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Abstract

The conductivity distribution across the Trans-European Suture Zone (TESZ) is presented
based on the measurements along a 400 km northeastern directed profile, starting from
the German-Polish Basin, crossing the TESZ and ending at the East European Craton.
Two-dimensional inversion was applied to magnetotelluric transfer functions and
magnetovariational responses corresponding to 38 long-period simultaneously observed
sites. Input data for the inversion procedure were created by rotating all transfer functions
to strike direction obtained from strike and dimensionality analysis. The results show a
thick sedimentary cover, several crustal inhomogeneities and a deep conductive structure
below the center of the TESZ. In order to achieve a stable model, severa sensitivity
analysis were carried out.

Key words: Magnetotelluric and magnetovariational soundings, Trans-European suture
zone, Two-dimensiona inversion.
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1 INTRODUCTION

The Trans-European Suture Zone (TESZ) is
the most important lithospheric boundary in
Europe that stretches from the North Sea to
the Black Sea and separates the Precambrian
East European Craton (EEC) and younger
Paleozoic Platform (PP). The TESZ was
created during the Paleozoic Era as the result
of the collison of severa crustal units
(microcontinents) and the Suture between the
EEC and PP was formed [5].

Geophysical research on this zone has
been focused more on the use of seismic
methods; however, magneotelluric (MT) and
magnetovariational (MV) sounding methods
can be used to infer electrical conductivity
distribution of the crust and upper mantle to
provide better understanding of the
geological structures.

The multinationa EMTESZ-Pomerania

Project has been established to employ
electromagnetic methods to study thiszonein
detail. During severa field experiments,
long-period magnetotelluric  measurements
were caried out. These soundings were
concentrated along two profiles, passing the
areafrom SW to NE, P2 (southern) and LT-7
(northern), and has recently been developed
to some new profiles. During measurements,
employing simultaneously operating, long—
period magnetotelluric instruments, a large
and high quality dataset in the period range
of 10-20000s was obtained; robust data
processing codes were applied and all
possible transfer functions were calculated
[1]. Figure 1 shows the location of MT sites
within the area. In this paper the data along
LT-7 profile have been accordingly
considered.
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Figure 1. Distribution of MT sites within TESZ [1].
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Inter-station horizontal magnetic
responses can be considered as an important
part of transfer functions, which are not
distorted by gavanic effects. They peak
above conductors in contrast to the tipper
vectors which show minimum values. Inter-
station horizontal magnetic responses can
also be reliably estimated more accurately at
long periods in comparison to the tippr [12].

It is notable that the resistivity model for
this profile, which was obtained by the
inversion of local MT data, has already been
reported [3] and the main goal of the current
study is to incorporate inter-station magnetic
data in the modeling procedure using a two-
dimensional (2D) inversion algorithm [8] so
called REBOCC (Reduced Basis Occam) to
accomplish some sensitivity tests for
improving the resolution of the results.

At a glimpse, section Il introduces the
results of the dimensionality analysis and
strike determination procedure. Section |11
contains a short discussion on different
transfer functions and the resistivity model
and its structures resulted from 2D inversion.
The paper ends with a few conclusions in
section V.

2 DATA ANALYSIS

In  magnetotelluric, relations  between
components of the electromagnetic variation
field measured at the earth’s surface are used
to determine conductivity distribution within
the Earth.

The constructed set of transfer functions
includes local impedance tensor [Z] and
tipper vector [W] and was extended with the
estimation of the inter-station magnetic
responses or horizontal magnetic tensor [M],
i.e.,

E=ZH, @)
H.=WH,+WH,, 2
H(r) = M(r,my)H(rp), (3

in which E and H represent electric and

magnetic fieldsand " and "2 are the local and
the base site positions, respectively.
Impedance is usualy displayed via two
parameters, apparent resistivity and phase
(pa- @), and tipper is usually displayed asthe

induction vector (P, Q):

pa =712, @
_ -1 [Re(Z)

¢ = tan {Imlz}} ’ (5)

P = Re(W,)é, + Re(W,)é, , (6)

@ = Im(W,)é, + Im(W,)é, , (7)

where w is the angular frequency and L
is the magnetic permeability of free-space.
Perturbation arrows, shown in Figure 2,
present the data in an informative manner:

p= hyé, + dﬂé;_.-, (8)

q = hpé, +dpé,, 9)

. . _ Bylr) — By(rd

inwhich hy, = Bt 1, hy B, (r0) 1,
=50 =50

dy, B 1 and d B, ) 1 are

the elements of tensor (M — I}, inwhich [ is
a unit tensor and &, and €, are unit vectors
inx and y directions.

