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The northern Calabria along the southeastern coast of Italy provides a favorable setting in which to study
complete transects from continental to deep-marine environments. The present northern Ionian Calabrian
Basin is a wedge-top basin within the modern foreland-basin system of southern Italy. The Ionian margin
of northern Calabria consists of a moderately developed fluvial systems, the Crati and Neto rivers, and diverse
smaller coastal drainages draining both the Calabria continental block (i.e., Sila Massif) and the southern
Apennines thrust belt (i.e., Pollino Massif). The main-channel sand of the Crati and Neto rivers is quartzofelds-
pathic with abundant metamorphic and plutonic lithic fragments (granodiorite, granite, gneiss, phyllite and
sedimentary lithic fragments). Sedimentary lithic fragmentswere derived from Jurassic sedimentary successions
of the Longobucco Group. The mud samples contain mostly phyllosilicates, quartz, calcite, feldspars and
dolomite. Traces of gypsum are present in some samples. The I–S mixed layers, 10 Å-minerals (illite and
micas), chlorite and kaolinite are the most abundant phyllosilicates, whereas smectite and chlorite/smectite
mixed layers are in small amounts. The geochemical signatures of the muds reflect a provenance characterized
by both felsic and mafic rocks with a significant input from carbonate rocks. Furthermore, the degree of
source-area weathering was most probably of low intensity rather than moderately intense because CIA values
for the studied mud samples are low. Extrapolation of themean erosion budget from 1 to 25 Ma suggests that at
least 5 to 8 km of crust have been removed from the Calabrian orogenic belt and deposited in themarine basins.
The Calabrian microplate played an important role in the dynamic evolution of southern Italian fossil and
modern basins, representing the key tectonic element of the entire orogenic belt.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

The Calabrian continental margin lies at the SE tip of the arcuate
Apennine–Maghrebide accretionary system (e.g. Sartori, 2003). The
structural setting of this area is the result of an interplay between
the south-eastward migration of the Calabria–Peloritani Arc since
the late Miocene and the rapid uplift of onshore and shallow shelf
areas since the middle Pleistocene. The Calabria–Peloritani Arc migra-
tion resulted in a strong dissection along several NW-trending regional
shear-zones, characterized by left lateral movement in the central and
northern parts and right-lateral movement in the south (Knott and
Turco, 1991).

Two seabed structural settings can be recognized here, the southern
Apennine fold-and-thrust belt in the north and the Crotone and
Spartivento fore-arc basins in the south. In the northern part of the
study area, the Crati River and some minor streams (Trionto, Nicà
and Lipuda) feed several wedge-top basins (e.g. Amendolara and
rights reserved.
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Corigliano basins) separated by E–Wand NW–SE trending structural
ridges (e.g. Amendolara Ridge and Rossano–Cariati High). In the
southern area the Neto and Esaro Rivers are the most important
drainage basin that feed into the Ionian deep Basin through the
Neto and Esaro Canyons separated by Hera Lacinia–Luna High.

The exploration of the seafloor during the last three decades has
illustrated the widespread occurrence of submarine depositional
systems. The sedimentary fill of basins is related to several factors
concerning relationships between source areas and sedimentary
basins. Petrography studies of coarse-grained fraction coupled to chem-
ical andmineralogical analyses of the fine-grained fraction represent an
important tool for the investigations of the processes occurred from
sediment generation on the uplands to the final accommodation on
bathyal plain. Detrital modes of sand reflect the cumulative effects of
source rock composition, chemical weathering, hydraulic sorting and
abrasion (Suttner, 1974; Basu, 1985; Johnsson, 1993; Nesbitt et al.,
1996). The correlation of sand composition with weathering intensity
(Mann and Cavaroc, 1973; Basu, 1976; Suttner et al., 1981; Velbel,
1985; Cullers et al., 1988) and duration of weathering (Franzinelli and
Potter, 1983; Grantham and Velbel, 1988; Stallard, 1988; Johnsson
pathways of late Quaternary sediments in the deep-water northern
eo.2012.01.007

http://dx.doi.org/10.1016/j.sedgeo.2012.01.007
mailto:perri@unibas.it
http://dx.doi.org/10.1016/j.sedgeo.2012.01.007
http://www.sciencedirect.com/science/journal/00370738
http://dx.doi.org/10.1016/j.sedgeo.2012.01.007
https://www.researchgate.net/publication/248815002_Late_Cenozoic_kinematics_of_the_Calabrian_Arc?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/248815002_Late_Cenozoic_kinematics_of_the_Calabrian_Arc?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/237501888_The_Tyrrhenian_back-arc_basin_and_subduction_of_the_Ionian_lithosphere?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/249182821_Effects_of_Chemical_Weathering_and_Sorting_on_the_Petrogenesis_of_Siliciclastic_Sediments_with_Implications_for_Provenance_Studies?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/249182821_Effects_of_Chemical_Weathering_and_Sorting_on_the_Petrogenesis_of_Siliciclastic_Sediments_with_Implications_for_Provenance_Studies?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/282274244_Reading_Provenance_from_Detrital_Quartz?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==


2 F. Perri et al. / Sedimentary Geology xxx (2012) xxx–xxx
and Stallard, 1989; Johnsson, 1990, 1993; Le Pera and Sorriso Valvo,
2000) has long been established. The distribution of major and trace el-
ements related to the mineralogical composition of fine-grained sedi-
ments is a pivotal factor to reconstruct the source-area composition
and the weathering and the diagenetic processes (e.g. Condie et al.,
1992, 2001; Bauluz et al., 2000; Perri et al., 2005, 2008, 2011a;
Mongelli et al., 2006; Critelli et al., 2008; Zaghloul et al., 2010;
Caracciolo et al., 2011). By combining the information deduced from
the evolution of the X-ray diffraction (XRD) patterns and the elemental
analyses formajor and trace elements concentrations obtained byX-ray
fluorescence spectrometry (XRF) for the mud samples and the petro-
graphic studies for the sand fraction, it is possible to explain and predict
the sedimentary evolution and geological processes affecting the
studied sediments and, thus, the relationship developed between
source area and sedimentary basin.

This study provides insight into the petrology of modern marine
sediments, based upon the coupling of both climatic and physio-
graphic controls. Furthermore, the chemical and mineralogical varia-
tions provide additional constraints on the behavior of the element
distribution during the continental weathering. Knowledge of such
coupling is important for the interpretation of analogous clastic de-
posits in the geological record.

2. Geological setting

The Calabria–Peloritani Arc (CPA) is a fault-bounded terrane con-
necting the southern Apennines with the Sicilian Maghrebids (Fig. 1).
Fig. 1. Geological sketch map of the northern sector of the Calabria–Peloritani Arc (CPA). 1, Pli
Messinian clastics and evaporates; 3, Cilento Group (Middle Miocene); 4, San Donato, Verbica
Flysch Unit (Upper Jurassic to Upper Oligocene); 6. Ophiolitiferous blocks and Melange; 7. Fri
Lias to Lower Cretaceous) and Paludi Formation (Upper Oligocene); 9, Sila, Castagna and Bagni
units (Upper Jurassic to Lower Cretaceous).
Modified from Critelli (1999) and Perri et al. (2008).
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The CPA is composed of pre-Mesozoic crystalline basement and
shows evidence of pre-Neogene tectonism and metamorphism. To
the northwest, the attenuated continental crust of the CPA grades
into the Pliocene–Quaternary oceanic crust of the Tyrrhenian abyssal
plain. To the SE, the CPA is delimited by the Ionian subduction zone
(Rossi and Sartori, 1981), along which the African plate has been sub-
ducted northwestward underneath the CPA (e.g., Cavazza and
Ingersoll, 2005 and references therein).

The northwestern portions of the Ionian Sea is characterized by the
Taranto Gulf, and it is located offshore along the coast of southern Italy
between Calabria and Puglia (Fig. 2). The centrally located Taranto
Valley is considered themodern forelandbasin of the southern Italy oro-
genic system, bounded by the autochthonous Adriatic foreland (Apulia
Unit), to the east, and the allochthonous fold–thrust Belt of the Southern
Apennine Chain and the Calabria–Peloritani Arc terranes, to the west
(Rossi and Sartori, 1981; Boccaletti et al., 1984; Critelli, 1999).

