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PE LIMITED SOFTWARE FOR THE UNIVERSITY OF UDINE

L’Universita di Udine (Dipartimento di Scienze AgroAlimentari, Ambientali e Animali) ha
stipulato con la PE Limited un Accordo Istituzionale per l'uso di 10 licenze del programma
MOVE 2024 da utilizzarsi esclusivamente per scopi accademici (tutoriali, didattici, corsi
di Dottorato e di Master) o di ricerca non commerciale.

Il pacchetto che la PE Limited ha donato a titolo completamente gratuito all’'Universita
di Udine comprende: HARDLOCK, MOVE, 2D Kinematic Modelling, 3D Kinematic
Modelling, Geomechanical Modelling, Fracture Modelling, Fault Response Modelling,
Fault Analysis, Stress Analysis, MOVE Link for Petrel, MOVE Link for OpenWorks, MOVE
Link for GST, per un contro-valore commerciale in sterline di £ 1,928,384.01.

Il pacchetto MOVE 2024 consentira di sviluppare studi di alto livello all’interno di progetti
di cartografia geologica, modellazione di dati strutturali e sismologici, ricostruzione 3D
dell’architettura di catene orogenetiche.

The University of Udine (Department of Agrifood, Environmental and Animal Sciences)
stipulated an Educational Institution Licence Agreement with PE Limited, for 10
academic licenses of MOVE 2024 exclusively for teaching tutorial, not-commercial
research, Master and Phd courses.

The donated software package consists of HARDLOCK, MOVE, 2D Kinematic Modelling,
3D Kinematic Modelling, Geomechanical Modelling, Fracture Modelling, Fault Response
Modelling, Fault Analysis, Stress Analysis, MOVE Link for Petrel, MOVE Link for
OpenWorks, MOVE Link for GST for a commercial price of £ 1,928,384.01 (UK Sterling).

MOVE 2024 will enable to develop qualified studies in the frame of geological mapping,
geo-modeling of structural and seismological data, 3D architecture of orogenic chains.

Sito/Site MOVE/PE Limited

http://www.petex.com/products/move-suite/
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RESEARCH ACTIVITIES (2019-2025)

The research activity of our geology research group here at the University of Udine is currently
focused on the active tectonics of the Venetian-Friuli prealpine area (NE Italy). Particularly, our
research topics include interpretation of seismic lines, seismicity distribution analysis,
morphotectonic analysis, geologic and morphostructural field surveys and paleoseismological
investigations. In this context, the 3D Move Software reveals very helpful to manage and
elaborate the data we collect and allows us to reconstruct the 3D seismotectonic model which
integrates geological, geophysical and paleoseismological data of the investigated tectonic
structures.

2019: Reconstruction of the 3D structural model of the eastern Friuli Plain. Thanks to ENI
cooperation, enabled by the Friuli Venezia Giulia Region, we were able to interpret more than
200 km of seismic lines (supplied in jpg format) covering an area of about 6000 km2 of the
eastern Friuli Plain. By converting the interpreted seismic sections from time to depth we
reconstructed the 2D geometry of the main stratigraphic horizons and tectonic structures. In a
second step we elaborated the 3D geometry of the main fault systems by interpolating the fault
lines drawn on each section.
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Fig.2. 3D surfaces of the active fault systems of eastern Friuli Plain, reconstructed through
the interpolation of the 2D geological sections. Pozzuolo Thrust System (PATS), Trnovo
Thrust System (TNTS) and Borgo Faris-Cividale Fault System (BFC).
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2020: Reconstruction of the 3D structural model of the Susans-Tricesimo Thrust System (NE
Friuli Plain).

