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Abstract: The Teisseyre-Tornquist Zone (TTZ) is the longest European tectonic and geophysical lineament ex-
tending from the Baltic Sea in the NW to the Black Sea in the SE. This tectonic feature defines a transition zone 
between the thick crust of the East European Craton (EEC) and the thinner crust of the Palaeozoic Platform to 
the SW. The TTZ is evident from the seismic data as a perturbation of the Moho depth as well as from magnetic 
and gravity anomaly maps and heat flow distribution. For over a century, the TTZ has been considered a fossil 
plate boundary of the EEC corresponding to the limit of early Palaeozoic palaeocontinent Baltica. The results of 
quantitative interpretation of gravity and magnetic data, integrated with data from the new reflection seismic 
profiles crossing the TTZ, indicate the continuation of the Precambrian basement of the EEC and its lower Pal-
aeozoic cover toward the SW underneath the Palaeozoic Platform. Potential field modelling also suggests the oc-
currence of a crustal keel underneath the TTZ. These results imply the location of a Caledonian tectonic suture, 
marking the site of the collision between Avalonia and Baltica, not along the TTZ, but farther SW, in NE Germa-
ny and SW Poland. Consequently, the extensive Permo-Mesozoic sedimentary basin of western Poland is estab-
lished above the attenuated margin of the Baltica palaeocontinent.

Keywords: tectonics, Baltica margin, crustal architecture, potential field data, gravity and magnetic modelling, 
Caledonian suture, Poland

INTRODUCTION

The Teisseyre-Tornquist Zone (TTZ) is often rec-
ognised as the longest geological and geophysi-
cal lineament in Europe to the north of the Alps 
(Fig. 1; Pharaoh 1999). This transcontinental fea-
ture is well visible in seismic refraction data as 
a  transition zone from the thick Precambrian 
crust of the East European Craton (EEC) to the 
thinner crust of the Palaeozoic Platform of West-
ern Europe (e.g., Guterch et al. 2010). The TTZ 
is also unambiguously revealed by magnetic and 
gravimetric maps (e.g., Wybraniec 1999) as well 

as heat flow intensity (e.g., Čermák et al. 1989). 
Therefore, for decades, the TTZ has been consid-
ered a fossil plate boundary of the EEC and the di-
viding line between old Precambrian and younger 
Palaeozoic Europe (e.g., Tornquist 1908, Teisseyre 
1921, Brochwicz-Lewiński et al. 1981, Pożaryski et 
al. 1982, Dadlez et al. 2005, Narkiewicz et al. 2015). 
There have also been minority views presented on 
a farther-reaching SW-ward extent of the EEC or 
only its lower crust to continue underneath the 
Palaeozoic Platform (Berthelsen 1998, Pharaoh 
1999, Grad et al. 2002, Winchester et al. 2002, 
Malinowski et al. 2005, Żelaźniewicz et al. 2009). 
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The nature of the TTZ has remained unre-
solved for a long time due to the lack of adequate 
data on its in-depth architecture. This situa-
tion has changed with the emergence of the first 
high-resolution reflective seismic profiles imag-
ing the structure of the SW slope of the EEC (Ma-
linowski et al. 2013, Krzywiec et al. 2014). In this 
paper, following a  similar account published in 
Polish language (Mazur et al. 2017), we present re-
sults of quantitative interpretation of gravimetric 
and magnetic data, integrated with interpretation 

of seismic reflection profiles from the Poland-
SPAN™ survey to explain whether the TTZ is 
a tectonic boundary of the EEC. 

