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Detailed stratigraphic and micropalaeontological analyses of samples from boreholes at the Somma-Vesuvius
apron, between Pompeii and the sea, allowed reconstruction of Late Quaternary palaeoenvironmental
evolution of the Sarno coastal plain. In all, 116 samples were recovered from seven boreholes drilled from
2–10 m a.s.l. to 16.5–26 m b.s.l. Microfossil assemblages, with special regard to benthic foraminifers
and ostracods, were used to reconstruct the depositional palaeoenvironment. Fossil remains show that all the
pre-79 AD fossiliferous sediments from 2 to −24 m a.s.l. were deposited in shallow marine waters for a long
time despite an appreciable sea level rise. The data indicate alternation of both shallow marine and subaerial
conditions during the last ~15 kyr, evidencing ground uplift of the area of about 75 m at a rate of ~5 mm/year.
Marine sediment accumulation (~6 m/kyr) and tectonic uplift long offset the sea level rise, and as a
consequence, submerged areas remained the same as well.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The south-eastern side of the Somma-Vesuvius volcano is a densely
inhabited area including the towns of Boscotrecase, Boscoreale, Torre
Annunziata, Scafati, the archaeological site of Pompeii and present-day
town of Pompei (Fig. 1). The Somma-Vesuvius volcano formed mostly
during the last 25 ka, producing at least three Plinian eruptions before
AD 79 (22 030±175 cal BP “Pomici di Base”, 8890±90 cal BP
“Mercato”, and 4365±40 cal BP “Avellino”) and many smaller-scale
subplinian eruptions (Santacroce and Sbrana, 2003; Santacroce et al.,
2008 and references therein).

The world famous Roman city of Pompeii and other sites were
buried by the AD 79 Vesuvius eruption. The sketch in Fig. 1 shows
the apron of the volcano where the transition between the volcano
flanks and the alluvial plain occurs. It represents the south-western
stretch of the Sarno Plain, a Late Quaternary alluvial coastal plain
where the River Sarno flows. The Sarno Plain is located in the
southern part of the Campanian Plain, a Quaternary basin bordered by
faults that affected the Mesozoic and Cenozoic calcareous rocks of
the Apennine thrust belt. It is a NE–SW elongated structural
depression bordered on the N-E and S-E by Mesozoic carbonate
rocks, on the S-W by the Tyrrhenian Sea and on the N-W by Somma-
Vesuvius. The geological evolution of the Sarno Plain has been the
subject of numerous publications including stratigraphic, rock dating
and micropalaeontological studies (Barra et al., 1989; Patacca et al.,

1990; Albore Livadie et al., 1991; Brancaccio et al., 1991; Cinque,
1991; Barra, 1992; Barra et al., 1992a; Cinque et al., 1993; Brocchini
et al., 2001; Cinque and Irollo, 2004; Sacchi et al., 2005; Acocella and
Funiciello, 2006; Vogel and Märker, 2010).

The Somma-Vesuvius complex and the Sarno Plain are generally
thought to have experienced a period of subsidence, within the global
tectonic subsidence context of the Campanian Plain with respect to
the bordering carbonates (e.g. Cinque and Russo, 1986; Albore Livadie
et al., 1991; Brocchini et al., 2001; Ferranti et al., 2006; Di Renzo et al.,
2007). During the Holocene transgression maximum, the sea reached
an area more than 3 km inland of the present shoreline, cutting into
the volcano at its foot near ancient Pompeii (Cinque and Russo, 1986;
Albore Livadie et al., 1991; Barra, 1992; Pescatore et al., 1999, 2001).
Recently, Marturano et al. (2009) detected ~30 m uplift at Pompeii
which occurred at a rate of ~5 mm/year in the Holocene. Although the
uplift was assumed extended to the whole Somma-Vesuvius
structure, a very local cause was not excluded.

The objective of this study was to ascertain whether the
Vesuvian apron close to Pompeii experienced ground movements
such as those at the famous archaeological site, conditioning post-
glacial sea ingression. A chance to obtain direct information on the
subsurface geology of the area was provided by cores and drilling
logs carried out for projects and geotechnical surveys. The study
area (Fig. 2) extends on land from the archaeological site of
Pompeii to the sea. Here we present new micropalaeontological
analyses of samples drilled during the CNR project “Progetto
Finalizzato Beni Culturali, Sottoprogetto 4”. In order to evidence
Late Quaternary interglacial transgression areas and possible uplift
events, Cultural Heritage (BC) data were integrated with those
recently reported for the archaeological site of Pompeii (CA in
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Fig. 2) by Marturano et al. (2009) and the A14 core (A14 in Fig. 2)
by Di Vito et al. (1998). By integrating all the data: a) it was verified
that the sites experienced both subaerial and marine conditions
from the Last Glacial Maximum; b) the shoreline of the maximum
ingression was shifted well beyond the scarp on the southern side
of ancient Pompeii; c) a longer-term uplift trend was observed to
affect the study area consistent with the site of Pompeii. Below we
aim to reconstruct the depositional palaeoenvironment of the study
area. Its tectonic evolution will then be proposed.

2. Palaeoecology

2.1. Materials and methods

Samples were recovered from seven boreholes drilled outside the
ancient site of Pompeii situated along two transects (Transect 1: BC 1–4;
Transect 2: BC 5–7) at 2–10m a.s.l. Borehole depths ranged from
16.5 to 26 m (Fig. 3). Calcareous remains include benthic foraminifer
tests, ostracod shells, bryozoan and mollusc (bivalve, gastropod and,

Fig. 1. Vesuvius and study area (framed). Boreholes (triangles) and localities (squares). PSc borehole is located eastward of the study area near the Sarno River.

Fig. 2. Study area. Location of boreholes (triangles): (BC1-7) Beni Culturali Project; (CA) Insula of Casti Amanti within Ancient Pompeii; (A14) A14 core; (P33, 34, 35, 39, 43) previous
boreholes (Barra, 1992). The same symbols, the coast and the course of the Sarno River are used as landmarks in the next figures.
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infrequently, scaphopod) fragments, echinoid spines and very rare
brachiopods.

Assemblages of benthic foraminifers and ostracods were used to
reconstruct the depositional palaeoenvironment of Quaternary
sediments in the Sarno coastal plain. A total of 116 samples
(Table 1) were examined. Each core sample was cleaned to remove
surface material in contact with drilling mud. Samples were
disaggregated using hydrogen peroxide and washed through a
63-μm mesh; the dried samples were sieved to obtain the N125-μm
fraction. Benthic foraminifers and ostracods, picked out from the
coarser fraction, were recorded in 37 samples. Three samples,
devoid of foraminifers and ostracods, yielded bryozoan or bivalve
remains, and 76 were barren. All species are given a semi-
quantitative rating, according to their relative abundance: rare
(1–3 specimens), uncommon (4–7 specimens), common (8–20
specimens), abundant (N 20 specimens).

