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Abstract

A buried paleovalley system, about 50 m deep and 2 km wide, is documented from the Pescara coastal
plain. Based on stratigraphic, sedimentological, paleontological, chronological and geotechnical data, the

paleovalley profile and 3D facies architecture of the paleovalley fill (PVF) were reconstructed.

The lowermost PVF is a laterally extensive fluvial gravel body, up to 13 m-thick, that represents the
lowstand systems tract (LST; pre-11.3 ka cal BP). Above lowstand deposits, the transgressive systems tract
(TST), 21 m-thick, shows a deepening-upward trend, from freshwater/inner-estuarine to brackish/outer-
estuarine facies associations (11.3-8.0 ka cal BP). The upper part of the succession (highstand systems tract —

HST) shows a shallowing-upward tendency from paludal to fluvio-deltaic deposits.

Seven millennial-scale parasequences (Ps) were identified within the Pescara Holocene (TST+HST)
succession. Transgressive Ps1-3 exhibit a distinctive retrogradational stacking pattern. Highstand Ps4-7 are
aggradationally-to-progradationally stacked. During the aggradational phase (P4), the estuary was gradually
filled and swamp environments spread onto the valley interfluve. Because of subsequent progradation (Ps5-
7), delta plain conditions established. In the research core, TST parasequences show higher accumulation rates
(up to 9.4 mm/y) than HST ones (1.3-1.8 mm/y). Thus, the study area evolved from a region of sediment

storage (11.3-8.0 ka cal BP) into a sector of prevalent sediment bypass (last 8.0 ky).
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Major early Holocene flooding events were possibly triggered by Melt-Water Pulses (MWPs) 1B, 1C
and 1D. The eustatic rise linked to MWP-1B reasonably caused the P1 flooding event (11.3 ka cal BP). Post-
MWPs 1C and 1D sea-level rises likely provoked the complete drowning of the paleovalley system and the

subsequent maximum landward migration of the shoreline (about 8.0 ka cal BP).

This study provides new evidences, in terms of sedimentary response, of the poorly-documented MWPs
1C and 1D, and the first documentation of MWP-1B eustatic effects in an onshore sector of the Central

Adriatic.

Keywords

Paleovalley system; facies analysis; millennial-scale parasequences; glacio eustasy; melt water pulses;

Adriatic basin

1. Introduction

The unquestionable importance of paleovalley systems (PVSs) is signaled by numerous studies that have
documented these features in the stratigraphic record. During the last decades, the focus on PVSs was primarily
due to their relevance as hydrocarbon reservoirs (Dalla et al., 1997; Dalrymple et al., 1994; Hampson et al.,
1999; Harms, 1966; Jennette et al., 1991; Salem et al., 2005) and for the identification of sequence bounding
unconformities (Posamentier et al., 1988; Shanley and McCabe, 1994; Van Wagoner et al., 1990, 1988).
Following first sequence stratigraphic studies, several authors analyzed ancient (i.e., pre-Quaternary)
paleovalley systems to refine concepts and models (Allen and Posamentier, 1993; Legarreta and Uliana, 1998;
Shanley and McCabe, 1991; Shanley et al., 1993; Walker, 1995; Wright and Marriott, 1993), and reorganize
them into a modern sequence-stratigraphic framework (Catuneanu, 2019, 2006; Catuneanu et al., 2009; Neal
and Abreu, 2009; Neal et al., 2016). Paleovalley fills (PVFs) are stratigraphically expanded sedimentary
successions that allow preservation of generally poorly-documented stratigraphic intervals (falling-stage and
lowstand systems tracts - Blum et al., 1995; Blum and Aslan, 2006; Blum and Price, 1998; Payenberg et al.,

2006; Rittenour et al., 2007; Thomas and Anderson, 1994) that can shade new lights on climatic variations in
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the past and, especially during glacial/tardiglacial periods (Busschers et al., 2007; Drago et al., 2006; Hanebuth
and Stattegger, 2004; Ishiara and Sugai, 2017; Peeters et al., 2015; Simms et al., 2010). In this perspective,
Late Quaternary PVSs have been considered as important geological archives and exceptional analogues for
the comprehension of ancient systems (Blum and T6rnqvist, 2000; Boyd et al., 1989; Kroonenberg et al., 2005;
McGhee et al., 2022; Rodriguez et al., 1998; Wang et al., 2020, 2019) and environmental changes driven by
allogenic/authogenic forcings (Amorosi et al., 2009; Chaumillon et al., 2010; Durand et al., 2018; Horozal et

al., 2021).

More recently, PVSs have been considered as fundamental components of the source-to-sink (S2S)
sediment-routing system (Blum et al., 2013). The study of Quaternary PVSs, in particular, may be useful to
understand the dynamics of basin-scale sediment transportation pathways from source areas to the deep basin
(Semme et al., 2011; Sweet et al., 2020; Zhang et al., 2021) and to assess reliable sediment budget calculations
(Forzoni et al., 2015; Mattheus and Rodriguez, 2014; Phillips et al., 2004). Late Quaternary PVs are also
important geological objects in hydrogeological (Barnes et al., 2021; Goetz et al., 2021; Hickin and Best, 2013;
Jessen et al., 2008; Seifert et al., 2008; Shaver and Pusc, 1992) and geotechnical (Bishop et al., 2010; Chua et
al., 2020; ; Rossi et al., 2011; Truong et al., 2011; Wu et al., 2015; Yanbin and Tongyu, 2016) perspectives.
Finally, unconsolidated, post-LGM PVFs have great practical importance, as they can induce significant lateral

variations in the effects of ground motions associated with earthquakes (Tanabe et al., 2021, 2015).

Considering the Po-Adriatic system as an ideal natural laboratory for S2S investigations (Amorosi et
al., 2016a), this study aims at the identification of a PVS beneath the Pescara coastal plain (Fig. 1) as a
fundamental onshore component of the complex sediment-routing system from the Apennine catchments to
the Mid-Adriatic Deep (MAD) basin (Trincardi et al., 1996, 1994; Fig. 1a). In Italy, several PVSs have been
documented beneath the Tyrrhenian and Ionian coastal plains (Aguzzi et al., 2007; Amorosi et al., 2013, 2012;
Bellotti et al., 2004; Cilumbriello et al., 2010; Grippa et al., 2011; Milli et al., 2016, 2013; Tropeano et al.,
2013). In the Adriatic basin, PVSs have been reported from offshore regions, such as the Tavoliere Plain, in
Southern Italy (De Santis et al., 2020a, 2020b; De Santis and Caldara, 2016; Maselli et al., 2014; Maselli and

Trincardi, 2013), and the Po Delta, in Northern Italy (Ronchi et al., 2018). On the other hand, onshore PSs
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have only been identified beneath the Venetian-Friulian Plain, in Northern Italy (Ronchi et al., 2021) and the

Biferno coastal plain, in Southern Italy (Amorosi et al., 2016b).

Thus, a documentation gap exists for the Central Adriatic, characterized by a 50 km and 0.2° dip shelf
descending directly into the small MAD basin (Maselli et al., 2011). Whereas the stratigraphic setting of this
offshore basin is already well-known (Cattaneo et al., 2007; Correggiari et al., 1996; Gamberi et al., 2020;
Pellegrini et al., 2021, 2018; Piva et al., 2008a, 2008b), the stratigraphy of coeval successions onshore is almost
unexplored in this sector of the Central Adriatic. This work aims at filling this gap documenting the first Late
Pleistocene-Holocene coastal plain paleovalley in front of the MAD, as the preliminary study for future and
ongoing basin-scale S2S investigations with important implications for refining and improving hydrocarbon

exploration models (Bhattacharya et al., 2016; Leithold et al., 2016; Liu et al., 2019; Zeng et al., 2019).

The occurrence of a late Quaternary PVS beneath the city of Pescara was suggested by Desiderio et al.
(2007) in a preliminary hydrostratigraphic study on the basis of basic lithological descriptions. This study
showed that the Plio-Pleistocene marine substrate (Fig. 1c) is unconformably overlain by Holocene alluvial
deposits (up to 50 m thick), with a lower, < 10 m thick gravel body overlain by a thicker fine-grained interval
with isolated sand bodies (Fig. 1¢). More recently, Parlagreco et al. (2011) analyzed the uppermost 19 m of a
distal sector of the Pescara coastal plain. They dated a brackish/lagoonal interval (ca. 13-9.4 m core depth) to
about 7.7-6.8 ka cal BP, and uppermost coastal/continental sands to the last 4.0 ky. No other scientific studies
are available from this area. As a result, the stratigraphic architecture of the Pescara PVF and general
paleoenvironmental evolution of the study during the last 30 ky are poorly known. Our investigation mostly
focused on the paleovalley depocenter, south to the modern Pescara River axis (Fig. 1c, d), with the aim of

exploring all stratigraphic components of the valley fill.

The main objectives of this work are: to achieve the high-resolution (millennial-scale) stratigraphic
analysis of the Pescara valley fill; to reconstruct the three-dimensional (along-dip and along-shore) facies
architecture; to accomplish the sequence stratigraphic interpretation of the investigated succession; to evaluate

the glacio-eustatic control on facies architecture and sediment accumulation during the last 30 ky.
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Fig. 1 — Location of the study area in the Italian peninsula (a), with indication of the main structural
features of the northern and central Adriatic basin (modified from Carruba et al., 2006). The black rectangle
highlights the schematic tectonic and geological map (b) of Abruzzo piedmont and coastal areas (modified
from Parlagreco et al., 2011). The red line is the trace of the schematic lithological section (c) across the
lower alluvial valley of the Pescara River (modified from Desiderio et al., 2007). The red rectangle represents
the (d) investigated sector of the Pescara coastal plain, with indication of stratigraphic data used in this paper

and stratigraphic panels of Fig. 4.

