The bedrock of the southern part of the Gulf is 

made Jurassic limestone affected by severe karstic processes (De Waele, 2004). The conservative 
nature of the limestone allowed the preservation of a series of marine terraces found at progressive 
elevation on the sea level. Carobene & Pasini (1972), in a short abstract and for the first time, 
described the occurrence of marine terraces in the area. Recent investigations confirmed their 
presence adding a a new terrace at higher elevation. Unconformable on the Jurassic limestone there 
are basalt flows coming from local volcanic centres. Along the coastal slopes and to the north, in 
the Orosei area, the lava flows allow to distinguish pre- from post-basalts coastal and fluvial 
deposits. The lava flows were dated between 2 and 3 Ma (K/Ar, Beccaluva et al., 1985) although 
the dates seem not reliable as also claimed by Mariani et al., (2009) who however suggested a post 
Tyrrenian age for the basalts. Coltorti et al., (2010) showed that at Cala Gonone the MIS 5e notch is 
carved also within the lavas and therefore their emplacement preceed the MIS 5e.  The chronology 
of the notch is important to establish the presence of tectonic deformations in Sardinia since MIS 5e 
that can be used as a model for the rest of the Mediterranean sea (Lambeck et al, 2004; Antonioli, 
2012). In fact, Mariani et al. (2009) suggested that the deformation were associated to the 
emplacement of the batolite that alimented the lava flow. 

In the area there are three major pre-basaltis and three post-basalts coastal and fluvial units. From 
the older to the younger the pre-basaltis ones are: 1. Su Cascheri Synthem ,deeply weathered quartz 
gravels and sands lying on a marine abrasion terrace preserved up to ca. 125 m asl; 2. Zi Martine 
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Synthem, deeply weathered quartz gravels and sands preserved inside sinkholes departing from a 
marine abrasion terrace at ca. 40 m asl; 3. Nuraghe Casteddu Synthem, coarse and very coarse 
mostly fluvial and deltaic gravels, boulders and sands with thin silty and clayey layers found on top 
of a terrace with an inner edge located around 20 m a.s.l. The post-basaltic units are: 1. Matta su 
Turcu Synthem, quartz gravels and sands lying unconformably over a lava flow and generating a 
marine terrace with the inner edge at ca. 25 m a.s.l.; 2. Cala Mosca Synthem, bioclastic gravels and 
boulders usually referred to the MIS 5 found at S’Abba Meica, few hundreds of metres to the south 
of Cala Gonone, as well as in the various caves such as the Bue Marino, Oddoana and Cala Luna 
caves. The elevation of these sediments varies from few metres to ca 9 metres. 3. Holocene beach, 
fluvial and slope deposits. The latter synthem has not received a formal name.  

Along the limestone cliff of the Orosei Gulf a tidal notch with mussel borings is also found at 9-
11,5 m above the sea level for dozens of kilometres (Fig.19). It is associated with the higher sea 
level of MIS 5e that was followed by the deposition of the Cala Mosca marine sediments, 
(Carobene, 1972; 1978; Carobene & Pasini, 1982). These Authors observed that the elevation of the 
tidal notch rise from the south to the north part of the Gulf (Fig. 20), an observation confirmed by 
Antonioli & Ferranti (1992).  Carobene & Pasini (1982) investigated also a series of wall furrows 
found in a number of caves to the south of Cala Gonone, establishing that the cave formation lasted 
after MIS 5e (Fig. 21), the supposed age of the higher tidal notch. They also recognized an 
Holocene marine notch that was neglected by the later authors  
 

 
Fig. 19. Tidal notch in the Orosei Gulf near Fuili bay, to the south of Cala Gonone. The Zi Martine synthems 
and marine terrace is found at the top of the promontory to the left. 
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Fig. 20.  The elevation of the tidal notches and wall furrows in the Cala Gonone area (from Carobene & 
Pasini, 1982) 

 
Fig. 21. The suggested chronological setting of the notches and furrows found in the cliff and caves of the 
Orosei Gulf (from Carobene & Pasini, 1982). 
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Stop 2_1. Bue Marino Cave (20 minutes to reach by boat in case of fair weather; 45 minutes to 
reach by foot in case of rough sea) 
Things to do and observe: Speleothems (MIS 9-7, MIS 5), marine deposits (MIS 5e), tidal notches 
(MIS 5), aeolian deposits (MIS 5a). 
Things to discuss: karst processes, speleothems, sea level changes, palaeoenvironments. 
Author and Leaders: L. Sanna, J. De Waele, S. Andreucci and V. Pascucci 
 

Introduction 
Bue Marino cave (Sea Cow, literately translated) takes its name from the Sardinian traditional 

nickname of monk seal that until the middle 70s lived in the cave (De Waele et al., 2009a). It is one 
of the most important Italian littoral caves and the longest in Sardinia.  

Located along the steep cliffs of Gulf of Orosei, 4 km to the south of Cala Gonone village, the 
morphology of the Bue Marino cave shows clear evidence of marine influences. It has a well 
preserved Tyrrhenian tidal notch at an altitude of about 8 metres above present sea level, together 
with a strip of lithophaga boreholes and a notable enlargement of the galleries (De Waele and Forti, 
2003). Entering from the sea the cave shows a very large entrance  Another entrance from the land, 
is at about 4 metres asl in the Ramo Nord (Falteisek, 2011; Fancello, 2009; Hovorka, 1993; Hutňan 
et al., 2008). The cave is organized in three main branches (Ramo Nord, Ramo Di Mezzo and Ramo 
Sud) all of which are mostly drowned with the exception the dry Ramo Nord gallery close to the 
entrance (Fig. 22).  

 
Fig. 22 Plan view of Bue Marino cave. 

Geological outline 
The Gulf of Orosei (Central-East Sardinia) is the most important coastal karst area of Italy, 

developing for more than 37 km with limestone cliffs facing directly the sea. It is characterised by 
Mesozoic dolostones and limestones that overly a Palaeozoic Variscan basement composed of 
granites and phyllites (Fig. 23). The dolostones and limestones reach a thickness of around 800 m 
(Dieni and Massari, 1985). The carbonate rocks form a monocline ridge dipping gently eastwards, 
showing two transcurrent arcuate fault systems directed NNW-SSE and NNE-SSW (Pasci, 1997). 
The limestones crop out down to a depth of ca 100 metres (Orrù and Ulzega, 1987). 
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Alluvial conglomerates and quartz sands, related to 
an intense erosion-deposition cycle associated with 
an uplifting phase of Middle Pliocene age lie 
unconformably over the limestones (Massari and 
Dieni, 1973). These sediments are interlayered with 

Pliocene basalts with a K-Ar ages of 3.56 ± 0.23 up 

to 1.99 ± 0.08 million years (Savelli and Pasini, 
1973). During the Late Pleistocene stratified slope-
waste deposits (éboulis ordonnées) were deposited at 
high elevations down to the sea where they generated 
alluvial fans (see Stop 2.3). .Aeolian sands filling 
karst pockets and coastal cave entrances, are found  
above sea level but also in the continental shelf down 
to 40 metres below sea level. 

