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The study area is located 
within the Neogene Inner 
Carpathian volcanic arc and 
includes the area of the 
recent tectonic uplift in the 
northeastern part of the 
Pannonian Basin. Borehole 
temperature measurements 
showed a geothermal 
gradient of 45-55oC km-1 
and temperatures of more 
than 150oC at the depth of 
3000 m, which are the 
highest values recorded to 
date in Romania. The young 
sub-volcanic intrusions, 
surface hot springs, and 
epithermal volcanic ore 
deposits collocated along the 
Bogdan-Dragos Voda fault 
systems are supporting 
evidence of a potential 
geothermal system.



The structure of sedimentary 
cover (top pre-Miocene 
strata) is based on 
interpretation of seismic 
reflection data (Maţenco et 
al. 2016).



Bouguer gravity anomalies 
(Horvath et al. 2006)



The crustal thickness 
variation was obtained using 
inversion of residual Bouguer 
gravity anomalies after 
subtraction of the gravity 
effects due to sediments and 
lithospheric thermal density 
structure using Parker-
Oldenburg method 
(Oldenburg, 1974).



Reduced to North Pole 
magnetic anomalies of 
NE Pannonian-
Transylvanian Basin

The area of elevated 
heat flow north of Baia
Mare is characterized by 
high-amplitude intense 
anomalous magnetic 
field (Airiniei et al. 
1983).



Reconstructed location of magnetic bodies (75% of maximum 
magnetization). The red line shows location of Bogdan-Dragos-
Voda Fault.

3-D inversion of 
magnetic anomalies 
using the method by Li 
& Oldenburg (1999). 
The magnetization 
distribution predicts 
plutonic magmatic 
bodies in the northern 
part of gelogical profile 
5A at a depth of 2-15 
km with an 
effective width up to 10 
km at depth



S-wave velocity model 
at 150 km depth (El-
Sharkawy et al. 2021)



Geoid anomalies (spherical 
harmonic 7-300) XGM2019 
model (Pail et al. 2019)



The lithospheric thickness 
was derived from the 
global WINTERC model 
(Fullea et al. 2021) based 
on joint inversion of 
seismic surface 
wave dispersion curves, 
satellite gravity 
gradients and other 
geophysical data



Litmod multiobservable
probabilistic inversion 
results.

Rayleigh phase velocities 
and predicted S-wave 
velocity profile.

The last 6000 successful 
model. 



Litmod 1D 
multiobservable
probabilistic inversion 
results.

Lithospheric 
temperatures. 

The last 6000 successful 
model. 





Observed surface 
heat flow on top 
of surface 
topography. 

The heatflow
database consists 
of climate-
corrected 
measurements 
Tiliţa et al. (2018).

The maximum 
values of heat 
flow (100-120 
mW/m2) are 
located in 
mountaneous
area affected by 
the Neogene 
volcanism.



Results of 3-D steady-state thermal modeling. The crustal temperatures are extracted along 
geological Profile 5A (Stefanescu 1988). 



The baseline thermal structure of the lithosphere in the Baia Mare region can be predicted 
by a 3D steady-state heat transfer modeling. 

The finite-element model inculdes geometries of major lithospheric horizons: topography, 
the top of pre-Miocene sediments, the Moho boundary and the lithosphere-asthenosphere 
boundary. The thermophysical parameters are following previous thermal modeling studies 
in Transylvanian Basin (Demetrescu et al. 2001, Tilita et al. 2018).

The shallow temperature structure above 5 km depth reflects 
topography and crustal thickness variations.



The thermal anomaly within the Oas-Gutai volcanic region needs to be explained. 



Results of 2-D heat advection-diffusion modeling using MRST (ongoing work)

Mesh geometry

Initial temperature field

Initial fluid pressure field



The constructed 3D model includes sediments, magmatic intrusions, crystalline crust, and mantle layers. 

The lithospheric structure consistent with available multiple geophysical data is obtained using joint 
probabilistic inversion using a MCMC method.   

The magnetic anomalies indicate deep crustal high magnetic susceptibility geological structures underlying 
the late Miocene volcanoes, which correlate with high present-day heat flow. 

The residual magnetic anomalies were inverted for the distribution of magnetic susceptibility using a 3-D 
magnetic inversion method. 

The baseline lithospheric heat flow in the Baia Mare region (50-60 mW m-2) can be predicted by a 3D 
steady-state heat transfer modeling. 

The observed thermal anomaly within the Oas-Gutai region (~100 mW m-2) requires other factors to be 
considered, such as a combination of transient heat transfer due to large intrusive bodies and heat 
advection with groundwater flow controlled by surface topography, the permeability of faults, and 
lithological changes.

Conclusions