2. Geological and geomorphological setting

The Pescara coastal Plain represents the distal sector of the Pescara River valley (Fig. 1). The latter,
several kilometers in width (D’Alessandro et al., 2001), is drained by the Pescara River (45 km long), which

is fed by the Aterno and Sagittario tributaries. As a whole, the hydrographic basin is about 3170 km? (Urbano
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et al., 2017). The average sediment discharge of the Pescara River is about 1,500 kT/yr (Syvitski and Kettner,

2007).

The Pescara coastal plain is located along the Central Adriatic coast, between the Apennine thrust belt
and the Periadriatic foreland (Fig. 1a). An eastward-dipping regional monocline characterizes the structural
setting (Ascione et al., 2008; D’ Alessandro et al., 2008). Fold and fault systems, buried underneath sedimentary
strata, mainly show SW-NE direction (Fig. 1b) and alluvial valleys display similar orientation (Desiderio et
al., 2007). Beneath the Pescara coastal plain, the main fault systems consist of buried thrusts (Della Seta et al.,

2008).

The study area and the adjacent coastal plain experienced generalized tectonic uplift during the Middle
Pleistocene (Bracone et al., 2012a), and then remained stable up to the Holocene (Antonioli et al., 2009;
D’Amico et al.,, 2013). Based on sedimentological, paleontological and chronological data from a
continuously-cored borehole retrieved in the study area (Fig. 1 for location) and the identification of five “sea-
level markers”, after paleo-sea level corrections and correlations with additional stratigraphic and
morphotectonic data, Parlagreco et al. (2011) concluded that during the last 7,000 years, along the lower trunk
of the Pescara valley, vertical tectonic displacements were negligible. Seawards, subsidence rate is about

0.3 mm/y in the Central Adriatic, the (Maselli et al., 2010).

The piedmont reliefs are characterized by the Plio-Pleistocene syn-orogenic marine succession (Ori et
al., 1991; Bigi et al., 1995; D’Alessandro et al., 2003), which is made of siliciclastic clay, sands and
conglomerates (Fig. 1b). These marine deposits mostly belong to the Mutignano Formation (Crescenti and
D’amato, 1980). This unit crops out at the Apennine foothills between the valleys (Fig. 1b) as a wide homocline
that gently dips north-east (Urbano et al., 2017), and that consists of offshore to shoreface facies associations
(Ori et al., 1986; Geological Map of Italy at 1:50,000 scale, Sheet 351). The Plio-Pleistocene succession
unconformably overlies the Messinian-Early Pleistocene turbidites of the Periadriatic foredeep (Della Seta et
al., 2008) and typically includes the upper part of the Argille Azzurre Formation (Bracone et al., 2012b).
Beneath the Pescara River, the thickness of the Plio-Pleistocene succession ranges between 2,000 m and 500
m in the main depocenters and atop structural highs, respectively (Desiderio et al., 2007). This sequence is

overlain with a Middle Pleistocene-Holocene continental succession composed of alluvial, transitional to
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coastal deposits (D’Alessandro et al., 2003). Four orders of alluvial terraces (Middle-Late Pleistocene), mostly
made up of gravel and sand bodies, have been recognized on the W-NW flank of the Pescara valley (Parlagreco
etal., 2011; Geological Map of Italy at 1:50,000 scale, Sheet 351). The origin of these terraces has been related
to the interaction between Quaternary tectonics and high-frequency glacio-eustatic and climatic variations
(Della Seta et al., 2008). In the proximity of the Pescara River mouth (Fig. 1b), the alluvial valley fill of
Holocene age consists of a 10 m-thick gravel body capped by 50 m thick silty-clay sediments (Fig. 1c;

Desiderio et al., 2007).

Offshore, the Adriatic continental shelf reaches the Mid-Adriatic Deep (MAD; Fig. 1a). While the shelf
is characterized by sandy-silty depositional sequences (Ridente et al., 2008; Trincardi et al., 1994) the MAD
is a small slope basin, up to 260 m deep, where fine-grained sediments accumulated almost continuously during
the last 370 ky (Piva et a., 2008a, b). The MAD was progressively filled by Po River sediments during several
Quaternary phases of sea-level fall and lowstand (Dalla Valle et al., 2013a, b). The stepwise sea-level lowering
that followed the Last Interglacial (Marine Isotope Stage Se or MIS 5e, ca., 130 ka cal BP) caused a marked
basinward shift of the shoreline, the formation of an unconformity of regional extent, and alluvial plain
sedimentation took place in the northern Adriatic shelf (Amorosi et al., 2016a). At the end of the Last Glacial
Maximum (MIS 2), the MAD was partially filled with the Po River Lowstand Wedge (Pellegrini et al., 2018).
This lowstand delta prograded 40 km throughout the shelf edge forming a 350 m-thick complex sedimentary

body between 30-14 ka cal BP (Pellegrini et al., 2017).

3. Methods

3.1 Facies analysis

The three-dimensional stratigraphic architecture of the Pescara coastal plain succession (Late
Pleistocene-Holocene) was reconstructed across two transects with NW-SE and SW-NE orientation,
respectively, each about two kilometers long (Fig. 1d). Stratigraphic correlation was carried out based on
geometric criteria constrained by radiocarbon ages. The dataset consists of 32 borehole descriptions (average

depth ca. 45 m) available from the “Microzonazione Sismica Project” of the Pescara Municipality.
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Facies interpretation was based on integrated sedimentological and paleontological (benthic foraminifer,
ostracod and mollusk) analyses that were carried out on the 52 m-long reference core “Marconi” (Fig. 1d).
This core was specifically acquired as part of the study from the Pescara coastal plain, about 1 km landward
of the modern shoreline, at 1.35 m asl. Core Marconi was described in terms of texture, mean grain-size, color,
sedimentary structures, and accessory materials, such as wood fragments, plant remains, fossil content and
carbonate concretions (Fig. 2). Pocket penetration (compressive strength) values from fine-grained deposits
(Fig. 2) were also considered for facies interpretation following the criteria outlined by (Amorosi et al., 2015).
For stratigraphic correlation in a predominantly freshwater environment, we used the techniques adopted from
recent work in the Po coastal plain. In particular, it expands the parasequence concept (Van Wagoner et al.,
1990, 1988) to the paralic/estuarine realm, where paludification surfaces at the base of peats may delineate the
updip (freshwater) equivalents of brackish/marine flooding surfaces more readily identified at seaward

locations (Amorosi et al., 2021) due to sharp (marine to brackish) facies changes.

A total of 79 and 50 samples (Fig. 2) were collected for meiofauna (ostracods and foraminifers) and
malacofauna analyses, respectively. These data allowed to retrieve palacoenvironmental information about
organic matter concentration, paleosalinity, paleobathymetry and substrate characteristics. For
micropalaeontological analyses, samples (100-150 g) were treated according to standard procedures previously
adopted in other works on late Quaternary successions (e.g., Barbieri et al., 2021; Rossi and Vaiani, 2008).
Samples were dried at 60 °C, soaked in 10% H>O,, water-screened with a 63 pum sieve, dried again and dry-

sieved at 125 pm.

Samples (400-700 g, depending on lithology) for mollusk-based inferences were collected at selected
stratigraphic positions along the stratigraphic succession (Fig. 2). Based on (Azzarone et al., 2020), samples
were dried at 40°C, soaked in hydrogen peroxide solution 4% and wet sieved at 1 mm screens. The resulting
material was qualitatively analyzed under an optical microscope to describe fossil assemblages. For each
sample macrobenthic remains were speditively counted as rare (n <10) or common (n >10 fossils, respectively)

and identified, whenever possible, to species level.
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Fig. 2 — Facies interpretation and pocket penetration values of reference core Marconi (see Fig. 1d for

location).

The identification of meiofaunal taxa was supported by original descriptions (Ellis and Messina, 1940,
1952), integrated with selected papers (Athersuch et al., 1989; Barbieri and Vaiani, 2018; Henderson, 1990).
Autoecological characteristics and modern distribution of ostracods and foraminifers derive mainly from
Coccioni (2000), Debenay et al. (2000), Meisch (2000), Milker and Schmiedl (2012), and Pint and Frenzel
(2017). Mollusk identification relied on the late Quaternary fossil collections of the Stratigraphic Paleoecology

Laboratory of the Department of Biological, Geological and Environmental Sciences, University of Bologna.

3.2 Chronology
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The high-resolution chronological framework rests on seventeen AMS '*C dates (Fig. 2 and Table 1)
performed on organic-rich samples (wood fragments and charcoals) at KIGAM Laboratory (Daejeon, Republic
of Korea), after acid-alkali-acid pretreatment. All samples were previously cleaned with deionized water and
dried at 40° C to prevent mold formation. Conventional *C ages were calibrated using OxCal 4.4 (Ramsey,
1995; Ramsey and Lee, 2013) with the IntCal 20 and Marine 20 curves (Reimer et al., 2020). Five dates on
shells from Parlagreco et al. (2011) were recalibrated following facies attribution (brackish/lagoon vs marine)

and the suggested correction of 487 + 29 y for the Central Adriatic Sea (Table 1).

The reliability of the 17 new radiocarbon dates (Fig. 2; Table 1) was tested by using the Bayesian
approach (Blockley et al., 2004), which allows incorporating prior information into the calibration process
(Buck et al., 2003, 1992, 1991). In particular, the form of Markov Chain Monte Carlo (MCMC) analysis
available in OxCal has been utilized. An age-depth model (Lowe et al., 2007; see Supplementary materials)
was developed to eventually reject dates of poor fit and constrain the whole series objectively. The General
setting was adopted for the Outlier-Model analysis, and the prior probability fixed to 0.05. Similar Bayesian
methodology was used by Tesi et al. (2017) for the investigation of coeval (Holocene) offshore-deep marine

deposits in the Central and Southern Adriatic.

