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Figure S2. Macroseismic fields of the most significant historical earthquakes occurred in the study area as reported in CPTI1S
(Rovida et al., 2020, 2022). a) 1456 (Io=XI, Mw=7.2) and 1706 (Io=X-XI, Mw=6.8). b) 1881 (Io=VII-VIII, Mw=5.4) and 1882 (Io=VII,
Mw=5.3). ¢) 1933 (Io=IX, Mw=5.9). The legend is common and shown in the first panel.
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Figure S3. Schematic fault pattern described in the text (Sect. 2). Yellow polygons are quaternary deposits highlighting the position

of intramountain basins.
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Figure SS. Map (upper panel) and activity time (lower panel) of the seismic stations used for travel time seismic tomography. The
grey patch represents the period considered in this study.
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Figure S6. General characteristics of initial and final earthquake location datasets used for seismic tomography. Upper panel:
statistical parameters of the preliminary earthquake location performed using the 1D model from (Trionfera et al., 2019). Bottom
left side: total number of phases (NOP) histogram recognized for each earthquake at the different stations (sum of P and S for all
the stations triggered). Bottom right side: azimuthal gap for the earthquakes in the catalog. Red patches represent the discarded
earthquakes after filtering the hypocentral solutions for RMS < 0.5 s, number of phases > 10, and azimuthal gap < 180°.



14.00°E 15.00°E

7

41.00°N

Figure S7. Map of the seismicity catalogue used for the tomography process. Green points are the earthquakes; red line is the outer
thrust front; blue lines represent the western east-dipping and the eastern west-dipping boundary of the extensional domain.
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Figure S8. Comparison of the velocity models. Graphical comparison of 1D velocity models (Frepoli et al., 2017; Romano et al., 2013;
Trionfera et al., 2019) used in this study as input for the tomographic process. To express the 3D model in a one-dimensional form,
we considered the mean of each depth layer in the grid. The velocity models have also been used for re-locating the earthquakes

before performing the travel time tomography.
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Figure S9. Inversion parameters for the seismic tomographic process. The trade-off curves have been used to select the best values
for damping and smoothing parameters. Top-left: data variance vs model variance, having a fixed smoothing and variable damping;
top-right: data variance vs model roughness, having a fixed damping and a variable smoothing; bottom-left: data variance vs model
variance, having variable smoothing and damping; bottom-right: influence of grid spacing on the starting RMS value. The table
summarizes the inversion parameters, grid dimension, and misfit reduction for P and S tomographic models.
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Figure S10. P-model checkerboard tests are represented on a horizontal section by cutting the model each 6 km (on the right edge
is reported the depth). Each column shows a different dimension of the checkerboard cells: in the first one, the cells are 10 km
horizontal and 8 km vertical; in the second one, the checkerboard is 15 km horizontal and 12 km vertical; in the third one, the cells
are 20 km horizontal and 16 km vertical. Seismic velocity is represented as a variation in km/s from uniform fixed values of 6.4 km/s
(median of the 1D starting velocity model).
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Figure S11. S-model checkerboard tests are represented on a horizontal section by cutting the model each 6 km (on the right edge is
reported the depth). Each column shows a different dimension of the checkerboard cells: in the first one, the cells are 10 km
horizontal and 8 km vertical; in the second one, the checkerboard is 15 km horizontal and 12 km vertical; in the third one, the cells
are 20 km horizontal and 16 km vertical. Seismic velocity is represented as a variation in km/s from uniform fixed values of 3.4 km/s
(median of the 1D starting velocity model).
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Figure S12. Spike test to verify the reliability of velocity inversion at depth. The location map above shows the position of synthetic
spikes. The centres of the two anomalies (positive and negative) are located at depths of 18 km and 22 km, respectively; they are 30
km wide in the horizontal direction, and 4 km thick in the vertical direction, with a value of +2 km/s and -2 km/s. As shown in the
location map, vertical sections cross the entire model in S-N and W-E directions. In both cases, the first section crosses the reverse
spike output model (negative over positive velocity anomaly), while the second one crosses the normal spike output model (positive
over negative velocity anomaly).
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Figure S14. Geological and geophysical sections collected for building the 3D model of the study area (Adinolfi et al., 2015; Bisio et
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Figure S15. Horizontal slice of the P-velocity tomographic model. Slices represents the velocity model at intervals of 2 km in depth
75 asindicated in the upper-right corner of each image. Main contour lines have a step of 1 km/s.
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Figure S16. Horizontal slice of the S-velocity tomographic model. Slices represents the velocity model at intervals of 2 km in depth
as indicated in the upper-right corner of each image. Main contour lines have a step of 1 km/s.

