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ABSTRACT: Stratigraphic cores and sections, geological maps and Digital Elevation Models (DEMs) were used for the three-
dimensional reconstruction of a portion of the regional unconformity, which separates the Last Glacial Maximum (LGM) sedimentary
complex from the post-LGM one. The investigation focused on the Brenta megafan, a ca. 3000 km? wide alluvial system that extends
from the Alpine piedmont to the Venice Lagoon. During LGM the Brenta megafan experienced a major aggradation phase, which led the
system to achieve its maximum extent. Fluvial downcutting started after 17.5 cal ka BP and led to the formation of incised valleys (IVs) in
the plain, which reached depths up to 20-30 m. The interfluves between Vs experienced soil formation (Calcisols, Luvisols) until their
burial by later deposits, or until present in the case of wide exposed stretches of LGM plain.

A DEM of the present surface of the Brenta megafan and a geological map of the LGM deposits were created in a Geographic Infor-
mation System (GIS). Seventeen cores and sections with information on the nature (erosive vs. hiatal with soil formation) and depth of
burial of the post-LGM unconformity, as well as on the stratigraphy of the alluvial succession, were introduced in the GIS as stratigraphic
control points (SCPs). Contours of the base of post-LGM sediments with 2-m interval were available in the Venice Lagoon and its main-
land. Different interpolation and statistical methods were applied for modeling the unconformity in the pedogenized interfluves and in IVs.
Contours were interpolated with Triangulated Irregular Network (TIN) technique. SCPs were interpolated with Inverse Distance Weight
(IDW) algorithm with the function cos®. Linear trend equations between the exposed top of the valley fill, i.e. the topographic surface in
the DEM, and the unconformity elevation were calculated in different reaches of 1Vs.

Data processing resulted in the production of a DEM of the post-LGM unconformity in the whole Brenta megafan with a cell size of 30x30
m. Morphometric analysis of the DEM enabled to evaluate the gradients of the unconformity in long and transverse profiles, as well as to
calculate its overall extension (1491 km?), the areas characterized by buried soils (970 km?), and those which correspond to an erosive
surface in IVs (521 km?). The difference between the DEM of the unconformity and the present topographic surface allowed for the first
calculat;on of the volume of alluvial and coastal sediments which lie on top of the unconformity (10.4 km®), and of those which fill the Vs
(4.3 km®).

The unconformity was traced and modeled across a whole range of sedimentary environments, from braided gravel-bed channel belts
(in the proximal sector) down to coastal barrier-and-lagoon systems. The method may be applied to neighboring megafans of the Vene-
tian-Friulian and eastern Po Plain. Moreover, it can be extended offshore, in the shelf of Northern Adriatic Sea, to the tip of the deltaic
systems, providing a valuable tool for basin-scale stratigraphic correlations and quantitative estimation of erosive processes and sedi-
mentary storage.

Keywords: Last Glacial Maximum, unconformity, allostratigraphy, DEM, alluvial megafan, Venetian Plain.

1. INTRODUCTION lostratigraphic approach in geological mapping (e.g.,

McCulloh et al., 2003; Heinrich et al., 2006; Brecken-

An unconformity is a surface between rock bodies
that represents a significant hiatus or gap in the strati-
graphic succession (Salvador, 1994). The importance of
an unconformity is related to its geographical extent
(e.g., regional-interregional traceability and/or correlata-
bility) and the temporal interval of the stratigraphic hia-
tus. Whilst the concept of unconformity has a long histo-
ry, starting from Hutton’s and Jameson’s works between
the end of 18" and the beginning of the 19" century
(Tomkeieff, 1962), the use of unconformities to formally
subdivide and organize sedimentary successions has
been receiving increasing attention only in more recent
times. Allostratigraphy has been incorporated in the
North American Stratigraphic Code (NACSN, 1983) and
the International Stratigraphic Guide (Salvador, 1994).
Several state geological surveys in the USA use an al-

bridge et al., 2005). The Geological Survey of Italy has
adopted unconformity-bounded stratigraphic units for
the production of 1:50,000 scale geological maps
(CARG project) (CNR, 1992; Pasquaré & Venturini,
2005).

The strength and weakness of allostratigraphy vs.
lithostratigraphy or morphostratigraphy in subdiving
Quaternary continental successions have been widely
debated (e.g. Gibbard, 1985; Rawson et al., 2002;
Hughes, 2007, 2010; Ré&sénen et al., 2009). A signifi-
cant advantage of allostratigraphy in respect to lithostra-
tigraphy is that it enables the setting up of a sequence
framework which is particularly effective in basin-scale
reconstructions, as it allows the definition of units with
comparable ages but encompassing deposits with very
varied sedimentary facies (Miall, 1996). An allostrati-
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Fig. 1 - The megafans of the Venetian-Friulian Plain (modified from Fontana et al., 2008).

graphic approach enables genetically-related hetero-
genous deposits, e.g. interfingering alluvial and lacus-
trine deposits, to be grouped within a single stratigraphic
unit (Hughes, 2007). Whilst allostratigraphy is a form of
sequence stratigraphy (Hughes, 2007), it provides the
possibility of separating sedimentary bodies of similar
lithology basing on the presence of a significant uncon-
formity (Rawson et al., 2002).

The hierarchic organization of a sedimentary suc-
cession in allomember, alloformation, allogroup, or sub-
synthem, synthem, supersynthem strictly depends on
the magnitude of each bounding unconformity (e.g., Mi-
all, 1988, 1991). To this respect, the analysis of uncon-
formities is crucial for the definition of an allostratigraph-
ic framework. Nevertheless, the recognition, tracing and
ranking of unconformities is particularly problematic in
Quaternary continental successions, where unconformi-
ties often correspond to erosive surfaces with irregular
geometries, and need to be correlated across different
sedimentary environments and basins that can be phys-
ically separated.

This paper proposes the integration of boreholes,
geological maps and Digital Elevation Models (DEMs) to
reconstruct the three-dimensional geometry and analyze

the lateral variability of a portion of the regional uncon-
formity, which separates the sedimentary complex of the
Last Glacial Maximum (LGM) from the post-LGM one.
The investigation focuses on the Brenta megafan (Fig. 1),
a ca. 3000 km? wide alluvial system which was chosen in
order to test the method across a whole range of sedi-
mentary environments, from braided gravelly channel
belts in the Alpine piedmont to clayey-silty distal plain,
and extending also to the related deltas and lagoon. This
unconformity formally represents the base of the post-
glacial synthem (“Po synthem”) in several 1:50,000 scale
CARG geological maps in the Friulian Plain (Zanferrari et
al., 2008a, b, c; Fontana et al., 2012) and in the Venetian
area (Tosi et al.,, 2007a, b; Cucato et al., 2012). It has
been recognized in the underground of the Venetian-
Friulian Plain (Mozzi et al., 2003; Primon & Fontana,
2008; Fontana et al., 2008, 2010, 2012), as well as in the
Po Delta (Amorosi & Marchi, 1999; Correggiari et al.,
2005; Stefani & Vincenzi, 2005), in the Northern Adriatic
shelf (Trincardi & Argnani, 2003; Trincardi et al., 2011)
and along its western coast (Amorosi et al., 2008). This
investigation provides new insights for basin-scale corre-
latability of unconformities related to major Pleistocene
glacial-interglacial cycles.
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2. SETTINGS

2.1. Geology and geomorphology

The Brenta megafan is part of the foreland basin
of the uplifting Eastern Southalpine chain (e.g., Castel-
larin et al., 1992; Carminati et al., 2003; Stefani et al.,
2007; Barbieri et al., 2007). Within about 20 km from the
mountain front the megafan is relatively steep (average
gradient 3-5%o), consisting of gravel deposits, hundreds
of metres thick, related to braided channel sedimenta-
tion (Mozzi, 2005). Further downstream, where topo-
graphic gradient gradually decrease to less than 1%o,
the geomorphic features mainly consist of sandy fluvial
ridges separated by silty-clayey floodbasins (Bondesan
& Meneghel, 2004; Mozzi, 2005; Bondesan et al., 2008).

