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ABSTRACT: Geological and geomorphological studies, within the framework of the Geomorphological Sheet “Isola d’El-
ba” (1:50,000, ISPRA-Servizio Geologico d’Italia) have been implemented by sedimentological, geochronological and biostrati-
graphical (foraminifers, malacofauna, and palynology) analyses on sedimentary cores retrieved during four continuous mechanical 
drillings near the Marina di Campo village. Drill cores (S1-S4), up to 23-25 m deep, in sedimentary deposits referable to the last 
glacio-eustatic cycle allowed the reconstruction of the paleoenvironmental history of the southern sector of the Elba Island, since 
the Last Glacial Maximum (LGM). 
A significant fall in sea level (Lowstand Systems Tract - LST) determines the complete emergence and incision of the Tuscan 
continental shelf, including the sector in front of Marina di Campo, during the LGM. Thick fluvial sediments, mainly consisting of 
gravel, sand and silt alternations filled the river incisions. During the subsequent transgressive phase (Transgressive Systems 
Tract - TST), there was a progressive reduction of fluvial sedimentation and coastline retreat. Starting from about 7,000 cal. yr BP 
a shallow marine environment extended in the eastern sector of the Marina di Campo plain (S2 at about -10.60 m a.s.l.). Meanwhi-
le, in the innermost portion of the plain dark gray organic clays and silts accumulated in brackish lagoons (S3). In both sector, 
continental deposits that interrupt marine and lagoon sedimentation, attest a brief regressive episode between ~6,600 and 5,800 
cal. yr BP. Immediately after the regressive episode, the sedimentation of sand, sandy silt and biocalcarenites occurs in a relative-
ly deeper sea (S2, between -8.41 and -3.91 m a.s.l.). In the innermost areas, however, organic clays and silts continue to accumu-
late in lagoons, whereas in upper areas fluvial sedimentation dominates. With the start of the sea level highstand phase 
(Highstand Systems Tract - HST), around 6,000 cal. yr BP, the ongoing progradation of the barrier-lagoon system determines a 
regression of the coastline and the eastward extension of brackish lagoons. With the definitive closure of the communication with 
the open sea, between ca1,500 and 1,300-1,200 cal. yr BP, the Marina di Campo lagoons were progressively transformed into 
freshwater coastal ponds. In the areas surrounding the ancient coastal ponds, river sedimentation persisted until today as attested 
by the current floodplain.  
 
Keywords: coastal wetlands, geomorphological survey, stratigraphic cores, 14C dating, micropaleontology, palynology, Holocene, 
Italy. 
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1. INTRODUCTION 
 

Coastal plains, especially the Mediterranean ones, 
include a variety of sedimentary archives which allow 
documenting the main Quaternary environmental and 
climatic changes by the use of several geo-chemical 
and biotic proxies. Many works have been carried out in 
the coastal plains of Corsica (e.g. Currás et al., 2017; 
Forzoni et al., 2015), Sardinia (e.g. Melis et al., 2017, 
2018; Pascucci et al., 2018) and Italian mainland 
(Aguzzi et al., 2005; 2007; Amorosi et al., 2008; 2009; 
2012; 2013; Bini et al., 2010; 2018). These areas have 
been the field of investigation for geomorphologists, 
Quaternary geologists and archeologists that aimed to 

reconstruct both fluvial and coastal environments. Such 
multiproxy studies document the prevalent effects of the 
glacio-eustatic oscillations of the sea level induced by 
climatic changes, often expressed by an alternation of 
erosive and depositional phases (e.g. Zaitlin et al., 1994; 
Blum & Törnqvist, 2000). In this context, systems tracts 
(lowstand, transgressive and highstand systems tracts) 
of the high-frequency sequences exhibit a high probabil-
ity of conservation (Posamentier et al., 1988; Milli et al., 
2016 and reference therein). Within the different sys-
tems tracts, important changes are frequent in both the 
channel and stacking patterns of river deposits. 

In the last millennia, the stratigraphic architecture 
of the coastal depositional sequences has been greatly 
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modified also by anthropic activity (e.g. Brückner et al., 
2005; Bellotti et al., 2016; Currás et al., 2017; Di Rita et 
al., 2018 and references therein; Melis et al., 2018; Pas-
cucci et al., 2018; Sadori, 2018). The assessment of 
both the human impact and the possible future effects of 
the global climate change is indispensable for the 
preservation of coastal areas and ecosystems, which 
represent important sites of biodiversity, biological 
productivity, and ecosystem services (e.g. to remove 
and manage sediments, nutrients, and contaminants 
from inflowing rivers).  

In this context the researches on late Quaternary 
sedimentary successions of the Elba Island (EI) provide 
an opportunity to produce new evidence and datasets 
for a key area of the Mediterranean region.  EI is situat-
ed in the Northern Tyrrhenian Sea between the Corsica 
Island to the west and the Italian mainland to the east. It 
is the largest island of the Tuscan Archipelago 
(Mediterranean Sea) and the third largest island of the 
Italian Peninsula with a surface area of 224 km2. Geo-
logical literature on EI principally concerns the well ex-
posed pre-Quaternary deposits (Principi et al., 2015a, b 
and references therein). Indeed, a few works have fo-
cused on the EI Late Pleistocene to Holocene coastal 
deposits. The more recent field surveys on the main 
coastal plains of the EI (Geomorphological Sheet “Isola 
d’Elba” at 1:50,000 scale; ISPRA-Servizio Geologico 
d’Italia, 2018; D’Orefice & Graciotti, 2018) provided a 
unique opportunity to document the late Quaternary 
sedimentary successions by the recovering of several 
continuous cores in its northern-central and southern-
central sectors (D’Orefice et al., 2011) (Fig. 1a, b). In 
our investigation, field data were significantly integrated 
by sedimentological, geochronological and biostrati-
graphical (invertebrate microfossils and palynomorphs) 
studies in order to reconstruct, for the first time, the 
main late Quaternary paleoenvironmental changes, in 
the Elba area, and to correlate them to those acting at 
regional and global scales. 

 
 

2. GEOLOGICAL AND GEOMORPHOLOGICAL SET-
TING  

 
EI (Fig. 1a) represents the westernmost part of the 

North-Apennine orogenic belt. EI formed by a complex 
stack of tectonic nappes (Bortolotti et al., 2015; Principi 
et al., 2015a, b), which sediments refer to Paleozoic 
(Variscan orogenesis) to Oligocene formations, belong-
ing to both Ligurian and Tuscan domains (Bortolotti et 
al., 2015; Principi et al., 2015a, b). Such deposits under-
went polyphasic compressive deformations from Late 
Cretaceous to Middle Miocene (Bortolotti et al., 2015; 
Principi et al., 2015a, b). The post-orogenic extensive 
phase characterized by low- and high-angle faults de-
veloped during an intense magmatic activity. The latter 
drove the rise of the Monte Capanne monzogranitic 
pluton in the western part of the EI (~6.9 Ma; Dini et al., 
2002), and later the less extensive Porto Azzurro pluton 
in the Eastern EI (~5.9 Ma; Saupé et al., 1982; Maineri 
et al., 2003). The location of the intrusive masses pro-
moted the thermo-metamorphism of the enclosing 
rocks, the topographic uplift of the area and the very last 
horizontal displacements within the tectonic pile. The 

predominantly eastward movements caused the anoma-
lous overlap of the previously embricated tectonic units 
(Bortolotti et al., 2015; Principi et al., 2015a, b). During 
the latest Miocene - early Pliocene tectonic events high-
angle N-S trending normal faults activated especially in 
the eastern part of the island (Bortolotti et al., 2015; 
Principi et al., 2015a, b). 

The Quaternary sedimentary history of EI was 
strictly controlled by the glacio-eustatic sea level chang-
es, induced by climatic cyclicities, especially during the 
last glacial-interglacial cycle when a global sea level 
drop is recorded (e.g. Waelbroek et al., 2002; Siddal et 
al., 2003; Lambeck et al., 2011). 

During the Last Interglacial highstand in corre-
spondence of the Marine Isotope Stage (MIS) 5.5 (at 
~125 kyr BP) the sea level rises of 7 ±2 m a.s.l., in the 
Italian coast (Ferranti et al., 2006, 2010; Antonioli et al., 
2009a, b). During the Last Glacial Maximum (LGM, up-
per MIS 3 and MIS 2), about 30-19 cal. kyr BP 
(Lambeck & Purcel, 2004; Clark et al. 2009), and in par-
ticular at its end, the sea level is about 120–130 m lower 
than today in the Mediterranean Sea (Fig. 1c). After an 
initial slow rise (about 5 mm/yr), between 19 and 16 cal. 
kyr BP, sea level rises rapidly (on average 15 mm/yr) up 
to about 9 cal. kyr BP (Lamberck et al., 2002; 2014), and 
then progressively decreases as documented in the 
whole Mediterranean area (e.g. Boyer et al., 2005; Lam-
berck et al., 2011). From 6 cal. kyr BP the sea level de-
creases less than 1 mm/yr, approaching a relatively 
stable position (Lamberck et al., 2011; Vacchi et al., 
2018). 

