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Abstract

How tectonic forcing, expressed as base level change, is encoded in the strati-
graphic and geomorphic records of coupled source-to-sink systems remains un-
certain. Using sedimentological, geochronological and geomorphic approaches,
we describe the relationship between transient topographic change and sediment
deposition for a low-storage system forced by rapid rock uplift. We present five
new luminescence ages and two terrestrial cosmogenic nuclide paleo-erosion
rates for the late Pleistocene Pagliara fan-delta complex and we model corre-
sponding base level fall history and erosion of the source catchment located on
the Ionian flank of the Peloritani Mountains (NE-Sicily, Italy). The Pagliara delta
complex is part of the broader Messina Gravel-and-Sands lithostratigraphic unit
that outcrops along the Peloritani coastal belt as extensional basins have been
recently inverted by both normal faults and regional uplift at the Messina Straits.
The deltas exposed at the mouth of the Pagliara River have constructional tops at
ca. 300 m a.s.l. and onlap steeply east-dipping bedrock at the coast to thickness
between ca. 100 and 200 m. Five infrared-stimulated luminescence (IRSL) ages
collected from the delta range in age from ca. 327 to 208 ka and indicate a verti-
cal long-term sediment accumulation rate as rapid as ca. 2.2cm/yr during MIS
7. Two cosmogenic '°Be concentrations measured in samples of delta sediment
indicate paleo-erosion rates during MIS 8-7 near or slightly higher than the mod-
ern rates of ca. 1 mm/yr. Linear inversion of Pagliara fluvial topography indicates
an unsteady base level fall history in phase with eustasy that is superimposed on
a longer, tectonically driven trend that doubled in rate from ca. 0.95 to 1.8 mm/yr
in the past 150 ky. The combination of footwall uplift rate and eustasy determines
the accommodation space history to trap the fan-deltas at the Peloritani coast in
hanging wall basins, which are now inverted, uplifted and exposed hundreds of
metres above the sea level.
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1 | INTRODUCTION

The geologic inverse problem of reconstructing rock
uplift and mountain building from basin stratigraphy
goes back at least to Playfair (1802), and interpretations
of tectonic processes from sediment texture (reviewed
in Blair & Bilodeau, 1988; Matenco & Haq, 2020), prov-
enance (Dickinson & Suczek, 1979) or arrangement
of basin facies (Burbank, 1992; Dorsey et al., 1997;
Slingerland, 1990) dominates the basin analysis litera-
ture (Allen & Allen, 2013; Kim & Paola, 2007; Miall, 1997;
Olsen et al., 2018; Paola, 2000; Paola et al., 2001).
However, unsteady production of sediment in the source
(Bull, 1991; Schumer et al., 2011; Sharman et al., 2019;
Smith, 1994; Tucker & Slingerland, 1997), the climatic
modulation of base level in the sink (Vail et al., 1977), and
variable coupling between tectonics and surface processes
that exhibit a range of autogenic behaviours (Beaumont
et al.,, 1992; Hoffman & Grotzinger, 1993; Koons, 1989;
Zeitler et al., 2001) obscure the record of tectonic forcing
in sediments and sedimentary rocks (Romans et al., 2015;
Straub et al., 2009). For example, surface autogenic pro-
cesses (Feng et al., 2019; Foreman & Straub, 2017), ef-
fective diffusivity (Paola et al., 1993), characteristic time
scales (Jerolmack & Sadler, 2007) and response times of
the system (z) (Whipple & Tucker, 1999) introduce signifi-
cant uncertainty in how tectonic processes drive unsteady
sediment yield (Jerolmack & Paola, 2010), how they
can be interpreted from the architecture of sedimentary
basin fill (Allen, 2008), or how they are used to infer the
time preserved by sedimentary facies (Paola et al., 2018).
Understanding how all of these factors operating on an
erosional landscape, ultimately becoming the sedimen-
tary facies in sedimentary basins, is crucial to inversion of
the stratigraphic record (Sharman et al., 2019).

Although the response of coupled source-to-sink
systems to changes in tectonics are documented in ana-
logue (Bonnet & Crave, 2003; Ganti et al., 2016; Kim &
Paola, 2007; Rohais et al., 2012; Trampush et al., 2017)
and numeric models (Allen & Densmore, 2000; Armitage
et al., 2011; Densmore et al., 2007; Forzoni et al., 2014;
Li et al., 2018; Simpson & Castelltort, 2012), large-scale
storage in natural systems tends to obscure the encod-
ing of the tectonic forcing in the corresponding stra-
tigraphy (Allen & Densmore, 2000; Castelltort & Van
Den Driessche, 2003; Pizzuto et al.,, 2017; Schumm &
Rea, 1995). Here, we capitalize on a natural experiment
playing out on a tectonically active Mediterranean plate
boundary where unsteady and non-uniform tectonic pro-
cesses have conspired with glacio-climatic changes in base
level and sediment supply to construct a series of marine
fan-deltas that can be directly connected to their source
basins. The stratigraphy of the deltas, age models that
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« We reconstructed the base level fall history by
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Tectonics drive the general stratigraphy and

sedimentology architecture of the delta.

constrain the time of their deposition, their elevation with
respect to modern base level, and the fluvial topography
of their source catchments all bear on the role that tec-
tonic processes play in both shaping the landscape and
constructing the resulting sedimentary archive.

The fan-deltas are exposed on the Ionian flank of the
Peloritani Mountains of northeast Sicily, along the Africa-
Europe convergent plate boundary (Serpelloni et al., 2007;
Figure 1a), one of the most tectonically active regions of
the Central Mediterranean (Figure 1b). Specifically, the
ca. 30km” Pagliara catchment, centred on the rapidly up-
lifting footwall of the Taormina normal fault (Figure 1c,d)
(Catalano et al., 2008), feeds a series of 100-200m thick
coarse fan-deltas that are part of a constructional coastal
plain with the Ionian Sea serving as the base level. Rare,
continuous exposure in these deltasin a large gravel quarry
operation afford access for reconstructing facies architec-
tures, sampling delta sediments to determine erosion rates
during the time of delta aggradation and constructing a
geochronologically based age model, all of which we pres-
ent below. The overall goal of this effort is to make an in-
tegrated process model of uplift, subsidence, erosion and
sediment yield for a natural setting where the climate and
base level changes are well-known (Antonioli et al., 2006;
Catalano & De Guidi, 2003; De Guidi et al., 2003; Ferranti
et al., 2010; Rust & Kershaw, 2000), sediment storage is
minimized, and the response times to tectonic forcing are
short (Pavano et al., 2016).

In this paper, we use our findings to explore the
relative contributions of tectonics, sediment yield
and eustasy in building stratigraphy. We first use our
luminescence-constrained age model to describe the
deposition and then uplift of the clastic sequence pre-
served in the footwall of a major normal fault embed-
ded in a deforming forearc. Our data aligns with some
recent studies that shows that rates of sediment accu-
mulation are not dependent on changes in the rate of
erosion during glacial-interglacial climate change (Ott
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FIGURE 1 (a)sketch map showing the location of Sicily and the Calabrian Forearc in the geodynamic context of the Nubia-Eurasia
Plate convergence in the Central Mediterranean area. The red box frames figure (c). (b) GPS vectors referred to Nubia. The red star indicates
the location of the Pagliara basin (mod. from Mastrolembo Ventura et al., 2014). (c) Geological setting of northeastern Sicily (mod. from
Lentini et al., 1995 and Pavano et al., 2016). (d) Geological-tectonic and morphological settings of the Peloritani Mts. in NE-Sicily where the
study area is located (P: Pagliara Basin). Red circles and numbers refer to the location of marine terraces sections reported in figure (e). (e)
distribution, along the coast, of the elevation of marine terraces' inner edges (mod. from Catalano & De Guidi, 2003). MIS: Marine Isotope
Stage. (f) distribution of large historic earthquakes in eastern Sicily and southern Calabria, where large black boxes indicate Mw>7 events,
whereas smaller blue boxes indicate 5<Mw<7 events (Rovida et al., 2022).

et al., 2022). The age model allows us to then integrate
the sedimentologic data with an inversion of the fluvial
topography (Gallen, 2018; Goren et al., 2014; Pavano &
Gallen, 2021; Pazzaglia & Fisher, 2022) that links uplift
and erosion in the source to subsidence and deposition
in the sink, and the construction of the sedimentary ar-
chitecture of the Pagliara delta complex.

2 | SETTING

The Peloritani Mountains compose the northeastern tip
of Sicily, which is embedded in the actively translating
Calabrian Forearc, marking the subduction of Nubian
platebeneath Eurasian platein the central Mediterranean

(Amodio Morelli et al., 1976; Dewey et al., 1989;
Malinverno & Ryan, 1986) (Figure 1a). The forearc is an
orocline made up of crystalline basement with Europe-
affinity (Catalano et al., 2018; Lentini & Vezzani, 1975;
Pezzino et al., 2008) that separated from Sardinia ca.
6 Ma (Malinverno, 2012). Southeast-directed translation
of the forearc (Figure 1b), presumably by Ionian slab
rollback, led to the Sicilian collision and the opening of
the Tyrrhenian basin (Boccaletti et al., 1990; Faccenna
et al., 2004, 2011; Kastens et al., 1988; Rosenbaum &
Lister, 2004). The Peloritani Mountains are underlain
by stacked tectonic-metamorphic units consisting of
juxtaposed, top-to-bottom, high-grade and medium-to-
low-grade Hercynian European-affinity crystalline base-
ment (Catalano et al., 2018; Lentini et al., 2000; Lentini
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& Vezzani, 1975) (Figure 1c,d). This metamorphic back-
bone is encircled by late Miocene to late Pleistocene
sedimentary rocks deposited within basins controlled by
normal fault systems, often arranged in an én-echelon
geometry (Lentini et al., 1995; Lentini & Vezzani, 1975).