The new data indicate a continuation of the Pre-
cambrian crust of the EEC and its lower Palaeozoic 
sedimentary cover to the SW, beneath the Palaeozo-
ic Platform of western Poland. They also suggest the 
presence of a crustal keel underneath the TTZ. In 
the wider context of European geology, these results 
imply the location of a Caledonian tectonic suture 
(Thor Suture), which defines the site of collision 

Fig. 1. Simplified tectonic map of Central Europe main structural elements and the position of the Teisseyre-Tornquist Zone. 
Base map modified from several sources including Franke et al. (1995), Pharaoh (1999) and Banka et al. (2002). Explanations: 
pink  – East European Craton (EEC); pale pink  – possible extension of the EEC beneath a thick sedimentary cover; orange  – Va-
riscides; beige  – Alps and Carpathians; mixed orange and pale pink stripes  – Baltica margin covered by the Variscan belt and 
its foreland basin; A-CDF  – Alpine-Carpathian Deformation Front; CDF  – Caledonian Deformation Front; GF  – Grójec Fault; 
KLF  – Kraków-Lubliniec Fault; STZ  – Sorgenfrei-Tornquist Zone; TTZ  – Teisseyre-Tornquist Zone; VDF  – Variscan Deforma-
tion Front
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between Avalonia and Baltica, not along the TTZ, 
but farther to the SW, in NE Germany and SW Po-
land. Another implication is the location of exten-
sive Palaeozoic and Permo-Mesozoic sedimenta-
ry basins of western Poland over the stretched and 
deeply concealed margin of the Baltica paleocon-
tinent. The geophysical and geological arguments 
presented herein confirm the hypothesis (Mazur 
et al. 2016a, 2016b), according to which the TTZ 
was formed in the Precambrian and it was not the 
boundary of Baltica in the early Palaeozoic. They 
refer to the results of geophysical modelling using 
gravimetric and magnetic data and to the seismic in-
terpretation of selected profiles of the PolandSPAN™ 
survey (Krzywiec et al. 2014), which have been pub-
lished in recent years (Mazur et al. 2015, 2016a, 
2016b, 2017, Malinowski 2016, Krzywiec et al. 2017a).

GEOPHYSICAL IMAGE OF 
THE TEISSEYRE-TORNQUIST ZONE

The TTZ is about 50 km wide and is associated 
with a distinct change in the position of the Moho 
discontinuity. The Moho depth is reduced from 
42–49 km underneath the Polish part of the EEC 
to 31–38 km in the area of the Palaeozoic Platform 
(e.g., Guterch & Grad 2006, Guterch et al. 2010). 

At the same time, the top of Precambrian base-
ment is lowered within the TTZ by about 10 km 
towards the SW (Fig. 2; Mazur et al. 2015, Grad 
& Polkowski 2016, Mikołajczak 2016, Krzywiec et 
al. 2017a). The shear wave (S) velocity distribution 
in the upper mantle obtained on the basis of seis-
mic tomography proves that the TTZ coincides 
with a  much wider transition zone between the 
high-velocity domain underneath the EEC and 
the low-velocity domain beneath the Palaeozoic 
Platform (Zhu et al. 2015). The TTZ also coincides 
with the direction of faster S wave propagation in 
the upper mantle (Zhu & Tromp 2013).

The TTZ is an essential boundary in the image 
of gravity and magnetic field (Królikowski & Pe-
tecki 1995, Królikowski & Wybraniec 1996, Wy-
braniec 1999), and also in the distribution of heat 
flow intensity (Čermák et al. 1989, Majorowicz 
et al. 2003). In general, the EEC, where the crystal-
line basement top is relatively shallow, corresponds 
to gravity and magnetic highs, while gravity and 
magnetic lows are characteristic of the Palaeozoic 
Platform, whose crystalline basement is placed at 
a considerable depth (Figs. 2, 3). Located between 
the two contrasting geophysical domains, the TTZ 
corresponds to a zone of maximum lateral gradient 
of gravity and magnetic field (Fig. 3). 

Fig. 2. Perspective view (looking northward) of crystalline basement configuration derived from 3D inversion of gravity data 
over the Teisseyre-Tornquist Zone and the Polish part of the East European Craton



20

https://journals.agh.edu.pl/geol

Mazur S., Krzywiec P., Malinowski M., Lewandowski M., Aleksandrowski P., Mikołajczak M.