In all, 61 benthic foraminifer species, pertaining to 27 genera, and
53 species from 26 genera of ostracods were identified and listed
(Table 2; Appendix A). Eight species are left in open nomenclature and
four given affinitive status: Aurila sp. Callistocythere sp., Neonesidea
sp., Propontocypris sp. because only young instars were found;
Hemicytherura sp., Pseudocytherura aff. P. strangulata, Sahnicythere
sp., Sclerochilus sp., Semicytherura aff. S. diafora, S. aff. S. paradoxa,
Xestoleberis aff. X. labiata, Xestoleberis sp. due to the poor preservation
of the material. One erased valve of a freshwater candonid species
was considered allochthonous (i.e. transported from continental
waters).

2.2. Palaeoenvironmental interpretation

All of the autochthonous species found in the study area aremarine
and presently living in the Mediterranean. Areal and bathymetric
distribution, as well as the assemblages characteristic of different
biotopes, are well defined in the literature. Data on benthic
foraminifers are taken from Le Calvez and Le Calvez (1958), Blanc-
Vernet (1969), Pujos (1976), Haake (1977), Blanc-Vernet et al. (1979),
Vénec-Peyré (1984), Sgarrella and Barra (1985), Jorissen (1987),

Sgarrella et al. (1985), Sgarrella andMoncharmont Zei (1993), Donnici
and Serandrei Barbero (2002), Aiello et al. (2006) and Frezza and
Carboni (2009); ostracod data are reported by Müller (1894), Rome
(1964), Barbeito-Gonzalez (1971), Uffenorde (1972), Breman (1976),
Bonaduce et al. (1976, 1977, 1988), Yassini (1979), Peypouquet and
Nachite (1984), Arbulla et al. (2001, 2004), Triantaphyllou et al. (2005)
and Aiello et al. (2006). Information from ecological literature was
integrated with unpublished data on Recent Mediterranean assem-
blages (Aiello and Barra).

On the basis of the known distributional data (depth range,
sedimentary substrate, and presence of marine vegetation) five groups
of species were defined:

(1) Species found exclusively or preferentially in the infralittoral
zone, on sand, silt and muddy sand, without vegetation.
Benthic foraminifers: Adelosina elegans, A. longirostra, Ammonia
tepida, A. parkinsoniana A. perlucida, Astrononion stelligerum,
Elphidium complanatum, E. crispum, E. cuvilleri, E. incertum,
E. punctatum, Elphidium sp. A, Quinqueloculina bosciana, Q.
poeyana,Q. lamarckiana, Q. stelligera, Sigmoilina tricosta, Triloculina
gibba, T. schreibersiana.
Ostracods: Aurila prasina, Callistocythere protracta, Cytheretta
adriatica, C. subradiosa, Eucytherura angulata, Hemicytherura
gracilicosta, Heterocythereis voraginosa, Leptocythere bituberculata,
L. macella, L. ramosa, Loxoconcha affinis, L. ovulata, Pontocythere
turbida, Semicytherura incongruens, S. sulcata, Urocythereis flex-
icauda, U. margaritifera.

(2) Species found exclusively or preferentially in the infralittoral zone
with vegetation cover.
Benthic foraminifers: Asterigerinata mamilla, Lamarckina scabra,
Massilina secans, Planorbulina mediterranensis, Rosalina bradyi, R.
floridana, R. obtusa, Sigmoilina grata, Triloculina oblunga, T. rotunda.
Ostracods: Neocytherideis subulata, Paradoxostoma triste, P.
versicolor, Pontocypris pellucida, Sclerochilus levis, Sclerochilus sp.

(3) Infralittoral ubiquitous species, associatedwith sandy to sandy-
muddy bottom with vegetated substrate.
Benthic foraminifers: Buccella granulata, Cibicides lobatulus, Quin-
queloculina berthelotiana, Q. lata, Siphonaperta aspera, Spirillina
vivipara, Tretomphalus concinnus, Triloculina plicata, T. trigonula.
Ostracods: Leptocythere levis, Palmoconcha turbida, Semicytherura
acuticostata, S. paradoxa, Tenedocythere prava, Xestoleberis com-
munis, X. dispar.

(4) Species living in the infralittoral to upper circalittoral zones.
Benthic foraminifers: Adelosina mediterranensis, Ammonia gai-
mardi,Bolivina striatula,Bulimina elongata,Elphidiumgranosum,E.
macellum, E. pulvereum, Lagena clavata, Nonionella turgida,
Quinqueloculina contorta,Q. pygmaea,Q. seminulum,Q. tenuicollis,
Reussella spinulosa, Sigmoilina costata, Spiroloculina excavata,
Stainforthia complanata, Textularia calva.
Ostracods: Carinocythereis whitei, Cistacythereis (H.) turbida, Costa
batei, C. edwardsi, Hemicytherura defiorei, Microcytherura fulva,
Semicytherura dispar, S. mediterranea, S. rarecostata, S. stilifera.

(5) Species occasionally present in the infralittoral zone, more
frequently found on circalittoral muddy substrate.
Benthic foraminifers: Bulimina aculeata, Cornuspira involvens,
Miliolinella subrotunda, Quinqueloculina stalkeri.
Ostracods: Eucytherura complexa.

The fossil assemblages in question are mainly associated to
changes in sediment granulometry. Species composition and semi-
quantitative assemblage analysis allow different palaeoenvironments
to be recognized in the borehole sediments.

Assemblages:
(1) Bryozoan or bivalve fragments, in coarse to medium sands;

samples: BC1-51, BC1-45; BC6-133. Upper infralittoral or mesolittoral
zone, strongly influenced by high-energy waters.
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Fig. 3. Schematic stratigraphic columns of boreholes (for location see Figs. 1, and 2).
a) Post 79 AD sediments; b) pumice deposits; c) sands, clays, palaeosoils and humified
layers; d) block lavas and scoria. Stars represent marine fossiliferous samples (see
Table 1); ellipses the 14C dated samples.
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(2) Rare foraminifers, typical of very shallow waters (Ammonia
parkinsoniana, Buccella granulata, Elphidium crispum), very rare echinoid
and mollusc remains, in coarse to fine sands; samples: BC2-85, BC2-83,
BC2-82, BC2-81, BC2-78, BC2-76; BC4-214; BC5-164, BC5-162, BC5-159;
BC6-127, BC6-125. Deposition occurred in high-energy marine waters,
within the upper part of the infralittoral zone.

(3) Low abundance and diversity recorded in assemblages A and B
and the presence of shell debris indicate a depositional environment
ranging from upper infralittoral zone to infralittoral fringe (possibly
reaching the mesolittoral zone).

(4) Very rare ostracods, typical of very shallow waters (Palmo-
concha turbida, Pontocythere turbida); samples: BC2-75; BC4-198. In
the former sample echinoid spines also occur. Medium-fine sands.
Upper part of the infralittoral zone.

(5) Relatively rich and well-diversified foraminifer and ostracod
assemblages; samples: BC2-87, BC2-86, BC2-84; BC3-109, BC3-108; BC5-

Table 1
Elevation and dry weight of studied samples; fossiliferous samples are asterisked.

