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Abstract

Tectonically raised paleoshorelines have been recently identified along the southern

fault scarps of the Mt. Fellino and Roccarainola horst blocks, which are part of the

northeastern border of the Campania Plain coastal basin (southern Apennines, Italy).

Such horst blocks are bounded to the south by the Polvica Fault, a roughly E-W

trending normal fault. The sequence of uplifted paleoshorelines has been studied in

detail by integrating geomorphological, structural and stratigraphical analyses to

assess the Quaternary uplift of the Mt. Fellino and Roccarainola horst blocks. Yet,

the staircase of paleoshorelines is still not chronologically well constrained.

Aimed at constraining the uplift history of Mt. Fellino and Roccarainola horst blocks

and the rate of activity of the Polvica fault, in this study, we integrate former knowl-

edge on paleoshorelines with a geomorphological analysis to map erosional terraces,

that we interpret as remnants of shore platforms. We apply the synchronous correla-

tion method, driven by new and a former 230Th/234U dating of calcite veins cutting

marine sands, to infer the age of the paleoshorelines and terraces. Based on the syn-

chronous correlation, the mapped paleoshorelines and terraces are correlated with

sea-level peaks of the late Early to Late Pleistocene. In particular, the paleoshorelines

along the Mt. Fellino ridge are correlated with the Marine Isotope Stage (MIS) 7e and

9c or 11, while the oldest terrace is correlated with the sea-level peak of 980 ka.

Using inferred paleoshorelines ages, we estimate the uplift rate of the Polvica Fault

footwall. The uplift rate varies from c. 0.2 mm/yr close to the western fault tip up to

c. 0.5–0.6 mm/yr in the East, in the Roccarainola block. We combine surface evi-

dence with subsurface data from a shallow well to constrain the vertical throw of the

Polvica Fault. A mean fault throw rate of c. 0.4 mm/yr in the last c. 1 Ma is estimated

for the central part of the PF. Assuming that the Polvica Fault is still active, we esti-

mate the maximum expected earthquake by means of empirical relationship and

obtain a Mw � 6.2 value and recurrence interval value of c. 1,200 yr. Historical seis-

micity activity of the PF has not been acknowledged to date. However, our results

raise the crucial question of an in-depth assessment of the seismic hazard for the

densely populated Campania Plain.
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1 | INTRODUCTION

The complex interaction between relative sea level fluctuations, tec-

tonic uplift and sedimentary inputs controls the elevation and shape

of flights of marine terraces and the formation of Quaternary coastal

plains, beach ridges and coral reefs (Chauveau et al., 2024;

Lajoie, 1986; Rubio-Sandoval et al., 2021). Rates of coastal uplift have

been calculated by studying tectonically deformed flights of marine

terraces/coral reefs (e.g., Cerrone et al., 2021a; Chauveau et al., 2021;

de Gelder et al., 2022; Decker, Falkenroth, & Hoffmann, 2024;

Karymbalis et al., 2022; Ott et al., 2019; Perazzotti, Del Valle, &

Fornós, 2024a, 2024b; Roberts et al., 2013; Robertson et al., 2019;

Rubio-Sandoval et al., 2024; Saillard et al., 2009). Where active faults

affect uplift, these investigations may provide along-strike profiles of

fault deformations spanning different timescales (Georgiou

et al., 2022). Therefore, crucial insights for an improved long-term

seismic hazard assessment related to a seismically deforming region

may be inferred. Crustal extension occurring in the southern Apen-

nines is seismically accommodated by active normal faults in the

chain, with geodetic and Holocene extension rates in reasonable

agreement within a range of 1–2 mm/yr (e.g., Devoti et al., 2017;

Faure Walker et al., 2012; Ferranti & Oldow, 2005; Palano

et al., 2011; Papanikolaou & Roberts, 2007; Serpelloni et al., 2005,

2022; Sgambato, Faure Walker, & Roberts, 2020). The study area is

located in the Campania Plain (Figure 1), a Quaternary coastal graben

of the southern Apennines. Here, only low to moderate seismicity has

been recorded, and no evidence of surface rupture has been reported

over historical times. That led the Database of Individual Seismogenic

Sources (DISS3.2.1; DISS Working group, 2018) to indicate no poten-

tial seismogenic source both inside and at the boundaries of the Cam-

pania Plain. On the contrary, active and capable faults bounding the

Campania Plain are reported in the ITHACA (ITaly HAzard from CApa-

ble faults) catalogue (ITHACA Working Group, 2019). The Polvica

Fault is included among these faults and in ITHACA catalogue it is

named as the Cancello Fault and the Sabato Valley-

Accellica-Polveracchio Fault. Cinque, Ascione, & Caiazzo (2000) con-

sider the Polvica Fault among the faults which may have slipped in

the last 40 ka (i.e., after the eruption of Campania Ignimbrite, dated

�39 ka; Giaccio et al., 2017). The Polvica Fault (hereafter labelled as

PF, Figure 1), an � E-W trending, S-dipping extensional fault zone

with a minimum length of about 15 km located at the southern

boundary of Mt. Fellino ridge – Roccarainola horst blocks, is one of

the main structures that delineate the NE boundary of the Campania

Plain (Cerrone et al., 2021b; Figure 1). According to the Italian

Catalogue of Earthquakes (Rovida et al., 2020, 2021), earthquakes

with low to moderate magnitude have occurred in historical times in

the area around the PF, which has been damaged by the 1,499 “Nola”
(Mw 5.6), the 1,561 “Sorrento peninsula” (Mw 5.6) and the 1805

“Piana Campana” (Mw 5.1) earthquakes (Figure 1). An assessment of

the PF slip was performed by Cinque, Ascione, & Caiazzo (2000)

based on correlation of a marine terrace located at 50 m a.s.l. in the

western sector of the Mt. Fellino ridge with marine deposits drilled in

the Campania Plain and age �125 ka by U/Th dating of

Cladocora caespitosa coral (Romano, Santo, & Voltaggio, 1994).

Hence, Cinque, Ascione, & Caiazzo (2000) estimated a displacement

of c. 100 m since 125 ka and inferred a mean slip rate of � 1 mm/yr

for the PF. Such a value is much higher than the long-term mean

throw rate of 0.4–0.6 mm/yr in the last c. 1.5 Ma inferred

from geomorphological-stratigraphical evidence, i.e. the relationship

between the depth of the bedrock age and the timing of the early

phases of extension in the Campania graben (Cinque, Ascione, &

Caiazzo, 2000).

Despite the above information, relatively poor surface informa-

tion is available and/or useful to the reconstruction of the displace-

ment history of the faults at the boundaries of the Campania Plain.

Such a problem is mostly due to the scarcity of dated markers

(i.e., marine terraces), which implies difficulty in quantifying the

amount and timing of the vertical motions of the horst blocks.

A recent study based on morpho-stratigraphical analysis of raised

paleoshorelines and characterisation of the Quaternary fault system

has been carried out on the southern slope of Mt. Fellino ridge and

Roccarainola hills (Cerrone et al., 2021b). Such new data appears

incongruent with former estimates of the PF slip history. Yet, data

available to date on the throw and timing of faulting of the PF do not

allow a reliable assessment of the PF slip history, an issue that appears

of fundamental importance to the assessment of seismic hazards

possibly associated with PF.