Climate change and eustasy forced by glacial-
interglacial cycles appear to be the main driving factors
in the Upper Pleistocene and Holocene evolution of the
Brenta megafan (Mozzi, 2005; Mozzi et al., 2010), as
well as of the other megafans of the Venetian-Friulian
Plain (Fontana et al., 2008, 2010; Carton et al., 2009). A
phase of maximum aggradation took place during the
peak of LGM, that in a global perspective lasted be-
tween 26.5-19 cal ka BP (Clark et al., 2009). In that pe-
riod the Eastern Southern Alps were occupied by exten-
sive glacial systems (Ehlers & Gibbard, 2004): the Piave
and Tagliamento glaciers reached the plain, building
terminal moraine ridges (Carton et al., 2009; Monegato
et al., 2007); the Astico glacier, connected by transflu-
ence to both the Adige and Brenta glaciers, had its front
few kilometres from the plain (Cucato, 2001; Rossato et
al., 2013). The Brenta glacier front is regarded to have
been located about 10 km upstream of the Brenta valley
mouth, near Valstagna, but evidence of its precise posi-
tion is lacking (Trevisan, 1939). In this period the Vene-
tian-Friulian megafans achieved their maximum areal
expansion (Fontana et al.,, 2008). The LGM Brenta
megafan extended from the Sile R. to the Berici Hills
(Mozzi et al., 2003; Mozzi, 2005; Monegato et al., 2011)
(Fig. 1). The thickness of LGM deposits in the distal sec-
tors of the Brenta megafan is about 20 m (Tosi et al.,
2007a; Bondesan et al., 2008; Cucato et al., 2012),
which is coherent with the thickness of 20-30 m ob-
served in the lower tracts of most Venetian-Friulian
megafans (Fontana et al., 2010). Aggradation in the
Brenta megafan continued until about 17.5 cal ka BP,
with apparent lower rates than at the peak of LGM
(Mozzi, 2005; Fontana et al., 2010). In the Tagliamento
megafan and in the other alluvial systems connected
with the Tagliamento glacier (Corno, Cormor and Torre
outwashes) the late LGM was instead characterized by
an early phase of downcutting at the fanhead and the
formation of telescopic fan lobes in the distal plain (Fon-
tana, 2006; Fontana et al. 2008, in press).

A dramatic erosive phase took place in all the Ve-
netian-Friulian megafans at the end of the LGM, during
the deglaciation of the lowest sectors of the Southern
Eastern Alps (Fontana et al. 2008, 2010). Fluvial
downcutting in the Brenta megafan started after 17.5
cal ka BP and led to the formation of incised valleys
(sensu Darlymple, 2006) in the plain (from now abbre-
viated as 1V), which reached depths of 10-20 m (lliceto
et al., 2001; Mozzi, 2005; Mozzi et al., 2010; Cucato et
al.,, 2012). The interfluves between IVs consist of the
terraced LGM alluvial plain. These surfaces experi-

enced soil formation until their burial by later deposits
or, in the case of large outcropping stretches of LGM,
until present (for further details on soils, see following
paragraph 2.2.).

The proximal sector of the Brenta megafan was
deactivated due to the entrenching of the river near the
valley outlet (Mozzi, 2005). IVs are still detectable in the
geomorphology of the upper tract of the megafan, near
its apex, as they are laterally bounded by alluvial scarps
which are more than 15 m high (Figs. 1 and 2) (Casti-
glioni, 1997; Mozzi, 2005). These scarps gradually de-
crease downstream, finally disappearing at a distance of
about 40 km from the mountain front. At the North-
Western outskirts of city of Padova, the scarps cut in
LGM deposits are about 2-3 m high (Ferrarese et al.,
2006; Mozzi et al., 2010; Ninfo et al., 2011). Here the
oldest meander belts at the top of the valley fill were ac-
tive between 12.0 and 6.5 cal ka BP (Mozzi et al,
2010). This suggests that the infilling of the IV took
place during Late Glacial and early Holocene, and was
basically completed by middle Holocene.

South of Padova, 2-5 m thick alluvial deposits dat-
ed between 6.5 and 4.5 cal ka BP cover the LGM de-
posits (Cucato et al., 2012). Towards SE, the Holocene
Brenta deposits have ages varying between 4 and 1 cal
ka BP and thickness of 2-4 m (Bondesan et al., 2008;
Cucato et al., 2012). East of the Brenta R. and in other
extensive stretches north of Padua and around the Eu-
ganei Hills, LGM portions crop out (Mozzi, 2005;
ARPAV, 2005; Cucato et al., 2012).

The distal Brenta megafan is attached to the barri-
er-and-lagoon system of the Venice Lagoon, which
started to form around 7.5-6.0 cal ka BP in response to
sea-level rise (Favero & Serandrei Barbero, 1978;
Brambati et al., 2003; Amorosi et al. 2008). The Venice
Lagoon is presently bounded by dykes and large por-
tions of the surrounding alluvial plain are reclaimed land
below mean sea level (Fig. 2). The lagoonal and littoral
deposits are part of the high-stand sedimentary wedge,
consisting of sandy beach ridges, lagoons and deltas
that rim the western sector of the northern Adriatic Sea.
This sedimentary wedge covers the LGM alluvial depos-
its but it rapidly pinches out moving offshore (Trincardi
et al.,, 2011). In wide portions of the northern Adriatic
floor the fluvial LGM deposits are cropping out or cov-
ered by just a few-decimetres to 1-m-thick veneer of ma-
rine deposits, separated by a ravinement surface (Cor-
reggiari et al., 1996; Gordini et al., 2002, 2003; Trincardi
etal., 2011).

2.2. Soils on LGM deposits

Recent soil surveys carried out in the Brenta mega-
fan (Ragazzi et al., 2004; ARPAV, 2005; Dalla Rosa et
al., 2012) evidence that the soils with the highest degree
of development are those formed on the exposed LGM
plain. Soils developed on LGM gravels show a charac-
teristic profile differentiation, with calcium carbonate
leaching in the epipedon and clay illuviation to deep Bt
horizons. These well-drained soils have 30-40 cm thick
argillic Bt horizons, with hue 7.5YR (Munsell Soil Color
Charts), and are classified as Cutanic Luvisols in the
FAO World Reference Base for Soil Resources (WRB)
classification (Ragazzi et al., 2004). Soils on the silty-
clay floodplain of the distal sector of the LGM megafan
are characterized by marked vertical mobilization of car-
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Fig. 2 - Hillshaded DEM of the Brenta megafan, with 2-m contours. The present Venice Lagoon is in light green.