Sample QC QA Weight

Transect 1
CORE BC 1
43 0.96 9:04 71
44 1.56 8:44 35
45* 1.82 8.18 42
47 2.40 7.60 41
48 3.20 6.80 27
49 4.00 6.00 41
50 4.37 5.63 35
51* 7.02 2.98 32
52 7.30 2.70 45
54 7.70 2.30 52
59 10.44 −0.44 74
62 12.70 −2.70 40

CORE BC 2
71 5.80 0.20 52
75* 10.40 −4.40 43
76* 11:23 −5.23 44
78* 12:18 −6.18 56
80 13.38 −7.38 59
81* 14:59 −8.59 36
82* 14.77 −8.77 51
83* 15.50 −9.50 32
84* 15.98 −9.98 57
85* 16.60 −10.60 35
86* 17:55 −11.55 38
87* 18.20 −12.20 49

COREBC 3
95 4.50 −0.50 35
100 8.50 −4.5 65
103 10.60 −6.60 58
104 11.55 −7.55 48
105 12.20 −8.20 35
106 13.20 −9.20 44
107 14.77 −10.77 51
108* 17.00 −13.00 38
109* 17.76 −13.76 34
110 18.55 −14.55 42
112 20.16 −16.16 31

CORE BC 4
178 3.00 0.00 142
179 3.88 −0.88 81
190 10.28 −7.28 63
191 11.12 −8.12 96
192 11.81 −8.81 60
193 12.18 −9.18 45
194 12.48 −9.48 58
195 13.13 −10.13 87
196 14.07 −11.07 62
197 14.85 −11.85 66
198* 15:56 −12.56 67
199 16.11 −13.11 82
200 16.73 −13.73 57
201 17.60 −14.60 46
202 18.02 −15.02 64
203 19.00 -16.00 81
204 19.54 -16.54 82
205 20.50 -17.50 43
206 21.10 -18.10 54
207 21.81 -18.81 56
208 22.64 -19.64 49
209 23.58 -20.58 60
210 24.65 -21.65 65
214* 24.72 -21.72 72

Transect 2
CORE 5
152 8.90 -4.90 47
153 10.00 -6.00 28
154 11.60 -7.60 62
156* 14:17 -10.17 56
157* 15.30 -11.30 74
158 16.14 -12.14 26
159* 16.89 -12.89 54
160* 17:39 -13.39 65

Table 1 (continued)

Sample QC QA Weight

Transect 2
CORE 5
161* 17.94 -13.94 60
162* 18.50 -14.50 64
163* 19:07 -15.07 65
164* 19:58 -15.58 52
165 20.22 -16.22 20
166 20.94 -16.94 21
167 21.68 -17.68 42
168 22.18 -18.18 28
169* 22.66 -18.66 59
170* 23:27 -19.27 45
171* 23.80 -19.80 41
172* 24.46 -20.46 26
173 24.71 -20.17 50

CORE BC 6
113 2.30 0.70 46
121 9.15 -6.15 64
122 10.00 -7.00 71
123 11.55 -8.55 105
125* 12.62 -9.62 48
126* 13.20 -10.20 43
127* 14.00 -11.00 31
128* 14.80 -11.80 42
129* 15.75 -12.75 34
130 16.50 -13.50 54
131 17.80 -14.80 35
132 18.35 -15.35 37
133* 19.00 -16.00 61
134 19.90 -16.90 58

CORE BC 7
1 1.34 0.66 23
2 1.39 0.61 31
5 4.25 -2.25 49
7 6.60 -4.60 66
10 8.10 -6.10 41
11 8.90 -6.90 75
12 9.70 -7.70 54
16 10.90 -8.90 39
17 11.56 -9.56 58
22 14.25 -12.25 47
24 15.50 -13.50 35
28 16.70 -14.70 48
29 17.30 -15.30 40
31* 18.00 -16.00 45
32* 18.60 -16.60 27
34 19.65 -17.65 56
35 20.20 -18.20 48
36 21.5 -19.50 38
37* 23.20 -21.20 33
39* 24.40 -22.40 41
40* 25.00 -23.00 37
42* 26.00 -24.00 38
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172, BC5-171, BC5-170, BC5-169, BC5-163, BC5-161, BC5-160, BC5-157,
BC5-156; BC6-129, BC6-128, BC6-126; BC7-42, BC7-32, BC7-31. Coarse-
fine sands tomuddy silts. Sedimentedwithin the upper infralittoral zone.
A palaeoenvironment frequently characterized by vegetation is inferred
from the common presence of phytophilous species.

(6) Rich and diversified assemblages consisting of foraminifer,
ostracod, bryozoan, echinoid and mollusc remains. Both foraminifers
and ostracod assemblages include very shallow (i.e. upper infralittoral)
and lower infralittoral species; samples: BC7-40, BC7-39, BC7-37. The
samples are characterized by very fine sands. Assemblages represent the
maximum palaeodepth, within the infralittoral zone, probably not
exceeding 20 m b.s.l.

Fossil remains show that all the fossiliferous sediments were
deposited in shallow marine waters. The palaeoenvironment ranges
from the lower infralittoral zone characterized by muddy bottoms
with vegetation, low energy and high abundance and diversity of the
assemblages, to the upper infralittoral zone, infralittoral fringe and
possibly mesolittoral zone with generally coarser sediments, higher
energy, lean assemblages and low specific diversity.

The presence in sample BC7-39 of one valve of a freshwater
candonid species, clearly transported by fluvial waters, shows the
proximity of the Sarno river mouth. The influence of fluvial
supply is suggested by the record of a group of foraminiferal
species (A. parkinsoniana, A. longirostra, Q. seminulum, E. granosum,
T. schreibersiana, T. trigonula), previously reported as common on
sandy or pelitic-sandy bottoms in marine environments under the
influence of fluvial waters (Pujos, 1976; Sgarrella and Barra, 1985;
Sgarrella et al., 1985; Jorissen, 1988).

Fossiliferous samples pertain to pre-79 AD sequences, while
sediments younger than 79 AD are barren except sample BC1-45
which yielded bivalve fragments. Core depth of fossiliferous deposits
is generally deeper than 10–15 m b.s.l., except for BC2 that shallows at
~5 m b.s.l.

3. Long-term deformation

Recently Marturano (2008) and Marturano et al. (2009) proposed
to extend both single eruption upwelling and long-term ground
deformation at the Somma-Vesuvius volcano by utilizing strati-
graphic, archaeological, micropalaeontological, archaeometric and
petrochemical data from Pompeii. A local cause was not excluded;
therefore, new evidence is required to corroborate the hypothesis
and it is necessary to take account of volcano-tectonic deformation
in stratigraphic, sedimentological and palaeontological analyses
performed near the volcano in order to reconstruct the depositional
palaeoenvironment.

The Cultural Heritage Project mainly focused on environmental
study close to Pompeii and, timewise, close to the 79 AD eruption,
thus giving a partial, though detailed, picture of the site evolution
(Pescatore et al., 1999, 2001; Ciarallo et al., 2003). Data from the seven
project boreholes offer an opportunity to verify the dynamics of
the area and, as we are interested in the long-term changes of the
apron environment, the sediments older than 79 AD will be
considered below.