A classical morphotectonic study (e.g., Parrino et al., 2023;

Sorrentino, Valente, & Mondillo, 2023) of the Mt. Fellino ridge,

Roccarainola hills area and the adjacent alluvial plain, focused on the

study of the mapped paleoshorelines integrated with a detail-scale

geomorphological analysis to map erosional terraces was carried out.

In this study, we apply a synchronous correlation approach driven by

new age controls for a comprehensive analysis of the flight of terraces

that are preserved along the Mt. Fellino southern slope, which con-

tinues eastwards to the Roccarainola hills (Figure 1). In particular, we

refined vertical deformation rates over the late Quaternary for the

S-dipping PF, aimed at a better understanding of the relationship

between crustal extension and surface uplift in the investigated area.

For the investigated region, we attempt to (i) estimate along-strike

fault uplift rates, (ii) investigate any spatial variations of fault-related

uplift rates, which would confirm the Late Quaternary faulting activity

of the PF, (iii) explore along-strike fault rates of tilting through time

for marine terraces to estimate gradients of fault displacement and

(iv) assess fault throw rates from displaced marine terraces. We dis-

cuss our results in terms of tectonic implications and seismic hazard.

2 | GEOLOGICAL AND
GEOMORPHOLOGICAL SETTING

The formation of the Campania Plain coastal basin is related to the

tectonic evolution of the southern Apennines, a late Tertiary to early

Quaternary NE-verging orogenic belt. The Campania Plain, one of the

largest coastal basins along the Tyrrhenian side of the southern Apen-

nines, was formed during the early Pleistocene as a result of exten-

sional processes related to the formation of the Tyrrhenian back-arc

basin (e.g., Sartori, 1990). It is a NW-SE elongated, rectangular-shaped

structural depression of �2000 km2 (Figure 1a) with a relatively flat

topography interrupted by the Somma-Vesuvius and Campi Flegrei

volcanic centres, which experienced significant eruptions in historical

times (Barra et al., 1996; Brancaccio et al., 1995; Romano, Santo, &

Voltaggio, 1994; Santangelo et al., 2010; Scarpati et al., 2025a;

Scarpati et al., 2025b). The geological evolution of the Campania Plain
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has been inferred mostly from subsurface data, e.g., geophysical and

deep and shallow well data (Aiello et al., 2021; Amorosi et al., 2012;

Barra et al., 1991; Barra et al., 1996; Brancaccio et al., 1991, 1995;

Bruno, Cippitelli, & Rapolla, 1998; Cerrone et al., 2021c; Cinque,

1991; Corrado et al., 2024; Florio et al., 1999; Ippolito, Ortolani, &

Russo, 1973; Romano, Santo, & Voltaggio, 1994; Santangelo

et al., 2010, 2017; Totaro et al., 2024). These investigations show that

the carbonate successions that form the backbone of the basin’s horst

blocks are downthrown in the subsurface of the Campania Plain down

to 3,000–4,000 m below the sea level by E-W, NE–SW, NW-SE and

N-S oriented high-angle extensional faults, which have produced

northward thickening of the basin fill, mainly due to the roughly NE–

SW trending master faults (Ippolito, Ortolani, & Russo, 1973; Mariani

and Prato, 1988; Florio et al., 1999; Milia & Torrente, 1999, 2015;

Caiazzo, Ascione, & Cinque, 2006; Cella et al., 2007; Milia

et al., 2013).

The deposits filling the Campania Plain basin consist of Pleisto-

cene to Holocene shallow marine, transitional and alluvial sediments,

which are interlayered with volcanic (lava and pyroclastic) deposits

supplied by several buried and outcropping eruptive centres

(Santangelo et al., 2017 and references therein; Figure 1). Since the

Middle-Late Pleistocene, volcanic activity of the Somma-Vesuvius and

F I GU R E 1 (a) Shaded relief of the southern sector of the Campania Plain and surrounding mountains extracted from a 10 m resolution DEM
(Tarquini et al., 2007, 2012). In the map, the study area (white polygon) and the location of historical earthquakes from the Catalogo parametrico
dei terremoti italiani 2015 (CPTI15) (Rovida et al., 2020, 2021) are indicated. A detail of the study area is shown in Figure 3; (b) Google Earth image
modified with the main Quaternary faults along the Campania Plain.
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Campi Flegrei volcanic complexes provided prominent volcanic inputs

into the Campania Plain.

The eastern boundary of the Campania Plain is defined by a series

of carbonate ridges striking NW-SE (e.g., Mt. Maggiore and Caserta

Mts.) and roughly E-W, such as Mt. Fellino ridge (Figure 1). The PF

defines the northern boundary of the so-called Acerra sub-basin (Cella

et al., 2007; Florio et al., 1999) of the major Campania Plain (Figure 1).

In the Acerra sub-basin several E-W trending extensional faults are

identified to the south of PF (Aprile, Sbrana, & Toccaceli, 2004;

Bellucci, Santangelo, & Santo, 2003; Scandone et al., 1991).

Holocene tectonic activity has affected the sub-plains of Sarno

and Volturno. In the inner sector of the Sarno Plain, geomorphological

and stratigraphic evidence of Holocene fault activity has been

recognised (Santo et al., 2019; Valente et al., 2019, 2021) and post

Campania Ignimbrite motions in the northern Volturno Plain are

described by Corrado et al. (2020).

2.1 | Paleoshorelines along Mt. Fellino ridge and
Roccarainola hills

Along Mt. Fellino ridge and Roccarainola hills (Figure 1), Cerrone et al.

(2021b) identified three distinct paleoshorelines labelled T1, T2 and

TRR, characterised by shore platforms covered by transgressive-

regressive sedimentary wedges (Figure 2). These include shallow

marine deposits, e.g., conglomerates and sands/arenites bearing fossil-

iferous contents (bivalves and microfossils). The highest

paleoshoreline (TRR, Figure 2e) has been identified just in the eastern

part of the study area, in the Roccarainola hills (Figure 1).

Such paleoshoreline, labelled TRR in Cerrone et al. (2021b), con-

sists of a wave-cut platform located � 200 m a.s.l. and covered by a

matrix-supported conglomerate composed of well-rounded pebbles,

which passes upwards to a few decimetres thick sandy deposits con-

taining benthic foraminifera (Cerrone et al., 2021b; Figure 2). The

marine deposits of the TRR are generally covered by a few metre-

thick colluvium.

The T1 and T2 paleoshorelines consist of terrace remnants that

crop out rather continuously along Mt. Fellino southern slope. How-

ever, both the elevations of the T1 and T2 wave-cut platforms and

their vertical separation vary spatially along Mt. Fellino ridge,

decreasing from the centre of the PF towards its western tip

(Cerrone et al., 2021b). Mutual correlation between remnants of the

T1 and T2 is based on the stratigraphic and geomorphological fea-

tures (e.g., sizes of the abrasion platforms, sedimentary facies and

thicknesses of the deposits overlying the abrasion platforms;

Cerrone et al., 2021b).