Thanks to ENI cooperation, enabled by the Friuli Venezia Giulia Region, we were able to interpret
more than 200 km of ENI seismic lines. Through the 3D Move software, we reconstructed the
3D surface geometry of the Susans-Tricesimo Thrust System, which is considered the source of
the 1976 earthquake. Moreover, the hypocentral distribution of earthquakes occurred in the
latest 50 years was analyzed through the construction of seriated sections, with the aim to
analyze the seismogenic potential of the investigated structure.
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2021: Seismotectonics of the Valdobbiadene-Vittorio Veneto Thrust, eastern Southern Alps.
During the last two years, in the framework of the Progetto di Microzonazione Sismica lll livello,
we realized 12 paleoseismological trenches in the Venetian Prealpine region. We digitalized in 3D
Move the logs of the studied wall trenches on vertical sections. In a second stage, the restoration
of the log sections allowed us to characterize the recent activity of the fault in terms of number
of deformational events and slip per event. Furthermore, the comparison of the distinct trenches
intersecting the same tectonic structure at different points was useful to characterize the recent
activity of the tectonic structure also along its length.
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2022-2024: Reconstruction of the 3D structural model of the eastern Carnic prealpine
active front (eastern Southern Alps, NE Italy) and definition of the seismogenic
volumes for the estimation of the seismogenic potential of the area.

By integrating new geological and morphotectonic surface data with a revision of the
ENI-Exploration & Production seismic lines, we reconstructed the 3D structural model
and the polyphasic evolution of the Arba-Sequals and Ragogna Thrust Systems,
representing the eastern portion of the Carnic prealpine active front (eastern Southern
Alps-ESA, NE Italy). In a second step, we modelled and calculated the geological volumes
comprised among the fault plane surfaces, corresponding to the crustal volume
activated during the historical seismic catalogue’s completeness time interval (CPTI15),
and possibly representing the maximum potential seismic volume.

Our work, Poli et al. (2024) published in Tectonophysics, highlighted the importance of
Paleogene structural inheritances, which have significantly influenced the current
arrangement of the ESA thrust and fold belt, as well as its potential seismogenic
behavior, supporting the segmentation of the Neoalpine external front.
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2023-2024: PRIN2020-Project - multiscale analysis of the Polcenigo-Montereale
Thrust System representing the western portion of the active Southalpine Carnic
prealpine front (eastern Southern Alps, NE Italy).

As part of the NASA4SHA PRIN2020 Project titled “Fault Segmentation and
Seismotectonics of Active Thrust Systems: The Northern Apennines and Southern Alps
as Laboratories for New Seismic Hazard Assessments in Northern /taly,” we are currently
focusing on the 3D characterization of the Polcenigo-Montereale Thrust System, which
represents the active front of the SSE-verging Eastern Southalpine Chain (NE Italy).

Working in Move ambient we are able to integrate multiscale datasets, which include
geological, geophysical, morphotectonic and paleosismological data, through the
construction of balanced cross-sections across the active ESA front. This approach
allows us to investigate the deep geometry of the Polcenigo-Montereale Thrust System,
its propagation towards the surface, and to characterize its seismogenic behaviour.

The results obtained so far, presented last April at the EGU24 in Wien (Patricelli et al.
2024), show that the Polcenigo-Montereale Thrust System is composed of three main
reverse fault planes: the Polcenigo-Montereale Thrust, the Budoia-Aviano Thrust (with
its backthrust), and the Vigonovo Thrust. Considering the Holocene activation of the
Budoia-Aviano backthrust, revealed by paleoseismological analysis, the multiscale
approach allows us to characterize the seismogenic source/s associated to the PM
Thrust System.
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Fig.10. 3D geometry of the Budoia-Aviano backthrust reconstructed from geophysical and
paleosismological data.
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2024: CARG (Geological CARtography) Project — Sheet 084 “Vittorio Veneto”

In the framework of the CARG (Geological CARtography at the scale 1:50.000) Project
managed by ISPRA (Istituto Superiore per la Protezione e la Ricerca Ambientale) we are
currently working at the reconstruction of the subsurface mapping and 3D geological
modelling of the Sheet 084-Vittorio Veneto.