Throughout its length, the TTZ is covered by 
thick successions of Palaeozoic, Permo-Mesozoic 
and Cenozoic sedimentary basins. Therefore, the 
reconstruction of both the contemporary struc-
ture and the past tectonic evolution of the TTZ has 
to be primarily based on the interpretation of geo-
physical data in combination with the analysis of 
well data, whereas the surface geology does not play 
a role in this task.

OBJECTIVES AND METHODS

The starting point for the research presented here-
in was an observation that the TTZ in northern 
and central Poland is accompanied by large gravity 
lows (Pomeranian and Kuyavian Lows), extending 
parallel to the strike of this zone (Fig. 3A). At the 
same time, in SE Poland the TTZ crosses the area 
of the Małopolska Gravity High without substan-
tially modifying it. While in the latter case posi-
tive gravity anomalies may be associated with the 
presence of high density bodies in the lower crust 
(e.g., Perchuć 1984, Malinowski et al. 2005, Janik 
et al. 2005, 2009, Środa et al. 2006), the presence of 
gravity lows in the TTZ has no simple explanation. 

Considering the decrease of the Moho depth un-
derneath the Palaeozoic Platform relative to the 
EEC (Grad et al. 2002, Guterch & Grad 2006, Gu-
terch et al. 2010), one would rather expect a gravi-
ty high along the TTZ. Of course, the effect of the 
SW-ward decrease in the depth to Moho is to some 
extent compensated by the descent of the top of 
crystalline basement in the same direction. To the 
extent that these two opposing tendencies balance 
one another, or an additional factor comes into 
play, the issue remains open. It cannot be resolved 
solely on the basis of qualitative observations with-
out the aid of quantitative geophysical models. 
A similar situation occurs in the case of magnetic 
anomalies. It is not possible to assess, based on the 
qualitative analysis, whether a strong lateral mag-
netic field gradient in the TTZ (Fig. 3B) is merely 
the result of a deep burial of magnetic basement 
in the area of the Palaeozoic Platform or it ensues 
from the contact of crystalline basement blocks 
with different magnetic susceptibilities.

We used the results of seismic reflection pro-
files from the PolandSPAN™ survey (Krzywiec 
et al. 2014) in the depth domain (Fig. 3) to create 
quantitative geophysical models for the TTZ. 

Fig. 3. Potential field anomaly maps for the territory of Poland. The coordinate system used is Poland 1992: A) Bouguer gravity 
anomaly map. The gravity data were derived from gravity ground stations and gridded at 2000 m interval. The Bouguer correc-
tion reduction density is 2.67 g/cm3. B) Magnetic anomaly reduced to the pole (RTP). The total magnetic intensity grid was com-
piled from ground and airborne surveys and gridded at 500 m interval and upward continued to 500 m mean terrain clearance. 
Explanations: KL  – Kuyavian Gravity Low, PL  – Pomeranian Gravity Low, TTZ  – Teisseyre-Tornquist Zone

A B
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The use of seismic horizons for the sedimentary 
cover and top of crystalline basement has mostly 
solved the problem of non-uniqueness of geophys-
ical models as it narrowed the range of possible 
solutions. Because PolandSPAN™ profiles in their 
original version did not image the lower crust and 
Moho interface, we integrated them with gravi-
metric and magnetic data to obtain a full image of 
the TTZ. For modelling of the top of lower crust 
and Moho discontinuity, we used grids compiled 
by Majdański (2012) based on the results of all 
previous refraction experiments. However, hori-
zons derived from seismic refraction data were 
treated more as a general guideline for modelling, 
allowing some derogation from seismic horizons 
if it was required to achieve a good fit between the 
observed and synthetic gravity and magnetic data.

The two-dimensional forward modelling of 
gravity and magnetic data was done along the Po-
landSPAN™ profiles, which intersect the whole or 
part of the TTZ (Fig. 3; Mazur et al. 2015, 2016a, 
2016b, 2017, Mikołajczak 2016). Modelling was 
performed using the Geosoft GM-SYS software, 
which uses the classical Talwani & Ewing (1960) 
method to calculate the gravity and magnetic re-
sponses of the bodies defined in the model. Den-
sity data were taken from the resources of the Na-
tional Geological Archive (Tab.  1), and for the 
deeper layers of the crust; their range was deter-
mined based on general knowledge about the pet-
rophysical properties of rocks and the results of 
previously published models (Mazur et al. 2015 
and references therein).