The western Taranto Gulf, which belongs to the Calabrian margin,
displays a complex morphology that consists of ridges and basins
related to the Neogene–Quaternary geodynamic evolution of the sub-
merged, tectonically active extremity of the southern Apennines
(Romagnoli and Gabbianelli, 1990). Its structural evolution has been
determined mainly by extensional NW–SE and, to a lesser extent,
NE–SW trending regional faults (Romagnoli and Gabbianelli, 1990).
From west to east, the main morphotectonic features are the
Amendolara and Corigliano Basins and the related Amendolara and
Rossano–Cariati Ridges, located on the northernmost part of the
study area (Fig. 2).
ocene to Holocene sediments, and volcanic and volcaniclastic rocks; 2, Upper Tortonian to
ro and Pollino Units (Triassic to Miocene); 5 to 7, Liguride Complex: 5. Calabro–Lucanian
do Unit (Upper Jurassic to Upper Oligocene); 8, Longobucco and Caloveto Groups (Lower
basement Units (Paleozoic); 10, Malvito, Diamante–Terranova, Gimigliano Ophiolitiferous
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Fig. 2. General sketch map of the investigated area in the Gulf of Taranto. The position of the collected studied samples, mouths of the main rivers along the coasts of the north-
western Gulf of Taranto, and of the Rossano–S. Nicola and Pollino fault systems are also shown.
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The northern Ionian Calabrian Basin is characterized by the most
important submarine fan, the Crati Fan, and other smaller fans close
to the mouth of the Neto River, which developed during the Holocene
and connected with the torrential-type deltas on the shelf. The Ionian
margin of northern Calabria consists of a moderately developed fluvi-
al system, the Crati and Neto rivers, and diverse smaller coastal drain-
ages draining both the Calabria continental block (i.e., Sila Massif)
and the southern Apennines thrust belt (i.e., Pollino Massif) (Fig. 1).
The Crati River drains both the Calabrian crustal block and Mesozoic
to Tertiary sedimentary terranes of the southern Apennines.

The Sila Massif is a plutonic–metamorphic province, with subordi-
nate sedimentary source rock, producing quartzofeldspathic sand. To
the north, additional supplies of sediments are from the Pollino Massif
generating sedimentaclastic sand detrital modes reflecting a multicycle
provenance from siliciclastic and carbonate strata of the platform-basin
tectonostratigraphic units, as well as the Cilento Group and younger
sequences (e.g., Critelli, 1999 and references therein).

Additional sources of Quaternary sediment for Ionian basin are
submarine structural highs, such as the Amendolara embankment,
Please cite this article as: Perri, F., et al., Provenance and accommodation
Ionian Basin, southern Italy, Sediment. Geol. (2012), doi:10.1016/j.sedg
which borders the Corigliano Basin and produces reworking intrabas-
inal detritus, and along the promontory of Capo Colonna where a series
of Pleistocene terraces have carbonate-rich strata (e.g., Zecchin et al.,
2009, 2011 and references therein).

3. Relationship between mainland and coastal-deepwater systems

3.1. Northern sector (Area 2)

The internal sector of the Amendolara bank is a blanketed of 0 to 5 m
of carbonate intrabasinal arenites with minor individual glauconite
grains or glauconite formed in cavities. The Amendolara bank repre-
sents an additional source of quaternary sediments for the Corigliano
and Amendolara basins producing reworked intrabasinal detritus. Sed-
iment in the Corigliano Basin is supplied mainly by the Crati River
(Romagnoli and Gabbianelli, 1990), and many small coastal drainages
such as the Trionto and Saraceno Fiumara rivers.

The Crati River has built a wave-dominated and arcuate fan delta
(70 km2), steep 0.5°–3.0° in relatively shallow-water (200–450 m)
pathways of late Quaternary sediments in the deep-water northern
eo.2012.01.007

http://dx.doi.org/10.1016/j.sedgeo.2012.01.007
https://www.researchgate.net/publication/232171435_Cliff_overstep_model_and_variability_in_the_geometry_of_transgressive_erosional_surfaces_in_high-gradient_shelves_The_case_of_the_Ionian_Calabrian_margin_southern_Italy?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/223424682_Facies_and_cycle_architecture_of_a_Pleistocene_marine_terrace_Crotone_southern_Italy_A_sedimentary_response_to_late_Quaternary_high-frequency_glacio-eustatic_changes?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/223424682_Facies_and_cycle_architecture_of_a_Pleistocene_marine_terrace_Crotone_southern_Italy_A_sedimentary_response_to_late_Quaternary_high-frequency_glacio-eustatic_changes?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==


4 F. Perri et al. / Sedimentary Geology xxx (2012) xxx–xxx
since 6000–5000 years ago. It occupies the eastern sector of Crati
basin which is bounded by NW–SE-trending left-slip faults (Van
Dijk et al., 2000; Tansi et al., 2007). The delta is elongated east–west
and shows an inner channelized fan and an outer non-channelized
fan. The inner fan is characterized by two articulated channelized
systems connected to nearshore heads aligned over a front of 3.5 km
around the river mouth. The northern channel system is the largest
(500–800 m) entrenched and leveed valley, and shows a complex
morphology with bottleneck, terraces, thalwegs etc. to 250–300 m
below sea-level (b.s.l.), where erosional features are minor related to
depositional lobes (non-channelized fan) (Fig. 3g).

The southern channel system is smaller and show erosional features
to 200–250 m b.s.l. where sub-bottom profiles show a paleo-valley
filled by mud and fine sand probably connected to paleo-mouth of
Crati River (Guerricchio and Melidoro, 1975) (Fig. 3h). The outer fan is
characterized by depositional lobes separated by interlobe depressions.
The northern lobe is characterized by a convex surface to 400 m b.s.l.,
deflected to the south into Corigliano Canyon and contains some
channels up to 2 m deep. The sediment (e.g., JO-28, 29) is composed
of mud interbedded with graded sand–silt turbidites (Fig. 3i).

Among the small streams, the Saraceno and Trionto rivers are the
most important ephemeral streams (Fiumara) that flow through the
mountain chains of Calabria. These streams are very steep, draining
mostly mountains, and they are characterized by coastal alluvial
fans. The Saraceno Fiumara runs into a mountain valley about
20 km before developing a coastal gravel alluvial fan extending
about 3.5 km to the coast and 1.50 km along the coast. The Saraceno
Fiumara drains the Pollino Massif, generating sand modes reflecting
a multicycle provenance from siliciclastic and carbonate strata of
the Panormide, Liguride and Sicilide complexes, as well as the Cilento
Group and younger sequences (Fig. 1). The Trionto Fiumara drains the
northeastern sector of the Sila Massif, which is composed of low- to
medium-grade metamorphic rocks (phyllites — Bocchigliero Unit;
micaschist and paragneiss—Mandatoriccio Unit), with a sedimentary
cover (conglomerate, arenite, pelite and limestone— Longobucco and
Caloveto Groups) and plutonic rocks (granite — Sila Batholite)
(Fig. 1). The Trionto Fiumara is cut by several gullies, which by-pass
alluvial and littoral sediments (gravel and sand) directly into the
Corigliano Canyon and the Taranto Valley (Fig. 3d–f).

Mainland sediment supply for the Corigliano Basin, is mainly
derived from the Crati and Trionto River basins. The main-channel
sand of the Crati River is quartzofeldspathic (Qm44 F38 Lt18; Qm54
Fk11 Fp35) with abundant metamorphic fragments (Lm96 Lv0 Ls4;
Rg18 Rv0 Rm82) (Critelli and Le Pera, 1998). The Pollino Massif is a
dominantly siliciclastic and carbonate source area producing sedimen-
taclastic stream (Qm32 F23 Lt45; Lm5 Lv0 Ls95) and beach (Qm53
F13 Lt34; Lm22 Lv0 Ls78) quartzolithic sand. Detrital modes reflect a
multicyclic provenance from siliciclastic and carbonate strata of the
southern Apennine tectonostratigraphic units and younger sequences
(Critelli, 1999). The Sila Massif is a plutonic–metamorphic province,
with subordinate sedimentary source rock, producing quartzofelds-
pathic stream (Qm33 F34 Lt33; Lm88 Lv0 Ls12) and beach (Qm47 F33
Lt20; Lm94 Lv0 Ls6) sand (Critelli and Le Pera, 1998). Detrital modes
reflect strong contributions from granodiorite and granite, gneiss and
phyllite; sedimentary lithic fragments are also abundant and derived
from Jurassic sedimentary successions (Longobucco Group). Sand of
the Trionto River is quartzofeldspathic, with abundant plutonic and
metamorphic detritus, and minor sedimentary detritus derived from
Jurassic sequences of the Longobucco Group and younger sequences.

3.2. Southern sector (Area 1)

The southern sector, between the Nicà River mouth and Capo
Colonna, is approximately 95 km long and consists of two sectors.
The shelf and nearshore are supplied by the Nicà River and several
small drainages. The source area is chiefly composed of conglomerate,
Please cite this article as: Perri, F., et al., Provenance and accommodation
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arenite and pelite of the Neogene–Quaternary Cirò Basin, and minor
low- to medium-grade metamorphic rocks (phyllites — Bocchigliero
Unit; micaschist and paragneiss — Mandatoriccio Unit).

Predominately gneiss and minor plutonic rocks of the Sila Unit
constitute the upper Neto drainage system. Lower reaches of the
Neto River cut across Miocene to Plio–Pleistocene cover composed
mainly of conglomerate, sandstone, calcarenite, marl and clay, and
minor evaporites (gypsarenite, carbonate and halite).