The elevation of the T1 platform inner margin ranges from 80 m,

in the centre of the Mt. Fellino ridge, to 50 m a.s.l. in the western part

of the ridge. The T1 abrasion platform is covered by a few metre-thick

shallow marine deposit composed, from the bottom, of conglomerates

passing upward to calcarenites bearing bivalve shells and shell casts

(Figure 2). The marine deposits are overlain by either alluvial fan or

colluvial deposits containing abundant reworked volcanic material

(Figure 2).

F I GU R E 2 Images of the deposits associated with paleoshorelines T1, T2 and TRR. (a) Arenite with pebbles and bivalve remnants of
paleoshoreline T1. (b,c) Arenites and pebbly arenites with bivalve fragments and casts of paleoshoreline T2. (d) Conglomerate passing upwards to

arenite of paleoshoreline T2. (e) Coarse conglomerate with a sandy matrix of paleoshoreline TRR.
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The elevation of paleoshoreline T2 ranges from 70 to 115 m a.s.l.

The deposits associated with the T2 are composed of a basal con-

glomerate which grades upwards into shoreface deposits with

bivalves and benthic fauna (Cerrone et al., 2021b; Figure 2). At some

outcrops, large rock-fall deposits resting onto the shore platform tes-

tify to sea-cliff retreat during the platform formation (Cerrone et al.,

2021). The marine deposits are covered by coarse-grained continental

deposits several metres thick. The T2 is displaced by S-dipping normal

faults and N to NNW striking, oblique-slip transfer faults. Tension

fractures affect the T2 deposits and extension veins are distributed

subparallel to the main normal faults and transfer faults. The veins

contain calcite, typically present in the form of blocky crystals. Calcite

veins related to fault-fluid interactions (e.g., Li et al., 2020), are fre-

quently found dispersed throughout carbonate rocks within fault

zones.

Based on the dating of a calcite vein (sample C.Pl2) dissecting the

shoreface deposits of T2, Cerrone et al. (2021b) assigned to pal-

eoshoreline T2 an age > MIS 7 and hypothesized a correlation with

MIS 9. Based on sequential correlation criteria, the Authors hypo-

thesised a correlation of T1 and TRR with MIS 7 and MIS

11, respectively.

3 | MATERIALS AND METHODS

The geomorphological setting of Mt. Fellino and Roccarainola hills

was reconstructed by analyses of topographic data using 1:5000 scale

maps, a 5 m resolution-Digital Elevation Model (DEM) released by the

Regione Campania (Figure 3) and a 1 m resolution (LiDAR) DEM

released by the Italian Ministry of Environment (MITE). The marine

terrace data have been modelled by the synchronous correlation

method driven by new and already published age controls to recon-

struct the Quaternary uplift rate of the area (e.g., Houghton

et al., 2003; Roberts et al., 2009, 2013; more details in Section 3.1).

The reconstructed long-term uplift of the PF footwall block was

used in combination with subsurface data to estimate the PF throw.

F I GU R E 3 The 5 m resolution DEMs of the Mt. Fellino ridge and Roccarainola hills. (a) Elevation map with 15 m contour lines. In the map,
the traces of the 10 topographic profiles are reported. The red star indicates the location of the sampled calcite vein; (b) slope angle map of

Mt. Fellino ridge and Roccarainola hills in degrees.
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To constrain the throw, we used the stratigraphic log of a shallow

borehole (T69 borehole; location in Figure 3; Figure S1) located in the

hanging wall block of the PF (location in Figure 3). As a final step, we

used information on the PF geometry inferred from our study to esti-

mate the possible maximum expected earthquake magnitude of the

PF by means of the empirical relationship between the fault length

and magnitude first proposed by Wells & Coppersmith (1994). To

evaluate the magnitude, we applied the formula (Mw = 4.7248 L

[km]0.1046) by Galli, Galadini, & Pantosti (2008).

3.1 | The synchronous correlation method

The synchronous correlation method developed by Houghton et al.

(Roberts et al., 2009, 20,132,003) and Roberts et al. (2009) has been

applied in several studies over the last decade (e.g., De Santis

et al., 2023; Meschis et al., 2018, 2020, 2022; Pedoja et al., 2018;

Robertson et al., 2019, 2023). This method is based on the concept

that, for a given constant uplift rate, Quaternary sea-level highstands

producing raised sea-level indicators are unevenly spaced in time,

implying that preserved paleoshorelines are unevenly spaced in eleva-

tion. The adaptability of this approach is shown when it is applied to

scenarios with either constant or fluctuating uplift rates as demon-

strated by previous investigations (e.g., Meschis et al., 2018, 2022;

Roberts et al., 2009; Varzi et al., 2024). This method overcomes the

“re-occupation” problem of younger sea-level indicators over older

ones, avoiding assigning erroneous relative ages to undated marine

terraces when regions with relatively low uplift rates are investigated

(e.g. De Santis et al., 2023; Robertson et al., 2019). For this approach,

given that at least one age control is obtained for a paleoshoreline,

the simplest hypothesis of having a constant uplift rate through time

is tested, iterating values of uplift rates driven by available age

controls (e.g., Meschis et al., 2018, 2022; Roberts et al., 2013 and

references therein). Such a process enables the user to iteratively

calculate sea level highstand elevations driven by age controls

which may be either newly obtained absolute dating or well-known

literature. This allows the assessment of whether the predicted/

modelled elevations of marine terraces of different ages match the

elevations of mapped paleoshorelines (e.g., Meschis et al., 2018). If

there is not a robust match between mapped and predicted

elevations, then scenarios with uplift rates varying through time are

tested, as shown by previous investigations (e.g., Meschis et al., 2022;

Roberts et al., 2009).

In our case study, the dataset used for the modelling includes

(i) paleo sea-level indicators, i.e., shoreline angles of well-developed

marine-built terraces, hereinafter labelled paleoshorelines, namely T1,

T2 and TRR (Section 2) (Figure 4), and (ii) marine-cut/erosional ter-

races, hereinafter labelled terraces, cutting the carbonates of the

southern slope of Mt. Fellino ridge and Roccarainola hills. The ero-

sional terraces were identified through the geomorphological analysis

F I GU R E 4 Images of paleoshorelines
T1 (a) and T2 (b), with the indication of
the platform shoreline angles. The
outcrop in image (a) is located in the
western part of Mt. Fellino ridge (profile
2, location in Figure 3); image in (b) is
located in the central part of Mt. Fellino
ridge (profile 6, location in Figure 3).
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of the topographic data. In the modelling, the terraces were inter-

preted as eroded remnants of shore platforms. Such an assumption

was based on the terraces’ shapes, which are flat to slightly

south-dipping (i.e., dipping towards the sea) and, therefore, suggestive

of a marine origin for the terraces.

For paleoshorelines T1, T2 and TRR, the elevations of the plat-

form’s shoreline angles, which were used in the modelling, were both

measured by a handheld GPS receiver and inferred from topographic

(DEM) data. The double estimations of the paleoshoreline elevations

served us to test by means of regression analysis the reliability of the

DEM-based topographic analysis.