Three-dimensional modelling was based on 
the inversion of gravity data in the frequency do-
main (Barns & Barraud 2012). The first step was 
to calculate the upper mantle gravity effect based 
on the assumption of a  simple two-layer model. 
The Moho interface separating the two layers was 
based on a data grid derived from the combined 
results of seismic refraction sounding (Majdański 
2012). The density contrast of 0.35 g/cm3 across 
the Moho was assumed. The computed gravity 
signal from the upper mantle was then subtracted 
from the observed gravity data with the Bougu-
er correction. The gravity residual thus separated 
included anomalies generated by sources located 

in the Earth’s crust. It was used in the inverse 
modelling to calculate the top of crystalline base-
ment, assuming the density contrast of 0.2 g/cm3 
between the basement and sedimentary cover, as 
well as the lack of lateral density gradient.

RESULTS

The quantitative analysis confirmed several earli-
er observations concerning the TTZ (Królikowski 
& Petecki 1995, Królikowski & Wybraniec 1996, 
Wybraniec 1999). The results obtained show that 
the TTZ is located along the boundary between 
two contrasting domains, where the lateral gradi-
ents of gravity and magnetic field reach the maxi-
mum magnitude (Fig. 3). Two-dimensional mod-
elling also confirmed the shallower depth to Moho 
underneath the Palaeozoic Platform (Fig. 4).

Besides similarities to the previously published 
data (Grad et al. 2002, Guterch & Grad 2006, Gu-
terch et al. 2010), the results also revealed features 
of the TTZ that have not yet been reported in the 
literature. First of all, it was found that balancing 
of the calculated gravity effect of models in the 
TTZ is not possible without a local depression of 
the Moho discontinuity. Three two-dimensional 
models (PL-5300, PL-5400 and PL-5600, Fig.  4) 
show the presence of a crustal keel underneath the 
TTZ in central and NW Poland (Fig. 4). The keel 
is 20–30 km wide and it is located below the axi-
al part of the Kuyavian and Pomeranian Gravity 
Lows, penetrating the upper mantle to a depth of 
46–48 km, which is approximately 6–8 km below 
the Moho discontinuity in its immediate vicinity. 
For modelling, a minimum realistic density of the 
crust in the TTZ (2.7 g/cm3) was assumed, which 
is smaller than that suggested by seismic refrac-
tion data (Grad et al. 2003, Guterch & Grad 2006, 
Guterch et al. 2010). If density of the crust in the 
TTZ is increased accordingly to the seismic data, 
the crustal keel would be larger, probably as large 
as that illustrated in figure 8a in Grad et al. (2003). 
The keel would also have been larger if increased 
density of the upper mantle beneath the Palaeozo-
ic Platform (see Grad et al. 2003, Janik et al. 2009), 
assumed for models PL-5300 and PL-5400, had 
been discarded. 
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Both two- and three-dimensional models show 
the undisturbed top of the crystalline basement of 
the EEC, which plunges consistently towards the 
SW under the Permo-Mesozoic Polish Basin and 
the underlying Palaeozoic formations in the NW 
and the Łysogóry and Małopolska Blocks in the 
SE (Fig. 4). The top of the EEC basement is lowered 
in the TTZ to 11–13 km in NW and central Po-
land and to 16–18 km in SE Poland (Fig. 2). Mag-
netic profiles across the TTZ are characterized by 
a geometry roughly comparable to that of the top 
of basement, which descends to the SW (Fig.  4). 
This proves that the changing depth to crystalline 
basement is the main factor controlling the later-
al magnetic field gradient in the TTZ. This con-
clusion is confirmed by the increase in the wave-
length of magnetic anomalies above the EEC as it 
approaches the TTZ (Fig. 3B).