The Peloritani Mountains are an example of middle
to late Pleistocene fragmentation of the forearc by
high-angle normal faults (Billi et al., 2006; Cammarata
et al., 2018; Foti et al., 2023; Meschis et al., 2018; Pavano
et al., 2015). The highest rates of rock uplift, inferred
from a marine oxygen isotope stage (MIS) eustatic-
based age model of mid-late Pleistocene marine terraces
(Figure 1le) and fan-delta deposits (Bada et al., 1991;
Bonfiglio, 1983; Catalano et al., 2003), characterize the
footwall block of the Taormina fault, that is widely con-
sidered to bound the Ionian flank of the range (Antonioli
et al., 2006; Catalano et al., 2003, 2008; Catalano & De
Guidi, 2003; De Guidi et al., 2003; Pavano et al., 2016).
However, the precise structures and kinematics that
control this part of the forearc are still debated (Argnani
et al., 2009; Barreca et al., 2019; Catalano et al., 2003,
2008; De Guidi et al., 2002; Meschis et al., 2019; Pavano
& Gallen, 2021). In this paper, we consider the Taormina
normal fault as the northeast Sicily segment of a larger
NNE-SSW to NNW-SSE-trending, extensional belt
(Catalano et al., 2008; Monaco & Tortorici, 2000) that
accommodates continued stretching of the upper plate
during SE-directed translation of the forearc.

Down-valley interfluves of major streams draining
the Peloritani Mountains to the Ionian Sea host marine
terraces (Figure le) and are mantled by perched coastal
and nearshore clastic deposits. Locally, as is the case
for the mouth of the Pagliara drainage, these terraces
are inset into ca. 200m thick fan-deltas (Figure 1d,e;
Catalano & De Guidi, 2003) that are part of a broader
lithostratigraphic package called the Messina Gravels
and Sands (MGS). The fan-deltas at the mouth of the
Pagliara accumulated in a now-inverted hanging wall
basin of the Taormina fault.

All of northeastern Sicily and southern Calabria
is seismically active (Figure 1f), characterized by
high-magnitude, catastrophic earthquakes (Boschi
et al., 1997; Postpischl, 1985) such as the A.D. 1908
Messina Strait earthquake (M=7.1) (Baratta, 1910;
Meschis et al., 2019) (Figure 1f), as well as more fre-
quent medium-magnitude earthquakes (e.g. Azzaro
et al., 2007; Cammarata et al., 2018; Giammanco
et al., 2008; Scarfi et al., 2016). The lack of a large his-
toric earthquake in the Peloritani Mountains have led
some researchers to consider the Taormina fault or re-
lated structures as part of a modern seismic gap (Neri
et al., 2006). Nevertheless, strong earthquakes including

the A.D. 1693 southeastern Sicily earthquake, the 1783
Calabrian earthquakes (Boschi et al., 1997) and the
1908 Messina Strait earthquake (Cello et al., 1982),
impacted eastern Sicily and the study area with land-
slides and tsunami (Baratta, 1910; Comerci et al., 2015;
Tinti et al., 2004), even though the precise source of
these earthquakes is still debated (Amoruso et al., 2002;
Riuscetti & Shick, 1975; Valensise & Pantosti, 1992).

2.1 | MGS deposits
The fan-deltas at the mouth of the Pagliara catch-
ment (Figure 2a) are part of a more widespread middle
Pleistocene lithostratigraphic unit up to 250m thick
(MGS) (Bada et al., 1991; Bonfiglio, 1991; Bonfiglio &
Violanti, 1984; Lentini et al., 2000; Selli, 1978). These
deposits are also known to exist in the Straits of Messina
(Del Ben et al., 1996). In general, these deposits con-
sist of gravel and grey-yellowish or reddish-coloured
sands, with local shell-rich horizons (Figure 2b). The
MGS range from nested prograding fluvio-deltaic bod-
ies, generally organized in foresets and showing chan-
nelized fluvial deposits (Figure 2c), to middle-shelf
sand waves (Barrier, 1987) (Figure 2d), locally trough
cross-stratified (Figure 2e). The former was sourced
from small, but steep catchments incised into uplifting
footwalls such as the Peloritani Mountains. The latter
consists of marine grey sands with large encrusted (bry-
ozoan, serpulids; Bonfiglio & Violanti, 1984) pebbles of
metamorphic rocks within a poorly stratified sandy ma-
trix. This facies transitions upwards into cemented grey-
ish, stratified sand, containing rounded pebbles from
both crystalline and sedimentary terms (Bonfiglio &
Violanti, 1984). A middle Pleistocene mammalian fauna
(ca. 365-200ka) has been described from the upper fa-
cies (Bada et al., 1991; Bonfiglio, 1991). Collectively,
these facies may represent the confluence of several
source areas and axial fluvial and marine filling of a now
partially inverted Sicily-Calabria extensional belt basin.
Sandy marine terraces that unconformably overlie the
MGS contain Strombus bubonius LMK, a marine gastro-
pod known to be well associated with the MIS 5e eus-
tatic high stand at 125ka (Bonfiglio & Violanti, 1984).
Locally along the Ionian side of the Peloritani Mts.,
the MGS is underlain by a polymictic, clast- and matrix-
supported, sandy conglomerate, called the Allume
Conglomerates (Carbone et al., 2008; Lentini et al., 2000).
These deposits are reddish in colour, contain angular to
rounded crystalline clasts, onlap the crystalline basement
and are bound by high-angle faults in small, disarticulated
extensional basins. The MGS unconformably overlie the
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FIGURE 2 (a)panoramic view of the studied Pagliara delta complex depositional sequence of the MGS, lying on a metamorphic
bedrock. DMC: Distributary Mouth Channel facies; DMB: Distributary Mouth Bar facies; CPF: Fluvial/Coatal Plain facies; BU: Buttress
Unconformity. The location of some of the marine terraced surfaces (MT) are noted. (b) Pecten sp shell indicating marine depositional

environment, specifically reported along maximum flooding surface (part of the field knife is for scale). (c) Channelized fluvial deposits

unconformably onlapping DMB deposits. (d) Sands and fine gravels horizon within the DMB selected for luminescence sampling site. (e)

Detail of a horizon within the DMB deposits showing trough cross-stratification with chute-and-pool structures and lenses of clustered

coarser sediments. The different coloured lines highlight the tractive structures. The unannotated version of the field photos is reported

in SI 3.

Allume Conglomerates and pre-date the basin-bounding
normal faults.

3 | METHODOLOGY

3.1 | Field descriptions

In the study area, the MGS fluvial-deltaic facies are ex-
posed in the O.R. Di Grasso Rosetta e C. S.a.s. quarry near
the mouth of the Pagliara River. We made field descrip-
tions of sediment texture, structure and bedding thickness
with close attention to unconformities. Following stand-
ard approaches for facies descriptions (reviewed in Allen
& Allen, 2013) and sequence stratigraphy (reviewed in
Catuneanu et al., 2009) the observations are designed to
construct the overall stratigraphic architecture of Gilbert-
type deltas.

Regarding the facies analysis, water depths of —5 to
10m are used for distributary mouth channel and bar fa-
cies, respectively (Dalrymple et al., 2003). Prodelta facies
are considered to have been deposited in water depths ca.
100-200m. Conversely, fluvial facies are considered to
have been deposited from 0 to 10 m.

3.2 | Luminescence geochronology

Our geochronologic age model is assembled from five
infrared-stimulated luminescence (IRSL) dating of sand
fraction feldspar. IRSL samples targeted beds of diverse
facies in the fan-delta deposit that, given their transport
through the drainage system, we assume were most likely
to have been reset (zeroed) by sunlight prior to the depo-
sition (Nelson et al., 2015; Rittenour, 2018). Sampling
followed the USU Luminescence Lab guide (e.g. Nelson
etal., 2015,2019). The samples were opened and processed
under dim amber safelight conditions at the Utah State
University (USU) Luminescence Lab. Sample processing
for IRSL dating followed standard procedures include
sieving, HCI] and bleach treatments, and heavy mineral
separation at 2.58 g/ cm?®, with no HF pre-treatment, to iso-
late the potassium-rich feldspar component of a narrow
grain size range of 150-250 pm.

Samples were dated following single-aliquot
regenerative-dose procedures (Wallinga et al., 2000).
IRSL stimulation was conducted at 50°C over 100s on a
Rise TL/OSL Model DA-20 reader using IR emitting di-
odes (875nm) and signal detection through Schott BG-
39 and Corning 7-59 filters (320-450nm). Equivalent
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dose (Dy) values for each aliquot were corrected for
anomalous fading (loss of signal overtime) following the
methods of Lamothe et al. (2003). Fading rate g-values,
were normalized to two days of decay and reported as %/
decade. IRSL ages are calculated by dividing the fading-
corrected Dy (Gy) by the environmental dose rate (Gy/
kyr).

Dose rate calculations were determined by chemical
analysis of the U, Th, K and Rb content using ICP-MS
and ICP-AES techniques and conversion factors from
Guérin et al. (2011) (see SI 1). Internal grain beta dose
rate was determined assuming 12.5% K (Huntley &
Baril, 1997) and 400 ppm Rb (Huntley & Hancock, 2001)
attenuated to grain size using Mejdahl (1979). Alpha
contribution to dose rate was determined using an effi-
ciency factor, ‘a-value’, of 0.15+0.05 after Balescu and
Lamothe (1994) (Durcan et al., 2015). The contribution
of cosmic radiation to the dose rate was calculated using
sample depth, elevation and latitude/longitude follow-
ing Prescott and Hutton (1994). Dose rates are calcu-
lated based on water content, sediment chemistry and
cosmic contribution (Aitken, 1998; Aitken & Xie, 1990).
See Supplementary Information for supporting dose rate
data.