The stratigraphic scheme of the BC boreholes is reported in Fig. 3
together with the nearby sites of A14 and CA by Di Vito et al. (1998)
and Marturano et al. (2009), respectively. The A14 and CA sites are
close to the seven boreholes of the Project andwill be considered here,
focusing on the Scafati borehole data on the plain. To this latter
location (Fig. 1), eastward of the study area, refers the stratigraphy
(PSc) in Fig. 3 and peaty mud sediments at 5.2 and 10.8 m b.s.l. dated
4500±320 and 5600±130 years BP, respectively (Barra et al.,
1992a). At Pompeii six boreholes were drilled along the east and
westward alleys of the so-called “Insula of Casti Amanti” (location in
Fig. 2). Between the 79 AD deposits and an underlying shoshonitic
lava body, the sequence (CA in Fig. 3, summarized by Marturano et al.,

2009) can be subdivided into three main layers. The middle layer, at
present about 25 m a.s.l., revealed the ubiquitous presence of
microfossil remains, phonolitic pumice from the Mercato eruption
(8890±90 cal. years), glass shard and ceramic pottery remnants
characteristic of the Late Neolithic Diana Culture pottery (4300–3700
BC). The pumice samples revealed a phonolitic composition with
homogeneous major and trace elements typical of the “Mercato”
eruption, as named by Walker (1977), also known as “Pomici
Gemelle” (Delibrias et al., 1979) or “Ottaviano pumice” (Rolandi
et al., 1993). The fall deposits of this eruption dispersed in an E–NE
direction (e.g. Mele et al., 2010), as generally occurs for plinian and
subplinian Vesuvian eruptions with the exception of that of 79 AD
that deposited ash and pumice primarily to the south and southeast of
the volcano. Results of micropalaeontological analysis suggested that
sedimentation occurred in a high-energy marine paleoenvironment,
like the upper part of the infralittoral zone, infralittoral fringe or
midlittoral zone.

Di Vito et al. (1998) documented at core A14 (location in Fig. 2)
low sea level sediments at about 15 (A14a) and 24 m b.s.l. (A14b)
dated 18–20 ka (sequence A14 in Fig. 3, from Di Vito et al., 1998).
Radiocarbon dating of the humified levels under two lava blocks of
core A14 revealed age inversion: an upper palaeosol dated 20300
±200 BP and lower palaeosol dated 18700±280 BP (Di Vito et al.,
1998). The age inversion of palaeosoils is generally a crucial point for
analysis of stratigraphic sequences. The large error used below
overcomes the obstacle as it permits confirmation of the average
uplift rate for longer, which is the goal of this article. However,
anomalous age patterns through sediment cores are not rare,
particularly when 14C dating is performed on organic matter
dispersed in sediments with a complex accumulation history (Di
Vito et al., 1998). Therefore, caution is required in interpreting core
A14 (Di Vito et al., 1998; Milia et al., 2008). The two dates, calibrated
to calendar years with the IntCal104 dataset (Reimer et al., 2004),
are 22.7 and 24.7 cal. kyr BP, older than the volcanic bodies overlying
the palaeosoils, and therefore, according to petrographical features
of the lava flows, consistent with their emplacement preceding
the Pomici di Base-Pomici Verdoline activity (22–19 cal. kyr BP;
Santacroce and Sbrana, 2003; Di Renzo et al., 2007; Santacroce et al.,
2008).

As reported in the previous section, pre-79 AD marine sediments
at BC holes are situated from 8 down to−24 m a.s.l., characterized by
microfossil assemblages indicating shallow marine palaeoenviron-
ments. Marine sediments at comparable depth are also reported in
sequence A14 (Fig. 3), where the elevation of the 14C dated samples
(ellipses) is also indicated.

Recently, Lambeck et al. (2004), Lambeck and Purcell (2005),
Pirazzoli (2005) and Stocchi and Spada (2008) evaluated the
components combining to produce sea level change after the last
deglaciation and developed a predictive model for Late Pleistocene
and Holocene changes in relative sea level for the Italian coast. They
concluded that relative sea level is spatially variable along the Italian
peninsula and across its adjacent seas due to glacio-hydro-isostatic
effects, and sea level cannot be represented by a single time-
dependent curve for the entire region. Their results primarily reveal
coastal stability along the Tyrrhenian coast since the middle
Pleistocene, using the position of the MIS 5.5 horizon as marker
(Lambeck et al., 2004; Antonioli et al., 2009). Absolute sea level
change (solid curve in Fig. 4) is plotted by smoothing with a ninth-
order polynomial the reconstruction by Lambeck et al. (2010).

According to Marturano et al. (2009), the solid line passing
through point CA represents the CA site-level change from the
sediment deposition (~7.5 kyr) to the present position (25 m a.s.l.),
showing an average uplift rate of ~5 mm/yr. In Fig. 4 A14 sediments
are also plotted at the present (A: 15 m b.s.l. B: 24 m b.s.l.) and at their
original location back down to the palaeoshoreline as inferred by
calibrated ages (22.7 and 24.7 cal key BP). The A14 sediment
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trajectories (lines) indicate a long period of subaerial environment
up to about 13 kyr BP (P in Fig. 4), after which a marine environment
is attained. The A14 calibrated ages are reported with an error of
±2000 years to account for the data inversion. The corresponding
estimated uplift rates range from 4.0 to 5.1 mm/year in accordance
with the CA rate. Following this trend, A14 sediments supported a
tectonic upwelling of about 100 m (Fig. 4). The vertical bars consider
the total prediction uncertainty as reported by Lambeck et al. (2004).

The dashed curve in Fig. 4 represents the elevation of the past
shoreline, h(t), for the case of constant tectonic uplift rate (5 mm/
year); the vertical dashed line the movement of sediments CA.
Shoreline elevation at an uplift rate of 5 mm/year (dashed curve h(t)
in Fig. 4) shows that at ~11 kyr, the level at h=0 overtakes the curve.
Any marine sediment produced at a very low depth (~0 m b.s.l.) at
that time would now have zero elevation, and any older sediment
would still have negative elevation. At the supposed tectonic rise
(5 mm/year), the sediment with the highest possible present
elevation was produced about ~7 kyr ago. Fig. 5a jointly reports sea
level change (solid curve), function h(t) (dashed curve), trajectories
(solid lines) for P and CA (filled circles) at a 5 mm/year uplift
rate and, finally, the present elevation of BC samples represented by
the top (t) and bottom (b) samples for each borehole to improve
legibility.

From micropalaeontological analysis of BC samples, very low
marine water is inferred for long intervals of time, in spite of the
contemporaneous appreciable sea level rise. The constant water
level depth suggests a constant ground uplift rate close to that of sea
level, with the joint contribution of sediment pile up and tectonic
rise. The BC1 low marine water samples are located above current
sea level (see also Fig. 3), which is the highest level at any time since
the Last Glacial Maximum, providing evidence for uplift and
deposition after 11 kyr. The other BC samples are all beside the
present sea level. To determine the age of deposition of BC
sediments, the present BC locations are plotted back down to the
palaeoshoreline at an average rate of 5 mm/year (Fig. 5a). Vertical

bars of −5 m are also reported in order to retain the features of low
marine water (Fig. 5a).

Thepresent elevations of BC samples are alsoplottedon theh(t) curve
(Fig. 5a) and magnified in Fig. 5b where functions h(t) representing
tectonic uplift rates of 4.5 and 5.5 mm/year are also reported.