In summary, two-dimensional modelling showed  
no density contrast in the crystalline crust across 
the TTZ in central and NW Poland. Moreover, de-
spite the use in the models of the minimum accept-
able density for crystalline basement (2.7 g/cm3), 
the negative gravity anomalies of Pomerania and 
Kuyavia were not reproducible without introduc-
ing a  depression of the Moho discontinuity un-
derneath the TTZ. In the Lublin region, the den-
sity contrast in the crust is high, but it is related to 
the presence of high density bodies within crys-
talline basement (Perchuć 1984, Malinowski et al. 

2005, Janik et al. 2005, Środa et al. 2006). The top 
of the crystalline basement in two- and three-di-
mensional models is smooth, with no faults, and 
it does not reveal any signs of Phanerozoic de-
formation involving the crystalline crust of the 
EEC (Figs. 3, 4). This is additionally substantiated 
by the presence of tectonically undisturbed low-
er Palaeozoic sediments overlying the crystalline 
basement in the central part of the TTZ. The sed-
imentary succession is deformed in the NW and 
SE parts of the TTZ, but in both cases its defor-
mation is thin-skinned, being associated with 
the Variscan folding and thrusting in the Lub-
lin-Radom area (Antonowicz et al. 2003, Krzy-
wiec et  al. 2017a, 2017b) and Caledonian short-
ening in Pomerania (e.g., Mazur et al. 2016b). In 
the latter case, the folded Ordovician and Silurian 
sediments were thrust over the undeformed part 
of the Caledonian foreland basin, as indicated by 
the PL-5600 seismic profile (Fig.  4; Mazur et al. 
2016b). This occurred during the final phase of the 
Caledonian orogeny when the foreland basin fill 
was partially incorporated into an orogenic wedge 
(Mazur et al. 2016b).

DISCUSSION

Over the last three decades, the TTZ has been 
mostly interpreted as a  fossil terrane boundary 
formed in the Ediacaran-Early Palaeozoic along 

Table 1
Key to Phanerozoic stratigraphic subdivisions (including Ediacaran) used in geological models of Figure 4 and to density and 
susceptibility values used in modelling

Layer Density [g/cm3] Susceptibility [cgs] Colour

Cenozoic 2.00–2.20 0 yellow

Cretaceous 1.94–2.39 0 green

Jurassic 2.10–2.44 0 blue

Triassic 2.30–2.70 0 violet

Permian 2.30–2.58 0 brown

Carboniferous 2.52–2.58 0 grey

Devonian 2.50–2.56 0 orange

Silurian 2.56–2.68 0 light blue

Ordovician 2.65–2.70 0 dark green

Ordovician and Silurian 2.66 0 faded green

Cambrian 2.60–2.70 0 olive green

Neoproterozoic 2.67–2.70 0–0.001 salmon
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the SW margin of the Baltica paleocontinent 
(e.g., Franke 1995, Dadlez et al. 2005, Malinow
ski et al. 2015, Narkiewicz et al. 2015). Proponents 
of this hypothesis generally postulated a  strike-
slip nature of the tectonic suture along the TTZ 
(Brochwicz-Lewiński et al. 1984, Pożaryski 1990, 
Dadlez et al. 2005, Narkiewicz et al. 2015). Howev-
er, the smooth, undisturbed geometry of the EEC 
top basement slope along the TTZ (Figs. 2, 4), re-
vealed by the recent, high-resolution seismic re-
flection profiles of the PolandSPAN™ survey (Ma-
zur et al. 2015, 2016b, Krzywiec et al. 2017a) and 
deep reflection profile POLCRUST-01 (Malinows-
ki et al. 2013, 2015, Krzywiec et al. 2017b), as well 
as by potential field modelling (Mazur et al. 2015, 
2016a, 2016b, 2017), is difficult to reconcile with 
the presence of a Palaeozoic tectonic suture in this 
zone. This is also due to the presence of tecton-
ically undisturbed lower Palaeozoic sediments 
covering the top of crystalline basement in cen-
tral Poland (Fig. 4). Particularly, the latter obser-
vation suggests that the TTZ must have been cre-
ated in the Precambrian. Consequently, if Baltica 
is defined as a paleocontinent resulting from the 
break-up of Rodinia in the Ediacaran (Torsvik et 
al. 1990, 1992) and existing until the collision with 
Laurentia in the Silurian, the crystalline basement 
blocks on both sides of the TTZ belong to Balti-
ca. This also implies location of the Ediacaran rift 
axis farther west of the TTZ.