DEM-based values of the terraces’ elevations were used as input

data for the modelling. The elevation error range of the DEM-based

values is in metric order, which is in line with the decametric uncer-

tainties within the sea-level curves used in this work. Using ArcMap

10.4 software, 10 topographic profiles (labelled 1 to 10 from the west

to the east; Figure 3a) were constructed across the southern escarp-

ments of Mt. Fellino and Roccarainola hills, intercepting

paleoshorelines T1, T2 and TRR and the DEM-mapped terraces. The

10 profiles were used for the synchronous correlation analysis.

The elevations of the shoreline angles of paleoshorelines T1, T2 and

TRR along the 10 profiles are reported in Table 1.

Global sea-level curves used for the modelling are curves by

Siddall et al. (2003) for the < 410 ka time range, and by Rohling et al.

(2014) for > 411 ka times (Table S1).

It is important to note that data from different sea-level curves

may imply variations in modelled paleoshoreline elevations. However,

Robertson et al. (2019) showed that the overall spatial uplift pattern

and uplift rates did not vary too greatly when data from different sea-

level curves were used in the modelling.

To support the synchronous correlation modelling we used inde-

pendent age constraints (Section 3.2). To assess the correlation

between elevations of measured and predicted paleoshorelines, linear

regression analysis was carried out, aiming at maximizing the coeffi-

cient of determination (R2), similar to previous investigations

(e.g., Roberts et al., 2013; Varzi et al., 2024). For clarity, in the follow-

ing Sections we will use the terms: (i) paleoshoreline, to indicate the

marine-built terraces T1, T2 and TRR (Section 2); (ii) terrace, to indi-

cate erosional terraces mapped by DEM analysis; (iii) predicted sea-

level position when referring to the present elevation of an uplifted

sea-level indicator of a certain age inferred from the synchronous cor-

relation modelling.

3.2 | Age constraints

Our synchronous correlation modelling is driven by independent age

constraints from an existing (Cerrone et al., 2021b) and a new

U-series dating (Table 2; samples location in Figure 3a). The dated

samples are from two calcite veins dissecting the shoreface deposits

associated with the paleoshorelines T2. Continental carbonate

deposits, such as calcite veins, are considered suitable for U-Th dating

if (i) the initial content of uranium is sufficient for measurements and

(ii) none, or very limited, detrital thorium component is present in the

analysed sample. U-series method is based on the fractionation of
238U and 234U to the daughter nuclide 230Th. Samples (around 30 g)

were powdered and dissolved in nitric acid at the University Roma

Tre facilities, with the addition of a spike solution containing 228Th

and 232U in secular equilibrium. After oxidation of the organic matter

with hydrogen peroxide at 100�C, the isotope complexes of uranium

and thorium were separated and purified by ion-exchange resin and

liquid–liquid extraction techniques (Edwards et al., 1987). Activity

ratios were then alpha-counted in a high silicon surface barrier and

the age was calculated using Isoplot/Ex (version 3.0), a plotting

and regression program for radiogenic-isotope data (Ludwing, 2003).

4 | RESULTS

4.1 | Geomorphological analysis and age
constraints

The Polvica fault zone marks the boundary between the elevations of

Mt. Fellino ridge – Roccarainola hills and the inner part of the Campa-

nia Plain, where the Polvica village is settled (Figure 5). At the junction

between the Holocene alluvial plain and the Mt. Fellino ridges in

the N, Late Pleistocene–Holocene alluvial fan deposits form a rather

continuous surface gently sloping down to the alluvial plain surface

(Figure 5). To the S of Mt. Fellino, the plain surface is quasi-flat, rang-

ing from c. 30 m of elevation in the west to 40 m in the east. More to

the east, the plain surface, which here is underlain by alluvial deposits

delivered by west-flowing rivers that dissect the mountain belt in

the E, rises gently to reach c. 100–130 m a.s.l. to the S of the

Roccarainola hills (Figure 3).

Information on the stratigraphy of the Polvica plain is inferred

from the log of a 200 m deep borehole (T69 borehole, location in

Figures 3 and 5; Figure S1) drilled at 34 m a.s.l. in front of the central

sector of Mt. Fellino escarpment. The T69 borehole reaches the top

of the carbonate bedrock at 116 m below the sea level. The carbonate

bedrock is overlain by a c. 70-m thick sandy and gravelly marine

deposit (unit b; Figure S1), which is covered by alluvial deposits alter-

nated with pyroclastic/volcanoclastic deposits, which have a cumula-

tive thickness of 49 m. Published borehole data around the study area

indicate that the depth of the carbonate bedrock increases towards

the S, in the central part of the Polvica plain (Bellucci, Santangelo, &

Santo, 2003).

T AB L E 1 Elevation (m a.s.l.) of T1, T2 and TRR shoreline angles
along profiles 1 to 10. The location of the profiles is reported in
Figure 3.

Paleoshoreline elevations (m)

Profile numbers T1 T2 TRR

1 70

2 50 75

3 105

4 115

5 115

6 110

7 110

8 200

9 200

10 200
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In front of the central part of Mt. Fellino ridge, the toe of the

piedmont is characterised by an elongated, depressed area, lying a

couple of metres below the surface of the adjacent part of the Polvica

plain and where, according to local people, a marshy environment

establishes during the wet season (marsh area in Figure 5). Accord-

ingly, data from unpublished shallow boreholes (around 20 m in

depth) point to the occurrence, in the shallow subsurface, of some

metres of fine-grained deposits rich in organic matter, consistent with

the persistence of a marshy environment in that area. The presence of

such a localized marshy area may suggest recent subsidence of the

Polvica plain and, therefore, motions along the PF continuing during

the Holocene.

Topographic analysis indicates that the steep profiles of the

southern escarpments of Mt Fellino ridge and Roccarainola hills are

also characterised by the presence of several terraced surfaces, which

span in elevation from c. 50 m to > 300 m. These consist of erosional

terraces cutting the Mesozoic limestones and might represent rem-

nants of eroded shore terraces. In the text, we use the term terrace to

refer to these erosional surfaces without sedimentary cover

(Section 3.1).

Age constraints to the undated paleoshotelines/terrace sequence

of the Mt. Fellino ridge may be inferred from 230Th/234U dating of

two calcite veins, which dissect the arenites of paleoshotelines T2 in

the western part of Mt. Fellino ridge. In this sector of the ridge, the

T2 has an elevation of 75 m a.s.l. (profile 2 in Figure 3; Table 1). The

U-series ages of the two calcite vein samples are (i) 316 + 87/� 53 ka

for sample C.Pl2 (Cerrone et al., 2021b), and (ii) 141 ± 16 ka for sam-

ple C.Pl3 (Table 2).

