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Abstract. The Neapolitan Yellow Tuff caldera-forming erup-
tion (ca. 15 kyr) is a large event that occurred at Phlegrean
Fields during the Late Glacial–Holocene time span. The
eruptive products represent a widespread isochronous marker
that links the marine and terrestrial stratigraphic record of
the central Mediterranean and Northern Europe sequences.
In this research, we describe the stratigraphic signature of the
NYT deposits in the Late Glacial–Holocene shelf sequence
of the Gulf of Gaeta (northern Campania region, southern
Tyrrhenian Sea) throughout the seismo-stratigraphic inter-
pretation of a grid of high and very high-resolution Chirp
seismic profiles. The seismo-stratigraphic data allowed to in-
dividuate in the Upper Pleistocene–Holocene stratigraphic
architecture a continental shelf characterized by an offlap
prograding succession followed by a very thick transgressive
onlapping unit, and by an upper highstand unit mainly char-
acterized by undulations probably linked to gas-prone sed-
iment. The NYT reflector observed was parallel and with
a high amplitude. It was continuously detected from the
shelf to the slope within transgressive deposits. On the in-
ner shelf, its continuity was interrupted by shallow gas pock-
ets. The NYT depths ranges from 2 m b.s.f. on the slope to
38 m b.s.f. on the continental shelf. The NYT event appeared
to have played a key role in controlling the stratigraphic ar-
chitecture of the studied area during the last transgression,
acting as a trigger for the formation of the aggradational sed-
imentary successions fed by pyroclastic and volcaniclastic
deposits.

1 Introduction

The eruption of Neapolitan Yellow Tuff (NYT), which re-
sulted in the formation of a caldera at 14.9± 0.4 kyr BP
(Deino et al., 2004), was a significant event that occurred
at Phlegrean Fields (PF) during the Late Glacial–Holocene
(e.g. Rolandi et al., 2020; Orsi, 2022, and references therein).
Its eruptive materials, together with the eruptive products
of the Campanian Ignimbrite (CI), represent widespread
isochronous markers that link marine and terrestrial record
of the central Mediterranean area and Northern Europe se-
quences (Schmidt et al., 2002; Giaccio et al., 2008; Smith et
al., 2011; Insinga et al., 2014; Morabito et al., 2014; Rolandi
et al., 2020; Tomlinson et al., 2022; Sawyer et al., 2023,
among others). In particular, the NYT has been correlated
to the Late Glacial marker tephra C-2 (Paterne et al., 1988),
recorded in the Central Mediterranean (Bourne et al., 2010;
Totaro et al., 2022, and reference therein). The sea occur-
rence of the NYT deposits in the studied area (Gulf of Gaeta,
northern Campania region, southern Tyrrhenian Sea) was
recognized, for the first time, intercalated in the post-glacial
deposits, in the southern sector of the Gaeta Gulf, by Iorio
et al. (2014), whereas its geochemical characteristics and its
extension were later reconstructed by Aiello et al. (2017).
The aim of this study is to further characterize the NYT as
an isochronous marker, extending, through a grid of 15 high
and extremely high-resolution seismic lines calibrated with
gravity cores, the knowledge of its seismo-stratigraphic ar-
chitecture in the Late Glacial–Holocene shelf sequence of
the whole Gulf of Gaeta, and providing also new maps of
the thickness and depth of the NYT deposits.
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Figure 1. Sketch geological map of the Campania Plain and study area. Legend as in figure.

2 Geological Setting

The Gulf of Gaeta represents the northern Campania con-
tinental margin that is part of a large extensional Plio-
Pleistocene basin associated with NW-SE trending normal
faults and lateral strike-slip faults linked to the evolution of
the eastern Tyrrhenian Sea margin (Fig. 1). Since mid-late
Pleistocene, extensional tectonics in the region, was accom-
panied by the onset of an intense volcanic activity, origi-
nating, among others, the volcanic area of the PF, which
has greatly influenced the sedimentation in this sector. Dur-
ing the Plio-Quaternary, the northern Campania continental
margin was marked by the development of marine regions,
such as the Gaeta basin, experiencing subsidence responsi-
ble for thick sedimentary deposits (Trincardi and Zitellini,
1987; Bartole et al., 1983; Sartori et al., 2004; Aiello et al.,
2011; Torrente and Milia, 2013; Conti et al., 2017; Aiello
and Cicchella, 2019). The sedimentary filling in the Gaeta
basin comprises alternating clastic marine and continental
deposits (Amore et al., 2000; Aiello et al., 2000, 2011;
Amorosi et al., 2012; Iorio et al., 2014; Margaritelli et al.,
2016; Aiello, 2017; Misuraca et al., 2018), along with vol-
canic deposits mostly provided by the close volcanic dis-