The Neto Delta divides the nearshore and shelf-slope depositional
systems in two different areas. The northern area is characterized by a
narrow shelf cut by gullies, forming a 24 km semicircular Neto–Lipuda
canyon head. On the upper slope, three v-shaped tributary canyons,
which originate off the mouth of the Neto and Lipuda rivers, converge
into two short E–W-trending valleys located between the mouths of
the Neto and Lipuda rivers. These three tributary canyons converge
into the Neto–Lipuda Canyon at about 1100m depth. Below the conflu-
ence, the canyon is flat-bottomed and runs toward the ENE for about
10 km before forming a marked meander (Fig. 3a–c).

The sand composition of the Neto River is quartzofeldspathic and
nearly homogeneous along the main channel, even where the river
cuts across a blanket of sedimentary cover. Thus, fluvial transport has
not altered sand composition within the Neto drainage basin. Petro-
graphic indices are effective in discriminating between contributions
from similar (granite and gneiss) source rocks (Qm/F), in relating
the provenance of plutoniclastic and gneissiclastic sand found in the
headwaters to grus horizons (Qm/F; Q/Rg), and in distinguishing
between upstream first-cycle and downstream multicycle sand (Q/
Rg). The uppermost Neto drainage basin is characterized by outcrops
of metamorphic and plutonic rocks, whereas sedimentary strata cover
the lower reaches of the basin. Thus, there aremultiple sources offluvial
sand. Hence, the Neto River detrital modes display a nearly homoge-
neous quartzofeldspathic composition (51±48±1% QmFLt; 51±25±
24% QmFkFp in upstream sand; 53±45±2% QmFLt; 54±23±23%
QmFkFp in downstream sand; 46±45±9% QmFLt; 51±16±33%
QmFkFp in coastal sand). However, first-cycle and multicyclic sand
can be discriminated using both aphanitic and phaneritic grain types
(90±10±0% RgRmRs in first-cycle upstream sand; 61±25±14%
RgRmRs in multicycled downstream sand; and 66±27±7% RgRmRs
in coastal sand; Le Pera et al., 2001).

Samples from the Neto delta have similar modal composition to
those analyzed from the fluvial system; however, the former are
slightly shifted toward the Lt pole on the QmFLt diagram. This shift
in composition is produced by an increase in labile metamorphic
and carbonate lithic fragments. In addition, delta sands are slightly
more enriched in plagioclase (Fp/F 0.62±0.77) than are fluvial
sands, whereas the lithic fragment population is similar to that of
downstream sand (Le Pera et al., 2001; Bernasconi et al., 2002).

Other clastic contributions to this sector of the Ionian margin of
Calabria come from the Nicà and Lipuda rivers. Even if the drainage
area of these rivers is modest, they locally contribute clastics to the
littoral environment to form fan-delta systems. The Nicà and Lipuda
river basins are the only drainage systems generating quartzolithic
sand (Qm29 F20 Lt51), where lithic fragments are dominantly low-
grade metamorphic and sedimentary.

4. Sampling and methods

Samples analyzed in this study are from two different areas in the
northern Ionian Basin (Fig. 2; Table 1). The first area is located between
Capo Colonna and Punta Alice; the second area is located between
Punta Alice and Capo Spulico (in front of Trionto, Crati and Ferro rivers)
(Fig. 2; Table 1). Marine sediments were recovered on board R/V OGS-
Explora during the western Gulf of Taranto (WGDT) cruise (21
August–1 September 2005).

Sand samples were washed with dilute H2O2 to remove organic
matter, air dried and sieved (using 1 F intervals from 4 to
pathways of late Quaternary sediments in the deep-water northern
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Fig. 3. Sub-bottom profile located along the studied area (see Fig. 1). a) Chirp profile shows an irregular shape characterized by several gullies which cuts olocenic sediment and
acoustic substrate, along margin of amphitheater-shaped canyon head. b) Chirp profile is composed, in the middle part of the system, of 4 main tributary which are originating off
the mouth of the Neto and Lipuda Rivers and Punta Alice. c) Chirp crossing the U-shaped Neto–Lipuda canyon about 1100 m. d) Shelf margin along Trionto Fan is engraved by
several gullies. e) Corigliano canyon cuts trough Rossano and Carioati Ridges. f) The connection between Corigliano Basin and asymmetric profile of the Corigliano Canyon related
to Rossano–Cariati Ridges. The arrow point the turbiditic distal system of the Crati Fan. g) In the inner channelized fan the tributaries converge into a major characterized by
entrenched and levee valley showing a complex morphology. h) Eastern sector of the Crati submarine fan are characterized by depositional and erosional features. i) The outer
sector of Crati fan shows a sand-silty lobes separated by a pelitic interlobe depression.
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Table. 1
General features and location of pelitic and sand samples of the Ionian Calabria margin, Gulf of Taranto, Southern Italy.

Sample Latitude Longitude X_coord Y_coord Depth
(m)

Grain-size Description Biological contents Location

JO-01 38° 57′ 59″ N 17° 18′ 13″ E 690,015.269 4,271,971.472 1023 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has tur-
biditic character and is interbedded into
brown mudstone.

plant remains; plant root tubes; algae
fragments; planktonic test

Area 1 — Esaro Canyon south of Cape
Colonna, canyon located between the
coast and the Luna–Hera Lacinia
structural high. Capo-Colonna Province

JO-02 38° 59′ 36″ N 17° 17′ 11″ E 689,080.195 4,273,914.780 870 Mud Laminated gray clay with interbedded very
thin gray-brown silt and fine sand.

Bivalves Area 1— Esaro Canyon south of Cape
Colonna, canyon located between the coast
and the Luna–Hera Lacinia structural high.
Upcurrentwith respect JO-01. Capo-Colonna
Province

JO-03 39° 03′ 54″ N 17° 17′ 46″ E 688,218.004 4,322,955.097 333 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Bivalves Area 1— Esaro Canyon south of Cape
Colonna, canyon located between the coast
and the Luna–Hera Lacinia structural high.
Capo-Colonna Province

JO-04 39° 03′ 27″ N 17° 19′ 20″ E 689,731.402 4,322,691.592 305 mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Bivalves Area 1— Esaro Canyon south of Cape
Colonna, canyon located between the coast
and the Luna–Hera Lacinia structural high.
Capo-Colonna Province

JO-05 39° 05′ 06″ N 17° 15′ 45″ E 686,438.140 4,324,600.702 538 Mud Red-brown mudstone with interbedded
sandstone–siltstone clasts and dark organic
levels.

Bioclasts Area 1— Esaro Canyon south of Cape
Colonna, canyon located between the coast
and the Luna–Hera Lacinia structural high.
Upcurrent with respect JO-01–JO-02. Capo-
Colonna Province

05-SC947 39° 15′ 38″ N 17° 15′ 44″ E 686,157.718 4,336,054.586 1041 Sand Sample from a core of 3 m in thickness.
The core is dominantly pelitic, mostly is
hemipelagic mud, mud–siltstone
turbidites, and a turbidite sand, medium-
size in grain size, slightly laminated.

Planktonic test Area 1— Neto Canyon, north of the Neto
River mouth. A 3m in thickness “Core”.
Neto–Lipuda Province

JO-06 39° 17′ 38″ N 17° 14′ 08″ E 684,930.050 4,338,246.559 950 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test and bivalves Area 1— Lipuda Canyon. Neto–Lipuda
Province

JO-08 39° 19′ 41″ N 17° 21′ 24″ E 691,060.738 4,340,648.192 1344 Sand Turbidite sand, medium-size, plan-parallel
lamination, and gray mud at the top

Planktonic test, and plant remains and
organic matter

Area 1— Neto Canyon, north of the Neto
River mouth. Downcurrent with respect JO-
09. Neto–Lipuda Province

JO-09 39° 18′ 42″ N 17° 19′ 27″ E 689,385.880 4,339,508.025 1280 Mud and sand Graded bed frommedium-fine sand to very
fine sand and silt; sand is gray in color, and
havingplant remains andplant root tubes at
the base of the sand. The sand bed, few cm
in thickness, has turbiditic character and is
interbedded into brown mudstone.

plant remains; plant root tubes; algae
fragments; planktonic test

Area 1— Neto Canyon, north of the Neto
River mouth. Downcurrent with respect JO-
16 and after confluence of the Punta Alice
Canyon. Neto – Lipuda Province

JO-10 39° 20′ 02″ N 17° 22′ 58″ E 692,201.436 4,341,353.583 1381 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

plant remains; plant root tubes; algae
fragments; planktonic test

Area 1 — Neto Canyon, north of the Neto
River mouth. Downcurrent with respect
JO-08. Neto–Lipuda Province

JO-13 39° 18′ 54″ N 17° 18′ 56″ E 688,769.373 4,339,626.402 1256 Sand Turbidite sand, medium-size, plan-parallel
lamination, and gray mud at the top

