
13th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA), 1 - 5 February 2026, Guatemala

INQUA TERPRO Project Cascading Hazards and Mitigation (CHAMP)

86

Holocene faulting along the Budoia-Aviano Thrust (eastern Southern Alps, NE-Italy): insights from a 
multidisciplinary and multiscale approach

Patricelli, Giulia (1,3), Maria Eliana Poli (1), Emanuela Falcucci (2), Stefano Gori (2), Enzo Rizzo (3), Angela Franceschet (4,1), Giovanni Paiero 
(1), Andrea Marchesini (1), Davide Russo (3), Fabrizio Mucchi (3), Riccardo Caputo (3)

(1)    Department of Agricultural, Food, Environmental and Animal Sciences - University of Udine, 114 via del Cotonificio, 33100 Udine, ITALY. 
Email: giulia.patricelli@uniud.it
(2)   National Earthquake Observatory - Istituto Nazionale di Geofisica e Vulcanologia - Rome, ITALY
(3)   Department of Physics and Earth Sciences - University of Ferrara - Ferrara, ITALY
(4)    Department of Life Sciences - University of Trieste - Trieste, ITALY

Abstract: We present a multidisciplinary and multiscale investigation of the Budoia-Aviano Thrust System (BA), located along 
the Pliocene-Quaternary external front of the eastern Southern Alps (NE Italy). As part of the active SSE-verging Southalpine 
fold-and-thrust belt, BA accommodates ongoing N-S crustal shortening. The area has experienced at least three M>5.5 historical 
earthquakes, indicating significant seismogenic potential. Within the NASA4SHA PRIN project, we combined morphotectonic 
analyses, high-resolution geophysical imaging (deep and shallow ERT, GPR), and palaeoseismological trenching to constrain the 
geometry and Quaternary evolution of the fault system. The excavated trenches exposed Upper Pleistocene-Holocene deposits 
displaced by reverse faults, showing evidence of repeated Holocene deformation with a cumulative offset of at least 4.5 m. Here 
we present one of the two parallel trenches excavated. This integrated approach refines the seismotectonic framework of the 
eastern Southern Alps and provides essential constraints for assessing the seismic potential of the area.
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INTRODUCTION

Understanding the geometry and kinematics of active 
faults is essential for evaluating the seismogenic potential 
of seismic areas. In the Eastern Southern Alps (NE Italy), 
low deformation rates and widespread blind thrusting 
hinder the recognition of active structures, making fault 
segmentation and slip behavior difficult to constrain. 
Because surface-rupturing thrusts are rare and 
geomorphic signals are often subtle or rapidly erased, 
integrated multiscale approaches are crucial. Particularly, 
palaeoseismology provides direct constraints on shallow 
fault geometry, surface-rupture potential, slip rates, and 
earthquake recurrence (McCalpin et al., 2023), supporting 
seismic-hazard assessment. In this study, we present a 
multidisciplinary investigation up to the 
palaeoseismological scale along the Carnic Prealpine 
front in western Friuli (NE Italy), conducted within the PRIN 
project NASA4SHA. Our results provide new evidence of 
Holocene coseismic rupture on the backthrust associated 
with the S-vergent Budoia-Aviano thrust.

SEISMOTECTONIC SETTING
The study area is located along the active front of the 
Eastern Southern Alps (ESA), within the western Carnic 
Prealps of NE Italy. The structural evolution of the Eastern 
Southern Alps is the result of the collision and indentation 
of the Adriatic microplate beneath the Austroalpine 
domain through a multiphase tectonic history. The Dinaric 
compressional phase, active from the Late Cretaceous to 
the Middle Eocene (Doglioni and Bosellini, 1987), did not 
significantly affect the study area. Subsequently, during 
the SSE-verging Neogene (Neoalpine) compressional phase 
(Doglioni and Bosellini, 1987; Caputo, 1996; Castellarin and 
Cantelli, 2000), and particularly from the middle Miocene 
onward, the study area was progressively involved in the 