bonates. Typically, 20-30 cm thick leached Bw horizons
overlie some-decimetres-thick Bk and Ck calcic horizons
(WRB Calcisols), often displaying gley pedofeatures
(mottling, iron-manganese nodules) in relation to the
poor drainage of the soils (WRB Gleyic Calcisols). The
loamy-sandy soils of the adjacent fluvial ridges have
leached epipedons but, depending on the local hydro-
topographic conditions, do not always have Bk horizons
and are classified as WRB Hypereutric(-Gleyic)-
Cambisols. On the sandy channel deposits located in
well-drained position on fluvial ridges, there are evi-
dences of decarbonation of the top horizons, occasion-
ally with traces of clay illuviation in the Bt/Bw horizons.
In the distal sector of the Brenta megafan the soils
developed at the top of the LGM succession are often
buried by Holocene deposits. In the Venice Lagoon the
LGM deposits are covered by the Holocene deltaic and
barrier-and-lagoon sedimentary complex. Though these
sedimentary bodies may locally have erosive basal
boundaries (e.g. channel scours, ravinement surface),
the soils on top of LGM alluvium are largely preserved.
The most known of these soils is the so-called “caranto
paleosoil” (Gatto & Previatello, 1974; Mozzi et al., 20083;
Donnici et al., 2011), which is characterized by well de-
veloped calcic and gley horizons on silty-clay parent
material. From the geotechnical point of view the caran-
to is regarded as an “overconsolidated clay”, as soil ho-
rizons are particularly stiff (in the average 3-5 kg/cm?) if
compared to overlying and underlying layers. This ge-
otechnical property makes the caranto palaeosoil rela-

tively easy to be recognized in cores, penetrometric
tests and seismo-acoustic soundings (Stefanon, 1980;
McClennen & Ammerman, 1997; Zecchin et al., 2009),
thus allowing for reliable stratigraphic correlation and
mapping. In fact, it has been commonly used as the
stratigraphic marker of the boundary between the Upper
Pleistocene fluvial sequence and the Holocene barrier-
and-lagoon deposits (e.g., Tosi, 2007a, b). The LGM
plain which was buried by middle and late Holocene al-
luvial sediments, S and SE of Padua, also displays Cal-
cisols and Cambisols which correlate with the caranto
paleosoil (Cucato et al., 2012).

To all effects, the buried caranto palaeosoil corre-
sponds to the post-LGM unconformity and it is in physi-
cal continuity with the soils developed on the stretches
of the presently exposed LGM alluvial plain. The typical
fine-grained caranto palaeosoil is easily recognized in
corings due to overconsolidation, abundance of car-
bonate nodules and evidence of iron mottling. Where
sandy parent material is present, the soil properties are
far less expressed and diagnostic, thus in the cores the
detection of the post-LGM unconformity is less easy and
probably often underestimated (Mozzi et al., 2003).

3. DATASETS AND PROCESSING

3.1. Synopsis
In the first step of the research, a DEM of the pre-
sent topography of the Brenta megafan (Fig. 2) and a
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Fig. 3 - Geological sketch map of the Brenta megafan with location of SCPs (see Table 1), geological and geomorphological maps. The

present Venice Lagoon is in light blue.

geological map of the LGM deposits (Fig. 3) were cre-
ated. Subsequently, boreholes and sections with infor-
mation on the nature and depth of burial of the post-
LGM unconformity, as well as on the stratigraphy of the
alluvial succession, were introduced in the Geographic
Information System (GIS) as stratigraphic control points
(SCP) (Fig. 3; Tab. 1). Additional information were de-
rived from maps of the base of post-LGM sediments in
the Venice Lagoon and its mainland (Tosi et al., 2007b;
Primon & Fontana, 2008) (Fig. 4). Different correlation
and interpolation methods were applied for modeling
the unconformity in the pedogenized interfluves and in
IVs. GIS operations were carried out using Microsoft

Excel™ for calculation, ArcGIS 10.0™ for digitizing and
interpolation of spot heights, and IDRISIgis™ for inter-
polation, filtering, and feature extraction. Processing
procedures were carried out in a raster dataset with
cells of 30 m.

3.2. The Digital Elevation Model

The DEM of present topography was produced
within a collaborative project of the Department of Ge-
ography of the University of Padova and the Environ-
mental Protection Agency of the Veneto Region
(ARPAV), regarding the whole Venetian plain. The Ve-

SCP # Unconformity Unconformity Depth from Sediments above Longitude Latitude Surface elev. Observation References
type elev. (m asl) surface (m) unconformity (WGSss84) (WGs84) (m asl) type

1 Erosive 22,5 4,3 Gravel 11°45'22.4" 45°34'56.0" 26,8 Section Pellegrini et al., 1984
2 Buried soil 6 3,5 Overbank fines  11°48'54.8" 45°19'34.5" 9,5 Core Cucato et al., 2012
3 Erosive 6 7,9 Sand with gravel 11°49'49.5" 45°25'45.0" 13,9 Core Mozzi et al., 2010
4 Erosive 3 10,3 Sand with gravel 11°49'62.6" 45°24'66.5" 13,3 Core Mozzi et al., 2010
5 Erosive 3 10,5 Sand with gravel 11°49'561.2" 45°25'22 4" 13,5 Core Mozzi et al., 2010
6 Buried soil 1,5 3 Overbank fines  11°54'01.1" 45°17'34.3" 4,5 Core Cucato et al., 2012
7 Erosive -0,5 12,4 Sand with gravel 11°52'46.7" 45°24'44.3" 11,9 Core lliceto et al., 2001
8 Erosive 9 6,7 Sand with gravel 11°47'02.8" 45°26'27.1" 15,7 Core Mozzi et al., 2010
9 Buried soil 11,8 1,2 Overbank fines  11°47'562.5" 45°22'41 1" 13 Core Cucato et al., 2012
10 Erosive 21,5 8,9 Sand with gravel 11°44'52.1" 45°35'16.6" 30,4 Core This paper
11 Erosive 9 7 Sand with gravel 11°47'06.5" 45°26'22.5" 16 Core Mozzi et al., 2010
12 Erosive 5 9,2 Sand with gravel 11°47'39.8" 45°23'24 4" 14,2 Core Mozzi et al., 2010
13 Erosive 1,5 5,6 Sand with gravel 11°42'567.1" 45°25'35.8" 171 Core Mozzi et al., 2010
14 Buried soil 9 1,5 Overbank fines  11°51'33.1" 45°22'27 5" 10,5 Core Cucato et al., 2012
15 Erosive -42 14,6 Sand with gravel 11°57'12.7" 45°23'13.7" 10,4 Core Cucato et al., 2012
16 Buried soil 4,3 4,5 Overbank fines  11°52'31.4" 45°19'51.0" 8,8 Core Cucato et al., 2012
17 Erosive 125 3 Gravel 11°42'17.9" 45°49'33.2" 128 Section This paper

Tab. 1 - The stratigraphic control points (SCPs).
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Fig. 4 - Map of the base of post-LGM sediments in the Province of Venice (Modified from Primon & Fontana, 2008).

neto Region produces maps at scale 1:10,000 and
1:5,000 (CTR - Carta Tecnica Regionale), which contain
elevation points with declared range of error £1.2 m,
mostly deriving from analog stereo restitution of aerial
images at average scale 1:18,000. The accuracy and
density of 20-70 points per km? allow for a fairly detailed
description of the main alluvial landforms (Castiglioni et
al., 1987; Castiglioni, 1999; Castiglioni, 1997; Bondesan
& Meneghel, 2004; Mozzi, 2005; Ferrarese et al., 2006;
Ninfo et al., 2011). Contour lines with the spacing of 1 m
for heights >56 m a.s.l., and 0.5 m in the areas below,
were drawn on hard copy CTR maps. A manual interpo-
lation was preferred to other automatic methods in the
drawing of the contour lines, as this procedure allows
the operator to discard all those points on modern arti-
facts which are regarded not to be representative of the
surrounding topographic surface, such as roads and
railway tracks on embankments, bridges, dikes, gravel
and sand pits, farm yards, etc. The DEM was originated
from interpolation of the contour lines with an optimized
version of the Triangulated Irregular Network (TIN). The

comparison of the CTR-derived DEM with LIiDAR data in
the surroundings of Padua shows that the CTR DEM
provides a good approximation of the mean natural sur-
face of the alluvial plain, even though it tends to “over-
smooth” landforms (Ninfo et al., 2011). In the Venice
Lagoon, the DEM results from the interpolation of 0.5-m
bathymetric contours from Bondesan & Meneghel
(2004).