trict of the PF, which has been active for the past 50 kyr
(De Vivo et al., 2020; Orsi, 2022). The Quaternary marine
and continental succession of the Gaeta coastal plains is
very thick, and characterized by aggradational and progra-
dational units, interpreted as deltaic deposits organized in
transgressive-regressive facies cycles. Moreover, the Gaeta
extensional basin, delimited at east by NW-SE-trending nor-
mal faults, from north to south shows E-W-trending normal
and right strike-slip faults which displaced, both the Qua-
ternary deposits and the Meso-Cenozoic acoustic basement
(Ortolani and Aprile, 1978; Aiello et al., 2000). In addition,
two depocentral areas (coincident with the Garigliano and
Volturno deltas) are present in Gaeta basin, of these two areas
the structural asset of the second is known as an half-graben
by means of seismo-stratigraphic analysis, affecting the top
of the Miocene acoustic basement (Aiello et al., 2011; Mis-
uraca et al., 2018). Since the Late Pleistocene overwhelm-
ing volcanism has marked the Campania Plain and gener-
ated volcanic deposits, mainly due to the eruptions of the CI
(about 40 kyr, e.g. Silleni et al., 2020, and references therein)
and of the NYT (about 15 kyr e.g. Deino et al., 2004, and
references therein). The present morphological depression of
the PF primarily derives from the younger NYT caldera col-
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lapse, partially masking the preexisting PF caldera (e.g. Orsi,
2022, and reference therein). The NYT, composed of rocks
ranging from latites to alkali-trachytes, was deposited in two
members, characterized by different texture, dispersal pat-
tern, and magmatic composition. The tuff crops out over an
area of 1000 km2 (e.g. Acocella, 2008; Sacchi et al., 2014;
Aiello et al., 2020; Corradino et al., 2021; Aiello and Cac-
cavale, 2023a; Orsi, 2022, and references therein).

3 Material and methods

A seismo-stratigraphical analysis was performed carrying
out 15 Sub-bottom Chirp profiles. These latter were collected
in the frame of research projects on marine geological map-
ping on the continental shelf offshore of the Campania re-
gion (Oceanografic Cruise, CARG Project, 2003). The in-
strument used was a Sub-bottom Chirp profiler (Datasonics
Inc.), in dotation to the R/V Urania (CNR). An average ve-
locity of 1550 m s−1 for time-to-depth conversion was used.
Penetration was between 25 and 50 m below the sea bot-
tom. Positioning was established through the Starfix differ-
ential GPS. The location of seismic profiles and gravity cores
was reported in Fig. 2. The obtained seismo-stratigraphic re-
sults were integrated with previous stratigraphic results on
the same dataset and with previous tephrostratigraphic data
from core samples (Iorio et al., 2014; Aiello et al., 2017).
The seismo-stratigraphic analysis is based on the designa-
tion of the discontinuities and, consequently, of the deposi-
tional sequences, fixing the original geometry of the sedi-
mentary bodies and related sedimentary environments, and
chronostratigraphic correlation. High-resolution seismic and
sequence stratigraphy has been described in detail as a valu-
able technique of analysis of seismic profiles (Van Wagoner
et al., 1988, and references therein; Catuneanu et al., 2009;
Zecchin and Catuneanu, 2013; Catuneanu, 2019; Zecchin et
al., 2019) and has been herein applied in the geological inter-
pretation of the collected seismic profiles, where geometry,
discontinuities related to important stratigraphic gaps, and
chronostratigraphic surfaces of the seismic reflectors have
allowed us to divide them into systems tract. Subsequently,
the systems tract and their bounding surfaces have been dis-
cussed (e.g. Zecchin and Catuneanu, 2013), and classified as
sequence stratigraphic frameworks because they describe the
time and size of the parts that make up the basin. The HIS
Kingdom® software was used for the processing, manage-
ment and interpretation of the seismic lines. So far gridding
and contouring have been carried out on the NYT seismic
horizon in order to generate the isochronous map of the NYT
in the whole Gaeta Gulf.