propagation of the SSE-verging fold-and-thrust systems of 
ESA. Particularly, the outer sector of the Southalpine Front 
is characterized by large-scale, well-developed fault-
propagation anticlines, locally affected by a flat frontal 
blind segment (Caputo et al., 2010, and references 
therein), which cause the extensive cropping out of pre-
Quaternary units along the Veneto-Friuli Prealps. During 
the ongoing Pliocene- -
several major structural segments developed or 
propagated, with lateral variations and transfer faults 
promoting segmentation and partial reactivation of 
inherited lineaments (Galadini et al., 2005). These 
structures forming the Frontal Thrust System are 
responsible for seismicity in the investigated region. Over 
the last millennium, the Carnic Prealpine western area has 
experienced three major earthquakes with M > 5.5 (Rovida 
et al., 2022) (Fig.1). The 1812 M 5.7 event affected the 
piedmont plain of the Pordenone area. In 1873, the M 6.3 
Alpago earthquake produced significant destruction across 
the Alpago area and the Belluno-Cansiglio region. More 
recently, the 1936 M 6.1 Cansiglio earthquake heavily 
impacted the southern Cansiglio area and the Alpago 
basin. Regarding seismogenesis, while the source of the 
1812 earthquake remains uncertain due to its ambiguous 
macroseismic pattern, the 1873 and 1936 events are 
attributed to two adjacent seismogenic sources along the 
Carnic Prealps front the Polcenigo-Montereale and 
Cansiglio sources, respectively (Galadini et al., 2005).
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Figure 1: Structural map of the Eastern Southern Alps with the 
distribution of M > 5.5 historical seismicity (yellow circles) (Rovida 
et al., 2022). Blue box is the study area. Faults: BL: Belluno th., BV: 
Bassano-Valdobbiadene th., CA: Cansiglio th., IA: Idrija-Ampezzo 
fs., MT-AR: Montello-Arcade th., MJ-MN: Monte Jouf-Maniago ts., 
PM: Polcenigo-Montereale ts., ST: Susans-Tricesimo ts., VS: 
Valsugana th. SR: EPSG 6708.

The Polcenigo-Montereale Thrust System
The Polcenigo-Montereale system extends approximately 
20 km from the Livenza River to the Cellina Stream, 
trending SW-NE (Poli et al., 2015). Across strike, the PM 
system consists of three distinct reverse fault planes: the 
Polcenigo-Montereale (PM), the Budoia-Aviano (BA), and 
the Vigonovo (VI) thrusts (Fig. 2).

Figure 2: Geological and morphotectonics on the shaded relief 
from a 1 m mesh DTM of the study area (Z factor: 7x).

The entire thrust system underlies the large Cansiglio-
Cavallo macro-anticline, formed by the Mesozoic 
carbonate succession, displaces the Miocene Molasse 
deposits and propagates upwards progressively affecting 
the Quaternary units. Several geomorphic indicators are 
associated with the activity of the Budoia-Aviano thrust 
(Poli et al., 2015), including deformation of the Upper 
Pleistocene-Holocene alluvial fan, which appears 
upwarped, drainage anomalies affecting small streams 

incising the distal part of the fan near Budoia, a ~25 m-high 
scarp delimiting the SE side of the Castello di Aviano relief, 
and the marked deviation of the Artugna River as it 
approaches Castello di Aviano. In this study, we focus 
specifically on the portion of the Budoia-Aviano thrust 
located between the municipality of Budoia and Castello di 
Aviano locality.

METHODS AND RESULTS
We applied a multiscale approach that integrates 
geological-morphotectonic mapping, deep and shallow 
geophysics, and palaeoseismology, allowing us to correlate 
observations from the scale of the entire thrust system 
down to its individual splays.

Morphotectonic Analysis
The investigated sector can be divided into three main 
geomorphological domains (Fig. 2). In the northwestern 
area, characterized by steep slopes, Mesozoic carbonate 
platform deposits crop out extensively. The central 
piedmont sector is dominated by the Upper Pleistocene-
Holocene alluvial fan of the Artugna Stream, which is 
currently entrenched by the stream itself. Locally, isolated 
hills consisting of uppermost Miocene Molasse and pre-
Last Glacial Maximum units. Downstream of the Castello di 
Aviano relief, the Artugna Stream begins to aggrade, 
forming the present Holocene alluvial fan, which develops 
at the interaction zone between the older Upper 
Pleistocene-Holocene fan and the Last Glacial Maximum 
(LGM) deposits of the high plain. The southeastern portion 
of the study area is dominated by the LGM Cellina megafan 
deposits (Fontana et al., 2014).
For the morphotectonic analysis, we examined the high-
resolution (1 m) DTM derived from the LiDAR survey 
conducted by the Friuli Venezia Giulia Civil Protection 
between 2006 and 2010, with an average point density of 
four classified ground points per square meter and freely 
available from the regional geoportal. In detail, we 
constructed a series of five evenly spaced (500 m) 
topographic cross-sections oriented across strike of the 
Budoia-Aviano thrust, intersecting the distal portion of the 
Artugna LGM fan (Figs. 2 and 3).

Figure 3: NW-SE oriented seriated topographic profiles showing 
the surface anomaly (profile traces in Fig. 2).

The profiles (Fig. 3), displayed with a 7× vertical 
exaggeration, clearly highlight a discontinuity in the fan 
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morphology, separating an upwarped upstream sector 
from a more regular downstream surface. Section 5 
intersects the prominent ~25 m-high scarp bordering the 
Castello di Aviano high, composed of pre-LGM 
conglomerates. The N60° orientation of the discontinuity 
is consistent with the structural trend of the Budoia-Aviano 
thrust.

Geophysical Survey
To investigate the subsurface discontinuity, a suite of 
multiscale geophysical surveys was conducted, including 
deep and shallow electrical resistivity tomographies (DERT 
and ERT) and ground-penetrating radar (GPR) (Rizzo et al., 
2025). The deeper DERT survey imaged the overall 
structural architecture, clearly resolving the Polcenigo-
Montereale (PM) and Budoia-Aviano (BA) fault planes, 
while higher-resolution shallow ERT and GPR focused on 
the San Martino locality, where the deep discontinuity 
aligns with pronounced surface deformation (Fig. 4).