4. Volcano-tectonic contribution

In theory, it is relatively straightforward to determine pre-historic
vertical ground deformation on volcanoes as well as in non-volcanic
areas, by utilizing absolute sea level data. In practice, determination
remains problematic on volcanoes because rapid environmental
changes potentially influence the printing and detention of records
in the natural archives. And this makes it difficult to isolate single
components unambiguously, which is essential for studies on a
potentially hazardous apparatus.

Uplift and subsidence of the Earth's surface are observed in many
volcanic areas. The displacement pattern reveals such characteristics
as depth and rate of magma accumulation (e.g. Dvorak and Dzurisin,
1997). In addition to rapid changes associated with individual
eruptions, long-term changes occur in the shape of volcanoes. Strain
rates of a fewmillimeters/year, comparable to tectonic ones estimated
in Southern Italy (1–2 mm/year; Luongo et al., 1991; Westaway,
1993; Bordoni and Valensise, 1998; Amato and Cinque, 1999; Patacca
and Scandone, 2001; Ferranti and Oldow, 2005), have been calculated

Fig. 4. Sea level change (curve) along the Campanian coast; vertical bars indicate total
prediction uncertainty (Lambeck et al. 2004). The horizontal bars correspond to age
range for Mercato eruption (8 890±90 year) and Diana Late Neolithic phase (4300–
3700 B.C.) for CA, and age limit for marine sediments in borehole A14 (±2000 year).
The three lines represent the relative ground movement of sites CA and A14A,B; the
present day intersects at 25, −15 and −24 m a.s.l. Dashed curve and line represent,
respectively, the current elevation of past shorelines at constant tectonic rates of 5 mm/
year, and relative vertical movement of CA.

Fig. 5. a) Sea level change along the Campanian coast (continuous curve); curve h(t)
representing present elevation of past shoreline, assuming constant tectonic rate of
5 mm/year (dashed). Solid circles represent CA and P as in Fig. 4; open circles BC
samples. b) Enlargement of part of Fig. 5a representing h(t) curves at 4.5, 5.0 and
5.5 mm/year and BC samples (open circles with error bars of 5 m).
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for volcanoes in the Tyrrhenian Sea (e.g. Lucchi et al., 2007), but strain
rates of several mm/year have also been reported for volcanoes close
to Vesuvius. Indeed, an uplift rate exceeding 30 mm/year for Mt
Epomeo on the island of Ischia (Gillot et al., 1982; Vezzoli, 1988; Barra
et al., 1992b; Carlino et al., 2009; Vezzoli et al., 2009) and in the order
of 6–16 mm/year for the Holocenic sediments of La Starza terrace at
Pozzuoli, Campi Flegrei, have been estimated (Cinque et al., 1985;
Barra, 1992; Acocella, 2008). An uplift roughly one order of magnitude
greater has been recorded at Yasur Volcano (~150 mm/year), Tanna
Island, Vanuatu Island Arc (Chen et al., 1995; Neef et al., 2003) and
Iwo-Jima Island (150–200 mm/year), Izu-Bonin Arc (Kaizuka, 1992),
and finally an uplift rate of 800–1000 mm/year have been observed at
Campi Flegrei in seventy and eighty years of last century, the last
being the highest uplift rate among the known caldera volcanoes in
the world (Corrado et al., 1976; Barberi et al., 1984; De Natale et al.,
2006a).

The Somma-Vesuvius volcano has experienced both single
eruption upwelling of some metres, and long-term ground deforma-
tion at a rate of 5 mm/yr for the last several kyr (Marturano, 2008;
Marturano et al., 2009). The A14 deep marine sediments experienced
~100 m of uplift from the late Pleistocene at a rate of 5 mm/year
extending back in the time the previously estimated uplift rate.
Following the volcaniclastic sequence, i.e. marine sands separated by a
palaeosol (Di Vito et al., 1998), it is proposed that deposits at A14 log
experienced subaerial uplift conditions up to ~13 kyr by utilizing a
linear trend (Figs. 4 and 5). Consequently, samples drilled by BC logs
can be relatively dated confirming that marine succession uncon-
formably covered older sediments. It is to be emphasized that more
sophisticated uplift trends are not justified by poor available data. We
suppose that the vertical uplift is of a volcanotectonic nature and that
the contribution of regional tectonics is negligible, appearing to be
one order of magnitude smaller (e.g. Brancaccio et al., 1991; Ferranti
and Oldow, 2005).

A Maxwell viscoelastic behaviour with varying rheological para-
meters may be appropriate for the bulk of the crust underlying the
volcano (Zollo et al., 1998; Nunziata et al., 2006; Cubellis et al., 2007).
However, fine scale details in load history and local variations in
crustal rheology remain poorly known. We rely therefore on
simplified earth models with uniform rheology. A deep source of
strain located in an elastic half space produces displacement of the
surface as shown in Fig. 6a. If we consider a surface line S and the
source C as the only source of strain, the temporal change of surface
morphology can be represented by the curves S0 ,…, S5 at times
t0b…b t5 (Fig. 6b): note the vertical displacement of the surfaces and
the horizontal shifting of lower parts (arrows in figure). In order to
simulate the deformation of the apron of our volcano and the Sarno
Valley, we consider a dislocation model, like a horizontal sheet, based
on the formulas of Okada (1992). The source, 20–25 km deep,
corresponding to the depth of the low velocity zone underlying the
crust (e.g. Panza et al., 2007), is centred along the axis of the summit
caldera of the volcano. The source is assumed large as the base of
the volcano (20 km) and the parameters are calibrated to obtain a
vertical rate of 5 mm/year at 10 km and to constrain the magma
supply rate close to bibliography values and average eruption rate
(Joron et al., 1987; Cioni et al., 2003 and reference therein). The
calculated ~19 kyr palaeosurface environment is shown in Fig. 7a,
where the present-day coastline and the Sarno River are also reported,
together with the horizontal displacement of the lower parts of the
valley and the supposed river course (dashed curve). In Fig. 7b the top
of Campanian Ignimbrite is reported (CI; 39 ka) by Aprile and
Toccaceli (2002) as possibly appearing around the Last Glacial
Maximum. Vertical coincidence of the lower parts of the two valleys
(dashed curves in Fig. 7a and b) supports both model and vertical rate
operating for a long time. Fig. 7c reports the top of CI and the
calculated surface at 19 kyr. The two surfaces, around Scafati, appear
~30 m distant, according to the thickness of the sediments as reported

by Aprile and Toccaceli, 2002. In the same figure (Fig. 7c) the vertical
line joins the two surfaces at the site of the Scafati borehole. If the
sediments are erased the two surfaces roughly coincide at the older
age; at the intermediate age calibration is possible by using borehole
data.

