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Earthquakes and tsunamis: old and new defensive strategies
between “real” and perceived hazard

Amato A.*

Centro Nazionale Terremoti - LN.G.V. Roma

* Corresponding email: amato@ingv.it

Keywords: seismic risk, Early Warning systems, seismic monitoring system.

The reduction of seismic risk has been historically faced using two approaches: the first one includes
the evaluation of (long-term) hazard and the reduction of building vulnerability; the second one has focused
on reducing the exposition through last minute actions, i.e., earthquake prediction / forecast. Whereas the
first approach has brought to significant reduction of loss of both human lives and assets, particularly in
countries where the frequency of large earthquakes is high, the second one has not, with very few lucky
exceptions. In Italy, despite a long history of research and achievements in hazard studies, a high quality of
seismic engineering expertise, and several “antiseismic” laws, a long-term plan of vulnerability reduction
has never been really implemented. The recent earthquakes in central Italy have led to a renewed attention to
the problem, but the innovation introduced by Law 232/2016 (and subsequent decrees) still appears to be a
too weak stimulus to solve the problem. Reducing the exposition to earthquakes in the short term is possible
in particular conditions. While the current knowledge on earthquake precursors and short term variations
of seismic hazard does not allow us to devise any effective action to reduce the exposition just before an
earthquake strikes, the implementation of Early Warning systems (EWS) is a viable way to reduce the impact
of earthquakes (and tsunamis). For earthquakes, the time available to issue an alert, after the earthquake
generation and before the strongest shaking, is very short (seconds to tens of seconds), particularly for crustal
shallow earthquakes like those affecting our country. However, the enactment of some defensive actions, such
as warning people and automatically securing some industrial, medical, transportation systems may contribute
to save human lives and reduce damage. For tsunamis induced by earthquakes, the times to issue an alert are
in the order of minutes to hours. Therefore, the effectiveness of EWS is high, provided that a rapid, effective
seismic monitoring system is operational. I will describe the achievements and the criticalities of the Italian
tsunami alerting system for the Mediterranean, which was established in 2017 by a Prime Minister Directive
(DPCM G.U. 5/6/2017) and operates within the ICG/NEAMTWS framework of IOC-UNESCO. For both
earthquakes and tsunamis, a fundamental tile towards risk reduction is people’s knowledge and awareness.
A continuous and more focused commitment by scientists, media, authorities, is needed in order to stimulate
virtuous behaviors and effective action.
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Contribution of Geosciences to the study and preservation of art and cultural heritage
Chiari G.*
The Getty Conservation Institute - Los Angeles

* Corresponding email: gc.giacomochiari@gmail.com

Keywords: Cultural heritage, conservation, archaecometry.

A brief introduction will define what Cultural heritage is from the Conservation Science point of view and
will explain how the scenario changed with the advent of different materials in contemporary art. Goals of the
study (archacometry and conservation). Impact of rapid technological advances resulting in a flourishing of
new instrumentation. Use of large facilities (synchrotron and neutron sources) compared to the proliferation of
small portable noninvasive instruments. Composition of the Na-pyroxenes in green stone axes by a noninvasive
XRD technique to determine the stone provenance, used for elucidating the trades in Neolithic Europe. Texture
of the copper axe of Similaum man shed light to the metallurgy of Eneolithic period. For large facilities:
Structure refinement of Maya Blue and identification of indigo in the palygorskite grooves. Use of neutrons
for CT-scan of large statues (Robert van Lange), compared to powerful X-ray sources and medical equipment
(Casali, Getty). For portable instruments: Ubiquitous use of hand held XRF. Advantages and disadvantages.
Portable Raman, FTIR, XRF/XRD noninvasive techniques. Some examples of non-conventional applications
of portable XRD. Michelangelo Last Judgment censure panels in the Sistine chapel: problem of dating the
interventions with the goal of removing the most recent ones only. XRD proved to be the solution since the
three painters used different yellow pigments. Discoloration of the blue sky painted with Lapis Lazuli. It was
proved to be a rough partial cleaning performed using ash. Imaging has become very important: Multispectral
Imaging, involving different filters and light sources from UV to IR, helps mapping the various substances
on the surface. VIL, Visible Induced Luminescence, allows to take pictures of Egyptian blue only. Examples
from Roman-Egyptian funerary paintings (Fayum), Herculaneum and X century Lombard church. Reflectance
Texture Imaging, combines many pictures taken at different illumination angles, and allows for changing
the light direction on the computer at a touch of the mouse. When X-ray Radiography in transmission is not
practical, it can be substituted by Electron Emission, which involves the first 50 micrometers of surface only.
SmART scan: a program that simulates XRF scanners, without the expensive equipment.
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Large landslides as natural large scale laboratories
for understanding geological processes and risks

Crosta G.B.*

Dipartimento di Scienze dell’ambiente e della Terra - Universita di Milano Bicocca

* Corresponding email: giovannibattista.crosta@unimib.it

Keywords: landslide, hazard, risks.

Large landslides can represent a meeting point for knowledge belonging to different fields of geological
sciences. The involved phenomena of rupture and evolution are made complex and controlled by the lithological,
structural, physical and mechanical characteristics, by the meteorological and climatic perturbations as well as
by the human action. Their size and the relationships with the morphology of slopes and watersheds can lead
to different sensitivities to external factors, both natural and anthropogenic. Their presence is the answer to a
complex combination of factors and they can provide the key to understanding geomorphological evolution
even in distant or unreachable sites. Their observation and monitoring allow us to acquire data without which
the modeling of instability risks not being representative. The evolution after the rupture and during the
catastrophic collapse can be extremely varied and involves processes studied based on the characteristics
of the deposits, their geometry, the degree of fragmentation and the released energy, through theoretical,
numerical and scaled models, and partly on analogues of different geological phenomena. This lecture wants
to highlight how around these aspects has grown and can increase the knowledge of phenomena and the
behavior of materials, an interest limited not only to the geological applications and geomechanical aspects.
For this purpose, examples of landslides in different contexts will be shown, highlighting how these can allow
the understanding of the acting mechanisms and how multidisciplinary experimentation and observation can
be indispensable tools for assessing their hazard and the associated risks.
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IODP-Italia and the Italian participation in ECORD-IODP and ICDP

Iadanza A.*', Sacchi M.? & Provenzale A.'?

' CNR-DSSTTA, Dipartimento del Sistema Terra e Tecnologie per I’ Ambiente
2 CNR-IAMC, Istituto per I’ Ambiente Marino Costiero
3 CNR-IGG, Istituto di Geoscienze e Georisorse

* Corresponding email: annalisa.iadanza@cnr.it

Keywords: I0DP-Italia, ECORD, CDP.

The International Ocean Discovery Program (IODP) is an international marine research collaboration
that explores Earth’s history and dynamics using ocean-going research platforms to recover data recorded in
seafloor sediments and rocks and monitor subseafloor environments through drilling and coring. The program
is currently supported by 24 countries, and it has been reshaped through time (previously DSDP-ODP-IODP).

Italy participates in IODP as a member country of the European Consortium for Ocean Research Drilling
ECORD since its foundation in 2003. Thanks to a national funding annually allocated by MIUR since 2013,
IODP-Italia now operates through a national advisory committee (IODP-Italia Committee). IODP-Italia
Committee is currently composed of members from CNR, CoNISMa, OGS, INGV, and ENEA, and co-operates
with the national IODP-Italia office through a scientific coordinator and the management and administrative
support of the CNR Dept. of Earth System Science and Environmental Technologies.

IODP-Italia coordinates, supports, and promotes the involvement of Italian researchers in ECORD-IODP as
shipboard and shore-based scientists, proponents of drilling projects, and national representatives in panels and
steering committees. [ODP-Italia also fosters the participation in training courses, summer schools and activities
for educators and outreach specialists. All opportunities to get involved are regularly circulated through the
mailing list iodp-italia@cnr.it and published on the website www.iodp-italia.cnr.it. Funding schemes to support
moratorium and post-moratorium proposals on IODP samples and data will be soon published on the IODP-
Italia webpage. On the website, interested researchers will find also details about the Italian participation in
recent and past ECORD-IODP activities.

In 2018, the Italian participation in ECORD-IODP has so far envisaged:

— 4 Italian scientists onboard IODP expeditions (1 co-chief), ~ 10 invited to take part in post-cruise meetings
and sampling parties, ~ 12 lead and co-proponents of active drilling proposals, 3 PhD students attending
training courses;

— Exp. 360 post-cruise meeting hosted in Sicily by Italian shipboard scientists, ECORD Facility Board
Meeting #6 held in Venice, the 2018 edition of the ECORD School of Rock organized by the Univ. of Pavia
and hosted in Italy for the first time (all sponsored by IODP-Italia);

— A workshop titled “Scientific Drilling in the Mediterranean Sea” held in Rome to gather the national
scientific drilling community and foster the submission of drilling proposals in the Mediterranean area
(IODP-ICDP).

To emphasize and strengthen the Italian participation in the Infernational Scientific Continental Drilling
Program ICDP, one of the major targets in 2018/2019 for IODP-Italia includes a closer collaboration with the
continental drilling community, to create a new national committee for the participation in the international
scientific drilling programs ECORD-IODP and ICDP.
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Responses and dynamics of ecosystems to environmental

perturbations: from local to global, from short- to long-term

CONVENERS AND CHAIRPERSONS
Giulia Faucher (Universita di Milano)
Massimo Bernardi (MUSE - Museo delle Scienze, Trento)



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018
The Carnian Pluvial Episode and its impact on the diversification of dinosaurs and on the
origin of modern terrestrial vertebrate faunas
Bernardi M.*!* & Benton M.J.?

' MUSE - Museo delle Scienze, Trento
2 School of Earth Sciences, University of Bristol, Bristol, UK

* Corresponding email: massimo.bernardi@muse.it

Keywords: Extinction, radiation, turnover.

In this contribution, we present evidence for a major inflection point in the history of tetrapods on land, a
jump in the diversification of archosauromorphs at 232-230 Ma. This corresponds to a long-noted changeover
in Triassic terrestrial tetrapod faunas, from those dominated by synapsids, many of them holdovers from the
Permian, to those dominated by dinosaurs. We provide evidence that dinosaurs rapidly rose in diversity and
ecological importance during this time, corresponding to a phase of increased rainfall and perturbation of
oceans and atmospheres, the Carnian Pluvial Episode (CPE), which was followed by substantial aridification.
The rock record through the CPE confirms that this event shared many characteristics with other mass
extinctions driven by the eruption of large igneous provinces, in this case the Wrangellia flood basalts of the
west coast of North America. If this was a catastrophic extinction event, then the environmental perturbations
of the CPE explain the sharp disappearance of various terrestrial tetrapods, and the subsequent sharp rise of
dinosaurs and perhaps other clades too, especially those that constitute much of the modern terrestrial fauna,
such as lissamphibians, turtles, crocodiles, lizards, and mammals. We conclude that, in this view, a new model
emerges whereby (non-avian) dinosaur evolution was shaped by three deep global ecosystem perturbations:
they originated just after the Permian-Triassic mass extinction, rapidly diversified during the CPE, and went
extinct at the end-Cretaceous extinction.



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018

The effects of paleoenvironmental changes on nannoplankton biocalcification:
mid-Cretaceous size variations of Biscutum constans

Bottini C. & Faucher G.*

Dipartimento di Scienze della Terra “Ardito Desio”, Universita degli Studi di Milano

* Corresponding email: cinzia.bottini@unimi.it

Keywords: nannofossil, Cretaceous, biocalcification.

The investigation of the geological record allows to decipher the response of organisms to paleoenvironmental
changes occurring at a time scale larger than human observation. One open issue regards the effects of stressing
factors on coccolithophore algae calcification process. These planktonic organisms are important primary
producers and largely contribute to the organic and inorganic carbon cycle. In the last decades, evidence for
a direct response of coccolithophores to stressing factors were provided by experiments on living forms and
by studies of extreme Cretaceous events, such as the early Aptian Oceanic Anoxic Event (OAE) la and latest
Cenomanian OAE 2. These OAEs were marked by altered carbon cycle, trace elements anomalies, rapid and
intense warming and peaks in surface water fertility. The studies evidenced fluctuations in the mean size of some
selected nannofossil species, among which, Biscutum constans resulted to be the most sensitive. B. constans
reached the smallest mean size under the climax of the OAEs coinciding with super greenhouse climate, excess
CO,, accelerated nutrient recycling and trace metals peaks. In order to better understand the role of these
stressing factor/s on B. constans calcification, we decided to investigate B. constans size variations through a
longer time interval (ca. 27 Myrs) spanning the Aptian to the Cenomanian. This time interval includes either
periods of stability and episodes of global environmental perturbations such as OAE 1a, OAE 1b, OAE 1d, the
Mid-Cenomanian Event and OAE 2. Prior to this study, it was unknown if B. constans was affected by size
changes during interludes of “stable” paleoenvironmental conditions. We focused on the Umbria-Marche Basin
(central Italy)by investigating the Piobbico core and the Monte Petrano section which are stratigraphically
well constrained and a complete characterization of paleotemperature and paleofertility is available. By
performing morphometrics analyses we intended to better understand which factor (or combination of factors)
was directly altering the biocalcification process in this species. The results revealed indeed changes in the
mean size of B. constans. A relatively prolonged interval of smaller specimens was detected after OAE la. A
recovery in B. constans average size was identified in the Albian although the largest specimens were found
in the middle Albian. A relative decrease in size is detected just prior to OAE 1d. The subsequent main shift
coincides with OAE 2 marked by dwarf specimens. Statistical analyses were performed to detect any possible
dependence from temperature or nutrient variations suggesting no direct connection between these parameters
and size, whilst trace elements peaks and phases of most intense volcanism resulted to correlate with minimum
B. constans size.
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The seagrass skeletal assemblage from modern to fossil and from tropical to temperate:
insight from Maldivian and Mediterranean examples

Brandano M.*!, Tomassetti L.!, Mateu-Vicens G.** & Gaglianone G.!

! Dipartimento di Scienze della Terra, Universita di Roma “Sapienza”
2 Catedra Guillem Colom Casasnovas, Universitat de les Illes Balears, Palma de Mallorca (Spain)
* Laboratorio de Zoologia, Departament de Biologia, Universitat de les Illes Balears, Palma de Mallorca (Spain)

* Corresponding email: marco.brandano@uniromal.it

Keywords: Seagrass, foralgal, carbonate platform.

Seagrasses are marine angiosperms that form extensive submarine meadows in the photic zone where
carbonate producing biota dwell as epiphytic on the leaves or as infaunal forms, constituting prolific carbonate
sediment factories. As seagrasses have a low preservation potential and records of exceptionally well preserved
and plant material from marine settings are rare, these paleoenvironments are difficult to identify in the rock
record. Consequently, sedimentological and paleontological proxies are the main indicators of the presence of
seagrass-dominated ecosystems. In this work we investigate the skeletal assemblage of Modern (Maldivian
and Central Mediterranean) and fossil (Eocene, Apula and Oman Carbonate Platforms and Oligocene, Malta
Platform) seagrass examples to characterize the skeletal assemblage of modern and fossil seagrasses. Two
main types of grains, calcareous algae and foraminifers, constitute around the 50% of the bioclastic sediment
in both tropical Maldivian and temperate Mediterranean scenarios, However, in the tropical setting they
are represented by the green algae (Halimeda), while in the Mediterranean by corallinacean red algae. In
contrast, in the Eocene examples, the foraminifers are the most conspicuous group, and the green algae are
also abundant. The opposite occurs in the Maltese Chattian, which is dominated by coralline algae (mean 42%)
and the foraminifers are still abundant. We suggest the use of the term foralgal to identify the seagrass skeletal
assemblage. To discriminate between red algae and green algae dominance, we propose to introduce the prefix
GA (green algae) and RA (red algae). The investigated examples evidence that the GA-foralgal is typical of
tropical, not excessively dense seagrass meadows, characterized by a well-illuminated substrate to support the
development and calcification of the Halimeda thalus. Contrarily, the RA-foragal is typical of seagrass tropical
to subtropical meadows very dense to create oligophotic conditions in the seafloor or of temperate settings
where Halimeda cannot calcify.
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The central Mediterranean carbon isotope record across the Eocene-Oligocene transition: the
inorganic vs the organic carbon isotope signals

Cornacchia I.*!, Brandano M.'2, Raffi I.>, Tomassetti L.! & Flores I.!
! Dipartimento di Scienze della Terra, La Sapienza Universita di Roma
2 Istituto di Geologia Ambientale e Geoingegneria IGAG CNR, Sez. Sapienza,
c/o Dipartimento Scienze della Terra, Roma

3 Dipartimento di Ingegneria e Geologia, Universita “G. D’Annunzio” Chieti-Pescara

* Corresponding email: irene.cornacchia@uniromal.it

Keywords: C-cycle, Cenozoic, Majella.

The Eocene-Oligocene transition represents a fundamental step in the evolution of the modern climate since
it marks the last greenhouse-icehouse transition faced by the Earth. In this work we present the upper Eocene
to lower Oligocene 8"°C ., and 6"°C . records of a shallow-water and a hemipelagic carbonate settings within
the central Mediterranean area. The shallow-water, bulk-rock carbon isotope signal has been analysed in the
northern portion of the Apula Platform, cropping out in the Majella Mountain, central Apennines (Santo Spirito
Formation). A coeval Umbria-Marche basinal succession has been investigated in the Massignano section
(Conero area, central Italy), where the Total Organic Matter (TOC) carbon isotope record has been analysed
and discussed. This work aims to (i) discriminate between the global and the local signature of the C-isotope
record before and during the Oi-1 event; (ii) correlate the regional C-isotope signal with the global record; (iii)
evaluate the carbon cycle dynamics across this major greenhouse-icehouse transition. The upper Eocene carbon
isotope record of the analysed successions matches with the global signal. The shallow-water 6°°C ., record of
the upper Eocene shows an overall negative trend, whereas the contemporary 6'°C_ . records a positive one.
The decoupling of the two curves is related to the reduced fractionation effect by primary producers during
the late Eocene due to the decreasing pCO, after the C-cycle perturbation of the MECO, and before the onset
of the carbon anomaly linked to the Oi-1 event. However, regional factors superimposed to the global forcing
influenced the Neo-Tethys carbon isotope record, as suggested by several transient negative spikes that mark
the 8°C,,. record of the Massignano section. These negative spikes are interpreted as short times of higher
productivity linked to enhanced nutrient availability and triggered by the westward subtropical Eocene Neo-
Tethys current entering from the Arabian-Eurasian gateway. In contrast, the shallow-water record does not
display these short-term productivity pulses. A change in the carbonate factory is only recorded at the Eocene-
Oligocene transition, marked by a reduction of the larger benthic foraminifera and the spread of seagrass and
corals. Moreover, in the shallow-water record of the Santo Spirito Formation, no major carbon isotope shift
related to the Oi-1 event is recorded due to the presence of extensive slumps that disrupt the bedding. These
slumps are the main evidence of the sea-level drop that occurred concomitantly with the onset of the Antarctica
ice-sheet, which caused the deepening of the storm-weather wave base and increased the instability over the
entire ramp.
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The hyperthermal event Eocene Thermal Maximum 2 (ETM2, ~54 Ma) is recorded at the Madeago section
(NE Italy) as documented by the calcareous plankton biostratigraphy. This section deposited in a middle-lower
bathyal setting of the central-western Tethys. Records on planktic foraminifera, that are important calcifiers
and an extremely sensitive class to environmental changes, are scarce across this event that is one of the major
hyperthermal of the early Paleogene. We present here the integrated geochemical (6'°C and 6'*0O) and planktic
foraminiferal record across this event. Our data on planktic foraminiferal assemblages shows significant,
though transient, changes across the ETM2, indicating abrupt environmental perturbations. The changes
consist of marked increased in warm indices, surface-dweller acarininids and decline of chiloguembelinids
and deeper-dweller subbotinids. We interpret these variations as due to the ETM2 impact on the entire upper
water-column and possibly related to subsurface warming that produced a contraction of ecological niches.
An extraordinarily pronounced dwarfism (up to more than 50%) of planktic foraminiferal tests involved both
surface- and deep-water dwellers at the Madeago section during the ETM2. Planktic foraminifera achieve
their maximum size within their preferred water mass and size decreases away from such optimum conditions
thus dwarfing implies extreme environmental stressors as recorded during biotic crisis, mass extinctions or
preceding the extinction level. Multiple causes can induce reduced size in planktic foraminifera. They may
include collapse in primary production, adaptation to decrease sinking rate within less dense warmer waters,
changes in salinity and temperature, decrease in oxygen levels and loss of symbiotic relationship (bleaching).
Whether transient bleaching could explain the symbiont-bearing morozovellid and acarininid dwarfing it
cannot justify the reduced size of the asymbiotic subbotinids. Other causes may include temperature increase
that accelerates protists metabolism thus requiring more oxygen but dissolved oxygen concentration decreases
in warm waters. Expanding the ratio of surface area by reducing the cell mass can be therefore a strategy to
optimize resource uptake. Furthermore, recent culturing and open ocean observations suggest that acidification
affect preferentially larger planktic foraminifera and diminish their calcification. Consequently, drop in pH
may have influenced test sizes across the ETM2. The short-term ETM2 negative d"*C shift implies addition of
CO, to the ocean and atmosphere and may have caused upper-water column acidification. Interestingly, biotic
recovery rates were slower with respect to the carbon cycle as planktic foraminiferal disruption, included
dwarfism, persisted during the 6'"°C recovery phase. This evidence has important repercussions in view of the
current carbon-cycle anthropogenic disruption.
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In spite iron ooids are sedimentary particles widely documented in the fossil record, they are extremely
rarein modern settings. The origin and genesis of fossil iron ooids and oolitic ironstones, and their extensive
distribution, have long been a matter of debate and controversy (e.g., Ferretti, 2005), invoking both abiotic
processes (e.g., Sturesson, 1992) and biologically induced mechanisms (e.g., Burkhalter, 1995).

A modern iron ooidal deposit was recently discovered and sampled in the marine shallow-water settings
off the coast of Panarea, in the Aeolian Islands, by INGV and ISPRA teams. This exceptional discovery offers
an extraordinary opportunity to answer many open questions on fossil analogues. With this contribution we
intend to better elucidate the iron ooids origin by studying the ooids-sand from Panarea. To reach this goal,
a multi-proxies integrated approach was applied, based on morphological, compositional, and geobiological
characterizations.

The Panarea deposit consists of coarse-grained, unconsolidated sand with a whitish biogenic component
(mostly foraminifera and sponge spiculae) and dark brown rust ooidal grains. The results show that Panarea
iron ooids perfectly match their fossil counterparts. They were formed by the deposition of iron oxyhydroxides
(mainly goethite) in concentric laminae around nuclei represented by pyroclastic particles and, more rarely,
by sponge spicules or other skeletal components. The spherical laminated structure resulted from the constant
agitation by degassing of CO,-dominated fluids through the seafloor sediments. Any sound evidences of
microbial-mediated micro-texture (such as cell remain or induced structures, as biofilm, already reported from
other hydrothermal environments including the Panarea area (Bortoluzzi et al., 2017; Esposito et al., 2018),
were found. Our results allow constraining an abiotic mechanism and excluding a microbial contribution in
the iron ooid formation process.

Esposito, V., Andaloro, F., Canese, S., Bortoluzzi, G.,Bo, M., Di Bella, M., Italiano, F., Sabatino, G., Battaglia, P., Consoli, P.,
Giordano, P., Spagnoli, F., La Cono, V., Yakimov, M.M., Scotti, G. & Romeo, T. (2018): Exceptional discovery of a
shallow-water hydrothermal site in the SW area of Basiluzzo islet (Aeolian archipelago, South Tyrrhenian Sea): An
environment to preserve. PLoS ONE, 13(1), 1-27.

Burkhalter, R.M., (1995): Ooidal ironstones and ferruginous microbialites: origin and relation to sequence stratigraphy
(Aalenian and Bajocian, Swiss Jura mountains). Sedimentology, 42, 57-74.

Ferretti, A. (2005): Ooidal ironstones and laminated ferruginous deposits from the Silurian ofthe Carnic Alps, Austria.
Boll. Soc. Paleontol. Ital., 44, 263-278.

Sturesson, U. (1992): Volcanic ash: the source material for Ordovician chamosite ooids in Sweden. J. Sediment. Petrol.,
62, 1084-1094.
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Coccolithophores are a group of unicellular marine phytoplankton primary producers of biogenic calcite
in the open ocean. During their diploid life-cycle stage, coccolithophores produce calcite plates called
heterococcoliths. These circular to elliptical coccoliths have very ornate structures and form an exoskeleton,
called coccosphere, generally composed of a single layer of plates. Coccolithophore algae produce coccoliths
one at a time, with an intracellular growth process. This begins with nucleation of a proto-coccolith ring of
simple crystals and continues by upward and outward growth of these crystals into a complex unit to form
complete coccoliths. Coccoliths are then extruded to the cell surface and continue to be generated until a
complete coccosphere covering is created. The cell recurrently produces incomplete and malformed coccoliths:
incomplete coccoliths occur if the growth process is arrested due to premature extrusion of the coccolith from
the cell, while malformation is due to “irregular coccolith formation as a result of departure from the normal
growth process” (Young and Westbroek 1991), implying the malfunction of the coccolith-shaping machinery
per se. Malformations are difficult to evaluate and most studies use a qualitative and subjective approach with
the identification of arbitrary categories (e.g. normal, very malformed, malformed and incomplete coccoliths).

The use of morphometrics has the potential to significantly improve the knowledge of shape and size
variations in coccolithophore taxa and the ability to describe their evolutionary history and response to
ecological changes. Here, we present a new morphometrical method to quantitatively characterize coccolith
sizes and shapes and discriminate normal versus malformed specimens and the degree of malformations. This
methodology was applied to coccoliths of Emiliania huxleyi grown under different ecological conditions. The
obtained results evidenced that E. huxleyi is very sensitive to chemical alterations of seawater and specifically,
that introduction of toxic trace metals and increased CO, concentrations might have the potential to disturb
the calcification process causing an increase in the number of aberrant coccoliths, an alteration of the calcite
content per coccolith and a general decrease in the cellular calcification rate.

Young, J.R. & Westbroek, P. (1991): Genotypic variation in the coccolithophorid species Emiliania huxleyi. Marine
Micropaleontology, 18(1-2), 5-23.
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On the basis of the formation mode dolomites can be divided into two groups: primary and secondary.
The primary dolomite precipitates directly from aqueous solution through microbial activities, the secondary
dolomite is a diagenetic product formed from a precursor carbonate mineral (calcite or aragonite) through
a dolomitization process. Most assessments on the secondary dolomitization have dealt with supplying
magnesium to the system while the type of carbonate precursor was not sufficiently considered. Here we discuss
the possible influence of the micrite type, autochthonous versus allochthonous, on secondary dolomitization
processes. The recrystallized and dolomitized Rifugio Vallandro section and the isochronous Carnian erratic
boulders of Alpe di Specie (South Tyrol, Italy) offer a unique example to study the relationships between
microbialites and secondary early dolomitization processes. The Rifugio Vallandro section contains at least
three frame-builder horizons, in part constituted by deeply dolomitized boundstone, with corals in life position,
sponges, chaetetids and stromatoporoids. Peloidal crusts and aphanitic fine texture, showing organic matter
relics, suggest microbial mediated mineralizations. Geomicrobiological characterization of microbialites from
Alpe di Specie indicates the presence of Sulfate Reducing Bacteria biomarkers, the lack of specific molecules
typical of cyanobacteria, and REE consistent with suboxic conditions (Tosti et al., 2014). The SRB biomarkers
can be associated to clotted-peloidal fabrics, which resemble those commonly present in younger skeletal/
microbialite pendant bioconstructions (Guido et al., 2013). Similar processes can be hypothesized for the
primary carbonate matrix of Rifugio Vallandro patch reefs. On the basis of the grain size two components can
be distinguished in the matrix: aphano- and coarse crystalline textures. Remains of peloidal fabric are still
observable. The sample of Rifugio Vallandro suffered pervasive dolomitization. Trace of organic matter allows
attributing the aphano-crystalline dolomite to primary autochthonous micrite (microbialite), while the coarse-
crystalline dolomite seems to derive from the primary allochthonous micrite for the presence of large amount
of siliciclastics and the absence of organic remains. The study on the control of dolomitization processes by
different type of primary micrites could open a new window on the interpretation of dolomitization processes
of ancient bioconstructions.

Guido, A., Heindel, K., Birgel, D., Rosso, A., Mastandrea, A., Sanfilippo, R., Russo, F. & Peckmann, J. (2013): Pendant
bioconstructions cemented by microbial carbonate in submerged marine caves (Holocene, SE Sicily). Palacog.,
Palaeoc., Palaeoec., 388, 166-180.

Tosti, F., Mastandrea, A., Guido, A., Demasi, F., Russo, F. & Riding, R. (2014): Biogeochemical and redox record of mid-
late Triassic reef evolution in the Italian Dolomites. Palaecog. Palaeoc. Palacoec., 399, 52-66.
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More than 70 different types of biominerals have been identified in different Earth environments, and these
are characterized by different chemistries that evolved in the formation of various biological hard tissues.
Among marine biominerals, bivalve shells are characterized by great potentialities as environmental proxies,
because these organisms record environmental changes in their mineralized shells.

Previous literature has shown that bivalves accumulate trace elements from the external environment and that
Zn detoxification in bivalves can occur by Zn deposition in the mineral structures (shell and/or microspherules;
Lopes-Lima et al. 2012). Despite the rapid development of the research in the last few decades, to date, the
coordination environment of Zn incorporated into the biomineralized shell has not yet been investigated though
it represents a fundamental knowledge in order to assess the nature of Zn biomineral phases and the biological
mechanism involved in the detoxification. In our study, chemical analysis, X-ray diffraction, transmission
electron microscopy, X-ray absorption spectroscopy and soft X-ray microscopy combined with low energy
XRF mapping were applied to investigate Zn incorporation in different bivalve genera (Donax, Glycymeris,
Lentidium and Chamelea) collected from environments affected by past mining activities (Malfidano mining
district, SW Sardinia, Italy).

Investigated bivalve shells are mainly made up of aragonite and the most abundant trace metals are Zn
(2.0-81 mg/kg), Fe (5.4-60 mg/kg), Pb (85-350 mg/kg) and Mn (0.5-4.5 mg/kg). Here, we focus on Zn revealing
by X-ray Absorption Near Edge Structure analysis that, for all the investigated genera, Zn occurs as independent
Zn phases, and it is not incorporated or adsorbed into the aragonitic lattice. Linear combination analysis
shows that Zn phosphate is the most abundant species in Donax and Lentidium genera. Zn cysteine fraction
increased (up to 56%) in the Chamelea shell samples that show the highest Zn concentrations (80 mg/kg).
Also, Zn hydrate carbonate (hydrozincite) was found to occur in the shells.

Variation in the Zn chemical environment suggests that bivalves have developed different biogeochemical
mechanisms to regulate Zn distribution and speciation inside the shell, and that cysteine plays a significant role
as active part of the detoxification mechanism.

In addition to the environmental significance of bivalve shells, achieved results are relevant to clarify
biomineralization processes resulting as defense strategies in polluted environments. Clarifying these processes
represent a useful tool to understand how bivalve shells can be employed in 1) paleoproxy applications and ii)
monitoring environmental conditions.

Acknowledgments: The authors acknowledge CESA (E58C16000080003) from RAS and RAS/FBS

(F72F16003080002) grants, and FP7 ERANETMED2 72094 SUPREME and the Grant of Excellence
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The late, post-collisional evolution, of the European Variscides resulted in both extensional and transtensional
dynamic responsible for volcanic and plutonic activity, development of intracratonic basins and overall high
thermal flow. Between late Carboniferous and early Permian, equatorial conditions promoted the diffusion of
rainforests that, inside the subsiding basins, gave rise to accumulations of organic matter and coal seems. The
transition from the dark, reducing, organic matter-rich facies to red beds is not sharp, and traditionally has been
related to drier conditions and to a new different palacogeographic frame.

The red bed-arid climate paradigm has been questioned in the Sardinia Permian basins (Sinisi et al., 2014
and references therein), whereas in other Variscan sites the dark facies-red beds dualism was referred to the
subsidence history of the basin. Several geochemical and mineralogical proxies (e.g. REEs contents, V/Cr and
Zn/Cu elemental ratios, and occurrence of both Fe-oxyhydroxides and phyllosilicates) have been used in order
to establish environmental conditions in terms of sediments and terrane provenance, palacoredox and draught/
wet balance.

With this in mind we investigated a robust multiclemental chemical dataset of sediments (n=56) having
different grain size and different colour assuming the dark facies as broad proxy of wet vegetated environment,
red beds as indicator of arid conditions and U/Th as palacoredox indicator. The sampled successions consist
of proximal to distal alluvial fan and lacustrine deposits. The U content in the sampled sediments ranges
between 0.9 and 22.3 ppm with a median value of 3.95, higher than the average value associated to the Upper
Continental Crust models (UCC: 2,80 ppm, Taylor & McLennan 1985; GLOSS: 1,68 ppm, Plank & Langmuir
1998). Univariate statistic allowed to individuate outliers (11-22.3 ppm) indicative of a reducing episode.
This finding is supported by several y-ray data (HPGe detector) that confirm the occurrence of an uranium-
rich level. Principal Component Analysis (PCA), performed on the devoid database instead, suggests that U
distribution is controlled by a mechanism mostly depending on differences in source areas.

Finally, no meaningful differences have been observed in palacoredox conditions between the red and grey
siltite, as hematite - the sole Fe- oxidised phase detected - is stable in a wide range of Eh-pH conditions.

Plank, T. & Langmuir, C.H. (1998): The chemical composition of subducting sediment and its composition for the crust
and mantle. Chem. Geol., 145, 325-394.

Sinisi, R., Mongelli, G., Mameli, P. & Oggiano, G. (2014): Can the Variscan relief influence the Permian climate in
northern Gondwana? Insights from geochemical and mineralogical proxies from Sardinia (Italy). Palaco3, 396, 132-
154.

Taylor, S.R. & McLennan, S.M. (1985): The continental crust: its composition and evolution. Blackwell Scientific
Publication, Carlton.
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The Norian-Rhaetian of Northern Calabria consists of three depositional sequences: Corvino (Cds)
(Early-Middle Norian), Vaccuta (Vds) (Middle-Upper Norian), and Grisolia (Gds) (Rhaetian), representing
a carbonate platform system successively drowned (Perri et al., 2003; 2017). In the first two sequences,
two different oligotypic fauna/flora associations have been distinguished: microbialites-sponges-serpulids
dominate the Cds, whereas bivalves-microbialites dominate the Vds. In particular Cds, interpreted as a deep
rimmed platform, is characterized by a deep bioconstructed margin in which a genus of sphinctozoan sponges
results the main framebuilders and is associated to serpulids, one species of udotacean algae and microbialites.
Inter-supratidal environments in the inner-platform of the Cds are dominated by flat to domal stromatolites
and thrombolites, affected by frequent subaerial expositions; in subtidal environments microbialites form high
relief bodies sometimes associated with megalodontid bivalves. The outer-platform is mainly characterized
by a slope constituted by debrites, mainly turbidites and slumps, associated with pelagic sedimentation. The
Vds is interpreted as a ramp-type platform, in which sand barriers protect inner ramp lagoonal to supratidal
environments. In particular, a species of isognomonid bivalves (Isognomon exilis) colonized the sand bodies
associated with encrusting forams, rare gastropods and low relief microbialites. The latter form relatively high
relief buildups in the subtidal settings where serpulids are also present. The outer ramp is characterized by
mudstones and storm beds. Lastly, the Gds is characterized by carbonate storm beds, fine-grained turbidites
and rare slumps, intercalated to thin bedded mudstones, marls and shales.

The fauna/flora assemblage characterizing the Cds and Vds implies general environmental stressed
conditions through the whole Norian, characterized by limited water circulation, anoxia, high salinity and
eutrophy. These environmental conditions are most probably due to the interplay between climate factors
and multiple syn-depositional trans-tensional tectonic pulses, and less to eustatic sea level variations, which
induced the opening and the progressive deepening of intra-platform basins (to which these platforms faced)
with limited connections with the open ocean. In fact, the three studied sequences can be defined as Tectonically
Controlled Depositional Sequences (TCDS) in which sequence boundaries are absent: Cds and Gds represent
high stand system tracts, whereas Vds a transgressive system tract.

Perri, E., Mastandrea, A., Neri, C. & Russo, F. (2003): A micrite-dominated Norian carbonate platform from Northern
Calabria (Southern Italy). Facies, 49, 101-118.

Perri, E., Borrelli, M., Spadafora, A. & Critelli, S. (2017): The role of microbialitic facies in the micro- and nano-pore
system of dolomitized carbonate platforms (Upper Triassic e Southern Italy). Mar. Petr. Geol., 88, 1-17.
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Calcareous nannoplankton are one of the major components of the marine phytoplankton and they are at the
base of the food web and play a major role in the carbon cycle. The scientific community is constantly in search
of past warm time intervals, better known as interglacials, in order to identify potential analogues of the modern
global warming. In this work, we aim to analyze the response of nannoplankton to the climate conditions of
interglacial Marine Isotope Stage (MIS) 19, with the final aim to understand the adaptive strategies of this
marine group.

We present here a high-resolution study of nannoplankton assemblages derived from ODP Site 181-1123
in the SW Pacific (42.7862 N; 171.499 E). We analyzed 69 samples spanning from MIS 20 to MIS 18 (814 ka
and 742.6 ka). These samples were prepared according to standard procedure for Light Microscopy (LM)
identification at the University of Pavia. For each sample, a minimum of 500 specimens was counted to
derive the relative and absolute abundances, and a total of 21 taxa was recognized in the assemblage. The
morphometry (size, width, mass and surface of the shield) of the species belonging to the two most abundant
genera (Gephyrocapsa and Reticulofenestra) was investigated at the Institute of Environmental Science and
Technology (UAB, Barcelona) through an automated system of coccoliths recognition (SYRACO). Although
this version of SYRACO was not able to differentiate the 2 genera, it distinguished two classes: the small
placoliths with a shield length ranging from 1.7 to 2.1 um and the big placoliths with a shield length ranging
from 1.9 to 2.7 um. These data taken together with the others morphometric parameters allow to assess the
calcification degree of these two abundant genera during MIS19. Moreover, the comparison of our data with
the reconstruction of atmospheric CO, concentrations (CO,, ) and sea surface temperatures (SST) shed light
on the dynamics of both the primary and carbonate pumps during this warm interval.

The assemblages were, in general, well preserved throughout the record and dominated by small specimens
(size<3,5 um) belonging to the genera Gephyrocapsa and Reticulofenestra. During the MIS 19, in parallel to
the increase in SST (about 8°C) and CO,,  we noticed a strong decrease in absolute abundance and a relatively
higher species richness. In the same interval, the data from SYRACO evidenced a decreasing trend for both
the small and big placoliths, the smallest specimens being on average more abundant. Moreover, the ratio
mass/surface, used here as a calcification index, showed higher variability during the MIS 19. Therefore,
preliminary results highlight that both warmer surface waters and higher CO, are responsible for less
abundant nannoplankton and for a reduction in calcification, at least for the smallest specimens, underlining a
weakening of the nannoplankton role in the primary and carbonate pumps during the MIS 19.
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Dinocephalians, which comprise an important component of Middle Permian tetrapod biodiversity, are a
crucial clade of Pangaean basal therapsids. While most studies over decades focused on the skull, postcranial
research has lagged, largely because of the paucity and unwieldy size of specimens. The discovery and full
state of preparation of an almost complete skeleton of the basal tapinocephalid dinocephalian Tapinocaninus
from the rocks of the lowermost Beaufort Group of South Africa for the first time allows a detailed description
of post-cranium in this taxon and an accurate vertebral count for a dinocephalian. The study presents the first
quantitative dinocephalian long bone morphometric analysis and shows that in Tapinocaninus pamelae, long
bones are autapomorphic in several features within the morphospace explored by dinocephalians. The new data
and results enable discussion on morphology the appendicular skeleton and a new reconstruction of the posture
in tapinocephalids. Although demonstrating several apomorphic characters, the skeleton retains pleisomorphic
anatomical features previously described only in “pelycosaur”-grade synapsids, (especially with regards to the
axial skeleton). The discovery greatly advances understanding of the postcranial morphology of tapinocephalid
dinocephalians and provides input on the enigmatic phylogenetic relationships of early therapsids.
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With the aim to assess the possible influence of the 3'°C variations on the benthic communities across the
Triassic Jurassic boundary we have carried out sedimentological, biostratigraphic and stable isotope studies
on an about 220 m thick peritidal section cropping out in Northwestern Sicily (San Vito Lo Capo peninsula).

The subtidal facies of the lower and middle part of this succession show the common occurrence of large
and thick megalodontids and a benthic foraminiferal assemblage with Triasina hantkeni and Aulotuortids that
support a Rhaetian age. In the lower part of the succession, a sudden reduction of the size, shell thickness and
abundance of the large megalodontids witnesses a first significant biotic perturbation. This “Lilliput effect”
corresponds to a first severe negative shift of the carbon curve that match a perturbation recorded worldwide
and known as “initial CIE”. The “Lilliput effect” does not seems to have any influence on the microbenthic
community (e.g. foraminifers and calcareous algae).

Upward, a second negative excursion spans a large stratigraphic interval and consists of at least 4 subtrends.
This negative excursion is well comparable to the “main CIE” as defined worldwide in several sections. In
our section, the lower part of the main CIE corresponds to the disappearance of the megalodontids, while the
upper part of the main CIE records the LO of the microbenthic communities and, in particular, of the Triasina
hantkeni assemblage.

Upward, concurrently to a gradual positive trend of the carbon curve (ca. +1%o) a gradual recovery of
the benthic communities occurs, as witnessed by oligospecific assemblages of the problematic calcareous
alga Thaumatoporella parvovesiculifera and, subsequently, by the appearance of benthic foraminifers such as
Siphovalvulina sp.

A comparison between the 6"°C_, curve from the studied section and several coeval C_, and C,, curves
from carbonate platform, ramp and deep basins successions, shows a similar isotopic trends, however with a
diverse magnitude and response of the benthic communities. This confirms the influence of external forces
such as CAMP volcanism on the carbon fluctuations that leaded to the end Triassic extinction (ETE). The
effects of the T/J carbon fluctuations on the benthic communities could represent a proxy for the present day
acidification processes that are affecting the carbonate calcifiers organisms.
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The Toarcian Oceanic Anoxic Event (T-OAE) represents a global extreme perturbation of the ocean-
atmosphere system evidenced by geochemical anomalies, severe changes in the chemistry of the ocean and
largest response of marine biota. In Western Tethys the T-OAE is represented by a black shale interval (locally
named Fish Level) associated to a carbonate crisis. In the Early Jurassic, calcareous nannoplankton were
already a main producer of pelagic micrites and, consequently, changes in nannofossil assemblages can help
disentangle surface water conditions relative to global to local perturbations.Nannofossil investigations were
performed on the Sogno Core that recovered a 27 meter-thick stratigraphic section (upper Pliesbachian-lower
Toarcian): excellent quality of cores allowed a high-resolution sampling for multidisciplinary characterization
of changes prior to, during and after the T-OAE.

Quantitative and morphometric analyses of Schizosphaerella punctulata and Mitrolithus jansae identified
changes in abundance, size and/or morphologies: both taxa display a major decrease in abundance at the onset
of T-OAE and remain rare through the interval of perturbed conditions. Only S. punctulata shows a recovery
at the end of the T-OAE, while M. jansae barely survived the paleoenvironmental stress and disappeared soon
after its termination. S. punctulata shows a decrease in size across the T-OAE possibly as a result of higher
fertility combined with some acidification. Contrarily, M. jansae does not show significant size decrease across
the T-OAE. Calcareous nannoplankton were influenced by increased nutrient availability, warming and excess
CO, that concurred to the dramatic shift in assemblage composition. Complex global changes contributed
to the establishment and maintenance of very stressing surface waters favouring opportunistic taxa. The
period preceding T-OAE was a time of prolonged stability and oligotrophy promoting a diversified calcareous
phytoplankton community with abundant k-selected deep- and intermediate-dwellers. Then, the T-OAE was
marked by meso-eutrophic conditions, locally associated to accelerated run-off favoured opportunistic taxa:
both heavily calcified S. punctulata and M. jansae experienced a major decrease in abundance and the former
taxon also underwent reduction in size while taxa producing smaller and less calcified coccoliths were favoured.
Stressing conditions started in the latest Pliensbachian and triggered subsequent changes in nannofloral
composition and structure recorded worldwide suggest that the environmental perturbations preceding and
accompanying the T-OAE possibly stimulated biomineralization of new coccolith morphologies. After the
T-OAE, paleoceanographic conditions, at least as far as the photic zone is concerned, only partly and gradually
returned to a pre-perturbation state suggesting that the deepening of the nutricline and re-establishment of
stability required a long period after anoxia terminated.
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Science advances and with it the storage of large amounts of data. The need to use this data efficiently,
quickly and safely is possible thanks to the Big Data science that allows us storage and relationship data in
order to obtain new knowledge. Various discipline of science such as ecology, health or genetic have published
numerous articles about the advantages of Big Data and the need to train in this field for better comprehension
and use. Aim of my project, is to take advantage of Big Data for the study of the sedimentary layers that
occurs in the Mediterranean Sea called Sapropels. The objective of this work is to find new patterns that help
researchers to understand the mechanisms of Sapropel formation. In order to achieve new results, a deep
knowledge of the sapropel dedicated literature is needed together with basic skills of softwares for managing
the huge amount of data stored either in the web or still in the hands of researchers. This allowed me to realize
the Entity-relationship (E-R) model of the database that permits to relate the data and to avoid errors in the
introduction and extraction of them. In the last phase, I have introduced the data of the publications in the
database. The introduction of data is a continuous work since the more data we have the more reliable results
we will obtain. A further step, although contemporaneous to the implementation of the database, is the design
of queries that allows to compare the data in search of new relationships or previously undiscovered patterns.
Although a brand new approach, Big data in Geoscience is growing and reveal a great potential to exploit the
high diversity of data due to the ability to search into massive amounts of information to reveal hidden patterns.
For this reason, it is important to set up a scientist community able to manage this discipline in order to adopt
this approach for future work.
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Cold seeps have been increasingly identified along all continental margins by geophysical surveys focused
both on the characterization of seafloor structures such as pockmarks, mud volcanoes, seep-carbonates, and
imaging of methane plumes within the water column. Cold seeps are very dynamic systems typically associated
with high concentration of reduced compounds (H2S, CH4) in fluids, which can produce anoxic and euxinic
conditions in bottom waters and in the upper sedimentary column. Seep-carbonates have been proved valuable
recorders of past redox conditions, in particular, the geochemistry of trace elements and the radiogenic Sr
isotope composition are used to reconstruct seepage intensity and constrain the fluid source.

Here, we combine Sr isotopes and trace element analyses (rare earth elements and Mo, U) in Miocene seep
carbonates (northern Apennines, Italy) to characterize different fluid sources of radiogenic Sr and dynamic
seepage conditions. The carbonate bodies formed within hemipelagites in the Marnoso-arenacea Fm. on a
thrust-related anticline at the front of the Apennine accretionary wedge. The dominant authigenic carbonate
phases are micrite matrix and sparry calcite filling fractures, composed of low-Mg calcite. Carbonates are
affected by negligible diagenetic alteration, as deduced by Mn and Sr concentrations, so we assume that they
retained the original isotopic composition of precipitating fluids. The 87Sr/86Sr ratios in carbonates vary
between 0.708659 and 0.709132. Most values in micrite fit within the range of Middle Miocene seawater
(Langhian), in agreement with nannofossil biostratigraphy of the host sediments, thus reflecting precipitation
of seep carbonates at shallow depth within sediment, close to the seafloor. Highly radiogenic Sr values were
obtained in sparitic calcite filling fractures and in micrite from conduit-rich facies at the base of the carbonate
body. This signature reflects the contribution of a deeper radiogenic fluid source and the interaction of fluids
with detrital clays during the fault-controlled upward migration through underlying terrigenous turbidite
successions..

Carbonates show strong molybdenum and uranium enrichments (2.9 < MoEF <275.5 and 0.6 < UEF
<41.6) thus indicating highly dynamic suboxic conditions, episodically euxinic and restricted to porewater.
The shale-normalized REE patterns display the typical positive Ce anomalies and a moderate MREE bulge.
The combination of 87Sr/86Sr, REE and Mo-U systematics may be a useful tool to identify seep-related redox
perturbations that locally superimpose basin environmental conditions.
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A geological mapping project was performed in three sectors of the Umbria-Marche Apennines (Central
Italy), targeting the local Meso-Cenozoic succession: the Narni-Amelia, Sabini and Sibillini Mts. (Mt. Pennino
Ridge). During our field-work we focused on pelagic carbonate platform (PCP)-basin systems analysis, with
the aim of demonstrating how the Early Jurassic rift-related submarine topography forced the pathways of
resedimented neritic material sourced by coeval active carbonate factories. Four stratigraphic sections for
the northern sector of Sibillini Mts. and six for the Narni-Amelia and Sabina areas were measured. While
calciturbidites are not unexpected in the Sabina region, due to the presence of the neighbouring Latium-Abruzzi
carbonate platform (LACP), their presence in far removed basinal settings is less obvious. Resedimented
shallow-water carbonates embedded in Middle and Upper Jurassic cherty pelagites (Calcari e Marne a
Posidonia, Calcari Diasprigni and Maiolica Fms.) were discovered and mapped for the first time in the study
sectors. The Middle-Upper Jurassic calciturbidites are graded and laminated grainstones-to-wackestones,
locally rudstones, bearing loose shallow-water material. Coated grains (ooids, oncoids), peloids, aggregate
grains, skeletal grains and benthic foraminifers are dominant, associated with typical pelagic elements
(thin-shelled bivalves, radiolarians, crinoids). The neritic elements must have been sourced from productive
carbonate platform(s), as intrabasinal highs had all drowned in the early Pliensbachian. The LACP is the
prime suspect source-area for calciturbidites of both the Narni-Amelia-Sabina and Sibillini Mts. but shedding
from carbonate platforms buried under the Adriatic Sea cannot be excluded for the Mt. Pennino area. The
rugged palaeotectonic architecture inherited from the Early Jurassic rifting affected the dispersal pattern of
calcarenites. The marginal palacoescarpments of PCPs formed obstacles to the gravity flows as sediment load
was discharged at their toe. The Sabina Plateau is an instructive case example: while certain W-directed flows
were vigorous enough to climb its E-facing escarpment, leaving overbank deposits on its top, a “shelter”
effect was by far dominant, as evidenced by the resediment-free nature of the basin lying west of it, which
had to be shielded by the Plateau. To the north of the Sabina Plateau, the LACP-sourced flows were funnelled
towards the Narni-Amelia area along a westward-branching arm of the Sabina Basin (“Terni corridor”). A
comparable picture is observed in the northern Sibillini Mts., where calciturbidites were funnelled into a circa
N-S-trending basin (Mt. Vermenone-Scurosa Valley basin) due to the presence of several PCPs, while “clean”
onlap-successions characterize the northern flanks of the horst-blocks, suggesting a shield effect.

25



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018

Lithostratigraphy and facies architecture of a Lower Permian continental succession in
Central Southern Alps (Orobic Basin, Italy)

Chesi C.*!, Reguzzi S.!, Strepparola L.}, Berra F.!, Cadel G.> & Felletti F.!

! Universita degli Studi di Milano - Dipartimento di Scienze della Terra “A. Desio”
2 Petroleum basin analyst - Vidigulfo PV

* Corresponding email: claudio.chesi93@gmail.com

Keywords: Lower Permian, Southern Alps, Orobic Basin.

The Lower Permian Pizzo del Diavolo Fm. of the Orobic Alps (Laghi Gemelli Gr., upper Collio Fm. Auct.)
records, along an E-W area more than 50 km long, events that occurred in a complex continental depositional
system, during semi-arid climatic condiitons and in a transtensional tectonic setting. This formation postdates
intense volcanic activity and overlays parts of a large caldera and its vast surrounding areas, covered by
dominating pyroclastic deposits interbedded with rare braid-plain and lacustrine sediments (Cabianca
Volcanite). Post-volcanic sediment distribution reflects the existence of connected half-grabens, characterised
by transverse sedimentary input (coarse-grained alluvial fans) evolving into fine-grained heterolitic deposits in
the depocentre, hosting ephemeral playa-lakes.

Field mapping of two marginal sectors of the Orobic Basin (Pizzo dei Tre Signori massif and Lake
Barbellino area), coupled with facies analysis of the Pizzo del Diavolo Fm., led to the identification of
significantly different sedimentary evolutions. At the eastern and western ends of the basin, the Pizzo del
Diavolo Fm. consists of alluvial fan and floodplain facies associations that differ from the previously studied
stratigraphic architecture described in the central part of the basin. The southern borders of the studied areas
are characterised by coarse-grained, fining-upward alluvial fan deposits (Val Sanguigno Conglomerate) at their
base. The petrographic composition of the conglomerates from the northern border of the basin (Ponteranica
Conglomerate) indicates differences in the exposed and eroded rocks from the northern and southern highs,
with changes along the basin borders, where conglomeratic units with dominating basement clasts (Mt. Aga
Conglomerate) occur. Floodplain facies are similar all along the basin, even if with thickness changes (up to
700 metres in the western part).

The stratigraphic architecture observed in the eastern and western sectors markedly differs from that
described in the central part of the basin (where a well-organised succession of two fining-upward cycles
is described), preventing a detailed correlation of the events across the basin. Also the relative abundance
of facies in these three sectors of the basin is different: fine-grained sediments dominate in the central part,
whereas coarser deposits occur to the west (Pizzo dei Tre Signori massif) and to the east (Lake Barbellino). The
complex architecture of the basin, the difficulty in recognising events or trends that can be traced all across the
basin and the different petrographic composition of conglomerates along the northern and southern margins
of the basin suggest not only that tectonics controlled facies distribution and depositional environments but
also the existence of sub-basins characterised by different evolutions within the greater Orobic Basin, further
supporting the envisaged role of strike-slip tectonics.
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During second stage of Messinian Salinity Crisis (MSC) known as MSC acme (5.6-5.55 Ma) there was
a tectonic pulse affecting the Maghrebian-Sicilian orogenic wedge followed by a rapid lowering of the sea
level. This caused exposes of the Primary Lower Gypsum (PLG), (Roveri et al., 2008) and subsequently theirs
subaerial erosion with formation of clastic evaporites facies called Re-Sedimented Lower Gypsum (RLG).
Along the northeastern side of the Catanzaro Through (CT - Calabria, South Italy), crop out clastic units,
containing gypsum clasts/blocks, which can be related to RLG. In detail, close to Marcellinara gypsum quarry
outcrop a lithostratigraphic unit made by blocks and slumps of massive and giant gypsum facies with a politic
matrix. This chaotic unit recorded the acme of MSC and represent a peculiar facies of the Maghrebian-Sicilian
orogenic wedge (Roveri et al., 2008) and of the Crotone and Rossano Basins (Barone et al., 2008). Moving
toward the inner side of the Basin, we observe a lithostratigraphic unit made up by dark-grey pelites interbedded
with arenaceous bodies and conglomerates including. In the arenaceous bodies are sometimes present rip-up
mud clasts, clay chips, ripples, and flames structures. The conglomerates are massive and include clasts of
primary and clastic gypsum and of igneous-metamorphic rocks. Toward the sedimentary succession top, is
present a thick lithostratigraphic unit consisting of an association of conglomeratic and arenaceous facies
with a fining and thinning upward trend. At the unit bottom, prevail the facies related to massive sedimentary
process, while toward the top increase the organized and channelized bodies. In this unit we observe clasts and
blocks (up to 2m) of primary gyspsum (massive and branching selenite) which decrease toward the unit top.

The comparison between the stratigraphic scheme of RLG of the CT and the stratigraphic-depositional
model refined by Roveri et al. (2008) for the foreland basin system of the middle-western Mediterranean Sea
highlights the presence of a chaotic and massive body due to the re-sedimentation of the PLG evolving toward
a siliciclastic sedimentation.

A more detailed study of clastic evaporates of the CT is important in order to create model of basin evolution
and for interpreting the past record of such critical events that led them to form.

Barone, M., Dominici, R., Muto, F. & Critelli, S. (2008): Detrital modes in a late miocene wedge-top basin, northeastern
calabria, italy: compositional record of wedge-top partitioning. J Sediment Res 78, 693-711.

Lugli, S., Manzi, V., Roveri, M. & Schreiber, B.C. (2010): The Primary Lower Gypsum in the Mediterranean: A new
facies interpretation for the first stage of the Messinian salinity crisis. Palacogeogr. Palaeoecol., Palaeoclimatol., 297,
83-99.

Roveri, M., Lugli, S., Manzi, V. & Schreiber, B.C. (2008): The Messinian Sicilian stratigraphy revisited: new insights for
the Messinian salinity crisis. Terra Nova 20, 483-488.
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By the early nineteenth century, the pelagic carbonate platform (PCP) of Mt. Nerone in the Umbria-
Marche Sabina (UMS) Domain (Umbria-Marche Apennine, Italy) attracted scholars from all over Europe
due to the wealth of fossil fauna preserved in a stunningly well-exposed Mesozoic sedimentary succession.
Several geo-paleontological studies were focused on the abundant and diverse invertebrate fauna, while
contributions dealing with Mesozoic fossil vertebrate were to date virtually lacking. Recently, the first material
referable to hybodont sharks, consisting of an articulated crushing dentition, was described from the area and
referred to as Asteracanthus cf. A. magnus. In this contribution, we report the first evidence of ginglymodians
actinopterygians from the Upper Jurassic of Monte Nerone. The material is represented by seven highly
tritorial isolated teeth collected from three classic localities of the area (i.e. Pian del Sasso, Fosso Pisciarello,
I Ranchi). The general morphology of the material under study allow us to tentatively refer the teeth to as
?Scheenstia sp., a ginglymodian lepisosteiformes fish with a Late Jurassic (Kimmeridgian) to Early Cretaceous
(Hauterivian-Barremian) distribution. The occurrence of durophagous organisms, to date represented by
hybodont sharks and lepisosteiformes fishes, reveals interesting palacoecological scenarios characterizing the
PCP-basin system of Mt. Nerone, which were most likely triggered by large-scale geodynamic processes. The
complex submarine palaeotopography, inherited by the Early Jurassic rifting phase, aroused the establishment
of new infaunal and epifaunal communities in relatively deep (up to 150 m below sea-level) pelagic settings,
opening up unexplored trophic niches for durophagous predators. The peculiar geodynamic setting of the UMS
Domain, consisting of predominantly interconnected structural highs and lows, and the relative evolution
of a diverse invertebrate fauna characterized by terebratulid, ostreids, limids, brachiopods, crustaceans and
gastropods, attracted both hybodontids and durophagous ginglymodians in the Tethyan Realm, influencing
their dispersal during the Late Jurassic.
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During Late Miocene (~6Ma), the Mediterranean underwent a progressive restriction of oceanic water
circulation known as the Messinian Salinity Crisis (MSC). This event, triggered the formation of extensive
selenite and halite bearing evaporite deposits known as the Lower and Upper Evaporites (Rouchy and Caruso,
2006). These deposits have been studied on a regional scale (e.g. Spain, Central-Northern Italy, Sicily).
However, the selenite and halite evaporites occurring in Calabria have not been studied in detail. Selenite
outcrops are restricted to two disused quarries, one close to Marcellinara (Catanzaro province), the other in
Benestare (Reggio Calabria province). Marcellinara’s selenite displays swallow tail twinning (Cianflone et al.,
2012). Halite salt dome deposits outcrop in the central-northern Calabria region (i.e. Verzino, Zinga, Coste del
Sale, Lungro) and show macro and microcrystalline structures (Schreiber et al., 2007).

