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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, several sensitivity 
analysis were carried out. 
 

Key words: Magnetotelluric and magnetovariational soundings, Trans-European suture 
zone, Two-dimensional inversion. 
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 چكيده
 400رخ  هـاي مگنتوتلوريـك در امتـداد يـك نـيم          گيـري   يوروپين، براساس اندازه  -در اين تحقيق، مدل مقاومت ويژه زونار بخيه ترانس        

بعد از تحليل ابعادي و تعيين اسـترايك، همـه توابـع            . آيد  دست مي    ايستگاه مشاهده به   38ي شامل    شمال شرق  يگير با جهت كيلومتري  
سـازي دوبعـدي بـر آنهـا اعمـال            تبديل مگنتوتلوريك و سونداژ تغييرات مغناطيسي حول استرايك تعيين شده چرخانـده شـده و وارون               

 .دهد هاي رسانايي متعدد در پوسته و گوشته بالايي را نشان مي پوشش رسوبي ضخيم و ناهمگنينتايج، وجود يك . شود مي
ساختي اروپا است كـه بـا بـيش از     ترين مزر زمين  مهم(Trans-European Suture Zone: TESZ)يوروپين -زونار بخيه ترانس

 را از (East European Craton: EEC)تن اروپـاي شـرقي    كيلومتر طول، از درياي شمال تا درياي سياه امتداد دارد و كـرا 2000
تحقيقـات ژئـوفيزيكي در ايـن    ). 1999فـاراو،  (كند   اروپاي غربي و مركزي جدا مي(Paleozoic Platform: PP)سكوي پالئوزوئيك 

ــتفاده از روش   ــر اس ــب ب ــه، اغل ــرزه  منطق ــاي ل ــن، روش    ه ــود اي ــا وج ــت؛ ب ــوده اس ــز ب ــونداژ  اي متمرك ــاي س ــك مگنتوتلوه  ري
(Magnetoteluric: MT)و تغييرات مغناطيسي (Magnetvariational: MV)توان براي اسـتنباط توزيـع رسـانايي الكتريكـي       را مي

 .كار برد پوسته و گوشته بالايي و درك بهتر ساختارهاي ژئوالكتريكي به
*Corresponding author:     Tel: 021-61118238     Fax: 021-88009560       E-mail: boskooi@ut.ac.ir
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هاي ميـداني متعـدد    ل آزمايش با هدف بررسي جزئيات اين منطقه طراحي شد و در خلا     EMTESZ-Pomeraniaطرح چندمليتي   
بـا اِعمـال    . كردنـد، صـورت گرفـت       زمان كار مـي     طور هم   هايي كه به     بلند دوره با استفاده از دستگاه      مگنتوتلوريكهاي    گيري  آن، اندازه 

براسـه و   ( ثانيه، همه توابع تبديل ممكن محاسبه شـدند          10-20000هاي برداشت شده در محدوده دوره         كُدهاي پردازش مقاوم بر داده    
 ).2006همكاران، 
توان درحكم بخش مهمي از توابع تبديل در نظر گرفت كه با اثرات غيرالقايي واپيچيـده                  ايستگاهي را مي    هاي مغناطيسي بين    پاسخ

 ).2005وارنتسوف، (دهد  برآن روي مركز رسانا بيشترين مقدار را دارند؛ برخلاف تيپر كه كمترين مقدار را نشان مي علاوه. شوند نمي
هـاي محلـي    سـازي داده  رخ در نظر گرفته شـده در ايـن تحقيـق، از طريـق وارون         قابل ذكر است كه مدل مقاومت ويژه براي نيم        

هاي مغناطيسـي   و هدف اصلي اين تحقيق، وارد كردن داده ) 2008ارنست و همكاران،    (دست آمده و عرضه شده است          به مگنتوتلوريك
به منظور بهبود قـدرت  ) 2000سيريپن واراپرن و اگبرت،   (سازي دوبعدي ربك      فاده از الگوريتم وارون   سازي با است    ايستگاهي در مدل    بين

 .تفكيك نتايج است
گيري شـده در      هاي تغييرات ميدان الكترومغناطيسي اندازه       رابطه بين مولفه   روش مگنتوتلوريك در   :ها  سازي داده   تجزيه و تحليل و مدل    

مجموعه توابع تبديل محاسبه شده در حالت معمول، شـامل تانسـور            . رود  كار مي   سانايي در زير سطح به    سطح زمين براي تعيين توزيع ر     
 :ايستگاهي بسط داد هاي مغناطيسي بين توان با محاسبه پاسخ شود و اين مجموعه را مي محلي امپدانس و بردار تيپر مي

