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Joint interpretation of geophysical data for
evaluating the geothermal energy potential in
the Romagna and Ferrara Folds (Italy)
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InGEO PRIN 2022 PNRR Project: 

   Innovation in geothermal resources and reserves potential assessment for the decarbonization of power/thermal sectors

Data Collection, analyses, and integration in a
consistent petrophysical and structural model

Thermal Modelling and
geothermal potential assessment

Aim

Study Area
• Significant thermal gradients (on 

average 53 °C/km) in the impermeable 
formations overlying the deep
carbonate units, in which convective
fluid circulation occurs. 

• In the Romagna and Ferrara Folds (RFF), 
near Ferrara, the average temperature 
recorded is about 85°- 95°C. 
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Multi-geophysical classification

• Geophysical Exploration in 
Romagna 

• Benefits of using previous 
geophysical models

• Geographic outline shows 
seismic and gravity data can be 
used to re-interpret RFF region

• Focus on seismic tomography 
models
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Joint Interpretation
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d1

d2

• d1 < d2 → i1 assigned to c1

• 𝑢𝑖1𝑐1 > 𝑢𝑖1𝑐2 

• 0 > 𝑢𝑖𝑘 > 1

i1

Density Seismic* Well logs

Interpolation 
(common grid)

Optimal cluster 
analysis

FCM (fuzzy c-
means) clustering

Post-clustering 
evaluation

Clustering results linked to the 
geophysics and geology

Bezdeck et al. (1984)
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Seismic Tomography
Diehl (2009) (3km) Nouibat(2023) (3km) Kastle (2018) (3km)

Lu (2020) (3km)Magnoni (2022) (3km) Magnoni (2022) (3km)
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Interpolation onto common grid
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Lu_Vs Kastle_Vs Nouibat_Vs Mag_Vs Mag_Vp Diehl_Vp Density

c1 2.55 1.87 2.76 2.24 4.00 5.48 2.32

c2 2.99 2.94 3.10 2.40 4.33 5.69 2.37

c3 2.92 2.93 2.96 2.95 5.36 5.67 2.56

c4 3.20 3.22 3.24 3.29 6.11 5.81 2.73

c5 3.45 3.48 3.39 3.50 6.53 5.98 2.84

FCM Classification

c1

c2

c3

c4
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Cluster model variation up to 8 km depth
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1 km 2 km 3 km 4 km

Avg_Vs

Avg_Vp
Seismic velocities
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Uncertainty analysis

Vs

Vp

1 km 2 km 3 km 4 km
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Comparison with well logs at 2km depth

0-Sand
1-Shale
2-Alternances
3-Limestone
 4-Conglomerate
 5-Cry. basement 
6-Marls
7-Dolomite
 8-Gravel
9-Cem. Sand

Livani et al (2023)
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Next Steps…

Zahorec et al. (2021)

How much the seismic data are correlated
with the gravity data?
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• A broad low Vs, which can reflect local asthenosphere uprising is observed in the uppermost mantle from 
seismic tomography data.

100 kmRappisi et al., 2022 Rappisi et al., 2022 200 km

well well

Is the thermal anomaly of the RFF related to the deep lithospheric structure?

Next Steps…
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Conclusions & Outlooks

❑We will validate the cluster model with petrological, well log data, and analyses of gravity data collected 
and perform a sensitivity analysis. 

❑ Our results will contribute to implement a consistent geological/geophysical model to characterize the 
geothermal reservoir.

❑  Our general approach is transferable and can be taken as guideline for investigations of other geothermal 
systems worldwide.

❑ The first results of the cluster analyses allow us to constrain the geological features in 3D. In particular, we
constrain the shape of the shallow low velocity anomaly and relate it to the sediments located above the
carbonate reservoir.

❑More consistency are shown among the Vs datasets (than Vp datasets) and well log data.
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Thank you for your attention!

R. Basant, M. Tesauro, V. Cortassa, G. Gola, T. Nanni, A. Galgaro, A. Manzella

racinebasant@gmail.com, mtesauro@units.it
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Please visit the website: https://iaga-iaspei-2025.org/iaspei-symposia/ and https://iaga-iaspei-2025.org/joint-symposia

Deadline for abstract submission: March 12, 2025

I would like to draw your attention to this session:

S19: Thermochemical Heterogeneities in the Crust and Upper Mantle from Geophysical Approaches

Conveners: Magdala Tesauro, Fabio Cammarano, Juan Carlos Afonso, Javier Fullea

Lisbon

https://iaga-iaspei-2025.org/iaspei-symposia/
https://iaga-iaspei-2025.org/joint-symposia
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InGEO: Innovation in geothermal resources and reserves potential 
assessment for the decarbonization of power/thermal sectors

• Advancing geothermal energy 
development in Italy

• Aims and benefits of InGEO Project
• Thermal anomaly in Romagna and 

Ferrara folds, Eastern Po Plain

Livani et al. (2023)
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