4 Results

4.1 The Late Pleistocene–Holocene stratigraphic
architecture of the northern Gaeta Gulf continental
shelf

A detailed analysis of the stratigraphic architecture of the
Gulf of Gaeta was conducted in order to identify the seismic
horizon representative of the NYT. Starting from the bottom,
the base unit was identified. It represents the Falling Stage
Systems Tract (FSST) and comprises seismic horizons with
moderate amplitude and continuity. These reflectors are in
offlap (progradational phase) towards the southwest, with a
gradient of approximately 1°. In some cases, the continen-
tal sequence boundary (SB) breaks up the upper part of the
offlap reflections. The FSST is limited upwards by a trans-
gressive surface of erosion (TS), displayed on the seismic
sections by a well-marked horizon deepening towards the sea
(Figs. 3, 4 and 5). The Transgressive Systems Tract, (TST),
in onlap on the TS surface, includes the Healing Phase unit
(HP; Posamentier, 1993) which is characterized by sediments
deposited within the deepest area occurring seawards of the
last clinoforms of the underlying progradational phase (Posa-
mentier and Allen, 1993). Furthermore, towards the coast,
on the TS surface, depositional back stepping sediment bod-
ies occur characterized by lenticular shape. They are grad-
ually more recent towards the coast and are made up in-
ternally by downlap clinoforms laying on the base surface,
while at the top they are truncated by the erosion ravine-
ment surface (RS). On top of RS, a conformable reflector
(V) characterized by high continuity and amplitude is con-
tinuously detected on the shelf and upper slope of the en-
tire Gaeta Gulf. The upper TST is marked by parallel and
continuous seismic horizons with a low amplitude (Figs. 3,
4 and 5) and its upper boundary corresponds to the Maxi-
mum Flooding Surface (MFS). The RS is typically taken as
the key surface that separates the “lower TST” (below) from
the “upper TST” (above). In this respect, the NYT would oc-
cur near the base of the upper TST. Above the MFS, there is
the youngest seismic unit, which represents the Highstand
Systems Tract (HST), whose thickness decreases towards
the shelf break (Figs. 4 and 5). On the seismic profiles lo-
cated in the southern part of the shelf, both the TST and
HST display a high thickness. However, the high thickness
of this seismo-stratigraphic unit, on the seismic profile 198A
(Fig. 5c), shows small holes in the ground reflecting sound
waves. The sound waves can be moderate to strong, and lo-
cally they are caused by small pockets of gas that cover up
the sound. The undulated reflections in the upper HST are
found at water depths ranging between 70 and 120 m, where
the slope gets steeper. The undulated reflectors allow to dis-
tinguish individual reflections packets based on small-scale,
differently oriented, extensional offset faults (Fig. 5c, Iorio et
al., 2014). The individual reflections packets exhibit internal
slightly counter-slope dipping, an asymmetrical distribution,
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Figure 2. Location map of 15 Chirp seismic profiles with superimposed location of the C5 (Misuraca et al., 2018), C9 (Amore et al., 2000),
and C1161 (Iorio et al., 2014; Aiello et al., 2017) cores, used in the stratigraphic calibration of the NYT (V) reflector.

Figure 3. Sub-bottom Chirp profile Trans_0 and corresponding geological interpretation, showing the Late Pleistocene–Holocene strati-
graphic architecture of the continental shelf (reinterpreted after Iorio et al., 2014).
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Figure 4. Northern and central sector of the Gulf of Gaeta (a) Sub-bottom Chirp profile 188 and corresponding geological interpretation;
(b) Sub-bottom Chirp profile 190 and corresponding geological interpretation; (c) Sub-bottom Chirp profile 193 and corresponding geological
interpretation.

and a steeper down-slope flank. Furthermore, they are distin-
guished by a constant amplitude.