From the geomorphological point of view the 
coastal morphogenetic processes are the most evident 
ones in the EI; however, due to the frequent high relief, 
fluvio-denudational and gravitational processes are both 
well developed. The coastal cliffs, 10 to more than 100 
m high, are the most common coastal landforms. They 
surround most of the island and are subject to continu-
ous retreat due to the wave erosion. Sandy and gravelly 
beaches are rather common and each one can be quite 
long, such as the Magazzini-Schiopparello (~2.0 km), 
Marina di Campo (~1.5 km), Procchio and Lacona (~1 
km) beaches (Fig. 1a, b). In these localities, the back-
shore commonly hosts Holocene foredune systems 
(D’Orefice & Graciotti, 2018), fixed in place by vegeta-
tion and recently intensely anthropized. At the rear of the 
dunes system, coastal lagoons were sometimes present 
in the Holocene, with an extension of about 1 km on-
land (e.g. the tract of Mola-Capoliveri; Fig. 1a) (Bortolotti 
et al., 2015; Principi et al., 2015a, b; D’Orefice & Gra-
ciotti, 2018). More ancient systems of coastal dunes 
(bioclastic quartz-arenites) outcrop in several sites along 
the coasts of the eastern-central EI (Fig. 2a). These 
deposits formed during lowstand sea level which were 
related to the cold MIS 4 and MIS 2 (D’Orefice et al., 
2007; D’Orefice & Graciotti, 2008). Fluvio-denudational 
landforms are predominantly erosional, as in the case of 
valleys, small valleys, gullies, gorges, sheet erosion 
landforms, ridges and, to a lesser extent constructional 
landforms which include the gently seawards-dipping 
alluvial and coastal plains in the eastern-central EI 
(Magazzini, Schioparello, San Giovanni, Fosso della 
Valdana-Mola, San Martino, Lacona, Campo nell’Elba, 



   

 

 
 

7 

 
 
Latest Pleistocene to Holocene environmental changes in southern Elba Island  (Italy) 

Porto Azzurro; Fig. 1a). Foothill zones, where strips of 
colluvial deposits put in connection the reliefs with the 
low lying alluvial plains, are also widespread. Landforms 
due to gravitational processes along slopes are ex-

pressed by degradation scarps, rockfalls, rotational land-
slides and, less frequently, flow landslides. The Monte 
Capanne (Fig. 1a) slopes are frequently covered by 
debris deposits (D’Orefice & Graciotti, 2018).  

Fig. 1 - a) Geographical location of the Elba island and the six boreholes (S1÷S6) drilled by ISPRA in the frame of the Geomorphological 
Sheet “Isola d’Elba” at 1:50,000 scale (D’Orefice & Graciotti, 2018; ISPRA-Servizio Geologico d’Italia, 2018). S1÷S4 boreholes are the 
object of the present contribution. b) Zoom map of the Marina di Campo area. c) Paleogeographic scheme of the northern Tyrrhenian area 
during the LGM. In this period the sea level was lower, compared today, of about 120-130 m and the Elba-Pianosa Ridge was completely 
emerged and connected to the mainland through a wide corridor. 



   

 

 

----------- -->>>>> 
 
Fig. 3 - Simplified geological map of the Marina di Campo plain, broadly included in the municipal area of Campo nell’Elba. Legend: 1) 
colluvial deposits (Holocene); 2) fluvial deposits (Holocene); 3) aeolian deposits (Holocene); 4) beach deposits (Holocene); 5) lagoon and/
or palustrine deposits (Holocene); 6) landslide and slope deposits (Upper Pleistocene - Holocene); 7) terraced fluvial deposits (Upper 
Pleistocene); 8) porphyry dikes and laccoliths (San Martino and Orano porphyries - Upper Miocene); 9) Monte Capanne monzogranite 
and thermo-metamorphic aureole (Upper Miocene); 10) calcareous siliciclastic turbiditic sequence (Marina di Campo Formation - Upper 
Cretaceous); 11) landfill and quarries; 12) debris flow fan; 13) alluvial fan; 14) mechanical continuous-core borehole; 15) hand-auger 
borehole. (Modified from D’Orefice & Graciotti, 2018). 

Fig. 2 - a) Aeolian bioclastic quartzarenites outcropping between Punta Barabarca and Stecchi (Capoliveri, eastern Elba Island; Fig. 1) at a 
distance of about 10 m from the present coastline; the two sedimentary bodies are separated by a paleosol (modified from D’Orefice & 
Graciotti, 2015). b) Debris flow deposit at the foot of the Monte Capanne western slope (Elba Island west coast). c) Turbidites belonging to 
the Marina di Campo Formation (Upper Cretaceous), outcropping along the north-eastern coast of the Campo Gulf. The bedrock is affect-
ed by evident folds. d) Upper Pleistocene terraced fluvial deposits outcropping in the Filetto Valley (NE of Marina di Campo). e) Iron slags 
within Holocene fluvial sediments outcropping in the final stretch of the Literno Valley (northern sector of the Marina di Campo plain). f) 
Colluvial deposits outcropping near the Filetto Valley (NE of Marina di Campo). 
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2.1. Geology and geomorphology of the 
Marina di Campo area  

The Marina di Campo plain is at the 
junction between the western and central 
part of the EI (Fig. 1a). The westernmost 
portion of the EI appears to have a three-
dimensional hemispheric dome shape, 
pseudo-circular in plan. Such morphology is 
due to the Monte Capanne monzogranitic 
plutonic mass and its thermo-metamorphic 
aureole. The Monte Capanne (1,018 m 
a.s.l.) is characterized by rugged mountain 
terrain with rocky crests, peaks, steep 
slopes and deep valley often affected by 
debris-flow phenomena (Fig. 2b). Instead, 
the central sector of EI is characterized by 
modest elevation reliefs (<400 m), internally 
separated by flared and shallow valleys 
drained by short brooks. The hill-like reliefs 
in the westernmost part of this sector are 
formed by Marina di Campo Formation (Fig. 
2c) which consists of Upper Cretaceous 
arenaceous-conglomeratic and calcareous-
marly-arenaceous turbidites belonging to 
the Ripanera tectonic unit (Bortolotti et al., 
2015; Principi et al., 2015a, b). The Marina 
di Campo Formation is intruded by dykes 
and laccoliths, frequently with porphyric 
texture, and acid in composition, emplaced 
in different time, ranging from 8 Ma (San 
Martino porphyry) to ca. 6.8 Ma (Orano 
porphyry) (Fig. 3). The Ripanera tectonic 
unit is separated by the Monte Capanne 
thermo-metamorphic aureole by means of a 
high-angle, east-dipping normal fault, 
named after the localities of Colle di Pal-
ombaia-Procchio (Bortolotti et al., 2015; 
Principi et al., 2015a, b). Since this structure 
downthrows, towards the east, the Ripanera 
unit with respect to the Monte Capanne 
thermo-metamorphic district, it is probably 
responsible for the formation of the Marina 
di Campo alluvial plain. 

The Marina di Campo plain is interrupted by two 
rock spurs (Serra di Mamiliano and La Serra), which are 
isolated outcrops of the Marina di Campo Formation. 
These spurs divide the plain into three wide valleys 
(widths between 500 and 700 meters), gently dipping 
towards the Campo Gulf, where the Alzi, Bovalico and 
Pila-Galeo streams debouch (Fig. 3). 

Late Quaternary continental deposits outcrop in 
the valley floors and in the foothills of the surrounding 
reliefs, and they gradually pass seawards to coastal-
marine sediments. 

The continental deposits are essentially represent-
ed by Upper Pleistocene and Holocene alluvial sedi-
ments. The most ancient alluvial deposits are incised 
and terraced by the Holocene drainage network and, 
accordingly, no longer affected by the current fluvial 
dynamics. They are basically relict fluvial plains whose 
uppermost depositional surfaces are at 10-15 m above 
the present sea level (D’Orefice & Graciotti, 2018). Such 
surfaces are the top of sedimentary bodies, sometimes 

more than 10 m-thick, constituted by heterometric, poor-
ly rounded pebbles, heterogeneous in composition and 
largely immersed in a brown-reddish sandy to silty ma-
trix (Fig. 2d). Conversely, the most recent fluvial depos-
its are composed of finer granulometries, such as silts, 
sands and fine-grained, poorly sorted and subangular 
gravels. Embedded in such deposits, angular metal 
clasts (slags), pluri-centimetric in size, can be found, 
probably reflecting the remains of the metallurgic fusion 
of the iron minerals during the Etruscan, Roman and 
Medieval times (Fig. 2e). The thickness of these depos-
its is variable and can locally exceed some meters 
(D’Orefice & Graciotti, 2018).  

The fluvial deposits laterally pass into extensive 
and thick colluvial sediments (Fig. 2f) or small alluvial 
fans, as well as debris flow deposits. 

In the littoral zone, lagoon and marshy deposits 
consisting of ultra-dark organic silty clays outcrop at 
shallow depth. These deposits suggest the presence of 
past coastal lagoons, developing behind the Holocene 

 

Fig. 4 - Frame n. 4105 of the "RAF fund" kept at the ICCD-Aerofototeca Nazionale. 
The photo, south oriented, was taken on January 2, 1944 on the Campo Gulf. It 
shows the Holocene dune system parallel to the coastline and the coastal plain 
behind, once occupied by ancient lagoons (a: Albarelli; b: Stagno; c: La Serra). 
These lagoons, partly included in the photo, are highlighted with oblique red 
striped (authorization to use for editorial purposes on the part of ICCD - MiBACT 
and the British School at Rome - further reproduction and/or duplication by any 
means is prohibited). 
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etry technique. The samples were classified according 
to the criteria of the Italian Geotechnical Association 
(AGI, 1977). 