)1 (                                                                                                               
امپـدانس معمـولاً بـه شـكل دو         . هاي مشاهده و مرجع هسـتند        بيانگر موقعيت ايستگاه    و     معرف ميدان مغناطيسي و    Hكه  

تـوان درحكـم مكمـل     ا نيـز مـي  بردارهاي آشفتگي ر. پارامتر مقاومت ويژه ظاهري و فاز و تيپر به شكل بردار القا نمايش داده مي شود     
 درجه، تصـويري از جهـت و        90گرد اين بردارها به اندازه        چرخش پادساعت . بردارهاي القا از روي عناصر تانسور مغناطيسي تعريف كرد        

ي و واره سوئيفت بـر تانسـور مغناطيسـي افق ـ    با اعمال بسطي از طرح). 1970اشموكر، (دهد  دست مي شدت ميدان جريان نابهنجار را به     
منزلة راستاي استرايك برآورد و همه توابع تبديل حول اين             درجه به سمت شمال غربي به      60كمينه كردن عناصر قطر فرعي، آزيموت       

شـود و بـا       ايستگاهي محاسـبه مـي      هاي مغناطيسي بين    ها، پارامتر اسكيو براي پاسخ      براي ارزيابي ابعاد داده   . آزيموت چرخانده مي شوند   
سازي دوبعدي را براي اين مجموعه    طور كلي مقادير كم آن مدل       رخ به   هاي جنوب غربي نيم     بعدي در لبه    ي اثرات سه  وجود مشاهده برخ  

 .كند داده توجيه مي
، بـراي   )2002زويـر،   (گيـرد     ايسـتگاهي را نيـز در بـر مـي           هاي مغناطيسي بـين     يك نسخه تعميم يافته از الگوريتم ربك كه پاسخ        

هاي حقيقي و موهـومي       ها شامل مقاومت ويژه ظاهري و فاز براي دو قطبش، بخش            هشت مولفه داده  . ال شد سازي دوبعدي اعم    وارون
پوشـكارف  (كند    هاي اصلي و ساختارهاي شبه قائم را بدون جزئيات آشكار مي            هنجاري  ربك تنها بي  . شوند  تيپر و تانسور مغناطيسي مي    

بعدي كـاملاً وابسـته بـه          به ساختارهاي رسانا و مقاوم، افقي و قائم و اثرات سه           هاي گوناگون داده    حساسيت مولفه ). 2007و همكاران،   
مقطع مقاومت ويژه نهايي، يك رولايه رسانا با ضخامت متغير مربوط به لايه هايي از               ). 2005سيريپن واراپرن و همكاران،     (مورد است   

ختار رساناي ناپيوسته در عمق پوسته پاييني آشـكار شـده كـه          همچنين يك سا  . شود  دهد كه در مركز بسيار نازك مي        شيل را نشان مي   
رخ   هاي مقاومي هم در عمق گوشـته بـالايي در دو انتهـاي نـيم                توده. هاي نمكي است    احتمالا ناشي از رسوبات دگرگون شده يا سيال       

اي   فر است كه با تحقيقـات لـرزه       دار استنوس   اند كه در زير كراتن داراي مقاومت و گسترش عمقي بيشتر و معرف حالت شيب                ظاهر شده 
تـوان حاصـل وجـود اثـرات           كيلومتري به خوبي تفكيـك نشـده و آن را مـي            50ساختار رساناي ظاهر شده در عمق حدود        . تطابق دارد 

هـاي مشـاهده و محاسـبه         ها بـين داده     ميزان برازش داده  ). 1999گارسيا و همكاران،    (سازي دوبعدي دانست      بعدي در مرحله وارون     سه
 .دهد شده نيز سازگاري قابل قبولي را نشان مي

سازي دوبعـدي بـر همـه         براساس نتايج تعيين استرايك مجموعه كامل توابع تبديل ايجاد و با توجه به نتايج تحليل ابعادي، وارون                
. نظر شـد  صرف) 2004مكاران، سوكولووا و ه( ثانيه به دليل وجود اثرات منبع       20000هاي بلندتر از      از تناوب . هاي داده اعمال شد     مولفه

كند؛   ايستگاهي با ساير توابع تبديل، كارايي آنها را در تفكيك كردن ساختارهاي عميق تاييد مي                هاي مغناطيسي بين    تركيب كردن پاسخ  
ر از آن را بـه  بعدي واقعي، استفاده مـوث  بعدي و فقدان ايستگاه مرجع روي يك ساختار يك     بااين حال وقوع برخي خطاها مانند رفتار سه       