The age of the oldest calcite vein (sample C.Pl2, Figure 6 and

Table 2) spans between 403 and 263 ka, exhibiting a large and asym-

metric range of uncertainty primarily attributed to its proximity to the

upper limit of the method. Age of sample C.Pl3 (Figure 6 and Table 2)

has a relatively small uncertainty range spanning between 125 ka and

157 ka. The age of sample C.Pl3 and the maximum age of C.Pl2 indi-

cate that deformation along Mt. Fellino mountain front occurred at

several stages and lasted (considering the uncertainty range) at least

from 403 ka to 125 ka. In particular, this time range indicates the time

during which there was interaction between the fault-fluid and frac-

tures of the PF fault zone. Since the calcite veins postdate the T2 are-

nite, it results that the T2 paleoshoreline, considering the minimum

age of the oldest calcite vein, was formed at least before 263 ka. Fur-

thermore, such minimum age allowed a constraining T1 < 263 ka.

4.2 | Synchronous correlation approach applied to
the marine terrace sequence along Mt. Fellino ridge
and Roccarainola hills

To correlate undated paleoshorelines and terraces detected along the

southern slope of Mt. Fellino with Quaternary sea-level highstands,

we applied the synchronous correlation approach between multiple

marine terraces and multiple predicted sea level highstands elevations

by iterating uplift rate (Section 3 and Figure 7). Uplift rate values have

been iterated in order to find the best match between the elevation

of predicted indicators and mapped paleoshorelines/terraces. The

synchronous correlation approach, constrained by the U-series dating,

allows us to refine ages for all mapped yet undated paleoshorelinesT
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F I GU R E 5 Geomorphological sketch of the Mt. Fellino ridge and the Polvica plain, with the indication of paleoshorelines T1 and T2 (along
the Mt. Fellino ridge) and TRR, located at c. 200 m in the Roccarainola hills (modified after Cerrone et al., 2021b). In the map are indicated the
locations of the topographic profiles 1 to 10, the T69 borehole and the sampling site of the calcite veins (samples C.Pl2 and C.Pl3).

F I GU R E 6 T2 paleoshoreline and
close-up view of the marine deposits
associated with T2 along profile
2 (Figure 3a). The arenite deposit of T2 is
dislocated by E-W and NNW striking
normal and transfer faults respectively.
The faults are filled by calcite veins which
postdated the formation of the marine
deposits. (a) Detail of the marine arenite
faulted by conjugate high angle normal
faults filled by calcite veins; (b) close-up
view on the calcite sample label C.Pl2

used previously for U-series dating
(Table 2); (c) the shore platform T2 at
75 m a.s.l. on profile 2 (Figure 3a) is
dissected by NNW striking transfer faults;
(d) T2 wave-cut platform cutting the
bedrock constituted by Mesozoic
limestones and associated marine
deposits. The succession is closed by
alluvial fan deposits and finally Holocene
colluvium (e); (f) close-up view on the
calcite sample label C.Pl3 (new U-series
data, Table 2).
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and terraces (Figure 7; Table 3). Assigning (i) an age > 263 ka to the

T2 paleoshoreline at 75 m a.s.l. in profile 2, (ii) an age < 263 ka to

the T1 at 50 m a.s.l. in profile 2 (Section 2.1; Figure 7 and Figure 8)

and (iii) by iteration of uplift rate along the PF on all the

paleoshorelines and terraces mapped (Figure 8, Table 3), results that

the best match between the elevation of predicted vs. mapped

F I GU R E 7 Topographic profiles were constructed across Mt. Fellino ridge (1 to 7) and Roccarainola hills (8 to 10; locations are in Figure 3a).
The figure shows the case in which TRR is coeval with T2. In the profiles, coloured lines (see the legend for keys to the colours) indicate the sea-
level elevations predicted by the modelling; the age of the sea-level peaks are from Siddall et al. (2003) and Rholing et al. (2014) (section 3). The
black arrows indicate the positions of the paleoshorelines T1, T2 and TRR; the white arrows indicate elevations of the DEM-mapped terraces.
The location of the samples C.Pl2 and C.Pl3 is reported along with profile 2 on the T2 paleoshoreline. Note that (i) there are predicted terraces
located below the mountain front-piedmont/alluvial fan junction; (ii) in this figure for the Roccarainola hills is reported the output of the case,
where the paleoshoreline labelled TRR, outcropping in Roccarainola area, coincides with T2 paleoshorelines outcropping along the southern side
of Mt. Fellino. The arrows indicate the positions of the mapped terraces with predicted ages.
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palaeoshorelines is obtained by correlating T2 with the highstand of

340 ka (Figure 8; Table 3), which corresponds to the MIS 9c peak

(e.g., Siddall et al., 2003).

Based on the modelling output, paleoshoreline T1 (located

50 m a.s.l. in profile 2; Figure 8) is correlated with the 240 ka sea-level

peak (MIS7e, Siddall et al., 2003; Figure 7, Table 3).

T AB L E 3 Input data (elevations of paleoshorelines and terraces) and results of the synchronous correlation approach based on the
assumption that TRR is coeval with T2.

Profile
number

Paleoshoreline
and terrace label

Latitude
(decimal
degrees)

Longitude
(decimal
degrees)

DEM-based
elevation of
terraces (m)

GPS-based
paleoshoreline
elevation (m)

Predicted Sea level
position (m a.s.l.)

Inferred
age (ka)

1 4 40.994588� 14.422711� 70 70 (T2) 70 340

1 6 40.994725� 14.424018� 90 - 91 478

1 8 40.994836� 14.424799� 115 - 115 550

1 9 40.994926� 14.425576� 134 - 132 590

1 10 40.995128� 14.426087� 142 - 142 695

2 2 40.985881� 14.438716� 49 50 (T1) 45 240

2 4 40.986846� 14.438104� 66 75 (T2) 76 340

2 5 40.986923� 14.438089� 91 - 81 410

2 6 40.987401� 14.438022� 105 - 100 478

2 11 40.988950� 14.437684� 177 - 188 800

2 12 40.989254� 14.437773� 199 - 200 855

2 13 40.989943� 14.437517� 242 - 231 980

3 2 40.987656� 14.446634� 62 70 (T1) 65 240

3 4 40.988545� 14.446315� - 105 (T2) 104 340

3 5 40.988731� 14.446244� 116 - 114 410

3 6 40.989075� 14.446145� 140 - 139 478

3 7 40.989656� 14.445933� 174 - 172 525

4 2 40.988070� 14.458063� 78 80 (T1) 72 240

4 4 40.989245� 14.457991� - 115 (T2) 114 340

4 5 40.989312� 14.457927� 120 - 126 410

4 13 40.993023� 14.457600� 339 - 339 980

5 2 40.988667� 14.465961� 74 75 (T1) 77 240

5 4 40.989886� 14.466097� - 115 (T2) 114 340

5 6 40.990763� 14.466074� 149 - 153 478

5 12 40.993736� 14.465477� 285 - 294 855

5 13 40.994595� 14.465391� 320 - 339 980

6 2 40.984582� 14.492035� 75 75 (T1) 67 240

6 4 40.985860� 14.492818� 104 110 (T2) 107 340

6 6 40.986572� 14.492730� 142 - 143 478

6 13 40.989041� 14.492181� 330 - 319 980

7 2 40.983981� 14.495553� 64 70 (T1) 65 240

7 4 40.985601� 14.495902� - 110 (T2) 104 340

7 6 40.986504� 14.495949� 143 - 139 478

7 9 40.987231� 14.495860� 192 - 191 590

7 10 40.987496� 14.495958� 213 - 212 695

8 1 40.976875� 14.550368� 110 - 109 200

8 4 40.978866� 14.550763� 201 200 (TRR) 199 340

9 3 40.967386� 14.571026� 157 - 155 310

9 4 40.968201� 14.571423� 201 200 (TRR) 199 340

9 5 40.968689� 14.571796� 230 - 229 410

10 4 40.965434� 14.579023� 199 200 (TRR) 202 340

10 6 40.973599� 14.579266� 286 - 277 478
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For Roccarainola hills, where no direct constraint to the age of