 
3.3. Micropaleontological assemblages 

96 samples (46 from S2 core and 52 from S3 core) 
were analysed at the Micropaleontological Laboratory of 
the University of Siena for macro- and micro-
paleontological contents, paying particular attention to 
the foraminiferal assemblages. Samples were prepared 
with classic washing technique (Green, 2001 and refer-
ence therein): sediment samples were dried and 
weighed (weighs vary from a minimum of ~100 g to a 
maximum of ~400 g), sieved in water over a 63 �m sie-
ve, then dried in oven. To facilitate the analyses, the 
fraction >2 mm was observed separately. Both prepara-
tion and sample analyses were performed from the stra-
tigraphic top to bottom. 

 
3.4. Palynology 

Palynological analysis was carried out on 28 sam-
ples from the two cores having more favorable litholo-
gies (i.e. clay, rich-organic clay, silt) and a good chrono-
logical frame i.e. S2 and S3. The samples (14 from S2 
and 14 from S3 cores) were processed at the Palynolog-
ical Laboratory of the University of Florence, according 
to standard chemical-physical procedures which main 
steps are below specified. Following the addition of one 
Lycopodium tablet to determine palynomorph concentra-
tions, samples, each weighing 10 g, were treated with 
HF, HCl, sodium hexametaphosphate, KOH, zinc chlo-
ride separation (density solution at 2.0). Residues were 
then sieved in an ultrasonic bath using a 10 mm polymer 
mesh. Mobile slides were mounted using glycerol and 
analysed using optical microscopes. 

 
3.5. Radiocarbon dating. 

29 samples from S1, S2, S3 and SM4 cores were 
dated by Accelerator Mass Spectrometry (AMS) in both 
the laboratories at CEDAD (Salento University) and at 
INFN-LABEC (Florence; Fedi et al., 2007). Datings were 
carried out on samples including microfossil shells, char-
coals and other vegetal remains. Before any chemical 
treatment, the collected samples were observed under 
the optical microscope to identify possible macroscopic 
contaminants. Charcoals and vegetal remains were 
treated according to the so-called Acid-Base-Acid (ABA) 
procedure, in order to remove possible contaminations 
by carbonates and humic substances. Carbon was then 
extracted from the cleaned samples as CO2 by acidifica-
tion, in the case of shells, or by combustion, in the case 
of charcoals and other organic materials. In both labora-
tories, graphite pellets for the AMS measurement were 
obtained by reaction of CO2 with H2, in the presence of 
iron as catalyst. 14C/12C isotopic ratios measured in the 
unknown samples were corrected for background counts 
and for isotopic fractionation, by measuring the 13C/12C 
isotopic ratios in the accelerator beam line too. IAEA-C6 
sucrose and NIST Oxalic Acid II were used as primary 
standards for normalization purposes in case of samples 
measure at CEDAD and at INFN-LABEC, respectively.  

According to the international agreement, the 
measured conventional radiocarbon ages are shown as 

dune systems of Marina di Campo, parallel to sandy 
beach ridge and bow-like shaped. More in detail, three 
separated fossil lagoons have been distinguished: the 
first one is between the camping area and the La Serra  
locality (northern sector of the plain), the other two are 
closely behind the inhabited area (Albarelli and Stagno 
localities) (Figs. 3 and 4). The real limit of the lagoon 
areas does not actually coincide with the one shown in 
Fig. 3, as it is downsized by the current river sedimenta-
tion. The marine sector, included in the Gulf of Campo, 
can be considered the underwater continuation of a 
pocket-beach, whose morphology closely follows the 
trend of the coast up to the isobath -50. Here the sea 
bottom, slightly sloping towards SE, is characterized, up 
to about 40 m below sea level, by sandy and gravelly 
Holocene deposits of HST, with a thickness between 
about 2 and 6 m (Principi et al., 2015b). These deposits 
pass to sandy pelites between -40 and -60 m. Below the 
isobath -60, under a limited Quaternary cover, a conti-
nental abrasion shelf modeled on ancient sediments 
develops (Principi et al., 2015b). This platform extends 
southward for about twenty kilometers. 
 
3. MATERIALS AND METHODS  

 
The geological and geomorphological mapping 

(1:10,000 scale) was supported by historical to recent 
bibliographic-cartographic literature, as well as by pub-
lished scientific data, technical geological reports, geog-
nostic investigations, multiscalar and multitemporal pho-
to-interpretation.  

The photo-interpretation was based on the flights: 
1944-45 RAF (Britain Royal Air Forces), 1954-55 GAI 
(Italian Air Group), 1975, 1995, 1996, 1997, 1998 
(Tuscany Region) and 1988-1989 (Italian photo aerial 
archives). 
 
3.1. Drillings  

Late Quaternary stratigraphy of Marina di Campo 
coastal plain was reconstructed by means of four contin-
uous mechanical coring performed by crawler drill rig of 
General Trivel Company (boreholes S1-S4; � 101 mm), 
down to 23-25 m below the ground surface (BGS). Four 
additional surface boreholes (SM2, SM3, SM4 and 
SM7), 3.20 to 4.10 m BGS, were also performed with a 
manual auger.  

The recovered sedimentary successions were sub-
mitted to sedimentological, biostratigraphical 
(foraminifers, malacofauna and palynology) analyses, as 
well as AMS dating.  

Analyses have been carried out mainly on the S1 
and S2 cores because of their appreciable lithological 
variability and the relatively higher micro-macrofaunistic 
and pollen content. Such features assure on the possibi-
lity to reconstruct the various sedimentary paleo-
environments in the study area. 

 
3.2. Grain size analysis 

Quantitative and qualitative granulometric analyses 
were processed. The quantitative analysis (35 samples: 
14 from the S2 core and 21 from S3 core) of the coarser 
fraction (>0.074 mm) was determined by wet sieve tech-
nique, while the finest one was determined by densitom-
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years Before Present (BP). Calibration has been per-
formed following the IntCal13 and Marine13 calibration 
curves (Reimer et al., 2013) and using OxCal software, 
v.4.3 (Bronk Ramsey, 2009). In the case of samples 
collected from S2 and S3 cores, calibration was per-
formed using a Bayesian approach, i.e. considering 
what we a priori knew about the samples relative chro-
nology as inferred from the stratigraphy (Bronk Ramsey, 
2008; Bronk Ramsey & Lee, 2013). The P_Sequence 
algorithm was applied for the calibration to consider also 

the possible variability in sedimentation rate.  
 

4. RESULTS  
 

4.1. Borehole lithostratigraphy  
S1 borehole  

It covers 23 m BGS (between 4.00 and -19.00 m 
a.s.l.) (Fig. 5). The 23.00 to 10.40 m BGS interval in-
cludes a well stratified alternation of gravel and silty 
sand (sometime weakly gravelly). The generally hetero-

Fig. 5 - Stratigraphic logs of the cores recovered in the Marina di Campo coastal plains (Campo nell’Elba Municipality) according to a SW-
NE transect. For the description of the sedimentary units and subunits see the text at 4.1. 
S1: N42°45.420' E10°14.414’ (La Pila); S2: N42°44.735’ E10°13.821’ (near the school of Marina di Campo); S3: N42°45.235' E10°
14.374’ (La Serra); S4: N42°44' 27.03'' E10°13' 35.68” (Albarelli).  
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metric, heterogeneous, subangular and often reversely 
graded gravels have an open-work texture in the basal 
1.60 m (between 23.00 and 21.40 m BGS). The interval 
between 10.40 and 7.00 m BGS is mainly formed by 
greyish silty clay weakly sandy, with ocher colour 
streaks and thin intercalation of fine-grained gravel. Two 
coarser-grained beds intercalate in the silty clay: the first 
one (between 10.00 and 9.40 m BGS) is composed of 
silty-clayey sand with ocher colour streaks; the second 
one (7.60÷7.55 m BGS) is composed of fine-grained 
gravels. The succession, predominantly formed by grav-
els between 7.00 and 1.60 m BGS, is interrupted by a 
dark silty clay stratum containing vegetal remains, be-
tween 5.00 and 4.50 m BGS. Gravels are generally fine-
grained, heterogeneous and supported by a silty-sandy 
matrix. The gravels pass, between 1.60 and 1.00 m 
BGS, to a silty clay weakly gravelly. The core ends at 
the top with one meter of brown silty sand weakly grav-
elly. 

 
S2 borehole  

S2, from 1.29 m a.s.l., reached the maximum 
depth of 25.00 m BGS (-23.71 m a.s.l.) (Fig. 5). The 
interval from 25.00 to 11.90 m is characterized by gravel 
beds alternating with prevalently silty clayey sand beds. 
Gravels, supported by a sandy-silty matrix, are hetero-
metric (from few mm up to 8 cm in diameter), heteroge-
neous (clasts from monzogranitic, porphyritic and arena-
ceous lithotypes) and subangular. The gravelly strata 
may exhibit a reverse grading, while the finer beds are 
sometimes characterized by oxidized sandy laminae. 
The gravelly strata reach a thickness of 150 cm on aver-
age, while those consisting of silty clayey sand have 
thicknesses between 20 cm and 230 cm. A sharp ero-
sive contact separates this interval from the overlying 
one. 