Table 1 — List of radiocarbon dated samples from reference core Marconi and "*C dates* (AMS) from

Parlagreco et al. (2011; recalibrated) shown in Figs. 2, 3 and 4.

C14 age (20)
Core Depth Cal year BP
Lab Nr. Material C14 age (BP) Cal BP (mean | Figure
(m) (20 range)
error)
KGM-OWd210391 wood fragments 9.4 4535 £33 5200-5050 5180 £ 160 2,3,4
KGM-0Wd210392 wood fragments 11.8 6079 + 37 7030-6790 6940 + 160 2,4
KGM-OWd210393 wood fragments 13.5 6444 + 37 7430-7270 7360 + 80 2
KGM-0Wd210394 wood fragments 154 6919 +£41 7850-7660 7750 + 100 2,4
KGM-0Wd210396 wood fragments 17.4 7134 +£39 8020-7920 7950 + 160 2,3,4
KGM-OWd210397 wood fragments 18.6 7522 +£40 8410-8280 8320 + 120 2,3,4
KGM-OWd210398 wood fragments 19.6 7473 £ 44 8370-8190 8280 + 120 2

10
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234

235

236

KGM-0Wd210399 wood fragments 20.7 7766 +42 8610-8420 8530 + 100 2
KGM-OWd210400 wood fragments 21.85 7778 £43 8640-8430 8540 + 100 2
KGM-OWd210401 wood fragments 23.8 7925 +40 8990-8600 8780 +220 2
KGM-OWd210402 wood fragments 24.6 8035 +43 9030-8720 8890 + 180 2
KGM-OWd210403 wood 26.5 8288 + 44 9440-9120 9290 + 180 2,4
KGM-OWd210404 wood 28.6 8405 £ 40 9530-9390 9430 + 120 2,4
KGM-OWd210405 wood fragments 29.6 8458 +£47 9540-9410 9480 + 80 2
KGM-OWd210406 wood fragments 30.9 8812 +39 9970-9680 9870 + 240 2,4
KGM-0OWd210407 wood fragments 34.05 9123 +£43 10410-10200 10290 + 120 2,4
KGM-OWd210408 charcoal 38.5 9874 +48 11410-11190 11290 + 140 2,3,4
6009* Marine shell 3.0 2880 + 30 2040-1680 1850 + 180 4
6010* Marine shell 6.4 4125+ 35 3550-3200 3380+ 180 4
6011%* Lagoon shell 8.4 6400 + 40 6850-6570 6710+ 120 4
6012%* Lagoon shell 9.0 6870 + 40 7410-7160 7260 + 120 4
6013* Brackish shell 11.0 6860 =40 7410-7150 7250 £ 120 4
4. Substrate and Facies associations

Based on the integrated sedimentological and paleontological analysis of core “Marconi”, seven facies
associations were identified (Fig. 2) above the Mutignano Formation substrate. Substrate and facies
associations are described in detail below in stratigraphic order. Their interpretation is based on
sedimentological features, fossil (meiofauna and mollusk) content, stratigraphic relationships, and

geotechnical properties (pocket penetration measurements).

4.1 Mutignano Formation (Mt Fm) substrate

Description. This sedimentary unit consists of gray to brownish clays and silty clays with cm-thick sand
intercalations (Fig. 3). Horizontal lamination is common. Bioturbation is locally present. This sedimentary unit
was encountered in the lowermost part of the reference core, up to about 51.5 m core depth (Figs. 2-3). It is

characterized by very high pocket penetration (Pp) values, invariably > 5 kg/cm? (Fig. 2).
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The foraminiferal assemblage consists almost entirely of benthic species, mainly Bolivina spp.
(including common Bolivina seminuda), Bulimina marginata, Globobulimina affinis, Globobulimina pyrula,

with the subordinate occurrence of Bulimina etnea, Cassidulina carinata and Sigmoilopsis schlumbergeri.

Interpretation. Sedimentological and paleontological data are considered to reflect a shelf depositional
environment. Specifically, the assemblage is dominated by foraminifers indicative of high organic matter and
low oxygen concentration at the sea floor (e.g. Jorissen et al., 1992; Rasmussen, 2005) the occurrence of
Bulimina etnea is consistent with an age attribution to the Calabrian (Pasini and Colalongo, 1996; Pillans and
Gibbard, 2012). This unit represents the distal (i.e., offshore) equivalent of the sandier to conglomeratic (i.¢.,

shoreface) Mutignano Fm cropping out inland (Geological Map of Italy at 1:50,000 scale, Sheets: 351, 361).

Very high Pp values are consistent with consolidated substrate deposits that likely experienced relatively

long (lithostatic) sediment compaction due to subsequent sediment loading.

1.50
depthm
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Fig. 3 — Representative photographs of the incised substrate and facies associations identified in core
Marconi. Silty clays with cm-thick sand intercalations of the marine substrate (Mutignano Formation — Mt
Fm). Fluvial-channel gravels (FCg) with calcareous rounded pebbles and cobbles, showing erosional lower
base (red line) and fining-upward (FU) tendency. Massive, gray to darkish poorly-drained floodplain (PDF)
silty clays. Swamp (Sw) dark gray to blackish clays with very high organic matter content, abundant
vegetal/wood remains and peat layers. Silty sands with FU trend and erosional base of crevasse-channel (CrC)
deposit. Coarsening-upward (CU) tendency within crevasse splay (CrS) sediments. Lagoonal (Lg) gray to
darkish clays and silt clays with abundant wood fragments, bioclasts and decomposed organic content.
Unrecovered (Ur) core interval. Fluvial-channel sands (FCs) with FU trend and erosional lower base. Mottled
well-drained floodplain (WDFP) gray to brownish clays and silty clays. Anthropogenic (An) deposit.

Calibrated ages (a BP; white color).

4.2 Facies associations

4.2.1. Fluvial-channel (gravel - FCg) facies association

Description. This facies association, up to 13 m thick, includes amalgamated and poorly sorted gravel
deposits with calcareous rounded pebbles and cobbles (ranging from 2 to 9 cm in diameter) locally embedded
in a silty-sandy whitish matrix (Fig. 3). An erosional lower boundary cutting into the marine substrate
characterizes this composite facies association, made of two vertically-amalgamated gravel bodies with
peculiar fining-upward trends (Figs. 2 and 3). Microfossils are absent. Neither mollusk shells nor wood

fragments were encountered. For this facies association, radiocarbon ages are not available.

Interpretation. The very coarse texture, internal FU trends and the erosional lower boundary are
characteristic of high-energy and high-gradient fluvial-channel (FC) deposits (Miall, 1992). Poor sorting,
presence of cobbles and pebbles along with amalgamation surfaces are consistent with a braided stream facies
that accumulated in a confined and very high-energy flow setting, probably characterized by high topographic
gradient and morphological confinement, within the narrow, piedmont Pescara valley (Fig. 1). The lack of

fossils and of vegetal remains is consistent with this interpretation.
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4.2.2 Channel-related (CrS-CrC) facies association

Description. This facies association consists of two different lithofacies: silty sand deposits with
maximum thickness of 1.3 meters with FU trend, erosional base and gradational top (Fig. 3); and sandy silt to
coarse sand bodies, a few decimeters thick, displaying general coarsening-upward (CU) tendency with
gradational lower boundary and sharp top (Fig. 3). Silty intercalations are locally encountered, along with
scarce wood and shell fragments. Samples retrieved for palaeontological analyses are barren or include few

freshwater mollusk remains (Pisidium sp. and Bithynia opercula).

Interpretation. Sedimentological and paleontological characteristics suggest a variety of sub-
environments dominated by fluvial processes, close to the river axis. The presence of vegetal remains and
fragments of freshwater bivalves (e.g., Pisidium) or gastropods opercula (e.g., Bithynia) is consistent with
overbank sub-environments exposed to frequent river floods. Thin sand bodies with CU tendency and
gradational base are interpreted to be crevasse splays (CrS). Fining-upward sandy deposits, less than 1.5 m

thick, with erosional lower boundary are supposed to represent crevasse channels (CrC).

4.2.3 Poorly-drained floodplain (PDF) facies association

Description. This facies association, generally less than 1.5 m thick (Fig. 2), is made up of massive gray
to darkish gray clay and silty clay (Fig. 3). Pedogenic features are absent. Thin layers of decomposed organic
material, a few cm-thick, are common, whereas wood and charcoal debris are scattered (Fig. 3). Silty sand
intercalations, a few mm to cm-thick, are scattered within this facies association, which occurs at various
stratigraphic levels in the reference core between 27 and 35 m core depth (Fig. 2). Radiocarbon dates available
for this interval indicate an age ranging between 11.3 and 9.2 ka BP. Pocket penetration measurements fall in
the interval of 1.0-1.7 kg/cm? (Fig. 2). Ostracod assemblages consist of low amounts of freshwater species,
such as Candona neglecta, Ilyocypris spp. and Pseudocandona albicans. The macrobenthic content is
represented by sparse fragments of freshwater and terrestrial gastropods, though mollusk shells are locally
present (i.e., 38.4 m and 27.5 m core depth; Figs. 2 and 3). The lowermost fossil-rich horizon is dominated by
the calciphile and pulmonate gastropod Pomatias elegans (common). Whereas the uppermost one is

characterized by Bithynia opercula (common) and Valvata sp. specimens (common).
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Interpretation. The fine-grained lithology, absence of pedogenic features and oxidation combined with
the occurrence of a freshwater fauna (Candona neglecta, Ilyocypris spp. and Pseudocandona albicans) and
shell fragments (from Pomatias elegans to Bithynia and Valvata remains) are consistent with deposition in a
low-energy environment, most likely characterized by low topography, frequent river floods and generally
high-water table or ephemeral standing bodies of freshwater typical of poorly-drained floodplain settings. The
microbenthic content at 38.4 m and 27.5 m depth reflects locally increasing water table. Pocket penetrometer
data support this interpretation, suggesting a depositional setting with high water content that produced

relatively low soil consistency, transitional between well-drained floodplain and paludal deposits.