The Sarno Valley at present is reported in Fig. 8a. Fig. 8b proposes
the palaeoenvironment of the Sarno Valley at 13 kyr BP by utilizing
the data around Pompeii and Scafati. The palaeosurface is obtained by
deforming the surface from the above model and lowering the valley
by ~15 m as indicated by the thickness of sediments at Scafati and BC
boreholes at 13 kyr. The submerged area in Fig. 8b is obtained by
utilizing sea level data from Lambeck et al. (2010). Palaeocoastlines at
15 and 11 kyr inferred by BC data are represented in Fig. 9a and b. The
submerged areas appear roughly the same at 15, 13 and 11 kyr
although the sea level rose by ~40 m in the same period. Evidently,
the tectonic and sedimentation rates, the latter around 6 m/kyr as
inferred by BC samples (Figs. 3, 5 and Table 1), offset the sea level rise,
leading to relative palaeoenvironmental stability in the area.

The BC boreholes do not report marine samples younger than
~9 kyr. During the Holocene several Vesuvian eruptions concerned
the Sarno Valley. Among them, three main plinian eruptions, Mercato
(9 ka), occurring 10 kyr after the last sub-plinian (Greenish, 19 ka),
Avellino (4 ka) and Pompeii (AD 79), supplied several km3 of
pyroclastic materials (e. g. Santacroce et al., 2008). Both the amount
of dispersed loose pyroclastics by volcanic activity and the varying
climatic conditions from the semiarid of the late Pleistocene to
wetter conditions in the Holocene favoured erosion and deposition
rate change (e.g. Zanchetta et al., 2004). Moreover, the relative
equilibrium between land and sea level was changing: the tectonic
uplift rate finally exceeded the rate of sea level rise, and, as a

Fig. 6. a) Source of strain. Vertical (continuous) and horizontal (dashed) surface
displacement produced by a source (C) of strain centred at depth h. b) displacement of
surface line in time (S0 ,…, S5) produced by a deep source of strain: note the lateral
shifting of the bottom of the surface (arrows).
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consequence, part of the valley experienced erosion, partially erasing
younger marine sediments. At 7 kyr the Pompeii hill had not yet re-
emerged and the palaeo-Sarno joined the sea in the median part of
the valley (Fig. 9c). The reconstruction in Fig. 9c is supported by CA
samples and dating on peaty mud found at the Scafati borehole
(6.3 cal. kyr BP).

At present, marine samples are recognized high above sea level at
Pompeii and at BC1. Cinque and Irollo (2004) pointed out late-
Pleistocene marine sediments at S. Abbondio hill (SE of ancient
Pompeii, Fig. 2) and marine sediments a few metres a.s.l. have been

recognized at P33, P34, P35, P39 and P43 from previous boreholes
(Barra et al., 1992a) (see locations in Fig. 2). The location of all these
boreholes is on the right bank of the Sarno River, between Pompeii
and the sea, supporting partial preservation of the study area from
erosion processes.

5. Discussion and conclusions

The study area comprises the southwestern coastal plain of the
Sarno River, between the ancient city of Pompeii and the sea. A NW–

Fig. 7. Sarno Valley. a) 19 kyr palaeosurface of the Sarno Valley calculated by using a source of strain 25 km deep centred below the summit caldera of Somma-Vesuvius. b) Top of
Campanian Ignimbrite (CI, by Aprile and Toccaceli, 2002). Note the correspondence of the bottom of the two valleys evidenced by dashed curves. c) Top of CI and calculated
palaeosurface; the line links the location of the Scafati borehole.
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SE escarpment developing between 25 and a few m a.s.l. crosses the
area: on the top is Pompeii, southwestward the other logs (Fig. 2). The
escarpment has been interpreted as a Holocene palaeo-sea cliff
(Cinque and Russo, 1986; Cinque, 1991; Barra et al., 1992a; Vogel and
Märker, 2010), assigning to the succession at the base the last 5–7 kyr
by dating at the Scafati borehole near the Sarno River. The lava flows,
evident under Pompeii but drilled by A14 log, account for the
elongated hill at Pompeii that runs perpendicular to the Sarno River,
partially setting the emerging study area apart in the last kyr.

Importantly the Somma-Vesuvius volcanic complex and the Sarno
Plain are located within a global tectonic subsidence framework of the
Campanian Plain with respect to the bordering carbonates and
present a complex pattern of faults with normal and strike-slip
kinematics (e.g. Patacca et al., 1990; Luongo et al., 1991; Bruno et al.,
1998; Brocchini et al., 2001; Milia et al., 2003a,b; Aiello et al., 2005;
Piochi et al, 2005). However, the seismicity of the area is low, and

shows no links with tectonic alignments (e.g. De Natale et al., 2001;
Cubellis et al., 2007; Galluzzo et al., 2008). Nor have recent aseismic
displacements on the fault been detected. The seismicity recently
recorded is marked by events at Vesuvius with a frequency of a few
hundred per year concentrated in the summit caldera (MD≤3.6) at a
depth of less than 6 km below sea level (e.g. Vilardo et al., 1996;
Bianco et al., 1999; Capuano et al., 1999; Cubellis and Marturano,
2002; Zollo et al., 2002; De Natale et al., 2004, 2006b; Galluzzo
et al., 2008). According to pre-instrumental seismicity data in modern
times, the most severe events took place in 1794 and prior to the
eruption of 1631 (M≈4.5) (e.g. Cubellis and Marturano, 2002;
Principe et al., 2004; Bertagnini et al., 2006). In Classical times the
largest earthquake, the AD 62 M=5.1±0.3 event, occurred during
the uplift of the volcanic apparatus preceding the 79 AD eruption
(Mercalli, 1883; Marturano and Rinaldis, 1995; Boschi et al., 1997;
Marturano, 2008). In sum, given the low seismicity rate, seismic-

Fig. 8. Sarno Valley at present (a) and 13 kyr ago (b). The sea submerged the area of BC boreholes (blue); the low sea depth around Scafati is in light blue.
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related tectonic motion can be judged negligible, and the long-term
average uplift is a useful quantity to represent the dynamic of the area
unaffected by abrupt offset.

In coastal areas tsunamis should also be taken into account to
correctly interpret borehole data. Tsunamis can be of seismic or
volcanic origin. The Italian Tsunami Catalogue does not report the
dangerous effects of tsunamis for the Bay of Naples linked to
earthquakes for the last three centuries, the completeness period, or
two millennia, the time interval spanned by the catalogue (Tinti et al.,
2004).