Rotation of vectors 2 and g by 90-degree in
a counterclockwise direction gives an
impression of direction and strength of the
anomalous current field [7]. As Figure 2
shows, the dominant orientation of the real
part of the magnetic perturbation vectors at a
large number of points is in a SW-NE
direction. After a 90-degree rotation, they
indicate the direction of anomalous inductive
currents which are SE-NW and with relative
consistency to the estimated strike in Figure
3.

An extension of Swift's scheme was
applied to the horizontal magnetic tensor and
minimization of the amplitude of the tensor’s
off-diagona elementsyields:

1 —1 ZRe[lhy—dp) (hg+dgl] (10)

o =-tan — =l
4 Iy —dp*=hp+dyl*®

Ninety-degree inherent ambiguity of the
strike angle has been solved considering
induction vectors and geological information
and the geoelectrical strike was selected
according to rose diagram displayed in
Figure 3a. Strike is calculated at all periods
for all stations and the rose diagram, which is
the way of presentation of the values, is used
for showing their distribution. According to
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this distribution displayed in Figure 3a, strike different geomagnetic bases were combined
seems to be stable around N60 W. All of and related to the horizontal magnetic field at
the magnetic field components related to acommon final reference.
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Figure 2. (a) Map of perturbation vectors (p) (blue: real parts; red: imaginary parts), (b) Map of perturbation vectors (q)
(blue: real parts; red: imaginary parts).
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West East

West East

Figure 3. Rose diagrams of strike direction: from horizontal magnetic tensor for LT-7 profile (top) and from impedance
for reference site (down).

The strike of the reference site, which phase tensor scheme [2]-equal to the mean
should be considered in the rotation value of 0 and it is shown in Figure 3b.
procedure of M, was estimated-based on Skew is a rotationally invariant parameter



Using the magnetovariational sounding method to ... 7

that is a measure of dimensionadlity of data
and for inter-station magnetic responses, it
takes the form of
k = |h]:| T dHl
lhy +dy — 2]
which vanishes under true 2D conditions.
Pseudo-section of the horizontal magnetic
skew-parameter is represented in Figure 4.
The overall horizontal magnetic skew is quite
low but increases in the TESZ center and at
the Paleozoic Platform. The values of skew
confirm the presence of a 2D structure. Some
three-dimensional (3D) effects appear in the
southwestern edges of the profile. However,
for most part of the profile, the values of
skew fal in the range of [0,0.1], which
justify two-dimensional (2D) modeling of the
data. It should also be mentioned that in true
2D case, Z,y, Z,,, W, and dj are the only
transfer function elements that do not vanish
to zero.

(11)

3 TWO-DIMENSIONAL INVERSION
OF MT & MV DATA

An extended version of REBOCC, to
incorporate inter-station magnetic responses
[11], was used for 2D inversion. In this
agorithm, the smoothest model, subject to an
appropriate fit to the data in the space of
model parameters, is sought. However, the
result of the first run of inversion cannot be
reliable. It is just a model that possibly fits
the data To obtain a reasonable model,
inversion should be repeated using different
grids, different starting models and different
apriori information. Available 8-component
data involve apparent resistivities and phases
of both polarizations, o ™%, o™ @™ @™,
rel and imaginary parts of tipper,
Re(WT®), Im(W™) and red and
imaginary parts of inter-station magnetic
tensor, Re(dp) and Im(d;).

The relative error floor of 20% for
apparent resistivities and an absolute error

floor of 1-5” for phases and a value of 0-02
for tipper and inter-station magnetic data
were selected.