The interval between 11.90 and 11.10 m BGS is 
formed by fine sand weakly silty and clayey with tiny 
fragments of marine shells. The interval between 11.10 
and 9.70 m BGS includes, at the base, a 20-cm thick 
gravel level rich in siliceous and poorly elaborate centi-
metric clasts in fine matrix. The gravels are in their turn 
overlain by a laminated silty clayey sand with ocher 
speckles, passing upwards to fine sand with clayey silt 
having a total thickness of 120 cm. Between 9.70 and 
5.20 m BGS fossil-rich strata are present. They consist 
of sand, silty clayey sand and sand with clayey silt, al-
ternating with three biocalcarenites strata: the first one 
between 9.70 and 9.40 m, the second one between 8.50 
and 8.40 m and the third one between 7.50 and 6.30 m. 
Between 5.20 and 1.10 m BGS, plastic organic clay with 
sandy silt, dark gray in color, predominate. The contact 
with the underlying deposits is sharp. The continuity of 
this clayey interval is interrupted, in its lower portion 
(between 4.35 and 4.65 m BGS), by sand (mainly of 
carbonate composition and whitish color from 4.65 to 
4.60 m BGS) with clayey silts and, in the central portion 
(from about 3.30 to 3.45 m BGS), by sand with clayey 
silt weakly gravelly. In the organic clays are present up 
to about 1.60 m BGS, mollusks (unbroken or in frag-
ments), and ostracods, while the remaining portion 
(between 1.60 and 1.10 m BGS) contains only vegetal 
remains. The sandy-clayey silt top interval (between 

1.10 and 0.50 m BGS), is barren in mollusks and cov-
ered by 50 cm of landfill containing anthropogenic re-
mains. 

 
S3 borehole  

S3, from 1.33 m a.s.l., reaches a maximum depth 
of 24.00 m BGS (-22.67 m a.s.l.) (Fig. 5). 

The lower part, from 24.00 to 13.50 m BGS in-
cludes from the bottom: open-work and normally graded 
loose coarse gravels; silty gravelly sands weakly clayey; 
sands with clayey silts; sandy matrix-supported and 
normally-graded coarse and fine gravels; sands with 
weakly clayey silty gravels. This interval does not con-
tain marine macro-fossil remains and presents many 
similarities with the basal part of S2 from the lithological, 
granulometric and textural point of view. 

The 13.50÷12.15 m BGS interval consists, for the 
first 30 cm, of silt with sandy clay, overlain by 105 cm of 
very dark clay with sandy silt progressively richest in 
fossils upwards. 

The 12.15÷8.30 m BGS interval mainly includes 
silty clayey sands, silts with sandy clays, clayey silty 
sands and clayey gravelly silts. 

The interval 8.30÷4.00 m BGS is characterized by 
plastic organic clays (dark clays with sandy silts), pass-
ing upwards (from 4.00 to 1.80 m BGS) to a silt with clay 
weakly sandy. 

The upper part, from 1.80 to 0.87 m BGS, consists 
of silts with clay weakly sandy, with abundant mollusks 
(up to 1.65 m BGS) and vegetal remains. 

The last 0.87 m are characterized by the presence 
of sandy clayey silt weakly gravelly, affected by pedo-
genic and anthropogenic reworking processes. 

 
S4 borehole  

S4, from 7.00 m a.s.l., reaches a maximum depth 
of 23.50 m BGS (-16.50 m a.s.l.) (Fig. 5). It is a quite 
uniform succession, largely characterized by clayey 
sandy silts, frequently weakly gravelly, with intercalated 
silty clayey or sandy silty gravel beds (at 16.90÷16.50, 
15.60÷14.80, 12.10÷11.90, 6.00÷5.00 m BGS intervals). 
A silty clay stratum with ocher speckles is present in the 
upper part, between 2.60 and 1.70 m from BGS. 

 
Hand auger drillings 

The manual drillings SM2 (max depth 3.20 m BGS) 
and SM4 (max depth 4.10 m BGS), include respectively 
from the bottom, about 0.20 m and 1.10 m of silt with 
clay weakly sandy, passing upwards to an alternation of 
silty clay and sand, at places coarse, which are 2 m 
(SM2) and 2.50 m (SM4) thick. At the top of both drill-
ings is present a dark organic clay with silts, of variable 
thickness between 0.50 (SM4) and 1.00 m (SM2). 

The manual drilling SM3 (max depth 3.50 m BGS) 
includes from the bottom: 0.20 m of blue-gray clays; 
1.70 m of clayey silts alternate to coarse sands; 0.40 m 
of gray clay; 0.80 m of clayey silt with sand; 0.40 m of 
topsoil. 

The manual drilling SM7 includes only 0.5 m char-
acterized by the large occurrence of coarse anthropo-
genic remains. 

The overall granulometric, textural and sedimento-
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logical characteristics and subordinately the macro-
fossiliferous content (mollusk shells, vegetal remains, 
etc.) of S1-S4 and SM2-4-7 cores permitted to describe 
3 main sedimentary units (Units 1 ÷3) organized in 6 
subunits (1a, b, c, d, 2a and 2b). The main features of 
these sedimentary units (SU) are shortly described as 
follows and shown in Figure 5: 

 
- SU 1a consists of an alternation of heterometric, het-

erogeneous, subangular gravel beds with prevalently 
silty clayey sand beds, sometimes characterized by 
oxidized sandy laminae. 

- SU 1b is composed of greyish silty clay weakly sandy, 
with ocher colour streaks and thin intercalation of fine-
grained gravel. 

- SU 1c consists of an alternation of silty clayey sands, 
silts with sandy clays, clayey silty sands and clayey 
gravelly silts 

- SU 1d is composed of clayey sandy silts, frequently 
weakly gravelly, with intercalated silty clayey or sandy 

silty gravel beds. 
- SU 2a consists of fine sand weakly silty and clayey 

with tiny fragments of marine shells. 
- SU 2b consists of fossil-rich sand, silty clayey sand 

and sand with clayey silt, alternating with biocalcare-
nites strata. 

- SU 3 is mainly characterized by dark plastic organic 
clay with sandy silt, passing upwards to a silt with clay 
weakly sandy; mollusks, ostracods and vegetal re-
mains are abundant. 

 
4.2. Geochronology  

The results of radiocarbon (14C) measurements are 
summarized in Table 1. In S2, datings of LTL4914A 
(6.50 m BGS; 35,240 ±400 yr BP) and LTL4783A (4.95 
m BGS; 4,090 ±45 yr BP) samples suggest an interval of 
ca. 30 kyr in solely 1.5 m of sediments. This evidence 
could be interpreted either as due to the occurrence of a 
hiatus or the intervention of environmental factors caus-
ing non-accurate radiocarbon dates for shells (e.g. 

Tab. 1 - Results of radiocarbon (14C) dating. C = sample of continental environment; W = sample of freshwater wetland environment; L = 
sample of brackish lagoon environment; M = sample of marine environment. 
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Gischler et al., 2008; Douka et al., 2010). The first hy-
pothesis (i.e. a hiatus) was discarded, because the oc-
currence in the S2 strata of some specimens of the pink 
morphotype of Globigerinoides ruber (G. ruber rosea, 
see section 4.3). This taxon, recorded from the Upper 
Pleistocene, shows significant percentages only during 
interglacial phases (during MIS 5 and MIS 1). Lagoon 
sediments in S2 were deposited in continuity of sedi-
mentation over the marine deposits of the submerged 
beach (from which come the specimens of G. ruber 
rosea) stratigraphically referable to the MIS 1 interval. 
Such stratigraphical attribution is in apparent contrast to 
the datings ranging between about 39 and 22 kyr (Tab. 
1). The second hypothesis seems more likely. Indeed, 
the continental waters (river input), enriched with inor-
ganic carbon coming from the limestones of the Marina 
of Campo Formation, could have mixed with the marine-
coastal ones (i.e. lagoons). Recrystallization of car-
bonates, i.e. the incorporation of secondary CaCO3 from 
the external environment needs also to be considered. 
The measured ages of the older shell samples do not fit 
with the relative chronology inferred from the stratigra-

phy: this can be interpreted as a further suggestion of 
problematic radiocarbon dating. In the upper part of S2, 
both marine and terrestrial samples can be organized in 
a coherent stratigraphical succession, with the exception 
of samples LTL15770A (2.25 m BGS; 923 ±45 yr BP) 
and Fi3235/37 (2.54 m BGS; 205 ±30 yr BP) (Fig. 6). In 
particular, the very young age of the charcoal sample 
LTL15770A and in particular of the wooden sample 
Fi3235/37 can be due to an infiltration phenomenon by 
modern material, probably roots.  

In S3 three samples, LTL16444A (2.57 m BGS; 
4,534 ±40 yr BP), LTL5752A (3.90 m BGS; 5,830 ±40 yr 
BP) and LTL5754A (5.75 m BGS; 4,290 ±45 yr BP), 
appear as outliers. Figure 7 shows the probability densi-
ty functions of calibrated ages as calculated after ex-
cluding these samples: the sequence spans several 

Fig. 7 - Age-depth profile of core S3, as obtained after running 
the P_Sequence model in OxCal. A posteriori distributions of 
probability for calibrated ages are reported using different col-
ours according to samples origin, either marine or terrestrial. 
Different colours are also used to highlight the different average 
sedimentation rates along the whole core.  