4.2.4 Swamp (Sw) facies association

Description. This facies association, up to 9 m thick in the reference core (Fig. 2), is composed of very
soft dark gray to blackish clays (Fig. 3). Organic matter content is very high, including abundant millimetric
to centimetric-sized plant debris and wood fragments (Fig. 3). Peat layers (less than 15 cm-thick) occur at
different stratigraphic intervals. Silt and silty sand intercalations, a few centimeters thick are also present. A
rich ostracod fauna is commonly found within this facies association: it is dominated by the same species found
in PDF sediments, with the local occurrence of other subordinate taxa, such as Cypria ophtalmica,
Fabaeformiscandona sp. and Cyclocypris sp. In the upper part of the unit, rare specimens of euryhaline
ostracods (Cyprideis torosa) and benthic foraminifers (dmmonia tepida) are observed in association with
dominant freshwater to mesohaline ostracods. Mollusk shell fragments are abundant. A relatively rich
macrobenthic assemblage was observed at 29.7 m and 12.6 m core depth, respectively (Fig. 2). This fossil
assemblage includes a suite of freshwater-to-oligohaline taxa, such as Planorbis spp. (common), Valvata sp.

(common), Pisidium spp. (rare), Succinea sp. (rare), Theodoxus fluviatilis (rare) and hydrobiids.

Pocket penetrometer measurements are generally lower than 1 kg/cm? with slightly higher values (up to
1.2 kg/cm?) recorded into peaty intervals (Fig. 2). This facies association commonly overlies poorly-drained
floodplain deposits and is dominant between 18-30 m core depth (Fig. 2). Radiocarbon dates from this facies
association suggest an age ranging between 9.4-8.3 ka BP (Fig. 2, Table 1). Between 16.3 and 9.4 m core
depth, this facies association is sandwiched between lagoonal and fluvial deposits. Two ages of 7.3 and 5.2 ka

cal BP are available for this interval (Figs. 2, 3 and Table 1).
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Interpretation. Lithological characteristics, very-high amounts of organic matter, the presence of peat
and very low Pp values are coherent with a low-energy environment, such as a wetland. Lack of traces of
oxidation, rare coarser beds and abundant organic matter content are consistent with waterlogging and reducing
conditions typical of a paludal environment, away from an active channel (Bruno et al., 2019). The rare
occurrence of euryhaline taxa suggests the local onset of mesohaline conditions. Freshwater to low-brackish

conditions are typical of swamps in the inner sector of an estuary.

4.2.5 Well-drained floodplain (WDFP) facies association

Description. This facies association is encountered only in the topmost 2 m of the reference core (Figs.
2-3), but also at different stratigraphic levels in cores 9 and 6 (see Fig. 1 for location), between 34-37 m bsl. It
is less than 1 m thick, and consists of rooted, pedogenized gray to brownish clay and silty clay with yellowish
mottles due to manganese and iron oxides. Silty sand intercalations and carbonate nodules can be present. The
meiofauna is absent. Shell-rich horizons dominated by the continental mollusk Cernuella and few
reworked/transported shells of shoreface bivalves are locally observed (e.g., 1.7 m core depth Fig. 2). Based
on the sedimentological data from available core descriptions and stratigraphic correlations, this facies
association displays a remarkable lateral continuity extent in the uppermost interval of the succession. Pocket

penetration values range between 2.4 and 4.7 kg/cm? (Fig. 2).

Interpretation. Lithology, pedogenic features and geotechnical characteristics allow interpreting this
facies association as accumulated in a well-drained floodplain. Fine-grained lithologies, presence of roots and
pedogenized horizons are consistent with a low-energy depositional environment typified by subaerial
exposure under well-drained conditions, due to a very low water table position. The presence of land mollusks
characteristic of dry coastal plain settings and open habitats, such as Cernuella (Grano and Di Giuseppe, 2021),

along with the lack of meiofauna, also support this interpretation.

4.2.6 Lagoon (Lg) facies association

Description. This facies association, up to 2 m thick in the reference core (Fig. 2), consists mostly of
very soft gray to darkish clays. Silt clays with sandy silt and silty sand intercalations showing a CU trend are

also encountered (10.35-10.90 m core depth, Fig. 3). Wood fragments and vegetal remains are abundant (Fig.
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3). Decomposed organic matter is also diffused, and millimetric-sized shell fragments are locally widespread
(Fig. 3). This facies association shows vertical transition to paludal clays, within 11-18 m core depth (Fig. 2).
The lower and upper parts of this facies association were radiocarbon dated to about 8.0 and 7.0 ka cal BP,
respectively (Fig. 2). The meiofauna consists of abundant euryhaline ostracods (Cyprideis torosa) and
foraminifers (Admmonia tepida and rare Ammonia parkinsoniana and Haynesina germanica). A more
diversified assemblage, including other brackish to euhaline ostracods and foraminifers, such as Loxoconcha
elliptica, Xestoleberis aurantia and Cribroelphidium oceanensis, was found between 17 and 18 m core depth.
As for mollusk remains, most samples yielded only few brackish specimens. Two mollusk-rich assemblages
were retrieved at 17.5 m and 11.20 m core depth (Fig. 2). The lower assemblage is dominated by the brackish
to marine gastropods Bittium reticulatum and Rissoa spp. (both common), the brackish minute gastropod
Ecrobia cf. ventrosa (common) along with few freshwater specimens of Valvata sp.. Whereas the upper
mollusk association is characterized by Ecrobia cf. ventrosa (common) along with Abra segmentum (rare) and

thin-shelled Cerastoderma spp. (rare). Pocket penetration values are very low, ranging between 0.4-0.9 kg/cm?

(Fig. 2).

Interpretation. Sedimentological characteristics and fossil assemblages suggest a low-energy, lagoonal
(or outer-estuary) depositional environment, typified by generally abundant organic content, and brackish
conditions. Fossils in the lower part of this unit (between 18 and 17 m core depth) reveal a relatively high
marine influence, consistent with a central lagoon environment, as indicated by 1) a diversified, brackish and
euryhaline meiofauna, and ii) mollusk taxa adapted to live in mesohaline to fully marine salinity settings (e.g.,
B. reticulatum), along with rare freshwater species. In contrast, in the upper part of this facies association, the
meiofauna and mollusks are considered to reflect inner lagoon conditions with a low marine influence, as
suggested by i) few species of ostracods and foraminifers and ii) the common presence of hydrobids, thin-
shelled Cerastoderma and A. segmentum, taxa preferentially distributed in mesohaline to oligohaline settings

elsewhere along the Adriatic and beyond (e.g., Amorosi et al., 2014; Scarponi et al., 2017).

4.2.7 Fluvial/distributary-channel (sand - FCs) facies association

Description. This facies association was identified in the uppermost 10 m of the reference core, above

paludal deposits. Poorly-drained floodplain clays cap this facies association, which generally consists of sand
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bodies (about 7 m thick) with erosional lower base and FU trend: from basal gravelly-coarse to medium gray
sands with rounded pebbles to silty sands (Fig. 3). Internal erosional boundaries can also be observed (Fig. 2).
Silty and silty clay cm-thick intervals are locally encountered, along with a few shell fragments of shoreface
bivalves. This facies association is generally barren of microfossils. In cores 9, 6 and 22 (Fig. 1 for location),
this unit is sandwiched between swamp clays and shows a slight upward decrease in grain-size, with the

dominance of silty sands and sandy silts.

Interpretation. Lithology, grain-size tendency, and erosional lower base allow the interpretation of this
facies association as a sandy fluvial-channel deposit (Bridge, 2006). The local abundance of rounded pebbles
supports this interpretation. As regards sand deposits in cores 9 and 6, the vertical transition to paludal clays
coupled with finer grain size suggest their interpretation as a distributary-channel deposit (Bhattacharya, 2006).
As for the mollusk content, the local presence of shoreface shell fragments is considered to reflect exceptional
on land transport and might point to a portion of the fluvial network adjacent to (or interfingering with)

backshore settings, in a wave-dominated deltaic environment.

4.2.8 Beach-ridges/Delta-front/Transgressive barrier facies association

Description. This facies association was not penetrated by core Marconi. It crops out in the easternmost
sector of the studied succession, in proximity of the modern shoreline, as reported by the stratigraphic
description of core 10 (Fig. 1 for location). This facies association, up to 22 m thick, is composed of medium
to fine sands with frequent pebble (rounded) intercalations, gradational lower boundary with underlying

organic-rich clays and an overall CU trend. Bioclasts accumulation is a common feature of this deposit.

Interpretation. Lithology, sedimentological features and the distal position are consistent with a high-
energy marine (coastal) setting for this outcropping sand body. Presence of scattered bioclasts alternating with
rounded pebbles may suggest a marine environment highly influenced by fluvial activity, such as a delta-front
setting. Based on the chronology available from the reference core (Fig. 2; Table 1), stratigraphic correlations
suggested that this facies association started to accumulate above estuarine deposits in response to the Middle
Holocene transgression, around 8.3 ka cal BP. The maximum thickness is linked to Middle-Late Holocene

delta progradation (last 7.8 ky).
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4.2.9 Anthropogenic facies association

Description. This facies association, up to 2.5 m thick, was identified between 0-1 m depth in the
reference core (Fig. 2). It is characterized by chaotic, unconsolidated and unsorted deposits of different
provenance (Fig. 3). The coexistence of materials of both natural (sediment, wood) and human (bricks, plastic
and iron fragments) origin is peculiar of this deposit which was identified in several core descriptions (22, 1,
29, 31, 9, 13, 20, 2, 1Tv, 6 and 21) at the core surface. Widespread blocks and cobbles generally have
undifferentiated origin and show angular, sub-angular or rounded shapes (Fig. 3). No sedimentary structures

were observed.