 
 
 
 

 
 
 
                                                                                                     
 

                                                                                           Fig. 23 Geological sketch map of Gulf of  
                                                           Orosei karst massif. 

 

Karst landforms 
The Gulf of Orosei is a typical fluviokarst, with dry valleys active only during heavy rainfall 

(Cossu et al., 2007). Mean annual rainfall ranges from around 1300 mm/y in the mountain areas 
(around 1000 m a.s.l.) to less than 700 mm/y in the coastal areas. The recharge areas of this karst 
system are located at altitudes between 400 and 1000 m a.s.l., where allogenic streams feed the 
aquifer through several sinks.  

The main surface features are major canyons, from North to South Codula Fuili, Codula Ilune and 
Codula Sisine, which create pocket beaches and interrupt the continuous limestone cliffs (Fig. 24A). 
This hydrographic network continues also on the continental shelf for several kilometres down to a 
depth of at least 120 metres (Orrù and Ulzega, 1987), corresponding to the maximum lowstand of 
the Mediterranean Sea during the Last Glacial Maximum, around 22,000 years ago. 

The landscape is enriched by typical karst landforms such as dolines, rock arches, some of which 
attain impressive dimensions (Bacu Addas rock arch) or are well known landmarks (Goloritzé 
coastal arch, Arcu Su Lupiru). Karst micro-morphologies are locally well developed on the massive 
microcrystalline limestones, with solution flutes (rillenkarren) and solution pans (kamenitze). 

Morphology in the coastal areas is caused by a combination of karst and littoral processes (De 
Waele, 2004; Mylroie and Carew, 2000). Many erosion sea caves, formed by the wave action on 
joints and structurally weaker areas, are located along the coast (Fig. 24B). In correspondence with 
fresh water outlets coastal karst caves reach several kilometres in length (De Waele and Forti, 2003; 
De Waele et al., 2009b). 
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Tidal notches are well developed on limestone along the entire Gulf indicating present and past 
mean sea levels (Fig. 24B). Tidal notches are found from depths of 10 m below sea level to 10.5 m 
asl (Carobene, 1972, 1978; Carobene and Pasini, 1982; Antonioli et al., 1999). The relict tidal 
notch, that has a decreasing height from north to south between 10.5 and 7.7 m a.s.l., is attributed to 
the isotopic stage 5e and its continuity along the 37 km of limestone coast testifies a relative 
tectonic stability since, exception given for the slight N-S tilting (Antonioli et al., 1999). The –10 m 
tidal notch, corresponding also to a well recognizable base level since most of the coastal caves are 
developed at this water depth. It has been attributed to a period of sea level stability between MIS 
5e (125,000 years B.P.) and MIS 2 (around 20,000 years B.P.). The aeolian sand deposits 
outcropping on the continental 
shelf down to a depth of 120 m 
b.s.l. are attributed to the same 
period (MIS 5e-2), probably 
characterized by climatic pulses 
with frequent arid intervals 
(Antonioli and Ferranti, 1992). 
A sea level still-stand is also 
documented at a depth of 45-50 
m b.s.l., correlated to a pre-
Versilian transgression (Orrù 
and Ulzega, 1987). 
 

Fig. 24 Coastal karst of Gulf of Orosei. A: Typical morphology on Cala 
Goloritzé beach. B: Sea caves formed along joints. (Modified from 
Sanna & De Waele 2010). 

Caves 
Over 400 caves are known in the Gulf of Orosei. some of which represent main underground 

flooded drainage systems. The total development of cave passages reaches almost 100 km. We can 
distinguish recharge systems, located in the higher alpine karst, and discharge systems, mostly 
composed of submarine resurgences. At least four main systems have been recognized: Bue 
Marino-Codula Fuili, Codula Ilune, Codula Sisine and Golgo-Mudaloro (De Waele, 2008). 

The first has its recharge located around the Codula Fuili canyon and resurges from the northern 
branch of the Bue Marino cave system. The second drains the Codula Ilune canyon and resurges 
south of Cala Luna. The third system drains the highest plateaus South of Turusele and probably 
rises at the Bel Torrente system, North of Cala Sisine. The fourth and last cave system drains most 
of the Golgo Plateau and probably many allogenic streams resurging in the Utopica cave and, 
partly, at Fico cave. There is a fifth smaller system located more to the south, composed of the 
S’Erriu Mortu cave. Many caves host archaeological remains or endemic troglobitic species (De 
Waele et al., 1995; Oertel and Patzner, 2007; Casale et al., 2009). In Bel Torrente cave a seal 
cemetery has been discovered only a few years ago (De Waele et al., 2009a). 

 

Speleogenesis 
A distinction has to be made between alpine (high mountain) and coastal caves. The first are 

mainly formed by erosion and dissolution processes close to the contact between carbonate rocks 
and Variscan basement. Allogenic recharge with reduced flow during most of the year and sporadic 

B A 
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flood pulses with very high discharge (also two orders of magnitude higher) creates large contact 
caves (De Waele et al., 2002). Away from the sinks, underground flow concentrates and leave the 
contact basement-carbonates. Underground morphologies are characterised by enlarged canyon-like 
fissures in dolostones and larger more rounded dissolutional passages in pure limestones. The caves 
can be rather complex, showing various phases of entrenchment in response to surface river 
deepening, with abandoned upper levels and an active lower level. In the uppermost phreatic 
passages of the Codula Ilune cave system quartz pebbles have given a cosmogenic burial date of 
around 2 million years (De Waele and Granger, 2009). This supposed early Quaternary age of the 
beginning of cave formation should be confirmed by basalts filling phreatic conduits at Bue Marino 
cave (Mahler, 1979), the Golgo shaft and Su Molente cave. While in the upper parts of the cave 
floors level adjustment was closely related to river incision, in turn caused by crustal movements 
and sea level change, in the coastal areas the sea level variations have a predominant role.  
Discharge of fresh water can reach several cubic metres per second. The main outlets are 
characterised by wide underwater passages that reach depths of over 100 m bsl (Utopica cave).  

  

  
Fig. 25 Bue Marino cave. A: sea cave entrances (Photo by L. Sanna). B:Lithophagae boreholes level and 

tidal notch in Ramo Nord (Photo by L. Sanna). C: The largest conduit in Ramo Sud (Photo by Riccardo De 
Luca). D: Large deposit of marine and continental sediments (Photo by L. Sanna). 

 
 

A 
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Cave deposits  
The parts close to the entrance of the cave show clear evidences of past sea level still stands 

lithophaga holes, dune deposits covered with flowstone, well exposed shallow-marine deposits, 
cropping out in the Sandy Gallery and Fossil Gallery of Bue Marino cave interlayered within calcite 
speleothems and locally overlain by medium-coarse grained bioclastic-rich aeolian sands (Carobene 
& Pasini, 1982). 

 
Fig. 26 Study areas in Bue Marino cave. 

However, the absence of consistent radiometric ages has left the challenge to produce a time 
constraint of these features with different Isotopic Stage (OIS/MIS) attributions.  