In detail, our activities include the elaboration of geological cross sections derived from
the interpretation of industrial seismic lines, calibrated with well logs, and integrated
with other available geological and geophysical surficial and subsurface data. Starting
from the geological cross sections, we will be able to reconstruct the 3D-model of the
area. The database of the CARG-subsurface model will include the 3D surfaces of the
mapped stratigraphic horizons and fault planes, and the 3D-volumes of the identified
stratigraphic units.

2025: CARG Project — Sheet 084 “Vittorio Veneto”: Structural Modelling of the Montello
Area

Within the national CARG Project managed by ISPRA, our 2025 activities focused on the
reconstruction of the preliminary structural model of the Montello area, in the Venetian
Prealpine sector (northeastern lItaly).

Using Move software, we developed the 3D structural model by integrating surface
geological data and subsurface information along four geological cross-sections (three
NW-SE and one WSW-ENE oriented) (Fig. 1). Subsurface reconstruction was based on
ENI and British Gas seismic data (provided by ISPRA), calibrated with well stratigraphies
reaching up to 3700 m depth and intercepting Mesozoic carbonate successions. The
time-to-depth conversion was performed on the interpreted seismic lines, allowing
integration with geological field data derived from the ongoing geological survey of the
CARG Sheet 084 (Vittorio Veneto) and from published datasets (CARG 083 - Belluno).

The results highlight the segmentation of the Montello—-Conegliano Thrust System, which
forms part of the external front of the eastern Southern Alps. Two main tectonic
structures were identified — the Montello—-Arcade and Conegliano systems — exhibiting
distinct geometries and structural behaviors. These findings provide new constraints on
the geometry and seismotectonic setting of the Venetian Prealpine front.

UN IVE RS ITA Responsabile del procedimento: Nome Cognome - nome.cognome@uniud.it
Compilatore del procedimento: Nome Cognome - nome.cognome@uniud.it
DEG LI STU DI Sede amm.va: Via delle Scienze 206, 33100 Udine (UD), Italia — Tel. +39 0432 558804 Y fm.'\‘
DI UDINE Sede operativa: Via Cotonificio 108, 33100 Udine (UD), Italia - Tel. portineria +39 0432 558873 1r -
www.uniud.it - PEC: amce@postacert.uniud.it \DNV/
HIC SUNT FUTURA C.F. 80014550307 - P.IVA 01071600306 HREXCHIENCE N ESEARO momn



Dipartimento di via del Cotonificio 114
Scienze agroalimentari, 33100 Udine, Italia
ambientali e animali

uniud.it

Section AA’ highlights the southern limb of the Cesen-
Visentin anticline, consisting of the Jurassic-Cretaceous basin ;f/i
succession, which is thrust over the Paleocene turbiditic
sequence and the Miocene molasse units by the Bassano-
Valdobbiadene Thrust (BV). In the central and southern part |
of the section, two additional systems can be identified: the
Conegliano Thrust {CN1) and the Montello-Arcade System
(MT-AR). CN1 is a medium to high-angle reverse fault that |}
cuts through the entire stratigraphic succession; while MT-AR
system is composed of two thrust planes. MT is a low-angle
thrust fault that causes minor displacement of the pre-
Messinian sequence and propagates upwards to about 1000
m depth. Near the surface, MT does not produce any offset
but is responsible for gentle folding of the Upper Miocene to
Plio-Quaternary succession. Arcade Thrust (AR} is the most
frontal thrust fault, which offsets the entire stratigraphic
column. It propagates at a medium to high angle and reaches
near-surface levels, forming a ramp anticline