Interpretation. Stratigraphic positions, lack of sedimentary structures and the presence of clearly man-
made materials such as plastic fragments, allow the attribution of this facies association to human activity. In
particular, the unsorted and unconsolidated deposits are associated to landfill activities, whereas levels of sub-

angular clasts may reflect building foundations.

5. Paleovalley fill architecture and sequence-stratigraphic interpretation

5.1 Stratigraphic architecture

Two stratigraphic panels, one transverse (Fig. 4a) and the other one parallel (Fig. 4b) to the valley axis
(Fig. 1d for location), depict the stratigraphic architecture of the paleovalley fill. Their orientation allowed a

basic three-dimensional reconstruction of the paleovalley profile and of facies relationships.
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Fig. 4 — Stratigraphic panels illustrating the transversal (a) and longitudinal (b) facies architecture
beneath the Pescara coastal plain (see Fig. 1 for section traces) with indication of lower (I-PVF) and upper
(u-PVF) paleovalley fills;, and sequence stratigraphic interpretation (LST: lowstand systems tract; TST:
transgressive systems tract; HST: highstand systems tract). Seven parasequences are numbered in red.

Reference core is also indicated in red.

Beneath the Pescara valley, the paleovalley profile and valley fill were identified and tracked from the
depocenter (core “Marconi”) to the southern interfluve (core 21; Fig. 4a) on the basis of the abrupt facies

change between Early Pleistocene marine silty clays of the Mutignano Fm and continental deposits of Late

20



437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

Pleistocene-Holocene age (Fig. 4a, b). On the valley floor, between about 40-50 m depth (Fig. 4a, b), offshore
deposits of the Mutignano Fm are overlain by laterally extensive, amalgamated fluvial gravel bodies (Fig. 4a,
b). Southwards, at about 12 m depth (core 21, Fig. 4a), soft (mean Pp < 1.0 kg/cm?) organic-rich Holocene
deposits overlie the stiff (mean Pp > 5 kg/cm?) substrate. Overall, the Pescara paleovalley is about 50 m deep
and, at least, 2 km wide (Fig. 4a), possibly up to 3.5 km considering the unsurveyed northern sector shown in

Fig. lc.

The Pescara paleovalley fill is similar to many ancient and Late Quaternary PVFs (Allen and
Posamentier, 1993; Aslan and Blum, 1999; Blum and Womack, 2009; Boyd et al., 2006; Busschers et al.,
2007, 2005; Cross et al., 1993; Dalrymple et al., 2006; Gibling and Bird, 1994; Guijia and Congxian, 1996;
Hori et al., 2002; Plint and Nummedal 2000; Shanley and McCabe, 1994, 1991; Tanabe et al., 2006; Van
Wagoner, 1995; Zaitlin et al., 1994) in terms of facies architecture and fluvial stacking patterns: a laterally
extensive fluvial body (i.e., the lower paleovalley fill or 1-PVF; Fig. 4) with erosional base and upward
transition to more isolated sand bodies within a mud-dominated succession (the upper paleovalley fill or u-
PVF; Fig. 4). In the southernmost sector, a fluvial gravel body, > 3 m thick, was observed in proximal core
14M around 15-18 m depth (Parlagreco et al., 2011 - Fig. 4a). Since this core did not reach the Mutignano Fm
substrate, the fluvial gravel body could represent a Holocene fluvial channel deposit of the u-PVF or,
alternatively, a buried fluvial terrace generated by repeated fluvial deposition and incision following the MIS
5e/MIS 5d transition, as documented for the coeval Biferno “Upper PVF” (Amorosi et al., 2016b). The first
interpretation is more likely, because of the presence of overlying “fine-grained sediments rich in wood
fragments” (Parlagreco et al., 2011). These latter, in fact, are very similar to the swamp facies identified in

core Marconi at the same stratigraphic level (Fig. 4a).

The 1-PVF, between about 50-38 m depth (Fig. 4a), consists almost entirely of an up to 2 km wide (Fig.
4a, b) fluvial gravel deposit, in agreement with classic models (Gibling et al., 2011; Zaitlin et al., 1994). These
basal gravels, assigned to the Late Pleistocene on the basis of a radiocarbon date of 11.3 ka cal BP at their top,
have maximum thickness of 13 m in the valley depocenter (Figs. 2 and 4a, b). Amalgamation of fluvial bodies
decreases upwards, between about 42-33 m depth, with the simultaneous appearance of poorly-drained muds

and scattered well-drained and crevasse deposits (Fig. 4a, b).
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The laterally extensive gravel deposit likely, despite repeated erosional episodes due to fluvial activity
within a narrow valley, started to accumulate under lowstand conditions during the LGM (30-19 ka cal BP),
when sea-level had dropped down to 120 m (Clark et al., 2009). In the lowermost interval, no preservation of
overbank deposits may suggest that fine-grained sediment was completely eroded away by the lateral migration
of a (braided?) river system within the narrow LGM valley and transferred to the deep basin. In the uppermost
I-PVF (Fig. 4a, b), the occurrence of finer-grained facies and decrease in channel amalgamation are consistent
with the gradual evolution of the fluvial system into a meandering alluvial plain during the early deglaciation.
Similar changes in fluvial stacking pattern and the decrease in grain size have been linked to the glacial-
interglacial transition, which caused significant reduction in stream competence of Holocene river systems
compared to their high-energy, LGM counterparts (Amorosi et al., 2017a; Aslan and Autin, 1999; Campo et

al., 2016; Kettner and Syvitski, 2008; Macklin et al., 2002; Milli et al., 2016).

The u-PVF is about 25 m-thick (38-11 m of reference core depth; Fig. 4a) and mostly composed of non-
marine and organic-rich soft deposits (Fig. 4a, b) of Holocene age with Pp values ranging between 0.4-1.8
kg/cm?. As a whole, the u-PVF records an upward increasing marine influence in its lower interval (11.3-8 ka
cal BP), but an opposite trend in the upper part (last 8 ky BP). The early Holocene succession is characterized
by the vertical transition from poorly-drained floodplain facies to swamp clays to lagoonal deposits with
scattered and narrow (< 100 m wide) distributary-channel sand bodies (Fig. 4a, b). Lagoonal clays identified
in the reference core are in lateral transition to coastal sands and swamp deposits in distal and proximal sectors,
respectively (Fig. 4b). The vertical facies change from freshwater/swamp to brackish/lagoonal deposits reflects
progressive drowning of the valley, between 11.3 and 8 ka cal BP, under conditions of sea-level rise (Lambeck
et al., 2011). During this transgressive phase, the Pescara valley drowned, transforming the studied reach into
an estuary, as well as already documented for several coastal plains worldwide (Amorosi et al., 2008; Boyd et
al., 2006; Dalrymple et al., 1992; Hijma et al., 2009; Hori et al., 2002; Milli et al., 2016, 2013; Ta et al., 2021;
Tanabe et al., 2015, 2006; Zaitlin et al., 1994), and in other sectors of the Adriatic basin (Amorosi et al., 2016b;
Bruno et al., 2017; De Santis et al., 2020a; Maselli et al., 2014; Ronchi et al., 2021; Rossi et al., 2021). Starting
from about 7.8 ka cal BP, lagoonal clays were progressively overlain by swamp facies (Fig. 4a, b). Between
7.8 and 7.0 ka cal BP, sea level rose to the elevation of the southern interfluve (Fig. 4a) and this sector was

flooded, causing the progressively widening of paludal areas into the Pescara valley.
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The uppermost interval (10-0 m depth; Fig. 4a, b) of the Pescara succession is dated to the last 5.2 ky,
and reflects transition from lagoonal to poorly-drained depositional environments, up to the modern coastal
plain with recent anthropogenic influence (Fig. 4a, b). A sandy fluvial channel-belt, about 500 m-wide (Fig.
4a), was identified within this interval. After 5.2 ka cal BP, under nearly stable sea-level conditions (Vacchi et
al., 2016), fluvial activity increased (Benito et al., 2015) and the Pescara River likely started to deliver high
amounts of sand to the coast, establishing, sustaining and growing a wave-dominated delta with beach ridges
developing on either side of the river mouths (Fig. 4b). Subaerially exposed, barrier-beach and deltaic deposits
form the uppermost interval (last 3.4 ky; Fig. 4b) of the Pescara coastal plain succession at distal locations of
the study area (Urbano et al., 2017). Chronological, sedimentological and paleontological data from Parlagreco

et al. (2011) are consistent with this interpretation.

The identification of an unconformable relationship between fluvial deposits and subjacent substrate of
significantly older age, a methodology generally applied for the identification of ancient PVs (Blum et al.,

2013), was also used for the recognition of the late Quaternary Pescara paleovalley fill.

