06 The MT transfer function



Magnetotelluric measurement

Measures the time-variations in the horizontal electric fields (E, and E,) as well
as the the horizontal and vertical magnetic fields (B,, B, and B,).

« E-fields are measured with
(polarized) electrodes.

« B-fields are measured with
magnetic coils.

« The 5 fields are recorded (in time)
by a car battery powered data-
logger.
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Magnetotelluric response
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inversion

Recording equipment
EM noise sources

Logistics (ansport, lodging, etc.)
MT stations locations

Remote reference station location

Move electrode position
Move station locatoin
Improve conductance between soi and electrode

Mask bad data points
carry out static shift correction

Rotate data
Create 2-D or 3-0 model grid
Include topagraphy and bathymetry
Determine initial model

Run forward model
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The MT process (1)

Sections:
+15 1.6, 1.11

Transform data to
frequency d

Mask bad data points
carry out static shift correction




Recording equipment
EM noise sources

Logistics (ansport, lodging, etc.)
MT stations locations

Remote reference station location

The MT process (2)

Move electrode position
Move station locatoin
Improve conductance between soi and electrode

Transform data to

frequency domain
Pre-soring
processing
Estimate transfer

inversion models

Mask bad data points
carry out static shift correction

Rotate data
Create 2-D or 3-D model grid
Include topography and bathymetry

Prepare MT
inversion Determine initial model

Run forward model

Rotate data
Create 2-D or 3-0 model grid
Include topagraphy and bathymetry
Determine initial model

Run forward model
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The magnetotelluric
transfer function (Z)

Eh.- = Z - Bh.

« Relates the measured horiztonal electric (E) and
horizontal magnetic (B) fields

* Also known as:
« Impendance tensor
« MT response function
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The vertical magnetic
transfer function (T)

» Relates the measured vertical and horizontal magnetic
(B) fields

* Also known as Tipper
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* Derivation of the MT transfer function? Let’s (try to)
keep it simple.
 For a layered Earth

* U, = free-space magnetic permeability
« 0 = conductivity (1/p)
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« Assume an insulating uniform half-space at z = 0

« kK2 = jwU,0
 Now the horizontal electric and magnetic fields are linearly
related.
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Apparent resistivity and phase (1)

« The apparent resistivity, as a function of frequency, can now
be computed using the Smucker-Weidelt C-response and
assuming a 2-D Earth (Z,, = Z,, = 0).

« The phase, as a function of frequency, is computed directely
from Z

im(ZLyy)
re ( Z xy )

¢y = arctan l
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Apparent resistivity and phase (2)
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Properties MT transfer function (1)

« Polarization:
« TM-mode (or B-polarization)
« TE-mode (or E-polarization)

10
Distance frnnI!Il contact (km) (100 -m)
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Properties MT transfer function (1)

« Polarization:
« TM-mode (or B-polarization)
« TE-mode (or E-polarization)

Rotated to 0°
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Properties MT transfer function (2)

« Rotational invariants

* Properties that hold for any orientation of the horizontal
coordinate system. Used as e.qg.:
« dimensionality indicators,
« first guess resistivity structure

e Induction arrows

Induction arrow
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Properties MT transfer function (3)

» Polar diagrams with Tipper strike

Inductioh arrow

4—4—7:

Polar diaigram with Tipper strike
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