4.2 The V reflector in the northern shelf of Gaeta Gulf

On the northern shelf of the Gaeta Gulf, the seismo-
stratigraphic analysis has allowed us to identify a highly con-
tinuous seismic reflector (V), intercalated in the lower part
of the TST, which is only locally interrupted by shallow gas
pockets (Fig. 4). Moreover, the same V reflector has been de-
tected continuously from the shelf to the slope in the southern
part of the Gaeta Gulf, within the transgressive deposits, dis-
playing parallel and a high amplitude trend. (Figs. 3 and 5).
So far the V reflector represents a widespread marker across
the entire continental shelf of the Gulf of Gaeta. Proceed-

ing from the shelf to the basin, in the northern sector the
V reflector defines a surface regularly dipping towards the
south-west, at a depth measured from the sea level between
80 and 170 m and with the thickness of sediments between
the seafloor and V, which ranges between 8 and 28 m (Figs. 6
and 7), while at the mouth of the Garigliano River this thick-
ness attains 18 m. In the southern shelf of the Gaeta Gulf, the
thickness of the sediments between the sea floor and this sur-
face ranges between 28 and 38 m, while the surface trending
is comparable with the northern V surface, and it is similar
to the V reflector trending previously identified by Aiello et
al. (2017). The seismic profiles interpreted in both sectors of
the gulf show that the greatest thickness of sediments above
V is found at the mouth of the Volturno River.
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Figure 5. Central and southern sectors of the Gulf of Gaeta (a) Sub-bottom Chirp profile 194 and corresponding geological interpreta-
tion. (b) Sub-bottom Chirp profile 195 and corresponding geological interpretation. (c) Sub-bottom Chirp profile 198A and corresponding
geological interpretation (reinterpreted after Iorio et al., 2014).

5 Discussion

5.1 The stratigraphy of the Gulf of Gaeta continental
shelf

The seismic profiles previously published by Iorio et
al. (2014) and Aiello et al. (2017), have been reassessed and,
together with those located in the northern sector, have been
interpreted in order to show the Late Pleistocene–Holocene
stratigraphy of the continental shelf of the Gaeta Gulf
(Figs. 3, 4 and 5). The Late Pleistocene–Holocene stratig-
raphy of the continental shelf is characterized by an offlap

prograding succession, followed by a very thick transgres-
sive onlapping unit and by an upper highstand unit, which is
mainly characterized by undulations probably linked to gas-
prone sediment (Figs. 3, 4 and 5). The seismo-stratigraphic
analysis, carried out based on Tyrrhenian regional geology
(Trincardi and Field, 1991; Aiello et al., 2000, 2011; Buc-
cheri et al., 2002; Sartori et al., 2004; Iorio et al., 2014; Aiello
et al., 2017; Conti et al., 2017; Misuraca et al., 2018; Milia
and Torrente, 2020; Frezza et al., 2021; Loreto et al., 2021;
Torrente et al., 2023; Aiello and Caccavale, 2023a, b), has
highlighted the stratigraphy of the study area. The inner se-
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Figure 6. Map of the depth trend of the V reflector, interpreted as Neapolitan Yellow tuff (NYT) deposits from the sea level (modified after
Aiello et al., 2017). The colorimetric scale represents the variation of the depth in milliseconds with the corresponding values in meters.

quence boundary, namely SB, has been recognized, eroding
the clinoforms of the FSST seismo-stratigraphic unit. It tes-
tifies to an erosional phase occurring during the shelf progra-
dation of the Last Glacial Maximum (LGM). Similar se-
quence boundaries have been recognized in the stratigraphic
architecture of the Mediterranean continental margins (Lyk-
ousis et al., 2005; Bassetti et al., 2008; Ridente, 2018; Aiello,
2023, among others), punctuating the inner stratigraphy of
the lowstand prograding wedges. The progradational seismic
facies of the FSST deposits (Figs. 3, 4 and 5) let us inter-
preting them as deposited during the LGM Sea level fall that
lasted up to about 18 kyr BP. The HP wedge unit is composed
of the sediments derived by transgressive erosion of the sub-
stratum transported seawards of FFST and is deposited as a
healing phase and progressively infills or “heals over” to re-
balance the longitudinal gradient until that equilibrium pro-
file is re-established (Posamentier and Allen, 1993). The RS
(Figs. 3, 4 and 5) is a time-transgressive or diachronous sub-
aqueous erosional surface triggered by nearshore marine and
shoreline erosion associated with the subsequent sea-level
rise (Posamentier and Vail, 1988; Galloway, 2001; Zecchin

