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Motivation
 Final goal to develop joint inversion for EM, 

magnetics, and gravity data for deep basin 
characterization

 Base is a 3D magnetotelluric inversion
 Compare impedance vs. direct EM field inversion
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Magnetotelluric field – static part

Total field intensity of 
51.781nT for Trondheim
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Magnetotelluric field – variational part
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Magnetotelluric field – skin depth
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Magnetotelluric field – impedance data 

1)Decimation (down sampling)
2)Receiver orientation
3)Fourier transform
4)Band averaging
5)Transfer function estimation
6)Display 
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Magnetotelluric field – direct field data
Find unknown source distribution with help of a 1D 
response receiver

(1)Find 1D model fitting the data
(2)Estimate response inv. model
(3)Estimate source field
(4)Response of 3D start model
(5)Scaling factors
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Inversion - Forward Modeling

➢Finite volume modeling of el. field (Weiss et al. 2006)
➢Scattered field solution
➢PARDISO sparse direct solver to invert coefficient matrix
➢Example 40x40x40 cells -> 201720 x 201720 matrix 
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Inversion of MT data
 Gauss – Newton inversion of the scattered field
 Undetermined problem 50000 to 100000 unknowns with 

ca. 1000 to 3000 data points
 Minimum norm solution
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Inversion of MT data – Jacobi calculation
 Gauss – Newton inversion
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Synthetic example
 L - shaped resistor(0.001 S/m) in a conductive 

background (0.1 S/m) between 1 – 8km depth
 Model 40x40x40 cells 600m resolution center part
 25 receiver on the seabed (260m water depth)
 10 frequencies from 0.5 to 0.002Hz
 data: Zxy and Zyx, or Ex,Ey,Hx,Hy
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IMP-RMS: 0,102 FLD-RMS: 0,056
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Synthetic example

Depth slice at 2.7 – 3.7km 
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Real data example

Nordkapp basin – Jupiter salt body
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Real data example
 Model 47x47x31 cells
 Homogeneous half-space of 0.1S/m, 260m 

waterlayer (3.3S/m), airlayer
 10 frequencies, Zxy, Zyx
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Real data example
 Vertical cut at center



  

18

Real data example
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Discussion
pro and contra of direct field inversion

➢ PRO
➢ No transfer-function estimation (less processing)
➢ Simpler (less non-linearity) inversion
➢ Faster convergence
➢ Better depth resolution
➢ CONTRA
➢ 1D receiver, source estimation
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Conclusions

 Alternative imaging methods to help seismic 
interpretation

 Magnetotellurics offers low resolution but 
good sensitivity at wider depth range

 Gauss - Newton inversion
 good results for synthetic and real data
 Improve non-linearity and convergence with 

direct inversion of field components
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Survey Area
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Model covariance C_m
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Motivation

SE NW
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