Four different levels of flowstones can be distinguished: referring to Carobene & Pasini they can 
be indicated as follows: (i) AL1, the oldest constituted of 10-50 cm up to 1-m thick reddish calcite 
bored with lithophaga holes and covered by a massive marine conglomerate, up to 80 cm in 
thickness. The clasts are sub-rounded the interstices are filled by medium to coarse-grained sand. 
Clasts are constituted by granite and limestone with some basaltic and speleothems pieces, and 
range in size from cobbles to pebbles (5-10 cm of diameter in average), mainly fed by long shore 
currents. Mollusc shells and foraminifera are found. This fossiliferous conglomerate is stuck on the 
cave walls between 5.50 and 7 metres asl. The conglomerate is covered by (ii) AL2 flowstones, 
made of white calcite, deposited before the sand fillings. AL3 (iii) is a pale yellow flowstone 
deposited on top of the partially eroded sands. AL4 flowstone (iv) represents the last generation of 
speleothems. Both AL3 and AL4 lack lithophaga holes and have never been underwater. 

Clastic sediments are represented by medium-coarse grained bioclastic-rich sands, of a probable 
aeolian origin, made up of 70-82% CaCO3, 16-28% siliciclastics, 1% fines and 1% organics. These 
deposits are locally covered by reddish sediments probably derived from underground floods. The 
colluvial strata are composed of a matrix-supported sandy to pebbly deposit made up of 31% 
CaCO3, 13% siliciclastics, 55% fines and 1% organics. Also a limestone breccia, of probable 
cryogenic origin, occurs interlayered in between sandstones (Fig. 27). 
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Fig. 27 Schematic profile of the Sand Passage (Bue Marino cave): AL: Speleothem samples, BUE: sediment 
samples, 1: Jurassic limestone; 2: clastic sediments; 3: Lithophaga boreholes (Modified from Carobene & 
Pasini, 1982) 

 

The sedimentology of cave deposits have been investigated and dated through radiometric 
techniques (U-Th and OSL dating) (Andreucci et al, in press; Sanna et al., 2009). Results from 
luminescence dating of clastic grains and from U/Th dating of speleothems have shown that the 
sedimentary succession is comprised between Marine Isotopic Stage (MIS) 9 and 5, including the 
interglacial stages MIS5e and MIS5a. U-series ages of the flowstone covering the sedimentary 
succession give ages of 134±22 ka at the base and 86±13 ka at the top. Due to the relatively high 
value of Dose rate, the quartz might be completely saturated. Therefore at this stage these 
preliminary data represent only the minimum ages. K-feldspar data are in good agreement with U-
Th results (despite their coarse resolution) and with those hypothesized by Carobene & Pasini 
(1982). Sedimentological analyses have allowed to define the palaeoenvironments related to sea 
level changes occurred in the last 200 ka along the eastern Sardinian coast.  

A good correlation have been evidenced between data derived from sedimentary observations and 
speleothems and sandstone dating. They confirm that during the interglacial isotope stage OIS5 
relative high stands occurred and that climate was generally warmer than present. The sandstones 
interlayered in between the flowstone levels were carried into the system during relative sea level 
fall and low stands. Unfortunately conglomerates could not be dated using the OSL but on the basis 
of the U-Th and OSL dating of the carbonate speleothems and clastic grains the marine interval can 
be assigned to the Interglacial stage MIS 5.5 and referred to the “panchina Tirreniana” Auct.. 

This shallow marine conglomerate is attributed to a past shoreline developed during highstand 
phases at 7.65 m or higher. Elsewhere in Sardinia, marine deposits of this age reach a maximum 
level of 5.5±1 m (e.g. dolostone coastal cliff of Alghero).  
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Stop 2_2: Cala Luna Caves  
(30 minutes to reach by boat in case of fair weather; this stop will be cancelled in case of rough 
sea) 
Authors andlLeaders: M.Coltorti, P.Pieruccini 
Things to do and observe: Marine deposits (MIS 5), tidal notches (MIS 5e and MIS 5), fluvial, 
aeolian and debris deposits  (MIS 4-3-2). 
Things to discuss: Nature of sediments, karst processes, speleothemes,  

 

The tidal notch attributed to the MIS 5e is well preserved along the sea cliff of Cala Luna, a 
magnificent bay located to the south of Cala Gonone. At the top of the cliff there is the “Su 
Cascheri Synthem”, a abrasion marine terrace with sporadic quartz gravels and sands sealed with 
basalts.  6 main caves are found along the sea cliff to the north of the bay (Carobene & Pasini, 
1982) (FIG 28). The cave floors are sealed with rounded blocks and gravels with few marine shells 
(mostly Glycimeris glycimeris) (Bb and Bg). The gravels are made of metamorphic rocks coming 
from the longshore drifting of the sediments transported by the Codula (stream) Ilune. In fact, 
metamorphic rocks are not present along the coastal slopes and cliffs. The MIS 5e tidal notch, found 
at ca 9,30 m a.s.l., is visible in all the caves.  

The sedimentary infilling of Cave 3 is representative of all the cave infillings. Here a cone shaped 
debris, originated by a roof falls, rests just above a gravelly beach deposits (Fig 29). The debris (D) 
are buried by thick flat trough cross bedded sands (Sh and St) associated with fluvial reworking of 
aeolian sands blown inside the cave during a period of marine low stand, that is the Last Glaciation, 
when the continental platform was exposed and dry down to -130 m (Lecca et al., 1998). Some thin 
layers of debris reveals sporadic rock falls while thin layers of clays indicate short episodes of 
standing water within the cave. Cave 3 is also one of the best places where it is possible to observe 
the wall furrows on which the chronological hypothesis of Carobene and Pasini (1982; FIG 30) was 
formulated. Cave 4 will be also shortly visited since it preserve a series of mussel borings at higher 
elevation than the MIS 5e notch. These evidence of an higher marine stand were preliminary 
associated to an older Interglacial by Carobene & Pasini (1982). 
 

 
Fig. 28- The six caves at Cala Luna and the marine terrace associated to the Su Cascheri Synthem 
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Fig. 29 - The sedimentary infilling of Cave 3 

 

 
Fig. 30 The wall furrows in the Cave 3 at Cala Luna (from Carobene & Pasini, 1982) 

 

During the trip we shall also visit Cave 1, that is almost sealed with sediments (Fig. 31). To the 
left there are slope waste deposits that generated a debris cone entering the cave. The debris become 
thinner to the north, that is far from the local slope, whereas wind-blown sands increase in 
thickness. However, large blocks coming from roof falls are found inside the aeolian sands. Of 
interest the occurrence of large speleothemes sealed by clastic sedimentation. They most probably 
originated on top of the beach gravels present at the bottom of the succession,and can be referred to 
a warm interval of the MIS 5 although this is difficult to establish because their base is always 
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completely buried. The caves and the pre-glacial morphologies were re-exumated by marine erosion 
during the Holocene.  

 
Fig. 31. The sedimentary infilling and the speleothems in Cave 1. 

