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Abstract: We present the crustal-scale geophysical model based on the magnetotelluric method focused on 3-D model-
ling of the seismic 2T profile crossing the major Western Carpathian tectonic units in central Slovakia. The results of  
the 3-D modelling show substantial improvement in previous 2-D models of deep crustal structure in central Slovakia, 
mainly of the physically distinct tectonic segments and major geo-electrical regional structures like the zone of  
the Carpathian Conductivity Anomaly, which indicates the occurrence of the large-scale shear zone in the contact zone of 
the European platform and Inner Western Carpathians. High detail geo-electrical data in 3-D magnetotelluric (MT) cross 
section also allowed a better interpretation of other conductive anomalies. In the final integrated interpretation (combi-
nation of 3-D geo-electrical model, gravity data and seismic reflectors), it is shown that frontal part of the Inner Western 
Carpathians plate exhibits the transpressional tectonic style of the back-thrust Outer Western Carpathians (Flysch Belt) 
and Pieniny Klippen Belt units over the progressing Inner Western Carpathian thrust wedge. These back-thrusts form  
the southern branch of the accretionary structural fan – a large-scale transpressional flower structure typical mainly but 
not only for oblique convergent regimes. The southernmost segment of the profile with high whole-crust conductivity due 
to a higher heat flow caused by young volcanic activity indicates partial melting in the middle and lower crust.

Keywords: 3-D magnetotellurics, integrated interpretation, back-thrusting, accretionary prism, block boundary faults, 
Western Carpathians.

Introduction

The Western Carpathians play an important role in under-
standing of the lithospheric and sublithospheric interaction 
and thermal evolution in the area of the contact between  
the European Platform and the Alpine – Carpathian – Pannonian 
region. The interplay of contraction, strike-slip, and extension 
within the structures within this region were studied by nume-
rous authors (e.g. Csontos et al. 1992; Plašienka et al. 1997; 
Kováč 2000; Bielik et al. 2004; Froitzheim et al. 2008; 
 Alasonati-Tašárová et al. 2016; Plašienka 2018).

The profile 2T (Tomek et al. 1989) is a unique geophysical 
exploration section in the central part of the Western Carpathian 
arc (Fig. 1). The profile runs across all of the main tectonic 
units of the Outer and Inner Western Carpathians (this division 
is after Tectonic map of Slovakia, Bezák et al. 2004). Diverse 
geophysical data and models were gathered along this profile 
or in this area. The initial and the most important geophysical 
databases are based on the deep seismic reflection profile pro-
ject (Tomek 1993). The area was also included and supported 
by geophysical data gathered in the framework of the large 
regional seismic project CELEBRATION 2000 (CEL-01) 
(Guterch et al. 2003; Środa et al. 2006; Grabowska et al. 2011), 
the regional models of seismic velocities based on global 

waveform tomography (Schaeffer et al. 2016) and the Atlas of 
Slovak seismic profiles (Vozár & Šantavý 1999).

The interpretation and studies of deep structures of the region, 
which were published, are mostly based solely on seismic or 
gravity data. The original deep seismic reflection model by 
Tomek et al. (1989), clarification studies (Tomek 1993; Tomek 
& Hall 1993) and reinterpretations (Buday et al. 1991; Bielik 
et al. 2004) have emerged during the last decades. They accen-
tuated overthrust tectonics, but the most recent studies showed 
an important role of young steep shear zones in the geological 
evolution of the Western Carpathians (e.g. Ratschbacher et al. 
1993; Marko et al. 2017).

The first deep geo-electrical studies based on geomagnetic 
transfer function in this area were focused on the most signi-
ficant linear conductive crustal structure at a depth of 10–20 km 
known along the whole Western Carpathian arc (Jankowski et 
al. 1985; Červ et al. 2001; Kováčiková et al. 2005), the Car-
pathian Conductivity Anomaly (CCA) (Jankowski et al. 1977). 
The CCA was lately investigated by the magnetotelluric (MT) 
method, which combine magnetic and electric field, in a pro-
file crossing the Vysoké Tatry Mts. (Ernst et al. 1997). Just 
recently, the integrated 2-D geological interpretation of the dif-
ferent geophysical models with included magnetotelluric (MT) 
data was published (Bezák et al. 2020). This study showed that 
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distinct crustal zones, divided by subvertical tectonic inter-
faces, exist within the Carpathian block itself. These structures 
were interpreted in this work as Cenozoic strike-slip faults, 
along which compositionally distinct parts of the crust with 
contrasting physical parameters were juxtaposed in the Wes-
tern Carpathian crust. However, the detailed synthetic 3-D 
models based on the newest magnetotelluric data, which map 
the effects of neighbouring thin lithosphere in the Pannonian 
Basin, have been missing for this area up to now.