the paleoshorelines/terraces is available and where the staircase is

composed of a few terraces, the correlation with the sea-level peaks

is less straightforward than in the Mt. Fellino case. We tested two

cases: (i) the hypothesis of having TRR coeval with T2 (Figure 7),

which is supported by geomorphological evidence (i.e., sizes of the

abrasion platforms) and (ii) the Cerrone et al. (2021b) hypothesis that

TRR is correlated with MIS 11 (Section 2.1).

Besides paleoshorelines T1 and T2, the terraces identified by topo-

graphic analysis may be associated with positive sea level peaks of the

late Early to Middle Pleistocene (Figure 7, Figure 8 and Table 3). Hence,

assuming that TRR is coeval with T2, this study has identified marine

terraces associated with sea-level highstands 200 ka (1); 240 ka (2);

310 ka (3); 340 ka (4); 410 ka (5); 478 ka (6); 525 ka (7); 550 ka (8);

590 ka (9); 695 ka (10); 800 ka (11); 855 ka (12) and 980 ka (13), not all

mapped within a single profile (Figure 8 and Table 3).

To test the reliability of our correlation method, we applied a lin-

ear regression analysis to the data sets.

The reliability and robustness of our topographic analysis on 5-m

resolution DEM are indicated both by (i) the prominent correlation

that exists between the GPS-based and DEM-based paleoshorelines

(Figure 9a), and (ii) the correlation between the elevation of the DEM-

mapped paleoshorelines/terraces and the predicted sea-level position

(Figure 9b). The two correlations are assessed by linear regression

with values of R2 close to 1. It is worth noting that the elevations of

both the paleoshorelines and terraces match with the modelling out-

put. Such a match supports our hypothesis of a marine origin for the

terraces. Overall, our results indicate that reliable estimates of uplift

rates have been gained.

The agreement between predicted and measured paleoshorelines

and terraces elevations demonstrated by the linear regression analysis

(Figure 9) supports our hypothesis that, along each of the analysed

profiles, the uplift rate has been constant over time.

Interpretations between multiple mapped paleoshoreline/terrace

elevations and predicted sea-level positions are used to produce a

correlation among coeval paleoshorelines/terraces along the strike of

the Polvica Fault (Figure 10), following similar previous investigations

in the Mediterranean realm (e.g., Meschis et al., 2018, 2020, 2022;

Roberts et al., 2009, 2013; Robertson et al., 2019, 2023).

Figure 11a,b shows uplift changes with tilted paleoshorelines,

suggesting that there is a displacement gradient along the strike of

the PF. Considering the Mt. Fellino block, from the west to the east,

the elevation of the flight of marine terraces increases up to profile

5 to slightly decrease, as shown by profiles 6 and 7 (Figure 8). Our

synchronous correlation unveils that the uplift rate of the PF footwall

is constant over the Middle-Late Pleistocene. Yet, the uplift rate

changes along the strike of the PF with values of 0.19 mm/yr close to

the western fault tip and increases towards the Mt. Fellino ridge cen-

tre with an uplift rate of 0.32 mm/yr (Figure 8; Figure 11c). From the

centre to the east of Mt. Fellino ridge, the uplift rate slightly decreases

to 0.29 mm/yr.

Lacking (i) direct age constraints of the paleoshorelines/terraces

and (ii) a well-developed staircase sequence, for Roccarainola hills we

tested the two cases abovementioned (i.e., the first case where TRR is

coeval with T2 and the second case where TRR coincide with MIS 11.

For both cases, the model outputs, using different uplift rates, give

comparable R2 values (close to 1). The first case is supported by an

uplift rate of 0.57–0.58 mm/yr (Figure 7), while the second case is

supported by an uplift rate of 0.5 mm/yr (Figure 10 and Figure 11c;

Table 4). In both cases, an abrupt uplift increase may be inferred for

the easternmost footwall block of the PF (Figure 11c).

To investigate whether the along strike tilt angles of the marine

terraces imply that the cause of the uplift is associated with normal

faulting (e.g., Meschis et al., 2018, 2020, 2022; Roberts et al., 2013;

Robertson et al., 2019, 2023), we calculate the tilt angles along strike

of the PF from the western tip to the centre. The tilt angle values,

which have been calculated according to Meschis et al. (2018), vary

between 0.33� to 1�, with the higher and older paleoshorelines/

terraces exhibiting higher tilt angles compared to the younger and

lower ones (Figure 11d). Such a pattern suggests that progressive

faulting through time has caused older paleoshorelines/terraces in the

centre of the fault to be tilted at higher angles as a result of the dis-

placement gradients along PF.

Based on the PF uplift reconstruction discussed so far, the throw

rate of the PF has been assessed using subsurface data from the T69

borehole. The T69 borehole is located in the Polvica plain approxi-

mately aligned with profile 7. A geological cross-section along profile

7 and the T69 borehole has been constructed (Figure 12).

F I G U R E 8 Hillshade map with the
location of paleoshorelines and terraces
along the Mt. Fellino ridge and the
Roccarainola hills. The traces of the
10 topographic profiles, used for the
synchronous correlation analysis, and the
location of the T69 borehole are shown.
The paleoshorelines’ and terraces’ labels,
ordered chronologically from the
youngest (1) to the oldest (13) as in
Table 3, are reported in the map and in
the legend (in brackets), along with their
modelled ages. Note that the figure
shows the output of the case where the
age of TRR equals the T2 age.
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The marine unit b recovered in the T9 borehole (Figure 12) marks

the first marine ingression in the hanging wall block of the

PF. Assuming that the base of unit b is coeval with the highest and

oldest terrace (aged 980 ka by our modelling) identified in the PF

footwall, the throw cumulated in the last 980 ka can be estimated

from the displacement, measured along profile 7, between the 980 ka

terrace and the bottom of marine unit b in T69 borehole. In fact, the

top of the limestones in the T69, although with some approximation

associated with possible local morphological irregularities, is indicative

of the depth of the abrasion platform of unit b ingression.

Based on the above-listed constraints, the inferred mean throw

rate for the Mt. Fellino segment of the PF, considering a displacement

of 425 m over 980 ka, is 0.43 mm/yr. It is worth noting that the esti-

mated slip rate has been evaluated along a cross-section located,

along Mt. Fellino ridge, to the east of the segment and not where the

maximum uplift is recorded. This would suggest that the throw rate

may be higher if measured in the centre of the fault (i.e., in correspon-

dence of profiles 4–5; Table 1).