 

Stop 2_3: S’Abba Meica 
(10 minutes to reach) 
Things to do and observe: Mid and Late Pleistocene marine deposits; Late Pleistocene alluvial fan 
(MIS 2), buried palaeosoil; lava flows. 
Things to discuss: Chronology of fluvial sedimentation and slope processes, marine processes 
Author and Leaders: M.Coltorti, P.Pieruccini 

 

S’Abba Meica is located few hundred meters to the south of the town of Cala Gonone. The marine 
erosion evidenced over 10 meters of alluvial fan deposits characterized by very flat horizontally 
layered angular and subangular gravels (Gh) with rare shallow channel fills (Gt) (Fig. 32A, B and 
C). The sequence rest on top of a buried and trunked palaeosoil made of an organo-mineral horizon 
with aridic features (carbonate nodules and veins). The parent material of the soil was an 
approximately 1 m thick layer of rounded to sub-angular basalt and quartz boulders and gravels 
with a sandy matrix that locally contains marine shells. The boulders unconformably lie over well 
sorted gravelly beach deposits (Bg). The quartz is not present in the bedrock of the local slopes and 
comes from the re-working of the underlying beach deposits attributed to the Nuraghe Casteddu 
Fm.  transported by long shore drifting. The Nuraghe Casteddu sediments were originally deposited 
at the mouth of the Cedrino river, some tens of kilometers to the north close to Orosei, that has most 
of its drainage basin modeled on quartz-rich basement rocks. The Nuraghe Casteddu Fm. was 
deposited previous and during the basalts emplacement because at Orosei, where is located the type 
sequence of this Formation, fluvial, beach and deltaic sediments are interlayered with lava flows 
(see Stop. 2_7). The basalts cover the Nuraghe Casteddu sequence also in Cala Gonone, as it is 
possible to observe ca. one hundred meters to the north of the section. During the deposition of the 
boulder and gravelly beach the basalts generated an active cliff (Fig. 32B and D) that was the source 
of the subangular basalt blocks.  A general view of the geomorpholpogical setting of the area 
(Fig32D) shows that the alluvial fan had a convex upward morphology and thin out to the north 
where also nowadays there is a marine cliff modeled on  the basalts.  

A radiocarbon date on the organic matter of the palaeosoil gave an age of ca 16 ka BC (Fig.32E) 
allowing to establish that the overlying sequence was deposited during MIS 2. Therefore a long 
hiatus separate the palaeosoil, from the end of the deposition of the gravelly beach. In fact, the 
boulder and gravelly beach can be attributed to an Interstadial of the MIS 5. The Nuraghe Casteddu 
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Fm possibly is Middle Pleistocene in age, despite the old K/Ar radiometric dating of the basalts that 
established for these a Mid Pliocene to Early Pleistocene age (Beccaluva et al., 1985). In any case it 
was not emplaced after the MIS 5, as suggested by Mariani et al. (2009), because the MIS 5 beach 
deposits, as previously explained, is made of basalt gravels and also contain large boulder  
originated from the retreat of the already existing basalt cliff. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 32. The succession at S’Abba Meica. 
 
Stop 2_4: Margheddie Cave  
(10 minutes to reach; this stop is scheduled in case the Bue Marino and Cala Luna cannot be 
visited) 
Things to do and observe: Early Late Pleistocene tidal notches and mussel boreholes (MIS 5e); 
aeolian deposits. Holocene tidal notch and marine processes;  
Things to discuss: Chronology of marine notches, Holocene sea level 
Author and leader: M.Coltorti 
 

To the north of Cala Gonone there is a rocky cliff where it is possible to observe the contact 
between the basalts and the Jurassic limestone. At ca 5-6 m a.s.l., at the contact between basalts and 
limestones, there are a series of small dissolution hollows. Mariani et al. (2009) interpreted these 
features as MIS 5 mussel boreholes and hypothesized that the deformation of the MIS 5e tidal notch 
observed along the Orosei Gulf can be associated with the batholite emplacement.  To the north, in 
the Margheddie cave area, it is possible to observe again the MIS 5e tidal notch (Fig. 33A). The 
notch and the cave are almost completely covered and filled with aeolian sediments with sets 
migrating landward (E1) (Fig. 33B). Inside the cave, mussel boreholes are found in the roof up to an 
elevation of ca. 14.5 m a.s.l.. These are the evidence that Carobene & Pasini (1982) tentatively 
attributed to an Interglacial older than the MIS 5e. At lower elevation, slightly to the north of the 
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cave, it is possible to observe a large wall furrows which flattens at ca. 1,5 m above the sea level, 
that possibly represents the evidence of a late MIS 5 modelling. Along the coast, from Cala Gonone 
to Margheddie, there is a present day tidal notch modelled over the rocky cliff and 1-2 m 
a.s.l.(Fig.33C).  We shall walk on the late MIS 5 marine erosional platform that have been re-
exhumed during the Holocene. Some scarce bioclastic conglomerates are the remains of the coeval 
deposition. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig33. The evidence for past sea level at Margheddie cave 
 

Stop 2_5: SACM Quarry:  
Things to do and observe: Late Pleistocene alluvial fan deposits (MIS 4-3-2); alluvial fan 
sedimentation, sinkholes with insular extint mammal fauna. 
Things to discuss: Sedimentology of alluvial fan. 
Author and Leaders: M.Coltorti and P.Pieruccini 
 

The SACM quarry is found at the feet of the Mt Bellavista, along the slope connecting the relief to 
the sandy beach that characterize the northern sector of the Orosei Gulf. The degradation of 
limestone slopes produced a large amount of debris that were reworked down-valley to generate a 
series of coalescent alluvial fan. The sedimentary characteristics are similar to that observed in 
S’Abba Meica, with horizontally laminated angular and sub-angular gravels (Gh) rarely alternating 
with very flat trough cross bedded gravels (Gt). In the middle part of the sequence a ca. 10 cm thick 
palaeosoil made of an organo-mineral horizon, that indicate a short period of stasis in sediment 
supply, gave an AMS conventional age of 29.400 +/- 170 BP that correspond to the end of MIS 3 

A 

B 

C 
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(Fig. 34). It also indicate that a major phase of slope degradation, almost at the sea level, occurred 
soon before and especially after this short environmental amelioration. The chronology of the 
dynamics of the area are completed in the sequence of Cuccuru è Lepore (VSN 45), on the distal 
part of the same alluvial fan few dozens of meters above sea level. In this sequence a buried soil not 
far from the top of the sequence gave a conventional age of 9610 +/- 50 BP yr. These data, together 
with the chronology of S’Abba Meica reveal that during the LGM the slope were degraded but there 
was a very minor fluviatile reworking of these debris. The down-valley remobilization of the debris 
into an alluvial fan system occurred with the end of the Last Glaciation until the very beginning of 
the Holocene climatic amelioration.  

The SACM quarry deposits locally exceed ten meters in thickness filling V-shaped paleovalleys or 
resting on a pediment directly modeled on the limestone bedrock.  The pedimentation process 
cancelled almost any evidence of the deeply leached palaeosoil that evolved during the Last 
Interglacial. The same processes also affects a series of older karst fissures and sinkholes that 
contains an extinct mammal fauna that could span a very long time record from Early to Late 
Pleistocene (Abbazzi et al., 2003). In fact, the fauna was collected out of a stratigraphic context and 
without chronological elements. Well dated deposits containing mammal fauna are almost absent in 
the Island. It has also to be taken into account that insular mammal fauna is very peculiar and 
species that become extinct elsewhere could survive. 