and Catuneanu, 2013). This erosional surface parallels the
migration of the shoreface. We also recognized the wave
ravinement surface that forms in shallow-water settings dur-
ing transgression. It develops progressively landward during
shoreline retreat due to wave action, reworking previously
formed surfaces, such as the transgressive surface and the
subaerial unconformity (Zecchin et al., 2019). The TST posi-
tioned above the RS reflector during the sea level rise causes
an inland shift of the coastal facies up to the maximum sea-
level inundation (5–6 kyr BP). The expression of the maxi-
mum flooding sea event is represented by the MFS surface.
Above the MFS, prograding deposits of the Holocene occur.
These deposits represent the result of the highstand phase,
during which the Volturno delta was formed (Barra et al.,
1996; Bellotti, 2000; Romano et al., 1994; Amorosi et al.,
2012; Ruberti et al., 2018, 2022). Of particular interest is the
TST unit, which was deposited in a time interval between
18 and 6 kyr and so comprising, in its early stage of deposi-
tion, the Campi Flegrei NYT catastrophic eruption occurred
at about 15 kyr BP (Di Vito et al., 1999; Deino et al., 2004).
As previously stated (Sect. 2) the NYT eruption, produced
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Figure 7. Isopach map from sea level of the Holocene sediments overlying the Neapolitan Yellow Tuff (NYT) deposits (this paper).

widely spread deposits allowing us to hypothesize that the V
reflector, found at the base of the TST throughout the conti-
nental shelf of the Gulf of Gaeta, could correspond to NYT
volcanic deposits.

5.2 Testing the northwards trend of the NYT deposits
through core-correlation

The depths of the V reflector attributed to the NYT deposits,
were reconstructed based on seismo-stratigraphic evidence,
and their values were tested against the previously known
(cores C9: Amore et al., 2000; C1161: Aiello et al., 2017)
and hypothesized (core C5: Misuraca et al., 2018) depths of
the NYT (Fig. 8). In the northern sector, where core C9 is
located (Fig. 2), the stratigraphic analysis has allowed us to
identify in the TST a prograding body, whose internal and
external geometries suggest the correlation with the Younger
Dryas climatic deterioration, that occurred around 11.5 ka BP
(Kallel et al., 1997; McKenzie et al., 1998; Pellegrini et al.,
2015; Incarbona et al., 2016; Trias-Navarro et al., 2023). Be-
low this progradation and above the RV surface, the V re-
flector was identified. The stratigraphy of the core C9, which

records the last climatic cycle in the Tyrrhenian Sea (Amore
et al., 2000; Di Donato, 2002), shows that the Last Glacial
period is represented from the base of the core up to 170 cm
(Fig. 8), and that the deglaciation, in which events corre-
sponding with the Younger Dryas have been identified, was
recorded in the core interval ranging from 170 to 130 cm
(Fig. 8). Finally, the upper part of the C9 core represents the
Holocene. Always in core C9, the NYT depth occurrence is
at 250 cm (Amore et al., 2000) and such depth corresponds
to the depth of which the reflector V was calculated on seis-
mic data in the area. Subsequently the V reflector, by means
of stratigraphic analysis and correlation at the intersections
of the dip trending seismic profiles with the Trans_0 pro-
file, was reported back to the V reflector of Aiello et al.,
2017, permitting us to reassess the position of V down to
the southern sector. So far in the central sector, offshore the
Volturno delta and where the thickness is higher, the V re-
flector’s depth has been calculated at about 7 m below sea
floor (Chirp profile 194 in Fig. 5a). This finding is in agree-
ment with the position of an uncharacterized tephra (Fig. 8)
found at 710 cm, in core C5, far below the Agnano Mt. Spina
tephra (4.2 kyr BP, Margaritelli et al., 2016; Misuraca et al.,
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Figure 8. Stratigraphy of the cores C9 (Amore et al., 2000), C5 (Misuraca et al., 2018) and C1161 (Iorio et al., 2014), used for the calibration
of the NYT reflector. The location of the known (cores C9 and C1161) and hypothized (Core C5) NYT tephra has also been reported. Legend
as in figure.