In order to map lateral 3-D geo-electrical structures, we 
modelled old and newly collected MT data along the 2T pro-
file using the modular ModEM 3-D MT inversion code (Kelbert 
et al. 2014; Meqbel et al. 2014). The 3-D models exhibit 
 several features, which was not unveiled by previous simple 
2-D MT and seismic models (Bezák et al. 2020). This profile 
can provide a significant contribution to information about 
major active faults important for description of the geody-
namic evolution of the area. The resulting models derived 

from the integrated approach are interpreted in terms of  
the tectonic evolution of the crust and lithosphere in central 
Slovakia.

Geological setting

The Western Carpathians covering the whole territory of 
Slovakia represent one part of the Cenozoic Alpine–Hima-
layan orogenic fold and thrust belt. To the west the Western 
Carpathians are orographically linked to the Eastern Alps  
(Fig. 1) and to the east they continue as the Eastern Carpathians. 
Although the Alps and Carpathians belong to the same Alpidic 
system, there are differences in the Neo-alpine evolution of 
individual segments of orogen. The Alps represent the zone  
of shortening due to typical frontal continental collision with 
very deep orogenic roots, while the Carpathians are the result 
of tectonic extrusion of microplates (e.g. Inner Western 
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Fig. 1. Left: the geological map after Lexa et al. (2000) with position of magnetotelluric sites used in modelling on the 2T profile. Top right: 
the tectonic scheme after Majcin et al. (2018) with position of the profile area in the Carpatho–Pannonian region.
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Car pathian plate, Pelsó, and Tisia) from the Alpine domain 
(Ratschbacher et al. 1991) to the area of subducting oceanic 
lithosphere of the flysch basin creating the embayment in  
the European plate. It led to the oblique collision of the Inner 
Western Carpathian microplate with the European plate and 
stack of flysch deposits into the pile of nappes forming the 
current Outer Carpathians accretionary wedge – Flysch Belt.

The Inner Western Carpathians comprise amalgamated 
 tec tonic units of older orogenic periods, mainly consolidated 
during the Paleo-alpine (Cretaceous) and Hercynian (Paleozoic) 
orogens. Meso-alpine units are preserved only in rudimentary 
form at the northern margin of the Inner Western Carpathians, 
they are incorporated to the Neo-alpine structure of the Pieniny 
Klippen Belt. The basement of the Inner Western Carpathian 
crust is composed of the Hercynian units – medium to high-
grade metamorphic crystalline complexes intruded by grani-
toids (Bezák et al. 1997). During the Paleo-alpine tectonic 
evolution, together with the Upper Paleozoic–Mesozoic 
 complexes they were incorporated into the new tectonic mega-
units – basement nappes of the Tatricum, Veporicum, and 
Gemericum and overthrust by superficial Mesozoic nappes of 
the Fatric, Hronic and Silicic thin-skinned nappe systems.  
The latest studies show that the Inner Western Carpathian 
block is composed of several particular blocks, which were 
shifted along deep seated crustal strike-slip discontinuities 
(e.g. Ratschbacher et al. 1993; Sperner et al. 2002; Marko et 
al. 2017; Bezák et al. 2020). In the final stages of Carpathian 
evolution the crust was broken up into horsts and grabens 
accompanied by massive volcanic activity. The latest review 
of knowledge concerning the tectonic evolution of the Wes tern 
Carpathians is presented e.g. in Froitzheim et al. (2008), Bezák 
et al. (2011) and Plašienka (2018).

The modelled 2T profile crosscutting all the main tectonic 
units is situated in the central part of Slovakia (Fig. 1).  
In the north there are units of the Outer Western Carpathians, 
then the very narrow and tectonically complicated Pieniny 
Klippen Belt, then follow two mountain ranges separated by 
sedimentary deposits of the Central Carpathian Paleogene 
Basin. The northernmost mountains are formed by a narrow 
horst of the Chočské vrchy Mts. composed of Mesozoic thin-
skinned nappe complexes, and southern mountains repre-
sented the horst of the Nízke Tatry Mts., which contains the 
Hercynian crystalline basement, Mesozoic cover sequences, 
and nappe pile of thin-skinned tectonic units. The Middle part 
of the 2T profile intersects the Veporicum composed of the 
Hercynian crystalline complexes. The southern part of the pro-
file cuts the Neogene sediments and volcanites underlain by 
the Gemericum and non-specified exotic crystalline basement 
probably of Cadomian age is expected underneath.