 .كشد چالش مي
كـراتن داراي يـك سـاختار       . تـوان مشـاهده كـرد        را روي مدل بـه وضـوح مـي         PP و   EECسه بخش اصلي و بخيه عميق بين        

يابـد و   شناسي ساده است كه ضخامت رسوبات آن به سمت شـمال شـرقي كـاهش و مقاومـت ويـژه آن بـا عمـق افـزايش مـي              زمين
سـنگ آن داراي      تر و پـي      هم داراي ساختار نسبتا همگن است ولي رسوبات آن ضخيم          PP منطقه   .سنگ بلوري است    كننده پي   منعكس
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  موجـود اسـت و تاريخچـه         TESZرخ در     تـرين سـاختارها در مركـز نـيم          پيچيـده . سختي كمتر و بنابراين مقاومت ويژه كمتـر اسـت         
اي در  ملاحظـه  هـاي رسـانايي قابـلِ     به ناهنجـاري TESZنتايج به وضوح مويد اين مطلب است كه      . دهد  ساختي آن را نشان مي      زمين

 .اند پوسته و گوشته بالايي منجر شده است كه در اين مقاله از هم تفكيك شده
 

 .سازي دوبعدي يوروپين، وارون- و تغييرات مغناطيسي، زونار بخيه ترانسمگنتوتلوريك سونداژهاي :واژه هاي كليدي
 

 

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 collision of several 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 multinational EMTESZ-Pomerania 

Project has been established to employ 
electromagnetic methods to study this zone in 
detail. During several field experiments, 
long-period magnetotelluric measurements 
were carried out. These soundings were 
concentrated along two profiles, passing the 
area from 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.

 

 
 

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 galvanic 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 II introduces the 
results of the dimensionality analysis and 
strike determination procedure. Section III 
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 IV. 
  
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., 

, (1)
, (2)

, (3)
in which E and H represent electric and 
magnetic fields and  and  are the local and 
the base site positions, respectively. 
Impedance is usually displayed via two 
parameters, apparent resistivity and phase 

), and tipper is usually displayed as the 

induction vector : 
 , (4)

 , (5)

 , (6)

 , (7)

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

 

, (8)
, (9)

in which , , 

 and  are 

the elements of tensor , in which  is 
a unit tensor and  and  are unit vectors 
in x and y directions. 
Rotation of vectors  and  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-diagonal elements yields: 

 , (10)

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 
seems to be stable around . All of 
the magnetic field components related to 

different geomagnetic bases were combined 
and related to the horizontal magnetic field at 
a common final reference. 

 
(a) 

 
(b) 

 

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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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 

should be considered in the rotation 
procedure of M, was estimated-based on 

phase tensor scheme [2]-equal to the mean 
value of 0 and it is shown in Figure 3b.  

Skew is a rotationally invariant parameter 
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that is a measure of dimensionality of data 
and for inter-station magnetic responses, it 
takes the form of: 

 
(11)

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 fall in the range of , which 
justify two-dimensional (2D) modeling of the 
data. It should also be mentioned that in true 
2D case, , ,  and  are the only 
transfer function elements that do not vanish 
to zero. 
 

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 
algorithm, 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, , , , , 
real and imaginary parts of tipper, 

,  and real and 
imaginary parts of inter-station magnetic 
tensor,  and . 

The relative error floor of  for 
apparent resistivities and an absolute error 
floor of  for phases and a value of  
for tipper and inter-station magnetic data 
were selected. 

REBOCC only detects major 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  and inter-station magnetic 
tensor  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 all components 
and obtained models were compared. This is 
a very useful analysis to choose the model 
with the best resolution. Finally 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. Several 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 shale 
which were encountered in several deep 
boreholes and their high conductivity has 
resulted from saline fluids and aquifers that 
are common in the area. The variation of 
their thickness has also 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 seismological studies. E 
has the worst resolution and may be 
interpreted as an artifact created during 
 

inversion 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. 

 

 
Figure 4. Pseudo-section of horizontal magnetic skew. 

 

 
Figure 5. Two-dimensional resistivity model along LT-7 profile across the TESZ. 
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Figure 6. The fit between observed and calculated data for three representative sites (blue: TE for apparent resistivity and 

phase, real part for tipper and inter-station magnetic response; red: TM for apparent resistivity and phase, 
imaginary part for tipper and inter-station magnetic response; solid lines: calculated data; circles: observed 
data). 

 
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 at 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 a real common reference on a 
true 1D structure, challenges 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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