3.3 | Cosmogenic nuclide
paleo-erosion rates

Two samples shielded by more than 10m and co-located
with IRSL ages were collected from deltaic and fluvial fa-
cies, respectively, to determine the concentration of in situ
cosmogenic '’Be in quartz. Knowing the burial age of the
sample and the half-life of '°Be, the '°Be concentration can
be used to determine the steady-state exposure erosion
rate of the sediment at the time when it was received from
the catchment. We assume simple rapid burial (sediment
accumulation rates of ca. 2cm/yr) to depths >10m, no
production during burial and no muonic production since
burial, decay of '’Be since burial (constrained by IRSL
ages), and a mean surface production rate constrained by
middle Pleistocene catchment hypsometry (mean eleva-
tion of 420 m). We do not correct for topographic shielding
following from Di Biase (2018), who shows that even in
steep topography with slopes up to 80° production rates
are not significantly different than gentle topography with
no shielding. Furthermore, the short Pagliara drainage is
not tilted enough to warrant a production rate correction
for oblique cosmic rays at depth (Di Biase, 2018).

We isolated and purified quartz at the National
Science Foundation/University of Vermont Community
Cosmogenic Facility using the approach of Kohl
and Nishiizumi (1992), comprising a series of both

physical and chemical processes. We then verified quartz
purity by Inductively Coupled Plasma—Optical Emission
Spectrometry. The samples yielded 13.9g (sample FIP9)
and 21.9g (sample FIP10) of pure quartz.

We isolated pure Be from the quartz at the National
Science Foundation/University of Vermont Community
Cosmogenic Facility using the methods described in
Corbett et al. (2016). Samples were prepared in a single
batch (including eight samples for analysis, two blanks
and two quality control standards) during March 2017.
We added ca. 250 pg of °Be to each sample using a beryl-
based Be-carrier made in-house with a concentration of
299 ugmL ™"

Accelerator Mass Spectrometry analysis took place at
Lawrence Livermore National Laboratory. Sample analyses
were normalized to primary standard 07KNSTD3110 with
an assumed ratio of 2850 x 10™'* (Nishiizumi et al., 2007).
We corrected the sample ratios for backgrounds using the
average of the two blanks in the batch (7.2+5.4% 107'%)
and propagated uncertainties in quadrature.

3.4 | Inversion of fluvial topography

We use the stream power rule of fluvial incision into
bedrock to invert the fluvial topography of the Pagliara
catchment and reconstruct a history of base level fall
(Gallen, 2018; Goren et al., 2014; Pavano & Gallen, 2021).
The inversion modelling reconstructs changes in base
level fall (e.g. uplift) over the same time frame represented
by deposition in the Pagliara fan-delta. In this way, the
modelling provides a basis for inferring how changes in
tectonic forcing (exogenic) are recorded in the fan-delta
stratigraphy.

Our approach follows from Goren et al. (2014) as-
suming a uniform block uplift, but accounts for cases of
variable or uniform rock erodibility. We define the fluvial
topography of the Pagliara catchment using a LiDAR data-
derived 2-m resolution DEM and set a total of twelve ex-
periments with 1000 Monte Carlo iterations, considering
different upslope channel threshold areas ranging from
0.125 to 1km?* (Montgomery & Foufoula-Georgiou, 1993;
Wobus et al., 2006), variable concavity index, response
time discretization and erosion rates. The inversion is car-
ried out in MATLAB using codes developed for a related
study in northern Sicily and Apennines and available on
GitHub (Pavano & Gallen, 2021; https://github.com/sfgal
len/Block_Uplift_Linear_Inversion_Models) and Zenodo
(Fisher et al., 2022; https://zenodo.org/record/6503006#.
Y8FYOtLMIOF), respectively. These codes work in concert
with the MATLAB-based TopoToolbox (Schwanghart &
Scherler, 2014, 2017) and TAK (Forte & Whipple, 2019)
software packages.
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The theoretical basis and application for our linear in-
version approach is well described in several recent pub-
lications, some of which are applied to Italian landscapes,
and we refer the interested reader to these as well as the
supplementary information (SI 2) for a deeper under-
standing of the approach (Gallen, 2018; Goren et al., 2014;
Pavano & Gallen, 2021; Pazzaglia & Fisher, 2022). Critical
to the interpretation of the reconstructed base level fall
histories is our decision to interpret catchment erosion
as a measure of mean rock uplift, a purely detachment-
limited channel erosion process consistent with the expo-
nent on slope in the stream power law equal to one (n=1;
Hancock et al., 1998; Howard, 1994), leading to a simple,
linear relationship between the observables of channel
steepness (k,) and erosion (E) and rock erodibility (K).

k,, = (E/K)'/" €]

Importantly under this assumption, all changes in the
rate of base level fall are preserved because knickpoints
propagate at a velocity proportional only to upstream
drainage area. Stream steepness is directly measured from
the DEM and we calculate it using different concavity val-
ues, ranging between 0.4 and 0.5, including the standard
reference channel concavity of 0.45 (Snyder et al., 2000).
We measure ks directly from chi-transformed long pro-
files and E from new and published TCN (Terrestrial
Cosmogenic Nuclides) data (Cyr et al., 2010). Following
from the assumption that E closely mirrors uplift rate (U)
in our system, we can also use the marine terrace geomor-
phic markers to provide an alternative E estimation. In
summary, our model considers E values ranging from 1
to 2mm/yr resulting in K values that vary by a factor of
2. In reality, channels in the Pagliara catchment experi-
ence both detachment-limited (plucking) and sediment
abrasion processes where the assumption of #=1 may not
hold. Non-linearities among stream steepness and channel
erosion increasingly emerge as sediment in the channel
triggers threshold-depended erosion process and rates of
base level fall approach 1 mm/yr (Kirby & Whipple, 2012;
Lague, 2013). Both of these criteria characterize the
Pagliara catchment, yet the linear assumption among
stream steepness and erosion rate has been shown to suc-
cessfully predict knickpoint location and age throughout
the Peloritani Mountains (Pavano et al., 2016), so we pro-
ceed with using Equation (1), cognizant of the fact that
the model predictions are first-order estimates.

In summary, the inversion model discovers deviations
from the steady-state predicted elevation of the Pagliara's
channels based on the assumptions above and the actual
elevations which are impacted by transient knickpoints
and rock-type changes. Considering and removing the
impact of rock-type influences in K allows the model to
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interpret the difference in the steady-state profile from ac-
tual channel elevation as unsteadiness in base level fall,
expressed as changes in channel steepness and knick-
points propagating upstream from the point of base level
fall that is set by the coastline by the Taormina fault.
Model output is the history of base level fall, which
in reality is a combination of high-frequency glacio-
eustasy and glacial isostatic adjustment (GIA) as well as
low-frequency unsteadiness in the rate of rock uplift or
subsidence. Model base level in phase with the known
glacio-eustatic change would be interpreted to mean that
the response time of the Pagliara source-to-sink system is
short, and capable of recording both short-term eustatic
and longer-term tectonic processes contributing to the
integrated base level fall history (Pavano et al., 2016). In
contrast, model base level out of phase with known glacio-
eustatic change would be interpreted to mean that the
response time of the Pagliara source-to-sink system is suf-
ficiently long such that the eustatic processes are shred-
ded by shorter-term geomorphic processes, and the base
level fall history is dominated only by tectonic forcing.

4 | RESULTS: SEDIMENTOLOGY
AND STRATIGRAPHY OF THE
DELTA SYSTEMS

In this section, we first present the main facies and sub-
facies, as well as their assemblages, recognized in the field
during sedimentological and stratigraphic surveys, which
we carried out to analyse the MGS clastic deposits in the
area of Pagliara River (Figures 3a-d and 4a,b and Table 1).
Then, we pass to describe the general structure and delta
systems arrangement of the Pagliara delta complex.

4.1 | Facies description
4.1.1 | Prodelta deep-water chaotic facies
(PD)

The Rocchenere delta system base exposes a coarse-
grained, poorly sorted and poorly stratified, locally cha-
otic, thick- to massively bedded sandy gravel prodelta
facies (PD) (Figures 3a and 4; see also the stratigraphic
column of Figure 3b). In detail, the PD facies is com-
posed of clast-supported pebbles and cobbles with a
granule and coarse sand matrix, lacking distinct sedi-
mentary structures. Three distinct sub-facies are rec-
ognized (Table 1). The dominant of these are chaotic
clastic deposits (PD,) (Figure 3a), texturally character-
ized by fine-to-coarse sands, with embedded pebbles
and rare cobbles that are locally more abundant. The
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FIGURE 3 (a)quarry vertical wall showing the thick prodelta, deep-water, massive and chaotic deposits, locally course-grained and
containing m-scale rip-up clasts (sub-facies PD, and PDy). (b) Distributary mouth bar (DMB) layered clastic facies of delta foresets composed
of turbidite and gravity flow deposits. (c) Panoramic view of delta plain topsets beds of distributary mouth channels deposits. (d) Upper delta
plain, coastal plain and fluvial depositional facies, lying against a steep-walled buttress unconformity (dotted yellow line). The unannotated

version of the field photos is reported in SI 3.

minor facies (PDy) are lenses of coarse-grained clastic
sediments, represented by pebbly and cobbly conglom-
erates (with rare boulders) in a granule and sand matrix.
The PD,, facies is weakly stratified (Figure 3a), resulting
from the rhythmic transitional, poorly marked passage
between dm-thick conglomeratic layers and medium
sands with pebbles horizons. At several levels, both the
PD,, the PD, facies contain up to several-metre-long
wedges of dm-thick mud horizons, deformed and chaot-
ically mixed in the deposit. These muddy rip-up bodies
(Figure 3a) are consistent with deep-water basin depos-
its scraped from the seafloor or delta plain mudstone
transported by mass-wasting events tumbling down the
fan-delta front. The PD, and PD, deposits grade upward
and laterally to a third, less represented sub-facies (PD,)
(Figure 4a-c), made of stratified, thinly bedded sand,
fine sand and silty sand.