The extension of the Precambrian crust of the 
EEC in the substratum of the Palaeozoic Plat-
form of central and western Poland has already 
been postulated by Berthelsen (1998), based on 
the LT-7 seismic profile. However, according to 
Berthelsen (1998), the TTZ was the Permo-Me-
sozoic “pseudo-suture” developed during the 
opening of the Polish Basin. It was considered 
to have formed over a  low-angle, listric décolle-
ment in the ductile part of the crust due to the 
early Permian continental rifting, according to 
the classical Wernicke model (1985). The Berth-
elsen’s model has been largely adopted in the 
review paper by Pharaoh (1999) that discussed 
the subsurface structure of the Trans-Europe-
an Suture Zone (TESZ), corresponding to the 
SW margin of the EEC. At the same time, the 
Kraków-Lublinic Fault, delineating the present 
boundary between the Brunovistulian Terrane 

and Małopolska Block (Fig. 5), was interpreted as 
a potential limit of Baltica (Żaba 1999). Howev-
er, other researchers, although inspired by Berth-
elsen’s (1998) views, accepted them only partial-
ly. Grad et al. (2002) and Winchester et al. (2002) 
concluded that only the lower Baltica crust ex-
tends beyond the TTZ, reaching up to the Odra 
Fault (Fig. 5). The upper crust was, however, in-
terpreted as an overthrust Caledonian accretion-
ary prism. A  view of the Avalonian provenance 
of the upper crust and its lower Palaeozoic cover 
underneath the Polish Basin was soon questioned 
on the grounds of learning that the Ordovician 
and Silurian sediments from the Koszalin-Choj
nice Zone have Baltica-related sources (Nawroc-
ki & Poprawa 2006, Poprawa et al. 2006). At the 
same time, Dadlez et al. (2005), following in the 
footsteps of Brochwicz-Lewiński et al. (1984) and 
Pożaryski (1990), published a hypothesis explain-
ing the TTZ as a  Caledonian strike-slip suture, 
along which proximal terranes of Baltica prov-
enance docked to the margin of Baltica proper. 
Although these authors did not refer to any new 
data, the undeniable advantage of their interpre-
tation was prediction of the presence of the Balti-
ca crust in the deep substratum of the Palaeozoic 
Platform to the SW from the TTZ. The interpre-
tation by Dadlez et al. (2005) was also invoked 
in recently published papers based on the results 
of deep seismic reflection profile POLCRUST-01 
(Malinowski et al. 2013, 2015, Narkiewicz et al. 
2015), crossing SE Poland. Interestingly, it was 
done so even though the POLCRUST-01 pro-
file unequivocally showed the SW-ward exten-
sion of the crystalline basement of the EEC with 
essentially undisturbed top, sloping below the 
Łysogóry and Małopolska Blocks, at a distance of 
at least 50 km beyond the TTZ (Malinowski et al. 
2013, Krzywiec et al. 2017b). 