Petrographic and fluid inclusion (FI) studies of giant Marcellinara selenite crystals are used to investigate
the palaeo-climate and palacoenvironment present during the evolution of the deposit. Field and petrographic
studies reveal the presence of three selenite facies: facies A, composed of giant selenite, facies B comprises
banded selenite and facies C characterized by curvilinear massive selenite. Petrographic studies reveal the
presence of alternating growth intervals in the selenite crystals that are occasionally separated by transition
zones.

The degree of recrystallization of halite from several salt domes in the Crotone Basin is also investigated.
Crystals have a mosaic texture, are sub-millimetric to millimetric in size, display prismatic habits and were
oriented parallel to the water surface. The presence of relict primary crystallization features that have survived
burying events are observed. FIs are monophase liquid, two-phase liquid-rich and multiphase solid-rich with
occasional organic matter trapped within. UV Light Microscopy was used to determine the nature of the
organic matter and to confirm the occurrence of prokaryotes and eukaryotes. Their presence reflects the lack
of deformation during burial. This study helps to place the Calabrian evaporite deposits into the interpretive
framework of the MSC.

Cianflone, G., Dominici, R. & Sonnino, M. (2012): Studio preliminare delle facies evaporitiche e carbonatiche del
Messiniano della Stretta di Catanzaro (Calabria centrale). Rend. Online Soc. Geol. It., 21, 71-73.

Rouchy, J.M. & Caruso, A. (2006): The Messinian salinity crisis in the Mediterranean basin: reassessment of the data and
an integrated scenario. Sediment, Geol,, 188-189, 35-67.

Schreiber, B. C., Lugli, S. & Babel, M. (2007): (Eds) Evaporites through space and time. Geol. Soc. London Spec. Publ.,
285, 169-178.
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The Los Menucos locality, in the north-western sector of the North Patagonian Massif (Rio Negro province,
Argentina), hosts a volcaniclastic succession mainly composed of dacitic to rhyolitic ignimbrites, mesosilicic
lavas and subordinate sedimentary rocks made up mainly of sandstones, all pertaining to the Los Menucos
Group. Within the Los Menucos Group are included two units of lower rank, namely the Vera Formation and
the Sierra Colorada Formation. The Vera Formation is notable for having produced one of the most important
Triassic tetrapod ichnofauna of southern South America (e.g. Melchor & de Valais, 2006 and references therein).
The ichnofauna, preserved both in volcaniclastic and sedimentary strata, is mostly documented both by small
and large pentadactyl tetrapod tracks. These footprints are referred to the ichnogenera Dicynodontipus and
Pentasauropus, respectively, and can be attributed to different therapsid trackmakers. The track-bearing levels
from which Dicynodontipus and Pentasauropus were reported are exposed in two distinct areas, respectively to
the west and east of the Los Menucos town. A Late Triassic age was historically proposed for the Los Menucos
Group, based on palaeofloristic and palaeoichnological data, available from the Vera Formation, and radiometric
datations available from the Sierra Colorada Formation. Recently, new geochronological evidence (Luppo et
al., 2017) indicated ages ranging from the Wuchiapingian (Late Permian) to the Olenekian (Early Triassic) for
the volcanics of Los Menucos Group, strongly contrasting with the current chronostratigraphical framework.
Within this context, the ichnological record turn out to be binding for assessing the age of the sedimentary and
volcaniclastic levels and estimating the starting of sedimentation in the Los Menucos Basin. The Late Triassic
age for the whole Vera Formation can be questioned taking into account the global stratigraphical distribution
of Dicynodontipus, spanning from the Late Permian to the early Middle Triassic (e.g. Klein & Lucas, 2010).
Thus, while the Pentasauropus-bearing strata can be confidently referred to a Late Triassic age based on the
global occurrence of the ichnogenus, sedimentary levels with Dicynodontipus, stratigraphically close to the
dated volcanites, can be anticipated to Late Permian or Early Triassic times.

Klein, H. & Lucas, S.G. (2010): Tetrapod footprints - their use in biostratigraphy and biochronology of the Triassic. Geol.
Soc. Sp., 334, 419-446.

Luppo, T., Lopez, De Luchi, M.G., Rapalini, A.E., Martinez Dopico, C.I. & Fanning, C.M. (2017): Geochronologic
evidence of a large magmatic province in northern Patagonia encompassing the Permian-Triassic boundary. J. S. Am.
Earth Sci. (2017), 1-10.

Melchor, R.N. & de Valais, S. (2006): A review of Triassic tetrapod track assemblages from Argentina. Palacontology,
49(2), 355-379.
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The Torre del Porticciolo palacontological locality (Alghero, N-W Sardinia, Italy) returned the skeletal
remains of the first Permian basal synapsid from Italy, Alierasaurus ronchii (Romano & Nicosia, 2014, 2015;
Romano et al., 2017), the largest late early Permian to early middle Permian non-therapsid synapsid known
to date. Recently, other skeletal remains preliminarily attributed to a carnivorous non-therapsid synapsid were
described from a second site, approximately from the same stratigraphic level within the Cala del Vino Fm.
(Romano et al., 2018) and tetrapod tracks were found at a third site. This last finding represents the first
ichnological record from the Permian of Sardinia. The general morphology of manus and pes tracks, the
relative proportions and the position of digit I, enabled referring the new material to as Merifontichnus, an
ichnotaxon established from the uppermost portion (La Lieude Fm.) of Permian succession of the Lodéve Basin
(south France). Footprint dimensions, ranging between 4 cm and 10 cm in length, indicate two trackmakers
of different body size, respectively of about 50 and about 100 cm in total length. The Cala del Vino Fm. turns
out to be one of the few examples in the Permian of Europe of combined ichno- and body-fossil record. The
two source of data, once integrated, provide different representations of the faunal composition, enhancing
the understanding of the faunal diversity of this area of Pangea during the latest early Permian to early middle
Permian time interval. While the skeletal remains indicated medium-to large carnivorous basal synapsids and
giant herbivorous caseid (i.e. Alierasaurus ronchii), the recently discovered ichnosite adds as further constituent
of the terrestrial palacofauna also a small animal represented by Merifontichnus trackmakers. The occurrence
of this ichnotaxon from Italy allowed to confirm the early middle Permian age of the Cala del Vino Fm. The
new material is the first reliable occurrence of Merifontichnus from Italy. Moreover, it represents to date an
anticipation of the occurrence if compared to the alleged age of the La Lieude Fm., where Merifontichnus was
established.

Romano, M. & Nicosia, U. (2014): Alierasaurus ronchii, gen. et sp. nov., a caseid from the Permian of Sardinia, Italy. J.
Vert. Paleontol., 34, 900-913.

Romano, M. & Nicosia, U. (2015): Cladistic analysis of Caseidae (Caseasauria, Synapsida): using the gap-weighting
method to include taxa based on incomplete specimens. Palaeontology, 58, 1109-1130.

Romano, M., Ronchi, A., Maganuco, S. & Nicosia, U. (2017): New material of Alierasaurus ronchii (Synapsida, Caseidae)
from the Permian of Sardinia (Italy), and its phylogenetic affinities. Palacontol. Electron., 20.2.26A, 1-27.
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In marginal Mediterranean sub-basins, the early phase of the Messinian salinity crisis (MSC) is recorded
by cyclic successions of gypsum and shales, which in deeper parts of the sub-basins make lateral transition
into organic-rich shales, marls, and carbonates. The cyclic stacking pattern of the gypsum-bearing sequences is
believed to reflect precession-driven climate change, based on the assumption that shales reflect humid climate
(precession minima) and gypsum arid conditions (precession maxima). However, this correlation has not been
verified to date, mostly because of the scarcity of microfossils, which represent the most common tools for the
reconstruction of orbitally-driven paleoclimate perturbations. Such perturbations can instead be reconstructed
through the study of the deeper water counterparts of gypsum with geochemical indicators (major and trace
elements, lipid biomarkers), which provide insight on climate and aquatic productivity. We used this approach
for the study of an astronomically-tuned section from the Piedmont Basin (NW Italy) in which the onset of
the MSC is archived in a sequence of organic-rich sediments. This sequence displays distinct lithological
cyclicity, evidenced by the repetition of couplets of organic-rich shales and marls, both either bioturbated (in
the pre-MSC part of the section) or laminated (in the MSC part). The influence of orbitally-driven (precession)
climate oscillations is demonstrated by fluctuations of Ti/Al, Si/Al, Mg/Al, K/Al, Zr/Al, Ba/Al ratios that are
in phase with lithological cyclicity. These fluctuations are interpreted to reflect alternation of humid (shales,
reflecting precession minima) and arid (bioturbated and laminated marls, reflecting precession maxima) phases,
dominated by fluvial and aeolian transport of detrital material, respectively. The cyclicity of the element ratios
is mirrored by changes in organic carbon content and biomarker inventory. In particular, the distribution of
long-chain n-alkanes and their degree of preservation reveal that humid phases at times of precession minima
were typified by the maximum input of degraded terrestrial organic matter driven by enhanced riverine runoff,
which promoted water column stratification. Coeval increase in Ba content, a common paleoproductivity
proxy, agrees with enhanced nutrient supply during humid periods, promoting phases of eutrophication in the
basin. Lithological and geochemical changes are observed in MSC sediments deposited at times of precession
maxima, evidenced by the replacement of pre-MSC bioturbated marls by laminated marls rich in filamentous
fossils corresponding to the remains of probable colorless sulfide-oxidizing bacteria. Such changes reflect
an intensification of water column stratification after the onset of the MSC, possibly related to the combined
effects of persistent freshwater inflow and basin isolation, preluding the advent of gypsum precipitation.
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The “Abbeveratoio” stratigraphic section crops out close to the top of Monte La Pelosa (Terni, Umbria,
Italy). Its deposits were dated to the Toarcian-Bajocian interval by means of ammonite biostratigraphy, but its
sedimentological features are clearly different from those observed in most of coeval succession, at least as far
as the Toarcian is concerned.

The lower part of the succession, dated to the upper Serpentinus to Variabilis ammonite zones (Di Cencio,
2007) is characterized by the Monte Serrone Marls (Pialli, 1969), a sequence of gray and calcareous marls,
thinly bedded, sometimes with calcareous nodules. In the lower part mainly, some calcareous levels can be
observed. They are made of cemented and alternated oolitic and bioclastic limestones. The alternation between
red and green levels, corresponds to oolitic and bioclastic intervals.

The top of the lower succession is characterized by the occurrence of sandy plagues rich in brachiopods
and benthic foraminifers, such as Agerina martana (Farinacci, 1959). The occurrence of this marker of the
Pliensbachian, suggests that these layers were reworked and slided down onto the Toarcian sea bottom.

The upper part of the section, dated to the Speciosum to Murchisonae Zones (Upper Toarcian, lower
Aalenian), is markedly different and is made mainly by thick layers of calcareous Rosso Ammonitico.

Upward the succession is characterized essentially by re-deposited levels that are more numerous than
autochthones ones. The biostratigraphical analysis was carried out with ammonites found in the autochthonous
layers, even though numerous fossils were discovered also in the reworked beds.

In these latter layers fossils are eroded and randomly distributed.

The reworked layers show a typical turbiditic features in which the Bouma Sequence (Bouma, 1962) can be
identified. Fining and thinning upward sequence and cherty levels are also observable.

The finding of fossils within the reworked beds suggests the continuous erosion of a structural high
that locally nourished the deposition of turbidites and debris flow deposits, in a narrow PCP system (sensu
Santantonio, 1994).

Bouma, A.H. (1962): Sedimentology of some flysch deposits: a graphic approach to facies interpretation. Elsevier, pp.
168, Amsterdam.
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marchigiano-sabino: cause dei cambiamenti dell’ambiente deposizionale ai passaggi Pliensbachiano-Toarciano e
Toarciano-Aaleniano. Universita “G. D’Annunzio” Chieti-Pescara PhD Thesis: 1-356. Chieti.
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Five Upper Cretaceous stratigraphic sections have been measured and sampled in the tectonically complex
area of Marsia (northern Simbruini Mts.), allowing the reconstruction of a ~60 m thick inner carbonate platform
succession.

The section begins with thin bedded dolomitized limestone with Discorbidae, Miliolidae and ostracoda,
passing upwards to decimeter-thick wacke-to-packstone limestone with rudist fragments and Nezzazatinella
cf. aegyptiaca. Metre-thick rudist float-to-rudstones follow upwards, with in sifu assemblages dominated by
elongate shells of Radiolites trigeri, occurring both in monospecific levels or associated with Durania arnaudi
and Biradiolites angulosus. Microfacies are composed of Moncharmontia cf. compressa, Nummuloculina cf.
irregularis, Spirosigmoilina rajkae and Rotaliidae. Upwards, a stack of thick-bedded limestone with float-to-
rudstone texture occurs, at first characterized by a Biradiolites martellii oligospecific association, evolving in
more differentiated rudist assemblages, composed of Sauvagesia sp., B. martellii, Lapeirousella samnitica and
rare Vaccinites sp. Sparse bioclastic lenses with nerineids also occur. The associated microfacies is composed
of Dicyclina schlumbergeri, M. compressa, Nezzazatinella picardi, Pseudocyclammina sphaeroidea,
Nummoloculina sp., Rotorbinella scarsellai.

The overlying succession is a ~ 45 m thick stack of whitish limestone with floatstone to rudstone texture,
containing benthic organisms such as Accordiella conica, Scandonea samnitica, S. mediterranea, Decastronema
barattoloi, Tetraminouxia salentina, Calcarinella schaubi, R. scarsellai, Murgeina apula and Reticulinella
fleuryi. Macrofossil assemblages are dominated by rudists, occurring in floatstones with Hippurites sulcatus,
Vaccinites fortisi, Plagioptychus paradoxus, Radiolites cf. dario, along with rare massive corals. Significantly,
sparse floatstones characterized by whole regular echinoids occur, and a peculiar horizon is characterized by
abundant calcareous sponges (Chaetetids). This testify a heterogeneity of facies and possible perturbations in
sea-water circulation, in turn fostering the proliferation of rudists, chaetetids and/or echinoids. Remarkably
~10 m below the top of the section the uppermost Santonian Keramosphaerina tergestina horizon occurs.

The composed succession can be referred to the “N. cf. aegyptiaca and N. cf. irregularis” and “A. conica
and R. scarsellai” biozones, encompassing the late Turonian- uppermost Santonian interval.

The section has been reconstructed despite the structural complexity of the area and is only ~60 m thick,
resulting very thin if compared with other coeval succession as the S. Maria dei Bisognosi section (~10 km
E of Marsia), where the Coniacian-Santonian is >200 m-thick. Such significant difference can be explained
envisaging tectonic activity that produced different rates of accommodation space creation during the late
Cretaceous, eventually coupled with outcrop exposure.
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The early-middle Eocene (~56-41 Ma) is recorded in the pelagic Scaglia Rossa and Variegata Formations
of the Umbria-Marche basin (central Italy). Geochemical and magnetostratigraphic alignment between the
Bottaccione section (Gubbio, central Italy) and the Smirra core (Cagli, central Italy) allow us to generate a
continuous and well-preserved new record that, combined with previously published data from the same area
(Galeotti et al., 2010, 2017), creates a continuous high-resolution record from the Paleocene-Eocene Thermal
Maximum (~56 Ma) to the lower part of Chron C21n. Comparison with carbon isotope records from ODP Sites
1258 at Demerara Rise and ODP Site 1263 at Walvis Ridge reveals a satisfactory match, providing further
evidence of the global significance of the long-term trend and superposed perturbations captured by the §*C
records. The identification of orbitally forced geochemical cycles allow us to develop a 405-kyr tuned age
model, thereby extending the astrochronology for these classic Tethyan successions from ~56.0 to ~47.5 Ma.
Marine magnetic anomaly profiles from major oceanic basins characterized by high seafloor spreading rates
are used to independently test the astronomical polarity time scale associated with our tuning as well as other
polarity time scales. Our age model suggests the existence of periods of relatively constant seafloor spreading
rates separated by rapid changes, while the other time scales generate more gradual variations and also include
large and short-term deviations in spreading rates that occur simultaneously in different oceanic basins,
implying errors in polarity reversal ages. Refining the timing of these spreading rate changes is very important
as it may help determine the causative mechanism for these changes, especially around ~50 Ma which is a
period of worldwide changes in the seafloor spreading and also coincides with the beginning of a long-term
decrease in the temperatures and pCO.,.

We therefore conclude that Umbria-Marche basin records provide a valuable cyclochronological and
astrochronological estimate for the duration of the interval between ~56 to ~47 Ma. The new age model further
contributes to the closure of the middle Eocene gap in the Astrochronological Time Scale.

Galeotti, S., Krishnan, S., Pagani, M., Lanci, L., Gaudio, A., Zachos, J.C., Monechi, S., Morelli, G. & Lourens, L. (2010):
Orbital chronology of Early Eocene hyperthermals from the Contessa Road section, central Italy. Earth and Planetary
Science Letters, 290, 192-200.
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(2017): Cyclochronology of the Early Eocene carbon isotope record from a composite Contessa Road-Bottaccione
section (Gubbio, central Italy). Newsletters on Stratigraphy, 50, 231-244.
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Stressed conditions are ideal for the development of microbial communities. Bioconstructions are made of
a complex skeletal network with millimetric to centimetric primary cavities where decaying organic matter
create oxygen-minimum zones. Autotrotrophic and chemoheterotrophic bacteria can grow in these cryptic
niches inducing, with their metabolic activities, biomineralization processes. Mediterranean submarine caves
hold one of the best examples for studying microbialites which thrive in cryptic environments, and they also
allow to compare these recent microbialites with their fossil counterparts. Here we compare the microbialites
growing inside small biostalactites of recent submarine caves with those developed within the Triassic
patch reefs of Dolomites (Russo et al., 1991). The microbial-induced biomineralization is the consequence
of autotrophic and chemoheterotrophic bacterial activities in both systems (Guido et al., 2013; Tosti et al.,
2011). Sulfate Reducing Bacteria (SRB), fed by the organic matter produced by metazoans, flourish in suboxic
cavities of the skeletal framework, and induce autochthonous micrite deposition and the early stabilization
of the bioconstructions. The in situ characterization of organic matter through Raman spectroscopy allowed
to record similar organic G and D bands for the autochthonous micrite of both bioconstructions. These peaks
correspond to disordered Carbonaceous Material (CM) preserved in the microbialites. CM bands were not
identified in the allochthonous micrite. Raman data strengthen the hypothesis of an analogous SRB mediation
for the microbialite deposited in cryptic niches of the recent submarine caves and Triassic patch reefs. The
comparison with published extract-based studies (GC-MS) corroborates this hypothesis since distinctive
biosignatures of SRB have been identified in the microbialite phases of both the bioconstructions. Stressed
conditions can develop at different scale, environments and geological time, therefore the framework cavities
of the bioconstructions can be considered laboratories to study microbial induced mineralization in oxygen-
depleted environments.

Guido, A., Heindel, K., Birgel, D., Rosso, A., Mastandrea, A., Sanfilippo, R., Russo, F. & Peckmann, J. (2013): Pendant
bioconstructions cemented by microbial carbonate in submerged marine caves (Holocene, SE Sicily). Palacogeogr.
Palaeoclim. Palaeoecol., 388, 166-180.
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Geol. It., 17, 179-183.
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During the late Oligocene coral facies, usually associated with Larger Benthic Foraminifers, become
widespread in many carbonate systems all around the World (Perrin, 2002; Hallock et al., 2006). Outcrops
from Oligo- Miocene Asmari Formation (Zagros basin, Iran) and Grotta San Michele Limestones (Gargano,
southern Italy) has been studied in order to document the type and distribution of carbonate facies and then to
analyze the controlling factors of the development of carbonate factories. The Grotta San Michele Limestones
were deposited during the late Chattian to the Aquitanian; Asmari Formation span in age from the Rupelian to
the Burdigalian.

The Grotta San Michele Lms. is a massive unit characterized by the presence of scattered coral colonies, or
fragments in a wackestone to packstone matrix. The other common components are red algae, larger benthic
foraminifers (mostly rotalids), epiphytic foraminifers and gastropods. In the Asmari Formation, the middle-
upper Chattian interval is represented by Coral facies that forms limited buildups, developed in open shelves
setting (ie. mid-ramp). The corals are accompanied with non-articulate coralline algae fragments, small benthic
foraminifers and small fragments of LBF.

The upper Oligocene corals facies and its associated skeletal grains in both Grotta San Michele Lms and
Asmari Fm occur in a fine-grained, muddy matrix, and were not able to build a rigid framework, which fits
them to the cluster reef type. All these characteristics are here interpreted as the result of the deposition below
the wave-base action and in a mesophotic condition. Some requirements of corals such as food supply and
water movements, in low- energy mesophotic setting, can be related to the internal waves action (Morsilli et al.,
2012; Pomar et al., 2017). Internal waves/tides are an effective and well-documented mechanism to displace
nutrient- rich water and create turbulence and currents in a generally quiet environment (Pomar et al., 2012).

Hallock, P., Sheps, K., Chaproniére, G., Howell, M. (2006): Larger benthic foraminifers of the Marion Plateau, northeastern
Australia (ODP Leg 194): comparison of faunas from bryozoan (Sites 1193 and 1194) and red algal (Sites 1196-1198)
dominated carbonate platforms. In: Anselmetti F.S., Isern A.R., Blum P., Betzler C. (Eds.), Proc. ODP, Sci. Results,
pp- 1-31.
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a prodelta setting (Late Eocene, southern Pyrenees, Spain): a mixed carbonate siliciclastic system. Sedimentology,
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The Messinian salinity crisis (MSC) is a short lived (5.97-5.33 Ma) dramatic paleo-oceanographic event
occurred in the Mediterranean area as result o reduced hydrological connection with the Atlantic ocean. The
beginning of the MSC, marked by the deposition of gypsum in the marginal basins, triggered an immediate
response of the biota, and particularly of the calcareous microfossils. In detail, the first 21 kyr of the crisis
were characterized by very peculiar calcareous nannofossil and foraminiferal assemblages preserved in the
first Primary Lower Gypsum (PLG) cycle (Sphenolithus abies, Umbilicosphaera rotula, and Rhabdosphaera
procera peaks, Globorotalia scitula and G. suterae peaks; Lozar et al. in press). Also, in the lower PLG cycles
some foraminiferal taxa exhibit a sharp size decrease (e.g. Turborotalita quinqueloba), ), the significance of
which is still unclear. In addition, no information regarding the size of the calcareous nannofossils is available
so far.

Samples from the Piedmont Basin (northern Italy) and straddling the MSC onset yielded the Sphenolithus
abies and Helicosphara carteri specimens measured for this work. Total length and basal width for S. abies
and major and minor axes for H. carteri specimens were measured. The measures sharply decrease at the onset
of the MSC but show a slow recovery to average values in the following cycles, despite their group abundance
decrease.

As for other calcareous microfossils, among the foraminiferal assemblages from the same cycles, the
>125 micron fraction is devoid of foraminifers, whereas the 45-63 micron and 63-125 micron fractions contain
abundant Turborotalita quinqueloba and minor Bulimina spp., thus showing a sudden size decrease in the
cycle where most foraminiferal taxa abruptly disappear. The disappearance of foraminifers and nannofossils
at the beginning of the crisis was traditionally related to a fast salinity increase, in turn responsible for the
deposition of the evaporites recorded in the marginal basins of the Mediterranean Sea. Conversely, the size
decrease among calcareous nannofossils and foraminifers described in this study suggest that the surface water
was characterized by high nutrient supply and possibly fresh water input. The eutrophication is also supported
by the presence of Umbilicosphaera spp. blooms, a calcareous nannofossil genus considered to better flourish
when nutrient supply is high, by the presence of diatom frustules, and by other independent geochemical data
(e.g. high Ba concentration).

The assemblage composition and the microfossil size decrease recorded in this study thus suggest that the
MSC could have been triggered by high nutrient input to the basin, possibly derived by increased runoff from
the continent.
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Since the evaporites were discovered on the Mediterranean floor, an intense debate has arisen about the
most appropriate scenario for the onset of their deposition, occurring at about 5.97 Ma. The Sorbas Basin
(SE Spain) records a continuous and complete succession of events characterizing the Messinian salinity
crisis (MSC). We focus on the astronomically tuned pre-evaporitic Upper Abad Mb. (UA) and the lowermost
Primary lower gypsum deposits (PLG). The UA deposits are characterized by a well-defined precession-driven
lithological cyclicity, commonly made up of quadripartite cycles (sapropel - marl - diatomite - marl). The
PLG unit represents the evaporitic phase and is composed of shales - gypsum cycles. Samples were collected
in the Perales section (cycles UA23 to UA34) and in the shales of the lowermost 4 PLG cycles. Calcareous
nannofossils (CN) relative abundance and Mg/Ca on the foraminiferal shells of Orbulina universa (only in the
UA) are measured in order to obtain information about the environmental condition leading to the gypsum
deposition, usually interpreted as a change (increase) in salinity. These data could also help clarifying the
disappearance of calcifying plankton, reported in many sections across the basin.

Preliminary results show that the CN are present throughout the studied interval, except in PLG1 and PLG2
shales. A peak in abundance of Sphenolithus abies, followed or accompanied by a peak of Helicosphaera
carteri, Umbilicosphaera rotula and Rhabdosphaera procera has been identified in an interval approximating the
MSC onset. The identification in the western Mediterranean of this peculiar succession of CN paleobioevents,
previously reported in Italy (Sicily, Emilia Romagna and Piedmont) and Cyprus (Lozar et al., 2018 and
references therein), strongly suggests that at approximately the time of the MSC onset, a strong increase in fresh
water input and stratification of the water column affected the Mediterranean at basin-wide scale. This, at least
in the Sorbas Basin, culminates in the alternate deposition of shale - gypsum cycles. By contrast, in the shales
of PLG3 and PLG4 cycles the CN assemblage reflects almost normal marine conditions with high productivity
in the water column, suggested by the quasi monospecific assemblage comprised by Reticulofenestra spp and
Coccolithus pelagicus.

Summarizing, we report the first continuous CN record at the time and before the MSC in the Sorbas Basin.
The finding of the CN paleobioevent in the Western Mediterranean strongly suggests that the evaporitic stage
was triggered by the same changes in all the Mediterranean basins, which points to a high fresh water input and
stratification of the water column events.

Lozar, F., Violanti, D., Bernardi, E., Dela Pierre, F. & Natalicchio, M. (2018): Identifying the onset of the Messinian salinity

crisis: a reassessment of the biochronostratigraphic tools (Piedmont Basin, NW Italy). Newsletters on Stratigraphy,
51/1, 11-3.
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A high-resolution abundance and biometrical Coccolithophore study is performed in core M25/4-12 (Ionian
Sea) containing the sapropel S1. By comparison of these data to 6'*0, the main climatic events characterizing
this period have been recognized, such as the Last Glacial Maximum, the Younger Dryas and the Max
Monsoon. Some clues can be depicted after the study of the assemblage. In fact an important feature reported
in literature is the correlation existing among the five younger sapropel (S1-S5) deposition and the increase
in atmospheric CO, content (Negri et al., 2012). The authors hypothesized a local response of the systems to
carbon removal from the oceanic water masses during the interglacial periods. According to the literature,
coccoliths account for 10% of phytoplankton biomass and the shift observed in the assemblage characterizing
S1 indicate that across this layer 90% of the assemblage consisted of Emiliania huxleyi. Mesocosm study
demonstrated that this specie is furthermore able to secrete Trasparent Exopolymers Particles (TEP), and
as all the forms characterized by a calcareous test can promote the so-called Ballast effect. We suggest that
the combinate effect of enhanced TEP production increasing the aggregation of organic carbon, the CaCO,
platelets protecting from organic matter degradation and the ballast function for the organic matter sinking
were crucial for the S1 formation. This based on model studies by Klaas and Archer, 2002 suggesting that a
33% increase in organic matter is sufficient to draw down the CO, in the seawater by approximately 60 ppm.
Then, Coccolithophore possibly played a key role in this process and in agreement with the Gaia hypothesis
(Lovelock 1979), and when the atmospheric CO, level increased, the biotic component of the ecosystem
attenuated the effects sequestering organic carbon (Sapropel) in the sediment whose fate otherwise was to re-
enter in the global carbon cycle.

Klaas, C. & Archer, D.E. (2002): Association of sinking organic matter with various type of mineral ballast in the deep
sea: implication for the rain ratio Global biogeochemical cycle 16,4, 1116.

Lovelock, J.E. (1979): Gaia. A new look at life on earth. Oxford University Press, Oxford Mclntyre

Negri, A., Colleoni, F. & Masina, S. (2012): Mediterranean sapropels: a mere geological problem or a research for study
of a changing planet?. Alpine and Mediterranean Quaternary, 25, 2, 81-89.
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Sapropels are distinctive dark sediment layers occurring periodically in the Eastern Mediterranean Sea
during the late Neogene, caused by enhanced primary productivity and/or deep-water stagnation. Every
sapropel shows peculiar features, likely related to different climate forcing, hydrological parameters and
response to productivity and preservation. Here, we report the results from Sapropel S5 of core M25/4-12,
collected in the Ionian Sea, which records the last 10 sapropels. Sapropel S5, deposited shortly after the end of
Termination TIIL, is one of the best-developed sapropels. Investigation of planktonic foraminiferal and dinocyst
assemblages, together with stable isotope analyses, provides insight into the climatic and oceanographical
changes across this event. High-quality age control is based on a high-resolution biostratigraphic framework
validated with a detailed tephrochronological study. Three volcanic levels were recorded below and intercalated
in S5. Petrography allowed identifying a rhyolitic volcanic layer corresponding to a Pantellerite in the pre-
sapropel oxidized sediments (dated 131 ka) and two tephra levels (C-36 and C-35) were identified and dated at
123 ka and 121.5 ka, respectively.

The planktonic assemblages indicate that milder conditions and an increase of productivity in the water
column started at about 3 ka before the beginning of sapropel deposition. Warmer surface waters and stratified
conditions marked the onset of the deposition of the sapropel. After one thousand year, stronger seasonal
contrast due to colder winters started and persisted for about 3.5 ka. The last interval of the sapropel deposition,
which lasted about 2.5 ka, is marked by warmer surface water and intense stratification with a well- developed
deep chlorophyll maximum. The termination of sapropel deposition, determined on the basis of the dark
sediment colour, corresponds to an important increase of herbivorous planktonic foraminiferal density, which
could suggest a further pulse of primary productivity.
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Carbon cycle perturbations have been common in the geological past, and their effect on sedimentary
sequences is recorded by negative and positive carbon isotope excursions. Semi-enclosed basins, such as
the Mediterranean Sea, are excellent natural laboratories to investigate ancient carbon cycle perturbations
and their impact on ecological change. The amplitude of these perturbations is mirrored by the magnitude of
isotope fluctuations affecting different carbon sources, including carbon from different pools that becomes
incorporated in biogenic and authigenic carbonate minerals and organic matter.

Unfortunately, 6'3C values of carbonates and organic matter can be overprinted to different degrees by
diagenesis. To minimize this problem, we investigated carbon stable isotopic signals of carbonate, bulk organic
matter, and molecular fossils preserved in fine-grained sediments (shales and marls) that were deposited in a
semi-closed Mediterranean basin (Piedmont Basin) during the Messinian salinity crisis (MSC). So far, the
disappearance of body fossils (especially calcareous plankton) at the advent of this dramatic event hampered
reliable paleoenvironmental reconstructions. However, molecular fossils including glycerol dibiphytanyl
glycerol tetracthers (GDGTs) sourced by marine planktic Thaumarchaeota (crenarchaeol and other GDGTs)
are found in all MSC sediments. Interestingly, crenarchaeol records a positive carbon isotope excursion above
the MSC onset (from an average of —21%o PDB in the pre-MSC sediments to values as high as —16%. PDB
in the MSC sediments). Since planktic Thaumarchaeota are thought to primarily fix carbon by assimilation
of dissolved inorganic carbon (DIC) and fractionation factors are known from one experiment with cultured
planktic Thaumarchaeota, the 3"°C values of crenarchaeol can be used to calculate the paleo-3"C . of
Messinian waters. Our results indicate that 6"°C . values were similar to modern values in pre-MSC times
(8"”C - ~0%o). In contrast, during the MSC 6"°C_ . values increased, reflecting a so far unexplored positive
carbon isotope excursion (+4%o) and suggesting that environmental and ecological change at the advent of the
MSC was significant. These data show that carbon isotope analyses of different carbon pools are a powerful
tool to unravel paleoenvironmental change.
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Sapropels are sediments rich in organic carbon occurring cyclically in the Mediterranean marine records
and whose origin has been matter of great debate during the last decades.

Since the very beginning of the history of studies on sapropels, authors inferred that those levels, interbedded
as dark layers in more or less normal light “open marine” sediments, formed during short-lived but catastrophic
alterations in Mediterranean oceanographic conditions, probably linked to broader climate changes.During
DSDP leg 13 and 42 cores conatining sapropels were raised and later ODP legs 160 and 161 permitted to
recognize 88 sapropels spanning the Plio-Pleistocene time interval. I will summarize the main results after the
DSDP-ODP legs in the Mediterranean and outline possible new applications in the study of these mysterious
sediments.
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Following the dominance of microbial carbonate in reefal ecosystems in the Precambrian, the Phanerozoic
saw an overall decline of microbialites in reefs. Different metazoans formed reef frameworks in the course
of the Phanerozoic, commonly with major changes in communities after mass extinctions. In the aftermath
of some major crises, microbial carbonate production regained importance and microbialites even supported
the framework of reefs in some instances. In order to better understand the uneven distribution of reefal
microbialites in the Phanerozoic, the factors constraining their formation need to be identified. Among these,
(1) metazoan competition - particularly grazing - and (2) seawater saturation state in respect to calcium
carbonate minerals have been suggested to be critical (Riding, 2005). To assess the significance of seawater
alkalinity, the actual mechanisms of microbial carbonate formation need to be identified. Should the formation
of reefal microbialites be largely driven the mineralization of extracellular polymeric substances (EPS),
seawater alkalinity will indeed be a crucial factor. Should microbialite formation, however, result mostly from
metabolic activity, the effect of seawater alkalinity will be less significant.

Here, I will look into two examples of microbial carbonate production in reef settings - microbial bioherms
that formed after the end-Permian mass extinction and Holocene reefal microbialites. Recent work revealed
that the earliest Triassic reef ecosystems were surprisingly diverse and that keratose sponges were a previously
unidentified component in framework building. The associated microbialites formed from microbial mats that
were apparently dominated by cyanobacteria but also contained anoxygenic phototrophs and sulfate-reducing
bacteria, closely resembling the composition of extant photosynthesis-based microbial mats. In sharp contrast
to this, Holocene reefal microbialites lack evidence for the involvement of phototrophic microorganisms in
their formation. These microbial carbonates only reveal biosignatures of heterotrophic bacteria. Carbon stable
isotope patterns suggest that neither phototrophy in case of Early Triassic microbial bioherms nor heterotrophy
in case of Holocene reefal microbialites were decisive for microbialite formation. Overall, these observations
suggest that the modes of microbialite formation in reefal settings are variable, depending on environmental
settings and interaction with framebuilding metazoans. No particular metabolism is apparently required for
the formation of reefal microbialites and metabolic activity contributes less to carbonate production than EPS-
controlled mineralization. Such relationship agrees with seawater saturation state as first and foremost control
on the abundance of reefal microbialites in the Phanerozoic.
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In the latest Miocene, before the onset of the Messinian salinity crisis, the Mediterranean experienced
a dramatic increase of the opaline production, resulting in the precessionally-controlled accumulation of
laminated diatomites, sapropels and marls.

Previous studies on the Upper Miocene Mediterranean diatom-bearing successions were mostly focused
on the characterization of their average composition, mostly through destructive analytical techniques based
on the homogenization of the laminated sediment. Although this method provides useful information about
the evolution of the diatom assemblage at precessional scale, it hampers a detailed reconstruction of the sub-
precessional (annual-to-seasonal) processes occurring in the water column and at the sediment-water interface.
Such processes, driven by high-frequency climate change, can only be reconstructed through high-resolution
analytical approaches based on the semi-quantitative investigation of single laminae through the scanning
electron microscope, including backscatter imagery.

We applied such high-resolution analysis to the Upper Miocene diatomites of the Piedmont Basin (Pecetto
di Valenza section, Monferrato), focusing on the processes operating at sub-precessional scale and responsible
for the accumulation and preservation of these laminated sediments.

The identification and the characterization of sub-precessional sedimentary processes from coeval
successions in the Mediterranean is crucial to assess the impact of paleoclimate on sedimentary sub-basins
typified by different paleogeographic conditions and tectonic evolution.
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The Calcare di Base Formation (CdB) is the result of a widespread microbial-mediated carbonate deposition
(Perri et al. 2017) occurring during the Lower Messinian in syn-orogenic basins, along the Calabrian and
Sicilian accretionary wedges. The carbonates are associated with evaporites and are stratigraphically positioned
at the onset of the Messinian Salinity Crisis, which culminates with massive salts deposition.

The formation of such extensive microbial deposition that largely comprises the CdB is envisaged to
have taken place across shallow to moderate depth platforms, with slopes into deeper water areas where
resedimentation occurred.

The most common inner platform sedimentary facies are stromatolites and thrombolites forming flat to
low relief cm to m scale bodies. The micritic fabrics commonly preserve fossil bacteria, mainly filamentous,
which implies an original microbial mat, probably dominated by sulphur-oxidizing bacteria (Thiotrichaceae);
however, there is evidence for a more complex microbial community including sulphate- and/or nitrate-reducing
bacteria, all being responsible for the mediation of the carbonate precipitation. Microbialitic boundstones are
rich in pseudomorphs of Ca-sulphate and halite, which formed during the deposition of the carbonate. Layers
of primary gypsum are interbedded locally with carbonates suggesting the presence of restricted hypersaline
marine conditions.

While in situ microbialites growth and evaporites precipitation likely dominate at platform setting, gravity
flows and ductile deformation prevail along the slopes, forming highly deformed shelf-derived blocks and
debrites. A downslope facies gradient, developing along presumably gently inclined slopes, is observable from
upper/mid-slope massive debrites to base-of-slope normal to reverse graded organized debrites; which, finally,
make transition to basinal mudstones.

The prograding pattern of the platform-slope wedges show that the carbonates of the CdB form a continuous
regressive sequence due to a progressive relative sea-level lowering.

The stable O and C isotopic composition of the carbonates, which varies from dolomite to aragonite and
calcite, suggests alternation between arid to humid climatic changes, expressed by cyclic interbedding of
carbonates and evaporites with marlstones.

Perri, E., Gindre-Chanu, L., Caruso, A., Cefala, M., Scopelliti, G. & Tucker, M. (2017): Microbial-mediated pre-salt

carbonate deposition during the Messinian salinity crisis (Calcare di Base fm., Southern Italy). Mar. Petr. Geol., 88,
235-250.
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During the Messinian salinity crisis (MSC; 5.97-5.33 Ma) the progressive isolation of the Mediterranean Sea
from the Atlantic Ocean led to the establishment of extreme environmental conditions, including hypersalinity,
dysoxia and anoxia. Generally, in marginal shallow basins the advent of the MSC is marked by the deposition
of primary massive gypsum. In contrast, gypsum was not formed in intermediate to deep basins, possibly due
to severe bottom oxygen depletion, which favoured increased bacterial sulphate reduction, which in turn was
responsible for gypsum undersaturation (de Lange and Krijgsman, 2010).

To look into the nature of environmental change in a deep-water setting across the onset of the MSC,
we studied the Govone section (Piedmont Basin, NW Italy), a monotonous cyclical alternation of organic-
rich shales and homogeneous marls. Sedimentologic, petrographic and C and O stable isotope analyses were
complemented by lipid biomarker analyses, focusing on the inventory of archaeal glycerol dialkyl glycerol
tetracthers (GDGTs) and bacterial dialkyl glycerol ethers (DAGEs). Interestingly, predominantly GDGTs of
marine planktic archaea (e.g. crenarchaeol) were found in both shales and marls before and after the MSC
onset, indicating the persistence of normal marine conditions in the upper water column also after the begin of
the crisis. The concomitant increase of DAGEs and spheroidal dolomite microcrystals in the MSC deposits is
consistent with increasing rates of bacterial sulphate reduction and oxygen depletion in the bottom layers, the
former probably at least in part responsible for gypsum undersaturation. Our lipid biomarker data confirm the
presence of progressively more restricted conditions across the MSC onset, culminating with the establishment
of a permanent stratification of the water column.

De Lange, G.J. & Krijgsman, W. (2010): Messinian salinity crisis: a novel unifying shallow gypsum/deep dolomite
formation mechanism. Marine Geology, 275, 273-277.
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Diatoms are very sensitive to minute changes in environmental conditions thus they represent an excellent
proxy to understand how tephra influences environmental sedimentation. Some tephra layers have been
recognized in cores collected in the framework of the PNRA-Project TRACERS (TephRochronology and
mArker events for the correlation of natural archives in the Ross Sea, Antarctica) in the Western Ross Sea.
We propose a study of the diatom assemblage on selected levels around primary tephra layers found in two
piston cores collected in the northern Drygalski Basin (TR17_05PC) and Wood Bay (TR17_12PC). Core
TR17_05PC is characterized by sandy mud alternating with muddy sand. Two tephra layers are present. Core
TR17_12PC is characterized by clayey mud with sparse clasts. One tephra layer is present at the base of the
core. Physical (magnetic susceptibility, grain size), chemical-geochemical (organic and total carbon, major and
trace elements) and micropaleontological (foraminifera) analyses support the diatom assemblage.

Various authors (Telfold et al., 2004; Cruces et al., 2006; Urrutia et al., 2007) have demonstrated that tephra
deposition modifies the chemical and physical conditions of the water and causes an increase in nutrients and
silicate material. In this poster we present how the tephra deposition can influence diatom assemblage.

Cruces, F., Urrutia, R., Parra, O., Araneda, A., Treutler, H., Bertrand, S., Fagel, N., Torres, L., Barra, R. & Chirinos, L.
(2006): Changes in diatom assemblages in an Andean lake in response to a recent volcanic event. Archiv fur
Hydrobiologie, 165, 23-35.

Telford, R.J., Barker, P., Metcalfe, S. & Newton, A. (2004): Lacustrine responses to tephra deposition: Examples from
Mexico. Quaternary Science Reviews, 23, 2337-2353.

Urrutia, R., Araneda, A., Cruces, F., Torres, L., Chirinos, L., Treutler, H.C., Fagel, N., Bertrand, S., Alvial, I., Barra, R. &
Chapron, E. (2007): Changes in diatom, pollen, and chironomid assemblages in response to a recent volcanic event in
Lake Galletue” (Chilean Andes). Limnologica, 37, 49-62.
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We realized a couple of boreholes, both about 16 m-deep, in the Garigliano Plain, a large coastal-alluvial
plain located at the boundary between southern Latium and northern Campania. Here we present the preliminary
data from the log related to the northernmost drill (CL1). This revealed helpful information about climatic
variations and sea level changes. From the bottom, the log is constituted of: i) marine sand with an interbedded
primary volcanic layer made of white pumice, half meter thick, ii) silty sand and coarsening-upward yellowish
marine sand with, at the top, a reddish horizon of weathered sand, iv) pyroclastic rocks related to the formation
of Campania Ignimbrite, v) silty clay and clay of lagoon-marshy environment. From this log, 5 samples have
been destined to tephrostratigraphic analysis, 3 to radiometric analysis for age determinations, 48 samples have
been collected for paleoecological analysis and about 30 samples for palinological analysis. A similar amount
of samples will be tested for mineralogical and geochemical analyses.

Four of the first five samples here examined, coming from the lower part of CL1 drill core, yielded calcareous
and siliceous meiofaunal fossil remains. The sample CL1MS is barren. Foraminifer and ostracod assemblages
indicate a shallow marine paleoenvironment characterized by high relative abundances of the foraminifer
genus Ammonia and the ostracod species Pontocythere turbida and Semicytherura incongruens. The absence
of miliolid taxa suggests low pH bottom waters, under the influence of volcanic activities.

Preliminary pollen analysis of the lagoon and marsh intervals (CL1 core) indicates the occurrence of a
forested landscape dominated by oaks all along the investigated period. Few signs of anthropogenic impact
(mainly fires) are evident in the pollen spectra maybe due to the high density of the forest canopy. The presence
of dinoflagellates in the basal sample confirms the occurrence of a lagoon environment which is replaced by a
marsh, as attested by the increase in Cyperaceae.

Thepra analysis revealed the presence of a 39 ky B.P.-old pyroclastic unit, therefore assigned to the
Campania Ignimbrite, at about -9 m b.s.I. (bottom) up to -4.50 m b.s.1. (top). This unit presents characteristics
indicating that its base represents the first emplaced pyroclastic products of the Campania Ignimbrite. Finally,
we can affirm that the basal white pumice layer is not reworked.

In the upper part of the drill core we have recognized lagoonal-swamp facies. On the basis of '*C dating, we
can attribute the starting stage of such a sedimentation to the effects induced by the Post-glacial sea-level rise at
about 8000 y BP. The further elaboration of such data can help us to better define the evolutionary frame of the
plain in term of sea-level changes and related paleoenvironmental modifications, so permitting us to delineate
also the future scenarios of coastal inundation risk.
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Along convergent margins, mass-transport represents an important mechanism for sediment distribution
within sedimentary basins and, especially if related to seismic activity, it can generate tsunamis. This is also
the case of the Gulf of Taranto where mass movements of different size and age are already known. However,
a detailed quantitative analysis of geometry, origin, triggering mechanism and final age of their emplacement
has not been fully accomplished.

In this study, the submerged portion of the Southern Apennine collisional belt within the Bradano foredeep
is investigated. A composite data-set including seismic reflection profiles, exploration wells and seafloor
morphology, allowed definition of new large-size Mass Transport Deposit, named the “Bradano Basento Mega
Slide” (BBMS) and containing a younger slide mass (BBMS1). The BBMS forms a lens 31 by 19.5 km wide,
corresponding to an area of ~396 km? A rough depth-conversion allow to estimate a maximum thickness of
about ~600 m and a volume of ~130 km®. The run-out distance is estimated up to few hundreds of meters.
These estimates are conservative, since BBMS and BBMSI1 likely have an onshore extension, not imaged by
our marine data. This is the largest MTD complex described in the Gulf of Taranto. The BBMS and BBMSI1
remobilized toward the SE Middle-Late Pleistocene-Holocene clay/silty-clay deposits. Based on stratigraphic
correlations, carried out using well-logs and the ages of correlative deposits onshore, it was emplaced in Late
Pleistocene and predated the LGM.

Several lines of evidence, including the fact that the BBMS gliding surface appears to have been controlled
by main tectonic structures in the area, suggest that the most likely trigger mechanism for the emplacement
of the MTDs is seismic shaking. Thus, it is suggested that BBMS and BBMSI1 should be considered paleo-
seismological markers of large magnitude earthquakes in the Bradano Foredeep basin. The discovery of BBMS
and BBMS1 might be useful to complete the onshore paleo-seismological record and may contribute to clarify
the paleo-seismological behavior of this geologically complex area.

The discovery of this new megaslide suggests the need for a re-evaluation of the potential for large
earthquakes and tsunamis and in general for a reliable geological hazard assessment along the coast of the
Gulf of Taranto, a heavily populated area, site of many industrial infrastructures.
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The Ionian Calabrian margin is a tectonically active area, and is part of the Calabrian Arc, that is the SE tip
of the arcuate Appeninc-Maghrebide fold and thrust belt, generated through the Neogene northwest-oriented
subduction of the Nubia plate below the Eurasian plate.

Based on seabed mapping carried out during the national Project MaGIC (Marine Geohazards Along the
Italian Coasts), evidences of mass wasting geomorphic features have been identified along the inner continental
slope, i.e. slide scars, canyon headscarps and gravity flow deposits.

Two new high-resolution geophysical surveys were recently acquired that extended and improved the
existing geophysical dataset: in 2014 the German RV Meteor acquired multibeam bathymetry (50m DTM) and
Parasound sub-bottom profiles on a wider area, and in 2015 the Italian RV OGS Explora acquired Chirp sub-
bottom profiles and multichannel seismic reflection profiles withih the framework of the RITMARE project.

Here we integrate these new data with existing geophysical datasets and published exploration wells to
map and characterize submarine slope failures and mass wasting deposits within the Pliocene-Quaternary
succession.

The results show mass failures are widespread along the steep (higher than 10°) slopes of the lonian margin
south of Calabria, and within small basins in the inner sector of the calabrian accretionary wedge. Seafloor
features range from small-scale features (hundreds of meters in extent), that are mainly located on the canyon
headwalls and sidewalls, to larger slides (up to 10 km in extent) on open slopes areas. Subsurface profiles across
open slopes and in the small basins provide evidence of repeated failures, in particular in the shallower part of
the sedimentary sequence (first hundred meters). The stratigraphic distribution of the mass transport deposits
along the Ionian Calabrian margin suggests that the vast majority of the mass transport deposits idenfitied, are
observed to occur above an unconformity, which has been tentatively dated to the Middle Pleistocene (<1 Ma).
This unconformity seems also to represents the lower bound for the onset of canyon formation. We infer that
the onset of both mass wasting and canyon formation could be related to the rapid km-scale differential uplift
of Calabria over last 1 Ma, which has driven a seaward tilting of the Ionian Calabrian margin thus leading to
mass wasting processes and canyon incision.
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Lipari is an active insular volcano located in the Southern Tyrrhenian Sea. The recent collection of very
high-resolution multibeam bathymetry from the coast down to base of the volcanic edifice allows us to observe
a strong asymmetry of its flanks (Bosman et al., 2015; Casalbore et al., 2016). The western side is characterized
by the development of large insular shelf related to wave erosion during past sea level fluctuations and is
punctuated by eccentric volcanic cones at greater depths. The eastern side shows instead steep flanks affected
by several canyons, whose headwall cut back up to 5 meters water depth, few tens of meters far from the coast
(Casalbore et al., 2017). These canyons control the shape of the coastline, indicating a strong feedback between
the morphogenesis of submarine and coastal sectors. Furthermore, anthropogenic processes overlap on natural
coastal dynamics in reducing the sediment input to the eastern Lipari coast. Based on GPS data collected in
the last decade and the finding of presently submerged archeological remains (i.e., a roman harbor) at about
12 m water depth, Anzidei et al. (2015) have estimated for the eastern part of Lipari a subsidence rate of 6 mm
per year if averaged at the last two millennia and up to 10 mm per year in the last centuries, with significant
implication for the flooding of coastal areas. Land subsidence has been mostly interpreted as the result of
volcano-tectonic processes, even if the retrogressive activity of canyon head might have played an additional
role. In this work, we present a comprehensive view of the potential coastal hazard related to the retrogressive
erosion of these canyons, located off the most anthrophized and touristically exploited part of the island.

Anzidei, M., Bosman, A., Casalbore, D., Tusa, S., La Rocca, R. (2015): New insights on the subsidence of Lipari island
(Aeolian islands, southern Italy) from the submerged Roman age pier at Marina Lunga. Quaternary International, 401,
162-173.

Bosman, A., Casalbore, D., Anzidei, M., Muccini, F., Chiocci, F., Carmisciano, C. (2015): The first ultra-high resolution
Digital Terrain Model of the shallow-water sector around Lipari Island (Aeolian Islands, Italy). Annals of Geophysics,
58,2, S0218.

Casalbore, D., Bosman, A., Romagnoli, C., Di Filippo, M., Chiocci, F.L. (2016): Morphology of Lipari offshore (Southern
Tyrrhenian Sea). Journal of Maps, 12, 77-86.

Casalbore, D., Romagnoli, C., Bosman, A., Anzidei, M., Chiocci, F.L. (2017): Coastal hazard due to submarine canyons
in active insular volcanoes: examples from Lipari Island (southern Tyrrhenian Sea). Journal of Coastal Conservation,
https://doi.org/10.1007/s11852-017-0549-x.
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In the last few decades, seafloor mapping (multibeam bathymetry in primis) is drastically changing our
vision about the extension and frequency of recent/active geological processes acting in the marine realm,
with particular reference to mass-wasting processes. These latter are commonly ubiquitous in all the marine
environments, even if they are mostly concentrated in geologically-active areas due to the concurrent presence
of several predisposing and triggering factors, such as high sedimentation rates, steep slopes, active tectonics
and/or volcanism, etc. Offshore the southern Italy, mass-wasting features were recognized from the coast
down to 2600 water depths, affecting from the 52% up to 97% of the whole continental margin (Chiocci and
Casalbore, 2017). Furthermore, in these areas mass-wasting processes often occur close to the coast due to the
narrow or totally lacking shelves, thus playing a key role in the morphogenesis of coastal sectors as witnessed
by the matching of such mass-wasting features with embayment of the coast. In this work, we show different
case-studies from the continental margins and submarine flanks of insular volcanoes off Southern Italy, trying
to evidence the associated marine geohazard, i.e. their capacity/potential to directly impact coastal and offshore
infrastructure or indirectly through the generation of tsunami waves.

Casalbore, D., Chiocci, F.L. (2017): Unexpected fast rate of morphological evolution of geologically-active continental
margins during Quaternary: Examples from selected areas in the Italian seas. Marine and Petroleum Geology, 82,
154-162.
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The Ionian Calabrian margin is a tectonically active and very fast morpho-dynamic area where the
correlation between the seismic-tectonic activity, widespread gravitational phenomena and the strong
dynamism of the mainly structural canyon can be studied. This area provides an opportunity to study active
submarine sedimentary processes. The link between these processes and the effects in terms of geological and
environmental impact was the focus of a research project entitled Morphology and Evolution of the Submarine
Canyons in the lonian Margin of Calabria, led in 2005 by researchers from the Dipartimento di Matematica e
Geoscienze of Trieste.

The focus area was the Golfo di Squillace (Calabria) and the aim of the project was to identify and study the
connections between seismic-tectonics, the development of submarine canyons and the associated sedimentary
dynamics. The first set of geophysical data was acquired during the 2005 cruise (Morelli et al., 2011). A second
set of data was later acquired (Ceramicola et al., 2013) within the framework of the MaGIC Project (Marine
Geo-hazards along the Italian Coast). During the 2005 oceanographic cruise, the location of 14 sampling
stations were chosen on the basis of seafloor morphology. Grabs and gravity cores were collected on the
levees and the axes of canyons. Cores are of variable length, between 162 and 282 cm. The samples were
recovered at depths between 180 and 1500 meters. A multidisciplinary study has been planned on sediment
samples. Continuous measurements (X-rays, Magnetic Susceptibility, XRF core scanner) and analyses on
discrete samples (grain-size, mineralogy, organic matter and carbonate content, foraminifera assemblage) are
in progress. A significant number of primary tephra layers has been recognized and is being characterized.
Several gravitational events are recorded in the sediment. Some of these events could be connected to seismic
activity and/or tsunamis as seen in deeper sediment in this and neighboring areas (Polonia et al., 2016). The
first data will be presented.

Ceramicola, S., Praeg, D., Coste, M., Forlin, E., Cova, A., Colizza, E. & Critelli, S. (2013): Submarine Mass-Movements
along the scope of the active lonian Continental Margins and their consequences for marine geohazards (Mediterranean
Sea). In Kastel S. et al. Eds. Submarine Mass Movements and Their Consequences, Advances in Natural and
Technological Hazards Research, 37, 295-306, Springer.

Morelli, D., Cuppari, A., Colizza, E. & Fanucci, F. (2011): Geomorphic setting and geohazard-related features along
the Ionian Calabrian margin between Capo Spartivento and Capo Rizzuto (Italy). Mar. Geophys.Res., DOI 10.1007/
s11001-011-9130-4.

Polonia, A., Nelson, C.H., Romano, S., Vaiani, S.C., Colizza, E., Gasparotto, G. & Gasperini, L. (2016): A depositional model
for seismo-turbidites in confined basins based on Ionian Sea deposits. Mar. Geol., DOI 10.1016/j.margeo.2016.05.010.
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In Campania region coastal sectors, there are several areas considered to be particularly prone to inundation
hazards due to their geomorphological and stratigraphical features, characterized by low topography and
relevant subsidence rates. These coastal areas can be affected by the negative impacts of the ongoing eustatic
sea level rise, in terms of both erosion and flooding processes, where it is enhanced by local subsidence trends.

In this study we provide an evaluation of the current subsidence rates, derived by the results of the analysis
of DInSAR datasets acquired over the Campania coastal sectors from June 1992 to July 2010. New insights
into the spatial variability of vertical ground deformations (subsidence/uplift) and their influence on the future
marine flooding related to Relative Sea Level Rise (RSLR) along the Volturno, Sarno, Sele and Alento alluvial
coastal plains are also provided.

In order to assess the potential coastal flooding hazards, we assumed that the current measured subsidence
trend will be kept constant for the near future. The Vertical Ground Deformation (VGD) values obtained by
the DInSAR analysis have been used to obtain the future topographic information of the investigated coastal
plains, starting from digital elevation model defined by using Lidar data (1 - 2 m cell resolution, 2010-2014
surveys).

The rate of VGD in each cell of DInSAR grid was used to obtain 2065 and 2100 future DEMs by adding
the expected change in topography (calculated by using the current deformation rates obtained by DInSAR
processing) to the present-day DEM.

