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Proper assessment and integration of multi-parameter datasets is critical for the efficient and
effective exploitation of geothermal energy resources. The InGEO project (Innovation in
GEOthermal resources and reserves potential assessment for the decarbonization of power/thermal
sectors) seeks to develop an innovative exploration workflow for combining muti-parameter
datasets within the sector of the Northern Apennine buried - structures belonging to the Romagna
and Ferrara Folds (RFF), Eastern Po Plain, Italy. Previous assessment of thermal data identified a
thermal anomaly within this region attributable to deep fluid circulation within the deep-seated
Mesozoic carbonate sequences (Pasquale et al., 2013; Pasquale et al., 2014).

This study develops a consistent geological and geophysical model of the Eastern Po Plain region
(Italy). For the model, we first characterized the shallow geological features (< 16 km), by analyzing
data from over 200 seismic surveys from the VIDEPI database (www.videpi.com), 700 deep (>1500
m) boreholes (CNR database, www.geothopica.igg.cnr.it) and 160 borehole logs (sonic and
lithological logs) (Livani et al., 2023). We developed a 3D geological model comprising of eight
horizons ranging in age from the Quaternary to the Permian and depicted the thickness variation of
these units, by identifying primary lithological unconformities through seismic reflection
interpretations constrained by well stratigraphy.

Next, we classified deeper structural features (16 — 50 km), by applying machine learning algorithms
(K-means and Fuzzy c-means) to reconstructed, spatially coincident seismic tomography models
(Brazus et al. 2025; Kastle et al., 2025; Lu et al., 2018; Magnoni et al., 2022; Magrini et al., 2022) and
new density models inverted using the first pan-Alpine surface-gravity database (Zahorec et al.,
2021) shown in Figure 1. We use the seismic tomography datasets as apriori constraints in the
inversion to assess uncertainties. The unsupervised classification resulted in the 3D characterization
of four classes interpreted as 1) sediments to basement 2) upper crust 3) lower crust and 4) the
mantle. We validated the range in geophysical parameters of the four classes with thermo-physical
measurements on rocks obtained as part of the InGEO project (Sulpski et al., 2025), high
temperature and pressure laboratory data on rocks (Burke and Fountain, 1990; Christensen and
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Mooney, 1995) compiled from the literature and sonic logs (Livani et al., 2023). Furthermore, we
highlighted the spatial consistency and overlap of the 3D geological horizons with Cluster 1
‘sediments to basement’.

The consistent geological/geophysical model will be the main input for a thermal model of the
region and the implementation of an open-source and web-based GIS tool that will assess the deep
geothermal resource potential for both hydrothermal resources and closed-loop heat exchange.
Lastly, the workflow of INnGEO project will be used as a decision support system for developing
geothermal projects in Italy.
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Figure 1: Spatial overlap of geophysical datasets.
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