REBOCC only detects mgjor anomalies
and subvertical conductivity — structures
without details [6]. Sensitivity of different
components of the data to different resistive
and conductive, subhorizontal and subvertical
structures and 3D distortions are completely
case dependent. However, TE polarization
data are strongly affected by 3D distortions
[9]. Tipper (TF) and inter-station magnetic
tensor (d;) do not have either any
sensitivity to a layered structure or a high
sensitivity to small-scale lateral changes of
the conductivity.

In order to the joint inversion of all 8-
component data, one or two components
were inverted at each step. Then, the
resulting model was used as the starting
model for the inversion of al components
and obtained models were compared. This is
a very useful analysis to choose the model
with the best resolution. Finaly the model
resulting from inversion of the combination
of TM mode and tipper data was used as the
starting model for inversion of all
components. This combination is less
sensitive to off- diagonal features.

For testing the stability of the obtained
model, some apriori information about the
existence of a very conductive overburden
and also the conductivity of the mantle were
incorporated into the prior model in 2D
inversion procedure. The final result is shown
in Figure 5 as a resistivity section across
TESZ. Severa structures appeared in the
model of Figure 5. Structure A shows a thick
conductive overburden that relates to the
sediments of the Cenozoic-Mesozoic Era and
becomes too thin in the center of the TESZ.
These sediments are layers of alum shae
which were encountered in several deep
boreholes and their high conductivity has
resulted from saline fluids and aguifers that
are common in the area. The variation of
their thickness has aso been imaged.
Structure B at the depth of the lower crust
relates probably to meta-sediments of
graphite and alum shale or saline fluids
(crustal brines). Blocks C and D correspond
to the resistive upper mantle and D located
below EEC is more resistive than C located
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below PP. Block C has been less covered by
the data; but it seems to have smaller depth
than D and reflects the lithospheric thickness
and dipping state of the asthenosphere which
is expectable due to seismologica studies. E
has the worst resolution and may be
interpreted as an artifact created during

W Pﬂlenic Plfur

0 50 100 180

inverson the procedure to match
the 3D effects involved in the data [4].
Data fits for the data from three example
sites are displayed in Figure 6. As it
can be seen, there is an acceptable
agreement between the observed and
calculated data.

TESZ East European Craton g b0

0.18

0.08

0.06

0.04

0.02

200 250 300 360
distance along profle (kn)

Figure 4. Pseudo-section of horizontal magnetic skew.

5W Paleozoic Platform

b
v v v v LA BB A v v v v L4 v
W;.H,_Wv v v .4 * ¥
z _ rmihH

depth (km)

East Ewropean Craton NE

T
log resistivity (ohm-m)

distance along profile (km)

Figure 5. Two-dimensional resistivity model along LT-7 profile across the TESZ.
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4 DISCUSSION & CONCLUSION

Based on the results of strike
determination, the complete set of transfer
functions was created. According to the
dimensionality analysis procedure that
justifies the dominant 2 nature of data, 2D
inversion was jointly applied to MT/MV

responses.

At the first attempt, the whole data set for
periods up to 33000s, across the TESZ, were
processed for the inversion. But due to a non-
reasonable misfit between the measured and
modeled data a very long periods, the
modeling was limited to the periods up to
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20000s. This may somehow be attributed to
source effect and/or electromagnetic noise
[10].

Incorporation of inter-station magnetic
responses to the input set of the data for
inversion confirms the efficiency of this kind
of data to resolve deep structures, however,
occurrence of some errors, like 3D behavior
and the lack of areal common reference on a
true 1D structure, chalenges the effective
usefulness of the horizontal magnetic tensor.
Because of the existence of a thick
conductive overburden, static shift effects
cannot be a serious problem in this case.

Three separate parts can be observed on
the profile. The deep-extended Suture
between the EEC and the PP is clear on the
model. Precambrian Craton has a simple
geological structure, including sedimentary
rocks with decreasing thickness towards the
northeast and the increased resistivity with
depth reflecting crystalline basement. PP also
is homogeneous, but sediments are thicker
and the basement is less consolidated and so
less resistive. The homogeneity of the
structures of EEC, and to a lesser degree of
PP, is the common geological character of
Cratons and Platforms. The most complex
structures are in the central parts of the
profile (TESZ) showing its tectonic history.
As an implicit conclusion, the results specify
that TESZ causes significant conductivity
anomalies in the crust and upper mantle
which are resolved in this paper.
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