The flooding maps for the different sea level rise scenarios derived by IPCC (2014) have been obtained for
the studied coastal plains. The inland limit for the flooding analysis has been set at an elevation of 5 m above
sea level, including in this way the most susceptible coastal areas.

The areas characterized by susceptibility index and socio-economic exposure index have been combined to
identify the hotspot areas with the highest potential coastal risk. The indices have been evaluated for coastal
sectors 1 km wide, according to the CRAF methodology (phase 1) of the RISC-KIT index-method, based on
indicators referring to land use categories, economic activities and social vulnerability.

The results about Campania potential coastal flooding risks exhibit a different distribution into the plains,
due to the differential rate of the estimated subsidence referred to the 2065 and 2100 IPCC scenarios. The
obtained results highlight with a high resolution the importance of the DInSAR data for the spatial susceptibility
assessment to the coastal areas flooding. RSLR scenarios suggest that in the near future natural areas, beaches,
human infrastructures, and wide portions of agricultural areas located in the plain will be affected by potential
marine flooding, with several zones falling within high risk areas.

IPPC (2014): Intergovernmental Panel on Climate Change - Fifth assessment report. Climate change 2014. Cambridge
University Press, Cambridge.
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The northeastern Sicilian continental shelf, between Capo Milazzo and Capo Rasocolmo, extends for about
25 km in SSW-NNE direction, with average width of about 3.5 km. It is located along a tectonically active
margin, with large rate of differential vertical movements linked to the structural framework of northeastern
Sicily and southern Calabria. Continental shelves are the submarine areas closest to land and riverine sediment
transport, albeit in combination with oceanographic processes, is the main control for their geomorphic setting.
In addition, climate and tectonics operate at different spatial and temporal scales in controlling the character
and the site of sediment accumulation. The aim of this work is to provide, through Multibeam bathymetric data,
an update characterization of the geomorphology and sedimentology of the northeastern Sicilian continental
shelf. Furthermore, the morpho-stratrigraphic description of the transgressive and highstand wedges is carried
out through high-resolution CHIRP seismic profiles, and a reconstruction of the deposits of the last eustatic
sea level cycle is provided. A considerable part of the external, relict shelf, between Rometta and Villafranca
canyons, is characterized by sedimentary bodies, with an highly reflective acoustic facies, that have been
interpreted as a transgressive wedge, that often clearly show the character of past coastal landscapes. It lies in
unconformity on a continuous erosional surface, which is interpreted as the top of the lowstand wedge. In the
western and central portion of the study area, several relatively large rivers provide a considerable sedimentary
input and form deltas. Delta building in the coastal area is associated with distributary channels that continue
further offshore. The development of delta deposits is a function of space availability for their progradation in
the continental shelf. In fact, where the shelfis very narrow and the head of the canyons is close to the shoreline,
the delta distributary systems show a rather narrow expansion and the rivers discharge their sedimentary load
into the canyons. Conversely, where the accommodation space is greater, the distributary channels occupy a
wider shelf portion and distal prodelta deposits reach the shelf edge. In the eastern portion of the shelf, the
low sedimentary contribution from small rivers results in a limited expansion of the highstand wedge that is
restricted to the inner sectors of the shelf. Here, the influence of the oceanographic currents driven by the Strait
of Messina is crucial in the formation of sediment wave fields and possibly of an infralittoral prograding wedge.
Our analysis shows that elements of hazards in the shelf have variable origin and can affect either directly the
coast, such as the coastal connected canyon heads, or more in general the entire width of the shelf where a
vigorous sediment dynamics result in an mobile seafloor that can pose a threat to offshore infrastructures.
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Downslope sedimentary processes, driven by gravitational forces, move material over the seafloor and
resediment it into deeper water. These processes are characterised by a large variety of magnitude, types of
transport and deposition, and frequency. Resulting mass transport deposits (MTDs) are found on the slope,
at the base of slope and on the basin floor. MTDs can represent a large portion of the stratigraphic infill of
some basins around the world. This is the case of the recent sedimentary succession of the Capo d’Orlando
Basin, where a remarkable variety of MTDs is present and is illustrated in this work. Our analysis focusses
on: the location of the evacuation and depositional areas of the MTDs; the characterisation of the surface
geomorphology of the MTDs, both in their evacuation and accumulation areas; the evaluation of the thickness
and 3-D geometry of the MTDs; the determination of the MTDs’ facies. The MTDs’ evacuation areas are
mainly restricted to the slope, but some of them propagate upslope to affect the shelf-edge. The largest MTD
occupies the entire eastern part of the basin plain with a total volume of approximately 12 Km®. It is a frontally
unconfined slump often having an erosional base and a ramp geometry in its frontal area. Intermediate-sized
MTDs form an apron at the base of slope and do not reach the basin plain. Their evacuation areas are in the
channel-levee wedges that consequently are experiencing a major destructional phase. Smaller scale MTDs are
present in the upper slope; they are debris flow deposits generally having an axial channel and lateral and distal
blocky “wings”. Larger MTDs are however also present in the upper slope of the western basin portion; they
have a blocky surface and their evacuation area involves the shelf edge and is probably controlled by tectonic
structures. The shelf edge is affected by sediment failure also in the eastern part of the basin. Here, landslide
results in the retrogradation of canyon heads that reach the coast. They can be triggered by rapid events of
high sedimentation at the shelf edge, possibly connected with hyperpycnal river discharge or oceanographic
processes, and lead to flows that flush the canyons. The basin-plain MTD and the base-of-slope MTDs can
result from a single failure event or from almost synchronous multiple events indicating a major pulse of
widespread instability in the basin margin. Mass-transport deposits can occur at any time during a margin’s
history but commonly they form thick accumulation due to accentuated seafloor instability, often associated
with specific periods during a cycle of sea-level variations. Also the common occurrence of MTDs in the
stratigraphy of the Capo d’Orlando Basin points to a recent intensification of sediment collapse. However, in
this case, widespread mass-wasting processes have their roots in the tectonic setting of the northern Sicilian
margin with active faulting, tilting, vertical movements and seismicity.
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In this work, Holocene geomorphological coastal evolution in response to sea level rise has been compared
to future sea level rise projections evaluated for some Campanian coastal plains (Volturno, Sele and Alento
plains). In this way, the flooding scenarios estimated for the end of 21" century (Lambeck et al. 2011; Aucelli
et al., 2017; Di Paola et al., 2017, Matano et al., 2018) can be validated.

The Holocene evolution of these areas has been mainly controlled by a marine transgression due to post-
glacial sea level rise, which caused the formation of sandy barriers and lagoonal systems that fast migrated
landward. At the end of this transgressive phase, the shorelines prograded several hundred meters mainly for
the decrease of the sea level rise rate.

To date, the Campanian alluvial coastal plains host several low-land areas usually localized at the back of
the sandy coastal dunal ridges and around the river mouths. These areas results particularly prone to be affected
by the negative impacts of the sea level rise, also enhanced by local subsidence.

The comparison between the future relative sea level rates and sea level rates since 10.000 years BP
has been carried out by plotting the predicted local sea level rise rates in a graph where Holocene coastal
geomorphological trends are represented. Three fields of coastal response have been defined: a) flooding and
prevailing coastal retreat phase; b) transitional phase; c) prevailing coastal progradation phase.

The local sea level rise has been evaluated as sum of the eustatic component and the ongoing ground
deformation trends, estimated by DIn-SAR data.

The results enhance that the studied coastal plains fall in the flooding field of the proposed diagram when
subsidence rates are coupled with predicted sea level rise rates. Furthermore, the comparative analysis leaves
no dubs that no one of the future estimated local sea level rise trends can be compensated by progradational
pulses of the plains.

Aucelli, P.P.C., Di Paola, G., Incontri, P., Rizzo, A., Vilardo, G., Benassai, G., Buonocore, B. & Pappone, G. (2017):
Coastal inundation risk assessment due to subsidence and sea level rise in a Mediterranean alluvial plain (Volturno
coastal plain-southern Italy). Estuarine, Coastal and Shelf Science, 198, 597-609.

Di Paola, G, Alberico, 1., Aucelli P.P.C., Matano, F, Rizzo, A. & Vilardo, G. (2017): Coastal subsidence detected by
Synthetic Aperture Radar interferometry and its effects coupled with future sea-level rise: the case of the Sele Plain
(Southern Italy). J Flood Risk Manag doi: 10.1111/j£r3.12308.

Lambeck, K., Antonioli, F., Anzidei, M., Ferranti, L., Leoni, G., Scicchitano, G. & Silenzi, S. (2011): Sea level change
along the Italian coast during the Holocene and projections for the future. Quaternary International, 232, 250-257.
Matano, F., Sacchi, M., Vigliotti, M. & Ruberti, D. (2018): Subsidence Trends of Volturno River Coastal Plain (Northern

Campania, Southern Italy) Inferred by SAR Interferometry Data. Geosciences, 8(1), 8.
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Most of the world’s floodplains are affected by subsidence, a phenomenon that includes, among others,
the salinization of the aquifer, coastal erosion, greater vulnerability to flooding and storm surges, structural
damage to infrastructure. In the Mediterranean, numerous floodplain plains are affected by subsidence due to
both the rise in global sea level and other natural and anthropogenic factors. In analyzing the potential drivers of
subsidence, in recent times the sedimentological evolution of modern river deltas has been considered, which
began to form around 6500 years, after the fall of sea level in the last glacial phase (Last Glacial Maximum
- LGM) and the subsequent aggradation and Holocene progradation. The Incised Valleys (IV) formed during
the LGM were filled by fluvial-lacustrine, transitional and marine deposits, characterized by sands, silts, clays
and peat. Recent studies confirm that natural compaction can cause a decrease of several millimeters for years,
especially in coastal deposits rich in organic substances.

The aim of the present study is to define the stratigraphic architecture of the Holocene and the correlation
with the ground deformation trends referring to two decades (1992-2010), which characterize the coastal
alluvial plain of the Volturno River, in northern Campania. Assessment of subsidence trends was previously
based on SAR (Synthetic Aperture Radar) interferometry techniques.

The reconstruction of the satellite time series shows a general tendency to the ground subsidence over time
of the whole area and a strong negative subsidence in three sites between the coast and the lower valley of
the Volturno. The reconstructed stratigraphic architecture has shown that the unit which is the first substrate
for Holocene and Recent sedimentation is represented by the Campania Grey Tuff (CGT), produced by the
explosive volcanic activity of the Phlegrean Field about 39 ky and deposited over the whole Campana Plain.
The CGT was deeply eroded by the fluvial activity during the LGM and the resulting Incised Valley was
subsequently filled by fluvial-lacustrine, transitional and coastal deposits.

The spatial intersection of the deformation data with the geological data showed a net overlap of the
subsiding areas with the paleovalley contour. Furthermore, higher subsidence rates affect areas characterized
by thicker Holocene sedimentary sequences and in particular where silt, clayey silt, clay and peat are the
main lithologies. The latter,from a geotechnical point of view, are classified as fine grained soils with poor
mechanical properties (high compressibility and low resistance). Furthermore, the inclusion of a significant
amount of peat and organic matter is reflected in high values of secondary consolidation coefficient.

This suggests that if anthropic activities can be the cause of a generalized process of primary consolidation,
a key role is played by sthe tratigraphic structure and in particular by distribution and thickness of Holocene
deposits, whose characteristics are at the origin of secondary consolidation and of the variability observed
among subsidence rates.

The results of this study confirm the importance of an integrated study for the assessment of hazards to
coastal areas.
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The southern Campania continental margin seems prone to failures along stratigraphic weak layers. At
least eight translational landslide systems (single or complex) larger than 20 km? have been identified in the
bathymetric range 200-700 m, over about 1000 km?. An area of about 30 km? of the upper slope in water depths
of 200 -300 m, off Licosa Promonty (South-eastern Tyrrhenian Sea), failed between 14 ka and 11 ka BP. We
approached the study of the Licosa landslide by multibeam- and CHIRP- sonar surveying, high-resolution
multichannel seismic profiling and coring, to assess the morphology, the stratigraphy and the structural
discontinuities in the area (Sammartini et al., 2018 and references therein). Specifically, samples include some
fall-controlled piston cores retrieved in-scar and out-of-scar, aimed at investigating the mechanical properties
of the failed soils. This analysis revealed that the landslide detached along the outer, gentle (dipping about
1.5°) slope of the last glacial shelf wedge and involved at the base the fall-out pumice lapilli deposit of the Y-5
(39 ka) volcanic event. The settlement of the tephra gave rise to a distinguishable seismic marker over a great
extent of the southern Campania offshore. Several previously unknown geological features of the continental
margin are likely to have favored the slope instability in the area. These are the basal erosion of the slope in the
Licosa Channel, the high sedimentation rate in the sedimentary wedge, the litho-stratigraphic discontinuities,
the gas/fluid migration zones occurring in the surrounding 15 km, and possibly the lateral pore water flow
from the depocentre of the wedge to the base of the slope, along the high-permeable layers. However, further
investigations are needed to develop a coherent chronological framework among the processes. A prominent
structural discontinuity, E-W oriented, and several associated normal faults displaced the acoustic substrata
and the sedimentary succession up to the late Middle Pleistocene. This lineament has been here acknowledged
as possibly being the fault whose activity may have triggered the slope instability in the area, trough earthquake
shaking. The time span activity and geometry of the fault well match the structural framework of the last
deformation event, currently active inland, and set in the geodynamical context of the Pleistocene-Recent
back-arc extension of the Marsili basin.

Acknowledgments: This study benefited from a National Research Program 2011-2013, Flagship Project
RITMARE, granted to A.C. and F.B.

Sammartini, M., Camerlenghi, A., Budillon, F., Insinga, D.D., Zgur, F., Conforti, A., lorio, M., Romeo, R. & Tonielli, R.
(2018): Open slope, translational submarine landslide in a tectonically active volcanic continental margin (Licosa
submarine landslide, Southern Tyrrhenian Sea)” In Lintern, D. G., et al., Eds., Subaqueous Mass Movements.
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The Maltese Islands are intersected by two major fault systems associated with two diverse rifting episodes
affect the islands. The first and most widespread system is Early Miocene to mid-Pliocene in age, and consists
of faults that are orientated ENE-WSW. The most distinct of these faults is the Great Fault (known also as the
Victoria Lines Fault). The younger system of faults (Late Miocene-Early Pliocene) is still active and consists
of faults striking NW to SE that often cross-cut the first generation of faults. The most extensive of these faults
is the Maghlaq Fault, located along the southern coastline of the Maltese Islands.

The objectives of this study are to characterise active fluid flow systems across the Maltese islands, identify
their origin and infer the mechanisms by which fluid is transferred to the seafloor. To fulfil these objective
we merge seismic reflection profiles (boomer, multichannel and sub-bottom), high-resolution multibeam
echousounder and CTD data, water and seabed samples, stratigraphic logs (that were calibrated with the
seismic lines), aerial data (to determine methane and carbon dioxide concentrations in the atmosphere) and
terrestrial data (i.e. water geochemistry interpretation, dissolved gas geochemistry and soil gas measurements).

Fifty-eight pockmarks with sub-circular planform shapes and U/V-shaped cross-sections have been. Their
mean axis is about 12 m in diameter and the wall slope gradient is 3-4°, while their mean depth is 4 m (over the
range 3-15 m). In the water column, gas flares attributed to the occurrence fluid escape and showing anomalous
amplitude peaks have been mapped at the top of the pockmarks. A number of gas chimneys extending up to
seafloor have been identified using the boomer and the multichannel seismic lines in the sub-seafloor. The CTD
data showed some local anomalies where a major decrease in conductivity is observed without a larger change
in depth. The geochemical analysis of the water samples collected at the top of the pockmarks showed for the
first time in this area data on the presence of CH,, CO,, He and other gases dissolved in the bottom seawater.
Dissolved gas and soil gas measurements allows us to recognize the presence of atmospheric (N, and O,) and
non-atmospheric gas species (such as CO,, CH, and He).

We identify two main fluid flow systems. The first consists of a shallow system where fresh-water actively
seeps at the seafloor, likely through a connection with terrestrial aquifers. The second type comprises deep
fluids that ascend through the Early Miocene to recent faults and gas chimneys, forming pockmarks at the
seafloor. Considering the good correlation between tectonic structures and gas-seepage signatures (pockmarks,
gas chimneys and gas flares), we suggest that fluid migration and expulsion are at least driven by extensional
and transtensive tectonic structures affecting the Maltese Islands.
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In spring 2017 we explored Paros, in the Cycladic islands (Greece). During the survey, we carried out an
integrated study of a sinkhole, from the seaside, using the Geoswim approach, and on-land, through field and
drone surveys. The Geoswim project was introduced in 2012 to combine snorkel and field surveys and to
analyze in detail the coastal landforms, their lateral variations and to acquire information about past and future
sea-level changes.

This site is located along the southern coast of Paros. The sinkhole develops as a roof-collapsed oval-shaped
cave, opened to the sea.. The bedrock is composed by layered Mesozoic marble of the blue-schist facies of the
lower unit of the Attic-Cycladic complex and minor non-carbonate lithotypes. The site is affected by folding
and faulting responsible of intense deformation and fracturing of the affected lithologies.

The sinkhole is 10 m high, 41 m long and 2 m large Its bottom is partially covered by blocks collapsed from
the lateral cliffs. Its maximum depth is about 8 m at the entrance

Drone surveys have been realized to reconstruct a high resolution Digital Terrain Model both of the sinkhole
and the surrounding coastal area. Two flights at elevation between 30 m and 40 m have been performed. Data
were elaborated to product a DTM (2x2) cm resolution and an Ortophoto 3cm/pixel of resolution. Both let to
detect and survey, with high accuracy and precision, several important morphological futures such as fractures,
detached or fallen blocks.

Physical/chemical data allowed to locate small submarine springs whose activity are probably related to
high rainfall periods.

Time-lapse images collected at the sea level allowed to describe in detail the micromorphology and
biological zonation of the tidal zone, at the entrance and inside the sinkhole. The entrance is dominated by
sub-rounded surfaces from the bottom to the roof. Millimetric to decametric rounded-shaped holes show a
biological activity at the tide level.

We observed a distinct biological zonation outside and inside the sinkhole. The open coast shows the current
zonation of most Mediterranean coasts, with Patella rustica, Patella caerulea, Chthamalus, Titanoderma
trochanter and Phorcus mutabils.

We hypothesized that tectonics and erosive processes determined the formation of a former sea cave and
subsequently, after the collapse of the roof, the sinkhole, or roof-less cave. Joints weakened the bedrock down
to the production of small blocks, and the wave action promoted not only the partial collapse of the roof and
the cliff, but also the seawards removal of resulting blocks and, above all, of the high-erodible non-carbonate
rocks. These processes sub-excavated the bedrock until the roof collapsed, resulting in the formation of the
sinkhole. These kind of karst processes produce significant hazard for coastal activities.
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Expedition 357 “Atlantis Massif Serpentinization and Life” was the first Mission Specific Platform (MSP)
expedition implemented by the ECORD Science Operator (ESO) in the current phase of the International
Ocean Discovery Program (IODP; Frith-Green et al., 2016). An east-west transect across the southern wall of
the Atlantis Massif was cored to study the links between serpentinization processes and microbial activity in
the shallow subsurface of highly altered ultramafic and mafic sequences that have been uplifted to the seafloor
along a major detachment fault zone. Seventeen holes were drilled at nine sites across the Atlantis Massif,
recovering more than 57 m of core, with borehole penetration ranging from 1.3 to 16.4 meters below seafloor
and core recoveries as high as 75% of total penetration. The cores show a highly heterogeneous lateral and
vertical distribution of ultramafic, mafic, and sedimentary rocks with a wide range of alteration styles and
extensive alteration and deformation. Of the core recovered from six sites across the southern wall (from west
to east: M0071, M0072, M0069, M0076, M0068, M0075), serpentinized ultramafic rocks are predominant
(44% by length of core). Other major rock types include basaltic rocks and metadolerites (combined 24%) and
schistose metasomatic rocks with varying proportions of talc, amphibole and chlorite (11%). Minor lithologies
include calcareous sedimentary units (8%) and gabbroic rocks (4%). The rock types, textural characteristics
and proportion of gabbroic rocks recovered during Expedition 357 are distinctly different from the 1400
m-long core of gabbroic rocks recovered during [ODP Expedition 304/305 at the central dome of the Atlantis
Massif (Blackman et al., 2006). The ultramafic rocks are dominated by harzburgites punctuated by intervals of
dunite and minor pyroxenite veins; gabbroic rocks occur locally as zones of melt impregnation and veins, all
of which provide information about multiple magmatic processes and evolution in the southernmost portion
of the Atlantis Massif. On-going geochemical studies aim to provide a detailed description of these drilled
rock sequences in order to estimate the conditions of alteration and their scales of heterogeneity during the
detachment faulting at the slow-spreading ridges.

Blackman, D.K., Ildefonse, B., John, B.E., Ohara, Y., Miller, D.J., MacLeod, C.J. & the Expedition 304/305 Scientists
(2016): Proceedings of the Integrated Ocean Drilling Program, Volume 304/305: College Station, TX, Integrated
Ocean Drilling Program Management International, Inc., doi: 10.2204/iodp. proc.304305.2006.

Frith-Green, G.L., Orcutt, B.N., Green, S.L., Cotterill, C. & the Expedition 357 Scientists (2016): Atlantis Massif
Serpentinization and Life. Proceedings of the International Ocean Discovery Program, 357: College Station, TX
(International Ocean Discovery Program). http://dx.doi.org/10.14379/iodp.proc.357.2017.
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About 6 million years ago the Mediterranean Sea became an enormous saline basin where more than
one million cubic kilometres of salt accumulated, locally exceeding a thickness of 3 km in the deep basins.
This extreme, but geologically brief event (640 ka; the so-called Messinian salinity crisis MSC), changed the
chemistry of the global ocean and had a permanent impact on both the terrestrial and marine ecosystems of
a huge area surrounding the Mediterranean. Drilling the MSC salt giant represents a unique opportunity to
understand the sedimentary history, stratigraphy, biosphere and fluid dynamics of a salt giant in a state close
to its original depositional configuration, and to understand the responsiveness of a land-locked oceanic basin
to planetary dynamics.

The multi-phase drilling proposal “Uncovering a Salt Giant” addresses four overarching scientific questions:
— What are the causes, timing and emplacement mechanisms of the MSC salt giant?

— What are the factors responsible for early salt deformation and fluid flow across and out of the halite layer?

— Do salt giants promote the development of a phylogenetically diverse and exceptionally active deep
biosphere?

— What are the mechanisms underlying the spectacular vertical motions inside basins and their margins?

It is being implemented through two site-specific riserless drilling pre-proposals:

“Deep-Sea Records of the Messinian Salinity Crisis (DREAM)”, targeting a transect of sites on the southern
margin of the Balearic promontory. Unlike most of other Mediterranean margins that have undergone MSC
erosion, the south Balearic margin has been identified as the only place in the Mediterranean where well-
defined and almost un-deformed MSC deposits are found in a series of sedimentary basins lying at different
water depths between the present-day coastline and the deep central salt basins.

“The demise of a salt giant: climatic-environmental transitions during the terminal Messinian Salinity
Crisis”, targeting two pairs of sites in the lonian Sea and in the Levant Basin. In these deep basins, the record of
the last stages of the MSC, including Lago Mare facies and the upper part of the evaporite/clastic series, which
were not fully cored in previous scientific drilling campaigns is accessible for understanding of the hydrological
connectivity among all sub-basins and with the Paratethys, the response of major circum-Mediterranean rivers
to the demise of the Messinian salt giant and the link between evaporite formation, microbial activity and
dolomitization.

After the successful submission of the two pre-proposal, the activity is now cantered in the completion of
the Site characterization package in view of the submission of the full proposals. Unexpected difficulties with
the public acceptance of the geophysical surveys and the future drilling are jeopardizing the success of this
scientific effort.
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The aim of the Campi Flegrei Deeep Drilling Project (CFDDP) was to increase the level of knowledge
about the Campi Flegrei caldera, by directly investigating the deepest rocks down to a depth of ca 4 km, close
to the area of possible magma accumulation that fed the caldera system during the last bradyseism crisis. The
first phase of the project, completed in December 2012, saw the drilling of a pilot well, up to 500 m deep, in
the eastern sector of the caldera, within a former industrial area, in the plain of Bagnoli (in the municipality of
Naples).

Beyond the scientific results that the CFDDP has produced up until now, the experience itself served to
touch on the problem of communication between science (and scientists) and citizens. In fact, before the
starting of the project the community and the local authorities were worried about the risk related to the
drilling. The main concerns were fostered when the debate among scientists (promoters and detractors of the
project), about the usefulness of the drilling, became very animated. Among the voiced risks there was one of
concerning the eventuality of triggering an eruption just by drilling into the caldera. The entire research team
involved in the CFDDP soon realized that they were dealing with something that did not strictly concern the
scientific community and its internal dynamics. Rather, it was necessary to show the population exposed to
risk how science works, the methods it uses and above all the entity of the real risks in tackling a project of
this magnitude. I will try to explain the history of this controversial project and the role that scientists played in
the evolution of knowledge of Campi Flegrei caldera that is one of the highest volcanic risk areas in the world.
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IODP (International Ocean Discovery Program) and ECORD (European Consortium for Ocean Research
Drilling) provide several opportunities for teachers among which the chance to sail onboard a drilling vessel
during a research expedition. The role of the teachers on board is to work as Education and Outreach Officers.
They are responsible for disseminating the results of the research that is carried out on the ship to a wider
public as possible, especially to students of every school year.

The involvement of the teachers in a two-month ocean drilling expedition can be considered as a Research
Experience for Teachers (RET), a kind of professional development that requires science teachers to be directly
involved in research activities while working side by side with scientists with mutual benefits.

In this study, we analyse the outcomes of the seven teachers’ experience as Education and Outreach Officers.
The teachers, who took part in various expeditions, come from five European member Countries of ECORD.

The research questions considered in this study are:

1) How effective is the participation in a research Expedition on improving the knowledge of a scientific topic
for the teachers involved (in this case the research based on ocean drilling)?

2) What is the effect of these experiences on teachers with regards to the use of inquiry in their classrooms and
their teaching approach?

3) How did the participating teachers change their self-perception of their identities in relation to doing Science
and being a scientist?

The approach of the study is qualitative and the instruments used are surveys and semi-structured interviews.

Overall, the teachers involved in the program reported that they gained great benefits of the experience on
board and that it also represented a professional development for them. The majority of the teachers noted
an increase in their scientific knowledge, in self-confidence in teaching using inquiry, a greater awareness of
scientific careers (in view of orienting their students) and in doing research. Many of them, in fact, are still
collaborating with the scientists they met during the expedition and have participated in conferences and
workshops in order to disseminate their experience.

This exploratory study, despite the amount of bias due to the small group of teachers involved, shows
that the opportunity to sail on an [ODP/ECORD expedition and be immersed in the research process can be
considered an effective professional development for science teachers. Furthermore, this kind of experience
has led to long-lasting results in terms of their teaching activities and inclination to doing research. The major
part of the data we investigate is self-reported, therefore future development of this study could become an
experimental study in order to evaluate the effectiveness of the teachers’ research experience on their students’
achievement in science and the impact on their students’ future university choices and careers.

68



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018

Miocene oceanographic evolution of the Central Mediterranean:
Insights from the Sr and Nd isotope records

Cornacchia [.*¥!, Agostini S.? & Brandano M.'?
! Dipartimento di Scienze della Terra, La Sapienza Universita di Roma
2 Istituto di Geoscienze e Georisorse IGG CNR, Pisa
3 Istituto di Geologia Ambientale e Geoingegneria IGAG CNR, Sez. Sapienza,

c/o Dipartimento Scienze della Terra, Roma

* Corresponding email: irene.cornacchia@uniromal.it

Keywords: Adriatic domain, Central Mediterranean, Miocene.

The Miocene is a key interval in the geodynamic and oceanographic evolution of the Mediterranean basin
since it marks the transition from a wide open basin to the modern closed one. In this work, we present the Sr
and Nd isotope records of two Miocene carbonate successions in the Adriatic domain to document how the
evolution of the Mediterranean basin controlled its seawater chemistry. During the late Aquitanian (21.8 Ma),
a sea level low-stand phase related to a glacial maximum led to an increased continental-derived runoff due
to an enhanced weathering affecting the ¥Sr/*¢Sr isotope signature of Mediterranean seawater. Whereas,
the Burdigalian Mediterranean ¥’Sr/*¢Sr ratios are significantly lighter than the coeval global ocean signal,
demonstrating that the volcanism in the circum-Mediterranean area mainly influenced its Sr isotopic signature.
Lastly, during the late Miocene the Mediterranean sub-basins, e.g. the proto-Adriatic basin, suffered restricted
water conditions due to the elongated and shallow physiography of this basin, and accordingly the Sr isotopes
fell below the global reference line. In contrast, the long-term Nd isotopes trend approximates the transition
from a wide-open basin, mainly influenced by the Indo-Pacific Ocean, to the modern closed basin connected
with the Atlantic Ocean only through a narrow strait. In fact, the early Miocene Nd isotope data testify that
the major water mass flew from the deep Indian Gateway, and the Indo-Pacific Ocean mainly controlled the
Central Mediterranean water body. During the Langhian (15.97-13.82 Ma), a time of sea level high-stand
associated with the Middle Miocene Climatic Optimum, the Nd isotope values indicate that waters exchanged
between the Paratethys and the Central Mediterranean. The Central Mediterranean was well connected with the
Atlantic Ocean between the Langhian and the early Tortonian, while the exchange of water with the Paratethys
declined. Lastly, the early Messinian Nd isotope data are coherent with the Sr isotope record, confirming an
influence of Atlantic waters partly contaminated by local freshwater input. In this context, increased freshwater
input and continental derived runoff, enhanced by the eastward migration of the Apennine accretionary wedge,
mainly controlled the proto-Adriatic basin’s water chemistry. Lastly, we affirm that the Nd isotope record
of Mediterranean waters was never the same as the open ocean signature, but always a mix of two opposite
signals: the main circulation patterns and the local geodynamic evolution. However, the comparison of the
local Nd isotope signal with the open ocean curves yields the information on which ocean mainly affected
Mediterranean waters during the different stages of its evolution.
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International Ocean Discovery Program Expedition 374 cored five sites in the Ross Sea in January-February
2018. The geological records recovered the distal component of a Neogene latitudinal and depth transect across
the continental shelf and rise, that will be combined with previous ANDRILL and Deep Sea Drilling Project
(DSDP) Leg 28 records comprising the ice-proximal component. This transect design following the SCAR/PAIS
approach will allow us to investigate the role of oceanic drivers of marine ice sheet instabilities. The existing
reflection seismic data suggest that intervals with limited ice cover occurred among episodes of grounded ice
that extended to the shelf margin during the Neogene. The objectives of Expedition 374 are to 1) Evaluate the
contribution of West Antarctica to far-field ice volume and sea level estimates; 2) Reconstruct ice-proximal
atmospheric and oceanic temperatures to identify past polar amplification and assess its forcings/feedbacks;
3) Assess the role of oceanic forcing (e.g., sea level and temperature) on Antarctic Ice Sheet stability/instability;
4) Identify the sensitivity of the AIS to Earth’s orbital configuration under a variety of climate boundary
conditions; 5) Reconstruct eastern Ross Sea bathymetry to examine relationships between seafloor geometry,
ice sheet stability/instability, and global climate.

Following initial shipboard characterization of the cores during Exp. 374, the correlation between synthetic
logs at the new drill sites and the crossing seismic sections will provide crucial information about the age and
the environmental conditions during the deposition of glacial and marine strata. Changes in the bathymetry
of the continental shelf are important for understanding the dominant West Antarctic Ice Sheet mass balance
controls. The stratigraphic information from Exp. 374 will allow us to create well-dated paleobathymetric
maps of the main seismic unconformities and therefore provide a measure of the geomorphological changes
under the action of the ice sheet and ocean circulation. The results will be fundamental for numerical ice sheet
models aimed to infer the past Antarctic volume fluctuation contribution to Neogene sea-level changes.
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This year the scientific community celebrates the fiftieth anniversary of the international project of scientific
ocean drilling that is the largest, longest and most innovative research program ever conceived in the field of
Earth Sciences. Italy has participated in this project since 1969: it has given and continues to give generations
of senior and junior Italian geoscientists the opportunity to gain experience and contribute to the international
community of marine geology. The Italian contribution to the DSDP-ODP-IODP project is internationally
recognized for the excellent scientific quality of the research carried out before, during and after cruises. Many
Italians were on board and/or studied the material recovered at over 1500 sites so far, and signed dozens of
drilling proposals as co-proponents. Also, Italian geoscientists help to keep the farsighted, innovative and
educational program capable of continuously renewing itself remaining on research frontiers.

Through ocean drilling, we have learned so much about the Earth System, its exogenous and endogenous
processes: the systematic exploration and coring of the ocean floor and sub-seafloor, even in extreme areas, has
led to the formulation of plate tectonics, to the modeling of short- and long-term climate changes, to discovery
of the deep biosphere, to numerical characterization of marine geohazards including earthquakes and tsunamis.
But there is still much to do, to explore, and to understand: we must not sit on the laurels of a program of
undisputed success: we all must persist learning from achievements and mistakes.

The Italian community, after a period of national funding and coordination has also gone through difficult
times that have almost enforced the participation in IODP. But the strength of the ocean-drilling program has
managed to support efforts to get to IODP-Italy: we will remain in IODP and continue to be co- protagonists
of this exciting program.
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IODP Expedition 353 “Indian Monsoon Rainfall” (November 2014 - January 2015) took place in the Bay
of Bengala (BoB) on board of the RV JOIDES Resolution. I took part to the Expedition during my second PhD
year as a diatom biostratigrapher. The experience on board increased both my skills as micropaleontologist
and my scientific network; also it gave me the chance to start three post-cruise projects. The first will take
advantage of most of the smearn slides that were prepared on board and aims to compile a new Neogene
diatom biostratigraphic scheme for the BoB. Currently biostratigraphic schemes calibrated within the Bay of
Bengal are lacking: indeed, scientific drilling programs had never reached north of IODP Site 758 (ca. 9° N)
before Exp. 353. This project will be realised thanks to the collaboration with the other micropaleontologists
(M. Bartol, C. Bolton, X. Ding, O. Romero, M. Robinson) and paleomagnetists (S. Taylor, Y. Usui) that took
part to the cruise. The second project will investigate Miocene samples from Site U1447 (Andaman Sea) to
investigate the “Late Miocene carbon isotope shift” (ca. 7.6 - 6.6 Ma), which can already be pinpointed in
onboard data on diatom abundance. The project will benefit from the collaboration of Prof. Caterina Morigi
(Universita di Pisa) and of Prof. Alessandra Negri (Universita Politecnica delle Marche), who will integrate
the analysis on diatom assemblages with those on fossil nannoplancton and foraminifera. We will discuss
and compare our results with other Cruise participants who are investigating the same event by means of
other methods or at other Sites. Finally, a third project called “Role of Volcanic Ashes in Enhancing Primary
Production: Evidences in the Deep Time” is meant to investigate the fertilization capacity of volcanic ashes as
they reach the ocean surface following volcanic explosive events. Thanks to the collaboration with Dr. Anna
Gioncada (Universita di Pisa), Prof. Caterina Morigi (Universita di Pisa) and Prof. Matthias Zabel (MARUM,
Brema), this project, which was founded by ECORD (ECORD Research Grant 2015) has already had some
interesting results.
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Numerous ash layers were recognised in the sediments collected during IODP Exp. 353, in the Bay of
Bengal (BoB). The recovery of these ashes gave us the opportunity to undertake a study on the effects of the
deposition of volcanic ash on primary production by analysing the sediment archives. Indeed, this phenomenon
has been investigated by numerous previous studies in today oceans, highlighting different responses of the
phytoplankton: right after the deposition of volcanic ashes on the sea surface, some authors noticed a decrease
in the primary production, while some others observed anomalous algal blooms. To start our research, we
selected ash layers from sites U1443, U1445, U1447 and U1448. One tephra layer, supposed to correspond to
the younger Toba event, was selected from every site, in order to compare potential ash fertilization mechanisms
of the same volcanic event at increasing distances from the volcanic source. Two additional tephra were selected
from Site U1443, to verify how much ash fertilization in a given area can be influenced by the geochemical and
morphological characteristics of the ashes themselves. Geochemical, petrographic and micropaleontological
investigations have been carried out on the bulk sediments. The approach we used is innovative, since we
have investigated the trend of paleoproductivity proxies below and above the tephra and compared them to
the response of microplanktonic organisms to the deposition of volcanic ash at high resolution (0.5-1 cm).
Here we present the results concerning the geochemical investigations and some preliminary petrographic and
micropaleontological results.
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More than twenty years after the last Mediterranean expedition, Ocean Drilling Program (ODP) sedimentary
material is still intensively studied by international research groups. Despite several research vessels (Marion
Dufresne, Meteor, Urania) have been carried out widespread cruises and have been collected many sediment
cores, the ODP strategy (e.g. in-depth preliminary investigation, multi-core site drillings) is definitively much
more suitable for regional palacoenvironmental and palacoceanographic reconstructions that need high-quality
and high-resolution samples and a long-term time perspective.

I have personally built much of my scientific career on ODP material. More than ten ISI indexed journal
papers have been published on the Sicily Channel Site 963. And several research pieces dealing with ODP
sediments are actually submitted or in preparation (e.g. Site 967, 968, 975 and 976).

This communication is an acknowledgment to the European Consortium for Ocean Research Drilling
(ECORD) and all international partners that funded world-wide campaigns and is also a solicitation to the
Italian research ministry to invest adequate funding to preserve the ECORD partnership. This investment is
pivotal to keep Italian research competitiveness in emerging scientific issues, such as palacoclimate and global
warming. But, most importantly, the investment is crucial to support the growth of a new generation of young
scientists, allowing their participation to leading scientific topics and partnerships.
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The Early Eocene Climatic Optimum (EECO; ~53-49 Ma) is the extended interval of peak Cenozoic
global warmth and carbon cycle perturbations. Planktic foraminifera represent an excellent class in which
to examine links between this crucial interval of Earth climate and evolution. The record from the oceanic
sites provides the essential and unique archive to investigating changes in planktic foraminiferal assemblages
across the EECO. Our analysis reveals that the relative abundance of the surface-dweller symbiont-bearing
genus Morozovella at Atlantic Site 1051 markedly and permanently declined close to the d"*C excursion
referred to as “J” event, which marks the beginning of the EECO. The well-preserved material from the
oceanic site allowed us to explore through d"*C analyses a possible cause of the morozovellid decline: the
loss of photosymbionts. A bleaching episode actually occurred at the start of the EECO but this was transitory
thus excluding photosymbiont expulsion as the main cause of the morozovellid decline. Other hypotheses
to explain this change may include the morozovellids and acarininds biological differences in tolerance to
temperature and ocean chemistry, such as pH, that reduced morozovellid resilience and caused threshold
crossing for their thriving. For instance, reproduction of most morozovellids that sank slightly deeper in the
mixed-layer differently from most acarininids, may have been hindered by warmer temperatures. At South
Atlantic Site 1263 the morozovellid decrease is delayed by ~165 kyr, suggesting that unfavourable conditions
for morozovellids occurred at lower latitudes first. At Site 1263 major changes across the EECO occur also
in other, minor genera. These changes consist in a virtual disappearance of biserial chiloguembelinids and a
marked reduction in the abundance of subbotinids. As these genera are linked to the sub-surface waters and
thermocline, we interpret the environmental changes across the EECO as related to subsurface warming. The
record from the oceanic thus enables to demonstrate that the EECO impacted the entire upper water-column
and produced contraction of ecological niches. Our data demonstrate that the Morozovella decline in abundance
was geographically widespread as it is recorded at the EECO beginning also in subtropical Pacific (Site 577)
and in the Atlantic equatorial Site 1258. The impact of the EECO on morozovellids involved also shifts in
the coiling preferences of Morozovella that changed from prevailing dextral to sinistral coiling direction as
recorded at Sites 1051 and 1263. Previous interpretations of coiling flips in planktic foraminifera in the early
Eocene, especially including morozovellids, have favoured a genetic explanation rather than an ecological
response. Our present data cannot validate or disprove this idea, but stimulate renewed thought on the matter.
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In the last 20 years, the Ross Sea Embayment has been the target of several drilling campaigns, carried out
by an international consortiums with the involvement of the DSDP-ODP program,

During the last decade, the application of thermochronology to the study of marine records in Antarctica has
been extensively implemented. The first application of dates back to the study of the ANDRILL drill core. Since
that time, a group of Italian researchers emerged such as a leader in the application of the thermochronology
to the marine record in order to reconstruct climatic and tectonic history.

Detrital thermochronology, often coupled with petrography and other geochronological tools, provides
valuable information about rock source of sediments, its location and exhumation history. Sediment provenance
can be therefore reconstructed and, in turn, pattern of the glacial flow can be determined.

Our thermochronological studies were initially focused on samples from the two ANDRILL and Cape
Roberts Project wells (Zattin et al., 2010; 2012; Olivetti et al., 2013). Main results shed light on the variations
of the source rock that seem related to the fluctuations of the Ice Sheet trough time as far back as the early
Oligocene, when the existence of a Ice Sheet is under debate.

Recently, we enlarged the study area to the eastern Ross Sea (Perotti et al., 2017) to study the dispersal
pattern of the Last Glacial Maximum sediments and to discriminate the West Antarctic Ice Sheet source and the
Eastern source. The identification of the different contributes in the past by the two Ice Sheets was also the target
of the work on DSDP 270, 271, 272 drill cores (Balestrieri et al., 2012). Currently, our thermochronological
analysis are focused on Pliocene record of the CIROS wells (Li et al., 2018).

IODP interest is currently focused on Antarctica, where expedition 374 has been recently carried out and
other expeditions are planned. The possibility to perform detrital thermochronology might provide relevant
contributions for provenance analysis and ice-flow pattern reconstruction.

Zattin, M., Talarico, F.M. & Sandroni, S. (2010): Integrated provenance and detrital thermochronology studies on the
ANDRILL AND-2A drill core: Late Oligocene-Early Miocene exhumation of the Transantarctic Mountains (southern
Victoria Land, Antarctica). Terra Nova, 22(5), 361-368.

Zattin, M., Andreucci, B., Thomson, S.N., Reiners, P.W. & Talarico, F. M. (2012): New constraints on the provenance
of the ANDRILL AND-2A succession (western Ross Sea, Antarctica) from apatite triple dating. Geochemistry,
Geophysics, Geosystems, 13(10). Q10016.

Olivetti, V., Balestrieri, M. L., Rossetti, F. & Talarico, F. M. (2013): Tectonic and climatic signals from apatite detrital
fission track analysis of the Cape Roberts Project core records, South Victoria Land, Antarctica. Tectonophysics, 594,
80-90.

Perotti, M., Andreucci, B., Talarico, F., Zattin, M. & Langone, A. (2017). Multianalytical provenance analysis of
Eastern Ross Sea LGM till sediments (Antarctica): Petrography, geochronology, and thermochronology detrital data.
Geochemistry, Geophysics, Geosystems, 18(6), 2275-2304.
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The opportunity to be involved in scientific ocean drilling programs has been an experience that greatly
enhanced my expertise and helped, and improved, my scientific career. In a timeframe of 18 years, I participated
in five Ocean Drilling program (ODP) Legs in the Atlantic and Pacific oceans as nannofossil palacontologist
and sailed again, for the sixth time, on the R/V JOIDES Resolution in 2009, as co-chief-scientist of IODP
Expedition 320/321 in the eastern equatorial Pacific. The work on board an IODP cruise is a special experience
for a geoscience researcher for several reasons: it rarely happens to be part of a group of diverse researchers
all working on the same “problem” at the same time, all dedicated to a project for which they exchange their
knowledge and expertise with the common purpose of successfully completing the expedition. It also represents
the amazing experience of carrying out and completing a research program in “real time”: from getting the
samples, processing them, analysing and obtaining results, a project that involves most of the geoscience
disciplines develops in just the two-month-timeframe of a typical ODP-IODP expedition. As for the drilling
expeditions I participated, that were all focused on paleoceanographic-paleoclimatic themes, the high-quality
sediment cores recovered represented the suitable material for generating excellent micropaleontology data
in different intervals of geological time. This was achieved through the improvement of database that, for my
research field on calcareous nannofossils, resulted in high-quality biostratigraphy with its potential for high
resolution calibration of biohorizons to the other records used for dating, as isotope stratigraphy and orbitally
tuned cyclostratigraphy. Moreover, the obtained excellent data originated an accurate database on ancient
nannofossil communities that provided information useful for clarifying their paleoecological affinities and
possible paleoenvironmental meanings, and for describing the evolutionary “behaviour” of nannofossils during
prominent climatic episodes and critical climatic transitions. A learned lesson from this special experience is
properly described as follows: “...any geologist who looks further than the head of his hammer or the stage of
his microscope will also have to take the wide oceans within the circle of his view.” (Keunen, 2002).

Kuenen, P.H. (2002): No geology without marine geology. Int. Jour. Earth Sciences, vol. 91, 54-61.
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International Ocean Discovery Program (IODP) Expedition 360 represents the first leg of a multi-phase
drilling programme (‘SloMo’ project) aimed at investigating the nature of the lower crust and Moho at slow
spreading ridges. As an initial phase, IODP Exp. 360 intended to recover a transect of the lower oceanic crust
formed at Atlantis Bank, an oceanic core complex on the SW Indian Ridge. During this expedition, 89 cores
of gabbroic rocks were recovered at Hole U1473A, drilled to 789.7 m below seafloor, subsequently deepened
to 809.4 mbsf during transit Expedition 362T. Between 14 and 16 May, we hosted the Expedition 360 Post-
Cruise Meeting, with the support of IODP-Italia. Held in the historical city of Siracusa, 40 scientists from the
science party and shore-based collaborators presented the result of ongoing research in 23 oral and 8 poster
presentations. The sessions included igneous and metamorphic petrology, geochronology, geochemistry,
palaeomagnetism and microbiology. Preliminary results and intense discussions allowed planning future
research activities and new collaborations. After three days of conference, most of the participants moved
towards Catania for a field trip to the volcanism of the Hyblean Mountains and the Mt. Etna. Under the
guidance of Boris Behncke (INGV, Catania), we observed spectacular volcanic outcrops related to island
growth and flood basalt lavas emplacement in the area between the towns of Palagonia and Militello. Basalt
pillows, breccias, hyaloclastites and pahoehoe flows units were observed and discussed in comparison with
the subaquatic activity commonly observed at Mid Ocean Ridges. The group then faced towards the Mt. Etna,
where, guided by Rosanna Corsaro (INGV, Catania), we visited the summit craters at ~3000 m and several
lateral craters along the southern flank of the volcano until the town of Nicolosi. The last day of excursion the
group was led to the famous hyaloclastites-pillow lava association located in the town of Aci Castello. The
meeting ended with a visit of the INGV headquarter in Catania.
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The main object of the Proposal 927-pre: “ Tyrrhenlan Magmatism & Mantle Exhumation” (TIME) is the
understanding of the relationship between the exhumed mantle rocks and the overlying basalts sampled in the
Tyrrhenian Basin during the previous ODP Leg 107 (Kastens et al 1988).

The scientific objectives of the proposal include studying the kinematics of the opening, the nature and
timing of associated magmatism and the geochemistry and deformation of the exhumed mantle section.

The proposal resulted from the outcome of the MagellanPlus Workshop “Tyrrhenlan Magmatism & Mantle
Exhumation” (TIME) sponsored by IODP and ECORD. The workshop was held in the Institute of Marine
Science (ISMAR) of the National Council of the Italian Research (CNR) in Bologna on June 5-7, 2017. The
proposal 927-pre was submitted on October. 2017 and received the recommendation for the development into
a full proposal by the IODP STEP Panel on February 2018.

The database used to conceive the drilling project is possibly one of the best available from a rifted basin.
The basement of the Tyrrhenian basin has been dredged at highs and drilled in several campaigns, and the
stratigraphy is reasonably well known from three previous drilling expeditions, DSDP leg 13, DSPD leg 42
and the ODP leg 107 It is available a full-coverage, high-resolution, multibeam bathymetry of the basin as well
as a large data set of vintage and modern 2D MCS reflection profiles and seven regional wide-angle seismic
profiles crossing the main geological domains (Moeller et al 2014; Prada et al 2016, 2018).

Kastens, K., Mascle, J., Auroux, C., Bonatti, E., Broglia, C., Channell, J., Curzi, P., Emeis, K.-C., Glagon, G., Hasegawa, S.,
Hieke, W., Mascle, G., Mccoy, F., Mckenzie, J., Mendelson, J., Miiller, C., Réhault, J.-P., Robertson, A., Sartori, R.,
Sprovieri, R. & Torii, M. (1988): ODP Leg 107 in the Tyrrhenian Sea: Insights into passive margin and back-arc basin
evolution. Geological Society of America Bulletin, 100(7), 1140-1156.

Moeller, S., Grevemeyer, 1., Ranero, C. R., Berndt, C., Klaeschen, D., Sallares, V., Zitellini, N. & de Franco, R. (2014):
Crustal thinning in the northern Tyrrhenian Rift: Insights from multichannel and wide-angle seismic data across the
basin. Journal of Geophysical Research: Solid Earth, 119(3), 1655-1677.

Prada, M., Ranero, C.R., Sallarés, V., Zitellini, N. & Grevemeyer, 1. (2016): Mantle exhumation and sequence of magmatic
events in the Magnaghi-Vavilov Basin (Central Tyrrhenian, Italy): new constraints from geological and geophysical
observations. Tectonophysics, 689, 133-142.

Prada, M., Sallares, V., Ranero, C. R., Vendrell, M.G., Grevemeyer, 1., Zitellini, N. & de Franco, R. (2018): Spatial
variations of magmatic crustal accretion during the opening of the Tyrrhenian back-arc from wide-angle seismic
velocity models and seismic reflection images. Basin Research, 30, 124-141.
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Seismic-risk area. In May 2012, an earthquake sequence with two mainshocks of magnitude Mw 6.1 and 6.0,
hit this area. These seismic events were generated by the most external thrust systems of the Northern Apennines.
These structures, imaged in the industrial seismic lines, are sealed by a thick (up to 6 km) sedimentary infill
that accumulated since the Late Pliocene. Seismic reflectors depict a progressively decreasing deformation of
sedimentary strata from the deeper to shallower units. The recentmost strata appear nearly undeformed.

We reconstructed the subsurface stratigraphy of the uppermost 50 m, generally beyond the resolution of
industrial seismic lines, through the correlation of hundreds of core data and piezocone penetration tests. Our
investigation was based on the correlation over tens of kilometers of distinct types of stratigraphic markers,
including: paleosols, flooding surfaces, lagoon and peat horizons. These stratigraphic markers were used as
possible indicators of recent tectonic activity, as most of them appear folded above the culmination of the
buried anticlines.

Pedogenically modified horizons within Late Pleistocene floodplain clays show high correlation potential.
Particularly, two weakly developed paleosols were traced south of the Po River (Amorosi et al., 2017): an older
paleosol, dated to the onset of the Last Glacial Maximum (LGM) (30-24 cal ky BP), and the Younger Dryas
(YD) paleosol, dated to 12.9-11.5 cal ky BP. Differences in elevation of several metres are measured along the
LGM and YD paleosols. However, as paleosols may have complex morphologies at time of formation, only a
qualitative evaluation of their post-burial deformation was possible.

On the contrary, the Holocene sedimentary succession includes most reliable indicators of post-burial
deformation. P representing approximately horizontal surfaces at time of deposition, are also folded above the
blind thrusts. The disadvantage of this type of markers is their limited areal extent, restricted to the modern
coastal plain.

The geometry of strata that accumulate in proximal-foreland and wedge-top basins can provide clues to the
rates of deformation resulting from combined tectonic activity, flexural subsidence and sediment compaction.
Similarly, the deformation of the Late Pleistocene and Holocene markers in the Po Plain may have been driven
by the combination of: (i) tectonic activity along the Apennine blind thrusts and (ii) differential subsidence
driven by compaction of the underlying sediments. This study provides first insights on strata deformation at
intermediate time scales (103-102 y). Such scales are crucial for the calculation of slip rates in selected fault
systems, especially in the case of long earthquakes recurrence times. Quantifying the contribution of sediment
compaction to strata deformation is the next step of this research project.

Amorosi, A., Bruno, L., Cleveland, D. M., Morelli, A. & Hong, W. (2017). Paleosols and associated channel-belt sand

bodies from a continuously subsiding late Quaternary system (Po Basin, Italy): New insights into continental sequence
stratigraphy. Bulletin, 129(3-4), 449-463.
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Braid-Delta depositional system is widely developed in the “Colonnella foothills” area (Adriatic coast,
northern Abruzzi region, central Italy). this study illustrates the braid-delta depositional system in terms of
facies sequence and association. Three different facies associations have been distinguished in Colonnella
delta sequence: delta plain, delta front, prodelta/oftshore. The uppermost part of the Colonnella delta sequence
is composed of overbank deposits, while muddy prodelta deposits form the lowermost part of the sequence.
Crevasse splays, levees, bays, or abandoned channels occur in the delta plain. The delta front and upper
prodelta are occupied by distributary mouth bars. Distal bar and bar front deposits of the distributary mouth
bars have a distinct upward-coarsening sequence. Beach facies (foreshore, shoreface) are developed in the
delta front to upper prodenta. Tidal influence consisting of wavy bedding and herringbone cross-lamination,
often formed in the tidal bar deposits. The prodelta/offshore deposits are caractherized by dark-gray, massive
or faintly bedded silty mudstone alternated to veri fine-grained sandstone beds, containing marine macrofossils
and abundant microfauna composed maily of planktonic and benthic microfossils, including foraminifera and
nannoplankton. Bioturbation and burrows also occur. Reddish silty-clay beds bounded at the top by erosive
surfaces (paleosoil), indicate times of subaerial exposure and weathering processes.
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The recent collection of high-resolution multibeam bathymetry and high-resolution seismic profiles in the
Gulf of Patti has revealed the presence of pro-deltaic deposits on a 6-km-wide shelf along of a sector of the
tectonically-controlled NE Sicilian margin (southern Tyrrhenian Sea; Casalbore et al., 2016). These deposits
are linked to the mouth of the Mazzarra River, having a length of about 25 km, a drainage area of ca. 120 km?
(maximum elevation around 1200 m) and average slope gradients of 5°. This river is also characterized by a
torrential regime, with flash-floods able to transport a large amount of sediment into the sea in very short time-
span. The submarine prodeltaic deposits are morphologically characterized by waveforms trending overall
along strike and incised by cross-strike gullies of variable length. The gullies can be interpreted as the erosive
trace left by the passage of hyperpycnal flows on the seafloor, whereas the genesis of the waveforms is more
complex and could be associated to erosive-depositional processes associated to these hyperpycnal flows or
incipient instability processes (i.e., creep). Seismic data show that the prodeltaic system developed after the
Last Glacial Maximum at 20 ka and allow to divide it in different seismic units that can be associated to the
transgressive and highstand system tract. In this work, we discuss the role of riverine and marine processes
during the entire post-glacial evolution of this prodeltaic system.

Casalbore, D., Ridente, D., Bosman, A., Chiocci, F. L. (2017): Depositional and erosional bedforms in Late Pleistocene-
Holocene pro-delta deposits of the Gulf of Patti (southern Tyrrhenian margin, Italy). Marine Geology 385(2017)
216-227.
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In the last few decades, a growing attention has been focused on the identification and use of submarine
geomorphic/stratigraphic markers to estimate past sea levels and vertical movements, such as submerged
paleoshorelines, paleo-coastal cliffs and barrier beaches, offlap breaks of continental margins, outer edges of
reefless insular shelves on volcanic islands and sand-rich submarine prograding wedges (also named infralittoral
prograding wedges or submarine depositional terraces). These latter features are depositional bodies commonly
recognized in high-energy marine settings (i.e. tectonically-controlled coast and insular volcanoes), such as
along the Italian coastlines. A first atlas of such features was realized by Chiocci et al. (2004), mostly based
on high-resolution seismic profiles. This methodology allowed to image their inner geometry but was not
suitable for reconstructing the lateral continuity of these bodies, often changing at short distances on active
continental margins. This problem was recently solved using multibeam bathymetry, that allows an accurate
and detailed mapping of shallow-water areas, so providing the possibility to better define the 3-D geometry
and depth of these depositional bodies (Casalbore et al., 2017). In this work, we present several examples of
submarine depositional terraces from different locations in the Tyrrhenian Sea aimed at discussing the main
factors that control their formation and preservation as well as their possible use as a proxy of past sea-levels
and neotectonics.

Casalbore, D., Falese, F., Martorelli E., Romagnoli, C., Chiocci, F.L., (2017): Submarine depositional terraces in the
Tyrrhenian Sea as a proxy for paleo-sea level reconstruction: Problems and perspective. Quat. Int. 2017, 439, 169-180.

Chiocci, F.L., D’Angelo, S., Romagnoli, C. (2004): Atlas of Submerged Depositional Terraces Along the Italian Coasts.
In: Memorie Descrittive della Carta Geologica d’Italia, vol. 58.
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On March 1%, 2011 and from 1* to 3th December 2013, the Basento River (south Italy) was affected by
significant flood events with an estimated return interval ranging from 30 to 50 years the first event and
100 years the latter (source basin authority of Basilicata region). This study investigates the morphological
responses of a reach of the Basento River to these major flood events in order to document planimetric changes
(width and morphological pattern) which occurred in response to the floods, comparing this response with
historical planimetric changes trend of last 150 years, the Event Dynamic Classification (EDC) and Event
River Morphodynamic corridor (EMCo) preliminarily evaluated for the reach. The analysis of EDC and EMCo,
which belong to the “Methodological framework for hydromorphological assessment, analysis and monitoring
(IDRAIM)” (Rinaldi et al., 2016), allow to investigate possible channel dynamics associated with extreme
flood events (i.e.>100 years return period) (EDC) and to delineate the areas of such fluvial morphological
dynamics associated to extreme flood event (EMCo). Along the entire reach studied (about 4 km long) was
observed a significant channel widening of 30% and 40%, of the preflood channel width, respectively for the
2011 and 2013 flood event. The assessment with the historical channel width variability, over the last 150
years, has confirmed that both channel width variation are amply included in the historical range of channel
width variability. Changes intensity in channel width is in line with EDC analysis, which has defined with
an “High” class the reach studied, that means very strong morphological variations degree expected. Finally,
areas involved in dynamics channel changes, due to the floods, are completely included in EMCo defined for
the reach.