Taking into account the tectonic context dis-
cussed above, the results presented herein seem 
to have a groundbreaking significance. Using the 
quantitative analysis of potential fields integrated 
with the PolandSPAN™ high-resolution seismic re-
flection data, the continuing and undisturbed top 
of the crystalline basement of the EEC, extending 
SW-ward beyond the TTZ was documented in cen-
tral and northern Poland (Fig. 4), complementing 
the evidence supplied by the POLCRUST-01 profile. 
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Fig. 5. Potential extent of the Precambrian crystalline socle of the Baltica margin in central and western Poland. Explanations: 
A) Extent of different crustal types of crystalline basement across the contact zone between the East European Craton and Palae-
ozoic Platform of Central Europe after Grad et al. (2002), modified. Purple line shows the location of P4 seismic deep refraction 
profile. Precambrian crust of the basement of the East European Craton is pink, Avalonian crust  – green, Brunovistulian crust  – 
dark green and Variscan crust is orange in colour. Mixed green (or orange) and pink stripes mean crust of uncertain provenience 
that may represent the Baltica margin. BV  – Brunovistulian Terrane; CDF  – Caledonian deformation front; DF  – Dolsk Fault; 
GF  – Grójec Fault; KLF  – Kraków-Lubliniec Fault; ŁB  – Łysogóry Block; MM  – Małopolska Block; MS  – Moravian Suture; 
RS  – Rheic Suture; STZ  – Sorgenfrei-Tornquist Zone; TTZ  – Teisseyre-Tornquist Zone; and VDF  – Variscan deformation front. 
B) Section across the SW margin of the East European Craton along seismic refraction line P4, based on a two-dimensional P 
wave velocity model (Grad et al. 2003) and present results. DF  – Dolsk Fault; EEC  – East European Craton; EEC-Mrn  – East 
European Craton margin; HVM  – high-velocity mantle; LC  – lower crust; LVUC  – low-velocity upper crust; SED  – sediments; 
TTZ  – Teisseyre-Tornquist Zone; VC  – Variscan/Gondwanan (?) crust; VD  – Variscan Domain; U/MC  – upper-middle crust

A

B
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Our results provide support for a substantial part 
of the Berthelsen’s hypothesis (1998), according to 
which it is not only the lower crust, but the whole 
thickness of the crystalline crust of the EEC along 
with its lower Palaeozoic sedimentary cover that 
continues in the deep substratum of the Palaeozo-
ic Platform in central and western Poland. A simi-
lar interpretation can be applied to the Małopolska 
and Łysogóry Blocks, whose deep crystalline base-
ment, in the light of the data presented here and the 
earlier interpretations by Malinowski et al. (2005) 
and Żelaźniewicz et al. (2009) is part of the EEC.

Despite apparent similarities, there are also 
significant differences between the Berthelsen’s 
(1998) hypothesis and the interpretation presented 
in this paper. The results reported here exclude not 
only the idea of an early Palaeozoic strike-slip su-
ture along the TTZ, but also that of an early Perm-
ian crustal-scale dip-slip fault zone, the throw on 
which would have to be large enough to change 
the thickness of the crust (Berthelsen 1998). This 
is illustrated, for example, by the central part of the 
TTZ (Fig. 4), where the pre-Permian sedimentary 
succession is unaffected neither by Variscan, Cale-
donian or older tectonics (Mazur et al. 2015, 2017). 
The deformation of the Phanerozoic platform sed-
imentary cover over the middle part of the TTZ is 
limited to the effects of salt tectonics and relative-
ly minor normal faults (cf. Krzywiec 2012, Mazur 
et al. 2015). On the other hand, in the very same 
area there is a significant contrast between the geo-
physical characteristics of the two adjacent crustal 
domains separated along the TTZ, the difference 
clearly visible on the potential field maps, and for 
a  long time considered the basis for defining the 
TTZ itself. The probable explanation for this sit-
uation is that the potential fields effects along the 
TTZ reflect a deeply rooted boundary of two sepa-
rate, distinct blocks in the crystalline basement that 
were amalgamated before Phanerozoic times, prob-
ably during the accretion of Rodinia in the Precam-
brian (see e.g., Meert & Torsvik 2003, Li et al. 2008).