Fig. 6 - Age-depth profile of core S2, as obtained after running 
the P_Sequence model in OxCal. A posteriori distributions of 
probability for calibrated ages are reported using different col-
ours according to samples origin, either marine or terrestrial.  
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Tab. 2 - Results of the macro- and micro-paleontological analyses from the S2 borehole. Legend: A = abundant; C = common; R = rare; X 
= not estimated abundance; R? = not in place. 

millennia, since the fifth millennium BC to the Early Mid-
dle Ages. Abrupt changes in the sedimentation rates (at 
least three) should be considered to obtain a satisfying 
agreement with the previous information. 

 
4.3. Bioindicators 
 
4.3.1. Observation from >63 �m washed residues 
 
S2 borehole 

Microfossils remains were first recovered from the 
interval between S2 11.83-11.90 and S2 11.18-11.26 
(Interval S2-B in Tab. 2); they include mollusks, ostra-
cods, bryozoans, serpulids, echinoids, sponge spicules, 
planktonic and benthonic foraminifers with common 
Ammonia beccarii, Asterigerinata mamilla, Elphidium 
spp. and Quinqueloculina spp. Microfossils are absent 
from the base of S2 core and in Interval S2-C (Tab. 2) 
from sample S210.90-11.00 and S2 9.80-9.90. An abun-
dant and well-diversified fossiliferous fraction (mollusks, 

ostracods, serpulids, bryozoans, calcareous algae, echi-
noids, sponge spicules and benthic and planktonic fora-
minifers) is present in the sediments between sample S2 
9.55-9.60 and sample S2 4.60-4.66 (Interval S2-D in 
Tab. 2). Among benthic foraminifers, the most common 
taxa are Ammonia beccarii, Asterigerinata mamilla, 
Elphidium spp., Lobatula lobatula, Nubecularia lucifuga, 
Rosalina spp., as well as several miliolid specimens of 
Triloculina and Quinqueloculina genera. Planktonic 
foraminifera, though rare, are represented by the spe-
cies Globigerina bulloides, Globigerinoides ruber, G. 
elongatus, G. trilobus and Orbulina universa. Concern-
ing the Globigerinoides ruber, it should be noted that the 
sample S2 7.20-7.25 from Interval S2-D contains some 
specimens of the pink morphotype (G. ruber rosea). 
From S2 5.30-5.40 m (upper part of Interval S2-D), sig-
nificant changes in the assemblages are marked by the 
appearance of the genera Cerastoderma glaucum, Abra 
ovata and Hydrobia sp. among mollusks and by ostra-
cods with a large number of non-ornamented speci-
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mens. 
Moreover, vegetal remains are abundant, including 

fruits of Ruppia (Martinetto, personal communication). 
The upper part of the borehole, between S2 4.51-4.58 
and S2 1.80-1.88 (Interval S2-E in Tab. 2) is character-
ized by oligotypic assemblages composed of mollusks 

(only Cerastoderma glaucum, Abra ovata and Hydrobia 
sp.), ostracods (only non-ornamented taxa) and foramin-
ifers, with rare specimens of Ammonia tepida and 
Nonion depressulum. Here abundant vegetal remains 
(including Ruppia fruits and Characeae oogons - only 
the internal organic lining) are also present. The upper-

Tab. 3 - Results of the macro- and micropaleontological analyses from the S3 borehole. Legend: A = abundant; C = common; R = rare; 
R? = not in place. 
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<<<<<--                                                                           ----------- 
 
Fig. 8 - Selected pollen grains from S2 and S3 boreholes. 1 = 
Pistacia; 2 = Cannabaceae; 3 = Vitis; 4 = Ephedra distachya 
type; 5 = Quercus suber t.; 6 = Betula; 7 = Artemisia; 8 = Celtis; 
9 = Ulmus; 10 = Poaceae; 11 = Hedera; 12 = Fagus; 13 = 
Abies; 14 = Tilia; 15 = Cistus; 16 = Quercus ilex t. 

----------- -->>>>> 
 
Fig. 9 - Detailed palynological diagram of S2. On the left the 
samples and the sum of Arboreal and Non-Arboreal Pollen (AP, 
NAP). *: peak of Pseudoschizaea. 

most part of the succession, from sample S2 1.48-1.58 
to sample S2 1.18-1.28 (Interval S2-F in Tab. 2), con-
tains only vegetal remains. 
 
S3 Borehole 

Fossil remains first occur in sample S3 13.30-
13.35 (base of Interval S3-B in Tab. 3) and they are 
represented by rare vegetal remains and very rare mol-
lusks fragments of Cerastoderma glaucum and Abra 
ovata (Tab. 3). From this level up to S3 12.20-12.25 
(top of Interval S3-B in Tab. 3), the assemblages are 
richer, but not diversified. In fact, among the mollusks, 
only Hydrobia genus is added to the species mentioned 
above. In Interval S3-B, ostracods (with non-
ornamented valves) and benthic foraminifers (with rare 
Ammonia tepida and Nonion depressulum) first occur; 
the remains of plants are abundant, and among them 
Ruppia fruits are present. 

From sample S3 11.75-11.78 to sample S3 8.65-
8.70 (Interval S3-C in Tab. 3), the fossils are rare and 
represented by vegetal remains found in two levels 
only. From sample S3 8.40-8.46 to sample S3 1.80-1.85 
(Interval S3-D in Tab. 3), the assemblages resemble 
those of Interval S3-B (Tab. 3), with abundant plant 
remains (including Ruppia fruits), mollusks 
(Cerastoderma glaucum, Abra ovata and Hydrobia sp.), 
ostracods (with non-ornamented valves), scarce re-
mains of fishes and insects and also benthic foramini-
fers, with Ammonia tepida and Nonion depressulum.  

The top of the borehole, from S3 1.50-1.55 to S3 
0.93-1.00 (Interval S3-E in Tab. 3), contain very abun-
dant vegetal remains only. 

 
4.3.2. Palynology  

Palynological samples provided rich palynomorph 
assemblages solely for the upper portions of S2 and S3 
cores; selected photos of palynomorphs from S2 and 
S3, at light microscopy, are shown in Figure 8. 

 
S2 borehole  

Fourteen samples from S2 were submitted to paly-
nological analyses. The lowest four samples, located 
between -23.45 and -6.15 m, are barren in palyno-
morphs. The ten fertile samples, between -5.10 and -
1.18 m, consist of sand with clayey silt and dark clay 
with sandy silt deposits. Their pollen concentration 
ranges from 681 grains/g (S2 3.33-3.43) to 32,897 
grains/g (S2 4.00-4.10). All detected pollen taxa (69) 
are listed, with the respective percentages for each 
sample, in the palynological diagram of Figure 9.  

Among the arboreal plants (AP, 21 taxa) both de-
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ciduous and evergreen oaks (Quercus pubescens type, 
Q. suber type and Q. ilex type) reach quite high propor-
tions up to 40%. Pinus is continuously present though in 
low values generally between 1 and 3%. Alnus (1.0 to 
4.7%) is followed on lower values, by many other arbor-
eal taxa such as Carpinus (C. orientalis and C. betulus), 
Fagus, Olea, Betula, Ulmus, Corylus, Picea, Abies, 
Acer, Celtis, Juglans and Cupressaceae. 48 Non-
Arboreal Plants (NPA) taxa were detected. Pistacia 
reaches good percentage (0.2 to 3.6%). Rare: Hedera, 
Vitis, Rhus, Buxus, Euphorbia, Mercurialis. Ericacee, 
often dominant (15 to 37%), are followed by Amaran-
thaceae (1.5 to 23.8%) and Asteraceae (Cichorioideae 
and Asteroideae, from 1.0 to 17%). Samples at the core 
top (from the sample S2 3.00-3.10 to the sample S2 
1.18-1.28) showed a good occurrence of Cyperaceae 
too (up to 30%). Present in good quantity Poaceae (1.6 
to 5.7%) and Cistus (0.2 to 4.7%). More discontinuous: 
Apiaceae, Artemisia, Plantago, Brassicaceae, Canna-
baceae, Caryophyllaceae, Cistaceae, Helianthemum, 
Convolvulaceae, Convolvulus, Fabaceae, Gentianace-
ae, Geraniaceae, Erodium, Geranium, Hypericum, La-
miaceae, Malvaceae, Cereals, Polygonum, Rumex, 
Ranunculaceae, Rosaceae, Galium, Scrofulariaceae, 
Urticaceae and Sparganium. Spores of Pteridophyta 
(trilete and monolete) are also present. Dinocysts and 
other algae are present albeit sporadically. Dinocysts 
were observed in S2 6.15-6.23 (Polysphaeridium zo-
haryi) and S2 4.30-4.40. A peak of Pseudoschizaea is 
recorded in S2 3.33-3.43 sample. 

As a summary, with the exception of the three 
deepest samples, between -5.10 and -4.30 m, for which 
the arboreal plants percentage is slightly greater than 
that of herbaceous plants and shrubs, in the above sam-
ples is observed a dominance of non-woody plants (up 
to 80%) which is especially significant for samples S2, 
3.33-3.43, 2.00-2.10 and 1.18-1.28. Altitudinal arboreal 
taxa such as Abies, Betula and Fagus (one pollen grain 
of Picea in S2 1.18-1.28 sample), though always with a 
few grains, are a constant presence throughout the dia-
gram. Even Pinus, always below 3%, does not show 
significant variations even in correspondence of the 
major changes in the depositional environment.  