5.2 Sequence stratigraphy

Stratigraphic and chronological data (Figs. 2, 4 and Table 1) allowed to interpret the Late Pleistocene
amalgamated fluvial body with a general aggradational stacking pattern as the lowstand systems tract (LST;
Fig. 4a,b). The erosional base of the LST gravel body, cutting into considerably (>1 My) older marine substrate
corresponds to the classic sequence boundary (SB sensu Posamentier et al., 1988; Van Wagoner et al., 1990).
At the location of the study area and further down shelf, the SB is genetically linked to the last stage of sea-
level fall at the MIS 3-MIS 2 transition (about 30 ka cal BP; Pellegrini et al., 2018, 2017). Between 30-14 ka
cal BP, mostly during lowstand conditions, laterally extensive fluvial-channel belts accumulated along the
onshore sectors of the Adriatic basin (Amorosi et al., 2016a). The lowstand Pescara River system most likely

delivered its fluvial sediments to the MAD basin, about 60 km to the northeast from the modern study area

(Fig. 1).
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Along the southern valley flank, the SB marks the stratigraphic unconformity between the Mutignano
Fm and overlying Holocene swamp clays around 12 m depth (core 21; Fig. 4a). In this sector, SB formation
could be related to the general phase of fluvial incision caused by the stepwise post-MIS 5e (and pre-MIS 3)
sea-level drop. Therefore, from the interfluve to the depocenter, the SB shows a general diachronous nature
(at least post-MIS 5e to MIS 2) that seems to be a characteristic feature of basal valley-fill surfaces, as discussed
by Blum et al. (2013). The SB coincides with the paleovalley profile from the main depocenter up to the
paleovalley interfluve (Fig. 4a), where the low-quality data available did not allow the identification of a clear

paleosol.

The abrupt facies change from the Late Pleistocene 1-PVF to the Holocene u-PVF corresponds to the
transgressive surface (TS; Fig. 4a, b), which is dated to about 11.3 ka cal BP. The maximum flooding surface
(MES), dated to about 8 ka cal BP (Fig. 4a, b), marks the most landward migration of the barrier-lagoon system,
with lagoonal deposits reaching their innermost position about 1.5 km landward of the modern shoreline (Fig.
4b). Based on paleontological (micro- and macrofossils) indicators of marine influence in brackish settings,
the MFS can be identified quite precisely on the reference core: it corresponds with the deepest-water or higher-
salinity facies (i.e., central-lagoon, the sample at 17.6 m depth; Fig. 2), at the turnaround from deepening-
upward to shallowing-upward trends (Fig. 4a, b). Hence, the Early Holocene (11.3-8.0 ka cal BP) interval with
its characteristic deepening-upward trend, from poorly-drained to “the deepest and highest-salinity” lagoonal
facies (Fig. 2), was interpreted as the transgressive systems tract (TST; Fig. 4a, b). On the other hand, the
opposite, shallowing-upward trend, from lagoonal to modern coastal plain deposits, shown by the Middle to
Late Holocene succession (last 8 ky), allowed its interpretation as the highstand systems tract (HST; Fig. 4a,

b). The Middle to Late Holocene succession incidentally corresponds to HST.

Unlike the Biferno paleovalley system, located about 80 km south of the study area, where fluvial
terraces at various depths were interpreted as the falling stage systems tract (FSST; Amorosi et al., 2016b), no
equivalent deposits were identified in the Pescara system. However, the two PVSs share similar characteristics
as comparable width (about 2 km) and downstream slope gradient (refer to the Geological Map of Italian Seas
at 1:250,000 scale, available at

https://www.isprambiente.gov.it/Media/carg/marine/NK 33 5 PESCARA _ SOTT/Foglio.html). In  the
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Pescara PVS, gravel bodies that could be interpreted as fluvial terraces have been documented by Desiderio et
al. (2007; Fig. 1¢) only in the northern sector of the Pescara paleovalley, which was not investigated in this

study.

6. Millennial-scale architecture and sediment accumulation rates

Seven parasequences (Ps 1-7 in Figs. 4 and 5) were identified and tracked within the whole Holocene
succession (TST+HST; Fig. 4a, b). The lowest three parasequences (Ps 1-3; Fig 4a, b) are retrogradationally
stacked and form the TST. The uppermost four parasequences (Ps 4-7; Fig. 4a, b), with an aggradational to

progradational stacking pattern, make the HST.

Parasequence 1 (11.3-9.2 ka cal BP; P1 in Fig. 4), about 12 m thick, is mostly composed of poorly
drained floodplain clays. Locally, towards the southern valley flank, scattered well-drained deposits can be
found (Fig. 4a). Seawards, poorly drained floodplain sediments are progressively replaced by swamp clays
(Fig. 4b). Three minor flooding surfaces were identified at the base of thin swamp intervals within P1 (Fig. 4).
The basal flooding surface coincides with the TS (Fig. 4). Mean sediment accumulation rate is 5.7 mm/y (Fig.

5).

Parasequence 2 (9.2-8.3 ka cal BP; P2 in Fig. 4) is almost completely made up of organic-rich swamp
clays, with isolated distributary-channel sand bodies (Fig. 4). No evident downdip facies change can be
inferred from the stratigraphic panel of Fig. 4b. P2 has average thickness of 8.5 m (Fig. 4) and exhibits the

highest sediment accumulation rate (9.4 mm/y in Fig. 5).

Parasequence 3 (8.3-8.0 ka cal BP; P3 in Fig. 4) is characterized by the appearance of lagoonal/outer-
estuarine clays in the Pescara valley. Along-dip correlation (Fig. 4b) displays a genetically linked set of
freshwater (swamp/inner-estuary), brackish (lagoon/outer-estuary) to nearshore (transgressive barrier?) facies,
with an obvious retrogradational trend. P3 shows the minimum thickness (0.75 m) among TST Ps coupled

with the lowest accumulation rate (2.5 mm/y; Fig. 5).

Parasequence 4 (8.0-7.0 ka cal BP; P4 in Fig. 4) displays a clear shallowing-upward trend (Fig. 4a), with

basal (“the deepest”; Fig. 2) lagoonal deposits that are progressively replaced upwards by swamp clays. The
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internal stacking pattern is generally aggradational (Fig. 4b). The basal flooding surface is the MFS and
highlights the transition from retrogradational (TST) to aggradational-to-progradational stacking patterns
(HST; Figs. 4b and 5), consistent with the main sequence stratigraphic models described by Catuneanu et al.
(2006) and Neal and Abreu (2009). Within P4, a minor flooding surface dated to about 7.8 ka cal BP marks
another brackish interval. This deposit is less laterally extensive and includes faunal associations typical of a
shallower (inner-lagoon) environment than underlying (outer-estuarine) clays (Fig. 5a, b). P4 is characterized
by a mean thickness of about 5.6 m (Fig. 4) and displays a relatively high sediment accumulation rate (5.6

mm/y in Fig. 5).

Parasequence 5 (7.0-5.2 ka cal BP; PS5 in Fig. 4) shows similar facies architecture to P4, with basal
lagoonal/outer-estuarine deposits overlain by swamp clays. In contrast, the overall stacking pattern is
progradational (Fig. 4b). This parasequence is only 2.4 m-thick (Fig. 4) and marks the lowest sediment

accumulation rate of the entire Holocene succession (1.3 mm/y; Fig. 5).

Parasequences 6 and 7 (post 5.2 ka cal BP; P6 and P7 in Fig. 4) are the youngest Ps within HST and are
characterized by a marked progradational stacking pattern (Fig. 4b). P6 consists entirely of organic-rich swamp
clays, whereas P7 includes basal swamp deposits overlain by poorly-drained floodplain and well-drained
floodplain facies, in lateral transition to anthropogenic deposits. P7 displays a general increase in the sand/mud
ratio, with a fluvial channel-belt sand body (up to 500 m wide) in the central sector of the study area (Fig. 4a)
connected with coastal sands basinwards (Fig. 4b). The available data allowed to estimate only a cumulative

sediment accumulation rate for P6 and P7, with values of about 1.8 mm/y (Fig. 5).

6.1. Sediment accumulation history of the Pescara PVs

Similar to what has been documented for the Northern Po-Adriatic sector (Amorosi et al., 2017b),
landwards of the shoreline, TST Ps 1-3 generally display the highest accumulation rates (up to 9.4 mm/y; Fig.
5), whereas highstand Ps 4-7 are characterized by lower values (down to 1.3 mm/y; Fig. 5). As for their
northern equivalent estuarine (TST) deposits, high accumulation rates could reflect generation of
accommodation in the Pescara coastal plain due to the eustatic sea-level rise. During the Holocene
transgression (11.3-8.0 ka cal BP), for 3.3 ky, the Pescara paleovalley acted as an area of sediment storage.

Afterwards, under Late Holocene stable sea-level conditions (HST), sedimentation rates gradually started to
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decrease, suggesting rapid progradation of coastal systems. During this period, the study area turned into a

region of prevailing lateral sediment distribution.

On the other hand, the very low sediment accumulation rate of 0.7 mm/y (estimated from the reference
core) for the fully-alluvial I-PVF (LST) is not reliable. Accumulation of this unit took place in response to

repeated phases of fluvial incision, valley widening, sedimentation and re-incision between 30-11.3 ka cal BP.