3.3. Geological and geomorphological data
Geological and geomorphological surveys at scale
1:50,000 cover the whole distal sector of the Brenta
megafan and some portions of its middle part (Bonde-
san & Meneghel, 2004; Tosi, 2007a, b; Cucato et al.,
2012; Bondesan et al., 2008), providing indications on
the extent of the LGM exposed surfaces (Fig. 3). Major
fluvial landforms (e.g. fluvial scarps, incised valleys, al-
luvial ridges) were recognized and mapped on the DEM.
Soil maps are also available in the whole study area at
scale 1:250,000 (ARPAV, 2005), and scale 1:50,000 in
the Venice and Padova Provinces and small parts of the
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Vicenza Province (Ragazzi et al., 2004; Ragazzi & Za-
marchi, 2008; Dalla Rosa et al., 2012). Routine physi-
cal-chemical analyses, chemical indexes of different iron
forms (oxalate-extractable, dithionite-extractable and
total iron) and micromorphological analyses of diagnos-
tic horizons were carried out on selected soil samples
during these surveys. These investigations helped in the
recognition of soil chronosequences and the detection
of the alluvial surfaces exposed to soil formation since
LGM.

The definition of the general stratigraphic frame-
work benefits of recent papers on the late Quaternary
evolution of the Venetian-Friulian megafans and coastal
areas (Amorosi et al., 2008; Fontana et al., 2008, 2010;
Zecchin et al., 2009; Piovan et al., 2012) and, more
specifically, of the Brenta megafan (Mozzi, 2005; Mozzi
et al., 2010; Rossato et al., 2012). Maps of the depth of
the post-LGM deposits in the underground of the Venice
Lagoon, based on seismic soundings and corings, are
provided by Tosi et al. (2007a,b). Primon & Fontana
(2008) integrate these data with a large dataset of bore-
holes and correlate the caranto palaeosoil across the
Venetian mainland, presenting the elevation a.s.l. of the
post-LGM unconformity through 2 m contour lines.
Cucato et al. (2012) provide indications on the thickness
of post-LGM deposits in the plain S and SE of Padova,
ranging between 2-5 m. Pellegrini et al. (1984) allow to
identify the unconformity in the middle tract of the mega-
fan. Data on the stratigraphy of the post-LGM valley fill
and channel belts are presented in lliceto et al. (2001),
Mozzi et al. (2010) and Cucato et al. (2012). In SCP 10
(Fig. 3 and Tab. 1) the unconformity was recognized
basing on lithofacies changes and its elevation is fully
consistent with nearby SCP 1 from outcrop data (Pelle-
grini et al., 1984). SCP 17 is located in the terminal tract
of the Brenta valley, where the post-LGM fluvial depos-
its directly lie on the limestone bedrock.

3.4. Subsurface data processing

The contour lines of the base of the post-LGM de-
posits from the maps of Primon & Fontana (2008) and
Tosi et al. (2007b) were digitized and geo-referred (Fig.
4). The contour lines were interpolated with TIN tech-
nique, in order to produce an elevation surface of the
unconformity in this distal reach of the megafan. This
surface is after indicated as Ugist_1.

Elsewhere, the depth and nature of the unconformi-
ty (erosional vs. hiatal with soil formation) were derived
from cores and stratigraphic sections (Tab. 1; Fig. 3).
Each SCP provides the elevation and characteristics of
the unconformity, as well as the stratigraphy of the sedi-
mentary successions.

In the south-western corner of the megafan, the
buried interfluve is limited to the N and E by IVs. Eleva-
tion data in this sector of the unconformity were provid-
ed by SCPs 9, 14, 2, and 6. The elevations of the un-
conformity were interpolated with an Inverse Distance
Weight algorithm (IDW, applying the function cos®),
which was chosen because of the relatively small di-
mensions of the area (221 km?) and the even distribu-
tion of elevations. This procedure allowed to reconstruct
the elevation surface of the unconformity, to which we
refer as Ugist_2.

Upstream from Padova the incised valleys could
be mapped in detail thanks to the morphological evi-
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Fig. 5 - Linear regression of the elevation of the post-LGM uncon-
formity vs. the present topographic surface in the middle reach of
IV in the Brenta megafan (for location of SCPs see Fig. 3).

dence of their lateral slopes. These correspond to the
original fluvial scarps which are still recognizable in the
DEM, even if they have been partly covered by middle
and late Holocene sediments and largely remodelled by
local erosive processes. Basing on the interpretation of
contours in the map of Primon & Fontana (2008) (Fig. 4),
it was possible to trace the floor of the IV in this very dis-
tal reach of the megafan between -10 and -16 m a.s.l.
Nevertheless, a critical area is present between Padova
and the northern boundary of the map of Primon & Fon-
tana (2008): here the valleys are completely filled, loos-
ing morphological evidence in the plain topography, and
no stratigraphic data were available. The highest uncer-
tainty concerns the valley width, which has been as-
sumed as comparable to the upstream and downstream
reaches.

As regards the reconstruction of the longitudinal
profiles of IVs, simple linear trends between the ex-
posed top of the valley fill, i.e. the topographic surface in
the DEM, and the unconformity elevation were calculat-
ed for each SCP.

The linear trend equation applied in the more up-
stream reach between SCPs 17, 10, 1 is the following:

Un_1 = Ps™* 1.034783306465 — 7.540390897056
R2 =0.998378264792

Where:

Uw_1 = unconformity surface corresponding to the ero-
sive valley floor upstream of SCP 1;

Ps = present topographic surface corresponding to the
top of the post-LGM valley fill.

Between SCPs 10 and 1 and the cluster of SCPs
in the area of Padova (Fig. 5) the equation is:

U 2 = Ps * 1.2685794626 — 13.7052467081
R2 = 0.9229633297

Where:
Uw_2 = unconformity surface corresponding to the ero-
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Fig. 6 - Hillshaded DEM of the post-LGM unconformity and exposed LGM deposits in the Brenta megafan, with 2-m contours. The white line indi-

cates the margin of the present Venice Lagoon.

sive valley floor downstream of SCP 1;
Ps = present topographic surface corresponding to the
top of the post-LGM valley fill.

The gradient of Ujy_2 was maintained downstream
of SCP 15 to the intersection at -13 m a.s.l. with the
floor of the incised valley recognizable in the map of
Primon & Fontana (2008).

The processing of subsurface data allowed for the
production of elevation surfaces relative to specific sec-
tors of the unconformity: i. pedogenized top of LGM de-
posits in the interfluves (Ugist_1 and Ugisi_2); ii. base of
post-LGM deposits in Vs upstream of SCP 1 (Uy_1);
iii. base of post-LGM deposits in IVs downstream of
SCP 1 (Uwv_2). Uy_1 and Uy_2 were merged with a
max (maximum between two values) cell-by-cell func-
tion. The resulting DEM was then merged with Ugst_1
and Ugist_2 through a "covering" GIS operation, in order
to produce the final DEM of the unconformity surface
with cell size set at 30 m. This DEM was after merged
with that of the outcropping LGM surface, as it can be
seen in Fig. 6.