Planktonic test Area 1 — Punta Alice Canyon.
Downcurrent with respect JO-14 and
close to the confluence with the Neto
Canyon. Neto–Lipuda Province

JO-14 39° 19′ 58″ N 17° 17′ 32″ E 687,670.606 4,340,754.953 1150 Sand Turbidite sand, medium-size, plan-parallel
lamination, and gray mud at the top

Planktonic test Area 1 — Punta Alice Canyon.
Downcurrent with respect JO-15. Neto–
Lipuda Province
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Table. 1 (continued)

Sample Latitude Longitude X_coord Y_coord Depth
(m)

Grain-size Description Biological contents Location

JO-15 39° 21′ 47″ N 17° 15′ 32″ E 685,893.449 4,342,811.448 941 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 1 — Punta Alice Canyon. Neto–
Lipuda Province

JO-16 39° 16′ 15″ N 17° 16′ 38″ E 686,949.643 4,336,928.548 1086 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 1 — Neto Canyon, north of the Neto
River mouth. Neto–Lipuda Province

JO-17 39° 17′ 35″ N 17° 16′ 24″ E 686,796.910 4,338,257.547 1063 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 1 — Lipuda Canyon. Downcurrent
with respect JO-06. Neto–Lipuda Province

JO-18 39° 36′ 11″ N 17° 05′ 25″ E 676,830.139 4,358,858.667 850 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2— Nicà Canyon, close to the mouth
with the Corigliano Canyon. Nicà Province

JO-19 39° 37′ 42″ N 17° 08′ 13″ E 679,278.059 4,360,369.466 929 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2 — Corigliano Canyon after
confluence of the Nicà Canyon. Nicà
Province

JO-20 39° 38′ 22″ N 16° 52′ 50″ E 631,342.110 4,360,300.305 628 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2 — Trionto Canyon, southern flank.
Trionto Province

JO-21 39° 39′ 56″ N 16° 49′ 34″ E 628,595.802 4,361,742.018 579 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2 — Trionto Canyon, northern flank.
Trionto Province

JO-22 39° 41′ 09″ N 16° 48′ 29″ E 627,663.709 4,363,425.197 550 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2 — Trionto Canyon, northern flank.
Trionto Province

JO-23 39° 41′ 40″ N 16° 48′ 15″ E 627,537.528 4,363,767.274 560 Mud and sand Graded bed frommedium-fine sand to very
fine sand and silt; sand is gray in color, and
having plant remains andplant root tubes at
the base of the sand. The sand bed, few cm
in thickness, has turbiditic character and is
interbedded into brown mudstone.

Planktonic test Area 2 — Trionto Canyon, northern flank.
Trionto Province

JO-24 39° 44′ 01″ N 16° 43′ 52″ E 623,505.453 4,366,599.580 452 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 2 — Crati Fan. Distal portions of the
fan (outer fan). Crati Province
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Table. 1 (continued)

Sample Latitude Longitude X_coord Y_coord Depth
(m)

Grain-size Description Biological contents Location

JO-25 39° 43′ 48″ N 16° 35′ 46″ E 616,578.034 4,365,904.059 274 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 2 — Crati Fan. In front of the Crati
river-mouth. Crati Province

JO-26 39° 42′ 36″ N 16° 47′ 22″ E 626,719.499 4,364,819.636 390 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2 — Crati Fan. Distal portions of the
fan (outer fan). Crati Province

JO-27 39° 44′ 28″ N 16° 44′ 07″ E 623,973.984 4,366,906.791 461 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 2 — Crati Fan. Distal portions of the
fan (outer fan). Crati Province

JO-28 39° 42′ 36″ N 16° 47′ 22″ E 626,719.499 4,364,819.636 501 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2 — Crati Fan. Distal portions of the
fan (outer fan). Crati Province

JO-29 39° 44′ 41″ N 16° 46′ 02″ E 625,649.716 4,367,078.068 476 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 2 — Crati Fan, middle-fan pelitic fa-
cies. Crati Province

JO-30 39° 42′ 35″ N 16° 35′ 06″ E 616,252.558 4,364,644.762 271 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 2 — Crati Fan. In front of the Crati
river-mouth. Crati Province

JO-31 39° 42′ 34″ N 16° 38′ 44″ E 619,162.164 4,364,677.770 360 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 2 — Crati Fan. In front of the Crati
river-mouth. Crati Province

JO-37 39° 52′ 52″ N 16° 43′ 39″ E 623,243.249 4,376,042.796 80 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 2 — Amendolara Bank. By-pass
slope mud deposits

JO-38 39° 53′ 22″ N 16° 42′ 38″ E 622,362.833 4,376,805.930 138 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test AREA 2 — Amendolara Bank. By-pass
slope mud deposits

JO-39 39° 46′ 20″ N 16° 35′ 15″ E 616,265.983 4,368,918.866 276 Mud Gray mudstone with interbedded red-
brown siltstone–mudstone levels.

Planktonic test Area 2 — Crati Fan. In front of the Crati
river-mouth on the northern flank. Crati
Province

JO-40 39° 43′ 44″ N 16° 37′ 02″ E 617,921.308 4,365,879.947 316 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2 — Crati Fan. In front of the Crati
river-mouth. Crati Province

JO-41 39° 43′ 49″ N 16° 34′ 32″ E 615,596.740 4,365,900.483 236 Mud and sand Graded bed from medium-fine sand to
very fine sand and silt; sand is gray in
color, and having plant remains and
plant root tubes at the base of the sand.
The sand bed, few cm in thickness, has
turbiditic character and is interbedded
into brown mudstone.

Planktonic test Area 2 — Crati Fan. In front of the Crati
river-mouth. Crati Province

JO-42 39° 43′ 58″ N 16° 35′ 55″ E 616,653.824 4,366,016.209 215 Mud and sand Graded bed frommedium-fine sand to very
fine sand and silt; sand is gray in color, and
having plant remains andplant root tubes at
the base of the sand. The sand bed, few cm
in thickness, has turbiditic character and is
interbedded into brown mudstone.

Planktonic test Area 2 — Crati Fan. In front of the Crati
river-mouth. Crati Province

05-SC948 39° 44′ 06″ N 16° 38′ 46″ E 619,150.073 4,366,586.988 359 Sand Sample from a core of 3 m in thickness.
The core is dominantly pelitic, mostly is
hemipelagic mud, mud–siltstone
turbidites, and a turbidite sand, medium-
size in grain size, slightly laminated.

Planktonic test Area 2 — Crati Fan. In front of the Crati
river-mouth. A 3 m in thickness core.
Crati Province
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0.062 mm). The medium sand fraction (0.50±0.25 mm) was cemen-
ted with epoxy and thin-sectioned. Each thin section was etched with
HF and stained by immersion in sodium cobalt nitrite solution to
allow the identification of feldspars. Alizarine and potassium Fe–cya-
nide solutions were used for carbonate identification. More than 400
points were counted in each thin section according to the Gazzi–Dick-
inson method (Gazzi, 1966; Dickinson, 1970; Ingersoll et al., 1984;
Zuffa, 1985).

Mud samples were crushed and milled in an agate mill to a very
fine powder. The powder was placed in an ultrasonic bath at low
power for a few minutes for disaggregation; the b2 μm grain-size
fraction was then separated by settling in distilled water.

The mineralogy of the whole-rock powder and clay fractions
(b2 μm) was obtained by X-ray diffraction (XRD) using a Bruker D8
Advance diffractometer (CuKα radiation, graphite secondary mono-
chromator, sample spinner; step size 0.02; speed 1 sec for step) at
the Università della Calabria (Italy). In order to distinguish chlorite
from kaolinite, the samples were heated to 550 °C for 1 h. The heating
caused that the intensity of the chlorite {001} reflection to increase
greatly, shifting it to about 6.3 to 6.4°2θ. Kaolinite became amorphous
to X-rays during this heating, and its diffraction pattern disappeared
(Moore and Reynolds, 1997). X-ray diffraction analyses were also
carried out on air-dried specimens, glycolated at 60 °C for 8 h, and
heated at 375 °C for 1 h (Moore and Reynolds, 1997).

Semiquantitativemineralogical analysis of the bulk rockwas carried
out on random powders measuring peak areas using the WINFIT
computer program (Krumm, 1996). The strongest reflection of each
mineral was considered, except for quartz for which the line at 4.26 Å
was used instead of the peak at 3.34 Å because of its superimposition
with 10 Å-minerals and I–S mixed layer series. The abundance of phyl-
losilicateswas estimatedmeasuring the 4.5 Å peak area. The percentage
of phyllosilicates in the bulk rock was split on the diffraction profile of
the random powder, according to the following peak areas: 10–15 Å
(illite–smectite mixed layers), 10 Å (illite+micas), and 7 Å (kaolinite+
chlorite) minerals (Cavalcante et al., 2007).