7. Holocene paleoenvironmental evolution and glacio-eustatic control at

parasequence scale

7.1 Paleoenvironmental evolution

Comparing the age of retrogradational Ps 1-3 with sea-level curves from the last ca. 11.5 ky (Fig. 5)
confirms that the estuary was formed during a phase of eustatic sea-level rise, similar to several coeval estuaries
worldwide (Amorosi et al., 2013b; Boyd et al., 2006; Dalrymple et al., 1992; De Santis et al., 2020a; Hijma et
al., 2009; Hori et al., 2002; Milli et al., 2016; Ronchi et al., 2021; Ta et al., 2021; Tanabe et al., 2006; Zaitlin
et al., 1994). The available data clearly reveal that this phase was punctuated by high-frequency oscillations
and short phases of deceleration in relative sea-level rise. Early stages of estuary development (after 11.3 ka
cal BP, in proximity of the reference core) were characterized by a general rising of the groundwater table and
by the accumulation of poorly-drained floodplain to swamp muds (Fig. 5), with progressively increasing
organic matter contents above the TS, as also shown in Figs. 2, 3 and 4. After 9.2 ka cal BP, widespread
accumulation of organic-rich facies took place (Fig. 4), and poorly-drained floodplains of P1 were waterlogged
due to increasingly higher water table (P2; Fig. 5). Between 9.2 to 8.0 ka BP, the study area was progressively
transformed into an estuary characterized in its proximal portion by predominantly freshwater/inner-estuarine
conditions (Figs. 4b and 5). Further sea-level rise, between 8.3 and 8.0 ka cal BP, led to the maximum landward
migration of a barrier-lagoon systems during deposition of P3 (Fig. 5). This is testified by paleontological data,
which show that the “highest-salinity” (brackish) conditions occurred around 8.0 ka cal BP (at the reference

core site), and by stratigraphic correlation with coeval coastal sands seawards (core 10, Fig. 4b). At the end of
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the transgression (onset of P4), with the shoreline in its innermost position, the estuary reached its maximum
depth and inland extent (Fig. 4b). Coastal systems then started gradually to prograde basinwards, as suggested
by characteristic shallowing-upward cycles of Ps 4-7. During the early aggradational phase recorded by P4,
the estuary was progressively filled (Fig. 5). Laterally extensive brackish/outer-estuarine environments
developed within the valley, in which sediment was accommodated at relatively high accretion rates (5.6
mm/y; Fig. 5), consistent with the aggradational stacking pattern of P4 (Figs. 4a, b and 5). Between 7.0-5.2 ka
cal BP (P5), brackish environments were replaced by freshwater conditions in inland sectors of the study area
(Figs. 4 and 5). At that time, as suggested by markedly lower sedimentation rates (1.3 mm/y in the reference
core; Fig. 5), by the reduced parasequence thickness (Fig. 4a) and by the clear progradational stacking pattern
of P5 (Figs. 4b and 5), progradation of the coastal system quickened. In the last 5.2 ky (Ps 6-7), the study area
experienced delta plain aggradation and further progradation of the coastal system (Fig. 5). Additional
stratigraphic and chronological data from the relatively distal core 14M (Parlagreco et al., 2011; Fig. 1 for
location) confirm that fluvio-deltaic sands accumulated during the last 4 ky as a result of the interaction
between fluvial (Pescara River) and marine processes. The northeastern sector of the study area was probably
characterized by a fluvio-deltaic system frequently exposed to high-energy coastal dynamics. Interestingly,
based on the ages of the P6 basal flooding surface (about 5.2 ka cal BP) and of the MFS offshore (“a regional
downlap surface” marking the base of the HST prograding wedge and dated 6,160+60 cal ky BP; Asioli et al.,
1996; Trincardi et al., 1996), P6 and P7 are supposed to be coeval of the HST prograding wedge documented

offshore the Apennine coast (Cattaneo et al., 2003).
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Fig. 5 — Comparison between millennial-to submillennial-scale sediment accumulation rates (Sed Acc
rate) with indication of prevailing facies association (refer to Fig. 4 for legend), LGM to post-glacial sea-level
curves from the Western Pacific (Liu et al., 2004), the Atlantic (Bard et al., 1990), the Mediterranean area
(Lambeck et al., 2011) and the global one (Lambeck et al., 2014). Timing of parasequences (in red) evolution
within the Pescara paleovalley system. Relative sea-level (RSL) index points from tectonically stable areas of
the western Mediterranean are from Vacchi et al. (2016). LST: lowstand systems tract; TST: transgressive
systems tract; HST: highstand systems tract; TS: Transgressive surface; MFS: Maximum flooding surface;

LGM: Last Glacial Maximum,; MWP: Melt water Pulse; S-MWP: Melt water pulse surface; A: aggradational
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stacking pattern; R: retrogradational stacking pattern; P: progradational stacking pattern;, Bw: brackish

water,; Fw: freshwater, SL: sea-level. Modified after Amorosi et al. (2017b).

7.2 Influence of post-Younger Dryas episodes of glacio-eustatic sea-level rise

7.2.1. Melt Water Pulse 1B

Early Holocene poorly-drained conditions (P1) have also been documented for coeval (post-12 ka cal
BP) successions within the Adriatic basin as the Biferno PVF (Amorosi et al., 2016b) and the Emilia-Romagna
coastal sector (P1 of Amorosi et al., 2017b). Comparable and coeval transitional deposits between alluvial and
fully-estuarine have also been recognized outside the Adriatic domain, beneath the Tyrrhenian coastal plains
(Amorosi et al., 2008; Milli et al., 2016) but also worldwide from Northern Europe to the Asian coasts (Hijma
et al., 2009; Tanabe et al., 2015; Hori et al., 2002). The basal surface of P1 is the TS: this surface, dated to
about 11.3 ka cal BP, clearly marks the end of a remarkable phase of fluvial activity, as suggested by the
upward change in fluvial stacking pattern atop LST deposits (Fig. 4), also illustrated by Campo et al. (2017)
from the Po coastal succession. Chronological and stratigraphic data make the TS correlative offshore with the
Melt Water Pulse (MWP) 1B (Fairbanks, 1989; Liu et al., 2004) surface (Zecchin et al., 2015; their Fig. 8).
This latter, in turn, coincides with the “S2 surface” of Maselli et al. (2011) that separates middle from upper-
TST units and that marks the end of a short-lived episode of subaqueous progradation assigned to the Younger
Dryas reversal (i.e., 12.9-11.6 ka cal BP; Cheng et al., 2020). The P1 flooding event, thus, could have been
triggered by the post-Younger Dryas sea-level rise linked to the MWP-1B dated to about 11.6-11.3 ka cal BP
(Fairbanks, 1989; Fig. 5). MWP-1B is not well documented as MWP-1A, and defined as elusive in far-field
sea-level records (Lambeck et al., 2014; Harrison et al., 2019; Tian et al., 2020). Abrupt change in fluvial
stacking pattern and rapid establishment of inner-estuarine conditions documented for the Pescara coastal
plain, along with data presented by Amorosi et al. (2017b) for the northern sector, strongly support evidences
of the MWP-1B effects in the Mediterranean Sea. An estimated sea-level about 50 m below the present, around
11.3 ka cal BP (Lambeck et al., 2014, their Fig. 4), is only seemingly inconsistent contrast with the TS elevation
(between 43-33 m bsl, Fig. 4b), for the following reasons: (i) possible unreliability of the sea-level curve

(Lambeck et al., 2014) that does not take into account data from the Mediterranean Sea (their Fig. 1); (ii) the
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inland position of the study area (Fig. 1); (iii) the steepness of the Central Adriatic shelf (0.2°; Maselli et al.,
2011). As for this latter aspect, the TS shows a remarkable change in elevation (10 m in less than 2 km; see
Fig. 4b). As regard the position of the study area with respect to the coastline at about 11.3 ka cal BP, this is
supported by the non-marine facies associations of P1 (poorly drained floodplain and swamp). Within P1, a
minor flooding dated to 10.3 ka cal BP is coeval with a barrier lagoon system identified in the northern Adriatic
shelf by Storms et al. (2008) which was not correlated to the MWP-1B. On the contrary, MWP-1B sea-level
rise effects have been documented in the Southern Adriatic, Manfredonia Gulf, by De Santis et al. (2020b).
Here, MWP-1B has been thought to have caused the drowning and overstepping of previous coastal systems

and the formation of a wave ravinement surface.

7.2.2. Melt Water Pulse 1C

Correlation of the overall stratigraphy with the sea-level curves (Fig. 5) documents the possible link
between the minor flooding surface dated to about 9.8 ka cal BP and the beginning of MWP-1C, whereas the
9.4 cal ky BP flooding is simultaneous to the coeval glacio-eustatic event. Following Zecchin et al. (2015), the
9.8 ky BP flooding has been labelled as the MWP-1C surface (S-MWP1C of Fig. 5). Major effects of the post-
MWP-1C sea-level rise are distinctly recorded by P2, which shows the most widespread landward incursion
of inner-estuarine environments in the study area. Comparable remarkable effects of the post-MWP 1C sea-
level rise are well documented in the Northern Adriatic sector. In the Po coastal Plain, Amorosi et al. (2017b)
and Bruno et al. (2017) showed the widespread landward incursion of inner-estuarine environments. The age
of their P2 is almost identical (9.2-7.7 ka cal BP) to the age of the Pescara parasequence P2 (9.2-8.3 ka cal BP;
Fig. 5). Similarly, in the Tagliamento River Plain, Ronchi et al. (2021) dated to about the same age interval
(9.4 to 8.4 ky BP) equivalent organic-rich deposits termed as “basal-peat”. To the south, the Biferno VF
(Amorosi et al., 2016b), between 18 and 11 m depth, is also characterized by a coeval and predominantly
swampy interval. As for the Pescara P2, the top of this interval is dated to about 8.3 ka cal BP (8,264+65 ka
cal BP; their Fig. 5). Even more interesting, is the chronological equivalence with the “Eu-transgressive unit”
of the Manfredonia Gulf, dated to 9.2-8.3 ka cal BP (De Santis et al., 2020a). Similar successions have been
documented for the Tyrrhenian coast (Amorosi et al., 2013a), and worldwide in the Rhine Delta (Amorosi et

al., 2013b), in the Song Hong River (Hori et al., 2004) and the Pearl River (Zong et al., 2009). As different
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sectors of the Adriatic Sea and coastal plain successions around the world recorded concomitant deposition of
similar organic-rich facies associations, it seems that post MWP-1C sea-level rise played a key role as eustatic

factor not only at the basin-scale (Adriatic) but also globally.