Magnetotelluric modelling

Magnetotellurics is a unique geophysical method using 
 passive natural-source electromagnetic sounding technique 
that employs a range of variations from kilohertz to thousands 

of seconds to image subsurface distribution of electrical con-
ductivity. The natural magnetic field is used as the source field 
for the method and is generated in the ionosphere and magne-
tosphere. The source field induces an electric field within  
the Earth and orthogonal electric and magnetic field variations 
measurements are collected on the surface (Tikhonov 1950; 
Cagniard 1953). Electrical conductivity, which varies over 10 
orders of magnitude (Haak & Hutton 1987; Bedrosian 2007), 
is the important physical property and plays a significant role 
in understanding dynamical, compositional, and transport 
properties of the geological units. 

The 3-D inversion of the 2-D distribution of MT data, where 
sites are distributed along the profile, is used to improve 
geo-electrical image of structures (Meqbel et al. 2016; Kirkby 
& Duan 2019). The advantage of 3-D inversion codes is the 
possibility to use more information from primary sounding 
MT data, namely a full four components of impedance tensor 
instead of two, derived phase tensor data (Caldwell et al. 2004) 
or interstation horizontal magnetic tensor (Egbert & Booker 
1989). We investigated these 3-D features in this area and used 
robust primary data with full impedance and geomagnetic 
transfer functions (GTF) components. There are several stu-
dies, which show importance of modelling the full impedance 
matrix to reveal additional information about lateral structures 
(along strike changes in conductivity) from measurement 
designed for 2-D modelling (Ledo et al. 2002; Kiyan et al. 
2014; Campanyà et al. 2016). Application of 3-D modelling 
allows adding into models new 3-D structures, which improve 
the geo-electrical image and fit of original data. In previous 
2-D models this lateral information was treated as a distortion 
and they were neglected or could be incorrectly introduced in 
models as unreal structures. In addition, we faced the change 
of the 2-D regional strike in northern and southern parts of  
the profile (Bezák et al. 2020) in our 2-D modelling of MT 
data. The splitting of data modelling to two groups is avoided 
by application of 3-D approach, so transition zone between  
the northern and southern parts of the profile is not affected by 
the regional strike change. 

For the 3-D MT modelling we used the Modular system for 
Electromagnetic inversion code (called ModEM) (Egbert & 
Kelbert 2012; Kelbert et al. 2014), which allows parallel 
 calculation of the inversion of impedance and GTF electro-
magnetic data on the high-performance computing cluster. 
The finite difference mesh used in this code has to have  
an oversized central investigation part of the mesh and his size 
was 141×71×40. The elevation variations in the investigated 
area are small in comparison to the modelled area and there-
fore the simple flat modelling approach was used. The diffe-
rent starting geo-electrical models were tested in the beginning 
of study and we selected simple constant resistivity half-space 
models with 100 Ωm resistivity, which was used in the final 
best fitting inversion model. 

The main MT datasets available for modelling of the crustal 
conductivity structure along the 2T profile are broad-band 
data (periods from 0.05 to approximately 500 s) from earlier 
measurements by ELGI Budapest and Geofyzika Brno in  
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the 1980s at 52 sites, along a profile approximately 150 km 
long (Varga & Lada 1988). Ten sites in the southern part of  
the profile were re-measured to check the quality of these old 
data by new broad-band MT Metronix systems (periods from 
0.001 to approximately 100 s) conducted by the Geophysical 
Institutes of the Czech and Slovak Academies of Sciences in 
2013 (Bezák et al. 2015). The MT data were of acceptably 
good quality, except for a few stations in the section crossing 
the Liptovská kotlina Basin and Nízke Tatry Mts. (between 
50–70 km), where an increased level in industrial noise over 
high-resistivity basement affected the MT curves, especially 
during longer periods. The full impedance and GTF data were 
inverted from 46 sites with error floors set at 5 % of geometri-
cal average of off-diagonal components of the impedance 
 tensor and 0.05 value for GTF components. The smoothing 
covariance para meter for roughness of the model was set to 
0.5. We tested sensitivity of the inversion model to different 
subsets of primary input data to evaluate physical information 
within each subset, namely off-diagonal impedance compo-
nents and GTF. The resulting fit of full dataset is represented 
by root mean square (RMS) misfit of reduced chi-square value 
and is 2.4, which is equivalent to average data fit quality.  
The final fit with all stations is presented in Fig. 2.