An important argument for the presence of 
a Precambrian collisional suture along the TTZ is 
a crustal keel underneath this zone. The presence 
of a keel was already postulated as an alternative 
interpretation of the P4 seismic reflection profile 
from the POLONAISE’97 survey (Grad et al. 2003). 
The crustal keel was also identified in the seismic 

reflection profile of the BABEL experiment (pro-
file A) under the Sorgenfrei-Tornquist Zone NW 
of Bornholm (BABEL Working Group 1991, 1993, 
Thybo et al. 1994) and in two TTZ’92 profiles lo-
cated in the Baltic Sea (Makris & Wang 1994). The 
results of the BABEL and TTZ’92 experiments ex-
plain the origin of the Sorgenfrei-Tornquist Zone 
as a result of sedimentary basins inversion with-
in the Alpine foreland at the Cretaceous to Pa-
leogene transition (BABEL Working Group 1993, 
Makris & Wang 1994, Thybo 2000). The crustal 
keel in this interpretation is considered to repre-
sent a “subversion” zone that is the lower crustal 
equivalent of a shallow basement horst. However, 
such an interpretation does not apply to the Polish 
segment of the TTZ, because PolandSPAN™ pro-
files record no effects of the Alpine inversion at 
the scale of the whole crust, and, in particular, no 
presence of an uplifted crystalline basement horst.

In an alternative interpretation, the crustal’s 
keel origin can be attributed to magmatic under-
plating of the crust by igneous bodies emplaced in 
the course of continental rifting at the transition 
from the Carboniferous to Permian (Thybo 2000). 
This possibility cannot be definitely ruled out for 
the TTZ. However, the important weakness of 
this interpretation is that the TTZ was beyond the 
range of the main volcanic centres associated with 
late Palaeozoic rifting. Consequently, the crustal 
keel along the TTZ is interpreted in our paper as 
the relic of a collisional suture formed due to Pre-
cambrian terrane amalgamation, when two crust-
al blocks of different thicknesses were welded to-
gether. The Precambrian age of amalgamation is 
indicated by the virtually undisturbed lower Pa-
laeozoic sediments overlying the crystalline base-
ment along the TTZ in central Poland (Fig. 4). 

The crustal keel cannot be modelled, howev-
er, in SE Poland, using gravity data because of the 
presence of high density bodies that mask its po-
tential effect in the gravity profiles (Fig. 4). Nev-
ertheless, the results of deep refraction sounding 
indicate a  local depression of Moho underneath 
the TTZ in SE Poland relative to its depth in the 
adjacent areas (e.g., Janik et al. 2005, Grad et al. 
2006, Środa et al. 2006). These observations have 
recently been confirmed in the PL-5100 profile of 
the PolandSPAN™ survey that was re-processed to 
the upper mantle depth (Malinowski 2016).
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CONCLUSIONS

The studies summarized in this paper document 
two important features of the TTZ: (1) an exten-
sion of the EEC crust beyond the TTZ and its con-
tinuation towards the SW in the deep substratum 
of the Palaeozoic Platform and (2) the presence of 
a crustal keel underneath the TTZ. Both of these 
features are not linked by a  cause-and-effect re-
lationship. The presented results do not show 
how far SW-ward the attenuated Baltica margin 
extends under the cover of younger sediments. 
However, the current knowledge about the deep 
basement of Poland (Żaba 1999, Grad et al. 2002, 
Grad et al. 2003, Wilde-Piórko et al. 2010) sug-
gests that the Baltica margin may extend up to 
the Kraków-Lubliniec and Odra or Dolsk Faults 
(Fig. 5). In this paper, the crustal keel is interpret-
ed as a remnant of Precambrian collisional suture 
from the time of Rodinia amalgamation. Howev-
er, given the various earlier interpretations of its 
origin (BABEL Working Group 1991, 1993, Thybo 
et al. 1994, Thybo 2000), the hypothesis presented 
here requires further study and verification based 
on new seismic data. Finally, the value and impor-
tance of regional deep reflection profiles, such as 
the PolandSPAN™ survey and the POLCRUST-01 
profile, should be emphasized since they revived 
the debate on the nature of the TTZ and supplied 
it with new valuable data and arguments.

Rostislav Melichar and Jerzy Żaba are thanked 
for their constructive comments that significantly 
improved our manuscript.
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