412 |
bar facies

Delta front and distributary mouth

Stratigraphically above the PD facies are distinct, steeply
bedded, basin-dipping foreset-bottomsets composed

of stacked distributary mouth bar deposits (DMB)
(Table 1). The DMB bedsets are gravelly sand that rhyth-
mically fine upwards from pebble and cobble conglom-
erates in a fine and silty sand matrix to fine granule and
sand with common, flat, cm-sized clasts. These foresets
prograde over the underlying PD facies with a downlap-
ping stratal geometry. The marine depositional nature
of these DMB deposits is affirmed by the presence of
Pecten sp. shells, (Figure 2b) preserved along the base of
the foresets (Figure 3b) where they transition into bot-
tom sets.

The DMB facies contain dm-scale trough
cross-stratification with chute-pool backsets
(Alexander et al., 2001; Cartigny et al., 2014; Lang &
Winsemann, 2013; Postma et al., 2020) (Figure 2e).
These cross-beds can be generated in different ways
including during DMB progradation in shallow water
under alternating oscillatory and unidirectional cur-
rents (Dumas & Arnott, 2006), alternating supercritical-
to-subcritical flows (Tinterri, 2011), or density flow
flood bars (Mutti et al., 2000) that may be triggered
by tempestites as the result of storms (Aigner, 1985;
Ettensohn et al., 2012; Harms et al., 1975). We note that
these bedforms are most consistent with foresets in the
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FIGURE 4 (a)Photo showing a panoramic view of the sedimentary architecture of the Rocchenere delta system fan-delta deposits of
the Messina Gravel and Sands Formation located at the outlet of the tight source-to-sink system of the Pagliara basin (b). Sequence and
facies boundaries, as well as foresets layering, measured sections and IRSL samples location are also reported. The sampled stratigraphy

shows alternation of massive and stratified sedimentary facies, stacked in coarsening-up metre-scale bed sets with opposing dips. Numbers
refer to the sampled sections of the sequence. The unannotated version of the photo is reported in SI 3; (c) the reconstructed and simplified
stratigraphic section is also shown by a colour's palette according with the deposits’ grain size. The numbers in red refer to the corresponding
portion of the measured section, whereas the red asterisks with letters refers to the location along the section of the corresponding facies
shown in the pictures of Figure 3b-d above. The dark blue dots represent the gauging stations for sedimentological measurements, whereas
the differently open grey triangle, side of the stratigraphic column, indicates the measured paleo-flow direction. Note that the tringles are
open towards the paleo-flow direction and their openness is related to the total angle range provided by multiple measures at the same
gauging location. (d) Rose diagram showing the paleo-flow direction (shaded area) measurements (n=29) carried out at different locations
along the stratigraphic sequence (c). More intense colour corresponds to more represented azimuths. Overlapped is the Pagliara fan cone

angle (dotted dark red lines).

delta front even though they are similar in some respects
to tidal-generated bedforms present in the sandwaves of
the MGS exposed near Messina. The Rocchenere delta
system DMB facies lack the typical sigmoidal struc-
tures of the tidally dominated deposits (Boersma &
Terwindt, 1981; Mutti et al., 1984, 1985) and the overall
orientation is transverse, rather than sub-parallel to the
shore (Longhitano, 2018).

4.1.3 | Delta plain facies

The DMB facies are overlain, and locally scoured and
inset by lower delta plain topset beds composed primarily
of distributary mouth channels (DMC; Figures 2a and 3c).
These facies have good lateral continuity and are char-
acterized by fining-upward, dm-thick bedsets, composed
of pebbles and cobbles organized in clast-supported but
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TABLE 1 Description of the major textural and structural features of the facies and sub-facies recognized in the MGS deposits at the

Pagliara delta complex.

Facies associations Facies

Coastal plain and Coastal plain
fluvial facies (CPF) facies

Fluvial facies

Delta plain facies
(DMC)

Delta front and
distributary mouth
bar facies (DMB)

Prodelta deep-water PD,
chaotic facies (PD)

Sub-facies

Facies description

Poorly stratified and organized deposits, interleaved with medium-to-
thick beds of fine gravel and very coarse sand. Locally, along buttress
unconformity, these deposits contain dm- to m-size boulders

Fluvial deposits show coarser and rounded, discoid and equant pebbles.
The structure is generally defined by pebbles and granules supported
by abundant fine-to-coarse sandy matrix; some horizons show clast-
supported, open framework structure. Structures of clasts imbrication,
according to the paleo-currents, are common

Fining-upward, dm-thick bedsets, composed of pebbles and cobbles organized
in clast-supported but closed framework conglomerate with a very coarse
sand matrix. Upward, these deposits pass to cm-thick beds of coarse to very
coarse sandy matrix-supported flat pebble conglomerate

Steeply bedded, basin-dipping foreset-bottomsets with a downlapping stratal
geometry, composed of gravelly sand rhythmically fining upwards from
pebble/cobble conglomerates, in a fine and silty sand matrix, to fine
granule and sand with flat, cm-sized clasts. Pecten sp. Shells are found

Stratified clastic deposits, composed of thinly bedded sand, fine sand and silty
sand

PD, Weakly stratified clastic deposits with lenses of coarse-grain sediments,
represented by pebbles and cobbles conglomerates (with rare boulders) in
a granule and sand matrix. Chaotically mixed in the deposits are muddy
rip-up bodies

PD

Chaotic clastic deposits composed of fine-to-coarse sands, with embedded

pebbles and rare cobbles (locally abundant). Chaotically mixed in the
deposits are muddy rip-up bodies

closed framework conglomerate with a very coarse sand
matrix. These conglomerates rapidly grade upward to cm-
thick beds of coarse to very coarse sand matrix-supported
flat pebble conglomerate (Table 1). Locally, m-thick lay-
ers of these deposits sub-horizontally truncate eastward-
dipping, dm-layered DMB bedsets and are in turn inset
by channels filled with coarse-grained sediments, cobble-
pebbles in size.

4.1.4 | Coastal plain and fluvial facies (CPF)

The fan-delta facies are inset by upper delta plain, coastal
plain and fluvial depositional facies (Table 1), locally along
steep-walled buttress unconformities (CPF; Figures 3c,
4a, and 5a). This facies is dominated by stacked and cross-
cutting fluvial channels. Unlike the delta facies, the CPF
are more poorly stratified and organized instead of beds
of matrix-supported pebbles and cobbles interleaved with
medium-to-thick beds of fine gravel and very coarse sand.
Locally, especially in contact with the buttress unconform-
ity, the CPF deposits contain large, dm- to m-size boul-
ders. In summary, the CPF exhibit an onlapping stratal
geometry with the fan-delta facies.

CPF facies is clearly represented by fluvial deposits
showing coarser and rounded, discoid and equant peb-
bles. The structure of these conglomerates shows layers
of pebbles and granules supported by abundant fine-
to-coarse sandy matrix, but some horizons show clast-
supported, open framework structure. Sedimentological
structures are commonly represented by clasts imbrica-
tion according to the paleo-currents (see inset rose dia-
gram and stratigraphic column in Figure 4d), mainly
pointing towards east and southeast. Inset fluvial clas-
tic wedges outcrop at different elevations through the
depositional body, filling paleo-channel morphologies
shaped on DMB facies deposits as clear unconformities
(Figure 3c,d).

4.2 | Description of the architecture
of the Pagliara delta complex: The
Pagliara and the Rocchenere delta systems

The field-based sedimentological and stratigraphic analy-
sis of the MGS deposits in the area of the Pagliara Basin
reveals that they consist of several nested and partially
stacked Gilbert-type fan-deltas. These fan-deltas have an
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apparent large-scale cyclical architecture both as land-
forms and in stacking of facies that generally conforms
to a sequence stratigraphic model (Figures 4 and 5a,b).
Delta facies suite ranges from fluvial-coastal plain, delta
front and prodelta environments, to facies transitional to
an open basin environment. Fossiliferous horizons served
as key layers in the field to recognize the transgressive
maximum flooding surfaces (MFS in Figure 5a). These
key horizons, together with lower, bounding buttress un-
conformities, allowed the recognition of sequences, the
vertical and lateral geometrical relationships of those se-
quences, as well as the depositional environment in the
context of variable boundary conditions. Field observa-
tions (Figure 4) and remote-sensed images reveal that
the Pagliara delta complex is composed of two different
nested fan-delta systems (Figure 5a). The upper fan-delta
system, hereafter called the Pagliara delta system, is inset
by a lower fan-delta, hereafter called Rocchenere delta
system, along a bedrock buttress unconformity carved
into the metamorphic bedrock (Figure 5). The over-
all body of the lower Rocchenere delta system shows a
higher gradient in the seaward general geometry result-
ing from the nestling of at least two, probably three, delta
fans (Figure 5a), with the topsets located at variable el-
evations (230-330ma.s.1.).