Geological interpretation of MT models 

The final resistivity model is presented as horizontal slices 
at three crustal depths (Fig. 3a–c) and vertical section through 
a 3-D model (Fig. 4) along the 2T profile. Except for the area 
with distorted data in the Liptovská kotlina Basin, MT data 
provide sensitivity down to asthenospheric depths, which 
allows reliable identification of geo-electrical structures from 
depths of hundreds of metres into the lower crust.

The lateral extent of conductive and resistive zones in  
Fig. 3 is restricted based on distance from the modelled sites. 
The resistivity model is shown only for distances less than 
double the depth of a horizontal slice. This approach removes 
unreal structures, which are not based on information from 
inverted data, but only numerical effects of the inversion 
algorithm. 

In this section, we have focused on the geological interpre-
tation of conductivity anomalies in the 3-D MT model in  
the horizontal and vertical sections (shown in Figs. 3, 4). This 
interpretation is based on the following two basic pillars: rele-
vant information on the geological structure of the area and 
conductivity properties of the participating rock complexes.

All conductive complexes with limited depth along the entire 
length of the profile are mostly Cenozoic (and sometimes 
older, mostly Mesozoic) sedimentary deposits and volcanic 
rocks. Within the sedimentary complexes, Flysch Belt com-
plexes (anomaly A1) deserve our attention because they 
extend to a depth of 5 to 7 km above the nonconductive 
European Platform (Figs. 3a,b, 4). The new perspective on  
the structure of the Flysch Belt was also enriched by the mig-
rated seismic section in this area (Fig. 5a), which shows  

the flower structure from the axis of the former suture of  
the Neo-alpine zone. The Pieniny Klippen Belt complexes 
stand out in the southern wing of this structure.

Fault zones are another category of conductive structures. 
When the tectonic blocks move, rock is disrupted but also 
revived in order to facilitate the migration of fluids (water, 
hydrothermal mineralized solutions etc.), which are the main 
cause of high conductivity of these fault structures. Their 
pene tration by fluids and degree of crushing is not continuous 
throughout their course. One such fault zone (anomaly A2) is 
taking shape in the 5 km horizontal section (Fig. 3a), it runs  
in the NNW direction. It is not very deep and it connects spa-
tially to the Zázrivá fault in the north of the profile, where  
the Pieniny Klippen Belt is significantly shifted. The slice 
continues through the valley south of Ružomberok, which 
separates orographically the Nízke Tatry Mts. from the Veľká 
Fatra Mts. Maybe it could be linked to the south with the signs 
of shallow fault structures in the western part of the Nízke 
Tatry Mts. (anomaly A3). This A3 anomaly is combined with 
the Nízke Tatry fault (Nt in the Fig. 5a) and with the signs of 
sedimentary infill in the Horehronie Basin. Following this 
fault zone further to the SSE, we get to the volcanic centres of 
the Poľana and Javorie Mts.

The manifestation of the fault structures, which acts as the 
Osrblie–Pohorelá fault system (Phf) on the surface (anomaly 
A4 in all horizontal levels and in vertical section, Figs. 3, 4),  
is different. It consists of deep-seated fault structures with  
an old foundation, which were certainly restored also in the 
Neo-alpine period because their conductivity manifestations 
are quite striking and this zone is still seismically active (e.g. 
Madarás et al. 2012). Moreover, they form an interface bet-
ween physically and thus geologically distinct blocks of the 
crust. These blocks are the granitic and orthogneissic com-
plexes (mostly in the Tatricum unit but also in northernmost 
Veporic zone – Ľubietová zone) to the north of Phf and  
the mostly metamorphic prevailingly diaphthorized rocks to 
the south (Bezák et al. 2020). This means that the northern 
block is manifested as resistive and much lighter than the 
southern one (see new Bouguer gravity anomaly map, Pašteka 
et al. 2017). In connection to this it is interesting that these 
differences led Zoubek (1937) to include the Ľubietová zone 
in the Tatricum. 