Rinaldi, M., Surian, N., Comiti, F., Bussettini, M. (2016): IDRAIM - Sistema di valutazione idromorfologica, analisi
e monitoraggio dei corsi d’acqua - Versione aggiornata 2016 - ISPRA - Manuali e Linee Guida 131/2016. Roma,
gennaio 2016.
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Two cores were collected by a gravity corer, during the cruises “Urania 2001” and “Urania 2004” carried
out by R/V Urania offshore Ponza Island. They were recovered at 60 (CS1) and 122 m water depth (Carol) and
are 218 and 69 cm long, respectively. The lithological description of the cores was carried out at the time of
cores sampling. A total of 32 samples (consisting of a 1 cm thick sediment slice) were collected generally every
10 cm: 25 samples from the core CS1 and 7 from the core Carol The core bottoms have AMS radiocarbon ages
0f 96724168 cal yr BP for CS1 and 160124223 cal yr BP for Carol.

The lithology of the core CS1 is represented mainly by coarse to fine clayey sands. The lower part of core
CS1 (-218 cm to -176 cm) is composed of coarse sands, rich in bioclasts and centimetric rthodoliths. The upper
part (from -176 to the top) is composed of fine clayey sands with the presence of thin layers of coarse bioclastic
sediment between -142 and -43 cm. The benthic foraminiferal assemblages are fairly constant along the core,
with the dominance of Asterigerinata mamilla and Lobatula lobatula. They are typical species which dominate
the recent sediments of Pontine Archipelago, between 30 and 100 m wd.

The core Carol consists of coarse sands in the lower part, passing upward into more fine and clayey
sands. From the bottom (-69 cm) to -55 cm coarse sands with abundant rhodoliths are present; from -55 cm
to -34 cm, silty sands are found showing abundant bioclasts (e.g., rhodoliths and molluscs). The upper part
(between -34 and -15 cm) is composed of coarse sand, with abundant bivalves, rhodoliths and bryozoans.
Finally, to the top fine sand rich in small bioclastic fragments was found. In this core, a clear change of benthic
foraminiferal assemblages was recognised at -25 cm: from the bottom to -25 cm, the foraminiferal assemblage
was dominated by Lobatula lobatula and Asterigerinata mamilla; between -25 cm and the top, the assemblages
were characterised by a species typical of deeper environments (100-200 m wd) such as Cassidulina carinata.

For core CS1 benthic foraminiferal assemblages and AMS radiocarbon dating indicate that the cored
interval represents the Holocene portion of the stratigraphic succession. For the deepest core (Carol), the
sharp transition from coarser to finer lithology, together with the change from a shallow benthic foraminiferal
assemblage to a deeper assemblage, suggests that the its bottom was deposited during the early stages of the
last sea level rise. Based on these data the bottom of the studied cores represents the upper circalittoral zone
(50-100 m wd), where coralline red algae reach the maximum abundance and distribution in the Pontine
Archipelago.
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Most of the modern coastal areas are mixed-energy environments with spatial changes of dominant
processes. In addition, temporal variations in the relative intensity of tidal, river and wave processes, at a
range of time scales, have been documented in individual coastal systems. Outcrop and subsurface studies of
such temporal and spatial variations in coastal environments are often complicated and mostly incomplete.
On the contrary, the study of relict shelf portions can facilitate the complete reconstruction of coastal system
evolution during the last sea-level rise. Here, we present such a study, through the interpretation of multibeam
bathymetry and Chirp profiles, on the northern Sardinian relict shelf.

Tidal- and wave-dominated sectors were developed at the same time in different portions of the investigated
area. Wave-dominated coastal systems prevail in the north, where three coastal barrier systems developed
at progressively shallower depths during the last rise of sea level. They bounded tidal basins opened to the
north, where tidal channels and bars developed. Tidal inlets and tidal deltas are present in between the single
barrier islands. In the southern area, a barrier island system was initially in continuity with the northern one.
It enclosed a large basin with tidal bars and channels. Successively, the barrier was reworked by tidal currents
and elongated bars and channels formed within a tide-dominated estuary. With continuing sea-level rise, a
further barrier formed landward, and enclosed a wave-dominated estuary with tidal channels and bars.

Our study shows that, as a result of the spatial variations of controlling processes, synchronous coastal
systems with variable degrees of wave- and tide- domination can develop. Our study also shows that the
relative importance of tide and wave processes can vary in time due to oceanographic and morphologic changes
inherent to sea-level rise. In particular, our results show that tide-influenced deposits can be an important
constituent of coastal successions also in small bodies of water with overall microtidal conditions, such as
the Mediterranean Sea. In general, our results show that sequence stratigraphic models for coastal deposits,
which generally assume a regionally prevailing process constant in time, largely overlook temporal and spatial
changes in dominant regime.
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A geological comparison between the modern and the ancient Messina Strait is presented, aiming at
deciphering many unclear aspects on the sedimentary dynamics of the present-day marine passageway by
using the sedimentological signature preserved in the lower Pleistocene onshore analogue.

The modern Messina Strait, separating the Italian peninsula and Sicily in the central Mediterranean,
is dominated by bi-directional, 2-3 m sec tidal currents, amplified during their passage across the 3-km-
wide cross-sectional centre. The tidal dynamics is regulated by semi-diurnal inversions in phase opposition
occurring between the interlinked lonian and Tyrrhenian basins. Tidal flows have a relevant influence on
mobile sediments at the bottom, inducing a specific sedimentary zone partition based on the relative position of
by-pass and sediment convergence areas. Bed-load pathways, indicated by extensive bedform fields (i.e., tidal
dunes), respond to a ‘mutually-evasive’ mechanism of sediment transport, directed from the centre towards
the two opposite strait exits. Recent geophysical (multi-beam) investigations reveal important details on the
morpho-bathymetric features of these zones, suggest interplay between tidal currents and other processes (e.g.,
river floods, gravity flows, storm waves) and clarify the reciprocal role of flood and ebb tidal components in
the modern sediment distribution.

During the Early Pleistocene, analogous oceanographic and morphological strait conditions have established
in the same area. Nowadays, the onshore margins of the modern strait expose cross-stratified sandstones and
biocalcarenites, up to 200 m thick and exhibiting a variety of sedimentary facies with a diffuse tidal signature.
Facies analysis carried on a number of stratigraphic sections suggests a strong correspondence between the
various ancient deposits with the modern strait environments and confirms the zone partitioning based on the
present-day bottom features.

The presented results have a threefold scientific impact: (i) they clarify a number of previously uncertainties
on the sedimentary dynamics of the modern strait; (ii) contribute in the reconstruction of the palacogeographic
setting of the ancient Messina passageway; and (iii) add insights for the building of an universally valid
depositional model for modern and ancient tidal straits, which are the less well understood among most tide-
dominated systems.

88



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018

Sedimentological and paleoenvironmental analysis of a lower Pleistocene stratigraphic section
exposed in the SE Siderno Basin, southern Calabria

Nappi A.*!, Rossi V.M.%, Mellere D.> & Longhitano S.G.!

! University of Basilicata, Potenza
2 University of Bergen, Norway
* Faroe Petroleum, Stavanger, Norway

* Corresponding email: antonio.nappil 988@gmail.com

Keywords: Strait, Lower Pleistocene, Calabro-Peloritani arc.

This study documents the sedimentological features of a lower Pleistocene (Gelasian) succession exposed
in the south-eastern Siderno Basin (Calabria). The basin is a 50-km-long and 20-km-wide structural depression,
developed from the Oligocene to the Quaternary along one of the WNW-ESE-striking shear zone dissecting
the Calabro-Pelorani Arc. The investigated deposits represent the uppermost basin-fill interval and include
siliciclastic-bioclastic coarse-grained sandstones, exhibiting a variety of cross bedding. These features have
been considered as the record of the migration of generations of bedforms in a subaqueous environment under
the effect of strong currents. The tidal influence was due to the amplification of water masses, imparted by
a coastal narrowing during their transit along the basin, which linked two wider seas (i.e., Tyrrhenian and
Ionian). This condition is key to promote conditions for tidal-flow reinforcement in modern settings and can be
detected thanks to distinctive sedimentological features (e.g., tidal cross strata) in the rock record.

The studied interval has been associated with a high-energy marine setting based on the exposed ichnofacies.
However, it has never been referred to a specific marine depositional environment (e.g., shoreface, offshore-
transition, outer shelf, etc. ...). The goal of the present study is thus the identification of a more precise palaco-
environmental collocation of these deposits within the so-called Early Pleistocene Siderno Strait.

The section is 45.5 m thick and includes fine-grained sandstone tabular cross strata (B1) and biocalcarenitic
trough-cross strata (B2), erosionally overlying upper Pliocene shelf marls and fine-grained sandstones.
Sedimentary structures consist of angular, tangential and sigmoidal foresets with compound architectures
and SSE direction of migration. Internally, plain-parallel and cross lamination, soft-sediment deformations
and highly-bioturbated intervals also occur. The most diffuse ichnogenera indicate Glossifungites e Skolithos.
Macro-fossil remains include molluscs, echinoids and bryozoans, whereas thin-section analyses reveal
planktonic foraminifera indicating open-marine conditions. Upwards, the succession transits to plain-parallel,
highly burrowed bioclastic fine-grained sandstone strata with a scarce or null tidal signature.

Based on these integrated analyses, we suggest an outer shelf environment for the investigated deposits.
This area possibly represented the eastern depositional zone of the Siderno Strait, where tidal currents promote
the migration of sinuous dunes, whose bioclastic ash was sourced from an in situ carbonate factory established
thanks to a specific current-dominated hydrodynamics. The upward decreasing of the tidal signal points
towards a demise of the tidal circulation in the strait, presumably due to a stage of relative sea-level rise and
consequent enlargement of the basinal cross section.
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The aim of this research is to present a paleomorphological reconstruction of the buried incised valley of
the Volturno River, across the coastal region connecting the northern Campania Plain and the Gaeta Bay during
the Last Glacial cycle. The study is based on comprehensive set of onland borehole data and offshore reflection
profiles and will attempt an interpretation of the Volturno incised valley as an example of a highly dynamic
stratigraphic system dominated by volcanic activity during severe climatic changes. The volcaniclastic deposits
originated by the Phlegrean Field caldera 39 ka eruption (Campania Grey Tuff - CGT) form the substrate for
the Holocene and recent sedimentation.

The digital surface model reconstructed for the upper CGT surface shows a 15-20 km wide Late Quaternary
paleovalley incised by the Volturno River into the thick ignimbritic unit. The asimmetry of the southern valley
flanks was shaped by the presence of an ancient river (Clanio River), reclaimed during the XVI century, that
resulted in the enlargement of the valley and the formation of a complex deltaic system in the southern part.

Correlation of stratigraphic data from the subsurface of the Volturno Plain with sequence stratigraphic
interpretation of high-resolution (1kJ sparker) single channel reflection seismic profile offshore the Volturno
river mouth indicates that the Volturno buried paleo-valley was likely incised throughout the Late Pleistocene
- early Holocene, during the Last Glacial eustatic cycle.

The boundary between the substratum of the paleo-Volturno valley and its sedimentary fill is marked by
a well-developed unconformity and associated stratigraphic gap that separates the older Quaternary alluvial
deposits and the Campania Ignimbrite (ca 40 ka BP) from the overlying uppermost Pleistocene-Holocene
coastal prism entrenching the incised valley. The onset of the sea-level rise, that followed the climax of the
Last Glacial Maximum since ca. 15 ka BP, caused marine ingression deep into the Volturno incised Valley
and was associated with rapid backstepping and landward shift of depositional systems. Maximum marine
flooding conditions are documented at 7,0-6,5 ka BP by the occurrence of prodeltaic deposit, that have been
cored between 18 and 25 m beneath the surface. Since the middle Holocene, a progressive lowering of the
Post Glacial sea-level rise created conditions favorable to early aggradation (6,5 -4,5 ka BP) and late stage
progradation (< 4,5 ka), accompanied by seaward shift of depositional systems. This caused, in turn, a rapid
filling of the accommodation space over the former incised valley, with the formation of the modern Volturno
alluvial Plain, coastal lagoon and beach barrier system.
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The Late Quaternary volcanostratigraphic succession of Mt. Etna shows distinct epiclastic horizons that
mark the major erosion surfaces, separating the volcanic units of different age. We used the analysis of the
stratigraphy of the eastern flank of Mt. Etna as a magnifying glass to investigate the climate-controlled variation
of the sedimentary supply of the clastic deposition over the time, to be compared with the stratigraphic record
of the marine terraces along the lonian coast of Sicily and the OIT curve. Out of the Etnean area, the Late
Quaternary clastic deposition produced few meter-thick highly discontinuous sequences, composed of distinct
unconformity bounded wedges, that cumulated at the base of slope. Along the coast, the Late Quaternary
clastic wedges form distinct marine terraces due to the generalised tectonic uplift of the region. Within the
volcanic successions of Mt. Etna, the clastic wedges have huge vertical lithostratigraphic separations due to
the interposition of conspicuous volumes of volcanic products that have been emitted between two consecutive
cycles. Moreover, in the volcanic area the rate of supply is largely higher than in the surrounding areas, due to
the rapid accumulation of the relief that emphasized the production of clastic material. The study was focused
on the huge volumes of epiclastic deposits which are exposed along the main fault scarps of the eastern flank
of Mt. Etna and have been drilled in a vast area from Acireale to the village of Santa Venerina. The detailed
field mapping, combined with the available radiometric age of lavas and the results of petrochemical analyses
of the main lithostratigraphic horizons provided an updated lithostratigraphic scheme of the region, well
constraining the timing of the impressive sedimentary imput that interacted with the history of the volcanic
activity. Comparison with the OIT and the eustatic curves indicates that the effectiveness of agents on the
landscape, driving the maximum rate of transport and deposition, concentrated during the periods of the rapid
sea-level rise rather than the entire periods of the sea-level highstands, thus suggesting that the increase of
discharge has been strictly related to climate crises induced by the main deglaciation processes.
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The Volturno plain, located along the Tyrrhenian side of the southern Italian Apennines, is a large alluvial-
coastal plain developed during Pliocene-Quaternary times. The block-faulting of the western flank of the chain
occurred during this period is responsible for its planimetric squared shape. Although the Volturno plain has
already been the object of several relevant studies, we will try to define a more detailed stratigraphic and
palaeoenvironmental reconstruction before and after the Campania Ignimbrite (CI) eruption and the role of
tectonic and eustatic forcing in the evolution of the coastal plain. To this scope, the results of an extensive and
detailed stratigraphic analysis of the Late Pleistocene - Holocene infill of the Volturno plain based on almost
700 well logs are here presented. On these grounds, a map of the base and the roof of the CI and several
geological cross-sections have been realized by GIS interpolation techniques.

The stratigraphic architecture of the Late Quaternary Volturno plain infill is featured by 7 lithostratigraphic
units, which appear sufficiently homogeneous from sedimentological and paleontological viewpoints.
Stratigraphic and chronological constraints based on volcanic and marine deposits from literature enable
us to propose a general chronology and to attribute age intervals for each unit. Stratigraphic relationships
among the units suggest a complex Late Pleistocene - Holocene sedimentary evolution of the coastal-marine
to continental palacoenvironments of the Volturno plain. Further, the reconstruction of the CI base and roof
allowed upgrading the 3D shape of the Volturno plain palacomorphology before the deposition of Upper
Pleistocene - Holocene sediments. An asymmetrical shape of the ancient morphology of the plain - with a
steeper slope toward the north-west border - and the lack of coincidence between the present course of the
Volturno River and the main buried bedrock incision are inferred.

The Late Quaternary evolution of the Volturno plain appears mainly controlled by eustatic changes of the
sea level during which intense volcanic activity occurred. The rapid sea-level rise after the LGM is testified by
a backstepping depositional architecture of the Holocene deltaic-coastal and lagoonal-swamp systems directly
on the largely incised Late Pleistocene palaeo-Volturno plain. The maximum ingression of the shoreline was
about 3-4 km inland. Starting from 5 ka B.P. ca., in response of the decreasing rate of sea level rise, a coastal and
delta system progradation and alluvial aggradation are documented. Taking into account also the subsidence
data, Late Quaternary tectonics should be considered active to produce the asymmetry of the CI roof as well
as the lateral migration of the Volturno River during this time-span. A similar trend seems to persist in more
recent times, as suggested by the presence of a thick alluvial succession located to the south of the present-day
main channel.
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In Italy, nearly 37% of the coastlines had been affected by erosion more than 10 meters from 2000 to
2007 and the phenomenon is largerly widespread and seems not decreasing (ISPRA, 2012). In the past, the
protection methods implemented against erosion were hard, short lived, expensive and not eco-friendly, as
precast reinforced concrete units placed to reduce the erosional power of wave and tide. Today, the attention
has been shifting towards soft, but pro-active methods which are cheaper and reasonably address the root cause
of the problem without much “side-effects”, and many non-traditional ways to restore beaches, including the
use of geotextile sand-filled bags, green belts, bio-engineering, beach-face dewatering system, are being used.

The present study evaluates the erosion trend on short/medium and long term of the shoreline between
Licata harbour (AG) and Gela harbour (CL) and the state of the art of the soft and pro-active erosion mitigation
methods in Punta Braccetto (Santa Croce Camerina - RG). These areas belong to the same physiographic unit,
but the former is affected by erosion due to the high anthropization, in the latter there’s a dune system in good
condition and in which renaturalization measures have put in place.

The analysis includes a diachronic comparison of aerial, satellite photographs and historical, thematic maps,
using Digital Shoreline Analysis System, DSAS (Thieler et al., 2017), which calculates shoreline rate-of-
change statistics from multiple historic shoreline positions. We also take in account hydrological and sea data
and hydrographic basin ones, sedimentological characterisation has been performed to delineate the evolution
of beach morphological elements (Devon et al., 2016). Therefore, using an integrated methodological approach
based on determination of shoreline fluctuations, coastal dynamic and beach sedimentological surveying, we
want to highlight the effectiveness of renaturalization processes in Punta Braccetto dune system.

Devon, E.O., Walsh, J.P., Reide Corbett, D. & Mulligan, P.R. (2016): Temporal and Spatial Dynamics of Estuarine
Shoreline Change in the Albemarle-Pamlico Estuarine System, North Carolina, USA. Estuaries and Coasts, 40, 1-17.

Istituto Superiore per la Protezione e la Ricerca Ambientale (ISPRA). (2012): Mare e ambiente costiero. In: Annuario dei
dati ambientali - Tematiche ambientali in primo piano, 193-234.

Thieler, E.R., Himmelstoss, E.A., Zichichi, J.L.. & Ergul, A. (2017): Digital Shoreline Analysis System (DSAS) version
4.0 — An ArcGIS extension for calculating shoreline change. In: Open-File Report 2008-1278. U.S. Geological
Survey.
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In last year many studies have been conducted to evaluate morphodynamic behavior along the coastline.
Instrumental beach survey has been supported by sensors, capable of simultaneously monitoring the water
surface displacement due to wave along with the associated flows and sediment suspension (Davidson et all.,
2006).

This contribution describes a coastal monitoring assessment (2016-2018) relies upon two sources: camera
system and beach survey dataset. Investigation has been conducted on Levanto beach, located on Western
Mediterranean sea on the eastern coast of Regione Liguria, Italy. Video monitoring system was installed on
the beach at 30 m above Mean Sea Level (MSL) and images were elaborated using the dedicated software
BeachKeeper Plus, which is an image management and elaboration software which provides Time-Exposure
and Variance images (Brignone et al., 2012). Simultaneously, topographic and bathymetric surveys took place
during monitoring project; moreover, Grain size beach analysis was performed on seventy samples.

To evaluate morphodynamic response to climate wave, Meteocean Wave Hindcast was employed from
October 2016 to March 2018. MeteOcean group at DICCA has developed an hindcast analysis for the period
1979-2018 for the whole Mediterranean basin (Mentaschi et al., 2015).

Obtain results prove which remote video recording paired with survey data is useful to understand wave
impact on investigated area. Indeed, video monitoring image analysis and surveyed data establish a long
shore sediments transport from West to East, producing a volume increase on eastern sector of the bay.
Time-exposure and Variance methods are able to identify cross-shore and long-shore flow along coastline. In
summary: 1)recorded images detected suspended sediment transport, 2) beach surveys identified bed sediment
transport and 3) grain size analysis supplies sediments arrangement from the inshore to backshore. In both
cases, climate wave from SW is dominant and coastal structure plays a fundamental role on morphodynamic
behavior. Employment of this two methods provides a complete view of main hydro-morphodynamic features
of Levanto beach.

Brignone, M., Schiaffino, C.F., Isla, F.I. & Ferrari, M. (2012): A system for beach video-monitoring: Beachkeeper plus.
Comp. e Geo, 49, 53-61.

Davidson, M.A., Aarninkhof, S.G.J., Van Koningsveld, M. & Holman, R.A. (2006): Developing coastal video monitoring
systems in support of coastal zone management. Journal of Coastal Research, 39, 49-56.

Mentaschi, L., Besio, G., Cassola, F. & Mazzino, A. (2015): Performance evaluation of WavewatchlII in the Mediterranean
Sea. Ocean Modelling, 90, 82-94.
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The present work is focused on the study of shoreline advancement and recession of the coastal area between
Pozzallo (RG) and Santa Maria del Focallo (RG) and on the observations of the environmental transformations
which occurred from 1880 to 2016, in order to identify main causes of the problem and find and suggest the most
appropriate solution to local entities. The study combined the sedimentological characterisation of the beach
and the comparison of shoreline in historical and technical maps and aerial and satellite photographs. The coast
is divided in 14 transepts, traced perpendicular to the 1928 coastline, used as zero line, and in correspondence
of which shoreline rate-of-change is calculated. Moreover, we outlined natural and anthropogenic elements,
as dunes, quagmires, infrastructures, in every maps and photos with the aim of recognizing the environmental
changes. The diachronic analysis highlights a shift line speed between 2,6 m/y and -2,6 m/y and a range of
shoreline advancement/recession between -130,5 m e 107,3 m. Specifically, it has shown that Pozzallo shore
has been increasing of several meters in the last thirty years, due to the construction of the commercial and
touristic harbour. At the same time, Santa Maria del Focallo beach has been affected by high erosion, because
of Pozzallo harbour contribution to the reduction of solid transport from the west and of disappearance of
dune system, destroyed by the rising urbanization of the coast. Other two events negatively affected coastal
ecosystem in the study area: the reclaim of the numerous quagmires and the building of a coastal road, the
SP 67, alongside the shore. The increasing urbanization and anthropization significantly altered the dynamic
balance of the shore. Clear guidelines on the approach to tackle the problem are provided by the European
Parliament in the Integrated Coastal Zone Management (GIZC) in Europe (European Council, 2002), which
advises the need, on one hand, to promote integrated use of the coast, decreasing unauthorised building, and,
on the other hand, to restore natural shore refilling, furthered by renaturalization of the dunes.

Regione Siciliana - Dipartimento Territorio e Ambiente (2002): Piano Stralcio di Bacino per 1’Assetto Idrogeologico
(P.A.L): Unita fiiografica n.7 - Isola delle Correnti - Punta Braccetto.

European Council (2002): Raccomandazione relativa all’attuazione della gestione integrata delle zone costiere in Europa
(GIZC). G.U.C.E. Legge n. 148 del 06.06.2002.
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A peculiar aspect of Apulia beach sand is the occurrence of important amounts of heavy silicate minerals
(mainly pyroxenes, garnets and amphiboles), forming thin, dark layers and placers interbedded with the
dominant light carbonaticlastic fraction. A granulometric, compositional and microanalytical study was
carried out on the sand of the beaches from the Gulf of Manfredonia to the Otranto promontory, in order to
detail provenance and dispersion of the heavy silicate fraction. The rocks outcropping along the Apulia coast
are mainly represented by the limestones of the Mesozoic platform of the foreland domain and by the Plio-
Pleistocenic sedimentary covers. The origin of the silicate minerals cannot therefore be found in the rocks
outcropping in the area, but must be related to a more distant source. The Ofanto river, whose mouth is south
of the Gulf of Manfredonia, is the main stream feeding the Apulia coast with sediments eroded by the southern
Apennines units and the Mt. Vulture volcano. The microanalytical study revealed that the composition of the
pyroxene, melanite garnet and Mg-hastingsite amphibole is identical to that of the same minerals found in the
sediments along the Ofanto river and occurring inside the volcanic bedrock of Mt. Vulture. A minor population
of colorless garnets can be probably related to the recycling processes from the Oligo-Miocene sandstones of
Southern Apennine terrains. Heavy detrital minerals shed by Mt. Vulture have been found in the sandy fraction
dispersed both northward and southward of the Ofanto mouth. This is in accordance with a main longshore
current depositing them in the Gulf of Manfredonia. Part of the sand, however, is transported southward by
the littoral currents of the Adriatic Sea. The sandy heavy minerals fraction is not constant along the coastline.
The highest contents are in the northern sector, from the Gulf of Manfredonia to Trani, while they almost
disappear in the central sector between Molfetta and Torre Canne (BR). South of Posticeddu (BR) the amount
of heavy minerals increases again, though being always subordinate to the carbonaticlastic fraction. These
variations may be correlated to the coast physiography: the northern and southern sectors are characterized
by a larger platform with a wide surf zone and low energy of the waves, while in the central sector a narrower
platform is responsible of a higher energy environment, preventing the deposition of the heavy fraction. A
coarser grain size also characterizes the beaches of this sector. At a smaller scale, local variations in the heavy
minerals abundances are also related to erosional processes due to anthropic factors: an example is the harbor
of Margherita di Savoia, whose eastern pier obstacles the northward transport of the Ofanto sediments. The
beach southward of the pier has relatively low heavy mineral percentages, while northward the carbonate
erosion indirectly causes an enrichment in this component.
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The Apulia Region (Southern Italy) contains about 900 km of coastal sectors, which corresponds to 12%
of the Italian littorals. Most of the economic and social activities are related to the coastal areas (fishing,
transports, etc.) and the tourist facilities are concentrated in the coastal localities. Among all the different
coastal types, sandy beaches are the most common (more than 650 km in length) since cliffs and rocky shores
only give Y4 of the littoral sectors. Therefore, the coastal erosion is one the most potential threats for the
economic development of the Apulia Region.

In addition, the Apulian sandy beaches show a large variability, which is characterised by different
sedimentological and ecological parameters of the lonian and Adriatic coastal areas. This variability mainly
depends on both variables coastal dynamics and terrigenous/bioclastic supply. In this study, we try to describe
some present-day Apulian sandy beaches by using a limited set of quantitative parameters.

To purpose this aim, three different sandy beaches from Apulia coast have been chosen: Torre Canne
(Brindisi) and Alimini (Lecce) on the Adriatic coast and Porto Cesareo (Lecce) along the lonian coast. Sampling
procedures were carried out through diving techniques from foreshore to lower shoreface environments (local
wave base is about 6 m).

The grain-size analysis allowed us to calculate the statistical parameters of sands with unimodal distribution.
The beaches characterised by erosive phenomena were represented by well sorted sands with high kurtosis and
negative skewness values, whereas stable beaches were related to poorly sorted sands with lower kurtosis and
positive skewness values. The relationship between the main statistical parameters (mean versus kurtosis,
kurtosis versus sorting, kurtosis versus skewness and mean versus skewness) was used to establish the erosive
or stable-prograding tendency of the beach.

The most frequently occurring size class of the statistical distribution was analysed with a binocular optical
microscope to evaluate the sands composition in quantitative terms. Therefore, the classification of sands
included quarts, feldspar, carbonate grains and other components (pyroxene, amphibole and opaque minerals).
Within the carbonates class, the percentage of bioclasts was also evaluated. The shell fragments quantity was
variable among the different beaches and a bioclasts percentage variability could be defined at different water
depths.

The grain-size distribution and the mineralogical compositional of the beach sands are significant data to
obtain the evolutionary beach tendency and to establish quantitative textural parameters that can be used for
comparative procedures in nourishment interventions.
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The use of mineral interfaces, in sand-sized rock fragments, to infer the influence exerted by durability
on the generation of sediments, has been determined for plutoniclastic sand (e.g., Heins, 1995; Caracciolo
et al., 2012; Weltjie et al., 2018). Conversely, for volcaniclastic sand, it has received much less attention,
and, to our knowledge, this is the first attempt to make use of the volcaniclastic interfacial modal mineralogy
of epiclastic fragments, to infer durability control at modern beach environment. Volcaniclastic sand was
collected along five beaches developed on five islands (Alicudi, Filicudi, Salina, Panarea and Stromboli) of the
Aeolian Archipelago, whereas one was sampled near the crateric centre of Stromboli volcano. Each sample
was sieved and thin sectioned for petrographic analysis. The modal mineralogy of the very coarse, coarse and
medium sand fractions was determined by point-counting of the interfacial boundaries discriminating 38 types
of interfaces categories, both not-isomineralic and/or not iso-structural (e.g., phenocryst/glassy groundmass)
and iso-mineralic, inside volcanic lithics with lathwork and porphyric textures. A total of 47386 interfacial
boundaries have been counted and, the most representative series of interfaces, from the highest to the lowest
durability, can be grouped as follows:

a. ultrastable interfaces

Plagioclase/Glassy groundmass»Pyroxene/Glassy groundmass»Olivine/Glassy groundmass»Plagioclase/
Microlitic groundmass»Plagioclase/Pyroxene»Pyroxene/Opaque»Opaque/Glassy groundmass»Plagioclase/
Opaque

b. stable interfaces

Pyroxene/Olivine»Plagioclase/Olivine»Hornblende/Glassy groundmass»Pyroxene/Microlitic
groundmass»Opaque/Microlitic groundmass»Hornblende/Opaque»Olivine/Iddingsite»Hornblende/Plagioclase
c. moderately stable interfaces

Hornblende/Pyroxene»lddingsite/Glassy groundmass»Olivine/Microlitic groundmass»Biotite/Glassy
groundmass»lddingsite/Pyroxene»lddingsite/Plagioclase»Biotite/Opaque»Olivine/Hornblende and

d. unstable interfaces

Opaque/Olivine»Hornblende/Microlitic groundmass»Biotite/Plagioclase»Biotite/Pyroxene»Olivine/
Biotite»Biotite/Hornblende»Rutile/Glassy groundmass»Rutile/Microlitic groundmass.

Grains, eroded from the volcanic bedrock, if affected solely by abrasion, developed a rounded and smoothed
form, with prevailing not-isostructural interfaces such as Plagioclase/Glassy groundmass, Pyroxene/Glassy
groundmass and Olivine/Glassy groundmass interfaces. Grains that during transport suffered fracturing and
percussion have a sharp and angular form: this combined transport mechanisms produce mainly iso-structural
interfaces such as Plagioclase/Plagioclase, Pyroxene/Pyroxene, Hornblende/Hornblende, and, to a lesser
extent, Biotite/Opaque and Biotite/Glassy groundmass interfaces.

Caracciolo, L., Tolosana-Delgado, R., Le Pera, E., von Eynatten, H., Arribas, J. & Tarquini, S. (2012): Influence of
granitoid textural parameters on sediment composition: implications for sediment generation. Sedimentary Geology
280, 93-107.

Heins, W.A. (1995): The use of mineral interfaces in sand-sized rock fragments to infer ancient climate. Geological
Society of America Bulletin 107, 113-25.

Weltje, G.J., Paredis, B., Caracciolo, L. & Heins, W.A. (2018): Quantitative analysis of crystal-interface frequencies in
granitoids: Implications for modelling of parent-rock texture and its influence on the properties of plutoniclastic sands.
Sedimentary Geology, in press.
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Sabellaria is a genus that is included into the Sabellariidae family; it is able to build reefs composed by tubes
made up of sand and shell fragments, which are held together with a very strong glue produced by the worm
itself. These marine polychaete are commonly called “sandcastle worms” or “honeycomb worms”. Under a
specific set of environmental conditions, Sabellaria can form reefs (consisting of hundreds or thousands of
worm tubes) that can vary in thickness, size and patchiness. The more developed reefs form in areas with a
large and continuous supply of sand, turbulent water, nutrient availability and mixed rocky/sandy seafloor. Two
species of the Sabellaria genus are widespread along the Atlantic coasts of Europe: S. spinulosa (Leukhart,
1849) e S. alveolata (Linnaeus, 1767).

In the Mediterranean area, S. alveolata builds some large reefs, while S. spinulosa only encrusts the hard-
substrate with isolated tubes. We have compared the data coming from the first Sabellaria spinulosa reef in
the Mediterranen Sea (northern Gargano coast, Adriatic Sea, southern Italy) with the main sedimentological
features of a well-known reef of Sabellaria alveolata along the Tyrrhenian coast (Ostia).

The study of the reef was carried out at various scales: from the mapping of the regional distribution of
the Sabellaria reefs to the microscopic textural, morphometrical and mineralogical features of the sand grains
that are trapped in the tubes. In this work, we describe the results of the SEM and microtomography analyzes
carried out on samples collected during seven years of monitoring on the two Sabellaria reefs. Similarities and
differences between the reefs built by Sabellaria spinulosa and Sabellaria alveolata are discussed in this work.
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This work focuses on the textural analysis of 67 modern sand sampled from beaches of the Aeolian islands,
and from one sample near the crateric centre of Stromboli volcano, to evaluate the factors that control detrital
grain rounding during torrential-type and at beach environments transport mechanisms (Morrone, 2018). A
total of 400 points was counted for each thin section of the sand samples, under polarizing microscope, and
change in grain roundness degree was assessed to evaluate grain durability to transport. Variations in mean
roundness were determined on medium-sand size assigning, to each category of grain roundness, a numerical
value ranging from very angular (1), angular (2), sub-angular (3), sub-rounded (4), rounded (5), to well-
rounded (6) categories, using a modified petrographic technique proposed earlier by McBride and Picard
(1987).

The most common roundness category of sandy grains from Panarea and Stromboli islands is 2 (angular),
followed by 3 (sub-angular), 1 (very angular), 4 (sub-rounded), and then with a very low occurrence of 5
(rounded), but lacking 6 (well rounded) grains categories. The sand samples from Alicudi, Filicudi, Salina,
Vulcano and Lipari islands show an higher percentage of sub-rounded category (3). Salina, Lipari and Vulcano
have the most rounded grains and Vulcano has the highest well rounded percentage of grains among all of the
islands coastal sands. The mean roundness of all the analyzed grain types is considerably higher in the east than
the west sides beaches, and with a roundness increase from north-west to east. On Aeolian islands, wind and
wave energy, decreases from west to east (e.g., Cataldo, 1981), therefore, there could be a relationship between
grains roundness degree and beaches exposure to dominant winds. Sand grains round more efficiently under
gentler wave action of the eastern side beaches whereas the more angular grains of the north-western beaches,
eroded from the nearby cliffs with null or quite minimal reworking, produce angular and sub-angular grains.

Mean roundness data of Aeolian islands beaches sand have allowed to delineate a grain type roundness
ranking among polymineralic and monomineralic grains. Volcanic polimineralic grains with microlitic
texture (Lvmi) are always more rounded then lathwork (Lv/), vitric (Lvv) and felsitic (Lvf) textures. Among
monomineralic grains, olivine and opaque minerals are the most rounded grains in all samples, including the
zero order crater sand sample (e.g., Ingersoll, 1990), followed by plagioclase and pyroxene grains which have
often similar roundness trend. Rounding processes of the Aeolian beaches sand are thought to result from the
short transit from stream to beach environment and to shoreline wave reworking, even if, in some cases, an
higher roundness degree, of some detrital species, could be also directly inherited from the crystal habit of
some phenocrystals within the groundmass of the volcanic source rock lithotypes (Morrone, 2018).

Cataldo, P. (1981): Caratteristiche meteomarine del paraggio. In Primi risultati delle indagini di geografia fisica,
sedimentologia e idraulica marittima sul litorale del golfo di Sant’Eufemia, 65-85. Pubb. 127, Progetto finalizzato
“Conservazione del suolo-Dinamica dei litorali”, C.N.R.

Ingersoll, R.V. (1990): Actualistic sandstone petrofacies: discriminating modern and ancient source rocks. Geology.

McBride, E.F. & Picard, M.D. (1987): Downstream changes in sand composition, roundness, and gravel size in a short-
headed high-gradient stream, north-western Italy: Journal of Sedimentary Petrography, v. 57, p. 1018-1026.

Morrone, C. (2018): Compositional and textural study of beach sands from active volcanic areas (southern Tyrrhenian
sea). PhD thesis.
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The coastal deltaic environments represent mobile geomorphic systems highly sensitive to any type of
environmental change, especially those deriving from human activities that influence the landscape structure
and, consequently, the ecological processes. Most of the world’s coastal wetlands are located in the delta
and host natural ecosystems of great ecological and economic value. Until the beginning of the last century,
most coastal areas escaped human impacts as they were sites of marshes and ponds with a high incidence of
malaria. In recent decades, land reclamation and the development of tourism industries, together with rising
sea levels, have exposed these areas to multiple and complex disturbance agents. The changes induced by
remediation have also significantly influenced the landscape on different time and scales, and above all the
hydrographic system that supplies sediments to the delta plains and beaches, resulting in accelerated coastal
erosion, impoverishment of the coastal environment and degradation of habitats.

The present study focused on morphological, hydraulic and land use changes that have occurred over the
last 150 years in the northern Campania plain, along the eastern Tyrrhenian Sea. The analysis of historical
cartography, collected, digitized and analyzed in the GIS environment, has allowed us to obtain: (1) a qualitative
reconstruction of landscape changes over the last 150 years; (2) a reconstruction of land reclamation works; (3)
the quantification of the resulting changes in land use and morphological configuration over the last 100 years.

Since the reclamation works, which began in the 16th century, this area recorded rapid economic development
and growth in urbanization, increased above all in the last 100 years. The analysis of the landscape allowed
the evaluation and quantification of the main land use dynamics, highlighting the relationships between land
reclamation, urbanization growth and land use changes.

The main composition of the landscape underwent important changes until the beginning of 1900, when
the reclamation works completed the channeling of most secondary courses of the coastal plain. This favored
the development of agriculture and farming which were the main drivers of changes in the landscape structure.
The fragmentation and complexity of the landscape increased between the 1960s and 1990s. Since the 1970s
the built-up areas expanded at an accelerated rate along the coastal plain, at the expense of the beach-dune
system, and along the river’s course. The negative sedimentary balance resulting from the reclamation works
on the river courses, together with the interventions along the Volturno river basin, resulted in an accelerated
and severe coastal erosion. The overgrowth of urban areas towards the sea, combined with the intensification
of agricultural and tourism activities, has led over time to the loss of high quality ecosystems such as the wet
coastal environment, the retrodunal lacustrine area and, in most cases, also the beach-dune system.

The integration of landscape analysis and historical information highlights the importance of an
interdisciplinary approach to land management and provides important indications for environmental
requalification.
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Since 2012 an open working group, coordinated by ISPRA-SGI, involving researchers from various
universities and research institutes, has been discussing the contents and representation of a “Structural map
of Italian seas.”

The first step was to identify, classify and reorganize existing data, to agree on the minimum descriptive
requirements needed to define meaningful structural elements, to convey all of the available structural data and
to elaborate a reasoned GIS representation of the relevant tectonic elements.

Data represented in the last published version of national structural map (Bigi et al., 1990-92) have been
updated and implemented by data and results obtained in the frame of the ongoing Italian National Geological
Mapping Project (CARG), as well as by additional data collected by different national research institutions
within other projects. They have not yet been reported in regional synthesis papers.

Since 2009 the European Union has created a coordinated and harmonized web GIS service regarding
geological knowledge of submerged areas by means of the EMODNet - Geology Project (http:/www.
emodnet-geology.eu/emodnet/srv/eng/home). Within the Work Package dedicated to “Geological events and
probabilities” (led by the Geological Survey of Italy-ISPRA) procedures to collect geological data concerning
earthquakes, volcanoes and submarine slides have been identified.

The comparison of all available tectonic lineaments with the outcomes elaborated for EMODnet-Geology
has led to the identification of the structural elements as basic components for an updated and more complete
structural model for the Italian submerged areas, in agreement with the model established on land.

Regional scale structural domains (“crustal units”) have been defined according to a geodynamic approach,
also based on the characteristics of volcanic seamounts, grouped into districts identified on the basis of
chemical composition, age and geographical location. Structural elements, classified according to EMODNet
terminology (INSPIRE compliant), will be mapped starting from this representation.

The map is intended to provide a scientific useful tool for either basic or applied research, as well as for
scientific learning, since it represents the “state of the art” at the end of a decades data collection period and
allows at the same time both a synthetic overview of the geological structure of large areas, and to grasp the
most significant regional structures of a given sector.

Bigi, G., Cosentino, D., Parotto, M., Sartori, R. & Scandone, P. (Eds) (1990-92): Structural Model of Italy, scale 1:500,000.
CNR, Progetto Finalizzato Geodinamica. S.EL.CA., Firenze.
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EMODnet Geology is a European Project which promotes the collection and harmonization of marine
geological data in European Seas. All these data are subdivided into Work Packages (WP), referring to
seafloor sediments grainsize, sedimentation rates, Quaternary and pre-Quaternary geology, coastal behaviour,
geological events and mineral resources.

The Italian geological mapping has contributed constructively to the realization of geological datasets,
harmonized at European level, in which all the geological knowledge of the various European countries have
been merged.

The Project, at the end of its second phase, has made available harmonized digital maps at 1:250,000 scale,
with additions to the scale 1: 1,000,000 where more detailed data were not available. The third ongoing phase
is aimed at obtaining products at least at the scale of 1: 100,000 or more detailed.

The Geological Survey of Italy - ISPRA leads WP6 “Geological events and probabilities” with the aim to
identify and map significant geological events occurring in European Seas that include: submarine landslides,
earthquakes, volcanic centers, tectonics, tsunamis and fluid emissions of non-volcanic origin.

The sources of data are all pre-existing data in literature which also include cartography, databases, national
and European projects. All these data were processed for the final purpose of producing digital cartography
freely distributed as WMS services on the EMODnet Geology Portal.

The realization of the digital cartography of WP6 has been divided into several phases:

— elaboration of Guidelines and preparation of the Table of Content with technical specifications on how to
supply GIS layers; during this step we have identified the parameters that should be used to characterize
events and any additional relevant information. Particular attention has been devoted to the definition of the
Attribute table in order to achieve the best degree of harmonization and standardization according to the
European INSPIRE Directive

— systematic collection of basic data, visualization and identification of any areas without data;

— generalization. The maps are generalized on a scale of destination. Datasets consist of shapefiles representing
each event at 1:250,000 scale in Emodnet Geology?2 and at 1:100,000 scale in Emodnet Geology3.

— harmonization of data according to specifications;

— data processing, compilation and structuring of shapefiles in European-wide layers;

— update, correction and implementation of files after review by partners.

One of the objectives pursued was the interoperability of data, in order to provide more complete, correct
and reliable information and facilitate the exchange and reuse of data even among non-homogeneous systems.
Besides combining these harmonized and standardized datasets, it might be possible to develop additional
thematic maps that could support further research, as well as the planning and management of submerged
areas.
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The Structural Geology and Geophysics group (GSG) of the Department of Physics and Geology of the
University of Perugia has gathered a large amount of geological and geophysical data during years of research
and projects. These data, acquired from both digital and analogue sources, include geological maps, seismic
reflection profiles, deep boreholes and gravimetric measures providing precious information about the surface
and subsurface geology of Central Italy. In order to organize and to exploit this information, we have developed
an open-source, web mapping-based application for dynamic access, query and visualization of geological and
geophysical data along with several GIS capabilities..

The main aim of this work is twofold: on one hand, the compilation of all the data collected by the GSG
group for the creation of an updated database. On the other hand, providing a centralized system with web-
based access reachable to the researcher as a platform for fast data recovery. The tasks performed during the
phases of data compilation, conditioning and setup were conducted using mainly the Geographic Information
System (GIS) QGIS v2.18 desktop, among other modelling and geoprocessing packages (GDAL, SAGA,
TileMill). Then, GIS data were imported to the World Wide Web by using Leaflet JavaScript library for the
generation of interactive maps..

The web application contains several navigation and interaction tools (zoom, pan, full-extent, control
switching layers, sidebar object-filtering, areas and distances measurement) visualization tools (index
map, metric scale, mouse position coordinates) and query tools (access to attribute-tabular information and
associated documentation with a new window or popup, search by place, by coordinate and by object). Other
functionalities such as fast data downloading and cartographic layout are also available. All the data have been
converted into standard formats and have been referenced to the main Coordinate Reference Systems. In this
way, their interoperability is allowed when operating within other software and systems, such as those intended
for geological modeling..

The results obtained from this work show the successful combination of QGIS for desktop mapping and
Leaflet JS for web mapping to provide an integrated framework of multidisciplinary datasets. This digital tool
will favor the exploitation of this information contributing to the research activities of the community and
helping in adopting a multidisciplinary research approach.
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In the austral summer 2017/18, in the framework of the 33rd ItaliAntatyide Expedition, a three person team
performed geological and geological-glacial field mapping in the Convoy Range (Victoria Land, Antarctica),
at the scale 1/250°000. Activity was heli-supported, starting from the Italian base in Terra Nova Bay (Mario
Zucchelli Station), and interested the Convoy Range and the Franklin Island quadrangles of the USGS
1/250°000 Reconnaissance Series. The activity had two principal targets:

— to fill the gap existing between the area covered by the GIGAMAP programme (Pertusati et al., 2016) to
the north and the geological maps by GNS Science (New Zealand) to the south (Gunn & Warren, 1962;
Pocknall et al., 1994; Cox et al., 2012), by mapping the area comprised between 76° and 76°30’S and
between 159° and 163° E;

— to collect new data (stratigraphic, structural, sedimentological and petrographic data) to better characterize
the lithotectonic units cropping out in the investigated area.

In more detail, in Antarctica the activity included geological and geological-glacial field mapping,
photogeological analyses, structural observations and rock sampling. In this area, the dolerite and basalt of
the the Ferrar Group and the sandstone of the Beacon Supergroup (i.e. the rocks of the Gondwanian sequence)
are prevalent. Granites and granodiorites of the Granite Harbour Igneous Complex constitute the crystalline
basement underlying the Gondwanian sequence; such basement occurs only in the sector that is close to the
Ross Sea coast. Minor enclaves of Wilson Terrane gneiss are hosted in the Granite Harbour granitoid. During
the mapping activity, we collected rock samples (more than 120) for subsequent laboratory analyses and
also gathered attitude measurements of bedding, faults and fractures. For the glacial geological mapping, we
collected rock samples to perform Surface Exposure Dating, by analyses on selected cosmogenic isotope.

On return from Antarctica, the activity comprised digitisation of the new cartographic data and their
integration in the digital dataset of the Geomap Action Group; elaboration of structural data; microstructural
analyses and minero-petrographic analyses of rocks and glacial deposits.

Cox, S.C., Turnbull, LM., Townsend, D.B., & Smith Lyttle, M. (2012): Geology of southern Victoria Land. GNS Science
22, 1:250000 Map.

Gunn, B.M., Warren, G. (1962): Geology of Victoria Land between Mawson and Mullock Glaciers, Antarctica. New
Zealand Geological Survey Bulletin, 71, 156 p.

Pertusati, P.C., Ricci, C.A. & Tessensohn, F. (2016): German-Italian Geological Antarctic Map Programme. Terra
Antartica Reports, 15, 1-15.

Pocknall, D.T., Chinn, T.J., Skyes, R. & Skinner, D.N.B. (1994): Geology of the Convoy Range Area, southern Victoria
Land, Antarctica. GNS Science Geological Map 11, 36 p. + 1 map.
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The presented contribution focuses on the essential role of the proper collection, storage, representation
and integration of geo-thematic data from different sources in defining reliable remediation strategies for
contaminated sites. Anillustrative case history is here presented concerning the Military Airport of Decimomannu
(CA), affected by various aviation fuel (JP8) spills in 2007 (40000 1), in 2009 (5000 1) and in 2010 (5000 I). The
creation of a “4D” geographical database (which also considers the timing factor) contemplates the integrated
management, representation and analysis of different data (geological, hydrogeological, hydrogeochemical and
geophysical). The 3D Hydrogeophysical model represents the decision support system that allows to increase
the effectiveness of the analysis as it provides support to all those who must make strategic decisions. The
main function of a 3D georeferenced model is to extract in a short time and in a versatile way the information
useful for decision-making processes, coming from a significant amount of data. The representation of the
geological structure through a 3D model facilitates its understanding and depicts the hydrogeological setting.
Geophysical prospecting strengthens the stratigraphic model and increases the degree of detail in terms of
spatial resolution. The ERT data, acquired along a line, bring to data spatialization and geological model
refinement. The piezometric surveys and the analytical measurements permit to reconstruct the groundwater
circulation and the groundwater contamination status evolution. Pumping tests and the slug tests provide the
hydraulic parameters of the aquifer. The analysis of water quality status evolution highlights the presence of
hydrocarbons in residual phase. LIF-CPT surveys delimit the presence of residual phase along a vertical profile
with high resolution and provide a high resolution “lithotechnical” log. The complete multidisciplinary and
multitemporal characterization allows to identify the critical areas (where most of the contaminants are present)
and supports the choice, the sizing and the configuration of the remediation technology to be implemented.
To test the operation of remediation intervention, it was scheduled a first intervention (at detailed scale) in
a “Pilot Site”, in order to obtain technical and operational information necessary for the optimization of the
latter on a wider scale. The innovative strategy consists in the injection of reagents in the subsoil that can
reduce contaminant concentrations in soil and groundwater through the combined action of (i) Desorption of
contaminants from the solid soil matrix (where they are adsorbed) to the liquid matrix through the use of an
inorganic chemical reagent (PetroCleanze®); (ii) Recovery of dissolved contaminants by subsequent pumping.
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In the last decades, the traditional techniques of geological mapping have been integrated by the use of
several types of instruments as tablet, with dedicated softwares, and drones (Unmanned Aerial Vehicles -UAVs).

The latter have become widely available in structural geology and, being a remote sensing technique, they
offers multiple advantages compared to the traditional fieldwork. They enable the reconstruction of three
dimensional models of inaccessible outcrops, and to explore in detail areas which, during an intense seismic
activity, may be affected by rock falls (cliffs or outcrops at the foot of prominent fault scarp).

Here we report on the fieldwork during which the above mentioned technologies were an useful tools
to reduce sensibly the working time and to collect massive datasets. During the 2016 Central Italy seismic
sequence after the Mw 6.0 (August, 24) and Mw 6.5 (October, 30) earthquakes, we performed a detailed survey
of the cosesimic features throug the digital field mapping application “FieldMove”, developed by Midland
Valley (www.mve.com). We mapped over 3800 survey sites along the Vettore-Bove fault over a total lenght of
about 30 kilometers. We collected different types of data, such as: rock type, bedding, striated/unstriated fault
planes and ground fractures, associate displacement, in some cased assessing both heave and throw.

Part of our dataset collected after the October 30 mainshock, was shared with the Open Emergeo Working
group and is available in Civico et al 2018 and Villani et al. 2018.

Locally, the digital mapping was integrated by thedata acquired through UAVs that allowed to collect
further 800 data along the 100 m-long “Colli Alti e Bassi” fault trace, one of the subsidiary structures re-
activated during the Mw 6.5 earthquake. Our results highlight a great speed of acquisition combined with the
good quality of the collected data, as shown by the comparison with some traditionally surveyed sample sites,
used as calibration points. Some difficulties still occur during the post-processing phase, that is very hard to
manage due to the huge amounts of acquired data. In the study case, these problems were overcome by using
specific photogrammetry software for professional drone-based mapping and other software like ArcView GIS -
Move 2018, and above all using very high performing hardwares.

Civico, R., Pucci, S., Villani, F., Pizzimenti, L., De Martini, PM., Nappi, R. & the Open EMERGEO Working Group
(2018): Surface ruptures following the 30 October 2016 Mw 6.5. Norcia earthquake, central Italy, Journal of Maps,
14(2), 151-160, DOI:10.1080/17445647.2018.1441756.

Villani, F., Civico, R., Pucci, S., Pizzimenti, L., Nappi, R., De Martini, PM., & the Open EMERGEO Working Group
(2018): A database of the coseismic effects following the 30 October 2016 Norcia earthquake in Central Italy. Scientific
Data volume 5, Article number: 180049 (2018) doi:10.1038/sdata.2018.49.
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The geological data repository is composed by more than 10 geodatabase, great part of them available at the
Geological Survey of Italy Portal (http://portalesgi.isprambiente.it)shared in standard formats. For each dataset
have been compiled the metadata file and the WMS (Web Map Services), WFS (Web Features Services) and
WCS (Web Coverage Services) services have been published, in agreement with the INSPIRE Directive and
its Technical Guidelines. All of metadata are archived in a catalogue exposed as CSW (Catalog Service for the
Web) 2.0.2. In this context, AgID (L’ Agenzia per I’Italia Digitale) supports the Administrations and contributes
to the implementation process of the technical rules in particular for the purposes of interoperability. The article
59 of the Code of the Digital Administration (CAD) has founded the National Repertoire of the Territorial Data
(RNDT) that disciplined the adoption of the technical rules for the training, the documentation, exchange
and the re-use of the spatial data held by the public administrations. With the setting up of the National
Committee for Spatial and Environmental Information (CNITA - art. 11 of Legislative Decree 32/2010 decree
transposing the INSPIRE Directive), that process may be carried out within the technical sections identified
within the scope of that Committee. The Geological Survey of Italy will participate to the working group of
the CNITA that will concern: cooperation, metadata, data specification, network services, data and services
sharing, monitoring and reporting.
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3D modelling based on multiscale correlation of superposed structural and metamorphic imprints, can be
an excellent tool for evaluating rock volumes that recorded different degree of fabric evolution consequent
to strain partitioning characterising succesive tectono-metamorphic stage in the metamorphic basements. A
quantitative 3D representation of volumes with homogeneous degree of fabric evolution (DFE) is inferred
for the HP-LT metamorphic rocks of Mt. Mucrone area that consist of polydeformed continental rock during
Alpine subduction (Zucali et al., 2002; Delleani et al., 2013). Alpine heterogeneous deformation allowed the
fabric preservation in pre-Alpine magmatic and HT metamorphic relicts from widely eclogitised metagranitoids
and metapelites, respectively. Multiscale structural analysis reveals seven groups of superposed structures
developed under eclogite facies (D1 to D3) and successively under blueschist facies (D4) during subduction, to
greenschist facies (D5 to D7) throughout the continental collision. D2 structures dominate and mainly consist
of isoclinal folds associated with a pervasive foliation.

Multiscale structural and petrologic data are used to synthesise syn-D2 structural and metamorphic
heterogeneities on maps of fabric evolution and metamorphic reaction progress. The definition of domains
characterised by different degrees of fabric evolution is based on the estimation of grain-scale reorganization
during D2 (planar fabric: 0-20%; 21-60%; 61-100%). The individuation of domains with different degrees of
reaction progress (DRP) is based on the modal amount of syn-D2 minerals (0-20%; 21-60%; and 61-100%).
These domains are georeferenced and stored in a geo-database set on a geographic information system (GIS).
The fabric domain map linked to digital elevation model, eight interpretative cross-sections, and orientation
data of the structural elements are used to quantify volumes with Geomodeller software. The model allows
defining the size, shape, and spatial relationships of rock volumes showing homogeneous DFE. The results
indicate that domains of high DFE covered ca. 85% of the modelled volume and their relationships with
DRP show that they generally are characterized by the highest DFE. The results also demonstrated that this
approach is a powerful tool to unravel the different relationships between DFE and DRP during superposed
tectono-metamorphic stages, characterized by contrasted PT conditions.

Delleani, F., Spalla, M.I., Castelli, D. & Gosso, G. (2013): A new petro-structural map of the Monte Mucrone metagranitoids
(Sesia-Lanzo Zone, Western Alps). J. Maps, 9(3), 410-424.

Zucali M, Spalla M.I. & Gosso G. (2002): Strain partitioning and fabric evolution as a correlation tool: The example
of the Eclogitic Micaschists Complex in the Sesia-Lanzo Zone (Monte Mucrone-Monte Mars, Western Alps, Italy).
Schweiz. Miner. Petrog., 82, 429-454.
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Geological field survey is one of the most traditional and typical activity of the Geological Survey
Organizations around the world.

The Servizio Geologico d’Italia (SGI) is not an exception; field geologists and biostratigraphers work
together to collect base data that are used to: i) produce geological maps, ii) develop stratigraphic studies, iii)
support emergency inspections and seismic microzonation studies, and iv) give input data for 3D geological
models production.

In the last years several geological sheets at 1:50,000 scale have been realized directly by SGI field
geologists and biostratigraphers: F. 280 Fossombrone (2016), F. 413 Borgo Grappa (2016), F. 345 Viterbo, F.
347 Rieti, F. 386 Fiumicino, F. 348 Antrodoco. They cover a wide range of stratigraphic and structural contexts
from Apennines fold and thrust belt to coastal areas and volcanic regions.

More recently SGI has received funds from Regione Lazio for the completion of the F. 337 Norcia (in
collaboration with CNR IGAGQG), that covers the core of the area struck by the 2016-2017 Central Italy seismic
sequence.

The F. 337 Norcia benefits from the knowledge on similar stratigraphic and structural setting, studied and
mapped in detail in the contiguous F. 348 Antrodoco, and from a continuous field activity, more than one
year long, supporting National Department of Civil Protection (e.g. geological and hydraulical compatibility
evaluation of location for temporary houses and schools, and prompt evaluation of slope stability for road
network safety conditions) and Centro per la Microzonazione Sismica (i.e. geological support to professional
geologists in charge for level 3 seismic microzonation).

This area of the Central Apennines is interested also by SGI 3D modelling activities in the framework
of the ongoing RETRACE-3D Project (with INGV, CNR and DPC), where surface data are integrated with
subsurface ones to obtain a 3D crustal model.

Definitely the Norcia geological sheet is paradigmatic of the role and importance of collection of basic
geologic data, derived from field survey and analyses, to produce information for further applicative purposes.

Furthermore a wide range of tasks are carried out for an Agreement with Regione Abruzzo: new detailed
field survey and mapping in the foothill areas surrounding the Majella; harmonization of existing geological
maps toward the definition of a continuum at regional scale; support to the level 1 seismic microzonazion
studies.

The SGI geologists, combining litho- and bio-stratigraphic analyses and benefitting from the integration
of traditional and modern tools for data collection, produce a geological knowledge zooming from regional
to local scale, from surface to subsurface, from geological mapping to 3D modelling, both for scientific and
applicative purposes.