 

 

Fig. 34. The stratigraphy, facies and chronology of the succession of the SACM quarry. Down left the 
alluvial fan sediments unconformable over the Jurassic limestone affected by several karstic features. 
 

Stop 2_6. Scala è Crocca 
Things to do and observe: Early Late Pleistocene (MIS 5) or Holocene barrier beach deposits;  
Things to discuss: Chronology of the coastal deposits, Holocene sea level 
Author and Leader: M.Coltorti 

  

Scala é Croccas (Fig. 35C-B) is one of a series of beach ridges, 1 km inland from the present day 
coastline in the coastal plain, to the east of the Orosei town. The plain is originated by the sediments 
of the Cedrino River, one of the major rivers of the Island. Small elongated swamps and lagoon 
occupied the depressions between ridges. The beach ridges at the rear of the present-day sandy 
beach reach an elevation of ca. 4-5 m asl and this elevation, that was erroneously associated with a 
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sea level higher than nowadays, the beach ridges were attributed to the Last Interglacial (Servizio 
Geologico d’Italia, 1967). However a steep inactive marine cliff is found at the inner edge of the 
coastal plain (Fig. 35E) carved in the bedrock including the Nuraghi Casteddu Formation, (Bertoldi, 
1969; Dieni and Massari, 1973), intercalated and capped by basalt flows dated between 3.9 and 1.7 
Ma (Beccaluva et al., 1985). In our opinion, in the southern part of the coastal plain the marine cliff 
also cuts the distal part of the alluvial fan sediments observed at the SACM quarry and the Cuccuru 
é Lepore dated to the Last Glaciation and to the very beginning of the Holocene. However, in that 
sector the cliff is not so well expressed. 

The Scala é Croccas sequence is made of two outcrops, ca. 70 m apart from each other. At Scala é 
Crocca 1, the section closer to the sea, the top of the sequence is made of Bg, very rich in shell 
fragments. It covers brownish massive silty sands and greenish clays (Lo) interbedded with 
horizontally laminated sands and gravels (Bs). The sediments testify an upper shore-face 
environment interlayered with lagoonal mud and wash-over deposits. 

Scala é Crocca 2 is made of sands and gravels with abundant fragments of molluscs (Bg) 
deposited in the upper shore-face. The different LAs in the two outcrops are indicative of changes 
occurring in a barrier beach system of a single synthems. 

 
Fig. 35. Location, stratigraphy and chronology of Scala é Crocca site 

An OSL dating on the sandy sediments gave an age of  > 65 ka (quartz) and 86 ± 7 ka (K-feldpsar) 
(Thiel et al., 2010) apparently confirming the attribution to the MIS 5 made in the past. However, 
Coltorti et al. (2010) based on the fresheness of the geomorphology, the absence of Interglacial 
paleosoils, and the stratigraphic relationship between the alluvial fans of the SACM quarry  and the 
coastal plain deposits of Scala é Crocca rejected this attribution indicating an Holocene age.  In fact, 
in every site where real Last Interglacial coastal deposits are found they are buried under the 
alluvial fan, dunes or debris of the Last Glaciation.  
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Stop 2_7  S. Maria ‘e Mare e Matta Su Turco 
Things to do and observe: Early Middle Pleistocene (pre MIS 5) Nuraghe Casteddu Fm, Matta su 
Turcu, deltaic sediments,  basalt flow, marine terrace 
Things to discuss: Chronology of the Early-Mid Pleistocene deposits and coastal evolution 
Author and leader: M.Coltorti 

 

Santa Maria ‘e Mare is located along the northern side of the coastal plain of the Cedrino river, 
few kilometres to the north of Orosei. Along the road it is possible to observe a series of large scale 
trough cross bedded gravels (Bg). The set generate a clear large hummocky cross bedding structure 
typical of the submerged part of the beach in a coarse deltaic environment. These sediments belong 
to the Nuraghe Casteddu Fm and a stratigraphic scheme of the relationship between the different 
Synthems (Unconformity Bounded Stratigraphic Units) is reported below (Fig. 36). In this outcrop 
these sediments are buried under a basalt flow few metres in thickness along the road but moving 
eastward the basalts are thicker because they bury a marine paleo-cliff as occurs slightly to the 
south near the Osalla bay (Fig.37). The beach deposits moving inland show a transition to fluviative 
environment. Few kilometres inland there is also an outcrop of Middle Pliocene marine deposits up 
to an elevation of ca. 50 metres. The upper surface is an erosional surface and do not correspond to 
the original elevation reached by the marine Pliocene deposits. It is one of the three Pliocene marine 
deposits found along the shores of Sardinia revealing, anyway, that also this part of the Island is not 
stable. Slightly to the north, at approximately 20-22 meters asl we shall shortly visit the Matta Su 
Turco Synthem, a marine terrace made of very well sorted weathered quartz gravels that testify to a 
post-basalts phase of marine high stand older than the MIS 5 along the cost (Fig. 38).  

 
Fig. 36- Sedimentological characteristics of the Nuraghe Casteddu Fm. 

 
Fig. 37 Stratigraphic relationships to the north of Osalla beach. 
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Fig. 38. The marine terrace with associated Matta su Turco synthem 
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3RD DAY – THE CAMPIDANO BASIN AND THE CAGLIARI  GULF  
MIS 5 SEA LEVEL AND LATE PLEISTOCENE-HOLOCENE SEDIMENTATION  

 

 
 

Introduction 
The Campidano is a tectonic basin oriented NNW-SSE that spit in two the southern part of the 

Island.  It is a synform basin lately dissected by normal faults (Cherchi & Montarder, 1982; 
Carmignani et al., 2001; Casula et al., 2001). The metamorphic bedrock that crop out to the south, 
in the Sulcis-Iglesiente and to the north (Sarrabus-Sarcidano) is found at over 3000 metres in the 
centre of the basin (Fig. 39). The recent movements of the basin are testified by the finding of many 
hundreds metres of marine Pliocene deposits at depth, locally buried under basalts attributed to the 
Middle Pliocene –Early Pleistocene (Beccaluva et al., 1985).  Recent tectonic mobility of some 
border faults have also been pointed out by Cherchi et al., (1978a; 1978b).  The central part of the 
basin is filled with coarse alluvial plain deposits that are fed by alluvial fan sometimes many 
kilomters in size. Along the border of the basin, at higher elevation, there are remains of huge 
alluvial fan deposits that are nowadays dissected and terraced. Four order of terraced deposits have 
been recognised by Seuffert (1970) following the fourfold division of the Pleistocene by Penk and 
Bruckner’s Alpine model. However, only two synthems, Late Pleistocene and Holocene in age, 
have been recognised during the recent works for the Geological Map of Italy at 1:50.000 scale 
(APAT, 2005; Coltorti et al., 2007; 2010).  The occurrence of large alluvial fans testify to the arid 
and semiarid conditions that affected the area during the Last Glaciation. The fluvial sedimentation 
continued down to the continental escarpment margin where, below the ravinement surface 
generated during the Holocene transgression clinostratified seaward units are clearly recognizable 
(Lecca et al., 1998)(Fig 40). A clear low stand system has been recognized over a major step that 
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affect the continental escarpment at at ca. – 110 m (Fig 41). The setting of the continental platform 
has important consequences for the discussion of the various stop of the day and especially for the 
chronology of the beach deposits that face the Gulf. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.39  Cross section of the Campidano basin (from Casula et al., 2001 
 