Elemental analyses for major and some trace elements (Nb, Zr, Y,
Sr, Rb, Ba, Ni, Co, Cr, and V) were obtained by X-ray fluorescence spec-
trometry (Philips PW 1480) at the Università della Calabria (Italy), on
pressed powder disks of whole-rock samples (prepared by milling to
a fine powder in an agate mill), and compared to international
standard-rock analyses of the United States Geological Survey. The
estimated precision and accuracy for trace element determinations
are better than 5%, except for those elements having a concentration
of 10 ppm or less (10–15%). X-ray counts were converted into con-
centrations by a computer program based on the matrix-correction
method according to Franzini et al. (1972, 1975) and Leoni and Saitta
(1976a,b). Total loss on ignition (L.O.I.) was determined after heating
the samples for 3 h at 900 °C.

5. Results

5.1. Petrography of marine sand

Marine sand includes shallow-marine nearshore and deltaic sys-
tems, and deep-marine turbidite systems. Nearshore and deltaic
sand is largely influenced by river discharge. The drainage area of
the peri-Ionian Calabria margin of the Gulf of Taranto, includes the
Crati and Neto rivers and many small coastal drainages, of which
the Trionto and Nicà rivers are the major contributors. We attempt
here to quantify the composition of the coastal domain of the Ionian
Calabrian Basin in order to determine relative effects of the sediment
discharge of two large rivers and numerous small coastal drainages
(Fig. 2).

Potential sources of sand within the peri-Ionian Basin are the Crati
and Neto rivers, and local drainages from the eastern Sila Massif and
southern Apennines. Themain entry points for sediment into the Ionian
Please cite this article as: Perri, F., et al., Provenance and accommodation
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Basin include several canyons and gullies. Fluvial sediment input is
dominant for the entire borderland, whereas biogenic and aeolian
inputs are subordinate. The western Gulf of Taranto is dominated by
the Crati submarine fan, the largest fan in this part of the basin.

Sand samples are located in the slope and deep-marine portions of
the basin. From south to north, they include sand turbidites in the
main canyons of the area. We selected 9 turbidite sand samples from
cores and “dredged” samples from the “Neto–Lipuda Canyon system”,
12 turbidite sand samples from the Crati Fan (6), and the Trionto
(4) and Nicà (2) system.

Sands collected along the southern sector (between Capo Colonna
and the Nicà River) range from quartzofeldspathic (Qm36F46Lt18;
Neto–Lipuda Province; Fig. 4) to quartzolithic (Qm43F24Lt33; Capo
Colonna Province; Fig. 4), with intermediate composition for the Nicà
Province (Qm35F33Lt32; Fig. 4). These sands have variable sedimentary
versus metasedimentary lithic fragments (Neto–Lipuda: Lm38Lv0Ls62;
Capo Colonna Province: Lm33Lv0Ls77; Nicà Province: Lm86Lv0Ls14;
Fig. 4). Feldspars (both plagioclase and K-feldspars) are the most abun-
dant constituents (Neto–Lipuda Province: Fp/F of 0.75; Capo Colonna
Province: Fp/F of 0.89; Nicà Province: Fp/F of 0.87). Quartz grains are
also abundant, mainly as monocrystalline well rounded or subrounded
grains, suggesting recycling of sedimentary rocks. Abundant metasedi-
mentary lithic grains include phyllite and fine-grained micaschist.
Phaneritic fragments of sandstone grains are also present. Abundant
phaneritic fragments of plutonic rocks, mostly plagioclase-rich granodi-
orite and tonalite, with minor granite, and coarse gneissic fragments
also occur; in many samples, they are dominant (Neto–Lipuda:
Rg51Rs30Rm19; Capo Colonna Province: Rg32Rs68Rm0;Nicà Province:
Rg43Rs9Rm48; Fig. 4). The relative proportions of first-cycle vs.
recycled metamorphic and plutonic detritus are difficult to estimate.
Accessory minerals are tourmaline, zircon, garnet, hornblende, epidote,
sillimanite, andalusite and opaque minerals. Intrabasinal carbonate
grains are minor.

Comparing sand modes of the Neto–Lipuda–Nicà deep-marine
systemwith hinterland sandmodes of fluvial and coastal environments
suggests gradual enrichment of the lithic fragments in the deep-marine
environments with respect to hinterland sand. In fact, sand of the Neto
River Basin is more feldspar-rich (Le Pera et al., 2001) with respect to
deep-marine sand; this may suggest a clastic enrichment from minor
drainages draining Tertiary to Quaternary sedimentary successions of
the piedmont or coastal areas of the Ionian border. In particular,
sedimentary–lithic enrichment occurs (a) at the southern end of the
Neto–Lipuda system, where small drainages erode Quaternary and
older sedimentary successions, and (b) at the deepest parts of the
Neto–Lipuda Canyon system, below confluence of the Lipuda–Punta
Alice Canyon within the principal Neto Canyon, generating mixtures
of sand of the Neto River (quartzofeldspathic) with sand of the Lipuda
and local rivers (quartzolithofeldspathic sand with more sedimentary
detritus).

Sands collected along the northern sector (between the Trionto
River and Capo Spulico) have similar compositions: sands from Crati
Province are metamorphiclastic (Rg14Rs19Rm67) and quartzofelds-
pathic (Qm34F41Lt25) with abundant metamorphic and plutonic
grains; sands from Trionto Province are metamorphiclastic
(Rg11Rs16Rm73) and quartzofeldspathic (Qm38F27Lt35) with abun-
dant metamorphic grains. These sands are rich in aphanitic metasedi-
mentary lithic fragments (Trionto Province: Lm90Lv0Ls10; Crati
Province: Lm75Lv0Ls25; Fig. 4). Feldspars are the most abundant con-
stituents (Trionto Province: Fp/F 0.97; Crati Province: Fp/F 1.16).
Quartz grains are also abundant, mainly as monocrystalline well
rounded or subrounded grains, suggesting recycling of sedimentary
rocks. Abundant metasedimentary lithic fragments include phyllite
and fine-grained micaschist. Sedimentary lithic grains, including
shale, mudstone, siltstone and carbonate rocks, are abundant in
samples of the drainage basins derived from the southeastern flank
of the southern Apennines. Other sedimentary lithic fragments are
pathways of late Quaternary sediments in the deep-water northern
eo.2012.01.007

http://dx.doi.org/10.1016/j.sedgeo.2012.01.007
https://www.researchgate.net/publication/260785668_The_effect_of_grain_size_on_detrital_modes_a_test_of_the_Gazzi-Dickinson_point-counting_method_discussion_and_reply?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/229444143_The_effects_of_source_rocks_and_chemical_weathering_on_the_petrogenesis_of_siliciclastic_sand_from_the_Neto_River_Calabria_Italy_Implications_for_provenance_studies?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/229950656_A_simple_method_to_evaluate_the_matrix_effects_in_X-Ray_fluorescence_analysis?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/281134199_Optical_Analyses_of_Arenites_Influence_of_Methodology_on_Compositional_Results?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/286827695_Illite-smectite_mixed_layers_in_sicilide_shales_and_piggy-back_deposits_of_the_Gorgoglione_Formation_Southern_Apennines_Geological_inferences?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/287571715_X-Ray_Diffraction_and_the_Identification_and_Analysis_of_Clay_Minerals?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==
https://www.researchgate.net/publication/287571715_X-Ray_Diffraction_and_the_Identification_and_Analysis_of_Clay_Minerals?el=1_x_8&enrichId=rgreq-a1e9a8af0c9c3c6422ec7ddc5ebfaf78-XXX&enrichSource=Y292ZXJQYWdlOzIzMjE3MTg0MztBUzoxMDM4Nzc3NDc2NzUxMzZAMTQwMTc3Nzc5MzYwMg==


Fig. 4. Ternary plots for the sand studied samples of Qm (monocrystalline quartz), F (feldspars) and Lt (aphanitic lithic fragments); Qm (monocrystalline quartz), Fk (K-feldspar)
and Fp (plagioclase); Lm (metamorphic), Lv (volcanic) and Ls (sedimentary) lithic fragments; Rg (plutonic rock fragments), Rs (sedimentary rock/lithic fragments) and Rm (meta-
morphic rock fragments). See the text for more details. Each open symbol represents the individual sand sample of the studied province.
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delivered by the Trionto and Nicà Rivers, and other minor drainages
eroding the Jurassic Longobucco Group and Cenozoic to Quaternary
strata of the Rossano Basin and the Cariati Thrust Unit (e.g., Critelli,
1999; Barone et al., 2008; Critelli et al., 2011).