Starting from 5 m BGS, the palynological record 
shows a good occurrence of tree taxa largely represent-
ed by deciduous and evergreen oaks with values up to 
about 40%. The Amaranthaceae expansion highlights 
the establishment of a salt marsh at -4.00, -4.30 m (over 
20% in S2 4.00-4.10). This is followed at -3.33 to -3.43 
m by a phase characterized by a good presence of NAP 
both herbaceous (Asteraceae, Cistus, Poaceae) and 
shrubs (Ericaceae, Pistacia), as well as from a minimum 
in the pollen concentration values and a spike in Pseu-
doschizaea. Upwards increasing NAP is mainly linked to 
the expansion of Ericaceae, which is sometimes in par-
allel to that of Cyperaceae (S2: 2.00-2.10 and 1.18-
1.28) which marks the establishment of a freshwater 
environment. To underline two minima in the percent-

 

----------- -->>>>> 
 
Fig. 10 - Detailed palynological diagram of S3. On the left the 
samples and the sum of Arboreal and Non-Arboreal pollen (AP, 
NAP). *: peak of Pseudoschizaea. 
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ages of both deciduous and evergreen oaks in corre-
spondence of the two phases of expansion of Cyperace-
ae and Ericaceae, in S2 2.00-2.10 and S2 1.18-1.28 
samples. 

 
S3 borehole 

Fourteen samples from S3 were taken for palyno-
logical analyses (Fig. 10), three of them were barren in 
palynomorphs. All rich palynomorphs samples come 
from deposits, mainly consisting of clayey silt and dark 
clays with sandy silt. 

The eleven fertile pollen samples exhibit high con-
centration values, ranging 743 grains/g (S3 7.35-7.40) 
to 76,684 grains/g (S3 1.80-1.85) (Fig. 10). 62 pollen 
taxa have been detected. The arboreal plants (AP, 20 
taxa) mainly consist of deciduous and evergreen oaks 
(up to about 40%) and Alnus (2.75 to 25.9%). Pinus 
ranges between 1.1 and 3.7%. Corylus (up 2.8%), Olea 
(up 2.3%) and Fagus (up 1.3%) are present, sometimes 
in good quantities. Follow Carpinus (C. orientalis and C. 
betulus), Cupressaceae, Abies, Picea, Acer, Betula, 
Fraxinus, Tilia and Ulmus. Non-arboreal plants (NAP, 42 
taxa) are represented by shrubs like Pistacia (up 1.5%), 
Hedera, Buxus, Viburnum e Vitis. Ericacee range be-
tween 9.5 and 42%. Among the herbaceous taxa are 
present Asteraceae Cichorioideae (1.5 to 37.3%), Cy-
peraceae (2.3 to 25.7%), Poaceae (2.8÷7.5%) and Am-
aranthaceae (0.6÷7.6%) followed by Asteraceae Aster-
oideae (0.8÷7.3%) and Cistus (0.2 to 2.7%). More spo-
radic: Apiaceae, Artemisia, Centaurea, Borraginaceae, 
Campanulaceae, Cannabaceae, Caryophyllaceae, Heli-
anthemum, Cuscuta, cf. Arbutus, Fabaceae, Erodium, 
Hypericum, Lamiaceae, Plantago (P. mayor t. and P. 
lanceolata t.), cereals, Polygonum, Rumex, Ranuncula-
ceae, Scrofulariaceae, Rosaceae, Galium, Alisma-
taceae, Liliaceae and Sparganium. Spores of Pteri-
dophyta (trilete and monolete) and algae are also pre-
sent. Dinocysts occur in all samples excepted in S3 5.05
-5.12; Pseudoschizaea, never absent, shows a main 
peak at S3 7.35-7.40 and a secondary one at S3 13.10-
13.15. 

The palynological record begins at -13.10 m with a 
phase dominated by the non-arboreal plants in coinci-
dence with a minimum in the concentration values and a 
good occurrence of Pseudoschizaea. Among the NAP 
prevail Asteraceae Cichorioideae followed by Cyperace-
ae, Ericaceae, A. Asteroideae and Poaceae. Cyper-
acee, in particular, recorded here their main peak of 
abundance, reaching 26%. Trees showed a subsequent 
increase at 12.20-12.25 m, attested by the presence of 
several species of Quercus and Alnus, which are fol-
lowed by Pinus and Olea. Carpinus (C. betulus and C. 
orientalis), Corylus, Acer, Tilia and Ulmus are also pre-
sent. Among the altitudinal arboreal taxa, although al-
ways low, there are Abies, Fagus and Betula. Among 
the NAP to remark the abrupt fall of A. Cichorioideae 
(from 37.3% to 4.6%) and the sharp increase of Erica-
ceae from 9.5% to 24.5%. 

The palynological record, after the barren interval 
linked to the occurrence of unfavorable sediments for 
pollen preservation, starts again from -8.10 m. From 
here up to -1.80 m is observed a dominance, albeit 
marked by successive fluctuations between arboreal 

(oaks with peaks in S3: 8.10- 8.18; 5.60-5.70; 5.05-5.12; 
4.00-4.08; 2.35-2.40) and non-arboreal plants 
(Ericaceae). Ericaceae record a maximum (42%) in 2.95
-3.00 m in correspondence to a phase of decline of the 
oaks: Q. ilex in particular presents here its second mini-
mum value (3.35%), after that characterizing the base of 
the succession (0.61%). The Cyperacee, though still 
present, are reduced to values ranging between 2.3% 
and 7%. At -7.30 m a minimum in the pollen concentra-
tion values falls in coincidence, again, with a main peak 
of Pseudoschizaea. Moreover this level is characterized 
by a sharp increase in Asteraceae, especially Cichorioi-
deae, reaching 34% and by a phase of temporary reduc-
tion of Alnus, oaks and Ericaceae. 

In all S3 samples, Pinus and Olea, although always 
present, are never abundant. The same pattern was 
also observed in S2. 
 
5. DISCUSSION 
 
5.1. Sedimentary architecture and depositional set-
tings 

 
The collected data permitted to detect four main 

depositional environments and associated facies (Figs. 
5, 11, 12). 
 
1) Fluvial (F) 

It has been observed throughout S1 and S4, in the 
lower half of S2, and in the lower and middle portion of 
S3. It is mainly expressed by an alternation of gravels 
and sands/silts weakly clayey (SU 1a and SU 1b in S1, 
S2, S3); an alternation of silty clayey sands and silts 
with sandy clay (SU 1c in S3); a succession largely con-
sisting of clayey sandy silts, with intercalated, silty-
clayey or sandy-silty gravels beds (SU 1d in S4). Grav-
els, from matrix support to open work texture, are heter-
ometric, heterogeneous and subangular. Gravels some-
times show an inverse gradation; the finer ones are 
sometimes characterized by yellow-brown mottles and 
thin sandy plane-parallel laminae with oxidation from 
ocher to reddish color. Alluvial plain deposits depict the 
occurrence of channel and floodplain facies, with inter-
calated debris flows. Samples are generally barren in 
both palynomorphs and marine/brackish fossils (Interval 
S2-A, S2-C, S3-A, S3-C). 

 
2) Marine (M)  

A marine depositional environment is only detected 
in the medium-upper portion of S2 where it rests on 
fluvial deposits by a sharp and erosive contact. It in-
cludes two main facies (M1 and M2). 
- M1-Shallow marine. The facies, about up to 80 cm 

thick (from 11.90 to 11.10 m BGS), consists of fine, 
silty and clayey sands with abundant fragments of 
mollusks shells (SU 2a). It attests a short-term epi-
sode interrupted by the instauration of a fluvial envi-
ronment, expressed by gravelly deposits (SU 1a). 
The fossil assemblage suggests a very shallow wa-
ter, probably referable to a submerged beach envi-
ronment (interval S2-B). 

- M2-Marine infralittoral. Rich microfossil assemblages 
were recovered throughout the S2 succession, from 
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Fig. 11 - Classification boxes containing core samples (between 15,00 and 0,00 m BGS) from S2 borehole. Legend: F = fluvial deposits; 
M1 = shallow marine deposits; M2 = marine infralittoral deposits (b1-b3 = biocalcarenite strata); L = brackish lagoon deposits; W = fresh-
water wetland deposits; A = anthropogenic terrains.  
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9.70 to 4.60 m BGS. It consists of sands, silty-clay 
sands, sand with silty clays and clays with sandy silts 
which alternate with three biocalcarenite levels: the 
first one between 9.70 and 9.40 m, the second one 
between 8.50 and 8.40 m and the third one between 
7.50 and 6.30 m BGS (SU 2b and lower part of SU 
3). The higher diversified microfossil assemblages, 
especially benthonic foraminifers (among the most 
common: Ammonia beccarii, Asterigerinata mamilla, 
Elphidium spp. and Quinqueloculina spp.) as well as 
the presence of rare planktonics in all the sample of 
the interval, attest the instauration of more open ma-
rine conditions than the previous interval (M1) and 
possibly of slightly deeper waters starting from 9.30-
9.40 m BGS, referred to infralittoral environment 
(Interval S2-D).  

It is interesting to note that, anyway, from S2 5.30-
5.40 m (SU 3), significant changes in the assemblages 
are marked by the appearance, among mollusks, of the 
genera Cerastoderma, Abra and Hydrobia and among 
ostracods, of a large number of non-ornamented speci-
mens. Vegetal remains are abundant, including fruits of 
Ruppia. 