The production of the DEM of the unconformity al-
lowed for the calculation of the volume of sediments
which lie above it, separating IVs from interfluves. The
operation was carried with the following work flow: i. ex-
traction of the areas of deposition of post-LGM sedi-

ments on interfluves and in IVs; ii. subtraction of the el-
evations of the unconformity from the present topo-
graphic surface in each 30x30-m cell.

4. RESULTS AND DISCUSSION

Data processing allowed for the three-dimensional
modeling of the post-LGM unconformity (Fig. 6). The low
density of SCPs in the areas where isopach maps are
not available represented the most problematic aspect.
Nevertheless, the unconformity on pedogenized inter-
fluves represents the buried continuation of the LGM
plain, and it can be assumed that it maintains similar
morphologies and regular gradient. This was checked in
the Ugist_2 sector, where IDW interpolation proved to be
effective. The recognition and modeling of the uncon-
formity in IVs was also critical. Notwithstanding, the re-
markably high correlation between the elevations of the
unconformity (i.e., the bottom of the valley fill) and the
topographic surface (i.e., the top of the valley fill) sup-
ports the application of linear trend equations in the in-
terpolation procedure. In the lower reach (Uy_2), where
there are several SCPs, the correlation coefficient R? of
the regression analysis is 0.923.

The post-LGM unconformity resulted to extend on
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Fig. 7 - Sketch map of the post-LGM unconformity in the Brenta megafan, with location of cross sections of Figs. 8 and 9. The black line

indicates the margin of the present Venice Lagoon.

Sediments above

Surface type Area (km?) Area % ] 5
unconformity (km®)
Exposed LGM alluvial deposits 1427 48,9 -
Unconformity in incised valley 521 17,8 4,3
Unconformity on pedogenized interfluve 970 33,3 6,1
Total 2918 100 10,4

Tab. 2 - Extension of the post-LGM unconformity and volume of overlying sediments in the Brenta megafan.

about half of the Brenta megafan; the hiatal unconformi-
ty on interfluves represents one third of the total, while
the erosive unconformity is significantly smaller (Tab. 2;
Fig. 7). The total volume of sediments which lie above
the post-LGM unconformity is 10.4 km3: 6.1 km® cover
the interfluves and 4.3 km? fill the IVs.

The unconformity DEM evidences the continuity
between the exposed LGM surface and the unconformi-
ty on the buried pedogenized interfluves (Fig. 6). In IVs,
the unconformity corresponds to the erosive valley
flanks and floors. Valley slopes are steep and range in
height from about 20 m at the fanhead to 4-6 m in the
distal sector; valley floors are rather flat and range in
width around 2-6 km. This geometry is coherent with the

IVs observed with good detail in the Tagliamento mega-
fan, thanks to the availability of a large stratigraphic da-
taset and the marked contrast in sediment grain size of
valley fills (Fontana, 2006; Fontana et al. 2008, 2012). To
be noted that the Tagliamento and Piave megafans dis-
play multiple incisions in the distal sector. In the Brenta
megafan this was not evident from available stratigraphic
data, but the possibility that other IVs cross the distal
reaches downstream of Padova cannot be excluded.

The relations between the unconformity and the
present topographic surface across the megafan can be
observed in the cross sections of Figs. 8 and 9. Cross
section AA’ and the downstream end of CC’ are particu-
larly effective in evidencing the continuity between ex-
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Fig. 8 - Longitudinal cross sections in the Brenta megafan, showing the present topographic surface (red line) and the post-LGM uncon-

formity (blue line) (for locations see Fig. 7).

posed and buried LGM top surface, as well as the onlap
of post-LGM coastal deposits on the interfluve uncon-
formity.

Cross section BB’ and the upper and middle por-
tions of CC’ intersect the erosive unconformity and the
top surface of the sedimentary fill in IVs. In BB’ it can be
seen that both surfaces display a major knickpoint at
around 30 m a.s.l., which corresponds to the transition
from the gravelly piedmont sector to the fine-dominated
lower portion. Upstream of this knickpoint both surfaces
have similar gradient around 3.5%.. Downstream, the
unconformity is slightly steeper (1%o) than the top sur-
face of the valley fill (0.7%o). The unconformity keeps the
same gradient below sea level and it dips to -18 m a.s.l.
The present alluvial plain has a minor knickpoint around
sea level, about 5 km upstream of the inner margin of

the Venice lagoon, where the topographic gradient av-
erages zero.

Cross sections represented in Fig. 9 are trans-
verse to the longitudinal axis of the megafan. DD’ evi-
dences the convex morphology of the LGM megafan
apex and the wide post-LGM incision. The overall con-
vexity of the distributive systems is evident also in EE’,
which shows the almost complete infilling of Vs and
their characteristic morphology with flat floor and steep
slopes. Cross sections FF’, GG’, and the lower part of
CC’ document the complete infilling of 1Vs by post-LGM
sediments, which also buried the surrounding inter-
fluves. To be noticed that the eastern IV in FF’ is signifi-
cantly wider than the ones in EE’; this is due to the
merging of two Vs and the slightly transverse direction
of the cross section in respect to the valley.
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(blue line) (for locations see Fig. 7).

In the middle portion of the megafan, nearby Pa-
dova, the unconformity in the IVs is close to sea level
(Fig. 6 and Fig. 9 - cross section BB’). This is due to the
above-mentioned steeper gradient of the erosive uncon-
formity in respect to present topographic surface, and
implies that the river was related to a base level which
was significantly lower than present. In fact, this is con-
sistent with the timing of Vs downcutting, which took
place not later than Late Glacial (Mozzi et al., 2010)
when the Adriatic Sea was still lower than -50 m a.s.l.
(Lambeck et al., 2004; Amorosi et al., 2008).

The Holocene relative sea-level rise conditioned
the deposition of the coastal wedge on top of the uncon-
formity, as evidenced at the downstream end of cross
section AA’, where the lagoonal sediments covering the
unconformity pinch out landwards at 0 m a.s.l. Also the
minor knickpoint around 0 m a.s.l. in the present alluvial
plain in cross section BB’ can be interpreted as the re-
sponse of the fluvio-deltaic system to sea level. In the
most distal sector, the unconformity is buried by barrier-
and-lagoon deposits, which are up to 25 m thick, as evi-
denced in cross section GG’.

5. CONCLUSIONS

The interpolation and linear regression of strati-
graphic and topographic data in the Brenta megafan
resulted in the production of the DEM of the post-LGM

unconformity from the eastern Southalpine piedmont to
the Adriatic coast. This means that the depth of burial,
the elevation a.s.l., and the nature (erosive vs. hiatal
with soil formation) of the unconformity were mapped on
a 30x30-m grid base on an area of ca. 3000 km®. The
reconstructed unconformity surface is coherent with lo-
cal stratigraphic settings, showing the consistency of
processing procedures. Nevertheless, the accuracy of
results is evidently related to the number and geograph-
ic distribution of available SCPs. Thus, in the piedmont
and medium sector of the megafan, it was possible to
check the model only in few sites. Moreover, from Pa-
dova to the margin of Venice Lagoon the estimation of
the width and precise path of the IV was only hypothe-
sized.