The Pagliara delta system is likely composed of sev-
eral main sedimentary bodies ca. 150-170m thick, with
poorly exposed contacts, that prograde and telescope sea-
ward atop a gently sloping or stepping bedrock strath, as
observed in the field (Figures 4 and 5). By contrast, the
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well-exposed Rocchenere delta system consists of at least
three nested, telescoping fan-delta bodies separated by
large (ca. 40-60m) topographic drops that collectively de-
fine a seaward-dipping basal strath that is inferred to be
steeper than that of the Pagliara delta system (Figure 5b).
The basal wave-cut platform hosting the entire Rocchenere
delta system progradational sequence does not crop out,
because it is extensively buried beneath the recent alluvial
deposits of the Pagliara River, except locally at the bedrock
buttress unconformity that separates the Rocchenere delta
system from the Pagliara delta system.

The exposed Rocchenere delta system deposits (strati-
graphic column in Figure 4), following an upsection shal-
lowing of the depositional environment, can be generally
organized into upper delta plain fluvial and coastal plain
facies (FCP), lower delta plain-distributary mouth channel
(DMC) facies, delta front distributary mouth bar (DMB)
delta front facies and deep-water prodelta (PD) facies
(Figures 2a,c,e and 3a-d). Along the Rocchenere delta sys-
tem analysed section, field-based sedimentologic analyses
reveal variations and sometimes almost abrupt switching,
in paleo-flow directions measured for different bedsets
belonging to stacked delta lobes (Figure 4). Specifically,
a lower, dominant east-directed flow switches, during the
deposition of section 5 and most of section 6 (Figure 4), to
SSE-to-SW directions and locally to NE directions upsec-
tion during the deposition of section 7 (Figure 4). However,
the most common detected paleo-flow-directions fall
within the general SE-directed Pagliara fan-delta complex
cone (Figure 4).

(a)

IRSL Data (see Table 1)

USU-2461 O 227+/-37ka
USU-2463 O 298+/-50ka
USU-2464 O 208+/-29ka
USU-2465 O 223+/-25ka
USU-2466 O 327+/-52ka

. Sequence Boundary
(dashed where hypothesized)

~=—_ Maximum Flooding Surface (MFS)

A TCN sample's location

1.6 mm/yr
1.1 mm/yr

Inland distance from the coast (km)

FIGURE 5 (a) Stratigraphic model of the Pagliara fan-delta showing the relationships between the different allostratigraphic units. IRSL
ages (circles) and TCN paleo-erosion rates (triangles) are keyed into their sampling sites. The resulting IRSL ages and relative errors are also

reported. (b) Photo of the quarry highwall annotated with specific features depicted in (a), showing the buttress unconformity that separates
the DMB facies of samples USU-2461 and USU-2465 from the fluvial/coastal plain deposits sampled at site USU-2464 (see (a) for reference).
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5 | RESULTS: GEOCHRONOLOGY
AGE MODEL AND PALEO-EROSION
RATES

51 | Luminescence age model

Samples dated using IRSL (Table 2) provide stratigraphi-
cally coherent ages, indicating that the entire Rocchenere
delta system depositional succession analysed in this study
ranges over ca. 119 kyr, from 326.9 +37.3ka (sample USU-
2466) to 208.0+29.1ka (sample USU-2464) (Figure 5a,b
and Table 2) and from coastal plain/fluvial and distribu-
tary mouth channel facies to distributary mouth bar facies
up to prodelta/delta front units. The main Rocchenere
delta system depositional body was deposited in ca. 75
kyr, between 297.6 +49.8 (USU-2463) and 223.1+24.9ka
(USU-2465), at a mean sediment accumulation rate (SAR)
of ca. 0.15cm/yr. Luminescence Dy values are close to the
characteristic dose of saturation (D,, Table 1), which can
lead to age underestimation. However, as discussed below,
the luminescence ages are in stratigraphic order, conform
to sedimentologic and stratigraphic constraints observed
in the field and align with projections to eustatic sea level
controlled accommodation space that control delta pres-
ervation, suggesting that any age underestimation within
the data are within reported errors.

In general, the depositional sequence is carved and
nested by younger parasequences, opening towards the sea
at lower elevations (Figures 4 and 5a). In particular, basal
prodelta chaotic facies with an IRSL age of 297.6 +49.8ka
(sample USU-2463; Table 2) are sharply, but conform-
ably overlain by younger marine DMB facies, with an
age ranging between 226.6+37.4 and 223.1+24.9ka
(samples USU-2461 and USU-2465, respectively; Table 2)
(Figure 5a,b). This allostratigraphic package is inset by
younger coastal plain and fluvial facies deposits dated
to 208.0+29.1ka (sample USU-2464) (Figure 5a,b and

TABLE 2 Infrared-stimulated luminescence (IRSL) age information.

Table 2), with an associated 1o error partially overlapping
the other fluvial and DMB ages. The ca. 3.5 kyr time gap
between the IRSL dates of samples USU-2461 and sam-
ple USU-2465, collected within the same DMB facies, and
their elevation gap of ca. 87m, provide an estimate of the
fastest SAR of ca. 2.5cm/yr.

5.2 | Cosmogenic '’Be paleo-erosion
rate data

Cosmogenic '°Be concentrations of shielded sediment
sampled at the 223.1+24.9ka delta distributary mouth
bar facies and the 208.0 +29.1ka fluvial-coastal plain fa-
cies across the buttress unconformity (Figure 5a,b) are
used in concert with the IRSL depositional age of these de-
posits to calculate paleo-erosion rates. The measured 'Be
concentrations (N,) (Table 3) are increased to their decay-
corrected burial values (N,) using the '°Be decay constant
of 4.3e—09yr~'. The DMB and CPF facies provided values
of 1.1+0.17 and 1.59 +0.75 mm/yr, external uncertainties,
respectively (Table 4). These values are still comparable
with the modern Pagliara basin-wide erosion rate of ca.
1.0+0.1mm/yr (Cyr et al., 2010), as well as the uplift and
erosion rates estimation published in previous studies (ca.
1.6 mm/yr; Pavano et al., 2016).

6 | RESULTS: BASE LEVEL
HISTORY FROM AN INVERSION OF
FLUVIAL TOPOGRAPHY MODEL

The long profile inversion modelling (Figures 6 and 7a—c)
predicts a base level fall history for the Pagliara catch-
ment. That base level fall integrates eustasy, rock uplift
(or subsidence) of the catchment, as well as deposition,
erosion and propagation of the Rocchenere-Pagliara delta

Usu Num. of Doserate  Fading rate g,q,y Equivalent Mean 2D, IRSL
Sample num. num. aliquots® (Gy/kyr) %/decade (n) dose® + 26 (Gy) (Gy)*© aged + 10 (ka)
OSL 6.1 USU-2464 12 (24) 4.05+0.21 2.48+0.32(12) 841.6 +£39.9 849 208.0+£29.1
OSL 7.1 USU-2465 13 (17) 3.34+0.18 2.99+0.30 (6) 745.9+78.3 915 223.1+24.9
OSL 1.1 USU-2461 18 (25) 3.52+0.18 2.58+0.25(8) 795.5+50.1 869 226.6+37.4
OSL 5.1 USU-2463 12 (16) 3.53+0.14 3.14+0.39(11) 1059.9+£111.1 892 297.6£49.8
OSL 8.1 USU-2466 11 (18) 3.64+0.25 3.57+0.30 (6) 1189.4+112.4 1224 326.9+37.3

#Age analysis using the single-aliquot regenerative-dose procedure of Wallinga et al. (2000) on 2 mm small-aliquots of potassium feldspar sand at 50°C IRSL.
Number of aliquots used in age calculation and number of aliquots analysed in parentheses.

quuivalent dose (D) corrected for fading (loss of signal) following the methods of Lamothe et al. (2003) and reported as the weighted mean of aliquot values.

IRSL age calculated by dividing the fading-corrected Dy, by the environmental dose rate.

9Mean characteristic dose of saturation (2D,) are provided as a reference to how close the De values are to the maximum value that can be accurately obtained
from a sample due to saturation. The weighted mean De values fall below the 2D, value for each sample except OSL 5.1, which is within error of 2D,,.
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FIGURE 6 Results and comparisons of the different setting applied for the long profile inversions of the Pagliara drainage system.

(a) Base level fall rate-time plots obtained by accounting (y) or not (n) lithological variations; (b) using different values in critical drainage

area, (c) concavity index (m/n), (d) tau increments and (e) by accounting for different values of erosion rates.
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FIGURE 7 (a)y-elevation plot (Chi plot) of the Pagliara basin's watershed. The grey lines represent the observed streams profiles. The
coloured stars indicate the location of change in k,,, corresponding to the slope change of the modelled long profile in the y-elevation space

(knickpoint). These knickpoints are paired with the corresponding peaks in the base level fall rate-time plots shown in (c); (b) tau-elevation
plot coloured basing on the different rock types, high-grade (H-GMR) and low-grade (L-GMR) metamorphic rocks; (c) step plot showing
the Pagliara watershed's long profile inversion results for the reconstruction of the base level fall history encoded in the geomorphic record,

obtained using the values in bold in Table 5. The grey shaded portion of the plot shows the misfits of the inversion derived from a total of

1000 iterations run by a Monte Carlo approach; (d) geological map of the Pagliara watershed, also showing the analysed drainage network;

(e) results of the sensitivity test run to find a reliable number of y increments to discretize the inverted river long profiles. The plot shows a

wide zone of low misfit when the long profiles are inverted using >10-15 increments with the minimum misfit provided by discretizing the

profile in 20 increments. Each increment corresponds to a y-interval of ca. 300.

systems. We assemble several models that explore the pa-
rameter space of the input variables as a means of creating
an ensemble result with uncertainties (Table 5).