It is not entirely clear when convergence of these distinct 
blocks occurred, and it probably occurred in several stages. 
There is indicative evidence of this fault system as early as  
the Permian (Bezák 2002), when it was intruded by the Per-
mian magmatites (Petrík et al. 1995). Furthermore, there are 
clues to its function even after the Paleo-alpine stage, because 
it is the boundary between the northern and southern Vepo-
ricum in terms of their Mesozoic covers. The shift along this 
fault does not contradict the Paleo-alpine nappe structure. 
Paleo-alpine thrusts in this zone are discussed in works such  
as Bezák & Olšavský (2008), but, at the same time, there is 
cutting of a series of tectonic slices of crystalline rocks sepa-
rated by Mesozoic sediments by younger subvertical faults. 
The seismic model does not provide a reliably image of these 
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steep structures. It may not be visible in the bundles of seismic 
reflexes, although here the seismic image shows us rather sig-
nificant difference between the tectonically heavily laminated 
southern block and the northern block (block II and III in 
Bezák et al. 2020).

Anomaly A5 is not very deep, its manifestation is only at  
the 5 km level (Fig. 3a) and it may be a young reactivation of 
the Divín–Muráň fault system (Mu in Fig. 5), which is also 
documented by seismic activity (Madarás et al. 2012).

The A6 anomalies come from the Neogene magma cham-
bers in the volcanic centres (Poľana, Javorie volcanoes and 
basaltic chambers below the Cerová vrchovina Mts.). Their 

magmatic impact obviously progressed along the fault struc-
tures to the east to the Veporic crystalline blocks (anomalies 
A6a, b). The impact of volcanic activity and the associated 
hydrothermal activity in the southernmost block is extremely 
high (anomaly A6c). It is plausible that this extreme activity 
has its source in the mantle, as indicated by the enclaves of  
the mantle in the basaltic volcanics in this area (Huraiová & 
Konečný 1994). This activity was manifested by the physical 
changes (hydrothermal alterations) to the crystalline com-
plexes (CBA in Fig. 5). 

The deepest conductive anomalies, which go down to depths 
of more than 20 km, are manifested only in the horizontal 

Fig. 2. Full data plots of original, predicted and misfit values for each data point complex component (sites from the south to north, periods) 
and data type (off-diagonal xy, yx; diagonal xx, yy; GTF tx, ty).
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slices 10, 15 km (Fig. 3b, c) or vertical section (Fig. 4). This is 
anomaly A7 that reflect the CCA zone and anomaly A8,  
which is probably caused by conductive metamorphic com-
plexes under non-conductive granitic complexes in the central 
part of the profile. This is most probably a remnant of Her-
cynian superposition of middle crust nappes of granitic middle 
unit over mica-schist lower unit (Bezák et al. 1997). However, 
other geological and geophysical studies also suggest that 
there are mica-schist complexes under the granite complexes 
in the Veporicum (magnetic anomalies under the non-mag-
netic granites, fluid inclusions in the veins of the granites, 
which come from the metasediments (Hurai et al. 1994). 

Discussion

A geological interpretation of all 3-D conductive anomalies 
is presented in Fig. 5a and confronted with the results of 2-D 
modelling interpreted by Bezák et al. (2020) in Fig. 5b.

In the Fig. 5 we compare the new 3-D model to the previous 
2-D MT modelling results (Bezák et al. 2020) and seismic 
deep reflection images (only in the northern part). We create 
the sections through geo-electrical 3-D models along the model-
led 2T profile. The 2-D model shown in Fig. 5b is a stitched 
version of the inversion results of the northern sub-profile  
and the southern part of 2T. A conductivity 2-D model was 

Fig. 3. The horizontal slices through 3-D resistivity inversion model of the 2T profile at depths 5 km (a), 10 km (b), and 15 km (c). Thick red 
lines in the northern part of the 2T slices image indicate expected position of the CCA. The line labelled as CCA1 is the position of CCA based 
on Jankowski et al. (1985) and the CCA2 line following from Červ et al. (2001). The black circles indicate position of the MT sites included in 
3-D MT inversion modelling. Blue polygon indicates Pieniny Klippen Belt, and orange polygons are volcanic rocks. A1–A7 labels for conduc-
tive anomalies are described in the text.
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calculated by the algorithm for anisotropic conductivity struc-
tures (Pek et al. 2012) and the classic non-linear conjugate 
gradient algorithm of the MT inversion (Rodi & Mackie 
2001). The model is composed of two segments with geo- 
electrical strike direction 60° and 45°.