Morphometric analysis of the DEM enabled to
evaluate the gradients of the unconformity in long and
transverse profiles, as well as to calculate its overall ex-
tension (1491 km?), the areas where it is characterized
by buried soils (970 km?), and those where it corre-
sponds to an erosive surface in IVs (521 km?). The sub-
traction of the DEM of the unconformity from the present
topographic surface allowed for the first calculation of
the volume of post-LGM alluvial and coastal sediments
(10.4 km?®), differentiating those which bury the inter-
fluves (6.1 km®) from IVs fills (4.3 km®).

The three-dimensional modeling of this surface
proved to be a valuable aid for the analysis of the forc-
ing of sea level on the post-LGM progradation of the
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Brenta megafan. The results evidence the correlatability
of the unconformity across a wide distributive alluvial
system and connected deltaic and barrier-and-lagoon
systems. The method can potentially be applied to
neighboring megafans of the Venetian-Friulian and
eastern Po Plain and extended offshore to the tip of the
deltaic systems. This provides a tool for basin-scale
stratigraphic correlations and quantitative estimate of
erosive processes and sedimentary storage during the
post-LGM on the northern Adriatic shelf.

ACKNOWLEDGMENTS

This investigation was carried out within Cariparo
Project of Excellence 2007/2008 “Padova underground,
a geoarchaeological investigation of the city”. Sandro
Rossato contributed to the description of core SCP 10.
The reviewers and editors of AMQ provided useful
comments and suggestions which contributed to the
quality of the paper.

REFERENCES

Amorosi A., Marchi N. (1999) - High-resolution se-
quence stratigraphy from piezocone tests: an ex-
ample from the Late Quaternary deposits of the
southeastern Po Plain. Sedimentary Geology,
128(1-2), 67-81.

Amorosi A., Fontana A., Antonioli F., Primon S., Bonde-
san A. (2008) - Post-LGM sedimentation and Hol-
ocene shoreline evolution in the NW Adriatic
coastal area. GeoActa, 7, 41-67.

ARPAV (2005) - Carta dei suoli del Veneto alla scala
1:250.000, Note lllustrative. Grafiche Vinello, Tre-
viso, 383 pp, 1 map.

Barbieri A., Di Giulio A., Massari F., Asioli A., Bonato M.,
Mancin N. (2007) - Natural subsidence of the Ve-
nice area during the last 60 Myr. Basin Research,
19, 105-123.

Bondesan A., Meneghel M. (Eds.) (2004) - Geomorfolo-
gia della provincia di Venezia, Esedra, Padova, 4
sheets, 516 pp.

Bondesan A., Primon S., Bassan V., Fontana A., Mozzi
P., Abba’ T., Vitturi A. (Eds.) (2008) - Carta delle
unita geologiche della provincia di Venezia. Cierre
Edizioni, Verona, 2 sheets, 160 pp.

Brambati A., Carbognin L., Quaia T., Teatini P., Tosi L.
(2003) - The Lagoon of Venice: Geological setting,
evolution and land subsidence. Episodes, 26, 264-
268.

Breckenridge R.M., Othberg K.L., Kauffman J.D. (2005)
- Surficial Geologic Map of the Mica Bay Quadran-
gle, Kootenai County, Idaho. Idaho Geological
Survey, Moscow, Idaho.

Carminati E., Doglioni C., Scrocca D. (2003) - Apen-
nines subduction-related subsidence of Venice.
Geophysical Research Letters, 30 (13), 1717.

Carton A., Bondesan A., Fontana A., Meneghel M., Mio-
la A., Mozzi P., Primon S., Surian N. (2009) - Ge-
omorphological evolution and sediment transfer in
the Piave River watershed (north-eastern ltaly)
since the LGM. Géomorphologie: relief, processus,
environment, 3/2009, 37-58.

Mozzi P. et al.

Castellarin A., Cantelli L., Fesce A.M., Mercier J., Picotti
V., Pini G.A., Prosser G., Selli L. (1992) - Alpine
compressional tectonics in the southern Alps. Rela-
tions with the N-Apennines. Ann. Tecton., 6, 62- 94.

Castiglioni, G.B. (Ed.) (1997) - Carta Geomorfologica
della Pianura Padana, scala 1:250.000. SELCA,
Firenze, 3 sheets.

Castiglioni G.B. (1999) - Geomorphology of the Po
Plain, 1997. Geogr. Fis. Dinam. Quat., Suppl. 3,
vol. 3, 7-20.

Castiglioni G.B., Girardi A., Rodolfi G. (1987) - Le tracce
degli antichi percorsi del Brenta per Monta e Arcel-
la nei pressi di Padova: studio geomorfologico.
Memorie di Scienze Geologiche, 34, 129-149.

Clark P., Dyke, A., Shakun J., Carlson A., Clark J.,
Wohlfarth B., Mitrovica J., Hostetler S., McCabe A.
(2009) - The Last Glacial Maximum. Science 325,
710-714.

C.N.R. - Commissione per la Cartografia geologica e
geomorfologica (1992) - Carta geologica d’ltalia —
1:50.000. Guida al rilevamento. Servizio Geologi-
co Nazionale, Quaderni Serie lll, 1, Istituto Poligra-
fico dello Stato, Roma, 203 pp.

Correggiari A.M., Cattaneo A., Trincardi F. (2005) - The
modern Po Delta system: lobe switching and
asymmetric prodelta growth. Marine Geology, 222-
223, 49-74.

Correggiari A., Roveri M., Trincardi F. (1996) - Late
Pleistocene and Holocene evolution of the North
Adriatic Sea. Il Quaternario — Italian Journal of
Quaternary Sciences, 9, 697-704.

Cucato M. (2001) - Rilevamento della media Val
d’Astico  (Provincia di Vicenza): saggio per
lapplicazione della normative sulla cartografia
geologica del Quaternario continentale. Bollettino
del Servizio Geologico d’ltalia, 115, 99-130.

Cucato M., De Vecchi G.P., Mozzi P., Abba T., Paiero
R., Sedea R. (Eds.) (2012) - Note illustrative della
Carta geologica d’ltalia alla scala 1:50.000, foglio
147 Padova Sud. ISPRA-Servizio Geologico
d’ltalia — Regione Veneto, LTS Land Technology &
Services, Padova e Treviso, 164 pp.

Dalla Rosa A., Garlato A., Giandon P., Ragazzi F., Vinci
I. (2012) - Carta dei suoli della provincia di Pado-
va, scala 1:50.000, ARPAV Osservatorio Regiona-
le Suolo, Treviso.

Dalrymple R.W. (2006) - Incised valleys in space and
time: an introduction to the volume and an exami-
nation of the controls on valley formation and
filling. In: Dalrymple R.W., Leckie D.A., Tillman
R.W. (Eds.): Incised Valleys in Space and Time,
SEPM Spec. Publ., 85, 5-12.

Donnici S., Serandrei-Barbero R., Bini C., Bonardi M.,
Lezziero A. (2011) - The caranto paleosol and its
role in the early urbanization of Venice. Geoar-
chaeology, 26, 514-543.

Ehlers J., Gibbard P.L. (Eds.) (2004) - Quaternary Gla-
ciations - Extent and Chronology, Part I: Europe.
Developments in Quaternary Science, vol. 2a. El-
sevier, Amsterdam.

Favero V., Serandrei Barbero R. (1978) - La sedimenta-
zione Olocenica nella piana costiera tra Brenta ed
Adige. Memorie della Societa Geologica ltaliana,
19, 337-343.