 
Fig. 40 The continental platform and escarpment of the Cagliari Gulf (da Lecca et al., 1998) 

 

 
Fig. 41  The continental margin of the Cagliari Gulf. Below a plain of marine erosion and relative 
ravinement surface generated during the Holocene transgression at ca - 60-70 bsl, are a seaward 
prograding units. A major step mark the position of the maximum low stand at ca – 110 m bsl. (from Lecca et 
al., 1998). 
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Stop 3_1 The Samassi alluvial fans 
Things to do and observe: Late Pleistocene alluvial fan deposit and chronology 
Things to discuss: Geomorphology and geo-chronology of the Late Pleistocene deposits in the 
Campidano depression  
Author and leader: M.Coltorti    
 

Samassi is a small village located in the middle of the Campidano tectonic basin (Fig.42).  The area 
is characterized by a series of alluvial fans. Active or semi-active alluvial fans and alluvial plain are 
found on the valley floor occasionally affected by extraordinary floods,. The side of the valley is 
characterized by terraced coalescent alluvial fans alimented by the streams that rise from the 
borders of the basin where they cut basement rocks.  

 
Fig. 42. The Villacidro geological map, located in the central part of the Campidano, shows in light blue 

Holocene alluvial fans and alluvial plains. The terraced Late Pleistocene alluvial fans are reported in 
yellow. The other colours represent the bedrock of the side of the Campidano. Location of the  Samassi 
village and sketch of fig. 35 at the edge of the remains of the alluvial fan terraces 

 

The apical part of the alluvial fans is made by horizontal, trough cross bedded or massive sub-
rounded and sub-angular gravels and boulders (Gh, Gt or Gms of Miall, 1996) sometimes filling 
small channels. Lenses of horizontal or trough cross bedded sands (Sh, St) are also found. In the 
middle part of the fan planar cross bedded gravels (Gm) and sands (Sp) indicates a more important 
lateral mobility of the original channels. The coalescent alluvial fans had a braided style channels 
also many meters deep in the apical part that was also affected by debris flow events. Shallow 
channels are observed in the middle distal part of the fan where sheet flood sediments are more 
common. It corresponds to the architectural model 1 and 2 of Miall, 1985; 1996). Locally a higher 
frequency of planar cross bedded sediments (Gp and Sp) in the upper part of the sequence suggests 
a decrease of sediment supply and a more important lateral migration (mod.4 of Miall, 1985; 1996) 
possibly corresponding to a relative climatic amelioration. In the upper part of the alluvial deposits 
deeply truncated Luvisols and Alfisols have been observed in places revealing that the beginning of 
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the Holocene were long enough to generate thick reddish Bt horizons.  The base of the sequence, 
that locally exceed 10 m in thickness, is usually flat and suggest a widespread modelling of 
pediments before the general aggradation that generated the coalescent alluvial fan (bajada). Very 
impressive pediments have been observed in few quarries at the border of the Campidano as well as 
in the nearby Cixerri basin. At the base of a 10 m deep borehole drilled slightly to the south of the 
Samassi town, a series of organic rich sediments have been found below the gravels.  An age of  
34,900 +890/-800 BP (KIA-24070 Lab. Kiel, 2004) (Fig. 43) has been obtained testifying a period 
of reduced sediment supply and an anastomosing architectural model of the plain during MIS 3.  An 
age of ca 9 ka BP has been obtained from continental shells found inside a channel filled with very 
coarse gravels and boulders (Gt) at the top of the alluvial fan sequence in the apical part of the 
sequence. The deposits belong to the Porto Vesme Synthem and in particolar to the Porto Scuso 
sub-synthem that embrace the cold stage of the Last glaciation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 43. Location of the dated succession. The Holocene deposits in yellow represent the Holocene inactive 
alluvial plain. The active alluvial plain is indicated in pale  blue while the Late Pleistocene terraced alluvial 
fan deposits are indicated in blue  
 

Stop 3_2  Sedda Is Ammostus alluvial fans 
Things to do and observe: Late Pleistocene alluvial fan deposit and chronology 
Things to discuss: Geomorphology and geo-chronology of the Late Pleistocene deposits in the 
Campidano depression 
Author and leader: M.Coltorti 
 

The hinterland of the Cagliari Gulf is characterized by the same synthems observed in Samassi. 
However, the Late Pleistocene alluvial fan surface is much more dissected, probably due to the 
vicinity of the base level (see cross section in Fig. 44). The dissection have been driven by the net 
of fracture and faults that are mostly oriented parallel to the axe of the Campidano. The interest of 
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this outcrop is due to the relationships with the underlying Holocene alluvial valleys that drain 
toward the Gulf, the western one being dammed by a series of beach ridges, the most discussed of 
which, Is Arenas, will be visited during the next stop.  The town of Quartu S.Elena, is frequently 
flooded during major storms. Part of the town lie over the inner beach ridges that is located at the 
same elevation of the alluvial plain. 

The Sedda Is Ammostus section (Fig. 44) is mostly made by ca. 5 metres of very flat trough cross 
bedded sub-angular and sub-rounded sands and gravels. Unfortunately no organic material suitable 
for a radiometric dating has been discovered in the section and the attribution is due to the morpho-
stratigraphic setting similar to the other fan that have been mapped in the Geological Sheet of the 
area. To the east we can observe the valley of the Riu (stream) Corongiu that dissect the basement 
rocks of the Sarrabus Highland. This stream generated an Holocene alluvial fan and related fan 
delta and was responsible for the westward longshore drifting of sediments that constitute the beach 
ridge where quartz sands and gravels are dominant. In fact to the west the valleys are cut in marls, 
marly limestones and limestone rocks. The main sedimentological characteristics of the section 
studied in the area (Fig. 45) are also reported with the available radiometric dating (APAT, 2005). 
After the main aggradation that occurred during MIS 2, as pointed out in the Samassi Section, a 
series of telescopic alluvial fan deposits were emplaced during the end of the Last Glaciation. Their 
upper depositional surface is slightly lower than the depositional surface of Sedda Is Amostus but 
most of them they continued to be active during the Mid Holocene as demonstrated by rolled pieces 
of pottery found inside the uppermost gravels. Therefore, in some valleys, an important phase of 
incision occurred also after the Neolithic. Note that the valley filling has been attributed to the 
Holocene when there are chronological elements (rolled piece of pottery or radiometric dating). 
However, the deeper part of the sequence could belong to the Late Pleistocene. 