Servizio Geologico d’Italia (2016): Carta Geologica d’Italia 1:50.000, F. 280 Fossombrone. ISPRA.
Servizio Geologico d’Italia (2016): Carta Geologica d’Italia 1:50.000, F. 413 Borgo Grappa. http://www.isprambiente.
gov.it/Media/carg/413 BORGO_ GRAPPA/Foglio.html.
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Monte Fumaiolo can be interpreted as an hybrid carbonate-terrigeneous platform of the Miocene Epiligurian
Succession as it was deposited and transported on top of the Ligurian Nappe of the Northern Apennines
(Amorosi, 1992; Conti et al., 2015; Fontana et al., 2015).

This work propose an original 3D geological model of the remains of this platform after extensive landslides
and erosion, derived from GIS digitalization of the detailed maps of the project “Geological Map of Emilia-
Romagna Region at the scale of 1:10,000” (De Donatis, 1995 a-b).

Following some site inspection and checking the interpreted stratigraphic boundaries and faults, the work
has been focused on defining the shapes and volumes of each mapped unit.

Some simplification was necessary when Quaternary covers and landforms masked the substratum geology.
Moreover the heteropic transitions of the sedimentary units and tectonics enhance the complexity of the
boundaries interpretation in three dimensions.

Nevertheless, using Move software, we could arrange a tentative model taking in account also the fault
deformation. Blender, an open source software designed for cartoons animation mainly, enabled to make a first
3D printing experience producing a sort of three dimensions jigsaw puzzle. This almost self-explaining analog
representation can be also useful for improving geology acquaintance for non-geologists.

Amorosi, A. (1992): Correlazioni stratigrafiche e sequenze deposizionali nel Miocene epiligure delle Formazioni di
Bismantova, S. Marino ¢ M. Fumaiolo. Giornale di Geologia, 54/1, 95-105.

Conti, S., Fioroni, C., Fontana, D. & Grillenzoni, C. (2015): Depositional history of the Epiligurian wedge-top basin in
the Val Marecchia area (northern Apennines, Italy): a revision of the Burdigalian-Tortonian succession. Italian Journal
of Geosciences, 1-37.

De Donatis, M. (1995a): Verghereto-Valsavignone sezione 278010-278050. Carta Geologica dell’ Appennino Emiliano-
Romagnolo. Regione Emilia-Romagna.

De Donatis, M. (1995b): Casteldelci-Pratieghi sezione 278020-278060. Carta Geologica dell’Appennino Emiliano-
Romagnolo. Regione Emilia-Romagna.

Fontana, D., Conti, S., Fioroni, C. & Grillenzoni, C. (2015): Factors controlling the evolution of a wedge-top temperate-
type carbonate platform in the Miocene of the northern Apennines (Italy). Sedimentary Geology, 319, 13-23.
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BeeDip is a digital geological compass developed by students and researchers of Urbino University under
open source license (GPL) dedicated to the open source QGIS software. The app can be installed in any
Android smartphone. Previous apps are able to measure different kind of geological data, but all of them keep
a “closed” code (Weng and Grigsby, 2012; Lee et al., 2013).

The connection with QGIS is guaranteed by an homonymous plug-in (Phyton developed) which enable the
export/import of data and maps from and to the GIS project. The used file format is Geopackage (OGC, 2017),
under open source MIT license. This allows to import in the app any georeferenced and tiled geotiff map file,
enabling the off-line and custom map visualisation with appropriate symbols and labels. Also the data transfer
from the app to QGIS has been facilitated.

The digital compass can record surface and line measurements, adding other complementary data/metadata
and organising them by projects.

Tests and comparisons have been performed to assess the validity of this system in the lab and in the field
concluding that the data acquisition is fast and simple, but devices can be calibrated and the accuracy depends
mainly on built-in sensors (Novalowa and Pavlis, 2017). The app and the plug-in are open to any contribution
of developers and users.

Lee, S., Suh, J. & Park, H. (2013): Smart Compass-Clinometer: a smartphone application for easy and rapid geological
site investigation. Comput. Geosci., 61, 32-42.

OGC Encoding Standard (2017): GeoPackage Encoding Standard v1.2, http://www.geopackage.org/spec.

Novakowa, L. & Pavlis T.L. (2017): Assessment of the precision of smart phones and tablets for measurement of planar
orientations: A case study. Journal of Structural Geology, 97, 93-103.

Weng, Y., Sun, F. & Grigsby, J.D. (2012): GeoTools: an Android phone application in geology. Comput. Geosci., 44, 24-
30.
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The Quaternary Laga-Campotosto fault system runs from SE to NW beneath the Campotosto and Amatrice
villages (Central Italy). Although the 2016-2017 earthquakes generated intensity up to XI MCS in Amatrice
and nearby villages, very little evidence of earthquake ground effects has been recognized along the active
Laga-Campotosto range front. With the aim to define possible ground deformation and ground failure related
to the continuing seismic sequence, and distinguish modern from past deformation style that characterizes the
Campotosto and Amatrice areas, a multidisciplinary study has been conducted. Here we present the preliminary
result of ongoing investigations based on a stratigraphic, sedimentological and structural approach.

In the Campotosto sector, the main capable fault plane generally runs hidden by recent colluvial deposits,
Late Pleistocene to Holocene peat of the Campotosto basin, and the hydroelectric basin (the second largest in
Europe) created in 1939-40. In particular, the Rio Fucino dam is located on the tectonic threshold of the basin,
where the Late Quaternary fault displacement blocked the Rio Fucino drainage flowing toward the Adriatic
Sea. Scattered outcrops document that the fault crosscut the arenaceous member of the Laga Formation,
dipping SW-ward with high angles (60°-80°). Nor ground or bedrock deformations from the last earthquake
sequence have been observed, although clear paleoseismic displacement and tectonic structures related to past
surface faulting events (e.g. sandy gouges, rotated blocks) have been observed in the Laga Fm. sandstones.

Near Amatrice, the pelitic and arenaceous members of the Laga Fm. are in contact with the underlain Marne
con Cerrogna Fm. along the principal NW trending fault plane, buried under the colluvial detritus. Secondary
planes, SW high-angled (70°-80°) dipping, are identified crosscutting the sedimentary sequence east of the
main plane. Potential coseismic and paleoseismic deformation (e.g., road displacement, aligned gullies) have
been identified both in the colluvial deposits and at the boundary between bedrock and slope deposits. Other
mapped structural features, essentially related to paleo-tectonic stages, are a NE trending strike-slip fault and
open folds in the Marne con Cerrogna Fm.

Coupling all these results together will lead to a better understanding of the areal response to the latter
earthquake events, and the improvement of the regional seismic hazard assessment.

Acknowledgments: the authors acknowledge the Societa Geologica Italiana and Bergamo Scienza
Association that awarded ADC with the fellowship “Your heartquake makes the difference”.
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In recent years, the evolution of the geological mapping discipline, has undoubtedly benefited from
technological progress, and the use in the field and in the laboratory of new important IT tools (e.g. Whitmeyer
etal., 2010). The traditional field equipment was partially accompanied and/or replaced by ruggedized portable
personal computer with integrated GPS receivers and GIS software devoted to record in greater detail a wide
spectrum of geological data, to facilitate the correct location of the geologic features on the map, to draw a
geo-referenced digital geological map in the field and to save data in a great variety of file format.

As a case study we present a geologic map, 1:10.000 scale, based on digital field data implemented in the
Regional Reserve of Montalbano Jonico Badlands (MT). The Reserve is located on the western border of
the Southern Apennines Quaternary foredeep (Bradanic Foredeep). The main geological peculiarity of this
area is represented by the excellent exposure of a marine reference section, straddling the Lower-Middle
Pleistocene transition (e.g. Marino et al., 2015, cum bibl.). The geological framework of this area is relatively
simple: the substratum is represented by the argille subappennine (Azzaroli et al. 1968): several hundred
m thick of muds and muddy silts, with nine thin volcaniclastic intercalations, having a monocline setting
gently dipping toward east and an unconformably cover represented by Middle Pleistocene marine terraces
(e.g. Vezzani, 1967) and Upper Pleistocene - Holocene alluvial deposits. Furthermore, the clayey hillslopes
of the Reserve show erosional landforms giving rise to a stunning badland landscape. The goal of the map
was to promote the stratigraphic and morphologic scientific peculiarity of Montalbano Badlands, well known
and appreciated by geological specialists, to the broadest public and geo-tourists for educational purpose and
joyride. Moreover, the map produced by a traditional geological survey supported by the use of tablet PC, a
mobile GIS application and QGIS software allowed us to collect, storage, and draw up further geo-referenced
geological data of potential scientific interest to be valued in the near future.

Azzaroli, A., Perno, U. & Radina, B. (1968): Note illustrative della Carta Geologica d’Italia alla scala 1:100.000, Foglio
188 Gravina di Puglia. S. G. L., 57 pp.

Marino, M., Bertini, A., Ciaranfi, N., Aiello, G., Barra, D., Gallicchio, S., Girone, A., La Perna, R., Lirer, F., Maiorano,
P., Petrosino, P. & Toti, F. (2015): Paleoenvironmental and climatostratigraphic insights for Marine Isotope Stage 19
(Pleistocene) at the Montalbano Jonico section, South Italy. Quat. Int. 383, 104-115.

Vezzani L. (1967): I depositi plio-pleistocenici del litorale ionico della Lucania. A. A. G. Sc. Nat. in Catania s. VI, 18,
159-180.

Whitmayer S.J., Nicoletti J. & De Paor D.G. (2010): The digital revolution in geologic mapping. G.S.A., 20 (4), 4-10.
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Since more than 140 years, the Geological Survey of Italy is in charge to collect, manage and disseminate
geological data of Italy, with specific concern to cartography, in agreement with Law n. 68&1960 that indicated
it as the official National Cartographic Body. The Portal available at http://portalesgi.isprambiente.it/ is the
gate to access to all the available geological data of interest for the italian peninsula. It has been realized with
the aim to share, integrate and disseminate the huge amount of data collected in the datasets owned by the
Geological Survey of Italy. The Portal was developed following the recommendations of AGID (Guidelines
for the design of digital services of the Public Administration), using a starting kit available in 2017. In order
to ‘strengthen’ the system, the open source CMS Drupal platform 8.53 was adopted for the management of
contents on the web. Most important is the component of metadata management and services realized through
the Esri Geoportal, now in version 1.2.7. The ten-year collaboration with ESRI Italy has made it possible to
update the old catalogue and integrate it into the new Portal. The Geological Survey of Italy has improved
over 40 of database and data sets, including basic and thematic geology, natural risk, geophysics, wells, 3D
modeling, geo-resources, geosites, land use, land cover, etc. A set of tools for viewing data is available: the
first map viewer has been customized starting from an open-source framework web with the ability to navigate
in 3D, TerrialJS. In addition to the basic standard tools, it is possible add data in the json, csv, kml, kmz,
geojson, etc. format. The identifer takes place on the element of interest and downloads the attributes. The
second 2D viewer, realized by ESRI Italy, allows the user to navigate directly in content, starting from the
metadata catalogue. This viewer allows consultation of several catalogues: the user can add other dataset layers
(shp.zip), wms layers e.g. coming from ArcGis online or from other repositories. There are available several
thematic viewers created to make more accessible the data for national and international projects, among
which ITHACA viewer, TSUNAMI map viewer, Central Italy Earthquake, August-October 2016, viewer, etc.
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Detailed field mapping (1:20 scale) and multiscale petro-structural analysis were applied to a portion of
the Zermatt-Saas Zone in upper Valtournanche (Western Italian Alps). The analysis is focused to infer, by the
superposed fabrics and structures and the associated mineral assemblages, the relative chronology of successive
tectonic stages in polydeformed serpentinites involved in a subduction system. The results are synthesised into
a map with foliation trajectories, transposed lithostratigraphy and syn-kinematic mineral assemblages of key-
outcrops at Créton barns. Serpentinites comprise magnetite layers and rare, dm-thick, diopsidite layers and
lenses. Moreover, veins and aggregates of Ti-chondrodite and Ti-clinohumite, layers and lenses of dunites,
veinlets of olivine, and layers of dark pyroxenite are embedded in serpentinites. All these rocks record three
groups of syn-metamorphic ductile structures: D1 consists of rare fold hinges and a relic S1 foliation, preserved
in S2 lithons; D2 comprises isoclinal folds and a very pervasive foliation (S2), which is the dominant fabric
at the regional scale (Zanoni et al., 2012; 2016); D3 includes a crenulation, shear zones and open folds. The
detailed structural fieldwork, supported by microstructural analysis, allowed to correlate these outcrops with
the regional setting described in previous works (Rebay et al., 2012; Zanoni et al., 2012) and to identify pre-D2
structural, mineralogical, and textural relicts that are preserved regardless the strong transposition produced
during the development of S2 HP-UHP foliation (Zanoni et al., 2016 and refs therein) which was recently dated
at "65 Ma (Rebay et al., 2018). The occurrence of Ti-chondrodite in pre-D2 Alpine assemblages suggests that
suck rocks re-equilibrated at UHP conditions (P= 2.8-3.5 GPa, T= 600-670 °C; Luoni et al., 2018), similar to
those of the adjacent Cignana Unit, suggesting a new Alpine tectonic setting for the ZSZ.

Luoni, P., Rebay, G., Spalla, M. 1. & Zanoni, D. (2018): UHP Ti-chondrodite in the Zermatt-Saas serpentinite: constraints
on a new tectonic scenario. Letters of Am. Mineral. DOI: 10.2138/am-2018-6460.

Rebay, G., Spalla, M.I. & Zanoni, D. (2012): Interaction of deformation and metamorphism during subduction and
exhumation of hydrated oceanic mantle: Insights from the Western Alps. J. Metam. Geol., 30, 687-702.

Rebay, G., Zanoni, D., Langone, A., Luoni, P., Tiepolo, M. & Spalla, M.I. (2018): Dating of ultramafic rocks from the
Western Alps ophiolites discloses Late Cretaceous subduction ages in the Zermatt-Saas Zone. Geol. Mag., 155, 298-
315.

Zanoni, D., Rebay, G., Bernardoni, J. & Spalla, M.I. (2012): Using multiscale structural analysis to infer high-/ultrahigh-
pressure assemblages in subducted rodingites of the Zermatt-Saas Zone at Valtournanche, Italy. J. Virtual Expl., 41,
1-30.

Zanoni, D., Rebay, G. & Spalla, M.I. (2016): Ocean floor and subduction record in the Zermatt-Saas rodingites,
Valtournanche, Western Alps. J. Metam. Geol., 34, 941-961.
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Geological maps/geodatabase are tools able to represent several geological information, such as the different
types of rocks and their spatial relations, as well as many other information of chemical-environmental nature
(i.e asbestos content) or geotechnics (i.e. landslides).

These information provide the constraints on which the reference geological model is built.

Geological maps are now realized using computer technologies (GIS systems) that allows the acquisition,
recording, analysis, visualization and restitution of georeferenced data.

The integration of multiple geological and environmental themes can be an important issue to meet the
needs of the end user.

The use of GIS technologies is increasing not only for the land management (e.g. in environmental
agencies) or among scientists, but also in industry, namely in the design of major infrastructures placed in
critical environmental settings.

In the study case, a geoengineering project (the highway by-pass tunnel known as “Gronda di Genova”)
gave us the chance to merge into one single informative system multiple information acquired for both technical
and environmental protection purposes.

The complex geological setting interested by the infrastructure (very different geological units, presence
of asbestos-bearing rocks, major fault zones, a lot of landslides etc...) required an integrated approach to
represent (at different scales, from AutoCAD layout to Web_GIS application) the geo-environmental issues, in
order to allow an effective understanding of the critic impact of the tunnel on the territory.

In order to achieve the above described goals, the GIS geodatabase has been designed on the base of a
robust conceptual models and compiled with shared vocabularies for the geo-environmental sciences. This
in the order to allow interrogation of database in accordance with shared (local, national or international)
descriptive standards.

Example applications will be reported in this contribution, referring to several study cases taken from the
Gronda di Genova surface and subsurface database, consisting of thousands of field observation, hundreds
of drill logs, several geophysical sections and a great quantity of minero-chemical analyses on rocks and
sediments.
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In the last years the geological field survey benefits of the digital technology reaching a mature procedure,
that improve its efficiency. The available technology permits to acquire easily spatial data, changing the
methods of representing and synthesize geological knowledge, shifting from a static to dynamics representation,
continuous updatable, using different methodological approaches and sources of data at variable scales. This
is the main challenge in order to represent the real tridimensional geological structures, making the 2D map
inadequate to represent the potential available information. In the digital millennium, the main contribute to
the geological field survey derive from the GNSS (global navigation satellite system) geolocalization, probably
the best geological tool after the compass. In the last decade, 3D virtual outcrops derived from the LIDAR
(Light Detection and Ranging) technology, which is limited by the cost and by instrumentation required. The
main step to the 3D world derive from the digital photography, which is not only recorded outcrop images
at no practically cost but because it contains a huge amount of numerical information. These numerical data
can be easily extract with the aid of the computer vision technology. A new generation of algorithms like
“Structure from Motion” or SfM developed in few software, permits to obtain 3D spatial geolocalizated clouds
of data. Starting from few digital photos a 3D virtual outcrops can be built, making photogrammetry available
to a growing number of Earth scientists. Most recently the flying platform systems ready-to-use, like small
Unmanned Aerial Vehicles or UAVs, able to carry different type of payload including sensors and cameras,
represent the final loop of this digital revolution. These UAVs use a flight control unit (FCU) able to process
autonomous and remote navigations commands from the pilot, which get avionic data from one or more
inertial measurement unit (IMU), magnetic compass and one or more GNSS receivers also with RTK (real time
kinematic) capability. The combination with low altitude photos, both zenithal than oblique, permits to obtain
easily georeferenced 3D point clouds with centimeters accuracy. Topography or DSM maps are the direct
products, but the possibility to analyze spatial geological structures especially in hazardous or inaccessible
areas, represent actually one of the important application. There is the possibility to build real accuracy 3D
models where the geological features can be analyzed from many viewpoints, repeatedly and practically at no
cost. This allowing rapid evaluation of the geometry of the structures with the possibility of further analyze and
interpreted from geologists with different experiences. Starting from few examples, in the different structural
contest from simple outcrops to complex coseismic ruptures patterns, the efficiency, precision and limits of
these technologies and methodologies are discussed.
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Within the road safety plan, the Province of Southern Sardinia has implemented a particular intervention
concerning the preparation of an interactive SIT platform as a tool able to support decisions for the planning
of interventions to be foreseen along the patrimony roads.

Among the main functions envisaged is the one concerning the verification and updating of the risk mapping
on the parameters concerning the geological and hydrogeological risk, paying particular attention to the
mapping variation in the updates concerning the cartography data of the Autonomous Region of Sardinia on
the Asset Plan Hydrogeological, the Floating Plan of the River Bands, the Flood Risk Management Plan. These
data will be constantly implemented and updated, and then visible by the officials of the technical service, in
association with those who will populate the database regarding all the interventions that will be carried out,
the themed reports forwarded by the police and other bodies responsible for the protection of public safety.
The structure of the GIS platform, in advanced elaboration, will be a powerful tool to support the planning of
the interventions on the geological and hydraulic structure of the territory of competence, for the planning to
be carried out on an annual and multi-year basis by the Province of South Sardinia in the short, medium and
long term. Additional data to support the GIS platform, already acquired at the scale of greater detail, will be
those relating to the Roads Cadastre: the latter, through the use of a Web interface, will allow you to give a
first sizing and calculation of the interventions, pointely and extensively, from put in place for the protection of
the population, even under civil protection, thanks to the provision of an updated historical database and then
with the possibility of evaluating the mapping of what has already been done previously in the various years.
The interfacing with the geological multiprecision database of the region will lead to assessing the geological
parameters insisting on the area studied in order to detect the geomorphological and geotechnical criticalities
that characterize the zone of study and in this sense zoning the various parts of the provincial territory.

The SIT platform is based on a particularly userfriendly web interface, structured in hosting on operating
system (Linux platform) and management software (GIS, Geoserver, etc.) completely opensource,
interchangeable with each other and in any case easily updated and implemented by any operator sector. In
beta testing, a wide compatibility with the classic software platforms and with all the most used web browsers
has already been verified.

The possibility of continuously implementing the detailed and extensive data collected and made available
by the operators and officials of the Province, also through dedicated Apps, will be able to summarize the
expenses and the programming of the interventions with objective data that many times turn out to be secondary
importance at the time of the decision.

Mureddu, A., Corda, A.S. & Virdis, G. (2012): Aquaresi valley - Problems of geological instability of underground voids
and safeguard of roads. Rend. Online Soc. Geol. It, 21, 420-422.

Mureddu, A. (2014): Geological models and geotechnical parameters as the essential basis for road design.

Emergency operations, planning and maintenance the provincial road no. 108 (“Sulcis Iglesiente”, S-W Sardinia, Italy ).
Rend. Online Soc. Geol. It., 31(1), 532.

Mureddu, A. (2015): Regione Sardegna. Attivita di ricerca ed elaborazione dati propedeutica alla stesura della Carta dei
Sinkholes del territorio regionale, su base geologica in scala 1:250.000. Memorie descrittive della Carta Geologica
d’Italia, XCIX, 385-400.
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Plutonic complexes are the result of multiple emplacements of different plutonic bodies, whose composition
can be differentiated through mechanisms such as fractional crystallization, mixing or assimilation. Tectonics
can further influence the final rock type distribution, largely modifying the original primary contacts.

Therefore, rock type distribution within a plutonic complex can be described as the result of the interplay
of deterministic (i.e. driven by a specific gradient) and/or a stochastic (controlled by a probabilistic rule)
processes.

For these reasons, we developed a new GIS-based automated package tools (IG-Mapper - Fiannacca et al.,
2017) for the interpolation of geochemical parameters of plutonic rocks based on the alternative choice of a
deterministic (i.e. Inverse Distance Weighted - IDW) or a stochastic (i.e. Kriging) interpolator.

IDW is based on the multivariate analysis of selected mapped variables whose influence decreases with
the distance between its sampled locations. The most important parameter to consider using the IDW is the
“Power”, which allows checking the meaningfulness of the known points with respect to the interpolated
values, based on their relative distance.

Kriging is a non-deterministic algorithm based on the calculation of an autocorrelation function among
sampling points for a specifically selected parameter, which has to be considered to vary with continuity in the
region of interest. Kriging is also a best linear unbiased estimator (BLUE) based on a regional variable (RV),
which tends to be correlated at specific scales and decreases with the increase of the distance calculating at the
same time the magnitude of the reliability of the interpolation.

IG-Mapper produces also lithological maps based on TAS (Middlemost, 1985, 1994), R1-R2 (De La Roche
etal., 1980), Q-ANOR (Streckeisen and Le Maitre, 1979) and Ab-An-Or (Barker, 1979) classification diagrams.

The obtained lithological maps provide a reconstruction of the field relationships between different
lithological units with an estimate of geostatistical reliability achievable through the construction of interpolation
checking maps.

These last maps provide an estimate of the geostatistical interpolability for one specific parameter at a time,
calculating an empirical index (Stochastic Interpolation Index), able to highlight the randomness of a specific
value distribution.

Barker, F. (Ed.). (2013): Trondhjemites, dacites, and related rocks (Vol. 6). Elsevier.

De La Roche, H., Leterrier, J. T., Grandclaude, P. & Marchal, M. (1980): A classification of volcanic and plutonic rocks
using R1R2-diagram and major-element analyses—its relationships with current nomenclature. Chemical geology,
29(1-4), 183-210.

Fiannacca, P., Ortolano, G., Pagano, M., Visalli, R., Cirrincione, R., & Zappala, L. (2017). IG-Mapper: A new ArcGIS®
toolbox for the geostatistics-based automated geochemical mapping of igneous rocks. Chemical Geology, 470, 75-92.

Middlemost, E.A.K. (1985): An Introduction to Igneous Petrology, Longman, London, New York.

Middlemost, E.A. (1994): Naming materials in the magma/igneous rock system. Earth-Science Reviews, 37(3-4), 215-
224,

Streckeisen, A. & Le Maitre, R. W. (1979): A chemical approximation to the modal QAPF classification of the igneous
rocks. Neues Jahrbuch fiir Mineralogie, Abhandlungen, 136, 169-206.
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Distribution of metamorphic rock textures within a tectono-metamorphic unit (Gosso et al., 2015) is the
result of the counterbalancing interaction of deformation (controlled by rheological behavior of the more
abundant mineral phase) vs. crystallization (controlled by the thermodynamic equilibria rules) processes.
Deformation processes are normally more influent than recrystallization ones due to the higher strain-rate
respect to the blastic recovery rate within most of the PT range of metamorphism.

The quantification of the rheological properties from field- to micro-scale, as well as the definition of
the different metamorphic assemblages, stabilized during each recognizable metamorphic evolutionary
stage, represents then the crucial aspect to be investigated to reach a rigorous logical scheme at the base of a
metamorphic geo-petrology database.

In this view, we would like to structure for the first time a unique information system that, starting from
the accurate subdivision of the metamorphic rock texture distribution in the field, permits to obtain a correct
classification of the selected representative samples. These samples are used to constrain quantitatively
the sequence of the PT conditions as well as the changes in the rheological behavior occurring during the
superposed stages of an entire tectono-metamorphic evolutionary cycle.

After the definition of a GIS reporting the metamorphic rock-texture distribution in the field, MetGeoPetIS
continues with the acquisition of high-resolution optical thin section scans used to obtain grain size distribution
(GSD) and the shape preferred orientation (SPO) of mineral grains. Derived results are then integrated with
the multivariate statistical image analysis of micro X-ray maps of the entire thin section to transform the GSD
analysis in a mineral distribution map. The following classification of one or several microdomains per thin
section, highlighted then in turn, the sequence of recognized metamorphic equilibria, can be used to a better
definition of the effective bulk rocks chemistries (e.g. Ortolano et al., 2014).

The workflow continues with the calibration of previously classified X-ray maps via a multilinear regression
technique (Ortolano et al., 2018) which permits to obtain: a) maps of element concentration per mineral
phase (expressed in a.p.f.u); b) maps of end-members fractions visualizing potential occurrence of zoning
patterns. Yielded results highlight as this new GIS-based workflow can be usefully applied to store, in a unique
cyberinfrastructure, all the fundamental textural and petrological information of the metamorphic rocks.

Gosso, G., Rebay, G., Roda, M., Spalla, M.1., Tarallo, M., Zanoni, D. & Zucali, M. (2015): Taking advantage of
petrostructural heterogeneities in subduction- collisional orogens, and effect on the scale of analysis. Periodico di
Mineralogia, 84(3B), pp. 779-825.

Ortolano, G., Visalli, R., Godard, G. & Cirrincione, R. (2018): Quantitative X-ray Map Analyser (Q-XRMA): A new GIS-
based statistical approach to Mineral Image AnalysisComputers and Geosciences, 115, pp. 56-65.

Ortolano, G., Visalli, R., Cirrincione, R. & Rebay, G. (2014): PT-path reconstruction via unraveling of peculiar zoning
pattern in atoll shaped garnets via image assisted analysis: an example from the Santa Lucia del Mela garnet micaschists
(northeastern Sicily-Italy). Periodico di Mineralogia, 83(2), pp. 257-297.
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The stratigraphic and structural characters of the external sector of the Lucanian Apennines were studied,
through the realization of a Geological Map at 1:15.000 scale. The geological map has been obtained through
five working steps: 1) recovery of basic topographic map and creation of a GIS project; 2) bibliographic study;
3) geological survey in the field; 4) input and processing of data through QGIS software; 5) graphic layout of
the geological map through Illustrator CS3.The GIS project, created for storage and data processing, has been
implemented with the regional technical map (CTR) at 1:10.000 scale (maps N° 452100, 452110, 452140,
452150; R.S.: WGS 84), the orthophotos at 1:5.000 scale (resolution:20 cm) and the digital terrain model
(resolution: 5 m), becoming a powerful work tool for the logistic planning of the field activity in a mountainous
area, interpretation, storage and processing of data. In fact, during the geological survey planning and the
processing phase, the use of the digital terrain model gave great advantages in the identification, interpretation
and mapping of the most important stratigraphic and tectonic elements.In the chain area, three Tectonic Units
have been distinguished, represented from top to bottom by: 1) the Sannio Unit, SU (Patacca& Scandone,
2007), represented in the study area only by the Numidian Flysch, FYN (Ogniben, 1969); 2) the Tufillo-
Serra Palazzo Unit, TSU (Patacca& Scandone, 2007), represented in stratigraphic order by the Flysch Rosso,
FYR (APAT, 2007),Numidian Flysch, FYN (Ogniben, 1969) and the Serra Palazzo Formation, PAA (Selli,
1962); 3) the Daunia Unit, DU (Patacca& Scandone, 2007), consisting of the Flysch Rosso esterno, FYRe
(APAT, 2007) passing upwards to the Flysch diFaeto, FAE (Crostella & Vezzani, 1964).The data collected
in the field have highlighted some differences with the pre-existing cartography, such as: i) the identification
for the first time of the FYRe (related to Monte Sidone Formation) in the south western area of the Forenza
town; ii) the definition of a east verging thrust which superimpose the TSU on the DU and the related footwall
syncline, whose overturned limb outcrops along M. Armenia-Forenza high; iii) the mapping of west verging
thrusts(apennineback-thrust) in the western sector of the TSU.

APAT (2007): Carta Geologica d’Italia 1:50,000 - Catalogo delle Formazioni - Unita tradizionali (2). Quaderni del
Servizio Geologico d’Italia, serie III, n® 7, fasc. VII. S.EL.CA., Firenze, pp. 382.

Crostella, A. & Vezzani, C. (1964): La geologia dell’ Appennino Foggiano. Boll. Soc. Geol. It., 83, 121-142.

Ogniben, L. (1969): Schema introduttivo alla geologia del confine calabro-lucano. Mem. Soc. Geol. It., 8, 453-763.

Patacca, E. & Scandone, P. (2007): Geology of the Southern Appennines. Boll. Soc. Geol. It., 7, 75-119.

Selli, R. (1962): 1l Paleogene nel quadro della geologia dell’Italia Meridionale. Mem. Soc. Geol. It., 3, 737-750.
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Digital Elevation Model (DEM) data analysis has been applied in several environmental and geological
studies. At a regional scale, morphological analysis has been applied to detect tectonics affecting onland
surfaces, based on the analysis of morphological lineaments (Burbank and Anderson, 2001). The interpretation
of seafloor morphological lineaments and their relationship with tectonics is less advanced, due to the scarcity
of high resolution data available at regional scale. This work shows the results of a combined use of DEM
analysis on swath bathymetry and on tectonics in order to investigate from a morphotectonic viewpoint the
seabottom features in the Tyrrhenian Sea.

The morphology of the entire Tyrrhenian Sea has been analysed based on middle resolution multibeam
bathymetry and on 100 m-contour lines (scale), part of a “Tyrrhenian project” (Marani et al., 2004). A first
morpholineaments map has been created identifying more than 500 features > 10 km in length, without
considering their tectonic settings and the timing of their development. Furthermore, a Tyrrhenian regional
tectonics map has been digitized from literature. Maps 1:1.500.000 (Ambrosetti et al., 1987) and 1: 500.000
(Barone et al., 1983) were used to extract a faults network.

Morpholineaments and tectonic lineaments have been grouped in six Tyrrhenian Sea geographical zones
and plotted in rose diagrams in order to obtain the main trends in each region. Rose diagrams show that most
of the identified morpholineaments have a tectonic origin, although they are not coeval, as they developed
during different phases of the opening of the Tyrrhenian back-arc basin. Results suggest that the Northern,
Western and Central Tyrrhenian are dominated by a main trend, controlled by extensional tectonics related to
the progressive retreat of the slab subduction, in contrast, the occurrence of several trends in the Eastern and
Southern Tyrrhenian suggests additional tectonic complexities in those regions.

Ambrosetti, P., Bartolini C., Bosi C., Carraro, F., Ciaranfi N., Ghisetti, F., Papani, G., Vezzani, L., Zanferrari A., Zitellini,
N. (1987): Neotectonic Model of Italy (Scale 1: 1.500. 000). CNR Progetto Finalizzato Geodinamica (Direttore F.
Barberi), Sottoprogetto Neotettonica (Coordinatore C. Bosi). Litografia Artistica Cartografica, Firenze, 6.

Barone, A., Colantoni, P., Fabbri, A., Linari, R., Nicolich, R., Rossi, S., Sartori, R. & Zitellini, N. 1983. Progetto finalizzato
Oceanograifa e Fondi Marini. In Ambrosetti, P., Bosi, C., Carraro, F., Ciaranfi, N., Panizza, M., Papani, G., ...&
Zanferrari, A. Neotectonic map of Italy, scale 1: 500,000. Quad. Ric. Sci., CNR, 114.

Burbank, D.W., Anderson, R.S. (2011): Tectonic geomorphology. John Wiley & Sons.

Marani, M., Gamberi, F., Bortoluzzi, G., Carrara, G., Ligi, M. & Penitenti, D. (2004): Tyrrhenian sea bathymetry. From
seafloor to deep mantle: architecture of the Tyrrhenian back arc basin. Memorie Descrittive della Carta Geologica d’
Italia 44,1-2.
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In the framework of the EMODNet project, the realization of a prototype map representing the pre-Pliocene
substrate of the Adriatic area has been start.

The Adriatic represents an area of high complexity, being divided into numerous sectors characterized by
different geological complexity:

— the Adriatic foredeep (parallel to the structural axes of the Apennines, subdivided into some distinct
depocenters);

— the Adriatic foreland (Colli Euganei and Istria peninsula);

— the imbricated style Adria margin (Venetian Alps, Mura depression, Central Dalmazia);

— the vast circum-Adriatic area (Eastern Alps and Northern Croatia);

— the Albanian transition (Albanides - from the Dinarides to the Hellenides).

The realization of the map affords for the collection of information on the pre-Pliocene substrate available
in the analog or digital archives of the peri-Adriatic countries Geological Surveys derived from published and
unpublished scientific literature.

The map processing requires the representation through isobaths of the bottom surface of the Pliocene
deposits, whose depth is calibrate using the boundary depth available from deep boreholes stratigraphic logs
or from seismic lines developed for oil exploration or for scientific purposes.

The map will represent the polygons relative to the identified geological units, attempting an initial approach
on semantic and geometric harmonization, following the Work Package 4 guidelines of the EMODNet project.

The structural elements will symbolize the deformation structures affecting the substrate, thus excluding
the Pliocene-Pleistocene tectonic lines.

Then, the pre-Pliocene paleomorphology will be study with the aim of defining the main morphotectonic
elements and identifying the Pliocene evolution of the Adriatic area.

The goal of this work is to bring together an interdisciplinary group of scientists working in the peri-
Adriatic countries to identify areas of consensus as well as unresolved questions about the knowledge of the
substratum geology of the Adriatic Sea area.

This work represents, therefore, an important example of trans-national cooperation involving all the
Geological Survey organizations of the countries facing on the Adriatic Sea.

Bigi, G., Cosentino, D., Parotto, M., Sartori, R. & Scandone, P. (Eds) (1990-92): Structural Model of Italy, scale 1:500,000.
CNR, Progetto Finalizzato Geodinamica. S.EL.CA., Firenze.

Mego, S., Aliaj, A., Bowen, R. (2000): Geology of Albania. Gebrunder Borntragaeger, Berlin - Stuttgart. 246 p. ISBN
3-443-11028-2.

Pinter, N., Grenerczy, G., Weber, J., Stein, S. & Medak, D. (Eds) (2004): The Adria Microplate: GPS Geodesy, Tectonics
and Hazards. NATO Science Series, vol. 61, 413 pp.

Servizio Geologico d’Italia (2001-2010): Carta geologica dei mari italiani alla scala 1 a 250.000. Fogli NL-33-7 Venezia,
NL 33-10 Ravenna, NK33-1/2 Ancona, NK33-5 Pescara, NK 33-6 Vieste, NK 33-8/9 Bari.
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The 2016 seismic sequence began on August 24 with a Mw 6.0 event located 9 Km NW of the Amatrice
town. A Mw 5.9 event occurred on October 26, located 25 km further N. The main shock (Mw 6.5) occurred
5 km from the Norcia town on October 30. The first event nucleated between the Mt. Gorzano and Mt. Vettore
faults, while the second and the third shocks nucleated on the Mt. Vettore - Mt. Bove fault system. All are
normal faulting earthquakes on SW-dipping faults. The Open EMERGEO research group (Civico et al., 2018)
performed the survey of coseismic effects starting few hours after the main events. The northern area of the
fault system was only partially surveyed by Open EMERGEOQ. Therefore, we performed additional field work
in order to fill in the gaps of rupture mapping/measuring and obtain more complete estimates of the surface
displacement. We used techniques of digital mapping (FieldMove application developed by Midland Valley, in
particular with a touchscreen tablet device with the iOS operating system).

The collected data allowed us to reconstruct the along-strike displacement profile and the main rupture
parameters. These parameters are the Average Displacement (AD), the Maximum Displacement (MD) and the
Surface Rupture Length (SRL). The results obtained are: SRL 30 Km; Arithmetic AD 37 cm; Integral AD 36
cm; Geometric AD 36 cm; MD 240 cm.

The comparison with global normal faulting data shows that the AD is lower than the value expected from
empirical relations, the MD is higher than the expected value and the AD/MD ratio is lower than global data.
A possible explanation for the low value of AD is an attenuation of coseismic displacement toward the surface,
possibly due to the high segmentation of the fault-system. The long-term (post-Late Glacial Maximum) AD/
MD ratio is more close to the global coseismic data, suggesting that the AD/MD ratio is recovered during the
long-term, possibly due to moderate-magnitude earthquakes on single fault sections, or creep processes or
both of them. The anomalously high value of MD might be partially due to localized tectonic phenomena, such
as back-tilting. The realization of high-resolution topographic profiles allowed us to calculate the long-term
vertical slip rate and to compare the topographic displacement profile with the coseismic displacement profile
along the fault system. The good correlation between the coseismic MD and topographic MD suggests that the
maximum displacement recurs systematically in the same section of the fault.

Acknowledgments: Work partially funded by the studentship “Your heartquake makes the difference” issued
by Societa Geologica Italiana and Bergamo Scienza Association.
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(2018): Surface Ruptures following the 30 October 2016 Mw 6.5 Norcia 645 earthquake, Central Italy. Journal of
Maps, 14(2),151-160, DOI: 10.1080/17445647.2018.1441756.
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Following previous researches and experiences (Casella et al., 2017; Martinez et al, 2017; Nieminski et al.
2017), some experimental tests were carried out during Digital Geological Survey (Geological Sciences MSc.)
and Geomatics (Applied Information technology BSc) courses at Urbino University. During the last year field
activities students and researchers tested the use of UAV (unmanned aerial vehicle) both commercial (DJI
Phantom 3) and in-house built machine.

Because of the reliability, we choose to perform our survey tests using the commercial one.

After having digital field mapped an Apennines area where the Miocene turbidite Marnoso Arenacea
Formation crops out (Marche- Tuscany border), we choose to fly on top of two already tape measured
stratigraphic sections. After some flight we were able to built orthophotos and DEM with points clouds
(using Agisoft Photoscan) that could be imported in QGIS 3.0 where we measured the stratigraphic columns,
highlighting bedding and key strata. As pros of tape measurement is the direct contact with bedding allowing
more accurate observations. In the other side, as cons, the unsafe measurement on vertical cliffs (performed
with climbing techniques) can be avoided with reliable remote measurements without noticeable deviations.

Moreover we tried to build a 3D geological model of a quite complex triangle zone associated to a main
thrust. The UAV flew manually controlled along a creek where the deformed and faulted beds crop out. The
very detailed points cloud allowed to draw and build an interpretative model.

Casella, E., Collin, A., Harris, D., Ferse, S., Bejarano, S., Parravicini, V., Hench, J.L. & Rovere, A. (2017): Mapping coral
reefs using consumer-grade drones and structure from motion photogrammetry techniques. Coral Reefs, 36, 269-275.

Martinez, 1., Zaragoza, E., Caroti, G., Piemonte, A, Riedel, B., Tenghen, D., Niemeier, W. (2017): Structure from Motion
(SfM) processing of UAV images and combination with terrestrial laser scanning, applied for a 3D-documentation in
hazardous situations. Geomatics, Natural Hazards and Risk, 8-2, 1492-1504.

Nieminski, N.M. & Graham, S.A. (2017): Modelling stratigraphic architecture using small unnamed aerial vehicles and
photogrammetry: Examples from the Miocene East Coast Basin, New Zealand. Journal of Sedimentary Research, 87,
126-132.
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Surface and subsurface geological characterization of Quaternary alluvial basins is important in many
geological applications, including geohazard evaluation, exploitation and protection of natural resources. In
these settings, subsurface models are best performed if the 3D stratigraphic architecture is described, accounting
for the hierarchy of the sedimentary bodies, which depends on the duration and intensity of depositional/
erosional processes and on the syn- to post-depositional deformation history. However, geological modelling
is affected by relevant uncertainty owing to lack of information, as the subsurface is usually investigated
from irregular sampling points, and hard handling of structural elements. Aiming to improve the integration
of surface and subsurface reconstructions into reliable 3D and evolutionary models, we chose to study a
sector in the southern Po Plain of Lombardy (San Colombano Hill area, 30 km S of Milan), where Apennine
tectonics affected the Quaternary stratigraphy of alpine-sourced shallow marine to alluvial sediments. A new
reconstruction of the Quaternary geology of the area, and the proposal of a methodology to deal with all the
available surface and subsurface data into a comprehensive 3D geological model, is the result of this stage
of the work. Original geological and geomorphological mapping at 1:10.000 was followed by digitization of
normalized subsurface log data (water wells, boreholes, geophysical soundings, average depth 150 m bgs),
based on a specifically-built litho-textural Code. Field-based data were combined with 1D facies analysis of
subsurface logs and correlated into a fence of 2D geological cross-sections. New GIS tools were implemented
to predispose the multi-scale dataset to 3D analysis using ad-hoc built hierarchic and thematic geo-Databases.
The new surface maps and cross-sections allowed to constrain the 3D reconstruction to the data-points and
to both the hierarchic architecture and the geological evolution. The 3D model was processed by interfacing
the GIS management with the 3D GeoModeller® software, which implements the potential field method,
to rapidly simulate and visualize the stratigraphic/tectonic relations, honoring the mentioned geological and
evolutionary constraints. Several forward models were computed to compare different and even contrasting
architectures and evolutions, and some hints are proposed to deal with the geological hierarchy, at present not
encompassed in the GeoModeller® suite. The alternative 3D models contribute to better define the geometries
of the stratigraphic units and tectonic features, to check the geological maps and sections, to discuss the
evolution of the Quaternary Po Basin during the latest Apennine tectonics. This work suggests an integrated
methodology to manage heterogeneous geological data, feasible and applicable to many comparable geological
contexts, joining geological mapping, analogue analysis and mathematical modelling.
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We report on new stratigraphic data concerning Middle - Upper Miocene deposits outcropping in the
Northern Rif Belt. We analyzed sections located in the Dar Zhiro-Bougdour and Saf Lahmam-Seguedla areas,
30 km to the south of Tanger City. In these regions, sandy-clayey deposits unconformably overlie the Numidian
and like-Numidian (quartz-lithic arenites) successions pertaining to the Massylian and the External Tanger
Intrarif sub-domains, respectively. In turn, the Massylian sub-domain belongs to the Maghrebian Flysch Basin
(MFB), whereas the External Tanger Intrarif is part of the External Rif domain (ER).

The tectono-stratigraphic features of the studied areas, e.g. the basal unconformity and the slight
compressional deformation with respect to the substratum, let us to refer them to a wedge-top basin recording
the compressional deformation of MFB and ER domains.

Dar Zhiro-Bougdour and Saf Lahmam-Seguedla sections are both represented mainly by dm-thick turbiditic
strata interbedded with light-colored and bluish/pinkish marls. These successions show sulfur nodules,
glauconie, and ichnofacies pointing to a deep marine environment.

Biostratigraphic quantitative analyses, performed on calcareous nannofossil assemblages, provided ages
ranging from latest Serravallian to Tortonian for Saf Lahmam-Seguedla areas, and late Tortonian for Dar
Zhiro-Bougdour.

The new stratigraphic results are a major constraint for the closure timing of the Maghrebian Flysch Basin
and its tectono-sedimentary evolution, which is coeval with the internal part of the Intrarif sub-domain.
Particularly, they point out the latest collisional and docking stages of the whole Rif nappe-stack onto the
Affican plate in the Gibraltar Arc system.

131



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018

Variability of Africa-vergent Fold-and-Thrust Belts and Foreland Basins
of the Central Mediterranean: The Inheritance of Mesozoic Palacogeography

Argnani A.*
ISMAR Bologna, CNR

* Corresponding email: andrea.argnani(@ismar.cnr.it

Keywords: foreland basins, fold-and-thrust belts, Mesozoic palacogeography.

The lithospheric strength and the load of the fold-and-thrust belt are considered as the main controlling
factors in shaping foreland basins. Nevertheless, a review of the Cenozoic foreland basins resting on the
African margin, and in particular the basins surrounding Adria, shows that thickness, depocentral geometry
and sedimentary facies of these basins vary remarkably along strike. The Mesozoic palacogeography of the
southern Tethyan margin is characterised by a system of carbonate platforms and epicontinental basins passing
to adjacent oceanic basins, belonging to various branches of the Tethyan ocean s.1. Following the consumption
of the Tethyan oceanic domains, subducted during the Africa-Eurasia convergence, the sedimentary successions
of the southerm Tethyan margin were progressively involved in thrusting and folding, giving rise to a system of
foreland basins that fringes Adria along the Dinarides-Hellenides, Southern Alps, and Apennines, continuing
into the Sicilian Maghrebides. The structural style in the frontal part of these fold-and-thrust belts appears
to be controlled by the different lithomechanics of the Mesozoic sedimentary successions, and therefore it
likely reflects the articulate palacogeography of the Mesozoic domains of the southern Tethyan margin. Almost
everywhere the structural style of the fold-and-thrust belt and the features of the adjacent foreland basin show
a close correlation with the Mesozoic palacogeographic domains in the foreland. In particular, it appears that
inherited topographic depressions in the foreland represent preferential sites of clastic sediment accumulation,
whereas foreland basin sedimentation can be largely reduced above the domains of Mesozoic shallow water
carbonate platforms. These relationships can be documented in the Southern Alps retro-wedge foreland basin
system of Oligo-Miocene age, as well as in the pro-wedge foreland basin systems of the Northern and Southern
Apennines, of the Sicilian Maghrebides and of the Hellenides-Dinarides. The relationships observed in the
recentmost foreland basins allow to make use of the structural and sedimentary features of the older foreland
basin sediments, currently stacked within the fold-and-thrust belts, to make inferences on the Mesozoic
palaeogeography of the southern Tethyan margin.
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Multi-scale, high-resolution seismic reflection profiles combined with exploration wells and seafloor
bathymetry were used to describe the structural and morphostructural setting of the Gulf of Taranto, in the
northern Ionian Sea, in order to unravel its tectono-sedimentary evolution during the Pliocene-Pleistocene.
Being located between the lonian Calabrian Margin, to the West, and the Apulian Margin, to the East, the Gulf
of Taranto is the site of pervasive tectonic deformation as part of a complex orogenic system that includes
five main domains: the Calabrian Arc, the Calabrian Accretionary Wedge, the Southern Apennines and the
subducting Apulian Foreland Ramp. Across-strike transcurrent fault zones segment all the above-listed
domains. The external fronts of the Calabrian Accretionary Wedge and Southern Apennines progressively
migrated toward the ESE overriding and colliding with the subducting Apulia and lonian lithospheres during
the Neogene and Quaternary (Rossi et al., 1983). The collisional setting has been responsible for the formation
of the Bradano Foredeep Basin, whose offshore portion is located in the Gulf of Taranto. Various studies
revealed that the Apulian Foreland Ramp was uplifted, down-flexed toward west and associated to contraction
and transcurrent deformations along E-W trending faults active since the Miocene until recent times (Pieri
et al., 1997). In this integrated study, it is shown that thrusts and thrust-related anticlines affected the whole
Apulian Foreland Ramp, even underneath the Southern Apennines. Thrust-related folds strike NW-SE and
N-S, likely following inherited Mesozoic-Pliocene(?) extensional faults, which might be responsible also for
the gentle folding of the Pliocene-Recent deposits. These deep thrusts form very open anticlines, suggesting
collision and shortening across the lower Apulian plate, which, in such case, should be considered part of the
Apenninic orogenic wedge.

The results of the study suggest that during the Pleistocene 1) the Bradano basin ended to be a foredeep basin
and it became a wedge-top basin; 2) the Apulia foreland ramp contained the outermost fronts of the Southern
Apennines and Calabrian Arc orogenic wedges. The occurrence of basement-involving and positively-inverted
extensional faults affecting the Apulian plate allow to reconsider the assessment of the seismic hazards of this
highly populated area along the coast around the Gulf of Taranto.

Pieri, P., Vitale, G., Beneduce, P., Doglioni, C., Gallicchio, S., Giano, S.I., Loizzo, R., Moretti, M., Prosser, G., Sabato,
L., Schiattarella, M., Tramutoli, M. & Tropeano, M. (1997): Quaternary tectonics in the Bradanic-lonian area. Alp.
Mediterr. Quat., 10, 535-541.

Rossi, S., Auroux, C.C. & Mascle, J. (1983): The Gulf of Taranto (Southern Italy): Seismic stratigraphy and shallow
structure. Mar. Geol., 51, 327-346.
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The shallowest part (about 3 sec two-way traveltime) of the CROP line M-2A/I, acquired during 1991 in the
Bonifacio Strait (between Corsica and Sardinia), has been reprocessed to improve its geological interpretation.
The original target of the M-2A/I profile was the entire crust and therefore the shallowest part was only
partially interpreted. In this context, the re-processing procedure was carried out to improve the signal-to-noise
ratio and the resolution of the M-2A/I seismic profile at shallow depth. The geological interpretation of the
reprocessed data aimed at the reconstruction of the sedimentary succession and the contact with the underlying
Hercynian basement.

The M-2A/I seismic profile has been interpreted identifying diverse seismic facies, interpreted considering
the geological units outcropping to the north (in Corsica) and to the south (in Sardinia) of the seismic profile.
The re-processing procedure improved the signal-to-noise ratio and the resolution of the seismic images,
supporting the identification of different seismic facies: regional geology and the geometry of the reflectors
in the re-processed lines support a correspondence between geological units cropping out in the surroundings
of the seismic line and the seismic facies. The study supports the existence of a thick Mesozoic succession,
onlapping the Hercynian basement, preserved below the Cenozoic succession in the Asinara Gulf, suggesting
that the Nurra succession continues northward below the sea. The Mesozoic succession is bordered by a major,
east-dipping normal fault, east of the Asinara Island ridge. The faults recognized in the seismic profile indicate
a prevailing strike slip/transtensional tectonics, questioning the role of compressional tectonics suggested in a
previous interpretation.

The re-processing of the seismic line with the proposed work-flow significantly improved the quality of the
seismic image with respect to that obtained in the past. In addition, the improved regional geological knowledge
permitted a more reliable correlation of the seismic facies with the lithological units exposed on land. The
results obtained by this joint effort clearly indicate that the re-processing of existing seismic lines, partly
«forgotten» after their original use, represents an important resource for improving the geological knowledge
without acquiring new, expensive seismic data thanks to the development of new processing procedures and to
the continuous upgrade of the regional geological knowledge.
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In the pelitic-arenaceous foredeep succession of the Majella Unit, a coarse grained, calcareous-clastic
composite bed, known in the literature as Roccacaramanico (RCC) or San Valentino Conglomerates, marks
approximately the Miocene-Pliocene boundary. Its deposition is referred to high density gravity flow
mechanisms. The RCC has been extensively mapped in the area of the Torre De’ Passeri (360) and Sulmona
(369) sheets of the Carta Geologica d’Italia (CARG Project). Micropaleontological data constrained its
stratigraphic position within the Sphaeroidinellopsis sp. Biozone, very Early Pliocene.

Nevertheless, the RCC has never been analysed in detail for what concerns its physical stratigraphy,
composition and style of deformation during the Late Pliocene folding and thrusting.

We present the results of a study carried out in two exposures of the conglomerates, located in the type area
close to the Roccacaramanico village.The analysed sections revealed that the RCC consists of several (six to
nine) amalgamated layers, distinguished on the basis of grain size and textural vertical variations. The basal
layer is very coarse grained and includes rounded pebbles scattered in a sandy-gravelly matrix. At its bottom,
groove and flute casts, indicate the southern provenance of the sedimentary flow which fed the beds.The visual
inspection of some polished samples collected at various height within the RCC, and the subsequent microscopic
analyses in thin section, highlighted an almost pure calcareous composition, with very rare siliciclastic clasts.
Anyhow a wide range of limestone types, characterized by shelf, basinal and slope facies was documented. The
latter allowed us to make inferences on the source areas of the detrital supply and the degree of exhumation of
the tectonic pile stacked at the rear of the foredeep when the RCC settled. A further reason of interest of RCC,
in the Roccacaramanico area, concerns its structural setting. In fact, the two study sites are localized in the
internal (i.e. western) overturned limb of a syncline, developed in the footwall block of the Mt Morrone and
La Queglia thrusts, a few hundreds meters below the latter. Due to the strong contrast of competence with the
predominantly pelitic flysch-type deposits laying above and below, the RCC suffered intense deformations.
The resulting structural assemblage consists of sets of pressure solution cleavage, fracture cleavage, joints and
mesofaults causing displacements in the range from some centimeters to some meters. The bed is also affected
by folding around two very distinct axial directions: a primary trend which is sub-parallel to the regional-scale
thrust and folds; a secondary trend which causes local sharp deflections at high-angle respect to the former. A
conceptual model, explaining the origin of this fracturing and folding pattern, in response to the progressive
shearing induced by the overhanging Mt Morrone and La Queglia thrusts, is finally elaborated.
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The stratigraphy of syn-orogenic sedimentary rocks provides unparalleled information on long-term
rates of tectonic processes. However, sediments deposited across and ahead of evolving structures can
influence their evolution. “This kind of research... [requires]... close co-operation between stratigraphers,
sedimentologists and structural geologists” (Mutti et al. 2009), words coined to express doubt on possible
progress in understanding how deformation of the sea-bed can control facies distributions in turbidites that
are generally applicable to all tectono-stratigraphic settings. Many idealised depositional models are simply
inappropriate for understanding sedimentary processes and facies distributions for systems that accumulated
within tectonically active sedimentary basins. Examples here are drawn from outcrops across the Mahgrebian
thrust systems of Sicily - applying insights gained worldwide from interpreted high-resolution marine seismic
data that provide abundant analogues for depositional architectures, facies associations and their relationship to
structural geometry. In general, structural evolution is strongly influenced by deposition across thrust wedges,
damping fold amplification, influencing wedge migration and especially the climb of the frontal thrust. Thus
emergent thrust systems (e.g. Apennine-Mahgrebian) have a different range of structural geometries compared
with their buried counterparts that typify outcrop of many ancient orogens (Appalachians, NW Highlands,
internal Alps). The depositional records of thrust-top basins place important limits on interpretations of thrust
displacements - generally excluding those that require long-range exotic thrust sheets. As long known from
tectono-geomorphological studies in subaerial basins, structures within the thrust wedge can exert a primary
control on sediment routing. In submarine systems, similar interactions are recorded by turbidites - exemplified
by the Numidian sands that accumulated now outcropping in Sicily and the southern Apennines. Likewise active
fold amplification strongly influences coastal processes, tuned by high-frequency eustatic sealevel cyclicity,
and this is exemplified across the thrust wedge of Sicily, not only by the stratigraphy of Messinian strata but
also the stacking patterns of Plio-Pleistocene packstones. Collectively these studies provide important tests on
the validity of tectonic models and challenge many extant palacogeographic reconstructions.

This contribution is dedicated to the memory of Fabio Lentini who did so much to create tectono-stratigraphic
understanding in Sicily and the southern Apennines.
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Egypt has been one of the most productive countries of North Africa, with three main petroleum provinces:
Gulf of Suez, Nile Delta and Western Desert.

The first one, it’s linked to the opening of the Red Sea (Oligocene-Pliocene), the second one by the deposition
of paleo-Nile delta and finally, the Western Desert developed following the Mesozoic extensional tectonic.

The Western Desert is one of the world’s most prolific Jurassic and Cretaceous hydrocarbon province,
characterized by many basins that experienced organic-rich sedimentation at different times, including the late
Cenomanian/early Turonian referred to as oceanic anoxic event (Dolson et al., 2014).

More in particular, Western Desert is characterized by the presence of five main large sedimentary basins
suggesting a progressive rejuvenation of the main phases of subsidence from West to East: Faghur (Paleozoic-
Tertiary), El Alamein - Shushan (Jurassic-Oligocene), Matruh (Early Cretaceous-Tertiary), Abu Gharadig
(Late Cretaceous-Tertiary) and Gindi (Eocene).

The evolution and the geometry of these basins were controlled by the presence of some NE-SW trending
regional faults: Rosetta and Kattaniya fault systems. In particular, Rosetta fault system led the evolution of El
Alamein Basin, and may be Faghur basins, whereas Kattaniya fault system led the evolution of Abu Gharadig
basin.

The Hercynian Orogeny and Neotethys tectonic activity (Cavazza et al., 2004) influenced the evolution
of Western Desert from Paleozoic to Cretaceous. In fact, the Permian-Mesozoic rifting, caused the formation
or reactivation of many transform faults that may have conditioned the tectonic evolution in the northern
part of African craton. Comparing the location of the Transform Faults since Late Permian to Cretaceous and
the Rosetta and Kattaniya faults, we propose that Rosetta and Kattaniya faults represent the continuation of
transform faults on the North African craton. Some elements as the direction, the age of the basins and the
subsidence migration from West to East may be in relation with the opening of the Neotethys

Cavazza, W., Roure, F. M., Spakman, W., Stampfli, G. M. & Ziegler, P.A. (eds) (2004): The Transmed Atlas. The
Mediterranean Region from Crust to Mantle. Springer.

Dolson, J.C., Atta, M., Blanchard, D., Sehim, A., Villinski, J., Loutit, T. & Romine, K. (2014): Egypt’s Future Petroleum
Resources: A Revised Look into the 21st Century. in L. Marlow, C. Kendall and L. Yose, eds., Petroleum systems of
the Tethyan region: AAPG Memoir, 106, 143-178.
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The Servizio Geologico d’Italia (SGI) has recently completed the mapping of the Geological sheet Antrodoco,
1:50.000 scale. The area includes the NW portion of Latium-Abruzzi (L-A) Platform and the surrounding
Umbro-Sabino (U-S) and Gran Sasso (G-S) Basins, and is crossed by Olevano-Antrodoco-Sibillini (OAS), M.
Gabbia and M. Mozzano thrusts, and by Pizzoli and Montereale active fault systems.