The sand modes of the Crati–Trionto deep-marine system are
quite similar in composition with the hinterland sandmodes at fluvial
and coastal environment. Sands of the main channel of the Crati River,
the deltaic system and the Crati Fan are similar, with only a few per-
cent of enrichment in quartz with increasing maturity and amalgam-
ation by transport (Critelli and Le Pera, 2003 and present data). Also,
sand modes of the Trionto and Nicà rivers are similar to those of tur-
bidite sand of the Trionto and Nicà canyons (Critelli and Le Pera,
2003). This suggest that the Crati, Trionto and Nicà rivers represent
the key single source for sediment delivered into the canyons and
the Corigliano Basin, with no evidence of mixing and amalgamation
within the basin.
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5.2. Mineralogy of marine mud

Whole-rock XRD analyses (Table 2) indicate that phyllosilicates
are the main mineralogical components, ranging from 32% to 57% of
the bulk rock. The non-phyllosilicate minerals are represented by
quartz, carbonate minerals (calcite and dolomite) and feldspars (pla-
gioclase and K-feldspar). A few samples contain gypsum. Quartz
ranges from 27% to 39%. K-feldspar has low concentration, with
values up to 5%, whereas plagioclase ranges from a few percent up
to 12%. Dolomite is present in all samples, with an average value of
2%, whereas calcite ranges from 7% to 19%. Variation of mineral con-
centrations is related to the different source areas that influence the
chemical and mineralogical composition of the sediments. The
b2 μm grain-size fraction is mainly composed of I–S mixed layers.
Illite is present in variable amounts. Chlorite and kaolinite contents
usually are low. Only small amounts of C–S mixed layers occur.
pathways of late Quaternary sediments in the deep-water northern
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Table. 2
Results of whole rock XRD analyses for the studied mud samples.

Samples ∑phy Plg K-feld Dol Calc Qtz Gyp

JO01 45 4 3 2 17 28 1
JO02 46 4 2 2 17 29 0
JO03 48 4 2 3 13 28 1
JO04 48 4 2 3 14 28 0
JO05 48 4 2 2 14 28 1
JO06 43 5 2 2 14 32 1
JO09 32 11 5 2 13 37 0
JO10 36 10 3 2 14 33 2
JO15 32 9 4 2 13 39 1
JO16 37 10 4 2 12 34 1
JO17 45 5 2 3 13 31 0
JO18 55 4 2 3 8 27 tr
JO19 54 4 2 3 8 29 0
JO20 54 4 1 3 8 30 0
JO21 50 6 4 2 7 31 0
JO22 53 5 1 2 8 30 1
JO23 53 4 1 3 8 31 0
JO24 57 4 1 2 8 28 0
JO25 54 5 1 2 8 29 tr
JO26 52 5 1 3 10 29 0
JO27 57 4 1 2 8 27 1
JO28 54 3 1 3 8 30 1
JO29 55 3 2 3 8 29 0
JO30 53 5 1 3 10 28 1
JO31 55 4 1 3 8 29 0
JO37 45 3 1 2 19 29 0
JO38 49 4 1 2 15 28 0
JO39 53 5 1 2 8 30 tr
JO40 50 12 1 2 8 27 0
JO41 53 4 1 2 10 30 0
JO42 52 4 2 3 8 30 tr
Minimum 32 3 1 2 7 27 0
Maximum 57 12 5 3 19 39 2
Average 49 5 2 2 11 30 0
SD 7 2 1 0 3 3 1
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5.3. Whole-rock geochemistry of marine mud

Major- and trace-element concentrations are listed in Table 3 and
in Table 4. The studied muds have been plotted (Fig. 5) in the classi-
fication diagram for clastic rocks (Herron, 1988). The SiO2/Al2O3 ratio,
the most commonly used parameter, reflects the relative abundance
of quartz, feldspar and clay minerals (e.g., Potter, 1978). The studied
samples plot in the field of shale, toward the wacke field, thus reflect-
ing variation in the quartz–feldspars/mica ratio in individual samples;
only one sample (JO09) falls in the wacke field (Fig. 5).

Geochemical compositions of the studied mud samples were nor-
malized to the Global Subducting Sediment (GLOSS; Plank and
Langmuir, 1998). GLOSS is dominated by terrigenous material
(76 wt.% terrigenous, 7 wt.% calcium carbonate, 10 wt.% opal, 7 wt.%
mineral-bound H2O+), and therefore similar to the upper continental
crust (UCC; McLennan et al., 2006) in composition (Plank and
Langmuir, 1998). The general trend of the observed patterns (Fig. 6)
shows similar variations for the studied muds. The chemical differ-
ences between the studied samples can be described as follows: sam-
ples of the southern sector (area located between Capo Colonna and
Punta Alice) generally show lower values of Fe, Ni, Ti, V and Cr and
higher values of Ca, Sr and, partially, Si (Fig. 6a); samples of the north-
ern sector (area located between Punta Alice and Capo Spulico) gen-
erally show higher values of Fe, Ni, Ti, V and Cr and lower values of Ca
and Sr (Fig. 6b). Two samples (JO37 and JO38) of the pattern b
(Fig. 6b) have a trend comparable to the pattern a samples (Fig. 6a).

In a ternary plot of SiO2 (representing quartz or opaline silica),
Al2O3 (representing mica/clay minerals), and CaO (representing car-
bonate), the sediments of the southern sector can be described as
mixtures of biogenous carbonate with an aluminosilicate component
(Group 1; Fig. 7), but sediments of the northern sector show homoge-
neous composition characterized by slightly higher Al content (e.g.,
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Group 2; Fig. 7) than average shale (in particular GLOSS and UCC).
Samples JO37 and JO38 (northern sector) are two outliers since they
show a general trend similar to the southern sector samples. These
chemical associations and elemental variations are related to the
mineralogical composition of the studied muds, as shown above by
the mineralogical analyses.

6. Discussion

The composition and variation of the studied marine sediments,
based on mud geochemistry and mineralogy coupled with sand pe-
trography, suggest that these sediments are mainly related to two dif-
ferent source areas. The first source is mainly characterized by
carbonate, since most of the marine mud samples contain the highest
concentration of Ca, that is almost 2 times higher than the UCC
(McLennan et al., 2006). To the north (Area 2: between Punta Alice
and Capo Spulico; Table 1; Fig. 2), samples JO37–JO38 are derived
by both intrabasinal reworking of the topographic highs (Amendolara
Ridge) along a small ‘patch reef’, and by recycling of old (Mesozoic to
Tertiary) extrabasinal carbonates of the Pollino Massif. Sand detrital
modes reflect a multicyclic provenance from siliciclastic and carbon-
ate strata of the southern Apennines fold–thrust belt. To the south
(Area 1a: between Capo Colonna and Punta Alice, below to Neto–
Lipuda Canyon; Table 1; Fig. 2), samples JO01–JO05, and samples
JO06 and JO17 (Area 1b: between Capo Colonna and Punta Alice,
close to and above to Neto–Lipuda Canyon; Table 1; Fig. 2) contain
high values of CaO that can be related to recycling of Pleistocene ma-
rine terraces of the Crotone Peninsula.

The first sector (Area 1b: between Capo Colonna and Punta Alice,
close to and above to Neto–Lipuda Canyon; Table 1; Fig. 2) is charac-
terized by samples influenced the Sila Massif plutonic–metamorphic
province, with subordinate sedimentary source rocks, producing
quartzofeldspathic stream and beach sand. Detrital modes indicate
strong contributions from granodiorite and granite, gneiss, and phyl-
lite; abundant sedimentary lithic fragments were derived from Juras-
sic sedimentary successions (the Longobucco Group; Perri et al.,
2008).

The second sector (Area 2: between Punta Alice and Capo Spulico,
in front of Trionto, Crati and Ferro rivers; Table 1; Fig. 2) contain
marine muds showing the highest concentration of Al that is almost
1.2 times higher than the UCC (McLennan et al., 2006). Aluminum is
generally considered an indicator of high detrital input. Very low con-
centrations of Al, and also of Fe, in sediment in comparison with those
of the UCC (McLennan et al., 2006) is indicative of low detrital input.
An increase in the concentration of Al might be attributed to higher
erosion rates (e.g., Karbassi and Amirnezhad, 2004). The Al values of
marine muds of the second sector might be attributed to higher
erosion rates, related to the Crati River fluvial system (Fig. 2). The
relationship among Al and the other major and trace elements is re-
lated to the cation exchange and sorption reactions that clay minerals
undergo in seawater (e.g., Elderfield, 1976). Mineralogical analyses
also show abundant phyllosilicate contents for these sediments.
Furthermore, marine muds of the second sector show the highest Ti,
Ni, Cr and Nb (Fig. 6) contents, suggesting a mafic supply for these
sediments. This sector (Area 2: between Punta Alice and Capo Spulico,
in front of Trionto, Crati and Ferro rivers; Table 1; Fig. 2) is influenced
by the Crati River and the diverse smaller coastal drainages of the
Calabria continental block (i.e., Sila Massif, mostly drained by the
Trionto River) and the southern Apennines thrust belt (i.e., Pollino
Massif mostly drained by Ferro River), that mainly supply siliciclastic
materials with a moderate mafic contribution.