 

Fig.44 Stratigraphic setting of the various units in the Cagliari Gulf: LP, terraced Late Pleistocene alluvial 
fan deposits; EHc, Early Holocene alluvial fan deposits; LHc, Late Holocene alluvial plain deposits; LHm, 
Mid and Late Holocene beach ridges; The location of stops 2, 3, 4 and 5 are also reported (Coltorti et al., 
2007) . 
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Fig.45  The main section of the Cagliari Geological Sheet (ISPRA, 2005 ) subdivided according to their age 
(Late Pleistocene alluvial deposits: light yellow; Late Pleistocene marine deposits: deep yellow; Holocene 
alluvial deposits: light blue; Holocene beach ridge: green. 
 
Stop 3_3 Cala Mosca: type section of the Tyrrhenian MIS 5 high stand  
Things to do and observe: Tyrrhenian type Section, mussel borings, Late Pleistocene aeolian and 
colluvial deposits  
Things to discuss:  elevation of the MIS 5 sea level, tectonics of the Campidano 
Author and Leader: M.Coltorti 

 

Cala Mosca-Is Mesas, a bay at Capo Santa Elia, to the east of the town of Cagliari, is the type 
section of the Tyrrhenian stage, the high standing marine stage which preceded the Holocene (Issel, 
1914; Vardabasso, 1956; Maxia et alii, 1970; Ozer et alii, 1980; Ulzega et alii, 1982; Ulzega & 
Hearthy, 1986). It is equivalent to the MIS 5, because chronological elements to exactly pinpoint 
the MIS 5e are absent. Nowadays it corresponds to the Cala Mosca sub-synthem, the lower 
unconformity bounded stratigraphic unit of the Porto Vesme Synthem (Late Pleistocene; APAT, 
2005). 

The lower layer of the sequence (Fig. 46), attributed to the Tyrrhenian stage, is made of bioclastic 
sands and gravels (Bg and Bs)  resting directly on an abrasion platform that cut Miocene 
limestones. Here, the gastropod Strombus bubonius, which is considered the major indicator of MIS 
5e was found.  The paleontological content  have been investigated in detail (Spano, 1980). The 
beach layer is covered by more than 4 metres of debris (D) and aeolian deposits (E1) sometimes 
colluviated and mixed together.  At the southern edge of the small bay on the wall of a small cave 
almost completely filled with colluvial and aeolian deposits there are mussel borings up to an 
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elevation of 3.8 metres. To the north the gravelly beach deposits are more than 1,5 m thick and are 
again buried under aeolian sediments. An U/Th dating on Cladocora found in Cala Mosca gave 
122,11+5,3/-5,01 ka (EM-216-6375) but, although it is in quite good agreement with the expected 
age, the low isotopic 230Th/232Thratio suggests contamination.  A date of 138 ± 8 ka was obtained 
in the same outcrop and method but the analysed sample had a percentage of calcite exceeding 9% 
(Ulzega & Hearthy, 1986; Hearthy et alii,1986). The problems of U/Th datings are well known and 
it is usually recommended that samples with calcite exceeding 5% are discharged (Kaufmann, 1986; 
Radkte, 1986). However, it is extremely important to know the percentage of the other isotopes. 
The previous authors recommend rejecting the samples where together with the 230Th/234U ratio, 
the 230Th/238U ratio was not measured.  

Belluomini et al. (1986) utilising the isoleucine epimerization, reported an age of over 250 ka for 
this deposit suggesting, however, that the analysed sample is an alloctonous clast coming from older 
deposits that are no longer preserved. Another attempt with the isoleucine method was made by 
Hearty et al. (1986) that utilises the ratio between Arca/Glicimeris, because they claimed that using 
a single mollusc species the results are unreliable. They claims that for the Last Interglacial shells 
the expected ratio should be close to 1,31. Unfortunately, even the few values they reported 
(possibly related to a mean value) demonstrate that this ratio is far from being realised. In fact, at 
Cala Mosca the ratio of Arca/Glycymeris varies between 1,37 in the lower part to 0,86 at the top. 
However, this method is rarely applicable because the decaying ratio varies with the temperature 
that should remain constant to give reliable results. Nowadays, although some researchers have 
been pointed out to improve the method the old dates are considered unreliable (McCarroll, 2002; 
Walker, 2005). In the section, the marine abrasion platform at the base of the beach deposits 
represent the elevation of the sea during an unidentified stage of the MIS 5. The MIS 5e is possibly 
represented by the mussel borings that reach 3.8 m asl.  

There is a clear difference between the elevation of this level in the Orosei Gulf, where the beach 
notch was located between 8 and 11.5 metres, and the Cagliari Gulf suggesting a discrete mobility 
in the last 100 years of the Island. 

 
 
 
 
 
 
 
 
 

Fig. 46. The type section of the 
Tyrrhenian stage at Cala Mosca-Is 
Mesas. Bioclastic gravels and sands 
containing Strombus bubonius and 
other warm fauna are found above a 
marine abrasion platform covered by 
over 4 m of debris, aeolian and 
colluvial deposits. 

 



INQUA SEQS 2012 MEETING 

AT THE EDGE OF THE SEA: SEDIMENTS, GEOMORPHOLOGY, TECTONICS, AND STRATIGRAPHY IN QUATERNARY STUDIES. 

Fieldtrip 28-30th, September 2012 Sassari, Sardinia, (Italy) 

48 
 

Stop 3_4: Is Arenas 
Things to do and observe: debated beach ridge sediments (Holocene ? Early Late Pleistocene ?) 
Things to discuss:  elevation of the MIS 5 sea level, tectonics of the Campidano 
Author and Leader: M.Coltorti 

 

Is Arenas is a beach ridge located inland from the Quartu Gulf,  a secondary gulf to the east of the 
S.Elia promontory that host Cala Mosca (Fig. 45).  The Is Arenas gravelly and sandy beach ridge 
separate the Quartu from the Molentargius lagoon, in the past mostly used for salt extraction and 
nowadays also hosting the “Natural Park Molentargius-Saline”.  The site is located at the mouth of 
minor valleys draining directly to the sea. Bedrock is made of Late Miocene sandstones and marls 
unconformable overlain by massive limestones. Many sequences have been investigated in the area 
(Coltorti et al., 2010; Thiel et al., 2010): a) in abandoned quarries;  b) along the sides of two major 
artificial excavations cutting the deposits normal and parallel to the coastline; c) along a trench 
excavated for the building of water-depurator close to the Molentargius swamp. 

