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Geysir – Baia Mare Project Motivation
• Geothermal energy 

• Key role in transition to sustainable 
energy

• Economic and adaptive source of 
renewables

• Genetically related with the formation 
of ore deposits that are necessary for 
this transition

• Baia Mare region 
• Located within Neogene Inner 

Carpathian volcanic arc 
• Characterised by an anomalously high 

heat flow in Romania (>100 mW/m2) 
• Surface hot springs and salt/metal 

mining 
\\=> Both point to a hydrothermal  

system that could be exploited



MT Survey, September 2021

• Magnetotelluric (MT) survey
• To attest and estimate the potential of the 

Baia Mare hydrothermal system 

• To sample the Dragos Voda fault zone 

• To obtain data along the two available 
geologic profiles

• Broadband transfer functions 
• Periods 0,1 – 16’000s 

• 24 sites

• Instruments from Luleå University of 
Technology, Sweden

• 14 days of data acquisition 

• Pairs of sites on a non-uniform grid

• Site spacing varied typically from 5 km to 
10 km

• Average of 20 hours of data with a 
sampling rate of 20 Hz and, additionally, 
2 hours of data at 1 kHz

• The time series data totals 30 GB in ASCII format

• Continuous telluric broadband recordings at the Surlari National Geomagnetic 
Observatory, Romania, and

• Magnetic fields recorded at INTERMAGNET observatories serve as remote



Data Processing, Analysis, Post Processing

• Non-stationary and robust data processing routines

• Focused on long period data (0,1 s to 16’000 s) to ensure redundancy
between sites

• All 24 MT sites were installed in pairs to facilitate remote reference
processing

• One second magnetic field data from 6 observatories in Romania, Slovakia,
Czech Republic, Austria, and Poland

• Final transfer functions corrected for the influence of elecric galvanic 
distortion

• Data Analysis of Phase and Amplitude Tensor parameters in comparison 
with regional geology and magnetic field anomalies



Data Inversion with ModEM 3D - Setup 

• ModEM data inversion software to obtain a 3D resitivity model

• Non-uniform site distribution from 24 sites were inverted with overall 
periods ranging from 0,1 𝑠 to 16′000 𝑠

• The full impedance inversion was set up with a 5% error floor and was 
initiated with a homogenous starting model of 60 Ω𝑚

• After 91 iterations the final RMS was 1.377



Data Inversion with ModEM 3D - Confidence 

Inversion result confidence was estimated by two different statistics (averaged for final estimate):

1) Comparing wide range of homogenous starting models
• Resistivity value spanning several decades, from 1 Ω𝑚 to 10’000 Ω𝑚
• Comparing variation of the final models for each starting model

• Variance determines more sensitive model parts to the choice of the starting model

• Those parts are less sensitive to the actual data and, arguably, inherit a lower confidence

2) Analysing convergence of inversion for the best starting model
• Once RMS misfit improvement nearly plateaus, incremental improvements can still be caused by major changes in the model

• Such changes are arguably less required by data and should be interpretated with care to avoid overfitting

• Allocate a weight to each of the entire set of models throughout inversion based on misfit, 𝜒𝑚: 𝑤𝑚 = exp(−𝜒𝑚
2 )

• Weighted model variance represents confidence in final model, conferring lower confidence to model parts that changed
considerably despite a very small misfit improvement

Still planned to include:
• Final model jacobian matrix
• Scheme to evaluate the leverage of each site on the model
• Both additional methods will add to inversion’s confidence estimate’s accuracy and, currently, undergo testing



Geologic Profile 5A
• Displayed are decadal 

logarithm of resistivity 
masked by transparency 
defined by confidence 
estimate

• Generally good agreement 
between model and geologic 
profile

• Large  intrusion on left hand 
side of Profile could not be 
resolved (poor model 
confidence)

• Conductive anomaly, C1, 
cannot be explained by 
geologic profile. Or could it 
be related to the intrusion?

• At the profile’s right hand 
side, the model captures 
similar slopes but suggests a 
strong resistor, R1, in place of 
sediments and a conductive 
body, C2, where an intrusion 
is believed to reside



Geologic Profile 6A
• Model and geologic profile 

agree nicely on the basin’s 
leftern flank but the data 
requires a resistor, R4, to be 
present

• Resistor, R3, could be an 
intrusion as suggested in the 
geologic profile, but the data 
requires it shallower

• Lastly, the center of the
geologic profile suggests 
minor deformation (uplift) 
and associated erosion at 
about 5 km depth but does not 
suggest that this  affects the 
sedimentary cover

• Data suggests that this 
deformation might be more 
severe than previously 
believed by requiring resistive 
rocks, R5, at much shallower 
depth



Profile Baia Mare and Depth Section

The conductive body in profile 5 
(C1) is the largest conductor in the 
model and it sits south of the city of 
Baia Mare at a depth of 1 to 3 km.



Outlook

• Model uncertainty estimation augmented with statistics based on

• Jackknife exclusion of single MT sites while inverting the rest to
assess each site’s leverage on the inversion result

• Sensitivity analysis of the final model

• Validating confidence estimation techniques on synthetic checkerbox
model

• Inclusion of 12 additional MT sites that were acquired recently
around the city of Baia Mare to verify the presence of the conductive
body south of the city.



Conclusions

• MT survey that was carreid out in 2021 in greater Baia Mare area (Romania) 

• Motivation and survey layout

• Instrumentation and acquisition

• Time series processing, transfer function analysis and correction

• Inverse modelling, confidence estimation in inversion results

• Final model interpretation with complementary information from geologic profiles

• Final model agrees generally well with independent, complementary 
information, such as a geologic map and two geologic profiles

• Most notably, the model suggests presence of large conductive body south of 
Baia Mare at depth between 1 and 3 km. 

• Newly acquired data in 2022 will be added to improve results
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