5 | DISCUSSION

In this study, as well as worldwide, it has been observed that within

zones of plate boundary raised and preserved marine terraces

deformed by active faults can be used to estimate rates of crustal

deformation spanning the Late Quaternary (e.g., Catalano et al., 2003;

Catalano & De Guidi, 2003; De Santis et al., 2023; González-Alfaro

et al., 2018; Karymbalis et al., 2022; Malik et al., 2024; Meschis

et al., 2022; Ott et al., 2019; Parrino et al., 2022; Roberts et al., 2009,

2013; Robertson et al., 2019; Saillard et al., 2009; Shyu et al., 2018).

In particular, we have constrained the fault-related footwall uplift

along the strike of the PF, therefore assessing crustal deformation

rates by synchronously correlating multiple uplifted late Quaternary

paleoshorelines and terraces.

5.1 | Correlation of paleoshorelines/terraces with
Quaternary Sea-level highstands

The terraced surfaces mapped along profiles 1 to 10 include both marine

terraces with associated deposits (i.e., paleoshorelines T1, T2 and TRR)

and purely erosional terraces (Figure 8). Worthy to note, the predicted

sea-level position fits the GPS-measured/DEM-based elevations of the

mapped paleoshorelines/terraces (Figures 7 and 9; Section 4.2; Table 3).

Such a correspondence supports our uplift reconstruction, consistent

with former findings from other areas (e.g., Roberts, 2009).

The starting point for our reconstruction is the presence of two

well-preserved paleoshorelines (T1 and T2) along the Mt. Fellino

mountain front. Our modelling assumes that the uplift of blocks in the

footwall of the PF continues from the late Early Pleistocene until

the Present. Holocene activity of the PF is inferred from geomorphic

evidence, i.e. the occurrence in the Polvica plain (to the S of the

Mt. Fellino ridge) of a topographic low hosting a marshy area, which is

consistent with a recent northward tilting/subsidence of the PF hang-

ing wall block (Section 4). This is not unexpected considering that this

region has experienced historical earthquakes (Section 1, Figure 1).

Most of the Pleistocene synchronously derived ages of the mapped

paleoshorelines/terraces have been identified in the Mediterranean Sea

area (e.g., Meschis et al., 2018, 2020, 2022; Roberts et al., 2009, 2013;

Robertson et al., 2019, 2023). However, in the PF footwall block, we do

not find a geomorphological/stratigraphical record of all the sea-level

peaks recorded since 980 ka. We interpret this as the response to mul-

tiple reasons. One is the erosion of raised marine terraces in response

to sea-cliff retreat during younger highstands (e.g., Cinque, De Pippo, &

Romano, 1995), a condition that in our case study is recorded by the

landslide deposits that cover the T2 abrasion platform (Cerrone

et al., 2021b; Section 2.1). A second reason is the high sedimentation

rate in the PF hanging wall block where, besides alluvial deposition, a

massive emplacement of pyroclastic/volcanoclastic deposits (c. 70 m

thick in the T69 borehole; Section 4) occurred. Abundant deposition of

pyroclastic deposits during the late Quaternary (well recorded in the

F I GU R E 9 (a) Relationship between GPS-based and DEM-based
shoreline elevations; (b) relationship between all the measured and
predicted paleoshorelines and terraces elevations.
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entire Campania Plain, e.g., Santangelo et al., 2017) may explain the

absence of marine terraces at low predicted elevations. For instance,

the Last Interglacial peak (MIS 5e, �125 ka), if present, would be

located at elevations ranging from 29 m, in the west, to 78 m

(Figure 11a) or 68 m (Figure 11b), in the east, i.e. systematically below

the surface of the Holocene plain or alluvial fans, which also rise east-

wards (Section 4.1). A third reason for the lack of distinct geomorpho-

logical/stratigraphical records of all the < 980 ka sea level peaks is the

overprinting of older by younger marine terraces. The overprinting

relies on the interplay between ground vertical motion rate and

F I GU R E 1 0 Topographic profiles along Roccarainola hills (8 to 10; locations are in Figure 3a). The figure shows the case in which TRR

coincides with MIS 11. In the profiles, coloured lines (see the legend for keys to the colours) indicate the sea-level elevations predicted by the
modelling; the age of the sea-level peaks are from Siddall et al. (2003) and Rholing et al. (2014) (section 3). The black arrows indicate the positions
of the paleoshorelines TRR; the white arrows indicate elevations of the DEM-mapped terraces. Note that there are predicted terraces located
below the mountain front-piedmont/alluvial fan junction. The arrows indicate the positions of the mapped terraces with predicted ages.

F I GU R E 1 1 Spatial distribution of paleoshorelines/terraces and uplift pattern of the footwall block of the PF. (a) Elevation vs. spatial
distribution of the mapped paleoshorelines (squares) and terraces (circles) assuming the case where TRR coincides with T2; the orange dashed
line indicates the predicted seal-level position of the MIS 5e, shown for reference. (b) Elevation vs. spatial distribution of the mapped
paleoshorelines (squares) and terraces (circles) assuming the case where TRR coincides with MIS 11; the orange dashed line indicates the
predicted sea-level position of the MIS 5e, shown for reference. (c) Uplift rate vs. distance along the strike of PF. The uplift rate is lower at the
western tip point and higher in the Roccarainola hills. (d) Tilt angles vs. age of the mapped paleoshorelines, showing that the older
paleoshorelines, which record a longer history of fault activity, are more tilted than the younger terraces.
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positions of sea levels for past highstands, which were at a variety of

paleo elevations above and below present-day sea level (e.g., Cinque,

De Pippo, & Romano, 1995; Roberts et al., 2009). Indeed, our interpre-

tation predicts that paleo-shorelines of different ages will, in places,

occupy the same elevations, consistent with the findings by Crosetto,

de Montserrat, & Oncken (2024). For example, the predicted elevations

of the 340 and 410 ka peaks span from 3 to 12 m of each other along

Mt. Fellino ridge (profiles 1–7, Figure 7). This limited difference of

elevation may explain the rather unique character of the T2 in

Mt. Fellino block. Paleoshoreline T2 features markedly horizontal and

large size (> 200 m in cross profile) shore platforms (Figure 2) that are

suggestive of a poli-phased origin of these platforms and are consistent

with their initial formation with the major MIS11 sea level peak and

reworking during the 340 ka old MIS 9c.

Profile 2 shows that the predicted 310 ka sea-level highstand is

located lower than the 240 ka (Figures 7 and 8). That is a further

implication of the interplay between uplift rate and positions of past

highstands, which may cause older paleoshorelines to be lower than

younger marine terraces. Such a condition, which is not unique to our

study area (Cerrone et al., 2021a; De Santis et al., 2023; Pedoja

et al., 2018; Roberts et al., 2009), may occur where both moderate

uplift rates (Cerrone et al., 2021a) and high uplift rates (Roberts

et al., 2009) are recorded, while in tectonic contexts with uplift rates

> 0.5–0.6 mm/yr, a well-developed staircase sequence of marine ter-

races usually is better preserved (Westaway, 1993).