The high geological complexity of this area has led to map more than 60 marine units, related to different
geodynamic contexts and various environments, ranging from inner platform to basin, spanning from Late
Triassic up to Pliocene. Several continental units are related to the evolution of six Quaternary intermountain
basins.

These units recorded six pre-orogenic extensional tectonic phases (Early Jurassic, Bajocian, Turonian-
Coniacian, Late Paleocene, Late Eocene and Late Miocene in age) the Late Miocene-Early Pliocene
compressional phase and the last Quaternary extensional phase.

The Early Jurassic rifting caused the onset of the L.-A Platform and the U-S and G-S basins hosting pelagic
carbonate platforms (PCPs), four of these have been identified in the area. Unlike the latter, the M. Giano PCP
has formed during Bajocian and has been newly catch up by Tithonian shallow water facies.

The Late Cretaceous and Paleogene tectonic phases caused, together with eustatic and biological factors,
the drowning of the NW portion of the L-A Platform and the creation of a complex paleotopography.

The Late Miocene extensional tectonic, related to the peripheral bulge flexuration, created confined foredeep
basins (e.g. Antrodoco basin) through some major faults that show a remarkable peak-type displacement.
Miocene normal faults often re-used Jurassic faults and escarpments (e.g. M. Boragine and M.Marine-Pizzoli
faults).

The Upper Miocene-Early Pliocene compressional orogenic phase was responsible of the definition of three
main thrust systems: the Monti Reatini portion of the OAS thrust, the M. Gabbia and M. Mozzano thrusts.

The compressional deformation developed mainly through a progressive/synchronous thrusting, re-using or
cutting previous structural elements. The final result is an articulated structural pattern, with apparent younger-
on-older thrusting, rotations and positive inversion of paleo-faults, buttressing and back-thrusting phenomena.
Very often the compressive deformation does not seem to produce important stratigraphic throws and in some
case, as in the western part of M. Gabbia thrust, does not seem to break-through. This does not exclude
important horizontal displacements at depth, as testified by the Antrodocol well.

The final extensional Quaternary tectonic re-activate the previous structural elements, preferably Miocene,
when compatibles with the NE-SW oriented 1, or originated new faults.
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The Gorgoglione Flysch Fm is a siliciclastic deep-marine succession developed during the Miocene in
an elongate thrust-top basin of the Southern Apennines (Italy). The stratigraphic product of protracted
sediment transfer and deposition through a long-lived channel system is recorded in a wide outcrop belt,
nearly 500 m thick and 15 km long, oriented oblique to the regional palacoflow. These exceptional exposures
of channel-fill strata allow the stacking architectures and the general evolution of the channel system to be
analysed at multiple scales, enabling the effects of syn-sedimentary thrust tectonics and basin confinement
on the depositional system development to be deciphered. An approach based on the integration of standard
sedimentary facies analysis and emerging digital techniques for outcrop mapping has been employed to
enhance the interpretation of the multiple levels of submarine channel hierarchy. Two end-member types of
elementary channel architecture, each consisting of a distinct internal facies distribution and associated out-
of-channel deposits, have been identified: (i) high aspect-ratio, weakly-confined channels flanked by sand-
prone heterolithic deposits; and (ii) low-aspect-ratio, incisional channels flanked by mud-prone heterolithic
deposits. Their systematic stacking results in a complex pattern of seismic-scale depositional architectures
that determines the stratigraphic framework of the deep-water system. From the base of the succession, two
prominent channel-complex sets have been recognized, namely CS1 and CS2, consisting of amalgamated
incisional channel elements and weakly-confined channel elements, respectively. These channelized units are
overlain by isolated incisional channels, erosional into mud-prone slope deposits. The deposition of different
channel architectures is interpreted to have been governed by regional thrust tectonics combined with a high
subsidence rate that promoted significant aggradation. In this scenario, the alternate in- and out-of-sequence
tectonic pulses of the basin-bounding thrust structures controlled the activation and deactivation of the coarse-
clastic inputs in the basin. The tectonically-driven confinement of the depositional system limited the lateral
offset in channel stacking, preventing large-scale avulsions and the development of superelevated levees.
This study should find wide applicability in analogous depositional systems in the subsurface, whose hosting
architecture has been influenced by tectonically-controlled lateral confinement of the basin and associated
lateral tilting.
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The High Atlas is an orogenic system resulting from the Cenozoic-Recent tectonic inversion of Triassic-
Jurassic rift systems. Its present setting derives from a long and complex tectono-sedimentary evolution
related to the Early Mesozoic opening of the Atlantic Ocean (pre-orogenic period) and, then, to the Cenozoic
convergence between the African and European plates which led to a full tectonic inversion (orogenic period;
Frizon de Lamotte et al., 2008, 2009). The WSW-ENE trending chain is bounded by the North Atlas Fault to
the north and the South Atlas Fault to the south, that represented the master faults of the rifted basins during the
pre-orogenic period, then reactivated in inversion during the orogenic period. Early Jurassic syn-rift carbonate
platforms related to a marine ingression, were replaced in the Middle Jurassic-Late Cretaceous by post-rift
fluvial and lacustrine environments. The related continental successions, regionally known as Couches Rouges
(Jenny et al., 1981; Haddoumi et al. 2010), are not unanimously interpreted in the frame of the tectono-
sedimentary evolution of the High Atlas. According to some authors they record localized early compressive-
transpressive stages of deformation (Laville 1985; Piqué et al. 1998; Benvenuti et al. 2017; Cavallina et al.,
2017; Moratti et al., 2018), others refer them to a period of tectonic quiescence (Beauchamp et al. 1999; Teixell
et al. 2003; Teson and Teixell, 2008; Frizon de Lamotte et al., 2008, 2009).

This study illustrates a revised stratigraphy, facies analyses and paleo-drainage reconstruction of the
Guettouia Formation (late Bathonian, Charrier et al., 2005), that represents the first continental unit of the
Couches Rouges, outcropping at the core of several syncline basins throughout the Central High Atlas. The
aim is to understand if there was a tectonic forcing on the development of the Middle Jurassic fluvial systems.

The sedimentological characters observed in the Guettouia formation suggest that it was deposited by wide
ephemeral fluvial systems, characterized by a high variable discharge (sensu Plink-Bjorklund, 2015), separated
by local thresholds. In the High Atlas of Marrakech, the western part of the study area, these rivers flowed
to the north, towards the shoulders of the paleo-rift (Cavallina et al., 2017). Moving to the east, the fluvial
systems gradually become parallel to the axes of the paleo-rift, flowing to East-Northeast. Our reconstruction
suggests that the post-rift fluvial systems, represented by the Guettouia F., were controlled by the presence
of a topographic high in the area of the High Atlas of Marrakech, forcing the fluvial systems to flow towards
and possibly beyond the shoulders of the paleo-rift. This conclusion, together with structural data and tectonic
observations collected in the study areas, supports the idea that, from the Middle Jurassic, the Central High
Atlas were affected by early compressive-transpressive stages of deformation.
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The aim of this communication is to discuss the influence of synsedimentary tectonic activity on the
stratigraphic succession of the Tufiti di Tusa Formation, belonging to a late Paleogene trench-type basin
located on the westward subducting Tethyan-Adria lithosphere (e.g. Carminati et al., 2012). This formation
features volcanoclastic turbidites consisting mainly of K-calc-alkaline detritus, referable to a magmatic arc
active in the central Mediterranean region during Eocene - early Miocene (e.g. Lentini, 1979; Perri et al., 2012;
Cerone et al., 2017). Detailed facies analyses performed on the Tufiti di Tusa sedimentary succession along
the Cappozzolo river (close to the Calabria-Lucania border) point out remarkable changes in the vertical facies
distribution allowing three different stratigraphic units to be defined, which, from bottom to the top, are: 1) (0-
60 m) tabular contained-reflected quartzolithic and calciclastic fine-grained turbidites, referable to a confined
distal depositional environment with morphologic irregularities; ii) (60-95 m) tabular mainly-volcanoclastic
coarse to fine-grained turbidites interpreted as slurry beds or hybrid event beds, the increase of which can
indicate a synsedimentary tectonic control of the basin morphology (e.g. Haughton et al., 2009; Tinterri &
Muzzi Magalhanes, 2011); iii) (195-230 m) thick bedded coarse-grained massive volcanoclastic turbidites
suggesting the growing of important structural highs. On the whole, the vertical distribution of the study
section facies associations can be interpreted as recording the main structural events related to a progressive
uplift and closure of the basin.

Carminati, E., Lustrino, M. & Doglioni, C. (2012): Geodynamic evolution of the Central and Western Mediterranean.
Tectonics vs. igneous petrology constraints. Tectonophysics, 579, 173-192.

Cerone, D., Gallicchio, S., Moretti, M. & Tinterri, R. (2017): Vertical Facies evolution of the Tufiti di Tusa Formation
cropping out in the Lucanian Apennines (Southern Italy). JIMES, 9, 109-112.

Haughton P.D.W., Davis C., McCaffrey W.B. & Barker, S.P. (2009): Hybrid sediment gravity flow deposits - classification,
origin and significance. Mar. Petr. Geol., 26, 1900-1918.

Lentini, F. (1979): Le Unita Sicilidi della Val d’Agri (Appennino Lucano). Geol. Rom., 18, 215-224.

Perri, F., Critelli, S., Cavalcante, F., Mongelli, G., Dominici, R., Sonnino, M. & De Rosa, R. (2012): Provenance signatures
for the Miocene volcaniclastic succession of the Tufiti di Tusa Formation, Southern Apennines, Italy. Geol. Mag., 149,
423-442.
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This work presents the results of a geological mapping project (1:10.000 scale) performed on the Narni-
Amelia Ridge (Central Apennines, Italy), a sector of the Umbria-Marche-Sabina (UMS) domain. Fieldwork
was aimed at defining the rift and post-rift architecture of the Jurassic-to-Cretaceous part of the UMS basin
succession. Restoring the local Jurassic rift-related pelagic carbonate platform (PCP)/basin pattern served
as a starting point to constrain the post-Early Jurassic tectono-sedimentary evolution of the study area. The
existence of PCP-basin systems is evidenced by lateral thickness and facies variations of Jurassic-Lower
Cretaceous deposits. These differences generally faded out as the Maiolica Fm. leveled the submarine rift
topography. The Narni-Amelia Ridge makes an exception as it carries direct and indirect evidence for a late
Early Cretaceous phase of renewed extension. This is testified by:

i) the occurrence of polygenic, chaotic megabreccia deposits (“Mt. Cosce Breccia”). The clasts are made of
Jurassic-Lower Cretaceous deposits derived from condensed PCP-top, PCP-margin and basinal successions,
while the matrix is Maiolica-type facies. These deposits rest unconformably through an erosional surface on
the Jurassic (and Cretaceous) horst-block. Stepped unconformities are associated with “spur and groove”
geometries of the escarpment, suggesting topographic backstepping due to rock-fall processes. Production
of the “Mt. Cosce Breccia” was triggered by Cretaceous faulting, which caused a retreat of the Jurassic
margin of the Mt. Cosce PCP, rejuvenating the submarine paleotopography.

i) millimeter-to-decameter-scale neptunian dykes and sills made of “Mt. Cosce Breccia” and of Maiolica
pelagites. Fractures cut the footwall-block of Cretaceous faults, made of Calcare Massiccio Fm. (Hettangian),
sub-orthogonal to its master-bedding. Dykes are associated with tension gashes filled not with pelagites or
calcite, but with chert (silicification of fracture zones). Silicification of the Jurassic bedrock characterizes
the steep walls of those neptunian dykes filled with cherty Maiolica-type deposits.

iii) the onlap of Aptian-Albian Marne a Fucoidi Fm. onto the Hettangian Calcare Massiccio Fm. is observed
near Amelia. This is an unicum in the whole UMS Domain and can be interpreted as the result of tectonic
exhumation of a Jurassic margin of the Amelia PCP in the Early Cretaceous.

iv) the presence of mass-transport deposits (slumps and debris flows) in the uppermost part of the Maiolica

Fm. and in the lower part of the Marne a Fucoidi Fm. is interpreted as due to the rejuvenated topographic
gradient induced by faulting.
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A “middle” Barremian age for synsedimentary tectonics is indicated by the nannofossil
assemblage of Maiolica-type facies sampled from the Mt. Cosce Breccia
and from the neptunian dykes.
Biostratigraphic and Sr-isotope constraints on the Miocene transgressive surface
in the Southern Apennines
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In the Italian geological map, the Lower Miocene carbonate platform deposits cropping out along the
Southern Apennines have been defined under several local names. Depending on the geographic position of the
type area, they have been called as Cerchiara fm (North Calabria); Roccadaspide fm (Cilento area); Cusano fm
(Matese area); Calacareniti di Recommone fm (Sorrento Peninsula). Notwithstanding differences in naming,
grains composition is mostly uniform, while the genesis reflects a common tectonic context.

The Miocene carbonates get an outstanding geodynamic value because their emplacement seal the
Apennine forebulge unconformity, marking the base of the foreland basin megasequence. Timing of carbonate
emplacement tracks thus the migration of the forebulge. The top of Cretaceous or Paleogene carbonates
involved in the peripheral flexuration represent the first transgression surface and the bedrock of Miocene
carbonates.

In order to evaluate the timing of the forebulge migration in Southern Apennines, we carried out a detailed
biostratigraphic analysis of the very first Miocene carbonates and that of the latest Cretaceous deposits just
below the transgressive surface. The work comprehend four localities representing key areas of each formation
name in Southern Apennine. We use larger Foraminifera as time markers for both Mesozoic and Miocene
rocks supported by Sr-isotope analysis performed on pristine preserved bivalve shells, applied in order to solve
discrepancies in the accuracy of larger Foraminifera biostratigraphy.

According Sr-isotopes and the presence of Miogypsina globulina, the first Miocene carbonates in North
Calabria are upper Aquitanian in age. In Cilento area, oligotipic assemblage dominated by Miogypsina
globulina suggests an Aquitanian age. After Sr-isotopes, the Miocene transgression in the Matese area began
during middle Burdigalian. Here, two assemblages in two different outcrops (1) Accordiella conica plus
Rotalispira scarsellai and (2) Sabaudia capitata plus conical agglutinated Foraminifera assign the age of
the base to the Coniacian and Aptian respectively. In Sorrento peninsula, the Santonian-Campanian substrate
with Scandonea mediterranea, Dicyclina schlumbergeri and Rotalispira maxima is overlain by middle-upper
Aquitanian carbonates with Nephrolepidina and Miogypsina. Results show a time dependence of the Miocene
transgression across the forebulge unconformity resulting in an eastward youngering of the carbonate system.
The first Miocene deposits in Southern Apennine contain some rotaliids Foraminifera closely related to the
r-strategist trophic-resistant Ammonia and Rotorbinella. This highlight the presence of run off with consequent
delivery of fresh water and organic matter-rich sediments towards marine environments during the first phases
of the lower Miocene transgression.
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Based on the seismo-stratigraphic interpretation of new seismic profiles (Sparker System) acquired along
the southeastern offshore of Sicily, this work contributes to the improvement of our knowledge about the
stratigraphic and structural context in the area connecting the Gela-Catania foredeep to the Hyblean plateau
foreland. Three main aims have motivated the acquisition of new seismic profiles along the southeastern
coastline of the Sicily, in the Marina di Ragusa offshore: i) a better comprehension of the Cenozoic stratigraphic
and structural setting of the area and, in particular, the characterization of the Plio-Pleistocene sedimentary
deposits and their areal distribution; ii) the identification of the eventual continuation, in the offshore area, of
the main structural lineaments defined in the hinterland (Scicli-Ragusa-Irminio line); iii) the understanding
of the meaning of these faults on the geodynamic evolution of the Sicily Channel. A simplified model of
the stratigraphic-structural setting of the study area is proposed with a comparison with preexisting models
derived from the literature. Our model shows that an extensional faults system, characterized by a main NE-
SW orientation, affects exclusively the late Miocene formation originating a horsts and graben setting. These
faults are probably the record of the early history of the Scicli Line and of the polyphase kinematic evolution of
the N50 oriented regional fault systems, supporting recent interpretations that identify an offshore prolongation
of the NE-SW oriented faults of the Marina di Ragusa Graben. The Gessoso-Solfifera formation (late Miocene)
has been recognized in several parts of the study area. It displays large lateral variation in thickness and a
typical vertical arrangement of seismic facies showing that variable depositional environment characterized
the Messinian salinity crise. Furthermore, internal erosional surfaces reveal that the deposition was not
continuous in time but was associated with erosional periods that resulted in channelized features. More in
general, the Gessosa-Solfifera deposits of the study area have a wide regional implication, demonstrating that
the evaporitic deposits are not, as widely recognized on land, a peculiarity of marginal sub-basins or of the
thrust top mini-basins of the Appennine-Maghrebides belt, but they also formed in the extensional setting of
the Hyblean foreland ramp. Moreover, the acoustic features of the Plio-Pleistocene deposits have permitted
the identification of six seismic units that correlate with the depositional evolution of the nearby Gela foredeep
and with three formations with regional distribution: Trubi, Ponte Dirillo and Argo Formations. The Plio-
Pleistocene succession is not affected by any tectonic activity, and consists of laterally continuous seismic
facies, interrupted only in a wide area, where gas rising from the deeper succession reaches, in some places,
also the seafloor.
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LA-ICP-MS U-Pb ages were collected on detrital zircons from one sample of sandstone belonging to the
Gorgoglione Flysch (GF) outcropping in Southern Apennines (Basilicata Region, Italy).

The Gorgoglione Flysch represents a sedimentary siliciclastic succession having =1500 m thickness
consisting of coarse-medium grained turbidites with mudstone layers. The deposition age of detritus was
Langhian-Serravallian in a wedge-top basin belonging to the Southern Apennine Foreland Basin System
(e.g. Lentini et al., 2002). GF sandstones show immature mineralogical composition and textural features. The
composition varies from arkoses to lithic arkoses with some abundance of micas; the texture shows widespread
siliciclastic and calcareous matrix and scarce cementation.

The provenance studies on GF sandstones based on quantitative modal analysis, indicated a crystalline
basement formed by continental crust rocks located in the eastern sectors of the Alpine Chain (Critelli &
Loiacono, 1988). The prevalent granitoids and low grade metamorphic rocks occur in the crystalline basement
as testified by nature of lithic fragments in GF sandstones.

The detrital zircon radiometric dating through U-Pb spot analyses, tend to establish the ages of the source
rocks supplying the sedimentation basin in Langhian-Serravallian times.

The age data collected on nine detrital zircons selected by one sample of sandstone reveal twelve ages
ranging from Neoproterozoic to Triassic ages and four Oligocene-Aquitanian ages. The oldest age (669+25 Ma)
was measured on homogeneous luminescent zircon probably derived from metamorphites; a meaningful
Carboniferous-Permian age cluster (n=10) ranging from 319+13 Ma to 262+4 Ma seem connected to zircons
showing oscillatory magmatic zoning linked to granitoid and to recrystallized zircons in metamorphic
conditions; one Triassic age (247+6 Ma) was measured on broken crystal whereas four sub-concordant ages
(25+1 Ma to 2349 Ma) are shown by two euhedral zircon crystals with regular oscillatory magmatic zoning.

The preliminary dating of detrital zircons from GF sandstones seem to indicate a provenance of detritus
from Hercynian magmatic and metamorphic rocks forming the Alpine chain but the presence of a younger
magmatic component suggested that even igneous rocks connected to Oligocene magmatic activity were
present in the source area.

Critelli, S. & Loiacono, F. (1988): Provenienza e dispersione dei sedimenti nel flysch di Gorgoglione (Langhiano-Tortoniano,
Appennino Lucano): Implicazioni sull’evoluzione delle mode detritiche arenacee nell’orogene sudappenninico. Mem.
Soc. Geol. It. 41, 809-826.

Lentini, F., Carbone, S., Di Stefano, A. & Guarnieri, P. (2002): Stratigraphical and structural constraints in the Lucanian
Apennines (southern Italy): tools for reconstructing the geological evolution. J. Geodynamics, 34, 141-158.
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The Tell-Rif (Tell in Algeria and Tunisia; Rif in Morocco) is the orogenic system fringing to the south the
West Mediterranean basins. This system comprises three major tectonic-paleogeographic zones from north
to south: (1) the internal zones (AlKaPeCa for Alboran, Kabylies, Peloritan, Calabria) originating from the
former northern European margin of the Maghrebian Tethys, (2) the “Flyschs zone” regarded as the former
cover of the oceanic domain and (3) the external zones, forming the former southern Maghrebian Tethys
margin. In the geodynamic frame of the West Mediterranean, the Tell-Rif is interpreted as the direct result
of the progressive closure of the Maghrebian Tethys until the collision between AlKaPeCa and Africa and,
subsequently, the propagation of the deformation within Africa. This gives a consistent explanation for
the offshore Neogene geodynamics and most authors share this simple scenario. Nevertheless, the current
geodynamic models do not completely integrate the Tell-Rif geology, in particular its non-cylindrical nature
resulting from both the Mesozoic inheritance and the conditions of the tectonic inversion. During the Early-
Middle Jurassic, we emphasize the development of NE-SW basins preceding the establishment of an E-W
transform corridor connecting the Central Atlantic Ocean with the Ligurian Tethys. The Maghrebian Tethys
developed just after, as the result of the Late Jurassic-Early Cretaceous left-lateral spreading between Africa
and Iberia. By the Late Cretaceous, the occurrence of several tectonic events is related to the progressive
convergence of the Africa and Eurasia. A major pre-Oligocene (pre-35 Ma) compressional event is recorded in
the Tell-Rif system. The existence of HP-LT metamorphic rocks associated with fragments of ophiolites in the
External Metamorphic Massifs of the Eastern Rif and Western Tell shows that, at that time, the western part of
the North-African margin was involved in a subduction below a deep basin, element of the Maghrebian Tethys.
At the same time, the closure of the West Ligurian Tethys through east-verging subduction led to a shift of the
subduction, which jumped to the other side of AlIKaPeCa involving both East Ligurian and Maghrebian Tethys.
Slab rollback led to the development of back-arc basins (the Oligo-Miocene west-Mediterranean basins) on the
site of the previous West Ligurian Tethys suture. The docking of AlKaPeCa against Africa occurred during the
Late Burdigalian (17 Ma). Subsequently, the slab tearing triggered westward and eastward lateral movements
at the origin of the Gibraltar and Tyrrhenian Arcs respectively. The exhumation of the External Metamorphic
Massifs occurred through tectonic underplating during the westward translation of the Alboran Domain. It
resulted in the formation of both foredeep and wedge-top basins younger and younger westward. The lack of
these elements in the eastern part of the systems signs a different evolution dominated by frontal accretion.
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Tectonic processes are amongst the main controls on the creation and infill and on the stratigraphy, at a
broad range of scales, both temporal and spatial, of sedimentary basins. They influence the grain-size and
the amount of sediment fed into the basin, the extent of the continental shelf sediment staging areas, the
connection between the coast and the canyon heads, the partitioning of sediment between the shallow- and the
deep-sea, the development of geomorphic elements and facies, and depocenter location and shape. Tectonic
activity has variable effects on sedimentation in the different depositional environments of a basin. In this
paper, we present concepts derived from the recent depositional evolution of the Cefalu basin, with the aim of
highlighting different aspects of the relationships between sedimentation and tectonics. The Cefalu Basin is
a Pery-Tyrrhenian basin along the seismogenic northern Sicilian margin, and earthquakes can be at the origin
of the numerous sediment failure scarps and mass-transport deposits, some of basin-wide extent. The width
and the dip of the continental shelf result from tectonic activity along the coastal- and shallow-water areas
and impact on the character of shelf deposition during the last sea level cycle. Furthermore, controlling the
connection between the submarine canyons and the coastal areas, the width of the continental shelf determines
the facies of the present-day high-stand deposits in the deep-sea fans of the basin plain. In the slope, active
faulting governs the location of some of the sediment collapse areas and the character of some the channels.
Beside resulting in linear channel courses, extensional faults impose to the channels an highly asymmetric
profile: in the highest levee, in the footwall of the fault, sediment instability processes predominate; in the
lowest levee, in the fault hangingwall, crevasse splay processes are eased. One of the slope channels cuts
diagonally the slope, forced by the gradient created by the activity of the main extensional fault system that
bounds the basin to the west. In the basin plain, the tectonic tilting causes the westward deflection of the frontal
splay distributary channels and of the lobes. It also constraints the location of the basin plain main depocentre
at the base of the faulted western basin margin that is steep and favour mass transport deposits intercalating
with the otherwise turbiditic basin infill. Smaller faults control the distribution of intrabasinal depocenters
and the facies and thickness of the single turbidite deposits. The faults, and the differential compaction acting
in the various fault-block, fix depocentre position through time and do not permit allocyclic lobe deposit
shifting. Our results serve as an illustration of the broad range of effects that tectonics has on the facies and
stratigraphic architecture, at various temporal and spatial scales, and in different depositional environments, of
a sedimentary basin infill.
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The southwestern boundary of the Longobucco Basin (Northern Calabria, Italy), with a lateral continuity
in excess of 20km, was surveyed in order to reconstruct the tectono-sedimentary evolution of the study area
and to elucidate the nature of the contact between the Hercynian basement and the Mesozoic sedimentary
cover. This had previously been interpreted as a thrust contact. The Sinemurian/Pliensbachian Fosso Petrone
Fm., which is made of hemipelagic marls in the basin, is replaced by a chaotic clastic wedge in proximity of
the basement, with clasts of the pre-rift units. The gravitative collapses driving the production of the breccia
were triggered by an extensional tectonic phase, which produced submarine outcrops of the pre-faulting
substrate (otherwise deeply buried in the basin depocenter) along fault escarpments, whose toe hosted the
clastic body. Additional evidence of this tectonic phase are neptunian dykes crosscutting the basement and
sealed by the same clastic body. Margin-collapse breccias are also found perched in morphological “bowls”
carved along the escarpment profile, capped by thin condensed pelagites. Similar thin micrites drape locally
also the metamorphites. The recovery of such pure pelagites (“epi-breccia” and “epi-escarpment” deposits,
respectively) in a siliciclastic basin is accounted for by sedimentations in loci elevated with respect to the basin
bottom, prior to their burial by the aggrading basin-fill succession. After the first tectonic phase, a period of
marked subsidence was accompanied by the deposition of very thick turbidites (Trionto Fm.) and growth of
an ephemeral shallow water carbonate factory (Lower Caloveto Fm.-LCF) attached to the unroofed footwall-
block basement to form a fringing carbonate body.

The drowning of LCF in the latest Pliensbachian is constrained by the recovery of Emaciaticeras spp. in
the turbidites onlapping and burying the LCF. This onlap indicates sinking of the fringing carbonates into deep
water. A second generation of neptunian dykes cuts the basement and the LCF suggesting a further extensional
phase. The geometries and contacts described above were preserved as the earlier faults were not re-utilized,
the new ones being probably located “landward” or forming an angle with respect to the former.

In summary, the southwestern NW-SE trending present-day boundary of the Longobucco basin is
interpreted as an Early Jurassic rift-basin margin, albeit locally overprinted by Tertiary thrusting, with
well preserved stratigraphic contacts. The lower Sinemurian/Pliensbachian-lower Toarcian basin-fill units
onlapped the Paleozoic basement via a discontinuous, narrow fringe of interposed shallow-water carbonates
(Pliensbachian p.p.). Drowning of these small carbonate factories was caused by sinking into deep water in
latest Pliensbachian time, a product of subsidence of the Calabrian continental margin.
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Tethyan Pliensbachian carbonate platforms share many features in terms of biota, like the presence of a
Lithiotis fauna, green algae and benthic forams associations. A carbonate platform is influenced, among other
factors, by its position within a sedimentary basin, the inherited substrate, and the local trophic conditions. The
carbonate factories of the Lower Caloveto Fm. (LCF- Early Pliensbachian/earliest Toarcian) differ from other
coeval Tethyan platforms in terms of biota and depositional architecture, and are here discussed as case studies
to investigate the control exerted by the abovementioned factors on their development.

The LCF grew on footwall blocks of the Longobucco rift basin (Sila Greca,Calabria): in the Longobucco
area the benthic factory colonized a basin margin longer than 20 km, while at Caloveto it encircled a structural
high. The LCF colonized the steep faulted flanks of the Hercynian basement, forming a very narrow belt of
fringing carbonate bodies, up to 100 m-thick. The LCF is generally a lime grain- to floatstone with abundant
sand- to pebble-size siliciclastic grains, indicating dominant high-energy conditions. Skeletal grains include
crinoids, echinoids, bivalves, gastropods, Tubiphytes, benthic forams and calcareous sponges (Chaetetids).
Non-skeletal grains include cortoids, peloids, and rare ooids.

The absence of green algae (e.g. Palacodasycladus) as well as of aLithiotis fauna is linked with the geometry
of the LCF, since these two organisms thrived in sheltered lagoons with muddy substrates, a depositional
setting that did not exist in the peculiar sedimentary environment of the LCF, due to the very steep local
substrate. For the same reason, large complex benthic forams like Orbitopsella, having an epiphytic mode of
life, are also missing.

Differences exist also between the two study areas: 1) at Caloveto sub-reefal environments are recorded; at
Longobucco, in contrast, highly integrated colonies are missing, and corals in general are rare; 2) at Longobucco
red microbial crusts are common. These differences were probably due to the variable trophic conditions and
sedimentary environments across the Longobucco basin. At Longobucco the development of coral reefs was
likely prevented by eutrophic conditions due to organic matter supply from an attached mainland.

The Caloveto area, by contrast, was not backed by any vegetated continental area hosting a drainage system,
as it constituted instead an Early Jurassic archipelago or isthmus distant enough from any source of organic
matter to allow coral proliferation. In this light, the common microbialites at Bocchigliero/Longobucco would
be linked with nutrient-rich waters, which is also confirmed by the dominance of low-diversity small-sized
opportunist foraminiferal associations, typical of nutrient-rich environments, in contrast to the larger/complex
forms which are completely missing as their endosymbionts require oligotrophic conditions.

149



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018

Evidence of the Zanclean megaflood in the eastern Mediterranean Basin

Micallef A.!, Camerlenghi A.*?, Garcia-Castellanos D.?, Cunarro Otero D.!, Gutscher M.-A.*%, Barreca G.°,
Spatola D.!, Facchin L.2, Geletti R.2, Krastel S.5, Gross F.¢ & Urlaub M.”

! Marine Geology & Seafloor Surveying, Department of Geosciences, University of Malta
2 Istituto Nazionale di Oceanografia e di Geofisica Sperimentale OGS, Trieste
3 Instituto de Ciencias de la Tierra Jaume Almera, CSIC, Barcelona, Spain
* Domaines Océaniques, University of Brest/CNRS, IUEM, Plouzané, France
3 Dipartimento di Scienze Biologiche, Geologiche e Ambientali, Universita di Catania
¢ Christian-Albrechts-Universitit zu Kiel, Institut fiir Geowissenschaften, Kiel, Germany
" GEOMAR Helmbholtz Centre for Ocean Research Kiel, Germany

* Corresponding email: acamerlenghi@inogs.it

Keywords: Messinian Salinity Crisis, Megaflood, Evaporites.

The Messinian salinity crisis (MSC), regarded as an outstanding palaeo-oceanographic event that affected
the Mediterranean region from 5.97 to 5.33 Ma (Roveri et al. 2014), was caused by a temporary restriction of
the Atlantic-Mediterranean seaway that induced an imbalance between evaporation and water inputs (Flecker
et al. 2015), transforming the Mediterranean Sea into a giant hypersaline lake and resulting in the deposition
of kilometre-thick sequences of salts (the Mediterranean Salt Giant).

A widespread interpretation invokes the partial desiccation of the Mediterranean Sea during the Messinian
(Hsii et al., 1973), with proposed sea level drawdowns of 1200-2700 m (Ryan, 2009; Urgeles et al., 2011), which
requires the understanding of the mechanism that restored normal marine conditions at the end of the MSC.

Here we use geological and geophysical data to identify a buried wedge-shaped, chaotic sedimentary body -
up to 860 m thick and 1620 km?* in volume - deposited in the western lonian Basin after the massive Messinian
salts and before the Plio-Quaternary open-marine sedimentary sequence. We show that this body is consistent
with the passage of a flood from the western to the eastern Mediterranean Sea via a gateway today located
in south-eastern Sicily. The depocentre of this body is located at the base of Noto submarine canyon on the
eastern Sicilian margin, which bears a unique amphitheatre morphology comparable to more recent, well-
documented megaflood erosional landforms.

Our results provide support for the Zanclean flood as a Mediterranean-wide event. They can be used to
improve the model of Zanclean flood dynamics in the Eastern Mediterranean Basin, infer dimensions of the
gateway between the Western and Eastern Mediterranean Basins, and shed light on the sea level conditions and
tectonic organisation of the central Mediterranean at the end of the MSC (Micallef et al., 2018).

The chaotic sedimentary body identified in the western Ionian Sea is the largest megaflood deposit on the
planet in comparison to largest terrestrial events (Missoula, Bonneville, and Altay).
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Heterogeneous rock masses, such as flysch formations, are characterized by a complex mechanical behavior,
arising from either genetic or diagenetic phenomena. Dealing with flysch means dealing with a great variety
of variables, including tectonic deformation and weathering processes, which lead to anisotropy in strength
and stiffness of the outcrops. For this reason, their characterization needs an integrated study of geomechanics
and sedimentology. In this perspective, this study reports on the sedimentological and mechanical analysis of
the Capo d’Orlando Flysch (COF) to establish a methodological approach for a complete characterization.
COF is a siliciclastic succession widely cropping out in the Peloritani Mountains, the southern termination
of the Calabria-Peloritani Orogen in north-eastern Sicily. The current distribution of the flysch sequences is
the result of an intense tectonic deformation associated to the activation of transcurrent faults systems, which
affected the area since Tortonian. This tectonic regime is connected to the Africa-Europe collision and is
responsible for the Tyrrhenian opening, along with the south-eastward migration of the Calabrian Arc. COF
has been studied through the measurement of detailed sedimentological logs at two localities, Motta Camastra
and Francavilla di Sicilia (north-eastern Sicily), where the formation offers some of the best exposed outcrops.
In the studied sections, COF consists of a range of coarse- to fine-grained sedimentary facies, which can
be grouped into three main facies associations: thick- to medium-bedded, amalgamated sandstones (F.A.1),
medium- to thin-bedded sandstones and mudstones (F.A.2) and mud-prone deposits. In general, these deposits
are interpreted as the product of high- and low-density turbidity currents and are consistent with a deep-
water setting. Due to this heterogeneity, COF mechanical characterization was based on different approaches
according to the recognized facies associations. In particular, rock mass surveys were carried out at F.A.1
sectors, where the outcrops can be assumed as sandstone rock masses affected by three or four discontinuity
systems. On the other hand, where F.A.2 crops out, the alternation was considered according to the proportion
between thickness of sandstone and mudstone levels. In this case, the geomechanical classification by Marinos
and Hoek (2000), known as Geological Strength Index (GSI), allows the description of the lithology, structure
and surface condition, with particular reference to the bedding planes. Achieved results demonstrate the utility
of an integrated approach for the study of complex formations, where the mechanical classification cannot
disregard the sedimentological setting.

Marinos, P. & Hoek, E. (2000): GSI: a geologically friendly tool for rock mass strength estimation. Proceedings of
the GeoEng2000 at the international conference on geotechnical and geological engineering. Technomic Publishers,
Lancaster, pp. 1422-1446.
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The Lower Permian Cabianca Volcanite (lower Collio Fm. Auct.), representing the filling of a large caldera,
is dominantly acidic, as most coeval volcanics in the Southern Alps: intermediate rocks are rare and nearly
irrelevant by volume (only two small andesite breccia pipes outcrop on the flanks of Mt. Cabianca). Subsurface
data document the occurrence of an andesite body in the Novazza mine and a diatreme 2 km to the east
(crossed by a prospection well), on the left Serio River valley. Out of the moat, Lower Permian pyroclastics
outcrop along tens of kilometres, but intermediate rocks are unreported, except for the Val Pradini “porfirite
amigdalare” in the west (Ornica). Permian volcanics and Variscan metamorphics are covered by Lower Permian
sediments deposited in a transtensional basin, bound by steep faults and fringed by alluvial fans. The alluvial
fan conglomerate of Val Sanguigno, north of Novazza, is dominated by andesitic clasts (cobbles-boulders),
which reasonably derived from lavas that were outcropping beyond the southern boundary fault of the basin.

Investigations of the petrographic composition of the alluvial fan conglomerates carried out east and
west of Mt. Cabianca, allowed comparing the composition of the volcanic rocks preserved in the depocentre
(Cabianca Caldera) with the volcanic rocks cropping out outside of it, recorded in the clasts of the alluvial
fans at the borders of the Orobic Basin. In the eastern (Lake Barbellino) and central (Val Sanguigno) parts of
the basin, conglomerates at the southern border of the basin contain abundant intermediate pebbles, and an
increasing proportion of basement clasts to the west. Conglomerates from the northern margin of the basin
(Ponteranica Conglomerate, Pizzo dei Tre Signori massif) mainly contain pebbles and cobbles of metamorphic
basement, acidic welded tuffs and, subordinately, of grey-green volcanics. In both cases, microscope analysis
of associated litharenites revealed significant quantities of intermediate to basic volcanic lithic fragments.
Visual estimates suggest that basic to intermediate clasts represent 15 to 20% of the bulk volume.

Petrographic composition of Lower Permian conglomerates confirms that Permian streams eroded both
volcanic rocks and the Variscan basement, but documents that in the source area of the siliciclastics (i.e. highs
bordering the basin) intermediate-basic volcanics were more abundant than in the Cabianca Volcanite. The
relatively scarcer acidic pebbles in the conglomerate can be partly ascribed to the fact that they were still
incoherent and reluctant to produce pebbles transportable over significant distance. Nevertheless, the high
amount of basic-intermediate rocks documents that outside of the caldera these rocks were volumetrically
abundant. This fact may be explained suggesting the existence of fractures and faults able to drive and trap
basic-intermediate lavas documenting a clear bi-modal distribution of extrusives at the surface.
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The SE-verging Sicily thrust and fold belt, developed from the NW-SE oriented Nubia-Eurasia convergence,
displays very impressive E-W trending tectonic lineaments, parallel to the convergent margin of the Western
Mediterranean. We present the results of a detailed analysis of a vast area of central Sicily, including the
Messinian Corvillo and Mandre thrust top basins, and the Plio-Pleistocene Centuripe basins. The study aims at
the definition of the geometry and the kinematics of the E-W oriented tectonic features that control the northern
margin of the Caltanissetta Trough and the recognition of their relation with the NE-SW trending lineaments
of the thrust belt. The Caltanissetta Trough is a wide structural depression of the Africa lithosphere, which
is infilled with the overriding allochthonous wedge, deriving from the closure of the Neo-Tethyan domain.
Coherently with the plate motion, the E-W oriented shear zones show dextral displacements that superimposed
on the NE-oriented features of the thrust belt. The analyzed dextral shear zones are part of a longer tectonic
alignment, responsible for the lateral shifting of the major tectonic domain of the Africa margin, through the
central Sicily. The surface interference pattern of central Sicily thus derives from the combination of dextral
motion along wrench fault, rooted in the African margin, with the SE-verging thrust propagation due to the
migration of the allochthonous tectonic wedge. In this tectonic context, the Early Messinian salt depocenters
of the Corvillo and Mandre basins developed from tectonic collapses at the interference zone between two
major wrench faults, while the Early Pliocene contractional deformation of the two basins is connected to
motion within the allochthonous wedge. During the Late Pliocene and the Quaternary, the dextral shear zones
propagated again across the allochthonous overburden to form the en-echelon features characterizing the
Enna-Centuripe alignment.

According to the proposed model, the dextral shearing along the E-W oriented wrench faults could represent,
since the Late Tortonian time, the surface expression of a permanent and dominant mode of deformation of the
of the Africa lithosphere, involved along the western Mediterranean segment of the Nubia-Eurasia convergent
margin. Thrust and fold belt, Africa margin, Caltanissetta Trough.
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Recent stratigraphic studies on the Palacozoic successions from Monticiano-Roccastrada Ridge (Southern
Tuscany) provide the basis for original hypotheses on the significance of Tuscan Palaeozoic formations within
the palacogeographical framework of the western Mediterranean domain during post-Hercynian times. The
present study is mainly focused on the first evidence of Permian sporomorphs in the metamorphic Rio Marina
Formation exposed in the eastern sector of the Elba Island and their implications on the tectono-sedimentary
history of the Tuscan basement, to which this unit pertains. The Rio Marina Formation mainly consists of
alternations of graphitic dark-grey phyllites, metasiltstones and metasandstones with a maximum thickness
of 250 m. Due to the scarce biomineralized content, the age of this formation was strongly debated in the
geological literature, and alternately attributed to Carboniferous (Mississippian and/or Pennsylvanian), early
Permian (Cisuralian) or middle Permian (Guadalupian) based on different correlations. Progress towards this
goal has been achieved in this study with the finding of a quite well preserved and diversified microflora
of Guadalupian age. Palynological assemblage shows analogous morphological characteristics with those
documented in the metasiltites of Farma Formation, cropping out in the area of Monticiano-Roccastrada Ridge
(Southern Tuscany). These close similarities allow to refer both formations as deposited in the same time
interval and paleogeographic setting. Accordingly, these two formations could be considered a post-collisional
deposit following the final consolidation of the Variscan orogen with associated deformation of related foredeep
basins possibly in a relatively shallow-water marine setting.
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During the Messinian inherited palaco-topography and ongoing deformation conditioned the depositional
environments of the Mediterranean region, already strongly influenced by the effects of the salinity crisis. It
occurred mainly in the central region, where seabed at that time is expected to be very uneven and shallower
than Western and Eastern Mediterranean.

Indeed in this area as from 15 Ma the Sicilian Fold and Thrust Belt (SFTB) was originating, characterized
by a multi-stage evolution. Two main shortening events generated and developed at different structural levels
(shallow- and deep-seated thrusts following a thin-skinned thrust-model) and at different time intervals,
involved mainly the Meso-Cenozoic carbonate units of the ancient African passive continental margin; a
more recent thick-skinned thrusting involved the Plio-Pleistocene deposits in the frontal area, as well as the
crystalline basement in the internal sector of the chain. Just in the Messinian time interval along the internal
sectors of this edifice the transition from shallow to deep seated tectonics was recorded.

On top of the SFTB different types of basins originated progressively in response to the shortening wave.
Depending on their position and related active processes during the Messinian we can distinguish: intramountain
(mainly post-tectonic), thrust-top (syn-tectonic), and foreland (pre-tectonic) Messinian basins, with different
characters and geometries.

Our results are only preliminary and could represent a first approach towards a better understand of the
present complex distribution of the different variety of the Messinian sequences. The next step of this study
should be the palinspastic restoration of the strongly deformed Messinian successions, in order to reconstruct
a more detailed Mediterranean paleogeography.
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The tectonic and sedimentary framework of the Neogene-Quaternary back-arc and forearc areas, placed
in the southern Calabria (south Italy), represent key sectors for understanding the structural and tectono-
stratigraphic evolution of the southern Calabrian Terranes during the Miocene-Recent time. Since the Miocene
time, strike - slip, contractional and extensional tectonics influenced the Neogene-Quaternary evolution of
the back-arc and forearc domains in the southern Calabria (south Italy). The Calabrian Terranes (CT) is a
narrow and arcuate subduction - rollback system related to the Africa/Eurasia plate convergence and the
southeastward retreat of the lonian slab. This generated a 10-30 km thick and 300 km wide subduction system,
which includes a sub-aerial complex constituted by Paleozoic metasedimentary and plutonic rocks and Meso-
Cenozoic sedimentary strata overlaid by a submarine accretionary wedge. From Middle Miocene on, the
opening up of the Tyrrhenian back-arc basin produces a pulsating drifting of the Calabrian Terranes towards
the south-eastThe migration of the Calabrian Terranes was drived by strike- and oblique slip fault systems,
which produce the segmentation and partitioning of the orogen and the consequence formation of transversal
and longitudinal basins. The southern Calabria is characterized by a forearc region, in the lonian side, filled
by 2000 m of Oligocene to Holocene sedimentary succession, and the related Tyrrhenian back-arc basin
mainly characterized by Plio-Pleistocene successions and secondary miocenic successions. The sedimentary
succession rests unconformably on crystalline metamorphic terranes of the southern Calabrian. The develop
the Plio-Quaternary NE-SW fault systems and the NW-SE transversal fault systems further infuenced the
evolution of the study area and its actual tectonic assemblage; these fault sistems are active, as evidenced by
the seismic history and the instrumental recordings of Calabria.
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The Julian Basin is located in the Julian Prealps (N-E of the Adria Plate) and it is a narrow, elongate basin,
frequently tectonically active. Its southern border coincide with the carbonate Friuli Platform, which is the
northwest extension of the Dinaric Platform. The age of deposition is Maastrichtian -Early Eocene. The mixed
carbonate and siliciclastic deposits can exceed the 4000 m of thickness and are the result of a first Alpine
tectonic phase, in which the sediment was brought from the North and a final turbiditic phase triggered by
eustatic sea-level changes (Tunis & Uchman., 1996 and references therein).

The main heavy mineral phases constituting the sedimentary rocks are spinel, garnet, pyrite, zircon and
rutile. The spinel fraction shows volcanic and peridotitic affinities, while the chemistry of the garnet suggests
several protoliths (i.e. metapelites, granitoids and metamafic rocks) (Lenaz et al., 2000). Zircon ages and trace
elements and rutile geochemistry is here used to better understand the evolution of the clastic sources of the
Julian Flysch Basin through time and to give new insights on the supply area.

Magnetic and heavy liquid separation with Tetrabromohethane (2.97 g/cm®) have been applied on grains
with a size between 63 and 250 pum to isolate the non-magnetic heavy mineral fraction. Optical microscope,
cathodoluminescence and Raman spectroscopy have been used for the mineralogical identification. Finally,
LA-ICP-MS analyses have been performed for age determination and trace element geochemistry.

The first results indicate that, in the Julian Basin, zircon ages span between 180+3 and 3286+43 Ma while
the trace elements suggest both magmatic and hydrothermal origin. The rutile chemistry points out their main
crustal-metapelitic derivation.
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A large-scale gravitational phenomenon off the Crotone Basin, a forearc basin located on the Ionian side of
Calabria (southern Italy), is documented by seismic, morpho-bathymetric and well data, and by the analysis of
land movements. This large landmass, referred to as the Crotone Megalandslide, extends for at least 500 km?
and is ca. 1.5 km thick (Minelli et al., 2013; Zecchin et al., 2018). It started moving between Late Zanclean and
Early Piacenzian and was triggered by a contractional tectonic event (Zecchin et al., 2015) leading to the basin
inversion. Seaward gliding of the megalandslide continued until roughly Late Gelasian, and then resumed
since Middle Pleistocene with a modest rate (Zecchin et al., 2018). Interestingly, the onshore part of the basin
does not show a gravity-driven deformation comparable to that observed in the marine area, and this peculiar
evidence allows some speculations on the origin of the megalandslide.

Minelli, L. Billi, A., Faccenna, C., Gervasi, A., Guerra, 1., Orecchio, B. & Speranza, G. (2013): Discovery of a gliding
salt-detached megaslide, Calabria, Ionian Sea. Geophys Res Lett 40, 4220-4224, doi:10.1002/grl.50818.

Zecchin, M., Praeg, D., Ceramicola, S. & Muto, F. (2015): Onshore to offshore correlation of regional unconformities in
the Plio-Pleistocene sedimentary successions of the Calabrian Arc (central Mediterranean). Earth Sci Rev 142, 60-78,
doi.org/10.1016/j.earscirev.2015.01.006.

Zecchin, M., Accaino, F., Ceramicola, S., Civile, D., Critelli, S., Da Lio, C., Mangano, G., Prosser, G., Teatini, P., Tosi, L.
(2018): The Crotone Megalandslide, southern Italy: Architecture, timing and tectonic control. Scientific Reports, v. 8,
art. 7778, doi:10.1038/s41598-018-26266-y.
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During the Messinian salinity crisis (MSC) (from 5.97 to 5.33 Ma), the Mediterranean Sea became
disconnected from the world’s oceans and a fast and continuous evaporation resulted in its partial desiccation.
One of the theories for the end of the MSC postulates that a large volume of Atlantic waters entered the
Mediterranean Sea through the Gibraltar Strait and rapidly refilled the Mediterranean basin in an event well-
documented known as the Zanclean Flood. The pathway of the Zanclean flood during its passage from the
western to the eastern Mediterranean Sea is unclear. The aim of this study is to understand the effects of
the Messinian palaeotopography of the southern Tyrrhenian Sea on the dynamics of the Zanclean flood. We
analysed a large number of multichannel seismic reflection profiles acquired in the Northern Sicily Continental
Margin (NSCM), calibrated with stratigraphic log from the Agip/ENI wells, and high-resolution multibeam
data showing the present-day morphology. A detailed seismostratigraphic and structural analysis of these data
allowed us to identify two different types of chaotic bodies in the Plio-Pleistocene sedimentary succession. The
first type consists of a very thick deposit characterised by chaotic to transparent seismic facies, deposited non-
conformingly above an older substrate with a very high-amplitude reflector along its top. This older substrate
correlates to the MES horizon (Lofi et al. 2011). The second type consists of thinner bodies having smaller
volumes and chaotic seismic facies interbedded with the well-stratified Pleistocene-Holocene deposits. We
interpret the Pleistocene-Holocene chaotic bodies as small-scale mass transport deposits (MTDs) that are mainly
located at the foot of steep escarpments and partly triggered by the compressional, extensional, and strike-slip
Plio-Pleistocene tectonics. We hypothesise that the larger chaotic body is a flood deposit, possibly emplaced
by a branch that separated from the main flow transferring water and sediment through the Sicily Channel
(Micallef et al., 2018). Based on the reconstructed Messinian palaeotopography of the southern Tyrrhenian
Sea, the Zanclean flood flowed from west to east across an elongated depression that is now bordered by the
“Elimi Chain” to the north and the Sicilian coastline to the south. The material transferred was finally deposited
at the toe of Scuso bank and Solunto high.

Lofi, J, Déverchere, J., Gaullier, V., Gillet, H., Gorini, C., Guennoc, P.L., Loncke, A. Maillard, Sage, F. & Thinon, I.
(2011): Seismic atlas of the Messinian Salinity crisis markers in the Mediterranean and Black Sea. Société Géologie
de France & CCGM, pp. 72.

Micallef, A., Camerlenghi, A., Garcia-Castellanos, D., Cunarro Otero, D., Gutscher, M., Barreca, G., Spatola, D.,
Facchin, L., Geletti, G., Krastel, S., Gross, F. & Urlaub, M. (2018): Evidence of the Zanclean megaflood in the eastern
Mediterranean Basin. Scientific Reports 8, doi:10.1038/s41598-018-19446-3.
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The kinematics of faulting in the Iberian plate during the Mesozoic is a poorly known issue because the
Mesozoic extensional activity of many structures is hindered by inversion tectonics during the Cenozoic or by
renewed extensional activity during the Oligocene and Miocene linked to the evolution of the eastern margin
of Iberia and the opening of the Valencia Trough.

Nine samples from clay gouges of inferred Paleozoic to Paleogene age from two major crustal-scale faults
in northern Iberia (Vallés-Penedées and Rio Grio Faults) were separated into 44 grain-size fractions (6-10, 2-6,
0.4-2,0.1-0.4 and <0.1 pm), analyzed by X-ray diffraction in order to determine the mineralogical assemblages
and mineral variation within each fraction and dated by K-Ar.

K-bearing minerals are mainly K-white mica/illite and subordinately K-feldspar that does not exceed 3%.
Polytype determination reveals that the 10A-phase is a mixture of inherited and authigenic minerals for both
faults characterized by illite/muscovite-2M in the coarse fractions and by illite-1M and illite/muscovite-2M,
in the finer fractions. Generally, a decrease of illite/muscovite-2M, content is balanced by the neoformation
of illite-1M and smectite and/or mixed layers illite-smectite in the finer grain-size fractions indicating that
the latter represent authigenic phases formed synkinematically during fault activity. Oriented ethylene-glycol
solvated patterns for undeformed rocks and clay gouges from the Rio Grio Fault display long-range ordered
(R3) I-S with similar illite contents suggesting that faulting occurred at depths (and temperature) similar to
those recorded by the underformed rocks during shallow burial in late diagenetic conditions. Clay gouges
of the Vallés-Penedes Fault display discrete illite/muscovite and paragonite pointing to higher deformation
temperatures, possibly related to hot fluid circulation.

Each grain size fraction was dated by K-Ar analysis of synkinematic illite-muscovite depicting a polyphase
tectonic activity for both faults since the late Permian. K-Ar ages show a significant grain size-dependent
age variation. The age intervals documented correspond to well-known key episodes of the tectonothermal
evolution of the Iberian Plate. An Illite Age Analysis (IAA) approach of the obtained K-Ar ages was necessary
to statistically interpret the dates. The ages point to three main deformation events for the Vallés-Penedes
and Rio Grio Faults of: 1) Middle-Late Jurassic age, linked to the opening of the Central Atlantic Ocean; 2)
Campanian-Maastrichtian age, linked to the end of rotation of Iberia with respect to Europe, and an overall
change from transtensional to transpressional conditions; 3) Eocene age, related to Paleogene compression.
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Subduction megathrust earthquakes are among the most dangerous geo-hazards. Stress build up caused
by plates convergence and friction acting along the megathrust is episodically released by ruptures that may
span several hundreds of km, resulting in magnitude 8 or larger earthquakes. The short instrumental record
and the multi-scale, multi-parameter influence complicate our understanding of the origin and loci where those
earthquakes may occur in the future. These two types of complications are perfect targets for analog modeling.
This technique in fact allows reproducing a given geologic process in space- and time continuum and in
convenient temporal- and spatial scales. Moreover, analog models allow testing various parameters influence
simply changing the boundary conditions.

Here, I use a new laboratory model featuring a flat subducting plate driven at constant velocity and
underthrusting a viscoelastic gelatin wedge (analog of the overriding plate) to mimic several seismic cycles.
In the model, stress build up is episodically released via spontaneous ruptures that propagate along the
analog megathrust. The rupture width-slip proportionality and seismic moment-duration scaling have been
investigated aiming to test dynamic similarities with natural earthquakes. I use this model to investigate the
asperities synchronization process and the relevance of interseismic coupling maps for inferring the pattern
of future earthquakes. Experiments show that the barrier-to-asperities length ratio Db/Da plays a relevant role
for the synchronization process. In particular, a permanent barrier is observed for Db/Da > 0.5 and an inverse
proportionality between Db/Da and the percentage of events with synchronized asperities rupture is observed
when Db/Da < 0.5 Regarding the correlation between interseismic coupling maps and slip distribution,
experiments suggest that interseismic coupling has a low predictive potential for constraining the lateral extent
and, in turn, the magnitude of future earthquakes. The area of maximum of slip, on the other hand, display a
strong correlation with locked regions.

I will conclude showing that the lab-scale mega-earthquake model can be used for testing the performances
of Machine Learning algorithms. Preliminary investigations reveal that long timeseries of dense geodetic-like
information will help to shed new light for predicting the pattern of future earthquakes.
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In the last decades several geological morphological and morphotectonic analysis accompanied by geodetic
and geophysical survey have highlighted occurrence of a huge WSW-ENE trending active anticline, named
“Catania Anticline”, in western sector of Catania Town until Misterbianco eastern neighbors. This structure
is coupled with an active and comparable trending syncline connecting the Terreforti Anticline and Catania
Anticline.

Recently, stratigraphic data from the Misterbianco “Zona Commerciale” revealed Stentinello aged pottery
(5.5 ky b. C.) in the thin paleosoil interposed between Quartararo lavas (15-3.9 Kys) and overlying Holocenic
alluvial deposits cropping out in the C.da Mezzocampo.

The folding activity, indeed must be backdated at most to 7500 b.p. and the deformation rate could be
estimated in 5 mm/yr for the Catania Anticline whose growth of 40 m in his axis occurred in the last 7500 yrs.
Therefore, the vertical deformation rate could be minor of previous estimates, whilst the inferred deformation
of the C.da Mezzocampo syncline allowed to identify a maximum vertical deformation of the southern flank
of the syncline not less than about 10 m.

In the present work we present new geological and morphostructural data carried out by recent field survey
in C.da Vazzano-Erbe Bianche, in the far western sector of the Municipality of Misterbianco next to the
M. Tiriti and Piano Tavola village area. This survey, performed as part of a public building project, highlighted
recent deformations referable to Catania Anticline activity, extending in this area the occurrence of the active
anticline previously confined in the eastern side of Misterbianco Town.

In particular we analyze the following topics:

a) the C.da Vazzano-Erbe Bianche area could be represent the periclinal termination of the Catania Anticline
as evidenced by the alluvial deposits since we have measured a NNW dipping attitude from western suburbs
of Misterbianco Town toward Piano Tavola Village, with total slope of about 10 m;

b) the Erbe Bianche area represent also a slight antiform culmination as termination of the anticlinal hinge;

¢) In the lower slope of M.Tiriti alluvial deposits show NNW-SSW trending morphostructural flexure
characterized by variable difference elevation of about 2-4 m and we suggest that this morphostructure could
be interpreted as recent faulting connected to the M. Tiriti system fault already showed in literature.

Finally, in the Misterbianco Town, the Catania Anticline axis is marked by several aligned “tumuli” mostly
exhibiting contractional structures in the core and extensional joints at top.