In Figure 6a-d we show the results of a model sensi-
tivity analysis carried out by comparing the various base
level fall reconstructions. We show our choice of reason-
able parameters in generating the U-tau data that, most
suitably describes the base level fall history of the Pagliara
region within geologic constraints and the lowest model
misfits. In Figure 6e we compare the base level fall histo-
ries reconstructed for the selected values of variables (in
bold in Table 5), but considering different long-term ero-
sion rates.

We run 1000 iterations for each combination of the
considered variables in Table 5. We find that the results
of the inversion model for the Pagliara watershed changes

very little due to K (Figure 6a), since actually the inverted
fluvial topography is mostly homogeneous, underlain by
the same low-grade metamorphic rock type (Figure 7b,d).
The model results are less sensitive to variation in concav-
ity index and to critical drainage area, which impact on
the total response time (Figure 6b,c). In summary, the data
obtained by using #=0.45, variable K, a critical drainage
area of 0.25km” and a tau interval of 25 kyr, provides the
best detailed reconstruction of the base level fall history
with the lowest misfits (Figure 7e), and those will be the
model parameters we will use and discuss hereafter in the
paper.

Lastly, we explore the impact of different values of
long-term erosion rates (E mm/yr) on the reconstruction
of the base level fall history of the Pagliara watershed
(Figure 6e). We test three values of E, 1.0, 1.3 and 1.6 mm/
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Critical drainage Tau interval®
area® (km?) o° (kyrs) Variable K
0.125 0.40 25 y
0.25 0.45 35 n
0.35 0.50 50
0.50
1.00

TABLE 5 Inputvariables used to

) perform long profile inversion analysis.

1.0+0.1
1.3+0.1
1.6+0.1

Note: In bold are the selected values for each variable that we use in the model results discussed below

and showed in Figure 7c.
*Basin drainage area needed for fluvial initiation.
PProfile concavity.

“Model step in time.

yr. The first and the last values crudely match our two
paleo-erosion values (Table 4). In particular, the 1.1 mm/
yr value is compatible with paleo-erosion rate from previ-
ous works (Cyr et al., 2010), whereas the 1.6 mm/yr value
matches the uplift rate proposed by previous studies for
the late Pleistocene period based on marine terraces and
river long profile analyses (Catalano et al., 2008; Catalano
& De Guidi, 2003; Pavano et al., 2016). The 1.3mm/yr
value that we test crudely approaches the average be-
tween the two values inferred by our cosmogenic '°Be
paleo-erosion rate data. The results predictably indicate
that the overall response time of the model scales linearly
with the chosen E (a function of n=1). Additionally, by
using an E value of 1.3 mm/yr, the resulting response time
for Pagliara matches the middle-late Pleistocene onset of
the uplift and emersion history of northeastern Sicily pre-
dicted by previous studies (Catalano & Di Stefano, 1997;
Pavano et al., 2018).

The model parameterized with the selected values (in
bold in Table 5) indicates that between 650 and 250 ka
the mouth of the Pagliara watershed experienced multi-
ple base level rise and fall at rates ranging from ca. 2.0 to
0.7 mm/yr. This trend, with an average of ca. 1.30 mm/yr
and gently increasing towards the present (Figure 7d),
also has a quasi-periodic behaviour spanning ca. 100-
150 kyr (Figure 7d). However, at ca. 200-250ka, the
model indicates a pulse in base level fall of ca. 1.9 mm/
yr, followed by a rapid rise and a slowing of rates to ca.
0.9-1.0mm/yr at 125-150ka, before increasing again
up to the present to a rate of ca. 1.8 mm/yr. An import-
ant final consideration in our modelling is that the al-
luviated downstream sector of the Pagliara's river bed
(extending up to ca. 2km upstream from the coastline;
Figure 4) could have been affected by lateral shifts of
base level up to ca. 2km during glacial-interglacial peri-
ods. The Pagliara delta is ca. 2km inland indicating that
the shoreline has extended seaward that distance over
the past 200 ka. Lateral shifts in base level technically vi-
olate the basic assumptions of our modelling approach,

so we test the impact of the point of base level fall in our
long profile inversion analysis and show the results in
the supplementary information (SI 4). Specifically, we
chose a point of base level fall ca. 2.5 km upstream from
the present coastline that eliminates the lower, presently
alluvial segment that would have corresponded more or
less to the coastline at the time of Pagliara delta deposi-
tion. We find that the results of this experiment are not
different from models that choose the modern coastline
as the point of base level fall, except for small changes
in the overall response time of the model (SI 4). Because
the lower Pagliara channel carries the largest discharge,
and our model assumes a response time inverse to dis-
charge and drainage area, lateral shifts in base level of
several kilometres at the mouth of the river, and their
attendant small (m-scale) vertical elevation changes for
a prograding coastline have little effect on model results.
Similarly, large base level falls, such as those driven by
glacio-eustatic drawdown, effectively are pinned at sim-
ilar locations within 2km of the modern coastline given
the steep, seaward-facing escarpment of the Taormina
fault footwall. Therefore, the model that we present and
interpret below chooses the current coastline as a sim-
plified, but representative fixed point of base level fall.

7 | DISCUSSION

7.1 | Base level history from a delta
depositional model

The Pagliara delta complex, composed of the upper
Pagliara delta system and the lower, inset Rocchenere
delta system (Figure 8a) supports a depositional model
dominated by variable creation and loss of accommoda-
tion space at the foot of the Peloritani Mountains. In both
cases, the Pagliara delta system and the Rocchenere delta
system indicate periods when accommodation space was
created by a combination of eustatic rise and tectonic
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FIGURE 8 (a)panoramic overview (southward) of the southern flank of the lower Pagliara River valley, capped by the clastic
deposits of Pagliara delta system and Rocchenere delta system. The location of the MGS quarry is also reported; (b) view (Google Earth)
of the Pagliara delta complex, with outlined the main geomorphic and stratigraphic elements of the depositional model, as inspired by
the luminescence-based age model. The inset shows the Pagliara MGS deposits (associable with > MIS 10) viewed from rear (upstream),

highlighting their relationships with the paleo-morphology, shaped in the metamorphic bedrock.

subsidence. The inset nature of the Rocchenere delta sys-
tem to the Pagliara delta system and the exposure of both
now several hundred metres above sea level indicate the
current loss of that accommodation space and a tectonic
inversion of a former hanging wall basin. The modern
coastal plain and assumed Holocene high stand delta is
5km seaward of the Rocchenere delta system and being
constructed on what appears to be a bathymetric cliff
we interpret as the footwall escarpment of the Taormina
fault. It is notable that the only thick MGS deposits occur
at the mouth of the Pagliara catchment and in the region
around Messina (Figure 1d), which we interpret to reflect
the termini of a former range-bounding normal fault seg-
ment ramp prior to the assembly of the modern Taormina
fault.

The Pagliara delta system, likely composed of mul-
tiple but poorly exposed individual delta bodies, was

emplaced as forward-telescoping deposits on a gently
seaward-dipping bedrock surface corresponding to a for-
mer hanging wall ramp basin of the Taormina fault. The
relationship of the uppermost clastic body of the Pagliara
delta system with the bedrock shows a channel-fill-like
geometry (inset in Figure 8b), suggesting the deposition
in an upper delta plain-distributary channel environment.
The age of the Pagliara delta system is only known to be
greater than or equal to MIS 8 (Figure 8b). According to
our depositional model, the Pagliara delta system deposits
could be envisioned as partially reworked during younger
sea level rises.

The general architecture and geomorphic position
of the Pagliara delta system indicates deposition during
a time of relative base level stability (Figures 6 and 7),
or slow base level fall, likely slower than present rates.
Accommodation space during this time was likely created
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by transient rises in base level generated by quasi-periodic

tectonic subsidence or eustatic rise (Figure 9a), or both.
In contrast, the much better exposed and dated

Rocchenere delta system could have only been deposited

during a brief period of accommodation space creation
as sea level rose rapidly during MIS 7. This relative base
level rise and creation of accommodation space is super-
imposed on a longer-term period of base level rise driven

(a)
€ O_M:‘”i MIS 5 3 mIS 7 EM’SQE | MIS 11
s 1\ ms3 3 | e LT
> 801 : . l | USU-2464 ! USU.ZA?G i :
TIU - 7 E E E 3 E USU-2468, 512461 MIS 8 USU:‘Z“ E i i
el mspoy wso M0 wswe
0 50 100 150 200 250 300 350 400 450
Age (ka)

(b) (c)

Pagliara

Delta System

Rocchenere

Delta System

= MIS 9 deposits

MIS 8-7 deposits

Incipient Taormina Fault |

shoreline

Deactivated Fault

] _—Deactivating Fault

1
Incipient Taormina Fault

<200 ka

350-200 ka £ T 1 3 R
(d) (e)
Pagliara
Delta System
Rocchenere
= MIS 9 deposits System leo-shoreline
. shoreline
MIS 8-7 deposits 1.
<MIS 7 deposits (?)
Taormina Fault Taormina Fault
| | | 1

FIGURE 9 (a)Reference eustatic curve (Waelbroeck et al., 2002) reporting each depositional event of the Pagliara depositional complex
(pictured in b-e). The IRSL samples position are also reported (black arrows) (see table in Figure 5a for the samples' codes reference).

Cartoon showing a simplified overview, both in cross-section (b, d) and plan view (c, e), of the sedimentary and tectonic evolution in
building the Pagliara delta complex during the middle-late Pleistocene (<350ka) along the Ionian coast of the Peloritani Mountains. The
double arrowed brown lines highlight the different distribution slope of the two delta systems.