Ferrarese P., Mozzi P., Veronese F., Cervo F. (2006) -



Integrating DEM and stratigraphic data for the reconstruction of the post-LGM unconformity ... 53

High resolution DTM for the geomorphological and
geoarchaeological analysis of the city of Padua
(Italy). In: Campana S., Forte M. (Eds.): From
Space to Place, 2nd International Conference on
Remote Sensing in Archaeology, 4-7 November
2006, British Archaeological Reports, International
Series, 1568, 291-296.

Fontana A. (2006) - Evoluzione geomorfologica della
bassa pianura friulana e sue relazioni con le di-
namiche insediative antiche. Monografie Museo
Friulano Storia Naturale, 47, Udine, 288 pp. En-
closed Geomorphological Map of the Low Friulian
Plain, scale 1:50,000.

Fontana A., Mozzi P., Bondesan A. (2008) - Alluvial meg-
afans in the Veneto-Friuli Plain: evidence of aggrad-
ing and erosive phases during Late Pleistocene and
Holocene. Quaternary International, 189, 71-89.

Fontana A., Mozzi P., Bondesan A. (2010) - Late Pleis-
tocene evolution of the Venetian-Friulian Plain.
Rendiconti Lincei, Volume 21, Suppl. 1, 181-196.

Fontana A., Bondesan A., Meneghel M., Toffoletto F.,
Vitturi A., Bassan V. (Eds.) (2012) - Note illustrati-
ve della Carta Geologica d’ltalia alla scala
1:50.000 - Foglio 107 “Portogruaro”. Regione Ve-
neto, Infocartografica, Piacenza, 196 pp.

Fontana A., Monegato G., Devoto S., Zavagno E., Burla
I., Cucchi F. (in press). Geomorphological evolu-
tion of an Alpine fluvioglacial system at the LGM
decay: the Cormor type megafan (NE Italy). Geo-
morphology.

Gatto P., Previatello P. (1974) - Significato stratigrafico,
comportamento meccanico e distribuzione nella
Laguna di Venezia di un’argilla sovraconsolidata
nota come “Caranto”. CNR. Lab. Studi Grandi
Masse. Technical Report 70, Venezia, 45 pp.

Gibbard P.L. (1985) - The Pleistocene history of the
Middle Thames Valley. Cambridge University
Press, Cambridge, 155 pp.

Gordini E., Marocco R., Vio E. (2002) - Subsurface stra-
tigraphy of Trezza Grande bank (Gulf of Trieste,
Northern Adriatic Sea). Gortania - Atti Museo Friu-
lano Storia Naturale, 24, 31-61.

Gordini E., Caressa S., Marocco R. (2003) - New
morpho-sedimentological map of the Trieste Gulf
(from Punta Tagliamento to Isonzo mouth). Gor-
tania - Atti Museo Friulano Storia Naturale, 25, 5-29.

Heinrich P.V. (2006) - Pleistocene and Holocene Fluvial
Systems of the Lower Pearl River, Mississippi and
Louisiana, USA. Gulf Coast Association of Geolog-
ical Societies Transactions, 56, 267-278.

Hughes P.D. (2007) - Allostratigraphy/ morphostratigra-
phy. In: Elias S. (Ed.): Encyclopedia of Quaternary
Sciences, Elsevier, Amsterdam, 2841-2846.

Hughes P.D. (2010) - Geomorphology and Quaternary
stratigraphy: the role of morpho-, litho- and allo-
stratigraphy. Geomorphology, 123, 189-199.

lliceto V., Meloni F., Mozzi P., Rizzetto F. (2001) - Il sot-
tosuolo della Cappella degli Scrovegni a Padova.
Geol. Tec. Ambient., 9, 3-17.

Lambeck K., Antonioli F., Purcell A., Silenzi S. (2004) -
Sea-level change along the Italian coast for the
past 10,000 yr. Quaternary Science Reviews, 23,
1567-1598.

McCulloh R.P., Heinrich P.V., Snead J.l. (2003) - Geol-
ogy of the Ville Platte Quadrangle Louisiana. To

Accompany the Ville Platee 30x60 Minute Geolog-
ic Quadrangle. Louisiana Geological Survey, Geo-
logical Pamplet No. 14, Lousiana State University,
Baton Rouge. 11 pp.

McClennen C.E., Ammerman A.J. and Schock S.G.
(1997) - Framework stratigraphy for the Lagoon of
Venice, ltaly: revealed in new seismic-reflection
profiles and cores. Journal of Coastal Research,
13, 745-759.

Miall A.D. (1988) - Architectural elements and bounding
surfaces in fluvial deposits: anatomy of the Kayen-
ta Formation (Lower Jurassic), southwest Colora-
do. Sediment Geol., 55, 233-262.

Miall A.D. (1991) Hierarchies of architectural units in
clastic rocks, and their relationship to sedimenta-
tion rate. In: Miall A.D., Tyler N (Eds.): The three-
dimensional facies architecture of terrigenous clas-
tic sediments, and its implications for hydrocarbon
discovery and recovery. Society of Economic
Paleontologists and Mineralogists, Concepts in
Sedimentology and Paleontolology, 3, 6-12.

Miall, A.D. (1996) - The geology of fluvial deposits: sed-
imentary facies, basin analysis and petroleum ge-
ology. Springer, 582 pp.

Monegato G., Ravazzi C., Donegana M., Pini R., Calde-
roni G., Wick L. (2007) - Evidence of a two-fold
glacial advance during the last glacial maximum in
the Tagliamento end moraine system (eastern
Alps). Quaternary Research, 68, 284-302.

Monegato G., Pini R., Ravazzi C., Reimer P.J., Wick L.
(2011) - Correlating Alpine glaciation with Adriatic
sea-level changes through lake and alluvial stratig-
raphy. Journal of Quaternary Science, 26(8), 791-
804.

Mozzi P. (2005) - Alluvial plain formation during the Late
Quaternary between the southern Alpine margin
and the Lagoon of Venice (northern ltaly). Geogr.
Fis. Dinam. Quat., Suppl. 7, 219-230.

Mozzi P., Bini C., Zilocchi L., Becattini R., Mariotti Lippi
M. (2003) - Stratigraphy, palaeopedology and pal-
ynology of Late Pleistocene and Holocene depos-
its in the landward sector of the Lagoon of Venice
(Italy), in relation to the “caranto” level. Il Quater-
nario — Italian Journal of Quaternary Sciences, 16
(1b), 193-210.

Mozzi P., Piovan S., Rossato S., Cucato M., Abba T.,
Fontana A. (2010) - Palaeohydrography and early
settlements in Padua (Italy). Il Quaternario - Italian
Journal of Quaternary Sciences, 23(2bis), 409-422.

NACSN - North American Commission on Stratigraphic
Nomenclature (1983) - North American Strati-
graphic Code. Bull. Amer. Ass. Petr. Geol., 67 (5),
841-875.

Ninfo, A., Ferrarese, F., Mozzi, P., Fontana, A. (2011) -
High resolution DEMs for the analysis of fluvial
and ancient anthropogenic landforms in the alluvi-
al plain of Padua (ltaly). Geografia Fisica e Dina-
mica Quaternaria, 34, 95-104.

Pasquare G., Venturini C. (Eds.) (2005), Mapping Geo-
logy in ltaly. APAT, Servizio Geologico d'ltalia,
S.E.L.C.A., Firenze, 336 pp.