As we can see from Fig. 5, the 2-D modelling alone is not 
recovering the higher complexity of geological structural 
geometries particularly in the northern part of the 2T profile 
(up to 80 km). The significant changes of structures in the 2-D 
geo-electrical strike directions are expected. More parameters 
in the input datasets and higher dimensionality cause possible 
greater variability within the 3-D model during inversion than 
in the 2-D modelling. There are well known problems of gal-
vanic and induction effects of 3-D structures that cannot be 
removed by classic decomposition techniques (Ledo 2005; 
Jones 2012) for 2-D data preparation and the distribution of 
them has an effect on the both modes of 2-D MT data. Due to 
this presence of extra data information in diagonal impedance 
components, which could be sensitive to artificial noise,  
the possible effect of noisy data in 3-D MT inversions (area 
50–70 km mentioned above) are usually compensated in very 
shallow parts of the inversion model and not in deeper parts as 
in the 2-D case. Fortunately, the image of the northern half of 
the area is dominated by high resistivity rocks and therefore 

any presence of conductive zone can be inferred with high 
probability even from heavily edited data without longer 
periods.

The CCA structure is the most significant geo-electrical 
structure in the region. It was well mapped by numerous mag-
netotelluric and magnetovariational field measurements per-
formed during the last 30 years (Jankowski et al. 1985; Červ et 
al. 2001). It is known that the CCA lies along the Outer and 
Inner Western Carpathian contact zone from the Malé Karpaty 
Mts. to the Eastern Carpathians. The zone is about tens of kilo-
metres wide in the depth range of 10−25 km and its length is 
approximately 1200 km (Buryanov et al. 1987). Its origin is 
probably caused by trapped fluids from the mantle and with 
combination of carbon derived from subducted metasediments 
(Hvoždara & Vozár 2004; Jankowski et al. 2008). In the 3-D 
model slice, it is present in a position as expected from these 
previous studies. The depth of the CCA is from 10 km up to 
20–25 km, but the bottom boundary is not well constrained. 
The interface between the well conductive body and under-
lying resistive structures is hard to resolve by MT method due 
to its weakness from definition. The electromagnetic responses 
of the resistive structures are much weaker than from the con-
ductive ones and therefore it is very hard to distinguish them 
from the surface. 
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A significant difference can be seen in the case of only 
anticipated CCA, which was not visible in the 2-D cross sec-
tion, while 3-D solution nicely shows this very high conduc-
tivity zone. This difference is a combination of impedance 
data quality, CCA geometry in the area, and balancing weights 
between GTF and impedances during inversion process.  
On the other hand, this conductivity zone in the 3-D cross sec-
tion is spatially shifted to the south and the shape of the ano-
maly is more similar to the study by Červ et al. (2001).  
It coincides with the northern boundary fault of the Carpathian 
Shear Corridor (Marko et al. 2017) representing the left lateral 
transform boundary of extruded Inner Carpathian crustal seg-
ments. We regard the CCA as an expression of the major fault 
zone in the area between the European Platform and Inner 
Western Carpathians. However, the CCA does not always 
coincide with the contact (suture) zone between the European 
Platform and Inner Western Carpathians, which can be caused 
by other major shear zones. A sudden change in the Moho 
depth between the platform and the Inner Carpathians (e.g. 
Hrubcová & Środa 2015) is also an indicator of the tectonic 
contact of the two plates. 

Another important piece of knowledge coming from the 3-D 
MT model is the new picture of the tectonic architecture north 
of the CCA zone. The northward dipping southernmost com-
plexes of the Flysch Belt and frontal Inner Western Carpathian 
complexes (Pieniny Klippen Belt, northern part of the Tat-
ricum, border zones of the Inner Carpathian Paleogene Basin) 
are clearly visible in the 3-D MT model with migrated seismic 
reflexes (Fig. 5a), as well as subduction suture, the main thrust 
plane of the Inner Western Carpathian block over the foreland 
respectively. This suture zone is not represented by the Pieniny 
Klippen Belt, but is situated further to the north of the present 
day Klippen Belt in the basement of the Flysch Belt. From  
the 3-D MT model, the tectonic style of the transpressional 
fan-like structure of the Outer Flysch Belt emerges. Its sou-
thern branch is formed by the back-thrust Flysch Belt units 
scraped off the Magura oceanic basin floor during subduction 
followed by oblique transpressional collision. The Pieniny 
Klippen Belt units are back-thrust as well and are incorporated 
within south-vergent back-thrusts over the wedge-shaped 
internal block created by the Inner Western Carpathian block 
and northernmost Pieninic (Oravic) crust block (see discus-
sion below). These back-thrusts affected the Inner Western 
Carpathian units and the southern part of the Flysch Belt, in 
the contact zone, are stated in some previous studies. We inter-
pret this as multiple back-thrusts affecting the frontal margin 
of the prograding microplate. These back-thrusts form the sou-
thern branch of the accretionary structural fan – a large-scale 
transpressional flower structure typical for oblique convergent 
regimes (e.g. Pešková et al. 2009; Marko et al. 2005). A simi-
lar style of accretionary prisms was described, for example, by 
Yeats (2012), Press et al. (2004). 