18



13.00°E 14.00°E 15.00°E

7N

P velocity model
"Abruzzo" sections (N 60°)
absolute velocity

/ Thrust fault / Normal fault (W-dipping)

Normal fault (E-dipping) /Sectiontrace

Seismic velocity (Km/s)

3 4 5 6 7 8

abruzzo 5
0 50 100 150 200 250

Figure S17. Vertical slices of the P tomographic model. Ten vertical cross-sections (abruzzol-abruzzo10) spaced 9 km apart and
oriented N60°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as absolute velocity. Red

rectangle highlight the sections showing the velocity inversion.
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Figure S18. Vertical slices of the P tomographic model. Ten vertical cross-sections (abruzzol-abruzzo10) spaced 9 km apart and
oriented N60°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as relative velocity. Red
rectangle highlight the sections showing the velocity inversion.
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Figure S19. Vertical slices of the S tomographic model. Ten vertical cross-sections (abruzzol-abruzzo10) spaced 9 km apart and
oriented N60°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as absolute velocity. Red
rectangle highlight the sections showing the velocity inversion.
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Figure S20. Vertical slices of the S tomographic model. Ten vertical cross-sections (abruzzol-abruzzo10) spaced 9 km apart and
oriented N60°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as relative velocity. Red
rectangle highlight the sections showing the velocity inversion.
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Figure S21. Vertical slices of the P tomographic model. Ten vertical cross-sections (nordsud11-nordsud20) spaced 9 km apart and
oriented N10°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as absolute velocity. Red
rectangle highlight the sections showing the velocity inversion.
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oriented N10°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as relative velocity. Red
rectangle highlight the sections showing the velocity inversion.
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Figure S23. Vertical slices of the S tomographic model. Ten vertical cross-sections (nordsud11-nordsud20) spaced 9 km apart and
105 oriented N10°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as absolute velocity. Red
rectangle highlight the sections showing the velocity inversion.
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Figure S24. Vertical slices of the S tomographic model. Ten vertical cross-sections (nordsud11-nordsud20) spaced 9 km apart and
oriented N10°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as relative velocity. Red
110  rectangle highlight the sections showing the velocity inversion.

26



14.00° 15.00°E

P velocity model
"Molise" sections (N 40°)
absolute velocity

/ Thrust fault / Normal fault (W-dipping)

,/’“)} Normal fault (E-dipping) /Sectiontrace

Seismic velocity (Km/s)

3 4 5 6 7 8

Imolise 21

molise 27

molise 28

molise 29

molise molise 30

Figure S25. Vertical slices of the P tomographic model. Ten vertical cross-sections (molise21-molise30) spaced 9 km apart and
oriented N40°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as absolute velocity. Red
115  rectangle highlight the sections showing the velocity inversion.
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Figure S26. Vertical slices of the P tomographic model. Ten vertical cross-sections (molise21-molise30) spaced 9 km apart and
oriented N40°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as relative velocity. Red
rectangle highlight the sections showing the velocity inversion.
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Figure S27. Vertical slices of the S tomographic model. Ten vertical cross-sections (molise21-molise30) spaced 9 km apart and
oriented N40°E. The main contour lines are spaced at 1 km/s intervals, and the values are represented as absolute velocity. Red
rectangle highlight the sections showing the velocity inversion.
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Figure S29. Analysis of the seismicity in the study area from 1981 to 2018 (Latorre et al., 2023). a) Location map. The rectangle

130  encloses the seismic events considered in the analysis. b) Gutenberg—Richter slope evaluated with the events represented in panel a);
blue triangle represents the completeness magnitude Mc. ¢) Completeness magnitude over time computed by the best combination
of Mc95, Mc90, and Maximum Curvature (Woessner, 2005). Its uncertainty was evaluated with the bootstrap technique (Wiemer,
2000). d) Cumulative Moment over time.
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