Pellegrini G.B., Paganelli A., Penso D. (1984) - Aspetti
geomorfologici e palinologici dei depositi fluviali
nei pressi di Carturo sul Brenta (Padova). Geo-
grafia Fisica Dinamica Quaternaria, 7, 36-39.



54

Piovan S., Mozzi P., Zecchin M. (2012) - The interplay
between adjacent Adige and Po alluvial systems
and deltas in the late Holocene (Northern lItaly).
Géomorphologie: relief, processus, environment,
4/2012, 427-440.

Primon S., Fontana A. (2008) - Carta della quota della ba-
se dei depositi post-LGM, scala 1:150.000. In: Bon-
desan A., Primon S., Bassan V., Fontana A., Mozzi
P., Abba’ T., Vitturi A. (Eds.) (2008) - Carta delle uni-
ta geologiche della provincia di Venezia. Cierre Edi-
zioni, Verona http://www2.difesasuolo.provincia. ve-
nezia.it/area/eventi-pubblicazioni/pubblicazioni/ geo-
sinpav/carta _caranto.pdf.

Ragazzi F., Vinci |., Garlato A., Giandon P., Mozzi P., Fio-
rentin R., Calzolari C., Ungaro F. (2004) - Carta dei
suoli del bacino scolante in laguna di Venezia, scala
1:100.000. ARPAV — Osservatorio Regionale Suolo,
Castelfranco Veneto, 399 pp.

Ragazzi F., Zamarchi P. (Eds.) (2008) - Carta dei suoli
della Provincia di Venezia, scala 1:50.000. LAC, Fi-
renze, 2 sheets, 267 pp.

Rasanen M.E., Auir J.M., Huitti J.V., Klap A.K., Virtasalo
J.J. (2009) - A shift from lithostratigraphic to allostra-
tigraphic classification of Quaternary glacial depo-
sits. GSA Today, 19, 4-11.

Rawson P.F., Allen P.M., Brenchley P.J., Cope J.C.W.,
Gale A.S., Evans J.A, Gibbard P.L., Gregory F.J.,
Hailwood E.A., Hesselbo S.P., O'B Knox R.W.,
Marshall J.E.A., Oates M., Riley N.J., Smith A.G.,
Trewin N., Zalasiewicz J.A. (2002) - Stratigraphical
Procedure. Geological Society, London, Profes-
sional Handbook, 64 pp.

Rossato S., Monegato G., Mozzi P., Cucato M., Gaudioso
B., Miola A. (2013) - Late Quaternary glaciations
and connections to the piedmont plain in the preal-
pine environment: the middle and lower Astico Val-
ley (NE ltaly). Quaternary Interational, 288, 8-24.

Salvador A. (Ed.) (1994) - International stratigraphic
guide: a guide to stratigraphic classification, termi-
nology and procedure. International Union of Geo-
logic Sciences and Geological Society of America,
Boulder, CO.

Stefani M., Vincenzi S. (2005) - The interplay of eustasy,
climate and human activity in the late Quaternary
depositional evolution and sedimentary architecture
of the Po Delta system. Marine Geology, 222, 19-48

Stefani C., Fellin M.G., Zattin M., Zuffa G.G., Dalmonte
C., Mancin N., Zanferrari A. (2007) - Provenance
and paleogeographic evolution in a multi-source
foreland: the Cenozoic Venetian-Friulian Basin (NE
Italy). J. Sediment. Res., 77, 867-887.

Stefanon A. (1980) - Sedimentologia del Mare Adriatico:
rapporti tra erosione e sedimentazione olocenica.

Mozzi P. et al.

Boll. Oceanografia Teorica e Applicata, 2 (4), 281-
324.

Tomkeieff S.I. (1962) - Unconformity-An Historical study.
Proceedings of the Geologists’ Association, 73(4),
383-417.

Tosi L., Rizzetto F., Bonardi M., Donnici S., Serandrei
Barbero R., Toffoletto F. (Eds.) (2007a) - Note illu-
strative della Carta geologica d’ltalia alla scala
1:50.000, foglio 128 Venezia. APAT — Regione Ve-
neto, SystemCart, Roma, 2 sheets, 220 pp.

Tosi L., Rizzetto F., Bonardi M., Donnici S., Serandrei
Barbero R., Toffoletto F. (Eds.) (2007b) - Note illu-
strative della Carta geologica d’ltalia alla scala
1:50.000, foglio 148-149 Chioggia-Malamocco Ve-
nezia. APAT — Regione Veneto, SystemCart, Ro-
ma, 2 sheets, 164 pp.

Trevisan L. (1939) - Il glacialismo quaternario nell’Alto-
piano dei Sette Comuni. Bollettino Comitato Glacio-
logico Italiano, 19, 99-113.

Trincardi F., Argagni A. (Eds.) (2003) - Carta geologica
dei mari italiani, scala 1:250.000, foglio NL 33-10
Ravenna, Servizio Geologico Nazionale, 2 sheets,
151 pp.

Trincardi F., Argagni A., Correggiari A. (Eds.) (2011) -
Carta geologica dei mari italiani, scala 1:250.000,
foglio NL 33-7 Venezia, Servizio Geologico Nazio-
nale, 2 sheets, 108 pp.

Zanferrari A., Avigliano R., Grandesso P., Monegato G.,
Paiero G., M.E Poli, Stefani C. (Eds.) (2008a) - Note
illustrative della Carta geologica d'ltalia alla scala
1:50.000, foglio 065 Maniago. APAT — Regione
Friuli Venezia Giulia, Graphic Line sas, Tavagnacco
(UD), 224 pp.

Zanferrari A., Avigliano R., Monegato G., Paiero G., M.E
Poli (Eds.) (2008b) - Note illustrative della Carta
geologica dltalia alla scala 1:50.000, foglio 066
Udine. APAT — Regione Friuli Venezia Giulia, 176
pp., Graphic Line sas, Tavagnacco (UD).

Zanferrari A., Avigliano R., Fontana A., Paiero G. (Eds.)
(2008c) - Note illustrative della Carta geologica
d’ltalia alla scala 1:50.000, foglio 086 San Vito al
Tagliamento. APAT — Regione Friuli Venezia Giulia,
Graphic Line sas, Tavagnacco (UD), 190 pp.

Zecchin M., Brancolini G., Tosi L., Rizzetto F., Baradello
L., Caffau M. (2009) - Anatomy of the Holocene
succession of the southern Venice lagoon revealed
by very high-resolution seismic data. Continental
Shelf Reseach, 29, 1343-1359.

Ms. received: March 20, 2013
Final text received: April 13, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BabyKruffy
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chick
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Croobie
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EurostileBold
    /EurostileRegular
    /Fat
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Freshbot
    /Frosty
    /FrutigerSAINBdv1Bold
    /FrutigerSAINItv1Italic
    /FrutigerSAINRmv1Roman
    /FrutigerSBINBdv1Bold
    /FrutigerSBINItv1Italic
    /FrutigerSBINRmv1Roman
    /FrutigerSCINBdv1Bold
    /FrutigerSCINItv1Italic
    /FrutigerSCINRmv1Roman
    /Futura-Bold
    /Futura-Book
    /Futura-BookItalic
    /Futura-Heavy
    /Futura-Light
    /Futura-Medium
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /Mangal-Regular
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Pristina-Regular
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeMediaCenter-Regular
    /SegoeMediaCenter-Semibold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Stencil
    /StoneSerifSAINSmBdv1Semibold
    /StoneSerifSBINSmBdv1Semibold
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TahomaSmallCap-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [396.850 566.929]
>> setpagedevice