3) Brackish lagoon (L)  
The upper portions of both S2 (from 4.60 to 1.60 m 

BGS) and S3 (from 13.50 to 12.15 and from 8.30 to 1.60 
m BGS) consist of organic clay with sandy silt, dark gray 
in color and very plastic (SU 3), associated to a brackish 
lagoon environment (backdune) as registered by micro-
fossil assemblages. In S2 the passage from marine (M2) 
to lagoon environment seems to occur gradually, in con-
tinuity of sedimentation.  

In S3 microfossil assemblages, though rather oligo-
typic and monotonous support the instauration of a pre-
dominantly brackish lagoon environment (Intervals S3-B 
and S3-D). The latter, however, was affected by three 
alluvial events promoting an increase of the detrital input 
and the sedimentation of three coarser strata from about 
50 cm to 385 cm thick (SU 1c). 

In S2 microfossil assemblages depict a predomi-
nantly brackish lagoon environment for a total 2.80 m 
thickness (Interval S2-E), with two short phases of in-
crease of detrital input between 4.35 and 4.65 m and 
between 3.30 and 3.45 m BGS (SU 1c). Values up to 
24% for Amaranthaceae attest the larger expansion of 
the saltmarsh at ~4 m in S2.  
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Fig 12 - SW-NE transect at Marina di Campo plain: paleoenvironmental reconstruction and attempt of correlation between S2, S3 and S1 
sedimentary cores. 



   

 

The repeated interruptions of the lagoon sedimen-
tation matched Pseudoschizaea peaks and strong re-
duction in the concentration values of palynomorphs. 
This evidence supports an increase of the erosive pro-
cesses in the surrounding reliefs, during a phase of 
reduction of the vegetation cover, with a consequent 
increase in river sedimentation rates in a brackish la-
goon subjected, however, to seasonal drying. 

 
4) Freshwater wetlands (W)  

Silt with weakly sandy clay in the topmost portion 
of both S2 (from 1.60 to 0.50 m BGS) and S3 (from 1.60 
to 0.87 m BGS) (SU 3) contains only very rare Charace-
ae and other abundant vegetal remains typical of fresh-
water coastal ponds (Intervals S2-F and S3-E). Cyper-
aceae values up to 29% in S2 (at 2.10 m BGS) attest 
the extension of freshwater wetlands. 

 
5.2. Main environmental changes on southern Elba 
Island during the late Quaternary 

 
Climate and sea level changes played an im-

portant role on late Quaternary aquatic and terrestrial 
environments in the central Mediterranean (e.g. Benja-
min et al., 2017; Vacchi et al., 2017; 2018; Antonioli et 
al., 2018; Sadori, 2018 and references therein). 

The stratigraphic framework reconstructed for the 
subsurface of Marina di Campo area shows remarkable 
similarities with those from several coeval late Quater-
nary successions in the Mediterranean area (see Amo-
rosi & Milli, 2001 and reference therein). In fact, in spite 
of modest differences at local level, in the Mediterrane-
an coastal areas the sedimentary history of the last 125 
kyrs is characterized by a series of transgressive-
regressive deposits, generally represented, starting from 
the oldest ones, by: i) marine sediments of the last inter-
glacial (MIS 5.5, Highstand System Tract - HST); ii) 
alluvial deposits of the last glaciation (MIS 4-2, 
Lowstand System Tract - LST); iii) transgressive and 
highstand post-glacial alluvial, coastal and marine de-
posits (Trasgressive System Tract - TST and Highstand 
System Tract - HST) (Zaitlin et al., 1994). 

At EI, the latest Pleistocene phases did not leave 
evident and continuous sedimentary evidence. This is 
the case of the Tyrrhenian transgression during MIS 5.5 
which is indeed well attested by marine sediments and 
platforms along the Tuscan peninsular coast and in the 
neighboring island of Pianosa (Graciotti et al., 2004; 
Antonioli et al., 2011). In the Marina di Campo hinter-
lands as well as in the other coastal plains of Elba, fluvi-
al terraces, between 10 and 15 m above sea level, sug-
gest a higher base level than the current one, i.e. a sea 
level highstand of MIS 5.5 (D’Orefice & Graciotti, 2018). 

The regressive phases during MIS 4 and MIS 2 
promoted the emersion of the Tuscan continental plat-
form including the area in front of Marina di Campo. Sea 
level was significantly lower (LST) compared to today, of 
about 80÷90 m during MIS 4 and even around 120 m 
during MIS 2 (Waelbroeck, 2002; Peltier & Fairbanks, 
2006; Lambeck et al., 2011). However, during MIS 3 
(Zecchini, 1981), EI returned, after the previous domi-
nant continental phase during MIS 4, to be isolated from 
the Italian peninsula as during the Tyrrhenian (MIS 5.5). 

During MIS 2 (including the LGM) the Tuscan con-
tinental platform, almost completely emerged, was deep-
ly incised by a hydrographic network (Bianchi, 1943; 
Bartolini et al., 1979), which deepened progressively 
landward because of upstream knickpoint migration. The 
incised valleys formed during the phases of relative sea 
level fall have been widely described in the literature 
(Zaitlin et al., 1994), with particular reference to the late 
Pleistocene glacials (e.g. Suter & Berryhill, 1985; Posa-
mentier & Allen, 1999). Subsequently, in these wide and 
deep valleys, predominantly fluvial coarse sediments, 
many meters thick, were deposited as attested in the 
subsoil of the Marina di Campo plain by the lower por-
tion of S1-S4. This is also confirmed by numerous bore-
holes, reported in Bencini et al. (1986), that reached the 
bedrock at depths even greater than 40 m near the pre-
sent coastline (see also D’Orefice & Graciotti, 2018). 
The considerable availability of sediment from river sys-
tems possibly related to the overall decrease in the veg-
etation cover during prevalent dry conditions. Short and 
intense precipitation events were, in their turn, responsi-
ble for a large part of the total sediment transport. The 
absence of datings does not allow to frame these river 
deposits in a precise chronological interval. However, 
according to other regional contributions (e.g. Amorosi 
et al., 2003, 2004; Aguzzi et al., 2007; Milli et al., 2016) 
it is conceivable to attribute this sedimentary episode to 
the late phase of low standing (Late Lowstand System 
Tract - LLST) of the late Pleistocene. 

Between the end of the Pleistocene and the begin-
ning of the Holocene sea level rose very quickly (an 
average rate of rise of 15 m/kyr, Lambeck et al., 2002, 
2014), leading to a rapid retreat of the coastline. In this 
context, the transgressive deposits (TST), characterized 
by marine (S2) and lagoon sediments (S3), mainly in-
cluding fine sands, sandy silts and clays, overlie with a 
sharp erosional boundary the alluvial gravels and sands. 
The erosional boundary and the abrupt facies change, 
suggest the presence of a significant stratigraphic hiatus 
due to a prolonged erosive phase. This erosional bound-
ary most likely represents the continuation of the late 
Pleistocene erosive surface, identified by geophysical 
surveys, in the EI offshore (Principi et al., 2015b). A 
similar erosional surface has also been identified in oth-
er Italian coastal areas; for example in the upper Adriatic 
(Amorosi et al., 1999; 2003; 2004 and references there-
in) or in the lower plains of the Arno (Aguzzi et al., 2005; 
2007; Amorosi et al., 2008; 2009), where, probably, it is 
associated to a stratigraphic hiatus including the Late 
Glacial and part of the Holocene. 

During the early phase of the Holocene transgres-
sion, in the Marina di Campo area the sea penetrated 
inside the pre-existing fluvial valleys, as documented at 
S2, i.e. the closest site to the current coastline com-
pared to S3, S1 and S4. The last two cores, in fact, in-
clude only alluvial deposits (Fig. 5) being located in a 
much more internal position with respect to both S2 and 
S3. In the study area, the first marine evidence can be 
placed around 7,000 cal. yr BP on the basis of the AMS 
datings (Tab. 1) of the dark organic lagoon silts and 
clays in S3 (about 135 cm thick between 13.50 and 
12.15 m bgs). This level probably correlates with the first 
evidence of marine deposits (M1, Figs. 11, 12), between 
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11.90 and 11.10 m BGS in S2. Indeed, lagoon deposits 
at S3 possibly represent the lateral landwards equiva-
lent of S2 marine deposits (Fig. 12). 

Holocene fine lagoon deposits, characteristic of a 
low-energy environment, as before mentioned, overlap 
the coarser late Pleistocene alluvial sediments, attesting 
a sudden sedimentary environment change at S3. They 
accumulated inside shallow brackish basins, delimited 
towards the sea by coastal barriers progressively mi-
grating landward during the phase of post-glacial trans-
gressive sea level rise. The absence of marine deposits 
in S3 can be justified by its position slightly further from 
the current coastline than S2. This position, during the 
Holocene transgression, could be even more internal 
due to a different conformation of the coastline, which 
probably was more advanced in its northern section 
than the southern one. The hypothesis now formulated 
is supported by the presence, behind the northern 
coast, of a much larger catchment basin. It would have 
ensured, through its hydrographic network, a greater 
sediment contribution from the hinterland, determining 
the more advanced position of the northern coastal sec-
tor than the southern one. 

Within the Holocene transgressive succession, 
however, there is a brief regressive episode, attested by 
fluvial deposits (mainly sandy and silty) in both S2 
(between 11.10 and 9.70 m BGS) and S3 (between 
12.15 and 8.30 m BGS), which interrupt, respectively, 
the marine and lagoon sedimentation (Fig. 12). This 
episode can be attributed to a minor oscillation of the 
sea level, possibly due to a relatively small climate 
changes (Pascucci et al., 2018), between ca 6,600 and 
5,800 cal. yr BP in S3. 