Tsunamis of volcanic origin can be caused by the impact of
pyroclastic flows or surges, submarine explosions, flank or caldera

collapse (e. g. Blong 1984). The Ischia and Campi Flegrei volcanoes,
seamounts and volcanoes of the Aeolian Arc in the Southern
Tyrrhenian Sea are possible sources of potentially dangerous tsunamis
for the Bay of Naples. Pyroclastic flows or surges are known to
accompany all the large eruptions occurring at Ischia (~55 ka Mount
Epomeo Green Tuff) and Campi Flegrei (39 ky Campanian Ignimbrite
and 15 ky Neapolitan Yellow Tuff) (e.g. Barberi et al., 1978; Vezzoli,
1988; De Vivo et al., 2001; Deino et al., 2004; Tibaldi and Vezzoli,
2004; Brown et al., 2007; Santacroce et al., 2008; Carlino et al., 2009).
Moreover, sector collapses were proposed for Stromboli, the Aeolian
Isles (Kokelaar and Romagnoli, 1995) and Ischia (Chiocci and de
Alteriis, 2006). Despite the data and the sources, geological proof of
tsunamis along the coast (off- and onshore) between Naples and the
Sorrento Peninsula has not been reported. Although large volumes of
pyroclastic and debris flows entering the sea are considered
tsunamigenic (e.g. Mattioli et al., 2007), the potential generation
and effects of tsunami produced by flows travelling down the flank of
Somma-Vesuvius is a matter for debate. Deposits of thick debris
avalanches and pyroclastic currents offshore of Somma-Vesuvius
associated with the Pomici di Base, Avellino Pumice and AD 79
eruptions of Vesuvius were recently recognized (Milia et al., 2003a,b,
2007, 2008). On the contrary, field evidence discards lateral collapses
of the volcano in the last 20000 years (Cioni et al., 2008) and the
calculated size of tsunamis generated by data on pyroclastic flows of a
big eruption at Vesuvius, like AD 79, appears modest (b1 m) (Tinti
et al., 2003). Nevertheless, these issues would be worth investigating
for hazard evaluation in management of coastal zones (e.g., Milia
et al., 2008).

However, catastrophic events produce unusual layers in prevailing
deposits in the sedimentary sequence, and the related micropalaeon-
tological assemblages should show some evidence of resedimentation
(e.g. mixed assemblages, dimensional selection, abraded tests and
valves). Conversely, our micropalaeontological analysis evidenced
autochthonous assemblages, and the resulting data constrained the
palaeosea depth to constant values for a broad time range and led to
extreme events like high magnitude storms and tsunamis being
rejected.

The previous detected rise was restricted to the “Insula of Casti
Amanti” on the lava hill of ancient Pompeii. On this ground
Marturano et al. (2009) did not exclude a very local cause, although
involvement of the whole Somma-Vesuvius structure was reason-
ably assumed. The new data extending the uplift area strengthen the
latter hypothesis.

There is the further interesting question regarding the use of
palaeoenvironmental results. From micropalaeontological analyses,
very lowmarine water is inferred for long intervals of time, in spite of
appreciable sea level rise. Constant palaeobathymetric data suggest a
constant ground uplift rate close to sea-level rise, providing an insight
into the long-term dynamic evolution of the volcano. Indeed, taking
this characteristic into account, a tectonic uplift rate close to 5 mm/
year can be confirmed up to ~15 kyr BP. In this lapse of time the sea
level rose ~90 m, the land 75 m andmarine sediments accumulated at
~6 m/kyr.

Interestingly, the sedimentary sequence is not interrupted by large
amounts of abrupt pyroclastic depositions excluding the primary role
of large explosive eruptions around the stable low-sea. On the
contrary, our observations suggest that volcano-tectonics played an
important role in forming the geomorphology of the apron area near
Pompeii. In Fig. 10 a NE–SW cross-section from Pompeii to the sea
is reported (dashed section in Fig. 2). Settings at the present time,
~7 and ~13 kyr ago, evidence a well-defined pattern of uplift in
accordance with sea level changes. In Fig. 10 the present-day
morphology is reported shaded in the other two sketches at 7 and
13 kyr, as also reporting the marine sediment elevation (stars) and
depth of the holes. At ~7 and ~13 kyr the sea level was, respectively,
around 10 and 70 m lower than the present day.

Fig. 9. Sarno Valley at 15 (a), 11 (b) and 7 kyr (c).
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The samples above the sea level, as well as BC1, CA (at ancient
Pompeii), at S. Abbondio, P33, P34, P35, P39 and P43, (Fig. 2) evidence
that edges of marine sediments escaped erosion following emergence
of the area. Indeed, during the time interval recorded by the studied
sequence shown in Fig. 10, the sea rose but at a progressively
decreasing rate until ground uplift prevailed. Consequently, the
coastal features underwent changes and erosional features prevailed
over those of deposition.

Finally, during the early Holocene the sea flooded the Pompeian
lava hill. Our new findings have shifted further upward and
northward the previously supposed limit to Holocene marine
ingression (e.g. Barra et al., 1992a). Just beyond that limit a Neolithic
human community was to settle and provide the first evidence for the
onset of new emergence.
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Appendix A. List of species

Foraminiferida

(1) Adelosina elegans (Williamson)=Miliolina bicornis (Walker)
var. elegans Williamson, 1858

(2) Adelosina longirostra (d'Orbigny)=Quinqueloculina longirostra
d'Orbigny, 1826

(3) Adelosina mediterranensis (Le Calvez and Le Calvez)=Quinque-
loculina mediterranensis Le Calvez and Le Calvez, 1958

(4) Ammonia gaimardi (d'Orbigny)=Rotalia (Turbuline) gaimardi
d'Orbigny, 1826

(5) Ammonia parkinsoniana (d'Orbigny)=Rosalina parkinsoniana
d'Orbigny, 1839

(6) Ammonia perlucida (Heron-Allen and Earland)=Rotalia perlucida
Heron-Allen and Earland, 1913

(7) Ammonia tepida (Cushman)=Rotalia beccarii (Linneo) var.
tepida Cushman, 1926

Fig. 10. Cross-section from Pompeii to the sea (location in Fig. 2) at present (a), ~7 kyr (b) and ~13 kyr (c). Marine fossiliferous sediments (stars) and location of the boreholes are
reported. The sea level at ~7 and ~13 kyr is ~ 10 m and ~70 m b.s.l respectively (Lambeck et al., 2004). Legend: a) 79 AD pyroclastic flow and fall and post 79 AD reworked deposits;
b) sands and reworked deposits; c) lava flow, block lavas and scoria; c) marine; d) sands, reworked and marine sediments.
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(8) Asterigerinata mamilla (Williamson )=Rotalina mamilla
Williamson, 1858

(9) Astrononion stelligerum (d'Orbigny)=Nonionina stelligera
d'Orbigny, 1839

(10) Bolivina striatula Cushman, 1922
(11) Buccella granulata (Di Napoli Alliata)=Eponides frigidus granulatus

Di Napoli Alliata, 1952
(12) Bulimina aculeata d'Orbigny, 1826
(13) Bulimina elongata d'Orbigny, 1846
(14) Cibicides lobatulus (Walzer and Jacob)=Nautilus lobatulus

Walzer and Jacob, 1798
(15) Cornuspira involvens (Reuss)=Operculina involvens Reuss,

1850
(16) Elphidium complanatum (d'Orbigny)=Polystomella complanata

d'Orbigny, 1939
(17) Elphidium crispum (Linneo)=Nautilus crispus Linneo, 1758
(18) Elphidium cuvilleri Lévy, 1966
(19) Elphidium incertum (Williamson)=Polystomella umbilicatula

(Walker) var. incerta Williamson, 1858
(20) Elphidium granosum (d'Orbigny)=Nonionina granosa d'Orbigny,

1846
(21) Elphidium macellum (Fichtel and Moll)=Nautilus macellus

Fichtel and Moll, 1798
(22) Elphidium pulvereum Todd, 1958
(23) Elphidiumpunctatum (Terquem)=Polystomella punctataTerquem,