Figure 4: multiscale geophysical survey conducted at the San 
Martino di Budoia locality.

low-resistivity fractured Miocene Molasse to the north 
from intermediate resistivity LGM deposits to the south. 
This break propagates upward into a high-resistivity unit 
interpreted as the Upper Pleistocene-Holocene Artugna 

high-resistivity fan unit, and revealed several small-scale
discontinuities within the alluvial deposits. In parallel with 
the ERTs, 
south-dipping discontinuities disrupting lateral sediment 
continuity, consistent with ERT anomalies, thereby 
providing essential constraints for defining the 
palaeoseismological trench siting strategy.

Palaeoseismology
Based on the results of the morphotectonic and 
geophysical survey, we conducted a palaeoseismological 
analysis in the San Martino di Budoia locality (Poli et al., 
2025). In this note we present the results of the Budoia2 
trench (BU2 in Fig. 4) which exposed late LGM to Holocene 
deposits of the Artugna alluvial fan (Fig. 5).
Basal Unit A forms a south-dipping stratified body 
consisting of sandy-matrix gravels. Up-section, Unit A 
gradually grades upwards into the brown silty-clayey 

horizon of Unit B, where sub-rounded clasts show weak 
weathering. Above Unit B, the overlying Unit C consists of 
a basal medium- to-fine sand body (C1) grading upward to 
gravels with sand and pebbles. The entire alluvial sequence 
is overlain by 30-50 cm of ploughed soil.

Figure 5: Interpreted orthomosaic of the western wall of Budoia2 
trench, black triangles indicate the C14 dated samples.

Although the geometry of the alluvial fan bodies indicates 
a SSE-
dynamics, the lateral continuity of the entire succession is 
disrupted by the presence of north-verging reverse shear 
planes. We identified a main damage zone comprised 
between coordinates 3 and 6 m (Fig. 5, see details in Fig. 
6).

Figure 6: Interpretation of the Budoia2 trench between 
coordinates 3 - 8 m.

The major southern (inner) shear zone is clearly 
emphasized by the rotation and re-orientation of several 
gravels and marks the abrupt interruption and the upward 
dragging of Units B and C against the uplifted Unit A (Fig. 
5). The second identified reverse plane, which develops at 
the footwall of the major one, further displaces the 
stratigraphic succession at coordinates 4-6 m (Fig. 7a).

Figure 7: (a) detail of the secondary reverse plane of the main fault 
zone; (b) detail of the minor reverse splay between coordinates 11 
and 15 m.
Between coordinates 11 and 15 m an additional 
intermediate-to-low angle reverse fault plane is present 
which displaces Units A, B and C1 and propagates upwards, 
clearly marked by iso-aligned clasts, up to the bottom of 
the ploughed soil (Figs 5, 8 and Fig. 7b).
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Figure 8: Interpretation of the Budoia2 trench between 
coordinates 11 - 16 m.

DISCUSSION AND CONCLUSIONS
The palaeoseismological analysis conducted across the 
pronounced morphotectonic evidence referred to the 
Budoia-Aviano thrust in the San Martino locality revealed 
a north-verging back-thrust system composed of multiple 
shear planes, confirming the geometry of the 
discontinuities imaged by the GPR data. A direct 
comparison between the radargram and the trench-wall 
interpretation shows an excellent match of both the 
stratigraphic geometries and the south-dipping shear 
planes (Fig. 9). The identified fault-related evidence 
indicates late Pleistocene-Holocene activity of the reverse 
fault planes, with vertical offsets of about 25 cm along the 
secondary plane (measured on the bottom of B unit, 
between coordinates 11 and 13 m, Fig. 8) and a minimum 
total displacement of approximately 90 cm (measured on 
the bottom of Unit B) along the main fault zone 
(coordinates 4-6 m, Fig. 6). By taking into account the 
seismic potential of the area documented in historical 
times (Rovida et al., 2022), the displacement observed on
the secondary plane may be attributed to a single post-C1 
seismic event. Conversely, for the >90 cm vertical 
displacement measured along the major shear zone, it is 
reasonable to assess that the deformation recorded in the 
trench walls represents a cumulative record of multiple 
events occurred in the last 6500 years, since the 
development of Unit B.

Figure 9: Comparison between the interpreted western wall of the 
Budoia2 trench (top, legend in Figs. 6 and 8) and the radargram 
(bottom).
Based on the collected data, the multiscale analysis 
suggests that, in the portion of the Southalpine front 
between Budoia and Aviano, the deformation is certainly 
accommodated through folding and coseismic 

displacement along backthrusts. However, the nature and 
deformational behavior of the south-verging forethrust, 
onto which these backthrusts root and which ultimately 
controls the deformation, still require further 
investigation.
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