In conclusion, the western side of the Catania Anticline is well represented by clear field data demonstrating
active folding and faulting of the Catania Anticline activity.
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Porous sandstones are important reservoirs for geofluids. In this kind of granular materials, the interplay
between deformation localization and cementation is critical since both processes can strongly reduce rock
permeability thus, baffling the fluid flow. We study cataclastic shear bands (CSB), in a high-porosity sandstone
unit (Loiano Fm. - LS) exposed in the Northern Apennines that presents a spatially heterogeneous carbonate
cementation. The Middle Eocene LS are proximal turbidite deposits of poorly consolidated and immature
sandstones. CSB localize carbonate diagenetic structures in the form of isolated spheroidal or irregular-shape
nodules and tabular concretions evident thanks to differential erodibility respect to the poorly cemented host
rock (Hr). The primary research questions that we address in this work are: (1) How did the CSB localize the
cementation? (2) How did the CSB and cementation affect the Hr in terms of petrophysical and mechanical
properties? Answering these questions is critical to assess the relationships among structures, cementation,
and fluid flow. Combining optical and electron microscope analysis with digital image processing, we assessed
that the LS are medium-grained and mostly made-up by Quartz (Qz: 49-60%) and Feldspars (Fsp: 39-48%)
with a few rock fragments and minor accessory. Manual point counting validated this composition. Thus, LS
can be classified as an arkose. Hr total 2D optical porosity is between 20 and 24%; in the cement nodules,
total porosity is 0.70-1.30% and skeleton porosity is 20-23%. Grain size and porosity reduction start affecting
Hr porosity approaching the CSB. The skeleton porosity reduces to 4-8% in the CSB. The Fsp grains within
the CSB show a grain-size reduction mainly by intragranular fracturing preferentially oriented along cleavage
planes. Qz grains, on the other hand, do not show any preferential fracture direction. Thus, Fsp grains tend to
preserve/increase their aspect ratio (roundness shows opposite trend) in the CSB. Fsp grains contribution to
the increase in fine grains content within the CSB prevails, although the Hr grain size distribution is similar
for Qz and Fsp. Analysis of grain angle in the CSB, shows that some grains, mostly Fsp, tend to align with the
shear direction. Rock compressive strength [MPa] evaluated with the Schmidt hammer shows higher value
for cement nodules [61] with respect to Hr without nodules [24]. This is mostly caused by cementation. The
cataclasis in the CSB affects flow and may have been critical in focusing cementation. Different scenarios are
possible; we think, however, that the carbonate cement precipitation occurred where the fluid flow slows down
(low permeability and advective velocity) and where a major grain surface area is available (fine grain-size).
These two conditions occur in the CSB due to cataclasis development. CSBs, therefore, could be a place of
preferential nucleation of the carbonate nodules as observed in the field.
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We combined structural and stratigraphic methods to highlight the deep structure along the axial sector
(Middle Val Roveto) of the central Apennines fold-thrust belt, where no seismic reflection profiles or boreholes
are available, despite the occurrence of major thrust fronts (i.e., the Simbruini-Ernici and Vallelonga thrust
fronts) and one of the longest seismogenic extensional faults of the Apennines (i.e., the Val Roveto Fault). The
Middle Val Roveto has a tectonic origin, being bordered on its southwest margin by the SW-dipping and NE-
verging Simbruini-Ernici thrust front and on its northwest margin by the SW-dipping Val Roveto seismically-
active extensional fault. In particular, previous studies indicated that the Val Roveto extensional fault cuts a
NE-dipping monocline (i.e. the Mt. Cornacchia ridge), consisting of >3 km-thick Meso-Cenozoic carbonate
platform deposits.

However, in this work we present new field data and structural analyses, which reveal a complex geological-
structural setting along the northeast margin of the Middle Val Roveto. In particular, we document the
occurrence of SW-verging overturned anticline and associated syncline. This evidence suggests the occurrence
of a buried backthrust at the base of the anticline. Both the anticline and syncline are cut by the Val Roveto
extensional fault, which clearly postdate the compressional deformation. In particular, we suggest that the
inferred backthrust is coupled with the Vallelonga thrust front, showing a typical Apenninic vergence (i.c.,
towards the northeast), which is exposed along the northeast margin of the Mt. Cornacchia ridge. Therefore,
we interpret the backthrust-frontal thrust system as a double-verging pop-up structure produced during the
compressional phase of central Apennines fold-thrust belt accretion.

We conclude that the possible occurrence of other buried (i.e., as located in the hangingwall of seismogenic
extensional faults) backthrusts and associated pop-up structures in the central Apennines can generate
overestimations of seismically-active extensional fault displacements.
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Paleostress state reconstructions using fault-slip data yield the orientation of principal stress axes (1 > 62
> 63) and the ratio of the difference between principal stress magnitudes, i.e. the reduced stress tensors.

To reconstruct the complete stress tensor (defined by six independent variables), we need to determine the
two remaining unknowns, using the rupture and friction laws (Angelier, 1989).

With the complete stress tensor and some constraints on the pore pressure, we can infer a depth interval of
fault activity.

The method we propose is organized into different steps:

1. collect fault slip data;
2. calculate the reduced stress tensor through inversion of fault-slip data; we used the FSA software (Célérier,

1999);

3. calculate the complete stress tensor using: 3a) the friction law and 3b) the rupture law.

3a. The initial friction law is considered linear and intersecting the origin. All inherited faults, reactivated

under the investigated stress field, correspond to points in the Mohr space that should lie on or above the

initial friction line and below the failure envelope. As a consequence, defining the lower boundary of
the cloud of points, we can identify the friction line. This operation fixes the abscissa origin of the Mohr
diagram.

3b. We chose the rupture law of Hoek & Brown (1980) and calculated it with the software RocLab®: ¢° | =

o’,+o, (mo’ /o +5)", where o’ and ¢’, are the major and minor effective principal stresses at failure; o

is the uniaxial compressive strength of the intact rock material and m and s are material constants.

Moreover, in our fault population, we identified couples of conjugate faults, which are neoformed by

definition. The angle between these faults (20 angle) fixes a point on the largest Mohr cicle, where the

rupture law has to be tangent. This defines the scale of the axes, and therefore the values of the principal
stresses;
4. Define paleodepth.

Provided that one of the principal stresses is close to vertical, it will represent the vertical stress (s ) and
therefore the lithostatic load. Assuming the average density of overlying rocks and the hydraulic conditions
(i.e. the amount of pore pressure, P)) we can then calculate paleo-depth, considering that: o, = pgz, with p=
density of the overburden, g = acceleration gravity (9,81 m/s?), z = depth, and o’ =0, - P, where o’ is the
effective vertical stress.

We report here our preliminary test in a well-constrained geological occurrence, and show that the calculated
depth of fault activity fits well the depth derived from independent, stratigraphic investigations.

Angelier, J. (1989): From orientation to magnitudes in paleostress determinations using fault slip data. J. Struct. Geol.,
11, 37-50.

Célérier, B. (1999): Fault Slip and Stress Analysis (FSA). Available at.

Hoek, E. & Brown, E.T. (1980): Underground Excavations in Rock. London: Institution of Mining and Metallurgy 527 pp.
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This work is aimed at assessing the time-space diagenetic evolution of carbonate fault rocks cropping out
along extensional fault zones of central and southern Apennines, Italy. The goals is to decipher the interplay
between brittle deformation and diagenesis of both calcite- and dolomite-rich carbonate fault rocks, which
underwent to a quick exhumation from shallow crustal levels since Pliocene times. The structural diagenesis
of carbonate fault rocks, which means the interaction between cataclasis and the physical-chemical changes
due to diagenetic processes, is hence the topic addresses by the present contribution. The comprehension of
the aforementioned interactions has become increasingly important due its wide range of applications, such as
management and protection of geofluids, CO, storage in the underground, production of geo-thermal energy,
etc. In light of the reasons above, the study focuses on the follwong objectives: (i) assessment of the nature,
distribution, and relative timing of formation of the calcite cements present within the fault rocks; (ii) decipher
possible discrepancies between cements in limestone- and dolostone-hosted fault zones; (iii) inferences on the
hydrogeological conditions at which cement precipitated in light of the existing stable isotope data of the study
fault zones.

The study was performed on fault rock samples collected from 5 different extensional fault zones. crosscutting
either dolosotones or limestones. One of them crosscut an alternation of limestoness and dolostones, and
it is hence considered as a middle member among the all other study cases. After detailed field structural
analysis and sample collection, X-ray diffraction of powder samples, optical microscopy, electronic scanning
microscopy of oriented thin sections, and SEM-cathodoluminescence analyses of selected thin sections, the
following results were achieved: (i) cementation was more pervasice and widespread within calcite-rich fault
rocks than dolomite-rich ones, due the control exerted by the host rock in the availability of calcium carbonate
along the fluid pathways in the subsurface; (ii) cement distribution within the fault cores is controlled by their
internal architecture in relation to the paths of cementing fluids oversaturated in calcium carbonate; (iii) the
calcite cements are diagnostic to assess environment of precipitation. In fact, deep-to-shallow phreatic and
vadose conditions were deciphered for the study calcite cements. By taking the aforementioned result into
account, and considering the existing literature, data are summarized in a general conceptual model tackling
the structural diagenesis of carbonate fault rocks exhumed from shallow crustal levels.

168



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018

Structural diagenesis of platform carbonates:
role of possible early embrittlement on fracture development and distribution

La Bruna V.*!, Lamarche J.!, Giuffrida A.2, Salardon R.!, Marié¢ L.! & Agosta F.?

' CEREGE-UMR 34, Aix-Marseille University, France
2 Department of Sciences, University of Basilicata

* Corresponding email: labruna@cerege.fr

Keywords: Fractures, Apulian Carbonates, Diagenesis.

Diffuse fractures perpendicular to sedimentary beds are common features in carbonate rocks, in which
several studies documented how distribution, dimension and overall geometry of the bed-perpendicular joints
are affected by primary heterogeneities such as bed interfaces, erosional surfaces, transgressive surfaces, ecc. On
the contrary, some others showed that early embrittlement caused development of vertically persistent, opening-
mode fractures prior to formation of the aforementioned heterogeneities during diagenesis of platform-related
carbonates. This means that filed analysis of both abutting and crosscutting relationships between primary
(depositional and diagenetic) and secondary heterogeneities (due to deformation) might bring to misleading
results if their relative timing of formation is not clearly documented. This study focuses on the structural,
petrographic, mineralogical, and petrophysical analyses of Early Cretaceous limestones exposed at the Monte
Alpi, southern Italy. The goal is to decipher how both geometry and distribution of bed-perpendicular mode-I
fractures vary within individual limestone beds as function of their depositional environments and diagenetic
evolution. Study limestone beds exposed at the Monte Alpi, southern Italy which are pertaining to the Inner
Apulian Platform, and consist of a wide spectrum of calcareous facies made up of mudstones, wackestones,
packstones, grainstones and microbial bindstones, which are related to a variety of depositional environments
within a back-reef inner platform / platform margin of a rimmed platform (i.e., Apulian Carbonate Platform).

The aforementioned objective is achieved by conducting a multidisciplinary study at multiple scales of
investigation, from outcrops to microscales. First, field stratigraphic analyses permit to unravel the composition
of bed interfaces. Then, detailed meso-and micro-scales fracture analyses is key to document the abutting
and crosscutting relationships between bed-perpendicular joints and both bed interfaces and bed-parallel
stylolites present within individual beds. Finally, optical microscopy, SEM and cathodoluminescence analyses
of samples collected form specific limestone beds allow inferences on their depositional setting and diagenetic
history. P-wave velocity and porosity measurements performed on collected samples will shed lights into the
petrophysical properties of the carbonate matrices pertaining to the study beds, and in particular will allow to
unravel the pore type associated to the several analysed lithofacies. Integration of these results with those after
structural diagenesis of the limestone beds petrophysical analysis will likely show how carbonate textures,
depositional settings and diagenetic histories are keystone controls exerted on early embrittlement processes,
on the storage and migration properties through the fractured limestone succession.
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The High Atlas of Morocco is an intracontinental mountain belt which reaches over 4000 meters of
elevation. It is a double-vergen ridge developed during the Cenozoic by the inversion of Triassic-Jurassic rift
structures and its evolution is tied to that of the Anti-Atlas, its southern foreland.

The High Atlas has remarkable variations in terms of width, elevation and cooling history along and across
the strike. In order to understand the meaningful cause of this changing, in this work we present morphometric
and thermochronological data and their relationships with the structural styles of deformation.

We present 35 new mean (U-Th-Sm)/He (AHe) and 24 new fission-track ages (AFT) on apatite from the
High Atlas and from the Anti-Atlas. Our new AHe ages range from 141.1 Mato 5.1 Ma and our new AFT ages
range from 196.0 Ma to 10.4 Ma. The Miocene-to-Pliocene cooling ages are found in the axial region of the
High Atlas whereas in the Anti-Atlas the youngest cooling age is Oligocene (33.8 Ma). In the High Atlas, our
new data together with previously published results, constraint the amount of Cenozoic exhumation between >
4 km and < 6 km and the maximum exhumation rate in the range of 0.22 - 0.25 Km/Ma. In the Anti-Atlas, the
maximum amount and rate of Cenozoic exhumation are < 2km and = 0.05 Km/Ma, respectively. Close to the
southern and northern bounds of the High Atlas belt, exhumation from a depth >1.9 km and <4 Km occurred
in the Miocene along transpressive and thrust faults. In the High Atlas, the spatial patterns of the amount and
rate of exhumation and of the topography are similar. In fact, exhumation peaks along the belt axes where the
topography is higher, the belt is narrower and the steepness indexes of rivers are higher. Moreover, it decreases
with the topography northward and southward towards the forelands, and westward and eastward as the belt
becomes wider and as stratigraphically younger units are exposed at surface.

Since the rainfalls are low and the variations we observe along the High Atlas are sharps, we exclude the
climate as main controlling factor to shape the topography. We suggest how the tectonic occurring in the upper
crust is the first order process to control in the surface evolution of the High Atlas.

170



© Societa Geologica Italiana, Roma 2018 CONGRESSO SGI-SIMP 2018

A rheological transect across the Hellenides
Maggini M.* & Caputo R.

Dipartimento di Fisica e Scienze della Terra, Universita di Ferrara

* Corresponding email: massimiliano.maggini@unife.it

Keywords: Rheology, seismicity, Hellenides.

We realized several 1D rheological profiles along a transect crossing the Hellenides mountain belt and
the northern Aegean Region, from the Ionian coast to eastern Macedonia, with the principal aim of analysing
the depth of the brittle-ductile transition. Vertical yield strength envelopes have been laterally interpolated
in order to distinguish the brittle from the ductile crustal layers and hence to define the BDT depth along the
transect. At this regard, the depth of the BDT represents a crucial information for improving the seismotectonic
parameterization of major active faults, since it approximately represents the bottom of the seismogenic layer
(see e.g. Sibson, 1982). In particular, reducing its uncertainties, could help constraining the maximum potential
width of crustal faults, whose termination at depth is often still debated. Pseudo 2D sections of the maximum
rock strength, which represents the lateral variability at depth of the rock behaviour, and of the geothermal
gradient, have been also tentatively reconstructed. In order to implement the 1D rheological modelling we
used a purposedly developed Matlab code, where we iteratively compute the minimum strength between
that associated to frictional sliding behaviour and the one related to the ductile power-law creep, at vertical
steps of 100 m. As far as the investigated transect crosses very different geological, tectonic and geodynamic
settings, going from continental collision (fold-and-thrust-belt environment), in the west, to crustal extension
characterized by shallow normal faulting and metamorphic core complexes exhumation, in the east, the several
input parameters (such as the heat flow, strain rate, tectonic regime, lithological layering, crustal structure, pore
fluid pressure) have been carefully constrained on the basis of the available literature and geological/tectonic
considerations. The influence of each parameter and of their combinations on the lateral changes occurring in
the rheological properties, such as the BDT depths and strengths, have been also investigated showing that the
heat flow, and to a lesser extent, the lithological stratification, are the main factors controlling the distribution
at depth of the rheological characteristics of the crust across the Hellenides, and in particular of the BDT
position. The preliminary results show that the BDT depth progressively increases from east to west reaching
a maximum value in correspondence of the mountain chain axis.

Sibson, R.H. (1982): Fault zone models, heat flow, and the depth distribution of earthquakes in the continental crust of the
United States. Bull. Seism. Soc. Am., 72(1), 151-163.
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The tectonic history of northern Victoria Land (nVL), at the Pacific termination of the Transantarctic
Mountains, is still partially unresolved. The present structural architecture of nVL is characterised by km-scale
NW-SE striking lineaments, that transect the crust and the Ross Sea Cenozoic rift basins. The arrangement
and amalgamation of different lithotectonic units have been related mainly to Cenozoic intraplate right-lateral
shear, overprinting pristine structures that are linked to the Early Paleozoic Ross orogenic event in Antarctica;
evidence for intervening tectonic events remain still unresolved.

Recent structural field work reported at least two tectonic increments of post-Ferrar late Mesozoic to
Paleogene age, that are overprinted by the Cenozoic (mainly Neogene) dextral strike-slip event. This testifies
that nVL consists of highly anisotropic crust which mainly formed during the Ross-orogenic event; moreover
it is a priori highly susceptible to any repeated reactivation of inherited Paleozoic to Mesozoic tectonic
discontinuities, after the initial break-up of Gondwana, coincident with the Ferrar Igneous event at ca. 180 Ma.

Here, we report regional-scale syntectonic hydrothermal alterations occurring along different exhumed fault
systems in the Bowers Mountains and the Rennick Glacier area in nVL. The damage zones of these faults show
pervasive syntectonic metasomatic recrystallization of the country rock, consisting mainly in: carbonation
and silicification of gabbro and ultramafic rocks; Mg-Ca-Fe carbonation of metavolcanic rocks (accompanied
by carbonate coatings on fault planes, hydraulic breccia, and quartz-carbonate veining) and epidotization
(epidote, chlorite and prehnite) of gouge and cataclasite in granitoid rocks and in metabasalts. We focus on
the preliminary study of one cm-thick detachment from a fault system in the Granite Harbour Intrusives;
host granitoid is made mainly by K-feldspar, plagioclase, biotite and quartz (plus minor zircon and apatite).
The mini-detachment is characterised by alternating green and dark-green mm-wide layers of cataclasite,
ultracataclasite and pseudotachylite, with superposed slip zones and microfractures filled by prehnite. The
magmatic minerals of the wall rock are partially replaced by saussurite, chlorite, epidote, prehnite and minor
sphene. Microstructural and petrological investigations of this detachment zone provide important constraints
not only for the understanding of the mechanical behavior of the fault and the complex fluid-rock interactions
during deformation, but moreover it presents a first hint to unravel the polyphase tectonic history of this sector
of the Transantarctic Mountains and the interaction among fault activity and volcanism during Gondwana
break-up.
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A fault zone is composed of one or multiple fault cores, which are located within a complex network
of fractures and secondary slip surfaces (i.e., the damage zone) that determine the mechanical behaviour.
For example, fractures within the damage zone control fluid circulation and have a strong impact on the
elastic properties of the host rock. Furthermore, multiple fault cores within the same structure can host both
foreshocks and aftershocks during seismic sequences. All these observations suggest that fault zone structure
exerts a primary control on the hydromechanical properties of faults.

To perform a detailed reconstruction of fault zone internal structure, we have integrated standard structural
geology investigations with structural analyses obtained from a terrestrial laser-scanner survey. We have
investigated the internal structure of the Tre Monti fault, a SSE dipping carbonate-hosted right-transtensional
fault in the Central Apennines. The fault is exposed for a length of ~ 8 km and is ~ 1 km wide, with a throw of
~ 1500 m accommodated by at least three sub-parallel main slip surfaces.

Structural data have been gathered from exceptional exposures preserved within a quarry. In particular, the
intensity and the orientation of joint sets within the damage zone were obtained both using a classical approach
(i.e., scanline surveys on the quarry wall) and a semi-automatic extraction from the laser-scanner point cloud.
Fracturing data were integrated with a detailed mapping of the secondary faults.

Fracture orientations extracted semi-automatically from the point cloud are consistent with data derived
from scanlines, suggesting that once the appropriate calibration procedure is adopted, the laser scanner analysis
is a valuable complementary tool in structural geology, capable of reproducing a huge amount of data in a short
time.

The integrated analysis shows that secondary faults exhibit various orientations, from low angle antithetic
normal faults to nearly-vertical oblique-slip faults with direction orthogonal to the main fault surface. They
control local fracture density and geometry so that fractures are heterogeneously distributed within the quarry,
with a density ranging between 10 and 50 m™ and do not show exponential increase approaching the main
fault. In addition, a nearly-vertical joint-set with WNW-ESE to WSW-ENE direction is widespread. Such an
orientation is consistent with the horizontal, approximately N-S trending, o, inferred from the right-lateral
transtensional slip observed on the main fault surface.

Our preliminary data highlight a wide fault zone structure, formed by parallel fault cores that are surrounded
by a complex network of fractures and minor faults with multiple orientations. Further studies on similar faults
will be performed to develop a reference framework of fault-zone structure that can be useful for all the studies
aimed at the characterization of the hydromechanical properties of carbonate-bearing faults.
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Plutons intruded in evolving orogens are likely to undergo deformation during and after their cooling (e.g.,
Pennacchioni et al., 2006). Solid state deformation structures in the Avio pluton (Northern Adamello) include
high temperature joints, ductile shear zones and pseudotachylyte bearing faults (Pennacchioni et al., 2006).
Although the relative ages of deformation structures are clearly discernible from crosscutting field relationships,
the absolute age and duration of each deformation phase cannot be constrained form structural analysis alone.
We present here new “°Ar-*?Ar ages of the Avio granodiorite, ductile shear zones and pseudotachylytes, that
help to clarify the temporal evolution of deformation style in a cooling pluton.

We analyzed biotite separates from the Avio granodiorite, bulk biotite-rich ultramylonite and pseudotchylytes
sampled within the same magmatic body. Pseudotachylytes were sampled from two E-W trending faults: the
Gole Larghe and Gole Strette faults. These faults dip steeply to the south and display a dextral transpressive
kinematics. Ar-Ar measurements were preceded by detailed microstructural, geochemical and petrological
analysis of the samples, including X-ray microtomography of the pseudotachylytes to select clast-poor samples
for dating.

The granodiorite biotite was analyzed in the 71 um and the 1000 pm granulometric fractions, which gave
indistinguishable ages of 34.4 Ma, identical to the 34.7 + 1.0 Ma Rb-Sr and K-Ar ages by Del Moro et al. (1983).
The mylonite has an age of 32.9 + 0.3 Ma, about 1.5 Ma younger than the granodiorite. All pseudotachylyte
contain both plagioclase clasts from the granodiorite and late-stage alteration phases. The Ar-release steps
reflecting the degassing of the pseudotachylyte matrix were identified by their homogeneous CI/K and Ca/K
signature, previously checked with EPMA analyses. Pseudotachylyte matrix gave ages of 30.4 + 0.15 Ma and
30.3 £ 0.04 Ma, suggesting contemporaneity of the Gole Larghe and the Gole Strette faults. One of the samples
included two generations of pseudotachylyte, aged 29.6+0.07 Ma and 25.2 + 0.07 Ma.

Conclusions. (i) Ductile shear zones formed while the pluton was cooling during at least 1.5 Ma. The long
cooling time requires an intrusion depth in agreement with literature estimates, ca. 10 km. (ii) Seismogenic
faulting began about 4 Ma after pluton emplacement, in accordance with the results in Pennacchioni et al.
(2006) and lasted for at least 4 Ma.

Del Moro, A., Pardini, G., Quercioli, C., Villa, LM. & Callegari, E. (1983): Rb/Sr and K/Ar chronology of Adamello
granitois, southern Alps. Mem. Soc. Geol. Ital. 26, 285-299.

Pennacchioni, G., Di Toro, G., Brack, P., Menegon, L. & Villa, 1. (2006): Brittle-ductile-brittle deformation during cooling
of tonalite (Adamello, Southern Italian Alps). Tectonophysics 427, 171-197.
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Magma emplacing at shallow crustal levels may cause significant deformation in the overlying country
rock (i.e., forced folding, fracturing and faulting), both at a local and/or regional scale. To get insights into
these processes, we investigated in the laboratory the development of forced folds and associated fracture/
fault networks. An analogue magma, simulated by polyglycerols, was intruded into a sand pack representing
the brittle crust. The scaled analogue models reproduced different 3D deformation structures depending on the
model parameters (e.g., magma viscosity, injection rate, volumetric flux, and the rheology and thickness of the
host and cover rocks). However, all models support the observation that the emplacement of shallow magmatic
bodies may result in the growth of dome-shaped forced folds, and associated development of tensional and
compressional deformation in the host-rock. Although the models involve simplifications, these results
provide useful hints for geothermal research, as fractures and faults associated with magma emplacement can
significantly influence the distribution and migration of superhot geothermal fluids (Montanari et al., 2017).
These structures can therefore be considered potential targets for geothermal and/or ore deposit exploration.
In this perspective, the results of analogue models may provide useful geometric constraints for field work,
numerical modeling, and particularly seismic interpretation, allowing production and a better understanding of
integrated conceptual models concerning the circulation of supercritical fluids.

The research leading to these results has received funding from the European Community’s Seventh
Framework Programme under grant agreement No. 608553 (Project IMAGE).

Montanari, D., Bonini, M., Corti, G., Agostini, A. & Del Ventisette, C. (2017): Forced folding above shallow magma
intrusions: Insights on supercritical fluid flow from analogue modelling, Journal of Volcanology and Geothermal
Research, 345, 67-80.
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The main temporal constraints used so far in the Apennines to reconstruct the tectonic pulses are the ages of
the foredeep deposits and the first unconformable wedge-top basin sediments. However, dating precisely these
rocks has produced controversial results, mainly because they are generally poorly fossiliferous and dominated
by reworked microfossils. A convenient alternative is dating with precision the first sediments overlying the
forebulge unconformity, which are mainly represented by Miocene shallow-water carbonates. However,
the biostratigraphy of shallow-water carbonates is plagued by low-resolution and poor chronostratigraphic
calibration. By means of Strontium Isotope Stratigraphy (SIS) precise chronostratigraphic and numerical ages
could be obtained for the base of these carbonates and the top of the substrate at different localities along the
southern Apennine chain. Ages with precision in the 0.1-0.5 my range are obtained by SIS in Miocene and
Cretaceous marine rocks and low-Mg calcitic bivalves.

In addition we performed a structural analysis of the bed-perpendicular fractures hosted both in the
Cretaceous to Eocene pre-orogenic sequence and in the overlying Miocene syn-orogenic rocks. Overall, they
are preferred oriented and characterized by the NW-SE, NE-SW, NNW-SSE/N-S and ENE-WSW/E-W trends.
The abutting and cross-cutting relationships permit to distinguish forebulge and early foredeep fractures from
pre-existent and later ones. In particular, the NNW-SSE/N-S and ENE-WSW/E-W -striking fractures could
be related to the extensional deformation in the peripheral bulge area, which is associated with the bending of
the downgoing lithosphere, characterized by systems parallel and orthogonal to the thrust front. Furthermore,
some fractures are filled and sealed by Miocene calcarenites, predating these deposits and representing a clear
example of deformation related to the forebulge flexuration.

The preliminary data obtained by means of SIS show an eastward youngering trend of the Miocene deposits
overlying a pre-orogenic top sequence, which is older toward East in the southern Apennines. The dating
results for the base of the Miocene shallow-water carbonates and the relative substrate are: upper Aquitanian
for Cerchiara and Roccadaspide Fms (both sealing the Eocene Trentinara Fm; Alburno-Cervati-Pollino Mts); a
range time not older than middle-upper Aquitanian for Recommone Calcarenites Fm (covering the Campanian-
Santonian Calcari a Radiolitidi Fm; Sorrento Peninsula); Middle Burdigalian for the Cusano Fm (overlying the
Aptian to upper Coniacian Calcari a Radiolitidi Fm; Matese-Camposauro Mts). This level of precision, never
attained before in the Apennines, will permit to constrain the shortening rate by tracking the migration of the
forebulge.
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Faults generally act as preferential pathways for fluids; the high fracture density within their damage zones
can increase the host-rock permeability, enhancing the rock reactive surfaces and speeding-up fluid-rock
interactions. Accordingly, fault zones, in the presence of an aqueous CO,-rich fluid, could drive and enhance
the natural carbonation of ultramafic wall rocks (peridotite and serpentinite); as a consequence, the drastic
changes in lithology and mineralogy could also cause important variations in permeability and strength of the
damage zone during deformation, through cycles of fault sealing.

Here we report of exhumed detachment zones occurring in peridotite and serpentinised peridotite (Voltri
Massif, Ligurian Alps, Italy) that show evidences of paleoseismic activity combined with the cyclic precipitation
of carbonates from CO,-rich hydrothermal fluids.

The damage zone of the studied faults contains different types of fault rocks, namely cataclasite, carbonated
fault gouge, hydraulic breccias at the footwall and carbonated peridotite in the hangingwall. The fault cores are
characterised by formation of a ca. 70 cm-thick cataclastic dolomite rich layer, containing dolomitic spherulites
resembling the texture of cave pearls or ooolites with a serpentine core relic, but linked to the damage zone
evolution. Cataclasites, containing damaged spherulites, are further cross-cut by carbonate coated slip zones
and by chalcedony shear veins, with mirror-like surfaces, filamentous silica slickenlines, and granular injection
veins, all of which provide evidence for paleoseismic activity.

We combined field data with microstructural (SEM-EDS, EBSD), mineralogical, geochemical (high-
resolution elemental imaging by Laser Ablation-ICP Time of Flight-Mass Spectrometry, 6"*C, 8'*0 analyses),
and mass transfer calculations to characterise fully the mechanical behaviour of these faults, fluid-rock
interactions during deformation and quantify the amount of CO, stored within the structure as hydrothermally
precipitated carbonates.
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The growth of a mountain belt is commonly attributed to isostatic balance in response to crustal and
lithospheric thickening. However, deeper mantle processes may also affect the topography of the Earth. Here,
we discuss the role of these processes in the Eastern Cordillera (EC) of Colombia.

The EC is an active, double-vergent fold and thrust belt that formed during the Cenozoic by the inversion
of a Mesozoic rift, and topography there has risen up to ~5000 m (Cocuy Sierra). The EC is located ~500
km away from the trench where the Nazca slab subducts below the South American plate. North of 5° N, the
belt rises above a flat-slab subduction region. Volcanic arc migration suggests slab shallowing by ~ 10 Ma
and flattening to the present configuration at ~6 Ma. The occurrence of a high v, /v anomaly and clustered
seismicity occurring below the belt at ~160 km depth delineate the slab geometry and have been related to
dehydration of the slab, suggesting the presence of a hydrated mantle wedge.

We compiled available thermochronologic data and estimated the exhumation history of the belt over the
last 20 Ma using an inversion method. The results indicate that exhumation rates increased during the Plio-
Pleistocene at different wavelengths and amplitudes. Small wavelength and large amplitude signals could
be related to shallow crustal deformation whereas long wavelength and moderate amplitude signals need to
be addressed. These pulses of fast exhumation are concomitant with surface uplift occurring from ~7 Ma, as
previously identified.

Combining structural and geophysical constraints for the crust and the mantle, we find that the observed
high topography of the chain cannot be achieved solely through isostatic adjustment. Previous studies also
suggested that positive residual topography matches the present-day elevation pattern of the belt. We propose
that the recent uplift and long wavelength exhumation events were triggered by the transition from a regular
to flat-slab subduction, along with the formation of a weak and buoyant wedge. We test the feasibility of our
hypothesis with a series of numerical models and conclude that the recent topographic growth of the Eastern
Cordillera is linked to slab-related mantle dynamics.
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Coseismic slip-to-the-trench, which occurred during M 9.0 Tohoku-Oki 2011 earthquake, challenges the
widely accepted paradigm of an aseismic nature of subduction megathrusts at shallow depths. In the new
conceptual model, the frontal part of the subduction megathrust can support slip rates that range from plate
convergence (mm/yr) to seismic (m/s) ones. The investigation of the conditions that favour slip-to-the-trench
requires addressing a complex interplay of processes active from the trench down to 10-15 km depth along the
subduction plate interface.

To investigate the shallow depth megathrust’s co-seismic behaviour we have focussed on the geological
framework for the development of the subduction megathrust. We combine friction experiments, energy
balance calculations for rupture propagation, and numerical modelling for the elastic stress build up.

Our areas of investigation are the Middle America Trench offshore Costa Rica, and the Andaman-Sumatra
Trench offshore Indonesia. In both places recent ocean drilling provided constraints on the geometry of the
frontal part of the megathrust and samples of the lithologies involved in the shallow subduction. Although the
incoming sediments are different, both areas are inferred to have experienced co-seismic slip to the shallowest
part of the megathrust.

In this talk we review the results of high-velocity friction experiments conducted on incoming plate
materials. It is well-known that the frictional evolution with slip and slip rate alone does not control the onset
of seismic slip. To further explore whether the incoming plate sediments can store and release sufficient elastic
energy to allow the fault to slip seismically, we used experimental data to estimate the energy available for
seismic faulting and seismic wave radiation.

Lastly, we performed 2-Dimensional viscoelastic finite element numerical modelling to explore whether,
given the stratigraphic and geometrical characteristics of the incoming plate sediments at the trench, (case 1)
elastic strain can accumulate in the stronger material, or (case 2) the strain will be partly or completely released
by creep in the adjacent weaker material. The results of the numerical models suggest that case 1 is possible
when the incoming plate material bends and/or have geometrical complexity, such as faults. In this case stress
distribution in the shallow megathrust becomes heterogeneous and is often accumulated where normal and/or
reverse faults displace sediment layers.
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The Periadriatic Fault (PF) is one of the most important tectonic element in the Alpine belt, separating
the Europe-verging collisional wedge from the S-verging Southern Alps. This fault system developed in a
dextral transpressional regime during the Cenozoic, following the Adria-Europe collision. The area between
the Passeier and the Eisack rivers (Meran, NE Italy) is a key area for the understanding of the interactions
among the PF, the Giudicarie Fault and the fault network here active in the Cenozoic (Viola et al., 2001).
This region was extensively examined by us in the frame of the CARG project for the survey of the 1:50,000
Merano (Bargossi et al., 2010), San Leonardo and Vipiteno geological sheets of Italy in terms of geological
setting, mesoscopic and microscopic structural analyses of fault rocks, and paleostress estimates.

In particular, the Meran-Mauls Fault segment of the PF, which connects the North Giudicarie Fault to the
Pustertal segment of the PF, was deeply investigated and is the main subject of this contribution. Original
structural information, integrated with the detailed analyses of representative cross sections, allow a better
definition of the kinematic and structural evolution from the ductile to the brittle field. We integrated the
analysis of this fault system with information on the kinematics of other important faults of the study area,
including the Passeier, Faltleis, Val Nova and other minor faults. Our analyses suggest that the Meran-Mauls
Fault and related structures show a progressive transition across the plastic-brittle transition with a marked
reverse kinematics followed in time by a dextral transpression. Strike-slip to normal faults with different trends
ranging from NW-SE to NE-SW follow in time. Paleostress reconstruction indicate a progressive switch of
the main direction of compression from NW-SE to N-S, as suggested by us in the Central Alps (Agliardi et al.,
2009).

Agliardi., F., Zanchi, A. & Crosta, G.B. (2009): Tectonic vs. gravitational morphostructures in the central Eastern Alps
(Italy): Constraints on the recent evolution of the mountain range. Tectonophysics, 474, 250-270.

Bargossi, G.M., Bove, G., Cucato, M., Gregnanin, A., Morelli, C., Moretti, A., Poli, S., Zanchetta, S. & Zanchi, A. (2010):
Note illustrative della Carta Geologica d’Italia a scala 1:50.000 Foglio 013 Merano. CARG. ISPRA, 285 pp.

Viola, G., Mancktelow, N.S. & Seward, D. (2001): Late Oligocene-Neogene evolution of Europe-Adria collision: New
structural and geochronological evidence from the Giudicarie fault system (Italian Eastern Alps). Tectonics, 20:999-
1020.
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Fully crystallized granites, rich in feldspar, serve to strengthen the continental crust, while their precursor
melts are generally assumed to weaken the deforming crust and assist strain localization. Syn-tectonic granitic
pegmatites within shear zones are commonly cited as evidence for magma-assisted rheological weakening - their
precursor hydrous melts have especially low viscosities. Yet such pegmatites commonly reveal little internal
deformation - implying they crystallized in the absence of tectonic shearing - but their shapes are indicative of
them having deformed with a greater competence than their surroundings. This is the pegmatite paradox - their
deformation as competent bodies implies that this happened after crystallization yet fully preserved igneous
textures suggest deformation happened before crystallization. By describing and interpreting field relationships
in a typical pegmatite/shear zone association (Torrisdale, NW Scotland), we suggest a mechanism by which
syn-tectonic granitic melts may, in effect, act as competent bodies while still crystallizing. Crystallization can
be pulsed as the concentrations of crystallization-inhibitors (fluxes) increase in residual fluids. Competence
increase is enhanced by preferential crystallization on intrusion margins that serves to encapsulate residual
melt inside stiff rinds. Modern estimates for the rates of feldspar crystallization (cms.a') from undercooled
hydrous silicic magma to form pegmatites greatly outpace natural deformation rate estimates for shear zones.
Preferential crystallization along rinds is evidenced by compositionally-zoned pegmatites together with
interfacial buckling and boudinage. Zoned crystallization means that the bulk crystal concentration is not
a guide to the bulk rheology of the melt-crystal composite. These relationships are typical of syn-kinematic
granitic pegmatites, including those within the Nanga Parbat massif (NW Himalayas) - the type location for
tectonic aneurysm models that invoke magma-enhanced deformation. The low initial viscosities of hydrous
granitic melts promote long-range migration into higher crustal levels. In these undercooling conditions, rapid
crystallization means fully-liquid melts may only be present fleetingly, during which time little significant
strain can accumulate. Thus syn-kinematic hydrous granitic melts are irrelevant agents of weakening and their
crystallized products strengthen shear zones.
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The mid-crust of the Himalaya is represented by the Greater Himalayan Sequence (GHS), one of the major
tectonic units of the Himalayan belt exposed for nearly ~ 2500 km. It has been considered as a coherent
tectonic unit since long time, bounded by the South Tibetan Detachment to the top and the Main Central Thrust
to the bottom. However, integrated studies by different techniques allow to recognise several high-temperature
shear zones in the core of the GHS along the belt, with top-to-the S/SW sense of shear (High Himalayan
Discontinuity: HHD, Montomoli et al., 2015). U-Th-Pb in situ monazite petrochronology provides ages older
than the Main Central Thrust, along the same structural profile. Data on the pressure (P) and temperature (T)
evolution testify that these shear zones affected the tectono-metamorphic history of the belt and different P-T
conditions have been recorded in the hanging-wall and footwall of the HHD. This tectonic feature running for
several hundreds kilometres is documented in several sections of Western and Central-Eastern Nepal dividing
the GHS in two different portions. We present the results of a transect in the GHS of Marshyangdi valley
(Manaslu massif, Pécher, 1989). Close the transition between sillimanite-bearing gneiss and kyanite-bearing
gneiss, few km north of Syangie village, we identified a high-temperature ductile shear zone with kinematic
indicators pointing to a top-to-the S sense of shear.

U-Th-Pb in situ analysis on monazite, joined with chemical compositional maps, performed by LASS at
Santa Barbara (California) on samples from the shear zone and its footwall provided ages ranging from ~ 8 to
43 Ma. The age of the HHD in the Marshyangdi valley is constrained between ~ 27 and 18 Ma, in very good
agreement with the ages of the HHD detected along strike in the GHS (Montomoli et al., 2015; Carosi et al.
2018), before the later activation of the Main Central Thrust along the same section (Catlos et al., 2001; Gibson
et al., 2016) constrained at ~ 16-13 Ma.

The occurrence of the HHD, detected by structural analysis and petrochronology, in the Marshyangdi valley
allows us to fill a gap in the recognition of the HHD between Western and Central-Eastern Nepal.

Carosi, R., Montomoli, C. & Iaccarino, S. (2018): 20 years of geological mapping of the metamorphic core across Central
and Eastern Himalayas. Earth-Science Reviews, 177, 124-138.

Catlos, E.J., Harrison, T.M., Kohn, M.J., Grove, M., Ryerson, F.J., Manning, C.E., & Upreti, B.N. (2001): Geochronologic
and thermobarometric constraints on the evolution of the Main Central Thrust, central Nepal Himalaya. Journal of
Geophysical Research: Solid Earth, 106(B8), 16177-16204.

Gibson, R., Godin, L., Kellett, D.A., Cottle, J.M., & Archibald, D. (2016): Diachronous deformation along the base of the
Himalayan metamorphic core, west-central Nepal. Bulletin, 128(5-6), 860-878.
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Sardinia consists of a Paleozoic Basement, intruded by Permo-Carboniferous granites and covered by
Permian-Mesozoic sediments. The rotation of nearly 90° of the tectonic transport in Sardinia during collisional
and post-collisional stages could be related to the paleoposition of the Corsica-Sardinia block close to southeast
France (Maures-Tanneron Massif) (Corsini & Rolland, 2009). In Northern Sardinia two metamorphic complexes
occur, recording similar deformation histories but different metamorphic evolution: the Low-Medium Grade
Metamorphic Complex (L-MGMC) and the High Grade Metamorphic Complex (HGMC). The Posada Asinara
Line (PAL) is a Carboniferous regional-scale transpressional shear zone Carosi & Palmeri, 2002) that crops out
in northern Sardinia, separating the two latter complexes, playing an important role in the exhumation of the
metamorphic complexes (Carosi & Palmeri, 2002). The survey’s area between Lodé, Sant’ Anna and Mamone
(NE Sardinia), in the southern part of the PAL, allowed to refine previous geological maps (Carosi et al., 2005).
A structural-geologic survey has been carried out in an area about 200 km? and a new geological map (1:25000
scale) has been realized. The principal structural asset is characterized by F2 north-vergent folds, associated
with the progressive development of a mylonitic principal foliation. The structural analysis highlighted four
deformation phases. The D, phase has been observed only inside the quartz layers and in the para-gneiss levels,
that are folded but not completely transposed during the D, deformation phase. The prominent deformation
phase, D,, is associated with isoclinal and N-vergent F, folds. The S,axial plane foliation strikes N70-110°
with variable dip but generally steeply dipping. A, fold axes trend nearly E-W with variable shallow plunge.
An elongation lineation trending nearly E-W and plunging between 5° and 20° occur on the S, foliation.
D, rotational component increases moving to the North and kinematic indicators (S-C-C’ fabric, mica fish,
rotated porphyroclasts) indicate a dextral sense of shear (top-to-the NNW). The D, phase is often associated
to a crenulation cleavage (F,), and mainly chevron folds. D, and D, fold axes phases are generally coaxial,
but with perpendicular axial plane. The D, phase is associated with open folds F, with sub-horizontal axis
and axial planes, almost oriented SSE-NNW, but with a considerably axial dispersion, without the formation
of an axial plane foliation. These folds cause the change of dip from S to N of the S,. Thanks to this detailed
survey, associated to a microstructural study, it has been observed how the isograds, marked by the blastesis of
the principal Barrovian minerals (biotite-garnet-staurolite-kyanite) in field are folded and stretched during D,
deformation (Mamone and Lod¢ synforms). Isograds are telescoped approaching the high-strain zone due to
combined effect of simple and pure shear acting during D, (Iacopini et al., 2008).

Carosi, R. & Palmeri, R. (2002): Orogen-parallel tectonics transport in the Variscan belt of northeastern Sadinia (Italy):
implications for the exhumation of medium-pressure metamorphic rocks. Geol. Mag., 139, 497-511.

Carosi, R., Frassi, C., Magi, S. & Montomoli, C. (2005): Analisi strutturale dell’antiforme di lodé-mamone (sardegna
nord-orientale): un esempio di interferenza complessa a scala chilometrica nel basamento ercinico sardo. Atti Soc.
tosc. Sci. nat., Mem., Serie A, 110, 23-29.

Corsini, M. & Rolland, Y. (2009): Late evolution of the southern European Variscan belt: Exhumation of the lower crust
in a context of oblique convergence. CR. Geosci., 341, 214-223.

lTacopini, D., Carosi, R., Montomoli, C. & Passchier, C.W. (2008): Strain analysis and vorticity of flow in the Northern
Sardinian Variscan Belt: recognition of a partitioned oblique deformation event. Tectonophysics, 446, 77-96.
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The Cuonadong gneiss dome (SE Tibet), located in the south-eastern part of the north Himalaya close to
the South Tibetan Detachment System (STDS) to the south, is a gneiss dome of the North Himalayan Gneiss
Domes (NHGD), identified recently (Fu et al., 2017). It divided into three main tectonic units separated by an
upper brittle detachment and a lower ductile one. The upper tectonic unit, above the upper brittle detachment,
is made by unmetamorphosed to low-grade metamorphic Jurassic-Lower Cretaceous slate, metasandstone and
phyllite. The middle tectonic unit, sandwiched between the upper and lower detachments, mainly consists of
highly deformed micaschist, marble, granite and pegmatite. The middle unit mainly consists of chloritoid-
garnet mica schist, plagioclase-staurolite-garnet micaschist, staurolite-garnet micaschist, sillimanite- staurolite-
garnet micaschist and minor two-mica schist. The lower tectonic unit consists of mylonitic gneiss, leucogranite
plutons, dikes and sills. Meso- and microstructural analysis revealed that the Cuonadong dome records four
main phases of deformation: D1, related to top-to-the S shearing, D2 related to N-S extension, D3, linked to
E-W extension, and D4 related to the later collapse of the dome.

Pressure (P) - Temperature (T) conditions and P-T-deformation paths for selected sample were derived
with the aid of pseudosections in the MnNKCFMASHT system. The selected sillimanite-staurolite-garnet
micaschist, from the lower detachment, underwent D2 deformation and contains garnet showing prograde
compositional zoning and yielding P - T estimates of 6.0-7.0 kbar and 520-670°C.

The Laser-Ablation-Split-Stream (LASS) in situ U-(Th)-Pb monazite geochronology, of this selected
sillimanite-staurolite-garnet micaschist constrains the prograde Barrovian metamorphism at ~26 Ma. We
constrain the activity of the Cuonadong lower ductile detachment, during retrogade metamorphism in the
sillimanite stability field to ~ 21 Ma.

Fu, JG., Li, GM., Wang, GH., Huang, Y., Zhang, LK., Dong, SL. & Liang, W. (2017): First field identification of the

Cuonadong dome in southern Tibet: implications for EW extension of the North Himalayan gneiss dome, International
Journal of Earth Sciences, 106, 1581-1596.
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The Yalaxiangbo gneiss dome (SE Tibet) in eastern Himalaya is one of the major metamorphic culminations
in the Tethyan Himalayan Sequence, referred to as North Himalayan Gneiss Domes (NHGD). It comprises
three main tectonic units separated by an upper ductile/brittle and a lower ductile detachment. The upper
tectonic unit, above the upper ductile/brittle detachment, includes unmetamorphosed to low-grade metamorphic
Triassic-Lower Cretaceous slate and metapsammite of the Tethyan Himalayan Sequence. The middle tectonic
unit, sandwiched between the upper and lower detachments, consists of mylonitic granite, staurolite-garnet-
two mica schist and biotite-plagioclase gneiss affected by the ductile top-to-the north extensional shear of the
lower detachment. The lower tectonic unit consists of mylonitic gneiss, leucogranite plutons, dikes and sills.

By integrating macro-/micro-structural analyses, petrographic and Laser Ablation Inductively Coupled
Plasma-Mass Spectrometer (LA-ICP-MS) in situ U-(Th)-Pb monazite geochronological data from selected
samples affected by ductile shear, we constrain the activity of the lower detachment at c. 18 and the shearing
along the upper detachment later than c¢. 15 Ma (Chen et al., 2018). The detachment system is made up by two
different shear zones activated in different times and at different structural levels and our data are in agreemt
with a migration of the deformation from the lower portions to the upper ones (Kellet & Grujic 2012, Cottle
et al., 2015, Taccarino et al., 2017, Montemagni et al., 2018). The kinematic, geochronology and petrologic
features of the Yalaxiangbo detachments are similar to the South Tibetan Detachment system, which crops out
in southern Tibet.

Chen, J., Carosi, R., Cao, H., Montomoli, C., laccarino, S., Langone, A. & Li, G. (2018): Structural setting of the
Yalaxinagbo dome, Se Tibet (China). Italian Journal of Geosciences 137, https://doi.org/10.3301/1JG.2018.18.

Kellett D.A. & Grujic D. (2012). New insight into the South Tibetan detachment system: Not a single progressive
deformation. Tectonics, 31, TC2007.

Cottle J.M., Searle M.P., Jessup M.J., Crowley J.L. & Law R.D. (2015) - Rongbuk re-visited: Geochronology of
leucogranites in the footwall of the South Tibetan Detachment System, Everest Region, Southern Tibet. Lithos, 227,
94-106.

laccarino S., Montomoli C., Carosi R., Massonne H.-J. & Visona D. (2017). Geology and tectono-metamorphic evolution
of the Himalayan metamorphic core: insights from the Mugu Karnali transect, Western Nepal (Central Himalaya).
Journal of Metamorphic Geology, 35, 301-325.

Montemagni C., Iaccarino S., Montomoli C., Carosi R., Jain A.K. & Villa .M. (2018) - Age constraints on the deformation
style of the South Tibetan Detachment System in Garhwal Himalaya. Italian Journal of Geosciences, 137, https://doi.
org/10.3301/1JG.2018.07.
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The Pogallo line is a ductile shear zone affecting the basement of the westernmost part of the Southern Alps
and consisting of mylonites developed under amphibolite to greenschist facies conditions. It is considered as
a midcrustal extensional listric fault that accommodated extension during the Alpine Tethys Jurassic rifting
(Handy et al., 1999). More recently, it has been interpreted as part of the “necking fault system” of the Adriatic
rifted margin (Decarlis et al., 2017). In order to check the presence of post-Variscan (pre-Alpine) events near
the Pogallo line, a field and petrographic study of the Strona-Ceneri Border Zone (SCBZ) has been carried out
in the area near Omegna and Pella (western side of the Orta Lake).

The SCBZ is located between the meta-arenites of the Strona-Ceneri Zone and the meta-pelites of the Scisti
dei Laghi. It consists of banded amphibolites and paragneisses with lenses of ultramafic rocks, metagabbros
and retrogressed eclogites (Giobbi Origoni et al., 1997).

In the studied area, the SCBZ consists of medium-grained banded amphibolite with lenses of coarse-
grained amphibolite, serpentinite - surrounded by Tr-Chl-Tlc-metasomatites - aplitic orthogneiss, and a layer
of “feldspathized amphibolites”. A paragneiss layer usually occurs at the contact between the SCBZ and the
Ordovician orthogneiss.

The Variscan foliation is well preserved in both coarse- and medium-grained amphibolites and in para- and
orthogneisses but, noteworthy, not in serpentinites and related metasomatites. Evidences for post-Variscan
events are: (i) an high-temperature stage characterized by partial melting of coarse-grained amphibolites,
melt impregnations in medium-grained amphibolites, high temperature mineral assemblage (Sil, Crd, Kfs)
in both para- and orthogneisses, intrusion of undeformed aplitic dykes in paragneiss; (ii) serpentinization and
related metasomatism possibly connected with the fluid/melt circulation; iii) a subsequent mylonitic event at
amphibolite-facies conditions recorded only in the medium-grained amphibolite.

Thus, our data indicate a post-Variscan heating event followed by an amphibolite-facies mylonitic stage
localized near the Pogallo line. The in-progress study on such events may provide new insights on the
development of the Pogallo shear zone and may help to enhance the comprehension on the necking-related
processes.

Decarlis, A., Beltrando, M., Manatschal, G., Ferrando, S. & Carosi, R. (2017): Architecture of the distal Piedmont-
Ligurian rifted margin in NW-Italy: hints for a flip of the rift system polarity. Tectonics, 36, 2388-2406.

Giobbi Origoni, E., Zappone, A., Boriani, A., Bocchio, R. & Morten, L. (1997): Relics of pre-alpine ophiolites in the Serie
dei Laghi (Western Southern Alps). Schweiz. Miner. Petrogr. Mitt., 77, 187-207.

Handy, M.R., Franz, L., Heller, B., Janott, B., & Zurbriggen, R. (1999): Multistage accretion and exhumation of the
continental crust (Ivrea crustal section, Italy and Switzerland). Tectonics, 18, 1154-1177.
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Petrological and microstructural investigations focused on a portion of the lower-intermediate continental
crust of the Calabrian crystalline basement have been carried out near the village of Castagna (northern
Calabria). In particular, a mylonitic horizon affecting granulite facies rocks of the Sila Unit has been studied
and an Alpine metamorphic shearing imprint superposed on earlier high temperature Variscan relics has
been recognised. Such earlier preserved assemblages, occurring as low strain domains of garnet-sillimanite
paragneiss within the pervasive mylonitic foliation, consist of intermediate to low Ti-biotite and oligoclase-
andesine plagioclase. The compositional garnet profile indicates a likely re-homogenisation of cores suggesting
a long time residence at high T conditions in the lower crust. A subsequent Alpine mylonitic overprint generates
retrograde metamorphism at upper amphibolite facies conditions possibly representing a “detachment zone”,
responsible for the exhumation of the deepest parts of the continental crust, reworked during the building of
the Alpine Orogen.
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Recognition of different constituting phases and their volumetric distribution in different portions of the
same deformed rock are crucial constraints to develop models for rock rheology. A 3D microstructural study of
ultramylonites sheared under opposite deformational regimes (compressional vs extensional) developed within
different crustal scale shear zones has been performed. Two sites have been selected as natural laboratories for
investigating the mylonitic evolution of rocks during the shearing event: Montalto Shear Zone (MSZ, Italy; Fazio
etal.,2015;2018a) and Kavala Shear Zone (KSZ, Greece; Punturo et al., 2014; Fazio et al., 2018b). These rocks
are characterized by extremely fine grain size of matrix as well as by small porphyroclasts. Matrix-constituting
minerals, such as quartz, feldspars and micas form an interconnected network testifying high strain conditions,
which affects the rheological behavior of the shear zone at depth. Therefore, our aims are to investigate the
mylonitic fabric at the micro-scale by quantifying the appearance of new mineral phases at increasing matrix/
porphyroclasts ratio as well as the 3D development of matrix network and the variations in Shape Preferred
Orientations (SPO) of constituent minerals, with particular regards to dynamically recrystallized new grains,
few microns sized. These features can be well investigated by 3D analysis of their morphology and distribution
by X-ray computed tomography (CT) technique. On investigated samples, the microtomography analyses
provided detailed 3D information about clasts (volumetric distribution, grain sizes, phase interconnectivity),
permitting to fully investigate the 3D distribution and arrangement of minerals, with particular regards to
grains (few microns sized) of the matrix. Further investigations and 3D data rendering elaborations will allow
us to formulate realistic models about grainsize reduction processes induced by deformation within such rocks.

Fazio, E., Cirrincione, R. & Pezzino, A. (2015): Tectono-metamorphic map of the south-western flank of the Aspromonte
Massif (southern Calabria -Italy). Journal of Maps, 11(1), 85-100.

Fazio, E., Ortolano, G., Visalli, R., Alsop, 1., Cirrincione, R. & Pezzino, A. (2018a): Strain localization and sheath fold
development during progressive deformation in a ductile shear zone: a case study of macro-to micro-scale structures
from the Aspromonte Massif, Calabria. Italian Journal of Geosciences, 137(2), 208-218.

Fazio, E., Ortolano, G., Visalli, R., Cirrincione, R., Fiannacca, P., Kern, H., Mengel, K., Pezzino, A. & Punturo, R.
(2018Db): Strain rates of the syn-tectonic Symvolon pluton (Southern Rhodope Core Complex, Greece): an integrated
approach combining quartz paleopiezometry, flow laws and PT pseudosections. Italian Journal of Geosciences, 137(2),
219-237.

Punturo, R., Cirrincione, R., Fazio, E., Fiannacca, P., Kern, H., Mengel, K., Ortolano, G. & Pezzino, A. (2014):
Microstructural, compositional and petrophysical properties of mylonitic granodiorites from an extensional shear
zone (Rhodope Core complex, Greece). Geological Magazine, 151(6), 1051-1071.
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Late Variscan trondhjemites and granites make up small plutonic complexes intruded in migmatitic
paragneisses in the northeastern Peloritani Mountains (southern Italy). In particular, two different varieties
of trondhjemites occur: s.s., with typical CaO contents (>1.5 wt%), and low-Ca, with lower CaO contents
comparable with those of the granites. Furthermore, trondhjemite sub-varieties with anomalous Na,O and
K,O contents also occur. The s.s. trondhjemites and the granites have petrographic and geochemical features
consistent with generation by water-fluxed and dehydration melting of metapelitic rocks, respectively. Low-
Ca trondhjemites show significant similarities with the granites, but are characterized by massive subsolidus
crystallization of turbid plagioclase at expense of magmatic K-feldspar. Secondary plagioclase is present in
different amounts in all rock types, but it appears as an important rock-forming component only in the low-Ca
trondhjemites, indicating these rocks as the product of infiltration metasomatism of the associated granites. All
the granitoids were affected at varying extents by shear-related deformation that, in the most strained samples,
resulted in significant tectonic grain size reduction, therefore producing an increase of the rock permeability
as well as a parallel increase of the surface-controlled rock reactivity. Shear-zone activity played a significant
role in driving the metasomatic modifications, as documented by nearly ubiquitous examples of secondary
plagioclase growing along micro-shear zones filled with new grains of quartz and feldspars. Furthermore,
occurrence in many granitoid samples of chessboard patterns in quartz indicates high-temperature deformation
of more than 650 °C. Such high shearing temperatures suggest shear-zone activity at the same time or soon after
the emplacement of the late Paleozoic plutons. Late Variscan shearing deformation starting at submagmatic
conditions, during the cooling of the c. 310-300 Ma Aspromonte-Peloritani granitoid bodies, is consistent with
the activity of the crustal-scale shear zone that controlled the emplacement of the 13-km thick Serre Batholith
(central Calabria), between c. 300 and 290 Ma. This context provides viable conditions for pervasive fluid
migration across the sheared crust, as well as a possible source for the metasomatizing fluids, that could have
been released during crystallization of the huge volumes of granitic magmas of the Serre Batholith. Since
metasomatic replacement of feldspar is largely pseudomorphic, its original magmatic habit is often preserved
and, at the same time, most derived bulk rock geochemical features can be interpreted as reflecting igneous
processes. This leads to the final consideration that shear zones can drive large-scale metamorphic reactions
able to produce deceptive metamorphic rocks that pretend to be magmatic.
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One of the most common and peculiar features of the Himalaya, resulting from the collision between
India and Eurasia plates at ¢. 55 Ma, is the development of an inverted metamorphic sequence (IMS) along
the Main Central Thrust zone (MCTz), the tectonic boundary between two main litho-tectonic units, i.e. the
Greater Himalayan Sequence (GHS) and the Lesser Himalayan Sequence (LHS). This regional boundary,
the MCTz, corresponds to a km-wide contractional ductile to brittle-ductile shear zone where an increase of
pressure-temperature conditions is present moving structurally upwards. The Alaknanda-Dhauli Ganga valleys
(Garhwal Himalaya, NW India) are Himalayan regions of where a large dataset, consisting of geochemical,
isotopic and geochronological data structural, microstructural and petrofabric observations and petrologic
estimates (Hunter et al., 2018a,b; Jain et al., 2014 with references) is present for the MCTz. Particularly, in
this area the MCTz was mapped as a delimitated by two discrete thrusts, the Vaikrita Thrust at the top and the
Munsiari Thrust at the bottom (e.g., Valdiya, 1980). Despite this large dataset, there are still open questions
regarding, for instance, the MCTz structural evolution and the possible reasons for the development of an IMS.