QSUIDIT SUOWWO)) ALY d[qearjdde dyy Aq pouroA0d dIe sO[oILIE V() 9SN JO S3[NI 10§ AIRIGIT dUI[UQ AJ[IA\ UO (SUOTIPUOD-PUB-SULIA} WO KJ[IM"ATRIqIjaur[uo//:sd)y) SUONIPUo)) pue SWLd ], 9 3RS “[+707/20/60] U0 A1eiqi duruQ A[IM ‘SHRZ1™1q/ [ 11°01/10p/wod"Kd[im"Areiqriaur[uo//:sdiy woiy papeo[umo( ‘I 407 ‘L112S9€1



PAVANO ET AL.

Basin % EAGE _Wl L‘Eij—of29

by tectonic subsidence of the former hanging wall ramp
basin. Rocchenere delta system deposition represents
delta progradation into a deep basin whose floor, unlike
the floor of the Pagliara delta system basin(s) is mostly
not exposed. Our IRSL ages indicated that progradation
commenced during MIS 8 as deep-water, chaotic delta
front facies that are abruptly transgressed by a marine
flooding surface that preserves marine pectin sp. fossils,
presumably during the rapid rise of sea level during the
latter half of MIS 7. The accommodation space created
during that rise stacked delta front foreset and lower
delta plain deposits more or less vertically as the coast-
line must have temporarily stabilized as a balance be-
tween sediment derived from the source and relative
base level. Deposition continued for ca. 5ka concluding
with the progradation of upper delta plain facies prior to
MIS 6 at 208 ka.

Subsequently, base level fall ensued during MIS 6,
driven primarily by uplift but also by eustatic fall, result-
ing in incision and partial exposure of the Rocchenere
delta system (Figure 8b). Subsequent unsteady exhuma-
tion of the Rocchenere delta system was punctuated by
the carving of marine terraces into the delta sediments
during sea level still-stands during MIS 5 (Catalano &
De Guidi, 2003). Rapid base level fall commenced and
continued to the present, serving to push the shore-
line farther east and uplift the entire Pagliara delta sys-
tem and Rocchenere delta system deltas since <MIS 7
(Figure 9b-e).

In summary, the geomorphic expression of the deltas,
the facies models and the numeric age model all indicate
a creation of accommodation space (relative subsidence)
equal or prior to MIS 10, followed by rapid loss of accom-
modation space after MIS 8 punctuated only by a brief
period of renewed delta deposition, the Rocchenere delta
system, that was clearly driven by the MIS 7 eustatic sea
level rise.

7.2 | Integration of base level history
from delta deposition and source inversion

The sedimentologic, stratigraphic and geochronologic
data in the Pagliara delta system and Rocchenere delta
system coupled with the inversion of fluvial topography
allow us to present an integrated base level fall history for
the Pagliara section of the Peloritani Mountains and ex-
plore how tectonics are encoded in the stratigraphy and
geomorphology of coupled source-to-sink systems.

With these data, and within the constraining assump-
tions of the inversion model, we are able (i) to constrain
the glacial-to-interglacial timing of deposition and his-
tory of base level fall, (ii) to recognize the proximity of the

nearshore marine depositional environments, (iii) to dis-
tinguish and interpret different fluvio-deltaic facies and
their spatial distribution, (iv) to explore and model the
role of tectonic in building a stratigraphic and geomorphic
records in a source-to-sink system.

7.2.1 | Source-to-sink process coupling

We reconstruct an integrated history of base level fall for
the mouth of the Pagliara catchment from down-basin sed-
imentology and stratigraphy in the sink and an up-basin
inversion of fluvial topography in the source (Figure 10).

From the perspective of the river channels in the
Pagliara catchment (red line in Figure 10a) the mouth
of the Pagliara basin experienced a quasi-periodic base
level fall history that is in phase with the global, non-
GIA-corrected eustatic record from 650 to 250ka. We note
that over this time period minima in the rate of base level
fall correspond to maxima in the sea level curve (aver-
aged for 25kyrs intervals and showed as blue step-line in
Figure 10b). The precise phase shift between the base level
curve (red line) and the eustatic curve (blue line) is sen-
sitive to the erosion rate that we chose for the inversion
model. The solution shown here in Figure 10 serves to il-
lustrate the point that with small adjustments in response
time due to variable rock erodibility (K) or deviation from
a linear model where the power dependency on slope (1)
is not 1, it is easy to see how the base level fall history
for this early time period is fully consistent with eustatic
changes superimposed on a slow and even steadily uplift-
ing Peloritani footwall.

It is difficult to compare the >250ka part of the base
level fall history directly to the Rocchenere delta system
or Pagliara delta system delta because it mostly precedes
their deposition. But what limited information we know
about the Pagliara delta system is consistent with the idea
of a relatively steady tectonic (ca. 1.3 mm/yr) forcing for
the >250ka time frame, probably representing the regional
component of uplift (Catalano et al., 2008; Catalano & Di
Stefano, 1997; Di Stefano & Caliri, 1996; Pavano et al., 2015,
2018). During this time frame, periods of eustatic highs or,
alternatively, periods of tectonic subsidence, allowed for
the creation of accommodation space (Figure 10c) and the
emplacement of the Pagliara delta system on a relatively
gently dipping bedrock floor. We note that impulsive base
level fall at the mouth of the Pagliara should be preserved
in the knickpoints of the catchment's fluvial topography,
and there should be a correlation between geomorphic
markers at the coast, like the Pagliara delta system or older
marine terraces and those knickpoints. This is precisely
the observation noted by Pavano et al. (2016) and it ar-
gues that for catchments undergoing rapid base level fall
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FIGURE 10 (a)Base level fall rate curve (red step top plot, corresponding to the thick black step curve in Figure 6), reconstructed by
long profile inversion analyses, plotted against the middle-late Pleistocene eustatic relative sea level (RSL) changes (dark green curve in the
lower plot); the RSL changes data are plotted in terms of rate (dashed blue step curve in the lower plot). These data are used to calculate
the rate of eustatic fall (dark blue dashed step-line in the lower plot). The reference relative sea level (RSL) curves are from Waelbroeck

et al. (2002) and from Lisiecki and Raymo (2005) (orange dotted line). (b) The plot represents the results of the subtractions of eustasy from
the base level fall rate history (red line in a) according to two different models, model A (blue dashed-line step plot) and model B (dashed-
line red step plot) and the average of the two models (purple step plot). The luminescence data (yellow circles) and their associated errors
are also reported; (c) Plot showing the resulting accommodation space (m), calculated as the difference between the tectonically produced
uplift and the space created by eustasy.

(uplift) where system's response times are short, it may be Godard et al., 2013; Snyder et al., 2002), unless the DTM
possible for high-frequency eustasy to be preserved in the resolution is not suitable to capture the knickpoints' sizes
source topography (c.f. Gallen & Fernandez-Blanco, 2021; (Pavano & Gallen, 2021).
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In contrast, from the perspective of the river channels
in the source, there is an impulse of rapid base level fall at
250ka at a rate approaching 2 mm/yr, followed by a decel-
eration to a minimum of ca. 0.9 mm/yr at 100ka and then
an acceleration to ca. 1.7mm/yr at present (Figure 10a).
This broad saddle shape in the source-determined base
level fall is not easily matched to maxima and minima of
the corresponding sea level curve. For example, the MIS 6
sea level low should correspond to an increase in the rate
of base level fall, but it does not. Similarly, the subsequent
rapid MIS 5e eustatic rise should be recorded as a slowing
in the rate of base level fall, but it barely registers as such.

Here the deposition of the Rocchenere delta system
is comparable to the fluvial topography inversion results.
The time of rapid Rocchenere delta system deposition co-
incides with slow rate of base level fall during the entire
base level reconstruction. Given the periodic eustatic lows
also during this time interval, it is possible that there was
tectonic subsidence such that the subsidence partially ne-
gated the effects of the eustatic drawdowns. This makes
sense for the perspective of the thick delta deposits that
must have accumulated in a basin undergoing transient
subsidence.

At this point, we proceeded by filtering from the
modelled base level fall rate history (Figure 10a) the eu-
stasy component of the relative sea level (RSL) changes.
In order to do this, we firstly converted the eustatic os-
cillation (m) (green step-line in Figure 10a) into a rate
(mm/yr) (dashed dark blue step-line in Figure 10a).
Depending on the difference in rate between the sea
level rise and the tectonic uplift, the obtained residual
BLF rate could be still considered a combination of two
components, the tectonic uplift rate and the rate of sed-
iments accumulation; this latter is assumed counterbal-
ancing the accommodation space created by subsidence
and resulting in an alluvial river profile adjusted to the
long-term E-U steadiness (1.3mm/yr). In this way, we
obtained an estimation of the tectonic uplift rate his-
tory net of eustasy and sediment accumulation (Model
A—dashed blue step-line in Figure 10b). An alternative
and more simplified model (Model B—dashed red step-
line in Figure 10b) consider the simple removal of the
eustasy signal from the modelled base level fall history.
This simplified model, although resulting in a tectonic
uplift history showing a trend similar to that provided by
Model A, argues for higher values in the tectonic com-
ponent and wider variations in uplift/subsidence cycles
(Figure 10b). An intermediate tectonic uplift rate history
for the Pagliara system has been finally obtained (solid
purple step-line in Figure 10b) by averaging the rates
obtained by the two models (model A and B). These av-
eraged results still show the general two branches trend
reconstructed by both model A and model B.

For all the three different tectonic uplift rate histories, it
is not to exclude the role played in creating space by minor
én-echelon-distributed faults (Figure 9c) (west-segment
of Taormina fault in Figure 10b), thought as the early
surficial expression of the incipient deformation along the
Taormina fault, with associated relay ramps-related defor-
mations (e.g. Leeder & Jackson, 1993) (Figure 9c). The in-
creasing accommodation space (Figure 10c), matches the
general fining-upward sedimentary texture through the
analysed sequence, topped by a coarser-grain sedimentary
cap related to the facies suite's retreat (Figures 3c and 4).