In the final part of the discussion, we want to address  
the question of two Cadomian blocks, that once drifted from 
the platform and are now incorporated into a deeper Western 
Carpathian structure. They do not outcrop on the surface and 

their existence is based only on paleotectonic reconstructions 
and geophysical data. The first is the Cadomian block in  
the Tatricum basement, known as the Oravic basement (Or in 
Fig. 5a), more recently, the Pieninic crust (e.g Środa et al. 
2006 – PC in Fig. 5b). It was the basement of the part of 
Mesozoic sedimentary complexes of the Pieniny Klippen Belt 
north of the Southern Penninic Ocean, which became a part of 
the Inner Western Carpathian block during the Meso-alpine 
collision.

The second Cadomian fragment is inferred in the southern 
part of the profile in the lower crust below the Cerová 
vrchovina Mts. and Novohrad–Nógrad Basin. It is the rela-
tively resistive so-called southern Cadomian basement (SB in 
Fig. 5) in the sense of Bezák et al.(1997), the existence of 
which is indicated particularly by the xenoliths in basalts 
(Hovorka & Lukáčik 1972), but also by a severe magnetic 
anomaly (Kubeš et al. 2010). Originally, it was the lowest 
autochthonous element of the Hercynian tectonic structure at 
the time, which became part of the Veporicum in the Paleo-
alpine orogenesis and later the Neo-alpine Inner Western 
Carpathian block.

Conclusion

The geophysical modelling by the MT 3-D method and its 
geological interpretation is presented in this study. The 3-D 
MT inversion ModEM package was used to obtain better- 
constrained crustal conductivity models of MT data collected 
along the 2T seismic profile crossing the major geological 
units within the Inner and Outer Western Carpathians in cen-
tral Slovakia. The final model presented here substantially 
improves knowledge of deep crustal architecture in the region 
of central Slovakia and thus in a significant part of the Western 
Carpathians. 

The first important output from our 3-D modelling is the 
presence of the CCA in our geo-electrical inversion results. 
The final model reliably identifies this prominent Neo-alpine 
boundary between the European Platform and Inner Western 
Carpathians. Such a recalculated geo-electrical model allows 
us to study crustal architecture with higher details. In combi-
nation with the deep reflection seismic data it gives a complex 
picture of this important crustal tectonic interface, where  
the frontal part of the Inner Western Carpathian plate exhibits 
the transpressional tectonic style of the back-thrust Outer 
Carpathian Flysch Belt and Pieniny Klippen Belt over the pro-
gressing Inner Western Carpathian thrust wedge. These back-
thrusts form the southern branch of the accretionary structural 
fan – a large-scale transpressional flower structure typical 
mainly but not only for oblique convergent regimes.

The southernmost segment with high conductivity in  
the entire crust has a similar image in both 2-D and 3-D MT 
methods. This phenomenon has already previously been inter-
preted as the effects of young volcanism and the associated 
hydrothermal processes. In addition to identifying the classic 
near-surface sedimentary and volcanic complexes, some of  
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the conductive anomalies in the model are associated with 
major fault zones within the investigated area. The example of 
these fault structures is associated with the surface trace of  
the Pohorelá fault, which has a very deep root. This structure 
forms an interface between the very compact resistive nor-
thern block mostly represented by the granitic and ortho-
gneissic complexes and the mostly metamorphic rocks in  
the southernmost block. Therefore, our final 3-D geo-elec-
trical model proves that it can identify physically and thus 
geologically distinct blocks, which allows the crustal-scale 
interpretation of geological and geodynamic processes.
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