In this contribution a detailed meso- & micro-structural and petrological reappraisal along the MCTz transect is
presented, focusing also on the distribution of index-minerals and the relationship between blastesis and deformation.

The metamorphic evolution of selected key-samples along the MCTz has been reconstructed after detailed
electron microprobe work using multi-equilibrium geothermobarometry, P-T grids and equilibrium assemblage
diagrams. U-(Th)-Pb in situ monazite geochronology allowed us to put an absolute temporal constraint both
on the prograde metamorphic history and on the exhumation-related metamorphic overprint of the upper part
of the MCTz. Our results, in agreement with previous studies, show how along the MCTz a clear inverted
metamorphic gradient (from c. 500 up to c. 700°C) is well constrained and, particularly, it is also discernable
by the distribution of Al-rich minerals (e.g., chloritoid, staurolite, kyanite) in sheared impure quartzite, often
“ignored” for P-T estimates. On the contrary, obtained “peak” temperatures along the MCTz are only partially
in agreement with the published (lower) T suggested by microstructural-based thermometry. Nevertheless, since
available geochronology suggests that “peak” temperatures along the profile were reached at different times an
intense contribution of shear heating for the development of IMS in this part Himalaya is not likely (Duprat-Oulid
and Yamato, 2017). These new P-T-D-t data, joined with the data available in the geological literature, shed new
light on the tectono-metamorphic evolution of the Himalayan metamorphic core in this portion of the belt.

Duprat-Oulid, S. & Yamato, P. (2012): On the meaning of peak temperatures profiles in inverted metamorphic sequences.
Geophysical International Journal, 210, 130-147.

Hunter, N.J.R., Weinberg, R.F., Wilson, C.J.L., Luzin, V. & Misra, S. (2018a): Microscopic anatomy of a ‘hot-on-cold’
shear zone: insights from quartzites of the Main Central Thrust, Alaknanda Valley (Garhwal Himalaya). Geol. Soc.
Am. Bull. http://dx.doi.org/10.1130/B31797.1.

Hunter, N.J.R., Weinberg, R.F., Wilson, C.J.L., & Law, R.D. (2018b): A new technique for quantifying symmetry and
opening angles in quartz c-axis pole figures: Implications for interpreting the kinematic and thermal properties of
rocks. Journal of Structural Geology, 112, 1-6.

Jain, A.K., Shreshtha, M., Seth, P., Kanyal, L., Carosi, R., Montomoli, C., Iaccarino, S. & Mukherjee, P.K. (2014): The
Higher Himalayan Crystallines, Alaknanda - Dhauli Ganga Valleys, Garhwal Himalaya, India. In: Montomoli, C.,
Carosi, R., Law, R.D., Singh, S. & Rai, S.M. (Eds.), Geological Field Trips in the Himalaya, Karakoram and Tibet. J.
Virtual Explorer, 47, Paper 8.

Valdiya, K.S. (1980): Geology of the Kumaun Lesser Himalaya. Wadia Institute of Himalayan Geology, Dehra Dun,
India, 249p.
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In the Himalayan belt the contemporaneity of the South Tibetan Detachment System (STDS) and the Main
Central Thrust zone (MCTz) has long been believed (Beaumont et al. 2001) to be the main mechanism for the
exhumation of the metamorphic core of the belt, the Greater Himalayan Sequence (GHS).

As constraining the timing of activity of the MCTz and the STDS is a key task to understand Himalayan
tectonics, many studies have focused on these two opposite-kinematics shear zones. However, their age of
motion is still debated because each study focused on different geological features and the geochronological
data are controlled by deformation and prograde and retrograde reactions. We report a multidisciplinary
approach based on detailed microstructural, chemical and geochronological investigations in order to constrain
the activity time of both the STDS and the MCTz in the Alaknanda - Dhauli Ganga valleys (Garhwal, NW
India) along the same transect using the same analytical and interpretive approach. The MCT sensu stricto in
the study area is named Vaikrita Thrust.

Microstructural observations of the STDS reveal different deformation features from the uppermost sample
to the lowermost one paired with decrease in muscovite **Ar/*’Ar ages, which is deformed in the uppermost
sample and is undeformed in the lowermost one. Muscovite ages vary from c. 16 Ma down to c. 14 Ma
structurally downward (Montemagni et al. 2018a).

Vaikrita Thrust rocks show three microstructurally distinct mica generations in different structural domains:
a relict foliation only locally preserved, a main mylonitic foliation, and a late generation of coronitic micas
around garnet. Combining microstructural, chemical and “°Ar/*°Ar data with Ca-CI-K correlation diagrams
we infer that the growth of mica along the main mylonitic foliation occurs at c. 9 Ma, whereas formation of
undeformed coronitic muscovite yields c. 6 Ma (Montemagni et al. 2018b). Our results demonstrate a true non-
contemporaneity of STDS and MCT in the Garhwal Himalaya: the shearing along the MCT continued at least
7 Ma later after the cessation of shearing on the STDS. Any model of exhumation of the GHS should account
for this lack of contemporaneity.

Beaumont, C., Jamieson, R.A., Nguyen, M.H. & Lee, B. (2001): Himalayan tectonics explained by extrusion of a low-
viscosity crustal channel coupled to focused surface denudation. Nature, 414, 738-742.

Montemagni, C., Iaccarino, S., Montomoli, C., Carosi, R., Jain, A.K. & Villa, M. (2018a): Age constraints on the
deformation style of the South Tibetan Detachment System in Garhwal Himalaya. It. J. Geosci., https://doi.org/10.3301/
1JG.2018.07.

Montemagni, C., Montomoli, C., laccarino, S., Carosi, R., Jain, A.K., Massonne, H-J. & Villa, .M. (2018b): Dating
protracted fault activities: microstructures, microchemistry and geochronology of the Vaikrita Thrust, Main Central
Thrust zone, Garhwal Himalaya, NW India. Geol. Soc. London Spec. Pub., https://doi.org/10.1144/SP481.3.
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The South Tibetan Detachment System (STDS) is a system of regional ductile-to-brittle top-to-the E and
NE normal shear zone and faults developed for more than 2000 km along the Himalaya strike. The STDS gets
in contact the very-low- to low-grade metamorphic rocks of the Tethyan Himalayan Sequence (THS), in the
hanging-wall, from the medium to high-grade metamorphic rocks of the Greater Himalayan Sequence (GHS),
in the footwall. We investigate, four different sections of the STDS cropping out from West to East in Lower
Dolpo (western Nepal), Kali Gandaki and Marsyangdy valleys (central Nepal) and Dinggye area (south Tibet)

The ductile shear zone is very well developed in all the study sections and it affects both tectonic units, i.e.
THS and GHS. Due to the carbonate-rich nature of THS and GHS rocks along the study transects, identifying
and mapping the STDS is not a simple task.

Along all the structural sections, we densely sampled impure marble and calcsilicate from both units
deformed by the STDS related ductile-shearing.

Ductile deformation is heterogeneous, leading to the development of calcmylonites associated to a mylonitic
foliation striking parallel to the STDS and dipping at low-angle to the N and NE. All kinematic indicators
confirm a top-to-the N and NE sense of shear.

Finite strain analyses have been performed in marbles on sections parallel to XZ plane of finite strain
ellipsoid and point out to a finite strain increase moving from top to bottom. Microstructural and petrofabric
analysis of calcite and quartz was carried out and reveal both SPO and LPO in almost all samples, supporting
intracrystalline creep and dynamic recrystallisation as main deformation mechanisms.

Vorticity of flow (Wk), estimated by different vorticity gauges, highlights a non-coaxial deformation regime,
with a main pure shear component, acting during the STDS activity both in high- and medium-temperature
and low-temperatures mylonites. In addition a condensed metamorphic field gradient has been clearly detected
though deformation mechanism and microstructures. The shortening perpendicular to the shear zone is also
responsible for the telescoping of the metamorphic isograds at the base of the THS due both to shear heating
and heating from the lower and hotter GHS.
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In continental collisional orogenic belts, the hinterland-foreland transition plays a crucial role in the
deformation styles and in the exhumation modes of the middle crustal rocks. The Barbagia Thrust (BT), a
regional scale shear zone in the Variscan belt of central Sardinia, represents this transition. The BT, separating
nappes with different deformation styles, is still poorly characterized. We present new data of the BT and of
the nearby tectonic units, using a multidisciplinary approach. We characterized in detail both meso- and micro-
structural features, as well as, the metamorphic conditions with the aid of illite and chlorite “crystallinity”
of rocks from the footwall, hanging wall and high-strain zone of the BT. Moreover, combining different
palaeopiezometer-wet quartzite flow law pairs we characterized the rheological parameters (i.e., flow stress
and strain rate) present during the BT activity. Three main deformation phases were recognized. After a D1
contractional deformation, a D2 related to the BT movement was associated to the development of a nearly
100 m thick high-strain zone with the development of a mylonitic foliation, Sm, at middle crustal conditions,
near the “brittle-ductile” transition. Metamorphic constrains obtained from the footwall, the hanging wall and
the high-strain zone supported an epizonal metamorphism with no unambiguous trend related to the strain
intensity. Integrating our new metamorphic, deformation and rheological data, with previous ones in the
geological literature helps to better unravel the long-lasting history of the nappe emplacement at hinterland-
foreland transition in the Sardinian Variscan Belt.
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The Himalayan belt is a natural laboratory for studying exhumation processes because of the lateral
exposure for nearly 2500 km of main structures and units, affected by a still active N-S convergence. An
important feature of the chain is the occurrence of a mid-crustal metamorphic core, the Greater Himalayan
Sequence (GHS), bounded by a top-to-the-S shear zone at the base, the Main Central Thrust zone (MCTz),
and by a “contemporaneous” low-angle top-down-to-the-N/NE extensional complex of shear zones at the top,
the South Tibetan Detachment System (STDS). These two opposite shear zones are related to the extrusion of
the GHS, that is tectonically sandwiched between the low- to medium-metamorphic grade Lesser Himalayan
Sequence (LHS) at the base and on the low- to non-metamorphic Tethyan Himalayan Sequence (THS) at
its top. Moreover, the GHS is deformed by a system of ductile contractional top-to-the-S high-temperature
shear zones (High Himalayan Discontinuity, HHD), which makes the GHS of additional interest in studying
exhumation processes for deep-seated metamorphic cores (Montomoli et al., 2013).

In this work, we focused on the hangingwall rocks of MCTz along a N-S transect near Dunai, in the Lower
Dolpo Region (Western-Central Nepal), where several kinematic indicators confirm a top-to-the S sense of
shear (Carosi et al., 2010). From south to north, kyanite + garnet paragneiss are followed by sillimanite +
garnet quartz-rich mylonites, suggesting a northward increase of deformation temperature as also supported
by chessboard microstructures in quartz and myrmekites in feldspars in structurally higher located samples.
Petrofabric analyses of quartz, developed by an X-ray Texture Goniometer (X Pert Pro MRD DY2139 by
PANalytical), indicate a strong crystallographic preferred orientation (CPO) coherent with a non-coaxial plan
strain regime, where the asymmetric distributions of c-axes point to a top-to-the S sense of shear connected
to the MCT kinematic. Furthermore, prism and prism are the main active slip systems in upward samples,
whereas thomb and basal slip systems dominate at the base of the GHS, inferring that dislocation slip acted
as the main deformation mechanism during deformation flow with increasing temperature from the bottom to
the core of the GHS. The petrofabric emphasises, together with mineral assemblage and microstructures, the
inverse metamorphic field gradient at the bottom of the GHS in the Lower Dolpo region.

Carosi, R., Montomoli, C., Rubatto, D. & Visona, D. (2010): Late Oligocene high-temperature shear zones in the core
of the Higher Himalayan Crystallines (Lower Dolpo, western Nepal). Tectonics, 29(4), doi:10.1029/2008TC002400.

Montomoli, C., Iaccarino, S., Carosi, R., Langone, A. & Visona, D. (2013): Tectonometamorphic discontinuities within
the Greater Himalayan Sequence in Western Nepal (Central Himalaya): insights on the exhumation of crystalline
rocks. Tectonophysics, 608, 1349-1370.
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The Transantactic Mountains (TAM) form the western boundary of the West Antarctic Rift System (WARS),
one of the largest continental rift domains on Earth, starting in the Mesozoic and still active today. The TAM are
commonly regarded as the most prominent topographic expression of a rift-related, shoulder uplift on Earth.

It is largely recognized that Cenozoic TAM evolution occurred in a context of transtensional dextral tectonic
regime. Brittle deformation is generally diffuse and not focused along master faults that probably are hidden by
glaciers. Throughout the entire TAM, the mapped Cenozoic faults are always oblique with respect to the TAM
margin. In this context still debated is the role of the structural inheritance, the synchronicity between faulting
and uplift, and the processes responsible for shear strain localization in the brittle crust.

During the last Italian Antarctic Campaign (November 2017), a number of 593 structural data related to
brittle fault planes and associated slickenlines have been collected in 32 geo-referenced sites in the region
to the south of the David Glacier, where various granitoid bodies of the Granite Harbour Intrusives crop
out. Fault arrangement shows a predominance of dextral, trastensional faults kinematics along sub-vertical,
NW-SE to N-S striking fault strands, coherently with previous field studies along the TAM front. Most of
the brittle faults localise and re-work a pre-existing steeply-dipping mylonitic fabrics, typically producing
cm- to m-thick cataclastic bands. The mylonitic fabrics vary from proto- to ultra-mylonite. The shear foliation
is characterised by the syn-kinematic growth of biotite in association with quartz ribbons in the high strain
domains. Quartz grains diplay patchy undulose extinction, subgrains and subgrain rotation recrystallization;
feldspar is porphyroclastic. Collectively, the textural evidence indicates syn-greenschist faciesmetamorphic
conditions during the mylonitic shearing (deformation temperature <400 °C). The structural evidence of
transition from ductile-to-brittle dominated shearing along the TAM front will provide an exceptional archive
of information for the understanding the spatio-temporal scales and physical-chemical processes involved in
the Cenozoic tectonic reactivation of the Gondwanian continental crust of East Antarctica.
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The Paleocene early-Alpine drifting of the Kabilo-Calabride crystalline basement microplate was controlled
by deep rooted strike-slip tectonics, developing several crustal-scale shear zones which accommodate part of
the African verging transport of these internal sectors of the Paleo-Alpine realm. Such tabular high strain zones
played a key role in the mountain building processes of the Alpine belt, and determined kilometric offsets of
crustal blocks at the lithosphere scale. Some of these rooted mylonitic horizons were successively exhumed
and involved in Oligocene-Miocene late-Alpine brittle tectonics. One of the relics of this early-Alpine strike-
slip tectonics occurs between the Serre and the Aspromonte massifs (Cirrincione et al., 2015) along the roughly
oriented E-W Palmi-Antonimina tectonic alignment (Prosser et al., 2003; Ortolano et al., 2013; Festa et al.,
2016). This consists of 400 m wide sub-vertically foliated Variscan mylonitic rocks that mainly comprise
skarns with subordinate migmatitic paragneisses and tonalites. The mylonitic horizon is extended inland for
about 1500 m from the Tyrrhenian coast near Palmi village, and divides biotite migmatitic paragneisses to the
north from continuous exposures of tonalites to the south.

New mesostructural data have been mapped on a highly detailed (1:5000 scale) topographic base. This
new structural map allows us to highlight the dominant kinematics of the plastic flow. The shear zone shows
a complex geometry characterized by decameter-sale sheath folds (Fazio et al., 2017), and low strain domains
comprising cm- to m-sized tonalite blocks, which often show opposite senses of shear. In order to unravel the
main shear sense of the strike-slip plastic flow, the axial-planar intersection method (AIM) was applied to minor
S- and Z-type folds (Alsop & Holdsworth, 2007). In addition, new quantitative microstructural investigations
have been carried out through the acquisition of p-XRF maps and high-resolution scans of entire thin sections,
to obtain detailed mineral modal and mineral size distribution maps. These data have been integrated with new
grain boundary maps of the sin-mylonitic quartz-rich domains allowing estimates of both paleostress and the
dominant shear-type (pure vs simple shear).

Alsop G.I. & Holdsworth R. (2007): Flow perturbation folding in shear zones. In Ries A C., Butler, R. W.H. & Graham R.H.
Eds., 272, 77-103. London: The Geological Society.

Cirrincione, R., Fazio, E., Fiannacca, P., Ortolano, G., Pezzino, A., & Punturo, R. (2015): The Calabria-Peloritani Orogen,
a composite terrane in Central Mediterranean; its overall architecture and geodynamic significance for a pre-Alpine
scenario around the Tethyan basin. Periodico di Mineralogia, 84(Special Issue), 701-749.

Fazio, E., Ortolano, G. & Cirrincione, R. (2017): Eye-type folds at the Palmi shear zone (Calabria, Italy). International
Journal of Earth Sciences, 106, 2039-2040.

Prosser, G., Caggianelli, A., Rottura, A., & Del Moro, A. (2003): Strain localisation driven by marble layers: the Palmi
shear zone (Calabria-Peloritani terrane, southern Italy). GeoActa, 2, 155-166.

Ortolano, G., Cirrincione, R., Pezzino, A., Puliatti, G. (2013): Geo-Petro-Structural study of the Palmi shear zone:
kinematic and rheological implications. Rend. Online Soc. Geol. It., 29, 126-129.

Festa, V., Prosser, G., Caggianelli, A., Grande, A., Langone, A., & Mele, D. (2016): Vorticity analysis of the Palmi shear
zone mylonites: new insights for the Alpine tectonic evolution of the Calabria-Peloritani terrane (southern Italy).
Geological Journal, 51(4), 670-681.
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A wealth of paleomagnetic data from Yunnan (China) showed in the past a predominant post-Cretaceous
clockwise (CW) rotation pattern, mostly explained invoking huge (hundreds of km wide) blocks, laterally
escaping (and/or rotating) due to India-Asia collision, separated by major strike-slip shear zones. We report on
the paleomagnetism of the outcrops close to the Gaoligong dextral shear zone. Fifty paleomagnetic sites (503
samples) were sampled at variable distances (up to ~25 km) from mylonites exposed along the Gaoligong fault.
Jurassic-Cretaceous red bed sites yield systematic CW rotations with respect to Eurasia that peak at maximum
(176°) close to the fault, and progressively decrease moving eastward, up to be virtually annulled ~20 km E of
mylonite contact. West of the fault, Pliocene-Holocene sites from the Tengchong volcanic field do not rotate.

Thus, our data show that Gaoligong shear zone activity yielded significant CW rotations that were likely
coeval to the main Eocene-Miocene episodes of dextral fault shear. The Gaoligong zone rotation pattern
conforms to a quasi-continuous crust kinematic model, and shows blocks of <1 km size close to the fault, that
enlarge moving eastward. Rotation values and width of the rotated-deformed zone translate to a 230-290 km
Gaoligong shear zone dextral offset. Our work shows that fault shear plays a significant role for Indochina CW
rotation occurrence.

The data do not support a rigid block rotation, but suggest the blocks to be made of small (few km of
size) sub-blocks rotating, separated by non-rotating domains of similar size. Our data, along with previous
paleomagnetic and tectonic evidence, show that crust deformation of the Yunnan is extremely complex and
still to be completely elucidated. Also other blocks underwent strong internal deformation and were likely
fragmented in smaller independent sub-blocks, whose kinematics and tectonics are still a matter of speculation.
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The Maures-Tanneron Massif (MTM) is the southernmost branch of the Variscan Belt in France (Corsini &
Rolland, 2009). It was separated from the Corsica-Sardinia block because of the anticlockwise rotation related
to the opening of Mediterranean back-arc basin during Miocene. Both in the Sardinian variscan basement
and in the MTM two different metamorphic complexes are recognized: a low-medium grade metamorphic
complex and a high-grade one. In both context the two complexes are divided by a regional-scale ductile shear
zone. The correlation between these two shear zones is still debated and, at the moment, it is based mainly on
petrographic similarities. Microstructural study, kinematic of the flow and finite strain analysis were performed
on mylonites both from the Cavalaire Fault cross-cutting the Maures Massif and on the Posada-Asinara Line
in the Sardinian Variscan basement (Carosi & Palmeri, 2002; Carosi et al., 2012). Kinematic vorticity analysis
was performed with the C’ shear bands method (Kurt & Northrup, 2008) and the stable porphyroclasts method
(RGN) (Passchier, 1987; Wallis et al., 1993). The angle 0, between the maximum Instantaneous Stretching
Axis (ISAmax) in the horizontal plane and the shear zone boundary, was also calculated. The finite strain
analysis was performed on some oriented samples collected within the mylonitic belt from both Shear Zones,
on the XZ and YZ planes of the finite strain ellipsoid. We used garnets and K-feldspar porphyroclasts strain
markers. The data allowed us to reconstruct the finite strain ellipsoid. Combining the Wk value and finite strain
parameters (Law et alii., 2004), we calculated the percentage of shortening and stretching perpendicular and
parallel to the two mylonitic belts. The structural asset of the Cavalaire Fault and its metamorphic evolution
are very similar to the structural setting and the metamorphic evolution of the Posada-Asinara shear zone in
the Sardinian Variscan basement (Carosi et al., 2012). Both shear zones are characterized by a transpressional
deformation with the same kinematic developed during anfibolite-facies metamorphism. The new data about
finite strain and kinematic of flow of the Cavalaire Fault and Posada-Asinara Shear Zone strengthen the
correlation between these two Variscan basements.

Carosi, R., Montomoli, C., Tiepolo, M. & Frassi, C. (2012): Geochronological constraints on post-collisional shear zones
in the Variscides of Sardinia (Italy), Terra Nova, 24, 42-51.

Carosi, R. & Palmeri, R. (2002): Orogen-parallel tectonics transport in the Variscan belt of northeastern Sadinia (Italy):
implications for the exhumation of medium-pressure metamorphic rocks. Geol. Mag., 139, 497-511.

Corsini, M. & Rolland, Y. (2009): Late evolution of the southern European Variscan belt: Exhumation of the lower crust
in a context of oblique convergence. CR. Geosci., 341, 214-223.

Kurz, G.A. & Northrup, C.J. (2008): Structural analysis of mylonitic fault rocks in the Cougar Creek Complex,
Oregoneldaho using the porphyroclast hyperbolic distribution method, and potential use of SC’-type extensional shear
bands as quantitative vorticity indicators. Journal of Structural Geology, 30, 1005-1012.

Law, R.D., Searle, M.P. & Simpson, R.L. (2004): Strain, deformation temperatures and vorticity of flow at the top of the
Greater Himalayan Slab, Everest Massif, Tibet. Journal of the Geological Society, London, 161, 305-320.

Passchier, C.W. (1987): Stable position of rigid objects in non-coaxial flow: a study in vorticity analysis. J. Struct. Geol.,
9, 679-690.

Wallis, S.R., Platt, J.P. & Knott, S.D. (1993): Recognition of synconvergence extension in accretionary wedges with
examples from the Caiabrian Arc and the Eastern Alps. Am. J. Sci., 293,463-495.
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Mylonites are generally found in basement complexes, where strain localization within shear zones takes
place at amphibolite to greenschist facieses. More rarely, calcite mylonites develop at low-grade to anchizonal
conditions in the external portions of the orogenic belts. In this work, we document a shear zone characterized
by mylonites that formed in the upper diagenetic zone from a sedimentary protolith of Messinian age. Mylonites
are documented at the top of the Apulian carbonates of the Monte Alpi Unit, southern Apennines, at the contact
with overlying allochtonous units. In particular, these structural elements are present within sandstones and
conglomerates originally deposited in a foreland basin system. These sedimentary rock were buried down to
ca. 5 km, during the Early Pliocene emplacement of the fold-and-thrust belt over the Apulian carbonates, and
then exhumed during Late Pliocene low-angle normal faulting and then Middle-Pleistocene-Holocene high-
angle faulting.

The present study focuses on both meso- and micro-scale structural analyses of the aforementioned
mylonites, which represent the major regional detachment horizon of the southern Apennines fold-and-thrust
belt. The protolith is mostly made up of laminated sandstones, which include isolated conglomerate bodies, is
up to ca. 200 m-thick, and made up of both carbonate and quartz clasts. There, shear deformation was recorded
by foliated mylonitic fabric dipping ca. 20° S, and by a well-developed, east-trending stretching lineation
defined by aligned quartz or calcite grains. Conglomerates levels, when affected by shearing, were boudinaged
within the mylonitic sandstones, and the individual elongated pebbles re-oriented along slip direction. The
mylonitic foliation is nearly parallel to the tectonic contact between the Messinian sedimentary cover of the
Apulian carbonates and the overlying allochton.

The microstructure of mylonites is characterized by a fine-grained calcite matrix, which shows an intense
foliation defined by bands of dark material made up of oxides and organic matter with minor phyllosilicates.
Subangular quartz grains, with a size of 0.1-0.3 mm, and a few rounded, cm-sized limestone clasts are
embedded within the matrix. Quartz grains are fragmented by foliation-perpendicular, opening-mode fractures.
Fragments, arranged in trails aligned to the foliation, show in some cases evidence of rotation due to the
simple shear component of deformation. Altogether, shear bands, rootles folds and asymmetric porphyroclasts
show a consistent top-to-the-east shear sense. Summing up, we may document that eastward movement of
the allochtonous units of the Southern Apennines produced intense and localized low-temperature shearing in
sediments on top of the Apulian platform. Further studies are required to confirm later reactivation of this shear
zones as low-angle normal fault during the late Pliocene.
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The Calabria-Peloritani Orogen is a fragment that shows deformed sequences derived from the upper to the
lower continental crust of the Variscan basament. The current geographic position derives from a migration of
the Calabrian arc to the SE, which ended in the Miocene.

The study area is located in the south-east of the Serre Massif. The work focuses on the meso- and marco-
structural analysis of two main tectonic units; the ’Mammola Paragneiss Unit”’(MPU) and the *’Stilo-Pazzano
Phyllite Unit” (SPU).

These two Units recorded polyphase deformation and regional metamorphism during the Carboniferous
and were later affected by contact metamorphism, caused by the intrusion of large granitic bodies during Late
Carboniferous-Early Permian (300-290 Ma) (Festa et alii, (2018)).

Deformation is characterized by superposed folds and foliations leading to folding thick milonite levels.
The aim of this work is to unravel the deformation and kinematic history of the two units and to assess the
geometry and the kinematics of the shear deformation causing the development of thick milonites.

The geomtery and the kinematics of the flow of the unravelled shear zone will be discussed in the
framework of the network of shear zones affecting the Variscan Basement in the mediterranean area during the
Carbonifeorus.

Festa, V., Tursi, F., Caggianelli, A. & Spiess, R. (2018): The tectono-magmatic setting of the Hercynian upper continental
crust exposed in Calabria (Italy) as revealed by the 1:10,000 structural-geological map of the Levadio stream area.
Ital. J. Geosci., Vol. 137(2), 165-174.
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Major discontinuities within orogenic belts can be recognized using a number of different criteria:
lithological, structural, metamorphic, isotopic, geochronological, among others. Combining more than one
criterion together is envisaged in order to prevent biases and/or mistakes within rock packages characterized
by similar features (e.g. comparable ages, lithologies, strain rates). Moreover, direct survey of discontinuities
is often hampered by extensive quaternary cover.

A method for the relatively straightforward detection of such discontinuities was tested in central Nepal
Himalaya. In the Rasuwa district, a detailed structural, lithological and petrological study of different transects
allowed the characterization of the tectonostratigraphic architecture and constrained the P-T evolution of
different units within the Lesser (LHS) and Greater (GHS) Himalayan Sequences.

The P-T evolution of selected metapelite samples was constrained using two independent methods: optimal
thermobarometry (i.e. Average PT - AvPT) and the pseudosection approach. P-T conditions independently
constrained using the pseudosection approach plot very close to, or totally within the uncertainties of, the AvPT
results. Peak P-T conditions obtained highlight the existence of four different T/P ratio populations in different
tectonometamorphic units: 80 + 11 °C/kbar (LHS), 66 + 7 °C/kbar (Ramgarh Thrust Sheet: RTS), 73 £ 1 °C/
kbar (Lower-GHS) and 101 £ 12 °C/kbar (Upper-GHS).

Integration of structural and petrological data emphasizes the existence of three tectonometamorphic
discontinuities bounding these units, characterized by top-to-the-south sense of shear: the Ramgarh
Thrust, which separates the LHS (peak metamorphism at ~600 °C, 7.5 kbar) from the overlying RTS (peak
metamorphism at ~635 °C, 10 kbar); the Main Central Thrust, which separates the RTS from the Lower-GHS
(peak at 700-740 °C, 9.5-10.5 kbar with a prograde increase in both P and T in the kyanite stability field), and
the Langtang Thrust, which juxtaposes the Upper-GHS (peak at 780-800 °C, 7.5-8.0 kbar with a nearly isobaric
heating in the sillimanite stability field) onto the Lower-GHS. An increase in the intensity of deformation,
with development of pervasive mylonitic fabrics and/or shear zones, is generally observed approaching the
discontinuities from either sides.

Our results demonstrate that petrological and structural analysis combined together, are reliable methods
adequate to identify tectonometamorphic discontinuities in both the LHS and GHS.

Moreover, tectonometamorphic discontinuities may be detected using the relatively fast AvPT approach,
which allows application of relative thermobarometry on a large number of samples, as an alternative to more
laborious, time consuming, expensive, and complex, studies (e.g. pseudosections, geochronology, etc.) which
could be exploited on specific and selected areas only.
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A polyphase metamorphic basement crops out in the northern part of the South Alpine domain of the
Alps (Spalla et al., 2000). It is involved in Alpine tectonics and locally overprinted by low-grade Alpine
metamorphism (Crespi et al., 1982). Pre-Alpine and Alpine events must be distinguished in order to reconstruct
the tectonic evolution. We investigated Pre-Alpine structures in the basement of the northern Lago di Como
area with the aim to identify rift-related faults.

The well-known Lugano Val Grande Fault (LVGF) has been taken as example in order to identify other
detachments preserved in the studied area (Bertotti 1991, Bertotti et al., 1993). We investigated the tectonic
contacts between Triassic carbonates and the Variscan basement in the Domaso-Cortafdo Zone, south of the
Insubric line. We identify for the first time the Sasso Pelo Detachment (SPD), forming the base of the Triassic
succession and characterized by the superposition of carbonatic breccias without basement clasts above
basement mylonite. The SPD displays the same structural characteristics as the LVGF, partitioning of the
deformation mechanism along the fault zone, i.e. brittle structures in the hanging wall and ductile deformation
in the footwall. Mylonites are found only in the footwall, both in micaschists and paragneisses. Cataclasites
occur only in the hanging wall, at the base of the sedimentary breccias. The fault likely accommodated a large
displacement because we find the juxtaposition of brecciated sedimentary rock directly above the mylonitic
basement, as observed for the LVGF. The sense of transport along the SPD is top-to-the-West, opposite to the
more southerly located LVGF (top-to-the-East). This may reflect a lateral polarity change in Mesozoic rift
architecture, or, alternatively, a significant Alpine displacement along the Musso Line, a steep fault between
the two detachments.

Our results demonstrate the occurrence of major pre-Alpine, post-Variscan crustal detachments. They were
folded during the Alpine orogeny and partly eroded but are generally well preserved.

Bertotti, G., Seward, D., Wijbrans, J., ter Voorde, M. & Hurford, A.J. (1999): Crustal thermal regime prior to, during,
and after rifting: A geochronological and modeling study of the Mesozoic South Alpine rifted margin. Tectonics, 18,
185-200.

Crespi, R., Liborio, G. & Mottana, A. (1982): On a widespread occurrence of stilpnomelane to the South of the Insubric
line, Central Alps, Italy. Neues Jahrbuch fiir Mineralogie-Monatshefte, 6, 265-271.

Spalla, M.L., Siletto, G.B., di Paola, S. & Gosso, G. (2000): The role of structural and metamorphic memory in the
distinction of tectono-metamorphic units: the basement of the Como lake in the Southern Alps. J. Geodynam., 30,
191-204.
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The Peloritani Mountains, in NE Sicily, are the southern termination of the Calabria-Peloritani Orogen
(CPO), apoly-orogenic basement made up of remnants of Variscan and older mountain chains, incorporated into
the Alpine-Apennine orogenic system. Alpine shear zones are well known and documented in the peloritanian
area (Cirrincione et al., 2015), whereas Variscan shear zone activity has been only tentatively suggested by
Fiannacca et al. (2012). Late Variscan granitoid rocks of trondhjemitic and granitic composition make up
small plutonic complexes (<20 km?), intruded in migmatitic paragneisses, in the north-eastern Peloritani.
All the granitoids exhibit a range of deformation microstructures developed under simple-shear regime at
various temperature conditions. Non-coaxial deformation is documented by sigmoidal feldspar porphyroclasts
and polymineral aggregates, mica fish and asymmetric boudins developed in muscovite and tiny andalusite
crystals. Evidence for possible late Variscan shearing affecting the cooling granitoid bodies is provided by
diffuse chessboard pattern in quartz, which is considered to indicate high-temperature deformation, at more
than 650 °C (Kruhl, 1996). Deformation developed at sub-magmatic conditions is extensively superposed
by deformation at lower temperatures. Examples of solid state-high temperature deformation-related
microstructures (>450°C) are represented by quartz grain boundary migration recrystallization, quartz ribbon
and core-and-mantle structures of white mica. Widespread low temperature subsolidus microstructures
(<450 °C) consist of bulging, subgrain rotation recrystallization, mica kinks and feldspar bending. Occurrence
of quartz chessboard pattern in granitoids with emplacement ages ranging from c. 310 to c. 300 Ma reinforces
the idea that high temperature deformation occurred during cooling of magmatic bodies rather than during
Alpine metamorphism at prolonged upper amphibolite facies conditions.

Cirrincione, R., Fazio, E., Fiannacca, P., Ortolano, G., Pezzino, A. & Punturo, R. (2015): The Calabria-Peloritani Orogen,
a composite terrane in Central Mediterranean; its overall architecture and geodynamic significance for a pre-Alpine
scenario around the Tethyan basin. Periodico di Mineralogia, 84, 701-749.

Fiannacca, P., Lo Po, D., Ortolano, G., Cirrincione, R. & Pezzino, A. (2012): Thermodynamic modeling assisted by
multivariate statistical image analysis as a tool for unraveling metamorphic P-T-d evolution: an example from ilmenite-
garnet-bearingmetapelite of the Peloritani Mountains, southern Italy. Mineralogy and Petrology, 106, 151-171.

Kruhl, J.H. (1996): Prism- and basal-plane parallel subgrain boundaries in quartz: A microstructural geothermobarometer.
J. Metamorph.Geol., 46, 581-586.
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Recent models of the Southern European Variscan Belt propose the existence of a regional-scale right-
lateral strike-slip fault known in the literature as East Variscan Shear Zone (EVSZ, Matte 2001; Corsini and
Rolland 2009). Despite this sector of the Belt was fragmented and reworked during the subsequent Alpine
Orogenesis, several evidences of the activity of the EVSZ are reported in the Sardinian Variscan Basement
where the well-known Posada-Asinara Shear Zone is interpreted as the southern branch of the EVSZ (Carosi
and Palmeri 2002; Carosi et al. 2012). Toward the north the evidence and the extension of the EVSZ are less
clear. In the Western Alps recent studies of the Ferriere-Mollieres shear zone (Argentera External Crystalline
Massif; Simonetti et al., 2018) revealed that it is a Variscan shear zone developed during similar metamorphic
conditions as the PAL in northern Sardinia at nearly the same time and with the same kinematics. This data
suggests that the EVSZ extended to the north affecting the Alpine External Crystalline Massifs. In order to
strenght this model we performed a new study on the structural asset, the kinematic of the flow, the finite strain
and the geochronology of a high-strain zone in the Aiguilles Rouges Massif located between the Lake Emosson
and the Val Berard area close to the boundary between Swiss and France. The results higlights a dextral pure-
shear dominated transpression developed under amphibolite-facies metamorphic conditions during Variscan
time. The structural asset of the Lake Emosson-Val Berard shear zone is very similar to the one recognized for
the Ferriere-Molliéres shear zone in the Argentera Massif and they represent two well-preserved segments of
the EVSZ. Further studies of other high-strain zones in the Alpine External Crystalline Massifs are needed to
verify how much this sector of the Variscan chain was interested by the EVSZ.

Carosi, R., Montomoli, C., Tiepolo, M., Frassi, C. (2012): Geochronological constraints on post-collisional shear zones
in the Variscides of Sardinia (Italy): Post-collisional shear zones in the Variscides of Sardinia. Terra Nova 24, 42-51.
doi:10.1111/5.1365-3121.2011.01035 x.

Carosi, R. & Palmeri, R. (2002): Orogen-parallel tectonic transport in the Variscan belt of northeastern Sardinia (Italy):
implications for the exhumation of medium-pressure metamorphic rocks. Geological Magazine, 139(5), 497-511.
doi:10.1017/S0016756802006763.

Corsini, M. & Rolland, Y. (2009): Late evolution of the southern European Variscan belt: Exhumation of the lower crust
in a context of oblique convergence. Comptes Rendus Geoscience 341, 214-223. doi: 10.1016/j.crte.2008.12.002.
Matte, P. (2001): The Variscan collage and orogeny (480-290 Ma) and the tectonic definition of the Armorica microplate:

areview. Terra nova 13, 122-128.

Simonetti, M., Carosi, R., Montomoli, C., Langone, A., D’Addario, E. & Mammoliti, E. (2018): Kinematic and
geochronological constraints on shear deformation in the Ferriere-Molliéres shear zone (Argentera-Mercantour
Massif, Western Alps): implications for the evolution of the Southern European Variscan Belt. International Journal of
Earth Sciences, 1-27. https://doi.org/10.1007/s00531-018-1593-y.
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The mineralogy of ductilely sheared rocks is controlled by the bulk rock composition of the protolith,
together with the P-T conditions of shearing. However, the mineral assemblages of shear zones acting as
open system may be strongly influenced by the occurrence of mass transfer processes induced by channeling
H,O-rich fluids and mobilizing major elements. Major element mobility is also related to the fluid chemistry,
which can be affected by the fluid source location, i.e. the shear zone host-rocks or the shear zone far-field.
Recent case studies suggest that significant whole rock compositional changes occurred within ductile shear
zones in response to fluid infiltration from the host-rocks, whereas other case studies show that whole rock
compositional changes within ductile shear zones occurred due to infiltration of fluids from far-field sources.
To investigate the presence of common features regarding the gain and loss of mobilized major elements
with respect to the thermobaric conditions of shearing and the fluid source, a review of literature case studies
dealing with felsic sheared protoliths has been undertaken.

Qualitative results suggest high mobility of major elements under greenschist facies conditions whatever
the tectonic context. Under compressive tectonics, qualitative outcomes show that Si has the highest mobility
whatever the fluid source location and that sheared felsic rocks are always enriched in Mg relative to Fe.
Moreover, a preferential gain of Al and Fe with respect to the fluid source is shown.
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Due to their old age, Precambrian deformation zones are likely to have been reactivated multiple times after
their nucleation. The mechanic weakness inherited from their earliest deformation thus becomes an important
intrinsic property of the deforming system as it steers the deformation zones’ subsequent geometric, kinematic
and mechanic evolution. We discuss here the the tectonic evolution during the Meso- to Neoproterozoic
Sveconorwegian orogeny (c. 1140-900 Ma) of the boundary zone between the Kongsberg and Telemark
lithotectonic units in S Norway, referred to as the Kongsberg-Telemark Boundary Zone (KTBZ). The orogen-
scale KTBZ developed predominantly within and at the margin of a c. 110 km long granitic belt intruded
between 1170 and 1146 The oldest KTBZ ductile fabric formed during the Sveconorwegian orogenic cycle as a
penetrative top-to-the-W shear fabric, which was subsequently reactivated selectively by sinistral transpression
that formed characteristic mylonitic shear zones within the granitic belt. Later folding affected the area at
the northern end of the Kongsberg lithotectonic unit. All these structures are cut by late-Sveconorwegian,
E-dipping shear zones and normal faults, which accommodated a distinct phase of exhumation of the
Telemark lithotectonic unit in the footwall of the KTBZ. This extensional detachment, fully constrained by
Ar-Ar geochronological results, widens toward the north, where it might have controlled the emplacement
of volumetrically consipcuous late-orogenic granites. Since late Sveconorwegian times, the KTBZ was
repeatedly reactivated in a brittle fashion forming complex fault patterns, extensive quartz vein networks
and leading to the generation of the socalled “Store Rivnings-breksje”, a 100 km long brittle fault zone that
follows the trend of the KTBZ and that locally juxtaposes blocks with different ductile precursor histories. The
newly established deformation history helps to refine existing models for the orogenic evolution of the central
Sveconorwegian orogen. The reactivation history established for the KTBZ helps to better understand the
dynamics of long-lived weakness zones of Precambrian origin in general. The intrinsic mechanic weakness of
reactivated shear zones plays a significant role in the process of terrane amalgamation, wherein comparatively
less deformed crustal units are juxtaposed along narrow and long-lived, high-strain domains that shape the
first-order architecture of orogens. Reactivation at the large scale, however, can be transient and very selective
reflecting the orientation of the inherited fabrics with regard to the active stress field plays. Geological studies
dealing with the geometric, kinematic and temporal evolution of old deformation zones should therefore not
be based on a few, scattered observations from a limited number of outcrops. They should instead be as
comprehensive as possible and rely on large datasets and on a well-integrated multi-disciplinary approach.

Scheiber, T., Viola, G., Bingen, B., Peters, M. & Solli, A. (2015): Multiple reactivation and strain localization along

a Proterozoic orogen-scale deformation zone: The Kongsberg-Telemark boundary in southern Norway revisited.
Precambrian research, 265, 78-103.
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Serpentinites play a key role in controlling fault rheology in a wide range of geodynamic settings,
from oceanic and continental rift zones to subduction zones. In particular, lizardite + chrysotile retrograde
serpentinites are considered as relatively weak rocks, possibly accounting for the aseismic creeping behavior
of fault zones in the oceanic and continental lithosphere. However, the frictional strength of serpentinites
is still debated, partly because previous experimental measurements of the friction coefficient of different
serpentine samples do not reveal a consistent picture. In this study, we report detailed micro/nanostructural
and mineralogical observations of retrograde serpentinites during progressive deformation, combined with
determinations of the friction coefficient p for well constrained samples.

Massive retrograde serpentinites show an evolution from undeformed mesh and bastite pseudomorphic
textures (1 = 0.3) to foliated, ribbon-like textures formed by lizardite with strong crystallographic and shape
preferred orientations (u = 0.18). Overall observations indicate that pressure solution and (001), frictional
sliding are the most important deformation mechanisms in massive retrograde serpentinite. We also discuss the
possible mechanical significance of fibrous serpentine veins, that typically occur in all serpentinite outcrops
and represent the main products of pressure solution and re-precipitation processes. Fibrous veins (n = 0.15)
typically form a complex system of anastomosing and interconnected slickenfiber faults. Therefore, the
occurrence of both lizardite-rich foliated serpentinites and fibrous slickenfiber veins/faults may collectively
lead to progressive and substantial weakening of the shear zone, with further reduction of the friction coefficient
from p=0.3 to p=0.15.
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Raman measurements to investigate the elastic response of inclusions trapped in their host for geobarometric
applications are under extensive development. However, while controversial issues related to the application
of elastic barometry to non-ideal cases have been addressed (e.g., Mazzucchelli et al., 2018), the strain state
in the host mineral has never been shown and discussed in detail. Often cubic crystals, such as garnet, show
birefringent haloes around strained inclusions, but the direct relationship between this feature and the Raman
spectra has not been found yet. While most authors aim at determining the strain in the host adjacent an
inclusion by means of the Raman peak position with respect to a free crystal (e.g., Izraeli et al., 1999), we
propose, for cubic crystals, the change in the depolarization ratio of total symmetric phonon modes as a new
method. Indeed, Raman peak positions are related to the nuclear equilibrium configuration of a crystal, whereas
Raman peak intensities are related to the polarizability of the electron shells. Therefore, since electrons are
“lighter”, they can be much more sensitive to small stress fields induced by the inclusion-host contact surface.
Using this approach, we found a direct correlation between the induced birefringent halo and the intensities of
Raman peaks in polarized spectra of the host. Therefore, we present the first experimental evidence of lattice
shear strain induced by the presence of “pressurized” inclusions on the host, without any variation in the peak
positions of its Raman spectrum.

The authors thank ERC-StG TRUE DEPTHS (grant number 714936) and MIUR-SIR Mile Deep (grant
number RBSI1140351) to M. Alvaro. The University of Genova is acknowledged for support to N. Campomenosi.

Mazzucchelli, M.L., Burnley, P., Angel, R.J., Morganti, S., Domeneghetti, M.C., Nestola, F. & Alvaro, M. (2018): Elastic

geothermobarometry: Corrections for the geometry of the host-inclusion system. Geology, 46(3), 231-234.
Izraeli, E.S., Harris, J.W., & Navon, O. (1999): Earth and Planetary Science Letters, 173, 351-360.
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The calabro-lucanian sector of the southern Apennines includes the major paleogeographic domains derived
from the Alpine Tethys and the Adria plate. Therefore, it is a key area for understanding the geodynamic
evolution of western-central Mediterranean. Our study shows the results of detailed geological-structural
mapping as well as minero-petrographic, petrological and preliminary calcareous nannofossils biostratigraphic
studies aimed at reconstructing the tectono-stratigraphic relationships among different units of the Liguride
Complex. Four major tectonic units, characterized by an overall decrease of metamorphic grade from top to
bottom, have been identified: i) slices of continental crust rocks consisting of Albitic gneisses, Garnet gneisses
and Amphibolites; ii) the Frido Unit; iii) the Seluci-Cogliandrino Unit and iv) the Nord Calabrian Unit. The
base of the Frido Unit consists of serpentinites, foliated metabasites and the M. Nandiniello Metalimestones,
frequently occurring in an overturned succession. In the western sector, metabreccias and metarenites occur
between metabasites and the M. Nandiniello Metalimestones. In the northern sector, a typical seafloor sequence
is recognized. The upper part of the Frido Unit consists of gray slates with intercalations of fine-grained, grey-
green metalimestones and quarzites, with phyllosilicates indicating HP/LT metamorphic conditions. This is in
agreement with the presence of carpholite and aragonite in the metasediments as well as with the occurrence
of glaucophane and lawsonite in the metabasites. The Seluci-Cogliandrino Unit consists mostly of metapelites
characterized by a main foliation and incipient crenulations. Data on phyllosilicates from this unit suggest P-T
conditions intermediate between the Frido and the Nord Calabrian Unit. This latter is represented, from the
bottom, by the Timpa delle Murge Ophiolites, radiolarites and shales of the Timpa delle Murge Fm., the Crete
Nere and Saraceno Fms, covered by the thrust top deposits of the Albidona Fm. Phyllosilicates of the Crete
Nere and Saraceno Fms constrain P-T conditions at the lower part of high diagenesis.

Biostratigraphic results show that the Frido Unit did not preserve any calcareous nannofossil because of
strong deformation and metamorphic recrystallization. In the North Calabrian Unit, the Crete Nere Fm was
found barren, while late Albian ages were documented in the lower part of the Saraceno Fm. by the occurrence
of Eiffellithus turriseiffelii and Hayesites irregularis. Accordingly, in the basal part of the Albidona Fm, the
occurrence of Discoaster lodoensis, Reticulofenestra dictyoda and Toweius callosus testify the uppermost early
Eocene. These preliminary data clearly indicate that a more in-depth biostratigraphic study would provide
essential information for constraining the geodynamic reconstruction of the Mediterranean area.
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The Monte Banchetta - Punta Rognosa massif'is located between Troncea and Chisonetto valleys (Piemonte,
Western Alps). It consists of a complex of oceanic and continental rocks, tectonically bounded by several
oceanic units (Polino et al., in press and references therein). New structural, lithological and petrological
studies of this area highlights the occurrence of three different successions, recording during the Mesozoic the
tectono-depositional evolution of continental, proximal and oceanic sectors. The continental crust succession
consists of a composite pre-Triassic basement (?), overlaid by a Triassic to Lower Jurassic (?) sequence of
quartzite, meta-dolostone and dolomitic meta-breccia, and calcschist in the upper part. The proximal succession
is characterized by a Triassic (?)-Jurassic (?) heteropic sequence of polymictic meta-breccias (with dolostone
and quartzite clasts), carbonate-bearing quartzite and quartzite containing dolostone clasts, wrapped by black
shales. The oceanic succession is composed of serpentinite with ophicarbonate, overlaid by heterogeneous
meta-breccia with both oceanic and continental-derived clasts, followed up section by discontinuous levels
of impure quarzite, locally containing thin layers of para-metabasite and plurimetric dolomitic olistoliths.
Both the oceanic succession and the proximal succession are stratigraphically overlaid by calcschist, locally
containing levels of green and black shales and scarce bodies of various meta-ophiolite (upper Jurassic?-
Cretaceous?). The three successions generally show an Alpine metamorphism from HP-LT (blue-schist facies)
to LP-LT (green-schist facies) conditions. Four folding phases have been recognized: both the first (D1) and
the second (D2) deformation phases are recorded by non-cylindrical folds associated to pervasive axial plane
schistosities. The third phase (D3) determined a small-scale crenulation cleavage and large-scale folds with
generally sub-horizontal ENE-WSW trending axes and axial planes dipping to S at high angle. The fourth
phase (D4) consists of gentle folds with N-S trending axis and high-angle axial plane. Contacts among rocks of
the identified successions are determined by polyphasic shear zones related to D1, D2 and D3 phases, showing
often evidences of late extensional reactivation. Folds and shear structures are cut by high-angle normal to
transtensive fault systems, mainly NE-SW, N-S and NNW-SSE- trending.

Polino R., Fioraso G., Malusa M., Mosca P. (in press): Carta Geologica d’Italia alla scala 1:50.000. Foglio 171 “Cesana
Torinese”. Serv. Geol. It., Roma. (http://www.isprambiente.gov.it).
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The quantification of the actual rock volumes in which metamorphic transformations progress is a key to
investigate the complex interactions of mineral chemical and phase changes during heterogeneous deformation
development. Recognizing homogeneous metamorphic domains for each re-equilibration stage is the basis for
reconstructing the tectono-metamorphic evolution via analysis of structural and petrologic overprints.

The Sesia Lanzo Zone (SLZ) belongs to the Austroalpine domain of the Western Alps and is interpreted as
a slice of the Adria continental margin involved in the Alpine subduction and collision. The SLZ experienced
eclogite facies conditions, followed by a re-equilibration under blueschist conditions compatible with an
exhumation accomplished during the subduction of oceanic lithosphere. Afterwards, it was partially affected
by a greenschist facies event, associated with the exhumation to the uppermost part of the tertiary nappe stack.
The study area (Lago della Vecchia) is located within the central SLZ.

To investigate the textural and chemical heterogeneities developed during Alpine deformation and
metamorphism partitioning, we used two ArcGis-based tools: (i) Q-XRMA creates polygons that represent
mineral phases, quantifies the modal mineral percentage, and the element concentrations of selected mineral
phases by calibrating the X-ray maps with mineral chemical analysis used as internal standard; (ii) min-GSD
allows the quantitative analysis of the grain size distribution of different phases combing the optical scans, the
vectorization of the scans, and the Q-XRMA mineral classification.

Here we show the results for a coronitic metagranitoid and mylonitic metabasite samples, with a dominant
blueschist imprint and igneous and eclogitic mineral relicts. For both samples we applied both methods to the
entire thin-section and to crucial microdomains.

Metagranitoid sample displays different D2 coronae of fine-grained mineral associations (Grt+Bt+Wm+Pl)
that depend on the igneous microdomains replaced. The analyses focus on the continuous and composite
corona of Grt+Wm+Bt+Pl developed between igneous Bt and Pl domains. In particular, Grt displays an
Mn-reach core and asymmetrical rim zonation that consists of Mg and Ca enrichment towards Bt and Pl
domains, respectively. The metabasite sample analysis is in progress and it focuses on the calibration of garnet,
pyroxene, and white mica to quantify the spatial distribution of the successive generation of these phases to
be related with chemical variations in relation to D1 and D2 stages. These petrological and chemical results
allow more accurate individuation of microdomains in chemical and textural equilibrium for more reliable
thermobarometric estimations of D1 and D2 tectono-metamorphic stages and better estimation of degree of
metamorphic reaction progress along strain gradients.
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The Mt. Filau orthogneiss is an Ordovician orthogneiss outcropping in the External Zone of SW Sardinia
chain. It consists of (i) a dark, biotite-rich facies, (ii) a leucocratic coarse-grained facies and (iii) a leucocratic
fine-grained facies. Biotite-bearing orthogneiss is a coarse-grained, inequigranular, foliated gneiss, consisting
of quartz, K-feldspar, plagioclase, and minor amounts of muscovite and biotite. Accessory phases are zircon,
monazite, apatite and Ti-Fe oxides. Rare garnet, andalusite and tourmaline have been found. Coarse-grained,
leucocratic orthogneiss is biotite-free and shows higher muscovite content as compared to the biotite-bearing
ones. Fine-grained, leucocratic orthogneiss is quite different. The average grain size is commonly lower than
0.2 mm, and the foliation is less marked due to the lower amount of white mica and granoblastic fabric in
quartz-feldspar layers. Coarse-grained andalusite (1-3 vol.%) is up to 0.5 mm in size. Muscovite is found as
coarse-grained crystals (up to several millimeters) with andalusite and rounded quartz inclusions and rarely
hosting sillimanite needles. Coarse- and fine-grained leucocratic orthogneisses are slightly enriched in SiO,
and depleted in Fe O,, MgO, TiO, and CaO as compared to the biotite-bearing orthogneiss. This latter shows
higher Sr and Ba concentrations than leucocratic ones, whereas Rb content is higher in leucocratic orthogneiss
as compared to the biotite-bearing ones. All the three facies of the Mt. Filau orthogneiss show the typical
signature of calcalkaline rocks, with negative anomalies of Ba, Nb, Sr and Ti, and positive anomalies in U, K.
REE patterns of biotite-bearing and coarse-grained leucocratic orthogneisses are characterized by a moderate
LREE fractionation, flat HREE and negative Eu anomaly. Fine-grained leucocratic orthogneiss shows flatter
patterns, stronger Eu anomalies and slight HREE enrichment. Selected trace and REE elements of Mt. Filau
are compared with other Ordovician orthogneiss outcropping in the Axial Zone of Sardinia Variscan belt.
The geochemical affinity of orthogneisses and metavolcanics from Variscan Sardinia, together with the
geochronological data, allows to state a clear cogenetic relationship between the igneous bodies belonging to
the calcalkaline Ordovician magmatic cycle. Our results suggest that the early Paleozoic basement of Sardinia
might represent the witness of an early Paleozoic subduction-accretionary complex recording convergence
along the northern Gondwana margin.
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In Northern Turkey, the Intra-Pontide suture (IPS) zone represents an east-west trending belt of deformed
and/or metamorphic rocks bounded by the Istanbul-Zonguldak Terrane (IZ) to the north and the Sakarya
Composite Terrane (SK) to the south (e.g. Gonclioglu et al., 1997). Despite its importance for the geodynamics
reconstructions of the Black Sea and Eastern Mediterranean areas during the Mesozoic, the IPS zone has been
poorly investigated; only recently the role of its metamorphic units during the syn-collisional evolution was
explored (Marroni et al., 2014; Frassi et al., 2016; 2017)

In order to provide new insights on the Mesozoic-Tertiary geodynamic reconstruction of the southern
margin of the Laurasia, we present new data from the Saka Unit from the eastern portion of the IPS. Using a
multidisciplinary approach that includes lithological, structural, metamorphic and petrographic investigations,
we constrained the P-T-t path during the Mesozoic subduction and consequent exhumation and accretion to
Laurasia. Following the determination of mesostructures, we analysed a series of samples of metabasite and
metapelite. Mineral chemistry of phases at equilibrium in the pervasive S2 foliation was determined, and
PT determinations were performed through pseudosection calculation of three samples. PT conditions are
within the epidote-amphibolite facies, with pressures of 1.2 + 0.15 GPa and Temperatures 600 + 50 °C, thus
higher than those determined previously, suggesting that S2 could be a composite foliation where a progressive
evolution acquired during onset of exhumation was recorded. A comparison with the PT evolutions of the
nearby Daday and Domuz-Dag units, shows that they record lower T at D2 at different ages, and that the
pre-D2 conditions, when they are preserved, are different in the three units.
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The precise characterization of the PT(t) histories of subducted rocks is of key importance in metamorphic
geology. An accurate (or inaccurate) PT and depth estimate might have strong implication on the interpretation
of other PT-dependent processes, like geochemistry of subduction zone fluids, the element recycling and
transfer to volcanic arcs and the interpretation of geophysical imaging of modern-day convergent margins.

The most used and accessible empirical methods for estimating PT equilibration conditions are 1) element-
exchange geothermobarometry, 2) thermodynamic modelling and 3) Raman barometry. These three methods
are generally well calibrated and consistent within their experimental error. However, one main limitation is
given by the assumption of thermodynamic equilibrium between the phases and of hydrostatic equilibration
pressure. This latter assumption therefore excludes the possibility of non-lithostatic stresses build up at the
grain or sub-grain scale. Angel et al. (2015) and Murri et al. (in press) have shown that the Raman spectroscopy
of a host-inclusion system provides information on its stress state.

However, the magnitude of discrepancies between Raman and classic geothermobarometry is still unknown.
Following the approach by Murri et al. (in press), we performed a comparative study between classical
element-exchange geothermobarometric methods, thermodynamic modelling and Raman geobarometry on a
garnet-kyanite gneiss and a quartz-garnet vein from the Fjortoft UHP terrane, Norway. Preliminary results will
be presented.
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The first discovery, more than 30 years ago, of coesite in the Brossasco Isasca Unit (BIU) of the southern
Dora-Maira Massif, western Alps, demonstrated 