Conversely for the time period younger than ca.
125ka, there is nothing but an acceleration in base
level fall despite general eustatic rise (Figure 10a). This
can only be explained by rapid tectonic uplift, presum-
ably as the footwall of the (re-)activated Taormina fault
(Figures 9e and 10b).

7.2.2 | Expression of tectonic processes
in the depositional and geomorphic records

Having demonstrated that the base level fall history for
the Pagliara catchment is consistent in records assembled
in the source and the sink, we here discuss how specific
tectonic forcing is encoded, or not, in the delta deposits.
We restrict our discussion on this topic to the Rocchenere
delta system because exposures of the Pagliara delta sys-
tem are not sufficient to draw firm conclusions.

Tectonics and eustasy are the principal factors con-
trolling the denudational processes in the source, the ac-
commodation space in the sink, and the facies distribution
and the shape of delta systems (Galloway, 1975) as well
as their dynamics (e.g. lobe switching) (Coleman, 1975;
Seybold et al., 2007). In our case, particularly for the ac-
commodation space, the tectonic uplift factor works
antithetically with the RSL changes, since the Pagliara
delta complex is assumed to be entirely hosted in the
footwall block of the Taormina fault. The tectonic con-
tribution of the development of the Pagliara delta com-
plex mainly manifests in driving the general architecture
and the vertical-lateral relationships of the delta bodies,
as well as the spatiotemporal juxtaposition of different
sedimentary facies. The tectonic control in forging the
fluvial topography results in a long-term growing relief
and rapid changes in base level fall during the middle-late
Pleistocene (<250ka) evolutionary stage of Pagliara sys-
tem, as well as in the higher-gradient architecture of the
nested, lower Rocchenere delta system's bodies (Figure 9).

In experimental studies, increased uplift rate cor-
responds to an initial pulse in grain size coarsening,
slowly recovered moving upward in the section (Rohais
et al., 2012). Uplift also corresponds to an increase in
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sediment supply and in delta bed thickness, together with
a general development of down lap sedimentary geome-
tries. Extending those concepts to our natural experiment,
the basal facies of chaotic and massive coarse-grain depos-
its, interleaved with prodelta and deep-water environment
deposits, could correspond to the initial stage of basin fill-
ing of the increasing accommodation space (200-250ka;
Figures 9 and 10c).

Following from a Bull-inspired process-response
model (Bull, 1991) the hillslopes in the Pagliara catchment
would be expected to shed more sediment during glacial-
interglacial transitions and that sediment would have
been effectively trapped and deposited in the Rocchenere
delta system by the eustatically produced accommodation
space. Although our TCN data are not dense enough to
resolve whether erosion has been unsteady over several
glacial cycles (e.g. Ott et al., 2022), given the short '°Be in-
tegration time as erosion rates approach 1.3 mm/yr of just
a few millennia, catchment-scale hillslope soil production
and landslide frequency must be relatively uniform and
steady even as climate changes. In any event, the unsteady
trapping of sediment at the mouth of the paleo-Pagliara
River and resulting rapid shallowing of sediment trans-
port slope favoured autogenic processes, leading the tem-
porarily lateral switching and repeat stacking of prodelta
and deep-water depositional environment (PD, facies).

For example, combined slowing uplift rate and eu-
stasy variations, lead to a positive maximum in accom-
modation space at ca. 200-250 ka (Figure 10c), available
to host coarse-grain debris deposits (e.g. MIS 7 coastal
plain deposits). The aggradation of coarser sediments
is consistent with channel backfilling and backwater
avulsion processes, leading distributary channels radial
spilling over into small size delta lobes and the parti-
tioning of water and sediment (Coleman, 1975; Feng
et al., 2019; Ganti et al., 2014, 2016; Seybold et al., 2007;
Van Dijk et al., 2009) (rose diagram and stratigraphic
column in Figure 4d). These processes allow the Pagliara
delta system to grow by expanding and roaming laterally
(Figure 4).

Many previous studies highlighted the occurrence of
autogenic behaviour during allogenic processes, or inde-
pendently of them, and their leading role in delta-fan evo-
lution (Clarke et al., 2008; De Haas et al., 2016; Foreman
& Straub, 2017; Kim et al., 2006; Kim & Jerolmack, 2008;
Kim & Paola, 2007; Nicholas & Quine, 2007; Schumm
et al., 1987; Van Dijk et al., 2009; Whipple et al., 1998).
Despite these insights, the scale of stratigraphic obser-
vations and the resolution of the analysed geomorphic
records in the present study allow us to address the role
played by tectonics in concert with climate in leading to
variation in accommodation space and the general fluvial-
deltaic depositional facies distribution and delta complex

architecture. We do not know and can only estimate the
boundary conditions (e.g. water and sediment input, type
of sediment transport, feeder channel width; Van Dijk
et al., 2009) of the Pagliara delta complex at the time of the
MGS deposition. Thus, it is difficult to argue and discrim-
inate about the contribution of autogenic vs. allogenic
processes in building the Pagliara delta stratigraphy and
to associate forms and spatial facies distribution either to
autocyclical fan-delta evolution or to climate and/or tec-
tonic perturbation.

Nevertheless, local field observations of m-thick mul-
tiple erosion/incision-and-filling depositional cycles (bar
and fluvial channel deposits) on top of DMB deposits
(e.g. Figure 3c) could represent the evidence of autogenic
scouring and backfilling processes as postulated by an-
alogue modelling (e.g. Van Dijk et al., 2009) or just the
seaward facies progradation. Similarly, the paleo-flow
directions (see stratigraphic section in Figure 4), aligned
along orientations out from the fan-delta cone angle of
the Pagliara delta complex could be sedimentological evi-
dence of autogenic depositional processes. These changes
in paleo-flow direction could represent autogenic cycles-
related flow spill-over channelization, due to flow ex-
ceeding the confining channel walls during backfilling
process (Van Dijk et al., 2009). Alternatively, the detected
eccentric paleo-flows could correspond to lateral channel
shifting processes due to the formation of bars near larger
feeder channel (Clarke et al., 2008; Van Dijk et al., 2009)
during the Pagliara delta growth, as also reported in an-
alogue and numerical models (Ashworth et al., 2004,
2007; Bryant et al., 1995; Clarke et al., 2008; Schumm
et al., 1987; Seybold et al., 2007; Van Dijk et al., 2009;
Whipple et al., 1998).

However, in the Pagliara delta case, the upper delta
plain environment could be envisioned as the site of scour
initiation (Feng et al., 2019; Kim & Jerolmack, 2008; Van
Dijk et al., 2009) and channels development, allowing the
sediments transfer to deeper delta environments. This
scours initiation belt can be envisioned continuously pro-
grading due to tectonically forced regression, determining
the delta plain incision and the channelization of pulses
in debris flows and avalanches, which bypass to the delta
front environment.

8 | CONCLUSIONS

We applied a multidisciplinary approach to explore the
Pagliara fluvio-deltaic stratigraphic record built through
a tight, fault-controlled source-to-sink system in the
eastern side of the Peloritani Mts. in NE-Sicily (Italy).
This work aims at the definition of a geochronologically
constrained and numerically predicted late Quaternary
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morphotectonic model. The study particularly was de-
signed to produce solid age model, and stratigraphic
and geomorphic constrains to explore the depositional
evolution and facies distribution of a natural fan-delta
systems framed in the late Quaternary tectonic defor-
mation setting. In the study area, we found that the
delta bodies, outcropping up to ca. 300 ma.s.l., are or-
ganized in two main nested delta systems, Pagliara and
Rocchenere Delta System, lying at the footwall of the
Taormina normal fault (Catalano et al., 2008). We geo-
chronologically (IRSL) associate the deposition of the
Pagliara delta complex to a complete interglacial-gla-
cial-interglacial cycle (ca. 330-to-200ka, MIS 9-to-7)
period. We explore this stratigraphic record in associa-
tion with erosion rates data, which roughly match the
modern basin-integrated values (Cyr et al., 2010), and
with the long-term, ca. 650ka-long, base level fall his-
tory reconstructed for the Pagliara watershed by linear
inversions of river profile.

At the scale of observation and analysis, our data argue
for an allogenic forcing-driven delta evolution. The recon-
structed delta depositional evolution and spatiotempo-
ral facies distribution, and the geomorphic evolutionary
model as well, are consistent with eustasy-driven ero-
sional events overlapped to a longer-term (250-650ka),
slightly increasing rock uplift tectonic signal (ca. 1.3 mm/
yr). Especially during the last 250 kyr, corresponding with
the deposition time of most of the MGS, our data claim
for the prevailing role of tectonic, in concert with eustasy,
in creating accommodation space, in leading the general
stratigraphic architecture of the Pagliara delta complex,
and in dampening the eustasy signal by modulating the
upstream propagation of fluvial erosional responses. This
period of tectonic disturbance can be easily associated
with the onset of the (re)activation of the Taormina Fault,
parallel to the eastern coast of Peloritani Mts.

Although dominant leading long-term tectonic and/
or climate factors in modulating accommodation space in
the sink, and erosion processes in the source, it is not pos-
sible to falsify the, even partial, autocyclic behaviour in the
Pagliara fan-delta evolution, as evidenced in the field by
variations in paleo-flow directions and by m-thick chan-
nel backfilling deposits. Further investigations focused on
the environmental changes periodicities encoded into the
Pagliara delta system's stratigraphy will be crucial to un-
ravel the effective conspiration between allogenic and au-
togenic processes in the fan-delta dynamics and growing.
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