The final phases of the Holocene transgression (ca 
6,000 cal. yr BP) are marked by a second frankly marine 
episode (M2). Slightly deeper waters, in an infralittoral 
environment, can be reconstructed starting from 9.30-
9.40 m BGS in S2, especially by fossiliferous sands and 
silts, interbedded to three biocalcarenite layers. 

Starting from about 6,000 cal. yr BP, the eustatic 
rise became slower (less than 1 mm/yr), as also record-
ed throughout the Mediterranean (Anthony et al., 2014; 
Vacchi et al., 2016; Ghilardi et al., 2018; Melis et al., 
2018), and the highstand sea level (HST) began. During 
this phase, the sediment input from the hinterland took 
over the creation of sedimentary space; thus, the pro-
gradation towards the sea of coastal and river systems 
began, with consequent depositional regression of the 
coastline. In S2 this corresponds to a change in faunistic 
assemblages attesting a decrease of the sea waters 
depth and a gradual upwards shift, between 5.40 and 
4.60 m BGS, to a full brackish lagoon environment. In-
deed, above this gradual passage, between 4.60 and 
1.60 m BGS, the conditions for the development of per-
manent lagoons in the areas behind a prograding Holo-
cene coastal barrier established near the coast. The 
most recent evidence of the coastal barrier, consisting 
of beach and dune ridges, is in external position, in cor-
respondence of the present coastline (Fig. 4). 

In the most internal areas, the HST is expressed, 
from about 8.00 m BGS in S3, by predominantly clayey 
sediments which deposited in a lagoon environment. In 
S1 a decrease in the mechanical energy is attested in 

fluvial deposits by the reduction in the size of the granu-
lometric fraction, represented by weakly sandy silty 
clays, between 10.40 and 7.00 m BGS (Fig. 5). This 
level corresponds to lagoon deposits in S3 (Fig. 12).  

In S3 and S2 the lagoon sedimentation ends at 
1.60 m BGS, but while in the inland areas (S3) it ends 
shortly after 4,780 – 4,470 cal. yr BP, in the coastal are-
as (S2) the lagoon sedimentation persisted until about 
1.60 m BGS, at about 1,500-1,400 cal. yr BP (Fig. 6). 
During both TST and HST, the sedimentation in the 
lagoon was rather discontinuous being affected by fre-
quent interruptions, corresponding to episodes of in-
crease in both solid input and coarser granulometric 
fraction. Lagoons were in fact submitted to seasonal 
drying after high-energy alluvial events as also attested 
in the palynological record (Pseudoschizaea peaks and 
decrease of palynomorphs concentration). 

With the definitive closure of the communication 
with the open sea, attested by the gradual disappear-
ance of the brackish faunas, the lagoons at Marina di 
Campo were progressively transformed into freshwater 
coastal ponds between the end of Roman times (at 
about 1,500 cal. yr BP) and the Early Middle Ages (<ca 
1,300–1,200 cal. yr BP). In these low energy deposition-
al environments silts and dark clays accumulated; abun-
dant plant remains (S2 and S3) were also found. In the 
areas bordering the ancient coastal ponds, fluvial sedi-
mentation persisted up today conditioning the develop-
ment of the current alluvial plain. The prevalent sandy 
and silty fluvial sediments covering to some extent the 
lagoon and freshwater wetlands ones reducing their 
areas of outcrop. 

The pilot palynological approach developed in the 
frame of the geomorphological map survey, despite still 
lacking adequate resolution, especially for paleoclimate 
reconstructions, made possible to furnish some addition-
al and complementary evidence on the depositional 
environments. Investigation in S2 and S3 provides, spe-
cifically, some paleovegetational and paleoclimatic spots 
in the interval extending from the upper portion of the 
Neolithic up to the Early Middle Ages which largely cen-
ter the period characterized by increasing aridification 
phenomena (Mayewski et al., 2004; Jalut et al., 2009; 
Roberts et al., 2011; Bini et al., 2019). From about 6,000 
years BP repeated phases of enlargement and narrow-
ing of the forest vegetal formations are well evident in 
both Marina del Campo records, at S2 and S3 (Figs 9, 
10). The most recent decrease in tree cover at S2, 
seems connected to the early stages of increasing hu-
man activities related to metallurgy (Etruscan civiliza-
tion). Magnetic susceptibility studies in marine cores 
taken from the area between the Elba and Corsica Is-
lands (Vigliotti et al., 2003), documented, in fact, an 
important metallurgical activity during this time with a 
maximum peak localized around 2,500 years BP. In-
stead, the low abundance of cultivated taxa (e.g. cere-
als, Vitis, Juglans and Castanea) leads to the exclusion 
of intense agricultural exploitation of the area. It is clear 
that higher resolution palynological analyses, now in 
progress, are indispensable to document the successive 
phases of increase / drastic reduction of oak trees (both 
deciduous and evergreen) or rather of Non-Arboreal 
Plants, as well as changes in the extension of coastal 

 
 

25 

 
 
Latest Pleistocene to Holocene environmental changes in southern Elba Island  (Italy) 



   

 

wetlands, characterized by the expansion of marsh or 
swamps. The occurrence of salt (e.g. as attested by the 
increase of Amaranthaceae in S2 at 4-4.1 m) and/or 
freshwater (as attested by the increase of Cyperaceae 
at the base of S3 or at the upper portion of S2 and/or 
Alnus) wetlands is also well documented during the 
lagoon phase development. The new ongoing studies 
on EI cores, integrated by those from the main Italian 
sites, already known in bibliography (e.g. Currás et al., 
2017; Di Rita et al., 2018 and references therein; Melis 
et al., 2018; Sadori, 2018), possibly, will lead to a more 
coherent interpretation and reconstruction of the role 
played by climate and / or man during this crucial time at 
the Middle-Late Holocene transition in the central Medi-
terranean area. 

 
CONCLUSIONS 
 

The multidisciplinary study of 4 continuous core 
drillings (S1÷S4) provided the unique opportunity, in 
absence of sedimentary outcrops, to document the late 
Quaternary sedimentary succession of southern EI. 
Noteworthy, the presence of Holocene marine deposits 
in the subsoil of EI is attested, for the first time. 

 
Three main depositional phases representing the 

paleoenvironment response to the glacial-eustatic sea 
level rise starting from LGM, i.e. 1. low stationing phase 
(Lowstand Systems Tract - LST), 2. transgressive phase 
(Transgressive Systems Tract - TST); 3. high stationing 
phase (Highstand Systems Tract - HST) have been 
described. 

 
LST - During the LGM lowstand the continental 

shelf facing the Marina di Campo area was completely 
emerged and strongly carved by the hydrographic net-
work. As a result several tens of meters of coarse river 
sediments accumulated in these valleys, during the 
latest Pleistocene. 
 

TST - During the transgressive post-glacial phase, 
between the end of the Pleistocene and the beginning of 
the Holocene, the sea level rising promoted a progres-
sive withdrawal of the coastline, the deactivation of river 
sedimentation and the migration towards the land of a 
barrier-lagoon system. In this context, around 7,000 cal. 
yr BP, in the easternmost sector of the Marina di Campo 
plain (which extends from the current coastline up to 
about 400-500 m landwards) a marine shallow water 
environment developed. Brackish lagoon expanded in 
the innermost coastal sector, while fluvial environments 
developed in the upper zones. After a brief regressive 
episode, between ca 6,600 and 5,800 cal. yr BP, attest-
ed by fluvial deposits which interrupt the marine and 
lagoon sedimentation, a slightly deeper marine environ-
ment established in the easternmost sector. In the inner-
most zones, however, the lagoon sedimentation contin-
ues, with some interruptions due to the increase of solid 
input in the lagoon basins, following high-energy alluvial 
events. Lagoons were in fact submitted to seasonal 
drying following high-energy alluvial events as also at-
tested in the palynological record (Pseudoschizaea 
peaks and decrease of palynomorphs concentration).  

HST - Around 6,000 cal. yr BP, the sediment input 
from the hinterland takes over the creation of sedimen-
tary space, after the transgressive phase and the start of 
the highstand sea level. The progradation towards the 
sea of coastal and river systems begins, with conse-
quent depositional regression of the coastline; brackish 
lagoon sedimentation extends to the eastern sector be-
fore being interrupted by alluvial episodes. Between 
about 1,500 cal. yr BP and approximately 1,300–1,200 
cal. yr BP, with the definitive closure of the communica-
tion with the open sea, the lagoon areas at Marina di 
Campo were progressively transformed into freshwater 
coastal ponds. In the surroundings of the ancient coastal 
ponds, fluvial sedimentation persists until today as at-
tested by the current floodplain. 

 
This contribution provides a geological-

stratigraphic basis for future research on relevant topics 
and questions still open concerning especially the: 
i) stratigraphic relationships and chronology of fluviatile 

and marine deposits which exhibit a sharp erosive 
contact. At present the occurrence of unreliable AMS 
datings of marine sediments and the absence of 
chronological references in fluvial sediments prevent 
any inferences; 

ii) reconstruction of landscape modifications induced by 
humans and/or climate during the last 7,000 years in 
the Mediterranean area, including the documentation 
of the 4.2 kyr event. Multidisciplinary and higher reso-
lution investigations, especially palynological ones, 
are currently underway at Marina di Campo and in the 
plains of Magazzini and San Giovanni (central-
northern EI).  
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