2018), which was recovered very close to profile 194 (Fig. 2).
So far it is hypothesized that the V reflector and the unchar-
acterized tephra in core C5 correspond to each other’s and
that they are probably constituted by NYT deposits. More-
over, in the southern sector the V reflector was correlated
with the tephra occurrence within the TST deposits (Figs. 4
and 5), sampled by core C1161 and previously attributed to
NYT deposits throughout petrophysical analysis (Iorio et al.,
2014; Aiello et al., 2017). At this point it is interesting to
notice that, the V reflector depth in the continental slope,
immediately beyond the shelf break which is characterized
by a thin sedimentary thickness, is equivalent, based on C9
and C1161 core correlation, for both the northern and the
southern sector of the Gulf (Fig. 8). So far having identified
that the NYT deposits spreads all over the Gaeta continental
shelf, and that constitute a continuous seismic reflector, depth
isopach maps were obtained for it (Figs. 6 and 7). In Fig. 6
the depth isopach maps obtained show a surface dipping to-
wards the south-west, while the sedimentary thickness above
the NYT deposits (Fig. 7), increases from north to south, with
a clear depocenter located southwards of the Volturno delta.
Several different driving processes could be hypothesized in
order to explain this sedimentation trend. The particular ge-
ometry of the NYT (in terms of depth and thickness) in the
Volturno area could be related to the presence of an incised
valley system, identified by Amorosi et al. (2012). Another

process could concern the alongshore currents, which in the
area indicate a regular trend of solid transport from NW to-
wards the SE (Cocco et al., 1986; Pennetta et al., 2016, and
references therein). Furthermore, the structural setting of the
area presents normal faults that lower portions of the conti-
nental shelf in the NNW-SSE direction (Bartole, 1984; Conti
et al., 2017) and this structural asset could have led to an
increase in the accommodation space. Finally, another im-
portant aspect to consider is the compaction and subsidence
processes that are observed in prodelta areas of continen-
tal shelves, where the overall load effect of local tectonics,
sediment and hydrostatic loading enlarges the accommoda-
tion space and promotes the accumulation and preservation
of sediment deposits (Liquete et al., 2008). Considering the
sediment thickness above the NYT (Fig. 7), it is possible to
estimate a sedimentation rate of approximately 2.5 mm yr−1,
value that seems to suggest a strong sediment compaction
as driving mechanism for the Late Glacial/Holocene sedi-
ments accumulation of the Gaeta shelf. However, it must be
kept in mind that sedimentation cannot be considered con-
stant in this time interval, as other eruptions have occurred
(i.e. Agnano Monte Spina among others, Fig. 8). Due to this
finding, we may state that the Volturno delta sourced a sig-
nificant sediment supply on the continental shelf during the
Holocene (Barra et al., 1996; Bellotti, 2000; Romano et al.,
1994; Amorosi et al., 2012; Ruberti et al., 2018, 2022). This
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supply has fed the TST and HST deposits (Figs. 4 and 5),
which have an exceptionally high thickness in the study area.

6 Concluding remarks

The stratigraphic architecture in the Upper Pleistocene–
Holocene of the Gul of Gaeta is characterized by an offlap
prograding succession followed by a very thick transgressive
onlapping unit, and by an upper highstand unit mainly char-
acterized by undulations probably linked to gas-prone sedi-
ment. Furthermore, the NYT reflector is parallel with a high
amplitude and it was continuously detected from the shelf
to the slope. The results obtained in this paper have high-
lighted that the NYT deposits, located within the TST, both
in southern and northern sectors of the Gaeta Gulf, represent
a prominent, laterally continuous volcanic marker through-
out the entire Gaeta Gulf. So far this finding, adds informa-
tion about the characterization and diffusion of an important
isochronous marker on the Eastern Tyrrhenian margin and
finally, the NYT depth and isopach maps obtained, will al-
low to further deepen the structural knowledge of the study
area and the development of volcanic hazard maps for an area
densely populated as that of PF.
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