RESULTS - Structural model

SECTION AA’

|
N
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Sections BB and CC’ also intersect the overturned limb of the carbonate anticline supported by the Bassano-Valdobbiadene Thrust (BV). However, unlike section AA, the £
more frontal portion of the eastern sector is affected by a single thrust system, the Conegliano Thrust System. This system comprises two reverse faults (CN1 and CN2)
that reactivate the buried margin of the carbonate platform and propagate upward along a medium to high-angle ramp deforming the youngest Plio-Quaternary deposits. &
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Section DD, which follows a strike-parallel orientation along the external front of the chain,
shows the lateral ionships between the de structures istic of i
the western sector) and the Conegliano Thrust System affecting the eastern portion of the ~ ™*“|| WsW. SECTION DD’
study area. In the central portion of the section, near the Nervesa Narrow, the deep
Montello thrust is overlain by the lateral ramp of the Conegliano thrust (CN2), oriented s
NW-SE. This structural relationship places the Ser T Molasse in contact =
with the Messinian Montello Conglomerate. Field data collected during the survey revealed _ =

an outcrop in the Piave riverbed consisting of alternating conglomerate beds, sandstone, £ | N

and pelitic layers, likely late Pliocene-Pleistocene in age, showing a low-angle

southeastward dip. These deposits are affected by a pervasive cleavage oriented

approximately NNW-SSE wit NE-SW striking conjugate joints, clearly visible even in satellite
imagery. Notably towards the East, the termination of the Conegliano System is overlain by .| 7
the Cansiglio structure: a carbonate anticline supported by the Montaner (M) and Anzano Acagemic License, Not for commercal Use’
(AZ) faults — s 3
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Fig.11. Geological cross sections of the Montello area, obtained from time-to-depth
conversion of industrial seismic lines and highlighting the segmentation of the Montello-
Conegliano Thrust System (from Patricelli et al., 2025).

In the next phase, the research will focus on the integration of the spatial distribution
of instrumental and historical seismicity with the reconstructed 3D structural model.
The Move environment will be essential for the 3D visualization of hypocentral data and
for correlating seismicity with the modeled tectonic structures, in order to investigate
the seismogenic potential of the identified fault systems.

Multiscale analysis of the Polcenigo-Montereale Thrust System (eastern Southern Alps,
NE Italy)

In parallel with the CARG activities, the research group is further developing the
multiscale characterization of the Polcenigo-Montereale Thrust System, first undertaken
in the framework of the PRIN Project “NASA4SHA”. The investigated thrust system
represents the active Carnic Prealpine front of the SSE-verging Eastern Southalpine
Chain in NE Italy (Fig. 2).
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Particularly, during 2025, the research specifically focused on the characterization of the
frontal Budoia—Aviano Thrust, onto which the previously investigated backthrust is
rooted. The multiscale analysis integrates morphotectonic, geophysical, and
paleoseismological data (Fig. 3). The Move software environment was crucial for
managing and integrating these heterogeneous datasets, allowing their spatial
correlation within a 3D geological framework. The approach combines:

e morphotectonic analysis, including detailed topographic interpretation and
geomorphic markers of surface deformation;

e geophysical surveys interpretation (reflection seismic profiles, electrical
tomography ERT and ground penetrating radar GPR) used to define subsurface fault
geometries;

e paleoseismological trenching and stratigraphic correlation, constraining Holocene
displacements and recent fault activity.

Paleoseismological
—

Shallow ERT (1-2m)
and GPR
s Shallow ERT (5m)

Deep ERT

Fig.12. Morphotectonic
map of the Budoia area
(modified after Rizzo et
al., 2025). The orange box
is an enlargement of the
investigated S. Martin site
showing the distribution
of multiscale geophysical

investigation.

307500 310000

The integration of these data in Move is currently enabling a coherent 3D reconstruction
of the Budoia—Aviano thrust system, highlighting the relationships between subsurface
fault propagation, surface deformation, and seismogenic potential; these studies are
ongoing and will be further developed in the next future.
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| AA' topographic profile from dtm0.5m - vertical exaggeration 10X
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Fig.13. Multiscale analysis on section AA’ (see location in Fig. 12).