Even laminated quartz sands and gravels (Bg) dipping seaward are the most represented 
lithofacies (Fig. 47). They alternate with landward dipping sediments (Bs). These two major 
lithofacies are associated with the emerged beach and with washover deposits. Locally it has been 
possible to observe these facies crossing at oblique angle to the coastline and testifying the 
westward migration of the original spit inside the low energy bay environment before the growth of 
the beach ridge. The quartz and metamorphic composition of the gravels testify to a long-shore 
drifting to the SW. In the Water Depurator log, Bs is made of medium to fine sands although stone 
lines and local thin lenses of fine gravels are present. At a depth of ca 9 metres below the surface 
(ca. 4 m below sea level), they rest abruptly over more than 40 cm of black massive organic mud 
rich in lagoonal molluscs (Lo). The abrupt contact between Bs and Lo can be explained by a rapid 
lateral facies migration. The chronostratigraphic position of the Is Arenas sequence is the subject of 
a strong debate.  The sedimentary record was attributed to the Tyrrhenian high stand due to the 
elevation (ca 5 m asl) of the beach sediments (Ozer et al., 1980; Ulzega and Hearty, 1986; Hearty et 
al., 1986; Orrù et al., 2004; 2010; Antonioli, 2007). Issel (1913) never mentioned the occurrence of 
Strombus bubonius at Is Arenas but this was firstly described by Ulzega and Hearty (1986) without 
a clear location of the findings. Isoleucine epimerisation dating (Ulzega & Hearty, 1986; Hearty, 
1986; Hearty et al., 1986) associated the Is Arenas beach sediments to the Last Interglacial whereas 
Belluomini et al. (1986) reported younger numerical ages than that obtained at Cala Mosca.  

Recently the Is Arenas deposits have been attributed to the Holocene (APAT, 2005; Coltorti et al., 
2007; 2010) because: 1,  in the other Tyrrhenian deposits of the Gulf the sequence is thinner and is 
covered by a thick sequence of aeolian and colluvial deposits that are missing at Is Arenas; 2, Late 
Pleistocene terraced alluvial fan deposits (APAT, 2005) are found on the watershed and therefore 
the beach ridge is younger from a morpho-stratigraphic point of view; 3, absence of well developed 
soil horizons on top of the Is Arenas beach ridge, whereas at other Late Pleistocene sites in Sardinia 
thick soil cover has been found (Coltorti et al, 2007); 4, the beach ridge dams the present day 
valley, a geomorphological situation not expected for marine deposits older than Holocene. 
Moreover, the ca 5 meters of elevation of the top of the beach ridge is not associated with the mean 
sea level but with the extraordinary storms. In fact, beach ridges up to 12 m in elevation have been 
described in literature. 

A series of contrasting results have been obtained using different methods. The most reliable in 
our opinion is a 14C dating of organic mud at ca 9 m depth, in the Depurator sequence that gave 195 



INQUA SEQS 2012 MEETING 

AT THE EDGE OF THE SEA: SEDIMENTS, GEOMORPHOLOGY, TECTONICS, AND STRATIGRAPHY IN QUATERNARY STUDIES. 

Fieldtrip 28-30th, September 2012 Sassari, Sardinia, (Italy) 

49 
 

cal. BC - 75 cal. AD.  A previous AMS dating of the marine shells at the Botanical Garden gave an 

age of 26.740 ± 360 BP (Beta-138676; Coltorti et al., 2007) that is clearly unreliable. However, also 
OSL and ESR resulted in ages older than 70 ka that would fit with an attribution to the Last 
Interglacial (Thiel et al., 2010; Orrù et al., 2011).  The chronological setting of the different beach 
ridges according to an alternative interpretation (Orrù et al., 2011) is reported in Fig.48. 

 

Fig.  47  Stratigraphy and facies association in different sections of the Is Arenas area (from Coltorti et al., 
2010) 

 
Fig. 48 The different stratigraphic units according to Orrù et al. (2011). 
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Stop 3_5: Sa Illetta 
Things to do and observe: debated beach ridge sediments (Holocene ? Early Late Pleistocene ?) 
Things to discuss:  Holocene fluvial and marine dynamics 
Author and leader: M.Coltorti 
 

Sa Illetta is part of the beach ridge that split in two the S.Gilla lagoon, to the rear of the La Playa 
beach, the present-day sandy beach that border the main branch Cagliari Gulf. Apart for being much 
smaller the morphostratigraphic setting is similar to that of Is Arenas. The sequence is made of  

even laminated calcarenites with intercalated gravels and sandswith sets either dipping seaward 
and landward (Bg, Bs). Locally there are also, Cladocora coespitosa corals in growing position and 
sandy silts sands with abundant carbonate concretions along ancient roots of bushes growing at the 
border of the lagoon. Mollusc fauna is typical of coastal and lagoon environments. The elevation of 

the deposits do not exceed 1.50 m. asl. At Sa Illetta, a sample of shell was dated at 40.420 ± 1.120 

BP (AMS, Beta-138680; Conv.R.A. 40.830 ± 1180 BP) while the whole rock gave 18.880 ± 50 BP 

(AMS, Beta-138675; Conv.R.A. 19.180 ± 1180 BP). ULZEGA &  HEARTHY (1986) obtained an U/Th 

dating of  Cladocora of 149 ± 10 ka. Unfortunately, the stratigraphic details, the percentage of 
calcite and the various isotopic ratios are unknown.  

The attribution of Sa Illetta to the Tyrrhenian was made according to the believe, in vogue up to 
the 80thies that the sedimentary dynamics at sea level were governed by eustatic processes. This 
means that deposition occurs when there is a marine high-stand and during low stand erosion and 
dissection prevails. This model was still proposed by Orrù et al. (2004; 2011) after the drilling of a 
borehole down to a depth of ca 40 m in the middle of the channel that separate the lagoon from the 
open sea. The borehole crossed bioclastic organic muds, silts and sands deposited in a lagoon or a 
protected bay The dated samples gave ages almost progressively older down to 9630 ± 80 cal BP 
that almost correspond to the base of the presumed channel. Therefore, there would be no or very 
little sedimentation in the Late Pleistocene below these sediments. The existence of the channel and 
an erosive boundary with the lateral deposits was claimed after the interpretation of shallow seismic 
profiles.  

 

 
 
 
 
Fig. 49. A cross 
section of the inlet 
that separates the 
S.Gilla lagoon from 
the open sea with the 
sedimentary facies 
and chronological 
attribution (from Orrù 
et al., 2004). In yellow 
are indicated the 
deposits containing 
Cladocora caespitosa 
of Sa Illetta and 
attributed to the MIS 5 
Interglacial.  
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Fig. 50  A cross section normal to the coastline with the interpretation of the different lithofacies and 
their suggested chronology (from Orrù et al., 2004). 

 
 Fig. 51 Shallow seismic profiles reported in Orrù et al. (2004) and their interpretation (middle) that led the 
authors to propose the model reported in Figgs.  49 and 50). Blow is the interpretation of the same profile by 
Coltorti et al. (2007) 
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Coltorti et al. (2007) rejected this interpretation, claiming that the supposed erosional 
boundary is a disturbed signal of the sonar, and reported a lateral facies variation between the 
sediments in the channel and the nearby one, including the Sa Illetta beach ridge. Note the 
existence of another buried ridge to the NNW of the channel. Therefore the supposed 
Holocene channel is a record of the Holocene bay sedimentation before the generation of the 
Sa Illetta Beach ridge, that is a late event in the sedimentological history of the bay. On the 
other hands, a series of more or less parallel beach ridges at the mouth of the major rivers is a 
common occurrence in Italy (Coltorti, 1997; Amorosi & Milli, 2001; Bellotti, 2000; Pranzini, 
2001).  
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