5.2 | Tectonic implications of the Polvica fault
activity

The investigated area shows evidence that uplift has varied spatially

along the strike of the PF during the Pleistocene. The mapped

terraces, including the most continuous paleoshorelines (T1 and T2),

occur at different elevations along the mountain fronts underlain by

the PF. The uplift rate calculated varies along the strike of the PF from

0.19 to c. 0.3 mm/yr at Mt. Fellino ridge, to rise to 0.5–0.58 mm/yr in

the Roccarainola block. The faster uplift of the Roccarainola block is

less constrained since a proper staircase of marine terraces along pro-

files 8–10 is not preserved and independent age constraints are miss-

ing. Nonetheless, the correlation of marine terraces all along

Mt. Fellino is supported by our modelling, which shows increases in

tilt angle values with age (Figure 11d). Such a feature is indicative of

fault-controlled crustal deformation, as demonstrated for other areas

in the Mediterranean realm influenced by active normal faults

(e.g., Armijo et al., 1996; Meschis et al., 2018, 2020, 2022; Roberts

et al., 2013; Robertson et al., 2019, 2023). The obtained results have

implications in terms of the long-term throw rate of the Mt. Fellino

and Roccarainola segments of the PF.

For our study area, it is crucial to recognize that uplifted

paleoshorelines have been tectonically deformed with a constant, but

spatially variable (Figure 11a,b), rate through time suggesting that the

PF throw rates are constant over the Late Quaternary, with important

implications for the seismic hazard of the region and the broader tec-

tonic effects. Indeed, results from this study have allowed us to derive

a refined throw rate across the PF. The obtained value, which is lower

than values estimated for the PF in both the short and long-term by

Cinque et al. (2000), permits an assessment of the relative importance

of the PF if compared to other faults within the Italian territory in

terms of seismic hazard. A throw rate of 0.43 mm/yr is in the range of

0.3–2.34 mm/yr values estimated for other active faults in the Italian

Territory such as in Central Apennines and the Calabrian-Peloritani

forearc (e.g., Faure Walker et al., 2012; Lavecchia et al., 2024;

Roberts & Michetti, 2004; Sgambato et al., 2023). From this, it is also

important to highlight that to produce a throw rate of 0.43 mm/yr

T AB L E 4 Input data (elevations of paleoshorelines and terraces) and results of the synchronous correlation approach for the Roccarainola
block (profiles 8, 9 and 10) based on the assumption that TRR is correlated with MIS 11.

Profile
number

Paleoshoreline
and terrace label

Latitude

(decimal
degrees)

Longitude

(decimal
degrees)

DEM-based

elevation of
terraces (m)

GPS-based

paleoshoreline
elevation (m)

Predicted sea level
position (m a.s.l.)

Inferred
age (ka)

8 1 40.976875� 14.550368� 110 - 115 240

8 4 40.978866� 14.550763� 201 200 (TRR) 200 410

9 3 40.967386� 14.571026� 157 - 175 340

9 4 40.968201� 14.571423� 201 200 (TRR) 200 410

9 5 40.968689� 14.571796� 230 - 239 478

10 4 40.965434� 14.579023� 199 200 (TRR) 204 410

10 6 40.973599� 14.579266� 286 - 291 550

F I GU R E 1 2 Sketch of a geological
cross-section along profile 7, where T69
borehole is located (see Figure 9 for

location) and its relationship with the
higher terrace in the area.
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given �600-mm maximum vertical slip events in Mw � 6.2 earth-

quakes, assuming a coseismic rupture of the entire fault length of PF

considered in this study, implies an ERI value (or Tmean) of 1,250 yr.

This value is similar to those measured from active normal faults

within the Italian Territory by historical records, palaeoseismological

and displaced marine terraces investigations (e.g., Galli, Galadini, &

Pantosti, 2008; Lavecchia et al., 2024; Meschis et al., 2022; Roberts

et al., 2013). Worth noting that for the PF we considered a length of

� 15 km, from the western part of Mt. Fellino ridge, to the

Roccarainola hills, where we mapped raised marine terraces, but,

the PF might continue on both sides, hence our results may be consid-

ered as minimum values. However, more detailed investigations are

needed to assess the palaeoseismological history of the PF.

Turning the results from this work to the broader tectonic frame-

work for the southern Apennines, it is important to highlight if the PF

should be considered an active fault, however, the link between the

PF activity and volcanic hazard from historical Vesuvius eruptions is

understudied. For instance, it has been suggested a mutual coupling

between the nucleation of earthquakes in the southern Apennines

and eruptions from Vesuvius (Nostro et al., 1998). Indeed, by Cou-

lomb Stress Change investigations elastic stress interaction between

earthquakes and eruptions has been proved within the Mt. Vesuvius

region in the Southern Apennines as well as the Mt. Etna region in Sic-

ily (southern Italy; Feuillet et al., 2006). Note that the PF is bounding

the Campania Plain where the Mt. Vesuvius volcanic complex lies

within a distance of � 15 km. This should lead to a reappraising of the

long-term seismic-volcano hazard taking into account the faulting

activity of the PF since the Middle Pleistocene, also because the PF

may produce seismic events with M > 6, which are “missing” within

the Italian historical Catalogue of Earthquakes.

This work stresses that more investigations are needed for the

future where the interaction between Quaternary faulting activity,

historical volcanic activity and their stress interaction takes into

account new knowledge and results provided in this work.

6 | CONCLUSIONS

In this work, a constant uplift rate on the Polvica extensional fault

system from the late Early Pleistocene onward has been

reconstructed by analysis and modelling with the synchronous corre-

lation method of the raised paleoshorelines and terraces along the

Mt. Fellino ridge and Roccarainola hills. This modelling has been

deformed by the PF, constrained by U-series age on calcite veins

into the marine deposits associated with the T2 paleoshorelines

(MIS 9c, 340 ka). The work shows how the PF zone has moved and

raised the paleoshorelines and terraces on the Mt. Fellino ridge at

least from the late Early Pleistocene and geomorphological evidence

indicates that the PF was active during the late Quaternary. The slip

rate varies along the strike of the PF and in particular it is lower

(0.19 mm/yr) at the western tip and increases eastward to 0.50–

0.58 mm/yr. PF has folded and tilted the analysed paleoshorelines

and it is clear that the lower, and younger, paleoshorelines have

experienced a shorter deformation history.

Historical seismic activity of the PF is still not known, however,

the magnitude and slip rate estimated with our work raises the crucial

question of a careful assessment of seismic hazard for the Campania

Plain, where several towns are settled. The constant throw rate calcu-

lated by integration of surface and subsurface data from the Middle

Pleistocene is of ca. 0.4 mm/yr, and the Tmean calculated if the entire

15 km, from the western termination of Mt. Fellino to Roccarainola

hills, of PF will displace at the same time, is 1,250 yr. Although some

assumptions and uncertainties affect our estimates of possible earth-

quake ruptures, based on our results on late Quaternary activity of

the PF zone further, more in-depth analyses addressing reassessment

of the seismic hazard for the densely populated Campania Plain are

strongly recommended.
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