THESIS PROJECTS:

e Master’s degree thesis in Scienze e Tecnologie per 'Ambiente e il Territorio entitled “3D
reconstruction of the active faults characterizing the epicentral area of 1976 earthquake”, March
2020. Supervisor: Prof.ssa Maria Eliana Poli, Student: Leonardo Ronchiadin.

e PhD Thesis in Life Sciences (XXXIII cycle) entitled “Seismotectonic characterization of the
Southern Alps-Dinarides junction area (NE Italy)”, October 2021. Supervisor: Prof.ssa Maria Eliana
Poli, phD Student: Giulia Patricelli.

PUBLICATIONS

e Patricelli G., Poli M.E., 2020. Quaternary tectonic activity in the north-eastern Friuli Plain (NE
/taly). Bollettino di Geofisica Teoria ed Applicata, 61 (3), pp. 309-332. DOI 10.4430/bgta0319.

e Patricelli, G., Poli, M. E., & Cheloni, D., 2022. Structural Complexity and Seismogenesis.: The
Role of the Transpressive Structures in the 1976 Friuli Earthquakes (Eastern Southern Alps, NE
/taly). Geosciences, 12(6), 227, https://doi.org/10.3390/geosciences12060227.

e Patricelli G., Poli M.E., Monegato G., Zanferrari A. (SUBMITTED TO MISCELLANEA INGV).
Segmentation of the external front of the Eastern Southern Alps: the Arba-Ragogna case study
(NE-Italy).

e Poli, M. E., Patricelli, G., Monegato, G., & Zanferrari, A., 2024. Structural inheritances, fault
segmentation and seismogenic potential at the front of the eastern Southern Alps (central Carnic
Prealps, NE Italy). Tectonophysics, 883, 230390, https://doi.org/10.1016/j.tecto.2024.230390.
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e Poli M.E., Patricelli G., Falcucci E., Gori S., Rizzo E., Paiero G., Marchesini A., Franceschet A.,
Russo D., Boldrin P., Sobbe A., Caputo R. (SUBMITTED TO MISCELLANEA INGV). Recent tectonic
activity of the Budoia-Aviano Thrust: the example of the Late Pleistocene-Holocene Artugna
alluvial fan (eastern Southern Alps, NE Italy).

e Rizzo E., Poli M.E., Patricelli G., Giampaolo V., De Martino G., Mucchi F., Marchesini A,
Boldrin P., Bonali F.L., Caputo R. (SUBMITTED TO MISCELLANEA INGV). Deep and Shallow
Electrical Resistivity Tomography on the Budoia-Aviano Thrust (NE [taly).

Papers in prep:

e Poli M.E., Patricelli G., Paiero G., Marchesini A. “Historical tectonic activity along the eastern
segment of the Bassano-Valdobbiadene thrust: new hints for the seismic hazard assessment of
the Venetian Prealps between Vittorio Veneto and Valdobbiadene (eastern Southern Alps, NE
Italy)”.

PRESENTATIONS

e Poster presentation at EGU General Assembly 2019.
Patricelli G., Poli M.E., “3D geometry of Ne-Friuli Quaternary faults (NE Italy)”.
https://meetingorganizer.copernicus.org/EGU2019/EGU2019-15489.pdf.

e Poster presentation at CRUST Interdisciplinary Workshop in memory of Giampaolo Pialli
“Tools, data and models for 3D seismotectonics: the Italian over time laboratory” 2019.
Patricelli G., Poli M.E., “3D geometry of the buried Quaternary faults in the NE Friuli Plain”.
https://www.crust.unich.it/sites/st17/files/crust workshop programme finale.pdf.

e Oral presentation at the Congresso Nazionale SIMP-SGI-SOGEI Parma 2019. “Il tempo del
pianeta Terra e il tempo dell’'uomo: le geoscienze tra passato e futuro”.