7.2.3. Melt Water Pulse 1D

The transition to P3 marks the establishment of brackish environments in the study area. The basal P3
flooding was identified as the MWP-1D surface (MWP1D-S of Fig. 5), because it post-dates an 8.3 ka cal BP
swamp deposit (Fig. 4). The Biferno and the Po coastal Plain successions present similar ages (about 8.3 ka
cal BP) for the transition from swamp (inner-estuarine) strata to overlying brackish (outer-estuarine) deposits,
dated to 8.0-7.7 ka cal BP respectively (Amorosi et al., 2017b, 2016b). Most likely MWP-1D produced the
maximum landward migration of the barrier-lagoon systems, around 8.0-7.7 ka cal BP, as recorded for the
study area (Figs. 4 and 5), for different sectors of the Adriatic (Amorosi et al., 2017b, 2016b; Ronchi et al.,
2021) and beyond (Amorosi et al., 2013a, b). The age of the MFS is consistent with the 8.0-7.0 ka cal BP age
documented for the same surface in several coastal successions (Amorosi et al., 2008; Breda et al., 2016; Hori
et al., 2004; Milli et al., 2013; Tanabe, 2020; Tanabe et al., 2022, 2015). In particular, it matches the age of the
MEFS in the Biferno PVs (Amorosi et al., 2016b) and in the northern Adriatic sector (Amorosi et al., 2017b).
A possible alternative position for the MFS is within P4 (i.e., intra parasequence) atop lagoonal deposits dated
to 7.8 ka cal BP (Figs. 4 and 5). An age of about 7.7 ka cal BP fits the MFS age reported from different coastal
successions mentioned above, especially the MFS documented from Amorosi et al. (2017b). As reported by
Tanabe (2020), analogous sea-level rise events have been inferred for MWP-1D between 7.8 and 6.8 ka cal
BP for different locations worldwide (Blanchon et al., 2002; Bird et al., 2007; Song et al., 2018; Yu et al.,
2007). Comparison of sea-level curve from Lambeck et al. (2011) and index points from Vacchi et al. (2016;
Fig. 5) shows that in the Mediterranean Sea, the maximum sea-level jump linked to the MWP-1D ended about
7.5 ka cal BP (Fig. 5). The effects of the flooding driven by MWP-1D are not recorded after 7.0 ka cal BP,
when sea-level stabilized (Fig. 5). According to our reconstruction, the 7.0 ka cal BP flooding and its
correlative lagoonal deposits likely represent the very “last ditch effort” of MWP-1D in this sector of the

Adriatic before coastal system progradation took place.
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The Pescara Holocene succession (TST+HST) has many similarities in terms of facies architecture with
coeval successions along the Adriatic basin and worldwide (Amorosi et al., 2017b; Milli et al., 2016; Ruberti
et al., 2018; Hijma et al., 2009; Tanabe et al., 2006; Hori et al., 2002; Blum et al., 1995; Blum and Aslan, 2006;
Blum and Price, 1998; Payenberg et al., 2006; Rittenour et al., 2007; Thomas and Anderson, 1994; Ronchi et
al., 2021; Jessen et al., 2008; Shaver and Pusc, 1992; Seifert et al., 2008; Hickin and Best, 2013; Barnes et al.,
2021; Goetz et al., 2021; Ta et al., 2021), confirming the basin-scale importance of the eustatic component as

the major controlling factor during Termination 1 (Denton et al., 2010).

As a whole, this investigation has documented a clear influence of the stepwise sea-level jumps caused
by the MWPs 1B, 1C, and 1D on the stratigraphic architecture of the Pescara paleovalley fill. These events are
still considered as local phenomena by some authors (see Tanabe, 2020), because their effects were not
identified globally and there is not yet full consensus on their timing and magnitude. However, as also reported
in this study, many works documented that eustatic rise episode was not smooth and gradual, but punctuated.
Compared to MWPs 1A and 1B (Bard et al., 2010; Abdul et al., 2016; Tian et al., 2020), MWPs 1C and 1D
are thought to have been less marked (Zecchin et al., 2015) and poorly documented, especially in the
Mediterranean area, as previously documented by Amorosi et al (2017b) for the Northern Adriatic. Hence, this

study provides data for future refinements of the post-LGM sea-level curve for this Mediterranean sector.

8. Conclusions

A buried paleovalley system (PVS), about 50 m deep and up to 2 km wide, was recognized beneath the
Pescara coastal plain through stratigraphic correlation based on sedimentological, paleontological (meiofauna
and mollusks), chronological and geotechnical (pocket penetrometer measurements) data. Detailed facies

analysis was carried out on a 52 m-long core specifically recovered in the valley depocenter.

Two NE-SE and SW-NE oriented stratigraphic panels provided the 3D-facies architecture of the Late
Pleistocene-Holocene paleovalley fill (PVF), and allowed the reconstruction of the paleovalley profile, incised
into Calabrian age marine deposits. The general facies architecture and fluvial stacking patterns resemble the

stratigraphic organization of several ancient and Quaternary paleovalley systems worldwide, with the lower
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paleovalley fill (I-PVF), composed of up to 13-m-thick, amalgamated fluvial gravel bodies of Late Pleistocene
age (30-pre-11.3 ka cal BP), interpreted as the lowstand systems tract (LST), because of its overall

aggradational stacking.

The mud-dominated, Holocene upper paleovalley fill (u-PVF) with isolated sand bodies is about 25 m-
thick and consists mostly of non-marine, organic-rich deposits with low pocket penetrometer values (0.4-1.8
g/cm?). The vertical transition from poorly-drained floodplain facies to swamp clays to lagoonal deposits
reflects progressive drowning of the valley and formation of an estuary, as a result of the Holocene
transgression. During the last 8.0 ky, the estuary was progressively filled up to the establishment of the modern

wave-dominated delta plain environment.

The abrupt facies change from the Late Pleistocene I-PVF to the Holocene u-PVF corresponds to the
transgressive surface (TS), dated to about 11.3 ka cal BP. The early Holocene (11.3-8.0 ka cal BP) interval
with a deepening-upward trend represents the transgressive systems tract (TST). The maximum flooding
surface (MFS), dated to about 8.0 ka cal BP was tracked at the turnaround from deepening-upward to
shallowing-upward trend and marks the maximum landward migration of barrier-lagoon systems, with outer-
estuarine deposits reaching their innermost position up to 1.5 km landward of the modern shoreline. The last
8.0 ky succession, with a characteristic shallowing-upward trend from estuarine to modern delta plain deposits,
is interpreted as the highstand systems tract (HST). The age of the MFS is consistent with the 8.0-7.0 ka cal

BP age documented for the same surface in several coastal successions worldwide.

Seven parasequences (Ps 1-7) were identified and tracked within the Holocene interval (TST+HST).
The lower three (Ps 1-3) are retrogradationally stacked and form the TST, whereas the uppermost four (Ps 4-
7) with peculiar aggradational to progradational stacking pattern make the HST. Based upon paleontological
data and consistent with the stacking pattern of parasequences (eetrogradational-aggradational to
progradational), the MFS is places between 8.0 ka cal and 7.7 ka cal BP. However, its positioning can be
debated and, an alternative position beyond parasequences and flooding boundaries could be within P4, at the

transition from lagoonal and swamp deposits, dated to about 7.7 ka cal BP.

Transgressive Ps 1-3 record the overall drowning of the valley and the onset of estuarine conditions.

Due to the general sea-level rise, progressively deeper conditions, from inner- (Ps 1-2) to outer-estuarine (P3),
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were established in the study area. Between 8.0-7.0 ka cal BP sea-level stabilized and once the estuary was
filled with freshwater organic-rich deposits (aggradational P4), coastal progradation definitively started (P5).
In the last 5.2 ka cal BP (Ps 6-7) further coastal progradation took place. Coastal plain facies accumulated

landward, whereas a wave-dominated fluvio-deltaic system developed at distal locations.

In general, TST parasequences display higher accumulation rates (up to 9.4 mm/y) than HST ones.
These latter are characterized by a mean value of about 2.9 mm/y. High-sediment accumulation rates may
reflect generation of accommodation caused by the rapid eustatic sea-level rise. On the other hand, under
highstand conditions, sedimentation rates progressively decreased suggesting rapid progradation of the coastal

system basinwards.

The Pescara PVS is the first example of late Quaternary PVs identified in front of the Mid-Adriatic
Depression (MAD) basin, and represents the essential “onshore component” of the Adriatic system in a source-
to-sink (S2S) perspective. The paleovalley, from a region of sediment storage during the transgression (11.3-

8.0 ka cal BP) turned into a sector of prevailing lateral sediment distribution under highstand conditions (last

8.0 ky).

A first correlation with offshore data and comparison with coeval successions along the Adriatic basin
(and worldwide) show many similarities in terms of facies/stratigraphic architecture and confirm the key role
of custatic sea-level rise as the major controlling factor during the post-LGM transgression, providing new
evidence for Melt Water Pulses (MWPs) 1B, 1C and 1D. The eustatic rise linked to MWP-1B reasonably
triggered the P1 flooding event and the first establishment of inner-estuarine conditions tens of kilometers

landwards of the coastline.

The Pescara valley fill also records the influence of minor and still poorly documented around the world
MWPs 1C and 1D. Whilst the minor 9.8 ka cal BP flooding surface was linked to the beginning of MWP-1C,
major effects of the post-MWP-1C sea-level rise in the study area are clearly recorded by P2. Similar to what
was documented for several coeval successions of the Adriatic, P2 is characterized by the most widespread
landward incursion of inner-estuarine deposits in the study area. The onset of MWP-1D is marked by the basal
P3 flooding that highlights the onset of the very last backstepping episode of a barrier-lagoon system in this

Central Adriatic sector, consistent with data from Amorosi et al. (2017b) for the Northern Adriatic. Hence,
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MWP-1D can be considered as the most important trigger for the maximum landward migration of the

shoreline at the basin-scale.
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