1878
(24) Elphidium sp. A Sgarrella and Moncharmont Zei, 1993
(25) Lagena clavata (d'Orbigny)=Oolina clavata d'Orbigny, 1846
(26) Lamarckina scabra (Brady)=Pulvinulina oblunga (Williamson)

var. scabra Brady, 1884
(27) Massilina secans (d'Orbigny)=Quinqueloculina secans d'Orbigny,

1826
(28) Miliolinella subrotunda (Montagu)=Vermiculum subrotundum

Montagu, 1803
(29) Nonionella turgida (Williamson)=Rotalina turgidaWilliamson,

1858
(30) Planorbulina mediterranensis d'Orbigny, 1826
(31) Quinqueloculina berthelotiana d'Orbigny, 1839
(32) Quinqueloculina bosciana d'Orbigny, 1839
(33) Quinqueloculina contorta d'Orbigny, 1846
(34) Quinqueloculina lamarckiana d'Orbigny, 1839
(35) Quinqueloculina lata Terquem, 1876
(36) Quinqueloculina poeyana d'Orbigny, 1839
(37) Quinqueloculina pygmaea Reuss, 1850
(38) Quinqueloculina seminulum (Linneo)=Serpula seminulum Linneo,

1758
(39) Quinqueloculina stalkeri Loeblich and Tappan, 1953
(40) Quinqueloculina stelligera Schlumberger, 1893
(41) Quinqueloculina tenuicollis (Wiesner)=Miliolina tenuicollis

Wiesner, 1923
(42) Reussella spinulosa (Reuss)=Verneuilina spinulosa Reuss, 1850
(43) Rosalina bradyi (Cushman)=Discorbis globularis d'Orbigny var.

bradyi Cushman, 1915
(44) Rosalina floridana (Cushman)=Discorbis floridana Cushman,

1922
(45) Rosalina obtusa d'Orbigny, 1846
(46) Sigmoilina costata Schlumberger, 1893
(47) Sigmoilina grata (Terquem)=Spiroloculina grata Terquem, 1878
(48) Sigmoilina tenuis (Czjzek, 1848)=Quinqueloculina tenuis

Czjzek, 1848
(49) Sigmoilina tricosta (Cushman and Todd)=Spiroloculina tricosta

Cushman and Todd, 1944
(50) Siphonaperta aspera (d'Orbigny)=Quinqueloculina aspera

d'Orbigny, 1826
(51) Spirillina vivipara Ehrenberg, 1843
(52) Spiroloculina excavata d'Orbigny, 1846

(53) Stainforthia complanata (Egger)=Virgulina schreibersiana
Czjzek var. complanata Egger, 1893

(54) Textularia calva Lalicker, 1935
(55) Tretomphalus concinnus (Brady)=Discorbina concinna Brady,

1884
(56) Triloculina gibba d'Orbigny, 1826
(57) Triloculina oblonga (Montagu)=Vermiculum oblongum, 1803
(58) Triloculina plicata Terquem, 1878
(59) Triloculina rotunda d'Orbigny, 1893
(60) Triloculina schreibersiana d'Orbigny, 1839
(61) Triloculina trigonula (Lamarck)=Miliolites trigonula Lamarck,

1804

Ostracoda

(1) Aurila prasina Barbeito-Gonzalez, 1971
(2) Aurila sp.
(3) Callistocythere protracta Ruggieri and D'Arpa, 1993
(4) Callistocythere sp.
(5) Candonidae Kaufmann, 1900
(6) Carinocythereis whitei (Baird)=Cythereis whitei Baird, 1850
(7) Cistacythereis turbida (G.W. Müller)=Cythereis turbida G.W.

Müller, 1894
(8) Costa batei (Brady)=Cythereis batei Brady, 1866
(9) Costa edwardsi (Roemer)=Cytherina edwardsi Roemer, 1838

(10) Cytheretta adriatica Ruggieri, 1952
(11) Cytheretta subradiosa (Roemer)=Cytherina subradiosa Roemer,

1838
(12) Eucytherura angulata G.W. Müller, 1894
(13) Eucytherura complexa (Brady)=Cythere complexa Brady, 1866
(14) Hemicytherura defiorei Ruggieri, 1953
(15) Hemicytherura gracilicosta Ruggieri, 1953
(16) Hemicytherura sp.
(17) Heterocythereis voraginosa Athersuch, 1979
(18) Leptocythere bituberculata Bonaduce et al., 1976
(19) Leptocythere levis (G.W.Müller)=Cythere levisG.W.Müller, 1894
(20) Leptocythere macella Ruggieri, 1975
(21) Leptocythere ramosa (Rome)=Cythere ramosa Rome, 1942
(22) Loxoconcha affinis (Brady)=Normania affinis Brady, 1866
(23) Loxoconcha ovulata (O.G. Costa)=Cytherina ovulata O.G. Costa,

1853
(24) Microcytherura fulva (Brady and Robertson)=Cytherura fulva

Brady and Robertson, 1874
(25) Neocytherideis subulata (Brady, 1868)=Cytherideis subulata

Brady, 1867
(26) Neonesidea sp.
(27) Palmoconcha turbida (G.W. Müller)=Loxoconcha turbida G.W.

Müller, 1912
(28) Paradoxostoma triste G.W. Müller, 1894
(29) Paradoxostoma versicolor G.W. Müller, 1894
(30) Pontocypris pellucida G.W. Müller, 1894
(31) Pontocythere turbida (G.W. Müller)=Cytheridea turbida G.W.

Müller, 1894
(32) Propontocypris sp.
(33) Pseudocytherura aff. P. strangulata Ruggirei, 1991
(34) Sahnicythere sp.
(35) Sclerochilus levis G.W. Müller, 1894
(36) Sclerochilus sp.
(37) Semicytherura acuticostata (Sars)=Cytherura acuticostata Sars,

1866
(38) Semicytherura aff. S. diafora Barbeito-Gonzalez, 1971
(39) Semicytherura dispar (G.W. Müller)=Cytherura dispar G.W.

Müller, 1894
(40) Semicytherura incongruens (G.W. Müller)=Cytherura incongruens

G.W. Müller, 1894
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(41) Semicytherura mediterranea (G.W. Müller)=Cytherura medi-
terranea G.W. Müller, 1894

(42) Semicytherura paradoxa (G.W. Müller)=Cytherura paradoxa
G.W. Müller, 1894

(43) Semicytherura aff. S. paradoxa (G.W. Müller, 1894)
(44) Semicytherura rarecostata Bonaduce et al., 1976
(45) Semicytherura stilifera Bonaduce et al., 1976
(46) Semicytherura sulcata (G.W. Müller)=Cytherura sulcata G.W.

Müller, 1894
(47) Semicytherura sp.
(48) Tenedocythere prava (Baird)=Cythere prava Baird, 1850
(49) Urocythereis flexicauda Bonaduce et al., 1976
(50) Urocythereis margaritifera (G.W. Müller)=Cythereis margaritifera

G.W. Müller, 1894
(51) Xestoleberis communis G.W. Müller, 1894
(52) Xestoleberis dispar G.W. Müller, 1894
(53) Xestoleberis aff. X. labiata Brady and Robertson, 1874
(54) Xestoleberis sp.
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