The mud samples also contain significant amounts of La and Ce. It
is well know that the bulk of the REEs (Rare Earth Elements) found in
the clastic sediments are found in the finer grained fractions, where
their distributions are most similar to the REE distributions found in
the source rocks (Cullers et al., 1987). Together, the contents and
pathways of late Quaternary sediments in the deep-water northern
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Table 3
Major and trace element concentrations for the studied mud samples.

Sample JO01 JO02 JO03 JO04 JO05 JO06 JO09 JO10 JO15 JO16 JO17 JO18 JO19 JO20 JO21

Oxides (wt.%)
SiO2 45.55 47.21 45.44 44.75 46.01 47.87 57.79 50.39 50.64 51.07 48.03 46.74 45.59 46.77 49.52
TiO2 0.63 0.66 0.73 0.72 0.72 0.72 0.51 0.61 0.60 0.64 0.70 0.80 0.81 0.78 0.74
Al2O3 13.13 13.65 14.94 14.43 14.22 14.37 12.15 12.61 12.75 13.82 14.20 16.42 16.41 15.79 15.54
Fe2O3 4.24 4.49 5.56 5.37 5.35 5.18 3.23 3.71 3.76 4.49 5.07 6.26 6.18 5.92 5.37
MnO 0.28 0.10 0.15 0.19 0.12 0.09 0.12 0.10 0.09 0.10 0.10 0.12 0.14 0.11 0.14
MgO 3.46 3.41 3.49 3.46 3.44 3.35 2.80 3.44 3.42 3.16 3.33 3.49 3.51 3.46 3.71
CaO 10.23 10.54 8.46 9.00 8.59 8.56 9.08 9.29 8.52 8.27 8.75 6.24 6.12 6.21 5.81
Na2O 2.82 1.98 1.86 2.35 2.35 2.17 2.42 3.98 4.24 2.31 1.98 2.01 2.26 2.45 3.18
K2O 2.50 2.59 2.82 2.75 2.70 2.82 2.69 2.68 2.73 2.79 2.74 3.13 3.13 3.04 2.98
P2O5 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.15 0.14 0.14 0.15 0.13 0.14 0.14 0.14
LOI 17.00 15.19 16.38 16.83 16.33 14.70 9.03 13.04 13.03 13.19 14.92 14.64 13.69 15.31 12.88
Total 99.96 99.97 99.97 99.99 99.98 99.98 99.94 99.98 99.91 99.98 99.98 99.98 97.98 99.98 100.01

Trace elements (ppm)
V 137 138 168 165 159 148 70 100 100 120 143 172 163 163 137
Cr 89 96 117 112 111 104 43 67 65 66 101 128 117 119 92
Co 14 14 19 18 17 15 5 9 10 11 14 20 19 17 16
Ni 53 58 68 70 70 61 28 40 36 40 55 69 68 67 59
Cu 21 18 20 22 24 21 13 13 14 17 22 27 29 21 23
Zn 115 107 135 124 156 122 67 89 83 112 122 143 138 139 123
Rb 115 119 131 128 130 130 102 115 116 125 128 148 145 141 132
Sr 415 384 323 350 314 314 263 324 295 308 320 240 235 233 229
Ba 299 298 336 311 313 359 378 376 381 387 352 398 437 424 417
Y 29 30 29 32 31 34 32 28 26 29 31 32 33 30 32
Zr 149 158 130 134 132 159 148 181 153 167 166 145 172 144 158
Nb 14 14 15 15 15 15 11 13 13 14 15 16 16 16 15
La 25 26 31 34 29 20 8 15 22 23 31 38 39 39 25
Ce 70 71 80 84 74 76 44 57 56 65 77 91 96 89 76

Chemical Index of Alteration (Nesbitt and Young, 1982)
CIA 62.14 65.17 66.9 64.52 64.61 65.35 56.91 53.64 53.54 60.94 64.45 64.46 64.46 62.95 58.92
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distributions of the transition elements (e.g., Cr and Ni) and the LREEs
(Light Rare Earth Elements; e.g., La and Ce) may provide useful indi-
ces of chemical differentiation that may allow the recognition of dif-
ferent provenance areas. These indices, including LREEs/M ratios,
where M is a transition element, reflect the greater input of felsic
rocks with a modest mafic contribution mostly for the mud samples
of the Area 2 (Table 5). The mafic supply is mainly related to both
metamorphic and ophiolitic rocks drained by the Crati River (e.g.,
Critelli and Le Pera, 2003).

Biogenic carbonate production is inhibited by the presence of clas-
tic material, so in areas of low input of detritus from rivers or by
ocean currents, there is the potential for carbonate deposition
(Nichols, 1999). The marine muds of this sector (Area 2: between
Punta Alice and Capo Spulico, in front of the Trionto, Crati and Ferro
rivers; Table 1; Fig. 2) are characterized by minor carbonate
(Table 2) probably due to abundant clastic detritus.

Chemical weathering strongly affects major-element geochemis-
try and mineralogy of clastic sediments (e.g., Nesbitt and Young,
Table 4
The oxide values reported on LOI-free basis.

Sample JO01 JO02 JO03 JO04 JO05 JO06 JO09

Oxides LOI-free (wt.%)
SiO2 50.05 51.57 50.95 49.44 51.22 52.15 61.61
TiO2 0.69 0.72 0.82 0.80 0.80 0.79 0.54
Al2O3 14.43 14.90 16.75 15.94 15.83 15.65 12.95
Fe2O3 4.66 4.90 6.23 5.93 5.96 5.65 3.45
MnO 0.31 0.11 0.17 0.21 0.13 0.10 0.13
MgO 3.80 3.72 3.91 3.82 3.83 3.65 2.99
CaO 11.24 11.52 9.49 9.94 9.57 9.33 9.68
Na2O 3.10 2.17 2.09 2.60 2.62 2.37 2.58
K2O 2.75 2.83 3.16 3.04 3.01 3.08 2.87
P2O5 0.14 0.15 0.16 0.15 0.16 0.16 0.15
LOI 17.00 15.19 16.38 16.83 16.33 14.70 9.03
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1982; Johnsson et al., 1988; McLennan and Taylor, 1991). Quantita-
tive measures, such as the chemical index of alteration (CIA; Nesbitt
and Young, 1982), are useful to evaluate the degree of chemical
weathering. Calculation of this index incorporates only the CaO pre-
sent in silicate minerals. The marine mud samples show very low
values of CIA (average=62.68±3.42) suggesting low weathering
for the source areas. Intense chemical weathering results in the re-
moval of labile cations (e.g., Ca2+, Na+, K+) relative to stable residual
constituents (Al3+, Ti4+) during weathering (Nesbitt and Young,
1982), due to the conversion of feldspars to clay minerals. The marine
muds contain abundant mobile elements, such as Ca, Na, Mg and K
that are commonly higher than the GLOSS (Plank and Langmuir,
1998) composition (Fig. 6). Furthermore, these sediments are charac-
terized by abundant feldspars (at least 13–16%; Table 2) in many
samples. Thus, the chemistry and mineralogy of the studied marine
muds suggest that these sediments have been produced from source
areas characterized by a low intensity of weathering related to a tem-
perate climate such that occurring in the Mediterranean.
JO10 JO15 JO16 JO17 JO18 JO19 JO20 JO21

52.94 53.62 54.80 53.18 51.68 52.16 52.18 51.15
0.64 0.63 0.69 0.78 0.89 0.89 0.87 0.76

13.25 13.50 14.83 15.72 18.16 17.99 17.62 16.05
3.90 3.98 4.82 5.61 6.92 6.77 6.61 5.54
0.10 0.09 0.11 0.11 0.14 0.15 0.13 0.15
3.62 3.62 3.39 3.68 3.86 3.85 3.87 3.83
9.76 9.02 8.87 9.69 6.90 6.70 6.93 6.00
4.18 4.49 2.48 2.20 2.22 2.48 2.73 3.28
2.82 2.90 3.00 3.04 3.46 3.43 3.39 3.08
0.15 0.14 0.16 0.16 0.15 0.15 0.15 0.14

13.04 13.03 13.19 14.92 14.64 13.69 15.31 12.88
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Table. 3
Major and trace element concentrations for the studied mud samples.