Patricelli G., Poli M.E., “Seismotectonic characterization of active faults in the LGM Plain
between Udine and Pozzuolo (Friuli, NE Italy)”.
http://parma2019.socminpet.it/index.php/abstracts/elenco-abstracts.

e Oral presentation at the GNGTS 2021 June 2021.

Poli M.E., Patricelli G., Paiero G., Marchesini A., “Indagini paleosismologiche al fronte delle Alpi
Meridionali orientali: nuovi dati sull’attivita tettonica di epoca storica del sovrascorrimento
Bassano-Valdobbiadene (Italia NE).”

e Two oral presentations at the 90° Congresso della Societa Geologica Italiana “Geology
without borders” September 2021:

Poli M.E., Paiero G., Patricelli G., and Marchesini A., “Historical tectonic activity of the
Valdobbiadene-Vittorio Veneto thrust (NE Italy)”.
(https://www.socgeol.it/files/download/pubblicazioni/Abstract%20Book/Abstract%2090mo%20
Congresso%20SGI_DEF.pdf).

Patricelli G., Poli M.E., Paiero G., Zanferrari A., Marchesini A. and Monegato G., “New evidence of
recent tectonic activity of the Susans-Tricesimo thrust-system (NE Italy)”.

UN IVE Rs ITA Responsabile del procedimento: Nome Cognome - nome.cognome@uniud.it
Compilatore del procedimento: Nome Cognome - nome.cognome@uniud.it
DEG LI STU DI Sede amm.va: Via delle Scienze 206, 33100 Udine (UD), Italia — Tel. +39 0432 558804 Y
DI UDINE Sede operativa: Via Cotonificio 108, 33100 Udine (UD), Italia - Tel. portineria +39 0432 558873 1r -
www.uniud.it - PEC: amce@postacert.uniud.it \DNV/
HIC SUNT FUTURA C.F. 80014550307 - P.IVA 01071600306 HREXCHIENCE N ESEARO momn


https://meetingorganizer.copernicus.org/EGU2019/EGU2019-15489.pdf
https://www.crust.unich.it/sites/st17/files/crust_workshop_programme_finale.pdf
http://parma2019.socminpet.it/index.php/abstracts/elenco-abstracts

Dipartimento di via del Cotonificio 114
Scienze agroalimentari, 33100 Udine, Italia
ambientali e animali

uniud.it

(https://www.socgeol.it/files/download/pubblicazioni/Abstract%20Book/Abstract%2090mo0%20
Congresso%20SGI| DEF.pdf).

e Poster presentation at EGU General Assembly 2024.

Patricelli, G., Poli, M. E., Falcucci, E., Gori, S., Paiero, G., Rizzo, E., Marchesini, A., and Caputo, R.
“First evidence of Holocene activity and surface displacement of the Budoia-Aviano Thrust
System in north-eastern Italy, unravelled through the integration of geological, geophysic and
paleoseismological analyses”. https://doi.org/10.5194/egusphere-egu24-16527.

e Oral presentation at the GNGTS 2024 February 2024.

Poli M.E., Patricelli G., Falcucci E., Gori S., Paiero G., Rizzo E., Marchesini A., Caputo E. “New
paleoseismological evidence of coseismic surface rupture across the Carnic prealpine front (NE
Italy): the Budoia-Aviano Thrust System”.

o Poster presentation at the GNGTS 2025 February 2025.

Patricelli, G., Stefani, C., Monegato, G., Mozzi, P., Rettig, L., Rossato, S., Toffolon, G., Crocitto, L.,
& Poli, M. E. (2025). “Revisiting the Montello Thrust (Venetian Prealps, NE Italy): evidence for
segmentation from the geological mapping of the Vittorio Veneto Sheet in the framework of
the CARG Project”.
https://www.socgeol.it/files/download/pubblicazioni/Abstract%20Book/Abstract%20Congresso
%20SGI-SIMP%202025-5.pdf
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