JO22 JO23 JO24 JO25 JO26 JO27 JO28 JO29 JO30 JO31 JO37 JO38 JO39 JO40 JO41 JO42

50.28 48.83 46.84 46.00 46.60 46.76 47.37 46.41 47.11 46.72 41.98 47.19 47.25 45.81 48.27 47.06
0.80 0.78 0.81 0.76 0.79 0.80 0.81 0.79 0.78 0.80 0.71 0.78 0.81 0.76 0.78 0.78

16.11 15.98 16.48 15.39 15.73 16.31 16.32 15.88 15.53 16.10 13.49 14.61 16.36 15.20 15.71 15.29
5.94 5.70 6.26 5.79 6.03 6.28 5.99 6.01 5.94 6.27 4.68 5.92 6.11 5.71 5.85 6.03
0.12 0.14 0.13 0.11 0.10 0.13 0.12 0.13 0.10 0.12 0.08 0.10 0.09 0.10 0.09 0.10
3.36 3.57 3.60 3.59 3.62 3.60 3.71 3.73 3.55 3.65 3.36 3.53 3.57 3.73 3.51 3.58
5.66 6.60 6.14 7.27 7.19 6.39 6.16 6.39 7.39 6.54 11.03 8.89 6.65 6.69 7.04 7.15
2.13 2.55 2.17 2.47 2.02 1.85 2.73 2.58 2.13 2.12 2.12 1.99 1.95 3.01 1.96 2.56
3.12 3.05 3.05 2.83 2.80 2.92 3.11 2.89 2.74 2.90 2.40 2.70 2.97 2.75 2.78 2.67
0.14 0.14 0.13 0.14 0.14 0.13 0.14 0.13 0.14 0.14 0.13 0.13 0.13 0.13 0.14 0.14

12.33 12.65 14.39 15.63 14.98 14.79 13.53 15.06 14.59 14.62 19.98 14.66 14.07 16.09 13.82 14.60
99.99 99.99 100.00 99.98 100.00 99.96 99.99 100.00 100.00 99.98 99.96 100.50 99.96 99.98 99.95 99.96

147 154 176 166 172 174 163 166 168 171 163 169 171 163 163 162
105 110 129 113 126 141 121 131 124 127 109 110 130 123 120 125
18 17 20 19 17 21 18 20 19 21 13 16 21 19 19 19
66 63 75 67 68 74 67 72 68 66 62 65 73 64 64 66
27 29 28 22 27 31 25 18 27 27 25 28 34 22 23 25

133 130 134 129 135 133 134 128 133 138 121 127 133 124 130 128
144 141 146 135 135 141 143 136 131 139 118 132 144 128 132 125
220 240 230 265 264 235 236 233 260 241 593 415 243 263 256 257
450 394 379 355 348 358 397 356 371 372 269 319 354 351 376 350
34 30 32 29 32 31 31 30 31 31 33 30 31 28 31 30

168 149 144 128 147 142 162 137 145 143 158 140 145 137 145 143
16 15 16 16 16 16 16 15 16 16 15 16 16 15 16 15
29 32 39 37 32 39 41 40 30 36 18 36 29 22 36 35
81 71 98 86 90 96 88 88 82 88 81 92 92 81 84 83

65.38 61.58 64.5 59.18 65.93 64.67 62.66 62.62 64.51 64 65.24 65.75 63.32 59.03 65.66 60.16
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7. General implications and conclusions

The Ionian margin of Calabria is an exceptional area in which sed-
imentation and sediment composition can be examined in the total
environmental context. The Ionian side of Calabria provides diverse
modern systems extending from high-elevation source areas to
deep-marine basins, all of which can be used as modern analogs to
ancient systems. Thus, direct comparison can be made between mod-
ern sand and ancient sandstone, and paleogeographic and paleotec-
tonic reconstructions can be constrained.

Alluvio–fluvial and deltaic systems of the Ionian side of northern
Calabria generate dominantly quartzofeldspathic sand, reflecting the
dominantly plutoniclastic and metamorphiclastic nature of the key
source massif of the area, the Sila Mountains. Other local sources
are the south-eastern flank of the Southern Apennines and Neogene
sequences of the Peri-Ionian piedmont. Sediment composition and
mud geochemistry and mineralogy identifies four main source areas
for late Quaternary turbidites of the Ionian margin. The turbidites
Table 4
The oxide values reported on LOI-free basis.

JO22 JO23 JO24 JO25 JO26 JO27 JO28 JO29

53.42 52.11 51.53 51.31 51.84 52.22 51.34 51.41
0.85 0.83 0.89 0.85 0.88 0.90 0.87 0.87

17.11 17.06 18.13 17.17 17.50 18.22 17.69 17.60
6.31 6.08 6.89 6.46 6.71 7.01 6.50 6.66
0.13 0.15 0.14 0.12 0.11 0.14 0.13 0.14
3.57 3.81 3.96 4.00 4.03 4.02 4.02 4.13
6.02 7.04 6.75 8.11 8.00 7.14 6.67 7.08
2.27 2.73 2.39 2.76 2.24 2.07 2.96 2.86
3.31 3.26 3.36 3.16 3.11 3.26 3.37 3.20
0.15 0.15 0.14 0.15 0.15 0.14 0.15 0.15

12.33 12.65 14.39 15.63 14.98 14.79 13.53 15.06
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originate from fluvial sources of northern Calabria and are introduced
through moderate to small canyons. Deep-marine sands of the Ionian
margin are quartzofeldspathic, which reflects the dominant mainland
sources of the Crati (northern) and Neto (southern) rivers, with lesser
contributions from small drainage systems such as the Trionto and
Nicà rivers.

In detail, the northern studied area, the Gulf of Sibari, is sedimen-
tologically and compositionally dominated by the Crati Fan, a sand–
mud turbidite system represented by quartzofeldspathic sand quite
similar in composition to the mainland source of the Crati River
main-channel and its river-mouth. Local contributions to the deep-
marine environment are derived from the (a) Trionto River, generat-
ing quartzofeldspathic sand turbidites, and the (b) intrabasinal source
from the Amendolara bank, generating intrabasinal carbonate sand.
In the southern studied area, canyons and gullies dominate morpho-
logically, and the main source for turbidites was the Neto River. Sand–
mud turbidites are compositionally quite similar to the quartzofelds-
pathic Neto River and delta; local contributions are from quartzolithic
JO30 JO31 JO37 JO38 JO39 JO40 JO41 JO42

52.12 51.74 48.21 52.57 52.48 50.96 52.85 51.66
0.87 0.88 0.82 0.87 0.90 0.84 0.85 0.86

17.18 17.83 15.50 17.39 18.19 16.91 17.20 16.79
6.57 6.94 5.37 6.59 6.79 6.36 6.41 6.62
0.11 0.13 0.09 0.11 0.10 0.12 0.10 0.11
3.93 4.05 3.86 3.93 3.96 4.15 3.85 3.93
8.18 7.25 12.67 8.22 7.38 7.44 7.71 7.85
2.36 2.35 2.44 2.22 2.17 3.35 2.14 2.81
3.03 3.21 2.75 3.01 3.30 3.06 3.05 2.93
0.15 0.15 0.15 0.15 0.14 0.15 0.15 0.15

14.59 14.62 19.98 14.66 14.07 16.09 13.82 14.60

pathways of late Quaternary sediments in the deep-water northern
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Fig. 5. Classification diagram for the studied mud samples (Herron, 1988).

Fig. 7. Ternary plot showing the relative proportions of SiO2 (representing quartz or
opaline silica), Al2O3 (representing mica/clay minerals), and CaO (representing car-
bonate) for the studied mud samples.
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sandof the Lipuda andNicàRivers, or fromcarbonate sand of local intra-
basinal highs and eroded late Quaternary terraces, at the southern end
of the studied area.

The Ionian Calabria margin is a typical tectonically active siliciclastic
continental margin, with canyon-fed sources supplemented by smaller-
scale failures coming off steep slopes adjacent to the coastline. Identifi-
cation of source areas andflowpathways has revealed single sources for
sand and mud turbidites; nonetheless, northeastward-flowing bottom
Fig. 6. Distribution of the major and trace elements for the studied mud samples
normalized to the Global Subducting Sediment (GLOSS; Plank and Langmuir, 1998).
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currents may have some influence on the widespread distribution of
muddy deposits.

In summary, studies of modern sedimentary systems illustrate the
complexity of variables controlling sand composition, especially in
transform settings with diverse source rocks, relief, transport mecha-
nisms and depositional settings. Evaluation of these effects, dispersal
pathways and detrital modes using a transect extending from moun-
tainous sources to deep-marine depositional sites improves our under-
standing of sediment production, transport and ultimate composition.
First- and second-order sands (e.g., Ingersoll et al., 1993) directly
reflect local source rocks and are most useful in local paleogeographic
and paleotectonic reconstructions, and to infer distinctive climatic/
paleoclimatic signatures. In contrast, third-order sand from the ulti-
mate site of deposition represents the sum of all processes acting in
mountain ranges, streams, rivers and the marine environment, and
are, thus, more useful in determining overall tectonic setting.
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Elemental
ratios

Range of studied mud
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Range of Calabrian
basement rocksa
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continental
crustb

Post-
Archean
Australian
average
shalec

Area 1 Area 2 Felsic
rocks

Mafic
rocks

(La+Ce)/
Cr
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(La+Ce)/
Ni

1.50–2.21 1.57–1.98 2.16–5.65 0.01–0.31 2.13 2.14

Ni/
(La+Ce)

0.74–1.08 0.87–1.20 0.26–1.23 1.95–6.69 0.47 0.46

a Ayuso et al., 1994; Fornelli et al., 2007; Perri et al., 2011b.
b McLennan et al., 2006.
c Taylor and McLennan, 1985.
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